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Foreword 

1977 saw the publication of "A Collection of Methods for Water Analysis", a three-volume 
work in ring-binder form compiled by W. Fresenius and W. Schneider for the GTZ 
(Deutsche Gesellschaft fUr Technische Zusammenarbeit), 6236 Eschborn 1, FRG. This 
publication was geared to the needs of a project in Algeria. 

More recently, the editors were requested by the GTZ to produce, on the basis of the 
previous collection of the water analysis methods, which was published in French, an 
updated and revised version to be used in different partner countries and for publication in 
1985/86. This was not only to take account of advances in water analysis and instrumental 
techniques, but also to include simple methods of analysis for use in the field, and methods 
suitable for use in laboratories with relatively unsophisticated equipment. 

The approach envisaged by the GTZ was to divide up information on water, water 
supplies and water analysis into three broad groups, namely: 

1. Simple modules on the physics and chemistry of water, water hygiene and water analysis 
capable of being understood and applied in practice by the layman using suitable chemi­
cals and equipment (W. Schneider). 

2. Information to supplement work by Rump-Krist, also commissioned by the GTZ, on 
water analysis methods which could be used in laboratories with simple equipment, 
particularly in the Third World (Verlag Chemie, Weinheim, FRG, 1986). 

3. In addition to detailed instructions on sampling methods and on-the-spot analysis of 
water, the new work, "Water Analysis (A Practical Guide)", was also to provide a concise 
theoretical presentation of the various techniques of water analysis together with an 
indication of their relative importance, and to describe methods for use in water analysis 
laboratories with simple equipment or the latest in modern facilities. It was to include an 
account not only of up-to-date analysis methods, ego tests for anthropogenic traces of 
organic and inorganic substances, but also biological approaches to water analysis. And 
finally it was to comment on the mathematical evaluation and weighting of the data 
obtained from water analysis, and to make it possible to arrive at a comparative appraisal 
of the findings in the light of new guidelines and rules on the quality of wastewater, 
surface water, ground water, drinking water etc. 

One major consideration in this work has been the GTZ's desire to provide its counter­
parts and their analytical laboratories with summaries of analytical methods which have been 
tried and tested in practice, and were necessary to give theoretical and practical explanations 
of these methods, in order to permit laboratories with equipment of varying degrees of 
sophistication to handle the monitoring of the water quality. Information was also to be 
included to facilitate appraisal of the significance of analytical findings by comparison with 
legislation or guidelines from a number of different countries. 



VI 

The editors and the individual contributors have amassed a broad range of experience of 
water analysis in virtually every part of the world. The choice of methods for determining the 
various parameters in water samples is the product of the experience and the results of 
individual laboratory work in Germany. This book thus embodies not only the author's and 
editor's practical experience with regard to feasibility of water analyses, but also the experi­
ence they have gained during periods of work overseas. Personal experience of the feasibility 
of the various methods in practice has been a key criterion in the selection of items for 
inclusion. 

In the context of the International Water Decade 1981-1990 the GTZ felt there was a 
need for a comprehensive contribution of this kind to the field of water analysis and hence to 
the problem of assuring the quality of water, especially drinking water. 

The editors and contributors would like to express their gratitude to Mr. Betz, Mr. 
Deichsel, Mr. Eichner, Mr. R.E. Fresenius, Mr. Frimmel, Mr. Golwer, Mr. Maushart, Mr. 
Scholz and Mr. Guckes for their contributions and advice, and to Mrs. Wienrich and Mrs. 
Bibo for their expert assistance. Our thanks are also due to the typists, Mrs. Wagner and 
Miss Haas, to Mrs. Fischer and Mrs. Krist for the drawings etc. We should particularly like 
to thank Mr. Kresse, head of GTZ's "Water Supply and Sanitation" Section, as well as Mrs. 
Zeumer and Mrs. Tazir of the GTZ Translation Service and the translators involved in 
producting the English text. Special thanks also go to Mr. T. Oliver for monitoring the 
English text and Mrs. M. Masson-Scheurer for the final type-script. 

The editors and contributors hope that this work, "Water Analysis (A Practical Guide)", 
will provide water analysts in responsible positions with a valuable guide to assist them in 
their task of training staff to carry out local inspections and take samples, performing both 
simple and advanced analysis and assessing the significance and implications of analytical 
findings. If the book comes anywhere near achieving this ambitious purpose, it will be 
endorsement enough of its claim to have been produced by practitioners for practitioners. 

Constructive criticism from colleagues is always welcome. 
We should like to conclude with the hope that future water analysts, not to mention water 

technologists, will find this book useful in their studies at technical institutions and univer­
sities, especially in those countries involved in cooperation with the Federal Republic of 
Germany. 

W. Fresenius 
K. E. Quentin 
W. Schneider 



Preface 

This GTZ publication, "Water Analysis (A Practical Guide to Physico-Chemical, Chemical 
and Microbiological Water Examination and Quality Assurance)", belongs to the wide range 
of publications for the water sector within the scope of the International Decade for Drinking 
Water Supply and Sanitation. 

The publication responds to the requirements for information and further training in the 
Federal Republic of Germany's partner countries in technical cooperation projects. It reflects 
the experience gathered in projects for monitoring and improving water quality, e.g. through 
establishing national environmental laboratories and water works laboratories for monitoring 
drinking water quality. 

In the growing concern for our environment, maintaining water quality standards and 
protecting natural water resources have assumed key significance, particularly in newly 
industrialising countries and Third World conurbations. 

Excessive strains on the environment, such as intensive farming, industry and centres of 
high population density, rapidly inflict serious damage both on the ecological balance and - a 
fact which often fails to be acknowledged due to a lack of monitoring methods - on human 
beings. 

This publication provides those engaged in monitoring and environmental laboratories, 
waterworks laboratories and also in research and teaching with reliable and recognized 
techniques of day-to-day analysis and assessment, in order to develop sound monitoring 
systems and effective measures for protecting and improving water quality. 

The GTZ wishes to thank the authors - in particular Prof. W. Schneider for his untiring 
efforts - and also the translators, and hopes that "Water Analysis" will be disseminated 
throughout the world. 

Eschborn, September 1987 Dr. Ing. Klaus Erbel 
Head of Division 
GTZ "Hydraulic Engineering/ 
Water Resources Development" 
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1 Introduction, Sampling, Local Testing, etc. 

1.1 General 

All life on earth depends on water. The form in which the chemical compound 
H20 manifests itself is variously modified by its physical properties, its 
capacity to dissolve solid, liquid and gaseous substances and hence by its 
secondary chemical action and the fact that water provides a habitat for a 
wide variety of organisms. 

These characteristics of water are an important factor to man, who uses the 
water for drinking or for technical purposes. 

To be able to use the available water, man must test it. He must ascertain 
whether it can be used for the intended purpose or whether he must switch 
to another source of water. The simplest form of water analysis is local 
inspection and sensory examination. Modern methods of water analysis employ 
complex chemical and physico-chemical separation and determination tech­
niques, in which readings are supplied by measuring instruments working on 
a variety of measuring principles, as well as microbiological techniques. 
Electronic data processing systems are used to evaluate the results of the 
analyses. Extensive automation of water analysis and the evaluation of 
results makes it possible to control water catchment, water treatment, 
water utilization, sewage treatment and water reclamation. 

To some extent the simplest test methods, which still have their place in 
water analysis today and in many cases are actually indispensable, compete 
with the most modern methods of analysis. 

The physico-chemical, chemical, radiochemical, bacteriological and biolog­
ical analysis procedures that have been compiled in this collection of 
methods are based on experience which has shown that it is possible to work 
from these instructions without having to consult specialized literature. 
However, literature references are provided to supplement the analytical 
methods described. 

Against this background the following guide to "Water Analysis" will en­
deavour to describe the broad field of water analysis. 

Concise introductions to the theory of the methods discussed and the measure­
ment procedures are provided (in Chapter 2) to make it easier to understand 
the instructions given for the methods selected. 

1.1.1 Water resources 

In principle, the water existing on earth can be divided into ground water 
and surface water. 

W. Fresenius et al. (eds.), Water Analysis
© Springer-Verlag Berlin Heidelberg 1988
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In addition to ground water close to the surface and deep in the earth, 
ground water also includes spring water emerging spontaneously or by human 
intervention. Ground water comprises all water stagnating or moving below 
the earth's surface or even emerging at the earth's surface. Through this 
transition stage (spring), it becomes surface water. Surface water can be 
understood as water from precipitation and water from moving or standing 
waters, including lake and seawater. 

The hydrologic cycle, in which ground water may be wholly or partially 
involved at various times, is governed by the evaporation of water and its 
condensation and return to the earth as precipitation (rain, fog, dew, snow 
and ice). By the accumulation of water from precipitation to surface water, 
wi th partial infiltration and as a result of direct percolation through the 
earth's layers, new ground water is formed. 

As regards their physico-chemical properties and the substances dissolved 
in them, ground water and surface water can yield measurements which 
fluctuate between considerable extremes and make necessary a differentia­
tion between the use of the different water resources. 

Water from precipitation generally contains a low proportion of dissolved 
solids and, in absolute terms, of gases. Nevertheless, on account of its 
virtually non-existent buffering capacity, it can develop aggressive 
properties as a result of small quantities of dissolved solids or gases. 

The pH of the precipitation (rain) water can fall as low as 4.2 due merely 
to the carbon dioxide in the air. If sulphur or nitrogen oxides are 
dissolved, pH values of four or even lower are possible, and if this 
happens, the C02 becomes unstable and is driven off. 

In passing through the soil, the water absorbs soluble substances from the 
different geological levels. This results in a differing dissolution of 
inorganic substances and also, in rarer cases and to a lower degree, in a 
charging with soluble organic substances. 

By means of the water's contact with soluble minerals below the surface, 
and also by means of processes of evaporation on the surface, water 
resources are created contammg widely differing amounts of dissolved 
salts, culminating in highly concentrated salt water which, without further 
treatment, is suitable neither for human consumption nor for technical 
purposes. 

In such cases, water analysis must supply information on the usability of the 
water; from the results of water analysis, the expert must be able to draw 
conclusions regarding direct application or the need for treatment plants. 

Not only the physical properties and the chemical action of the water with 
dissolved substances undergo changes in the course of the hydrological 
cycle, but also its colonization with organisms. Above all, the presence of 
microorganisms is of interest for human use. For drinking purposes it is 
necessary to know whether the water contains bacteria or viruses, in 
particular those of a pathogenic or potentially pathogenic nature. This 
knowledge of the bacteriological properties of the water allows conclusions 
to be drawn on whether it is suitable for drinking purposes for humans and 
animals without treatment or only after pretreatment, or for bathing 
purposes, or whether such an application must be excluded. Many an epidemic 
has been due to the poor microbiological condition of the water. 
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Observations on intact or disturbed ecological conditions in the water of a 
surface water resource provide important information on infection. Plants 
and animals, microorganisms and macroorganisms living in the water are just 
as important for evaluation as physical and chemical parameters. 

1.1.2 Water management 

As it is fundamentally 
earth at will, careful 
analysis and evaluation, 
is essential. 

impossible to increase the water resources on the 
water management, combined with expert water 

and as far as possible perfect water reclamation, 

Not only water experts are called upon to participate in this process of 
water management, but also the various water consumers in domestic house­
holds, industry and agriculture, not to mention administrative and public 
authorities. The latter can provide for water protection by issuing 
appropriate regulations and performing checks, and can also ensure that 
limit values are laid down and adhered to. 

Water drainage areas, water catchment systems, water disposal and distributing 
plants should be monitored and protected by the authorities. 

¥onitoring of the quality of water for safe use in the case of ground 
water, spring water, surface water from rivers, ponds or lakes or from the 
sea for use as drinking, industrial or swimming pool water requires a wide 
range of continuous checks on hygienic, physical, chemical, bacteriologi­
cal and biological factors. 

F or this purpose, cooperation between engineers and technicians, chemists, 
hygienists, doctors, biologists and bacteriologists, geologists and hydro­
geologists is necessary. 

This collection of methods for "Water Analysis" contains instructions for 
conducting the necessary local investigations, samplings and physico­
chemical, radiochemical, biological or bacteriological analyses. The expert 
user will be able to summarize from these methods the right range of analy­
tical methods for each application. 

1. 1. 3 Water analyses 

The types of water analyses of varying complexity as they have been applied 
in practice are summarized briefly below; no value judgement is intended. 

Simple bacteriological analysis, determining the total bacterial count per 
1 ml, testing for Escherichia coli and coliform bacteria per 100 ml water 
in each case. 

Extended bacteriological analysis with special investigations, e. g. for 
Salmonellae, Shigellae, Clostridia, anaerobic and similar microorganisms. 

Hygienic-chemical analysis. This comprises, in addition to local inspection, 
a bacteriological analysis and testing for hygienically important chemical 
parameters, e. g. oxidizability, nitrogen compounds, iron and manganese, and 
also where there are grounds for suspicion - determining toxic heavy 
metals or organic pollutants. 
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Abbreviated chemical analysis. These analyses can give a general outline of 
the chemical condition of the water, e.g. temperature of the water, 
appearance, pH value, electrical conductivity, oxidation reduction poten­
tial, "water hardness", iron and manganese, nitrogen compounds, chloride, 
sulphate, oxidizability. 

Extended chemical analysis. Depending on the objective, additional analyses 
are performed on the same water, e.g. determining phosphate, silicic acid, 
calcium and magnesium, sodium and potassium, or organic substances. 

Comprehensive chemical analysis. In addition to all quantitative measure­
ments necessary to evaluate a water, this water analysis should also 
include tests for heavy metals, in particular toxic heavy metals, and where 
necessary quantitative measurements of these substances. Furthermore, tests 
should be conducted for indicators of organic contamination, such as 
phenols, surface-active agents, oil and grease-type substances, polycyclic 
aromatic hydrocarbons, halogenated hydrocarbons and for fuels or pesticides. 

Small-scale mineral water analysis. In this type of analysis, the 
components of a mineral water should be determined quantitatively 
detailed bacteriological investigations should be conducted. 

main 
and 

Comprehensive mineral water analysis or medicinal water analysis. In this 
analysis, all substances contained in the water should be determined, as 
far as they are qualitatively detectable and quantitatively recordable 
according to the latest advances in analytical chemistry. Tests should also 
be made to see whether anthropogenic substances, such as halocarbons, 
pesticides, etc., can be detected in the trace range. In addition, bacterio­
logical investigations, tests for radioactivity and, where applicable, 
radiochemical analyses and gas analyses are necessary. 

Analyses of swimming pool water. The analysis of swimming pool water should 
in particular provide information on the bacteriological, virological and 
hygienic-chemical quality of the water. Comparative investigations are 
therefore also necessary of the feed water on the one hand and the swimming 
pool water during use on the other. Tests to determine urea and NH4+ and/or 
N03-, tests for worm eggs and microbiological analyses should be carried 
out in addition to the usual work. 

Industrial water analysis. A distinction can be made between boiler feed 
water analysis, boiler water analysis and analysis of condensate. In 
addition to measuring pH, oxidation reduction potential and electrical 
conductivity, these three types of analysis also require the determination 
of traces of oxygen and carbon dioxide, but also quantitative analyses, 
e.g. for iron and manganese, copper, nitrogen compounds, "water hardness" 
and chloride, sulphate, phosphate and silicic acid. 

Analysis of the water to determine aggressiveness to metals and building 
materials. In addition to local investigations with measurements of pH, 
electrical conductivity, oxidation reduction potential, oxygen and carbon 
dioxide, it is also necessary to determine the chloride content, the 
sulphate content, the proportion of magnesium and calcium, and, where 
necessary, metals. Organic acids, e.g. humic acids, should also be recorded. 

The analysis of a water as production water must be geared to the require­
ments of the production plant. 
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Analysis of the water for irrigation purposes. The following are important: 
pH, electrical conductivity, oxidation reduction potential, sodium, potas­
sium, calcium, magnesium, iron, manganese, chloride, sulphate, nitrogen 
compounds and boron, possibly also selenium and heavy metals, as well as 
pesticides (herbicides). 

Analysis of sewage. In the routine analyses used to analyze sewage, proces­
ses to determine temperature, pH, settleable substances, chemical oxygen 
demand and biochemical oxygen demand are usual. More comprehensive analyses 
of sewage also record organic substances such as oil and grease-type 
substances, organic solvents, phenols, detergents, cyanides, heavy metals, 
pesticides or other pollutants which can in particular also inhibit chemi­
cal degradability. In addition to determining the 5-day biochemical oxygen 
demand (BOD), which in its relationship to chemical oxygen demand (COD) 
gives information on the biological degradability of organic substances 
contained in the water, toxicity tests are conducted in the sewage with 
bacteria, Oaphniae or fish. 

Evaluation. Following each water analysis, the expert should deliver a 
summarized evaluation of observations on site and of the results of analyses. 

1.2 Local inspection and sampling of water 

Information is given below on carrying out the local inspection and the 
sampling of water. 

1.2.1 Sampling of water 

General 

The key points summarized below for water sampling are to be seen as 
suggestions designed to ensure that the information available to the evaluat­
ing body on the local conditions and the work conducted in sampling is as 
comprehensive as possible. The descriptions by the sampler should be so 
informative that a third party can gain a picture of the local conditions 
and the sampling point, and the conditions during the sampling process are 
reproducible. 

The following key points supplement each other and also partly overlap, so 
that if they are followed information can be gathered on different aspects. 

1.2.2 Local investigations 

Location of water resource (description in relation to striking points in 
the terrain): 

Coordinates (map 
Height amsl 

25 000) 

Location of sampling point (relationship to the location of the water 
resource, description according to striking points in the surroundings): 

Coordinates (map 1 : 25 000) 
Height amsl 
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Weather on the day of sampling 

Meteorological conditions, e.g. in the eight preceding days 
Meteorological conditions in the last 4-week period 

1.2.3 Geology and hydro-geology 

a) Own observations 
b) Information from existing documents 

Information on the local investigations on geology and hydro-geology 

Nature of the sampling points 

Non-tapped cropping out of water at one particular point as a source or as 
an expanse of water as spring swamp. Tapped cropping out of water (adit, 
seepage line, drainage pipes) and wells (information on tapping, casing, 
sealing, top of well, etc.) 

Sampling points in watercourses, lakes and pits with uncovered ground water 
(ground water pond) 

Topography 

Valley side, valley bottom, water bottom, shore area 
Built-up area, forest, agriculturally used area, wasteland 
Catchment area of the water resource: Description according to map 
Size and extent: Area, depth, tributary waters, etc. 
Borders between subterranean and above-surface catchment area 

Nature of the tributary waters 

Cropping out of water from cracks, caverns or pore spaces 

Confined or non-confined ground water, moving or standing surface water 

Water quantity 

Water run-off from surface waters 
Discharge from sources, adits, seepage lines and drainage pipes 
Capacity of well pump rate (difference in ground water table before and 
after sampling) 

Hydro-geological conditions 

Nature and structure of the subsoil (types of rock, course of fissure zones) 

Permeability of the subsoil (aquifers, underlying stratum of the ground 
water, water-bearing layers) 

Cleansing capacity of the subsoil (chemical, 
processes in the overlying strata and in the 
waters (weedage, sediment load) 

physical and biological 
aquifer) and the surface 

F low direction and flow velocity of the ground water and the surface waters 

Influencing the water resource by lowering or raising the ground water surface 
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Influence of anthropogenic sources of burden (building, industry, solid 
waste deposits, fertilizing, traffic, sewage disposal) on the water resource. 

New formation of ground water by infiltration of water from precipitation 
and water from surface waters 

Ground water or water processes in hydro-geological context with gas resources: 

Influences due to pressure relief 
Influencing due to creation of cones of depression 

Nature of the rocks 

Petrographic composition of the rocks (e.g. carbonate rocks, silicate rocks) 

Degree of rock weathering (mechanical loosening of structure, chemical 
weathering, corrosion phenomena) 

Changes to rock surfaces (separations, efflorescence, deposits, coloniza­
tion with organisms) 

Soil formation (nature and thickness of soil horizons, covering layers and 
plant growth) 

1.2.4 Technical information on the water resource 

Technical information on the development of the water resource 

Technical information on tapping and casing (e.g. 
metals, plastics, wood, stone, cement, transition 
filling with gravel or sand, etc.) 

materials 
filter 

Information on well head and sealing (type of construction) 
Pump (suction pump, submerged-type pump, etc., pump material?) 

used such as 
sections, back-

Water treatment (plant present or not? Principle? - not present but neces­
sary) 

Water utilization (drinking water, swimming pool water, service water, e.g. 
for industry or for irrigation) 

Water disposal (type and material, distances, slope, pumping station) 

Information on water run-off, quantities of water produced and supplied 

Pump tests (quantities of water delivered at different periods; where 
necessary, static water table and lowered water table at different pumping 
rates) 

Other possibilities of water extraction in the surroundings: 

a) from the same water resource (distance) 
b) from other water resources (distance and geological conditions) 

Forms of water utilization in the surroundings (e.g. springs, wells, water­
workS, industry, irrigation, power plants, water-borne traffic) 
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1.2.5 Possibilities of environmental influences on the water resource 

Sewage discharge locations in the surroundings (distances from the catch­
ment area of the water resource to be investigated, distance from the 
sampling location) 

Agriculture in the surroundings, where necessary distance and 
agricultural utilization (seepage pits, dung heaps, fertilization 
artificial, plant protectives and herbicides, insecticides, etc.) 

nature of 
animal, 

Surrounding industry, where necessary distance and type of industrial 
utilization 

Roads in the surroundings 

Canalization in the surroundings 

Settlements in the surroundings (individual houses, individual farms, 
smaller settlements, larger villages or towns, other plants) 

Rubbish tips/dumps, other waste tips 

1.2.6 Hygienic considerations 

Hygienic conditions surrounding the water resource 

Hygienic conditions at the location of the water resource 

Hygienic conditions at the sampling location 
Hygienic conditions in the past in the region of the water resource 
Have rehabilitation measures taken place in the past? 
Are rehabil1tation measures planned? 
Has the water been disinfected, e.g. by chlorination, intermittent chlorina­
tion, filtering or other treatment? 

Further additional information on the hygienic conditions in the region of 
the water resource, past and present. 

1.3 Techniques of water sampling 

1.3.1 General 

In principle, water samples are to be taken such that 

1. average samples are obtained 
2. secondary contamination is excluded, and 
3. the water samples taken, when analyzed in the laboratory, provide results 

which are representative of the water resource in question. 

Any secondary, physico-chemical, chemical or biological change to the water 
should be prevented. If such a change cannot be prevented, the changeable 
substances should be determined analytically on site, or fixed so that they 
can be recorded in the laboratory. Information should accompany the sample 
for the analyst conducting investigations. 
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As far as possible, the sampler should be informed of the intended scope of 
investigation when taking samples to determine traces, so that he can use 
the appropriate bottles; otherwise instructions should be given on which 
bottles of which size he should fill with water on site, and for which 
investigations these are intended, and whether they should be fixed or 
preserved. 

Water samples for determining phosphate may not be filled in bottles which 
have been rinsed with cleansing agents containing phosphate. The same 
applies to water samples to determine surface-active agents (detergents). 

Preservation of samples may be necessary in individual cases. The best form 
of preservation of samples is a rapid investigation of the water sample 
after sampling. This should take place in the laboratory as far as possible 
no later than 2 days after sampling. During transport and until commence­
ment of the investigation the water samples should be stored in cool 
conditions at around 4°C. 

The key points listed below are intended as suggestions and should be 
supplemented according to local conditions. 

1.3.2 Bottle material 

Glass bottles 

Water samples are frequently taken in glass bottles. Glass bottles with 
ground-in stoppers of glass have proved particularly suitable. Glass 
bottles with cork stoppers, rubber stoppers or other forms of sealing are 
less suitable. The bottle glass should be of good hydrolytic quality. New 
bottles should be rinsed before use with diluted acid and subsequently 
washed out with distilled water (in order to exclude release of alkalis 
from new bottles to the water inside). 

Glass bottles are particularly necessary for sampling if substances are to 
be determined which could be secondarily changed by plastics, or if changes 
in the concentration of substances contained in the water can occur by 
adsorption into plastics, e.g. certain heavy metals such as silver. Similar 
considerations naturally also apply to glass bottles. Here too, attention 
must be paid to wall adsorption. When determining traces of heavy metals, 
it is recommended that the water be acidulated directly after sampling, 
e.g. with hydrochloric acid or nitric acid, as acid solutions have less of 
a tendency to precipitate traces of heavy metals on the glass walls than 
neutral or alkaline solutions. The analyst should be informed that this has 
been done. 

A ttention should be paid to the danger of breakage in glass bottles. Gas­
tight filling is necessary for gas chromatographic headspace analyses. 
Special bottles must be used with a lateral tube and a septum, or with an 
appropriate stopper with septum, so that gas samples can be taken from the 
gas space with an appropriate syringe without opening the bottles in the 
labor a tory. 

Water samples for determining oil and grease-type substances should be filled 
in glass bottles and special care taken that the glass bottles, together 
with ground surfaces and stoppers, have been rendered grease-free before­
hand with the same solvent as will be used later to extract the water. 
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Glass vessels (5 to 10 litres) should be used for samples for special inves­
tigations, e.g. to determine polycyclic aromatic hydrocarbons, extractable 
substances, halogenated hydrocarbons, etc. 

Glass bottles are also necessary for special investigations, e.g. to deter­
mine oxygen, and also usually for bacteriological analysis. 

Plastic bottles 

It is possible in many cases to use plastic bottles for taking water samples. 
These have the advantage of not breaking when they are completely filled, 
as can be the case with glass bottles after temperature changes. Care must 
be taken to use a plastic material which is as inert as possible with respect 
to the water used. Polyethylene bottles have proved suitable. Plastic bottles 
in the usual round bottle shape, but also plastic bottles of rectangular 
shape which can be particularly easily stacked, are common. 

Plastic vessels should be preferred to glass bottles for determining sili­
cate and borate, as possible release of these substances from the glass to 
the water can then be excluded. 

Disposable plastic bottles can be useful when taking sewage samples. The 
cost of cleaning the used bottles is frequently higher than the price of 
new bottles. 

Sterilizable plastic vessels, e.g. made of polytetrafluoroethylene (PTFE), 
can also be used for taking water samples for microbiological analysis. 

Labelling the bottles 

The bottles containing the water samples should be labelled so as not to be 
mistaken. Either tags or adhesive labels can be used. The following minimum 
information should be contained on the label: 

Sampling location, designation of the water resource, sampling date and time. 

The sample designation and the sampling documents can be coded on sampling 
for electronic data processing. Sampling records should also be prepared 
simultaneously on site. The general data on sampling should here be record­
ed in plain language, and all measured results of the local investigations 
of the water, of the quantities of water taken, of the method of filling, 
and, where necessary, fixing and sample preservation, should be noted. 

1.3.3 Techniques of sampling 

Air-free filling is necessary when taking certain water samples, e.g. for 
determining oxygen (see Instructions). The same applies to further special 
determining processes. 

In general, the bottles should be prerinsed at least five times with the 
water to be sampled and then filled so that a gas bubble of approximately 
bean size remains in the bottle. Only in few exceptional circumstances is 
it necessary to fill the bottle completely, e.g. for determining radio­
activity. In such cases, care should be taken to protect water in glass 
bottles from heat or, for example, to ensure that the water is able to 
expand via the stopper and a water-filled rubber tube, as otherwise the 
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bQttles will burst. In the case Qf shQrt-lived radiQnuclides, determinatiQn 
is necessary Qn site. 

When prQducing cQmpQsite samples care shQuld be taken to. measure the water 
and to. ensure that secQndary cQntaminatiQn, and influences frQm increases 
in temperature Qr frQm atmQspheric Qxygen, are as far as PQssible excluded 
Qr taken into. CQnsideratiQn in evaluatiQn. 

If water samples CQntain settleable substances, it may be apprQpriate 
accQrding to. task to. separate the supernatant settled water frQm the sedi­
ment in Qrder to. prQduce cQmpQsite samples, and to. use the clarified water 
also. to. prQduce cQmpQsite samples. If during transPQrt to. the labQratQry 
precipitatiQns resettle Qut of the cQmpQsite sample, these shQuld be hQmQ­
genized Qr dissQlved befQre analysis and included in the investigatiQn, as 
they have Qnly fQrmed frQm Qut Qf the water at a later date. Settleable 
substances precipitated Qn site eQuId be filled separately into. bQttles and 
examined separately in the labQratQry. A nQte shQuld be made Qf the 
settling time that elapsed and the temperature at which the settleable 
substances were precipitated. 

Batch sampling 

A basic distinctiQn can be made between batch sampling (individual samples) 
and cQntinuQus sampling (time-prQPQrtiQnal Qr flQw-prQPQrtiQnal). 

Batch sampling, i.e. taking Qf individual samples (randQm samples), charac­
terizes Qnly the water flQwing Qr CQntained in a vessel at the precise 
mQment Qf sampling. The randQm sample is Qnly apprQpriate if any changes in 
the cQmpQsitiQn o.f the water to. be investigated can be expected to. take 
place very slQwly. 

Equipment 

Fo.r taking water samples frQm deeper water layers there are sampling devices 
which can be o.pened at prescribed water depths, thereby allo.wing the water 
to. be taken fro.m a certain level, e.g. sampling devices with evacuated glass 
ampQules. There are also. sampling devices which are lQwered in an Qpen state 
to. certain depths, with the water flo.wing thrQugh the sampling device as it 
is lQwered. The devices are sealed at the desired depth by a falling weight 
and can bring the water cQllected at the relevant depth to. the surface in 
the clo.sed system. After sterilizatio.n, these devices can also. be used fQr 
taking water samples fQr bacterio.lo.gical analyses (e.g. Ruttner sampler). 

CQntinuQus sampling 

Co.ntinuQus sampling can be in the fQrm o.f time-pro.Po.rtio.nal Qr flo.w­
pro.PQrtio.nal sampling. 

Time-pr uPQrtiQnal sampling 

Equal quantities Qf water are sampled and cQmbined to. fQrm cQmpo.site samp­
les at certain intervals (e.g. every 15 minutes o.r at hQurly intervals) with­
in a lQnger periQd. This sample taking can be dQne by hand Qr autQmatically. 

F lQw-prQPortiQnal sampling 

Given that the quantity Qf water running Qff per time unit is knQwn, indi­
vidual samples o.f the water are taken at certain intervals by means of a flow 
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Figs. 1 and 2. Ruttner sampling bottle. The 
device cuts through the water with its caps 
open without intermixing with air. The de­
vice is closed automatically by actuation 
of a falling weight. Inside there is a 
thermometer graduated in 0.1 °C 

diversion switch for a constant time. These individual samples are equal in 
quantity and are combined into composite samples. 

In continuous sampling it is possible to determine the average concentration 
of substances contained in the water by mixing a fairly large number of 
indiv idual samples. 

Sampling equipment 

For taking samples of water by hand, porcelain, plastic or stainless steel 
casseroles have proved effective for drawing the individual samples. Stain­
less steel buckets are very suitable for preparing composite samples. 
Graduated stainless steel buckets with a known capacity are used for dis­
charge measurement with a stopwatch (IO-litre, 15-litre, or 20-litre 
buckets). If samples are to be taken from surface water, suitable samplers 
with extension handles up to several metres long are necessary. Bamboo rods 
with a jaw grip for inserting the bottles have come into common use. In 
this case too, the bottles should be rinsed at least five times with the 
water to be analyzed. 

For continuous sampling of water, e.g. from surface waters or from sewage 
pipes, there is a wide range of semi-automatic and automatic equipment. 

The following schematic diagram (Steinecke-Dietrich) shows a reliable 
sampling device. 



Fig. 3. 1) = Sampling point; 2) = MOHNO 
pump; 3) = Flow diversion switch; 4) 
Drive unit; 5) Collecting vessel; 6) 
= Refrigerated cabinet 
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This schematic drawing shows a unit for automatic sampling from a sewer duct. 
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Fig. 4. 1) = Sewer duct; 2) = Sewage pump; 3) = Collecting vessel; 4) = Pro­
portioning pump; 5) = Distribution unit; 6) Bottle filler; 7) = Control unit; 
8) = Pressure reducer; 9) = Air filter; 10) = Compressed air; 11) = To sewer 
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1.4 Water sampling in practice 

1.4.1 Local investigations 

In the local investigations as many measurements as possible must be taken, 
especially for variable parameters. The appearance of the water sample and 
any changes in it during the sampling must be described. Turbidity, colouring, 
escaping gases and any odour must be recorded. The odour must be described 
as accurately as possible, e.g. sourish, putrid, sewage-like, aromatic, 
fishy, etc. If there is no danger of epidemic the taste of the water should 
also be established on the spot, and attention should be drawn in particu­
lar to any off-taste, e.g. from hydrogen sulphide, organic compounds, 
dissolved metals such as iron and manganese or dissolved carbon dioxide. 
The tester must endeavour to record proper measurement results on site even 
under field and difficult conditions. Data concerning geology, situation of 
the localities, tapping and casing, ground water lowering, etc. are neces­
sary. Biological indicators must be determined and flora and fauna recorded. 

1.4.2 Sampling for microbiological analysis of water 

An adequate number of sterile vessels, preferably glass vessels which can 
be sealed bacteria-tight, must be carried. When taking the samples all 
secondary microbiological contamination from the sampler himself or from 
the environment must be eliminated. In general 3 . 0.25 litre of water must 
be filled into sterile vessels for each sampling point. For special bacte­
riological investigations, e.g. for testing for Salmonellae, for sulphite­
reducing Clostridia or hydrogen-sulphide-forming organisms and other micro­
organisms, it may be necessary to take samples of several litres of water 
under sterile conditions (see Chapter 5). 

Besides the data on local conditions and the local inspection, an analysis 
of drinking water should always give indications of hygiene problems and 
include a microbiological water analysis. Appropriate samples for bacterio­
logical analysis must therefore be taken. To do this, the sampling point 
must be disinfected e.g. by flaming, and the water samples for the bacterio­
logical analyses are to be taken in sterile vessels under sterile condi­
tions after an appropriately long run-off time of about 5 minutes. If this 
is not possible under the prevailing conditions, drawn samples using a 
sterile sampler must be taken in sterile bottles. 

If in exceptional cases no sterilized vessels are available, glass bottles 
can be sterilized with boiling water. However, in this case care must be 
taken to ensure that reinfection is avoided during cooling. As a precaution, 
several parallel samples must be taken under the most sterile conditions 
possible in the bottles sterilized in this way under field conditions and 
then analyzed separately. If the water to be tested contains disinfectants, 
e.g. chlorine, these must be eliminated by adding sterile sodium thiosul­
ph ate solution. Further details of bacteriological analyses will be found 
in Chapter 5. 

1.4.3 Sampling for physico-chemical analyses 

Samples for physico-chemical analysis will seldom present problems in 
drinking water sampling. Measurements of temperature, pH, electrical 
conductivi ty and oxidation reduction potential must be taken. 
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A ttention must be paid here to changes caused by access or escape of gases. 
For example, oxidation of dissolved bivalent iron can occur through access 
of oxygen. The water will become turbid and the oxidation reduction poten­
tial will be shifted. The same applies to the measurement of electrical 
conductivity, when precipitation of e.g. calcium carbonate, iron hydroxide 
or silicic acid occurs through release of gas. The sampling procedure in 
question must be matched to the intended measurement procedures so that 
secondary changes in the water before measurement can be avoided, or can if 
necessary be reversed or taken into account in the calculations in the 
laboratory. 

1.4.4 Sampling for chemical analyses (see also 1.3) 

The choice of bottle material and bottle size to suit the intended purpose 
of the analysis is important. The concentration of any disinfectants such as 
chlorine, chlorine dioxide or ozone must be measured immediately after 
sampling. 

Variable components e.g. Fe2+, H2S or HS-, phenols, cyanides, etc. must be 
fixed at the place of sampling. 02 and C02 must be measured at the time of 
sampling. 

For other measures see the special section on water preservation (1.7). 

1.4.5 Water sampling for gas analyses 

For these analyses a particularly complex sampling technique and a careful 
approach are required so that on the one hand dissolved gases or freely 
rising gases cannot escape, and on the other hand no secondary change in 
the gas composition can take place due to the air. Besides the glass 

Fig. 5. Device for collecting the freely ris­
ing gases. 1, 2, 3) = gas-tight ground stop­
cocks; 4) = gas-water collecting vessel made 
of PVC; 5) = gas collecting funnel with lead 
rings for weight; 6) gas collecting flask; 
7) = lateral tube at top with silicone mem­
brane; 8) = tele-scopic overflow pipe for the 
water; 9) = gas-water inlet; 10) = water drai­
nage (from Fresenius, Fresenius, Schneider) 
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sampling and gas collection device with lateral tube which has already been 
discussed, glass bottles with a tube and septum in the stopper have also 
proved effective. In this case, it is a simple matter to take gas samples 
using a syringe for gas chromatographic analysis of the so-called free 
gases. The amount of these gases can also be determined e.g. by filling 
with a known quantity of water. In addition the dissolved gases in a second 
sample are driven off, e.g. under vacuum at increased temperature 
(50 - 80 °C), measured and analyzed. 

For extracting gases from 'gas-retaining water samples see the authors' tried 
and tested device (Fig. 5). 

1.4.6 Radioactive inert gases 

Discontinuous sampling 
inert gas "radon 222" 
instructions below. 

for measuring radioactivity due to the radioactive 
can be carried out relatively easily following the 

Some special points arise from the nature of the radioactive parent sub­
stance radium and the daughter radon, which is an alpha-emitting inert gas. 
Precautions must be taken when sampling to prevent the gas escaping from 
the water prior to measurement and, on the other hand, to prevent its 
enrichment by any change in the composition of the gas above the water. 

In addition, consideration must be given to the fact that the decay 
products of radon are solids which are themselves again subject to radio­
active decay. The vessels with radioactive water samples are therefore 
contaminated to a greater or lesser extent, so that before they are used 
again the radioactivity should have subsided and the vessels must be 
thoroughly cleaned. If the water contains dissolved radium 226, with the 
result that the radon 222 activity is constantly being replenished, precau­
tionary measures are also necessary here since the radium 226 is easily 
separated from the water with precipitates (e.g. by adsorption on iron 
hydroxide as a non-isotopic carrier). Consequently any insoluble residues 
present must also be taken into account. In the case of basin or pond 
tapping of the water resource an increase in the concentration of radium 
226 in the sinter of the source can occur. 

In view of the relatively short half-life of radon 222 (approx. 3.8 days) 
the water sample must go for radioactivity measurement as quickly as 
possible. The time which elapses between sampling and the first measurement 
must be noted. 

For determining what is known as the residual activity, water samples are 
filled into bottles which can be closed airtight, so that t~ey can be 
analyzed for their radon content in the laboratory at a later stage, possi­
bly after radioactive equilibrium has been established. For this, i-litre 
or 2-litre glass bottles with double-bore rubber stoppers are used. 

Through the holes, two glass tubes bent at right angles outside the vessel 
are inserted, one of these glass tubes ending immediately under the rubber 
stopper and the second reaching down to just above the base of the bottle 
(d. illustration). After air-free filling the open outer ends of the two 
glass tubes are closed off with a rubber tube which is completely filled 
with water. Water samples can be taken from these bottles for measuring the 
radon 222 with a suitable device, e.g. a fontactoscope or an emanometer. 



Fig. 6. Sampling bottle for determining 
residual activity 
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1.5 Special instructions for sampling water of various origins and for 
various investigation purposes 

1.5.1 Surface water 

Local measurements should be conducted, e.g. on flow velocity and discharge 
rate. Details are necessary on transverse profile, longitudinal profile and 
sampling depths. Where necessary, the sampler must be given instructions on 
the conditions for taking surface water samples, e.g. sampling from travel­
ling surge, observation of stratification, production of composite samples, 
distance of the sampling location from the bank, sampling depth and similar 
instructions. The sampler should describe the local conditions, in particu­
lar the appearance of the surface water, and where possible give informa­
tion on microflora and microfauna and also on macroorganisms. Bio-indicators 
provide important information on water quality. Assimilation and dissimila­
tion processes in plants play their part, e.g. in determining the oxygen 
and carbon dioxide contained in a water. Investigations should be conducted 
into the discharge of sewage. Indications suggesting influences on or 
eutrophication of the water should be noted on site. Water samples should 
be taken for bacteriological, microscopic and chemical analyses. Local 
measurements should be taken of temperature, pH, electrical conductivity, 
oxidation reduction potential, oxygen and carbon dioxide (C02) content, 
turbidity, colouring, settleable substances, etc. 

1.5.2 Ground water 

Ground water samples should nearly always be taken from appropriate wells 
or boreholes; uncovered ground water will only exist in rare cases. Accord­
ing to the scope of investigation planned, samples should also be taken 
here for bacteriological, physico-chemical and chemical analyses. The 
taking of water samples may be necessary for trace analysis and for examina-
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tions for special indicators of pollution, such as cyanides, phenols or 
other organic substances. It can also be necessary to take samples for 
microscopic analyses. In addition to the usual local investigations and 
measurements, information is also necessary on whether the water samples 
were taken during a pump test and on the pumping rate and the depression at 
which the samples were taken in comparison to the static water table. The 
record must show whether the sample was taken from moving ground water or 
static ground water. Where possible, information should be provided on the 
flow velocity of the ground water and in general on the hydro-geological 
conditions of the ground water. The possible sampling locations for taking 
ground water samples may be classified roughly as follows: 

1. Uncovered ground water 
2. Springs, slope springs, boundary springs, etc. 
3. Prospecting holes 
'+. Artesian wells (confined-water wells) 
5. Shallow wells (dug wells, basin wells, driven wells) 
6. Deep wells (drilled wells) 
7. Horizontal wells (adits) 

1.5.3 Salt water 

This heading covers the sampling and investigation of seawater, lake water, 
brackish water, water from salt lakes, mines or mineral water. The general 
principles for taking water samples apply here to the bacteriological, 
physico-chemical and chemical analyses. It may be necessary on account of 
the high salt content to take larger water samples for certain trace analyses 
or for special investigations, which can then be examined in the laboratory 
after depletion of the greater part of the dissolved salts. Care should be 
taken that the bottles are rinsed with distilled water on the outside and 
particularly at the stopper after sealing, as otherwise salts may dry at 
the bottle neck and falsify the results of subsequent investigations. Before 
rinsing the bottle neck, the ground-in stopper should be checked for correct 
seating so that distilled water does not enter the bottle and dilute the 
water sample. Water samples should also be taken for microscopic analyses. 
On-site investigations are necessary for algae or other bio-indicators, and 
indications of eutrophication should be recorded. Secondary observations, 
such as water-borne traffic or bathing activity, sewage discharge, fish 
stocks, lagoon formation, should be noted. 

1.5.'+ Bathing water 

The instructions described in the section on surface water apply in princi­
ple to bathing water as well. In addition, bathing water investigations 
will be necessary in swimming pools (open-air or indoor), and also in 
bath-tubs. A distinction must be made between public baths and baths only 
serving special purposes, e.g. cleansing baths in tub form or spas. A 
distinction must also be made between salt water and fresh water baths, and 
between treated bathing water and natural bathing water in open bathing 
waters. 

In addition to the number of visitors, frequency of visitors and overall 
appearance of the swimming baths, the local inspections and investigations 
should also include hygienic inspections, e.g. so-called klatsch 
preparations. Details of water temperature, water appearance, weather 
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conditions and date and time of sampling should be recorded. In the case of 
disinfected bathing water, the chlorine content and/or the ozone content 
and oxidation reduction potential should be measured together with the pH. 
In addition to evaluating the apparent quality and the hygienic conditions 
in and around the baths, water samples should also be taken for bacterio­
logical water investigations, including testing for worm eggs. Samples 
should also be taken for the usual physico-chemical and chemical analyses 
and for the analysis of specific indicators of pollution, e.g. urea, nitro­
gen compounds or overall organic parameters such as chemical oxygen demand 
or 5-day biochemical oxygen demand. Water samples should also be taken of 
the fresh or uncontaminated feed water at the same time as sampling the 
used bathing water from the bath. 

The sampler should be given instructions on the nature of the investigation 
required so that he can adapt his work on site to suit requirements. 

1.5.5 Industrial water 

A whole range of different aspects have to be observed when taking samples 
of industrial water, depending on the application. The following possible 
uses exist: 

Boiler water 
Boiler feed water (high-pressure or low-pressure boiler water) 
Condensate 
Industrial process water 
Process water for factories in the foodstuffs industry 
Process water for breweries 
Process water for mineral water and lemonade plants 
Cooling water and similar fields of application 
Water for mixing concrete 
Irrigation water in agriculture 
Expanses of water for fish cultivation 

Ground water or surface water must be checked for corrosiveness in relation 
to concrete and/or metals. Bacteriological investigations are necessary in 
the case of process water for foodstuffs factories or for the drinks manu­
facturing industry, and appropriate samples should therefore be taken. For 
the other fields of utilization, bacteriological investigations on service 
water will be less frequent. Here, however, attention must be paid to the 
fact that questions of aggressiveness or the formation of precipitations 
can frequently have microbiological causes. The local investigations should 
be conducted according to the usual sampling procedure; in particular, it 
is necessary to determine pH and electrical conductivity, and also the 
presence of oxygen or carbon dioxide. Special samples for testing corro­
siveness in relation to metals or concrete should be mixed on site, or 
tests conducted using the pH-difference method. In addition to taking water 
samples for the usual physico-chemical or chemical analyses, sampling may 
also be necessary for microscopic investigations, e.g. when the water is 
used as cooling water. 

1.5.6 Irrigation 

Specific measured values on site are specially important for the use of a 
water resource for agriculture as irrigation water, e.g. determining elec­
trical conductivity at the existing water temperature. On-site measurements 
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of the hydrogen carbonate and carbonate content are also necessary. Further­
more, water samples should be taken for quantitative determination of the 
sodium, calcium, magnesium and boron content. 

The values for electrical conductivity measured on site can provide infor­
mation on the possibility of utilizing water as irrigation water for 
agriculture. Thus, in the case of electrical conductivities of up to 250 IlS 
cm- l at 20 °C, no salinization of the soil need be feared. Such water is 
generally suitable. In the case of electrical conductivities of up to 750 
IlS cm- l at 20 °C, the water can as a rule still be tolerated. 

Electrical conductivities of 750 to 2250 IlS cm- l , by contrast, are high 
enough to have a salinizing effect on the soil with continuous use, and 
salt-tolerant plants should be used for cultivation. A high degree of 
salination is to be expected from waters with electrical conductivities of 
up to 5000 IlS cm- l . Even higher conductivities usually render the water 
unusable even for salt-tolerant plants. An evaluation of the water quality 
for irrigation is also possible on the basis of the ratio of sodium to 
calcium + magnesium. In this connection see the diagram below. 

In field 1 of the diagram, the water can be deemed suitable for general 
use; in field 2, only a small danger of alkalization exists. In field 3, 
the high proportion of sodium entails a danger of alkalization for most 
soils. This danger is reduced in gypsiferous soils; they must, where 
necessary, be fertilized with calcium and organic fertilizer. In field 4 of 
the diagram, the water is in general no longer suitable for irrigation 
purposes or only suitable in conjunction with the simultaneous use of 
calcium compounds. 
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Fig. 7. Evaluation of water quality according to sodium :::ontent; 1) Na 
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A certain estimation of suitability can also be made by examIning the ratio 
of carbon dioxide compounds to alkaline earths. The ratio in mmol/ 1 for the 
following compounds should be calculated according to the formula given: 

If these values are smaller than 1. 25 mmol/ 1 the water is probably suitable; 
between 1.25 and 2.50 mmol/l it is conditionally suitable; and over 2.50 
mmol/ 1 it is not sui table. See the section on boron regarding the importance 
of the boron content for irrigation water. 

1. 5.7 Expanses of water devoted to fish cultivation 

In fish cultivation waters, which must generally be light and clear because 
the majority of fish species would otherwise migrate, the oxygen content 
plays a particularly important role. The oxygen demand by individual fish 
species varies (Salmoniformes: at least 5 mgl/l; carp: approx. 3.5 mgl/l; 
goldfish: 0.75 mgl/ 1) . It should be noted that the oxygen content falls 
when the water is heated. A lack of oxygen can thus arise for some fish 
species at higher water temperatures in summer. 

In addition, the pH is of importance. The compatibilities of individual 
fish species also vary in this respect. In general, expanses of water 
devoted to fish cultivation should have a pH ranging between six and eight. 
Fish cultivation waters should further be free of substances toxic to fish 
(e.g. heavy metals and cyanides) from sewage. Hydrogen sulphide is a strong 
poison for fish; processes of putrefaction must therefore be avoided in 
expanses of water devoted to fish cultivation. Local measurements should be 
taken and samples prepared for the laboratory in glass bottles; the analy­
sis should be effected rapidly in such cases. 

1.5.8 Waste water 

Examples of water locations: 

Domestic waste water 

Industrial waste water 

Waste water from critical locations, e.g. hospitals, chemical factories 
producing toxic materials, metal foundries and galvanization plants, etc. 

Waste water with inflammable organic solvents, oils and greases, phenols or 
chlorine compounds 

Seepage water from solid waste (rubbish dumps, etc.) 

Clarified waste water from sewage plants 

Waste water from surface channels 

As a basic rule, flow-proportional sampling is recommended; flow-proportion­
al composite samples can be produced from the individual samples taken, 
where necessary, with automatic sampling devices. In the case of time­
proportional sampling, no account is taken of the quantity of water. 
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Nevertheless, this must be regarded as a better solution than a single or 
multiple random sample. Production of time-proportional composite samples 
is also possible, using automatic sampling devices where applicable. The 
composite samples can be taken with or without settleable substances. If 
the water contains many settleable substances, it is more favourable to 
remove these substances before producing the composite samples and to 
investigate them separately in the laboratory. After removing the settle­
able substances, the water from the composite samples should be used for 
laboratory tests. If secondary turbid substances have formed in the water, 
these should be included in analyses. 

When taking the individual samples, which may for example be made at l5-
minute or hourly intervals, it is useful to measure the temperature and pH 
of the waste water and to describe its appearance in each case. 

For example, 3-hour or 4--hour composite samples or even daily composite 
samples can also be produced. The composite samples should be cooled 
(approx. 4- °C) so that secondary changes are avoided as far as possible. 

The settleable substances should be determined immediately after sampling 
or after producing a composite sample, so that secondary precipitations 
during transport are not included in the record as settleable substances. 
It is also useful to measure the following physico-chemical parameters of 
individual samples on site: 

Temperature 
pH 
Electrical conductivity 
Oxidation reduction potential 
Oxygen content 

Waste water samples for determining hydrogen sulphide or its compounds 
should be derived from the individual samples, and zinc acetate or cadmium 
acetate added. 

It is important to preserve samples of waste water, particularly for deter­
mining cyanide, phenol, organic compounds and nitrogen compounds, etc. (e. g. 
with chloroform, by alkalization or with mercuric chloride) (see 1. 7) • 

Samples for determining the 5-day biochemical oxygen demand (BOD) or the 
chemical oxygen demand (COD) should be frozen if not examined immediately. 

For special purposes, it may be necessary to test for certain toxic sub­
stances which can interfere with biological clarification. In addition to 
composite samples, random samples should then also be tested in suspicious 
circumstances. In particular, the possibility of cyanides, surges of acid 
or alkaline waste water, and also organic substances and heavy metals 
should be borne in mind here. 

In the case of waste water discharge locations, it is useful to have. water 
samples for conducting a fish test or a bacteria test for toxicity (see 
special section on fish test and bacteria test in Chapter 5). 

A ttention should be given during waste water sampling to the presence of 
organic solvents which enter the vapour phase and lead to explosions. Where 
necessary, water samples should be taken for gas chromatographic headspace 
analysis. 
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Safety precautions 

The necessary safety precautions for the sampler should be emphasized. 
Securing equipment is always necessary when entering channels, shafts, 
wells, galleries, etc. A check should be made beforehand for toxic or 
ignitable gases. The sampler should be secured to a safety rope and backed 
up by a second person. Safety regulations should always be observed in all 
cases of water sampling. 

1.5.9 Sludge 

It may be necessary, in addition to sludge-containing water, to take sam­
ples of the sludge itself. 

Examples 

Waste water sludge 
Sewage sludge 
Digested sludge 
Neutralization sludge and other industrial sludge 
Sludge from surface waters 
Sediments from surface water 
Sludge and deposits from wells 
Deposits from pipe systems 

In this form of sampling, particular care should be taken to homogenize the 
cross-section taken, as sludge can frequently be of very heterogeneous 
composition. If this is the case, many individual samples (10 to 100) 
should be taken, mixed and the test sample taken from this homogenized raw 
sample. 

Sufficient quantities of sludge should be taken so that a separation of 
sludge and water for separate investigation in the laboratory is possible. 
The sludge taken can be investigated immediately. Extracts with rain water 
or with seepage water containing carbon dioxide are also possible, however, 
and these allow one to determine which critical substances can be remobi­
lized by water. 

If it is necessary to determine the water content of the sludge, the 
samples must be packed in watertight vessels, preventing loss of water, so 
that the water content can be determined in the laboratory. 

Special samples may be necessary for bacteriological and microscopic 
investigations, in addition to local measurements, such as pH (insertion 
electrode), temperature, appearance and observations on gas formation and 
odour. In general, sample quantities of sludge of the order of at least 
several hundred grams are recommended, and in special cases up to several 
kilograms. Digestion tests can be conducted on the samples taken, whereby 
precautions should be taken against hydrogen sulphide release or gas forma­
tion (methane or carbon dioxide). Where necessary, the appropriate gas 
analyses are to be made. In order to be able to judge the degree of disin­
fection of sludge, in particular sewage sludge, in conjunction with solid 
waste after the rotting process, special bacteriological investigations are 
necessary. For this purpose, the samples must be taken in sterile wide­
necked glass bottles. 
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samples of sludge, it is of equally decisive importance that 
carefully records all local conditions and observations to 
chemist or biologist who is conducting and evaluating the 

When taking 
the sampler 
prevent the 
analysis from drawing false conclusions. 

1.6 Local investigations (see also 1.7) 

It is recommended that appropriate forms be issued depending on the type of 
individual analysis, as guidance not only for the laboratory but also for 
the sampler. 

A summary of the local investigations generally to be conducted is given 
below. In the case of individual elements, fixation of the constituent to 
be determined is necessary and appropriate reference is made to the section 
of investigation. 

Temperature of the water (to 0.1 °C with a calibrated mercury thermometer) 

Temperature of the air 

Barometric pressure 

Height amsl 

Appearance 

Colour 

Turbidity 

Depth of v isibili ty 

Settleable substances in m 1 /1 

Gases released 

Odour 

Taste 

Measure pH electro metrically on site 

Measure electrical conductivity electrometrically on site at the same time 
as temperature 

Measure redox potential electrometrically excluding atmospheric oxygen and 
secondary redox processes 

Measure Cl2 on site 

Measure CI02 on site 

Measure 03 on site 

Density, (fill pycnometers without gas losses on site) 

Measure oxygen on site electrometr ically or chemically according to Winkler 
method 
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Determine carbon dioxide on site volumetrically, or fix the total carbon 
dioxide in a water sample by means of CaO, Ba(OH)2 or NaOH and determine 
the total C02 in the laboratory, and distribute the hydrogen carbonate 
and/or carbonate components (titration on site) by recalculation in terms 
of free, dissolved C02. 

Hydrogen sulphide: fix on site with zinc acetate or cadmium acetate 

Bivalent iron: fix on site with 2, 2'-bipyridyl 

Silicic acid: hydrolysis and decomposition on site by addition of the water 
to a mixture of hydrofluoric acid and perchloric acid; determine photome­
trically in the laboratory; insoluble or colloidal silicates should first 
be removed from the water by filtration. 

Aggressive carbon dioxide: 
Either measure pH on site immediately and after saturation with lime, or 
determine in the laboratory (marble dissolution test according to Heyer 
method) after addition of calcium carbonate 

Short-lived radionuclides 

Bio-indicators 

1. 6.1 Preservation of water samples 

General 

The best method of preserving the water samples taken is to provide for 
analysis as soon as possible. The water samples taken should be stored in 
the dark and cooled to around I.j. °C (cooling box with ice or refrigerator in 
the vehicle) for transport to the analytical laboratory. 

A ttempts should be made to ensure that samples taken arrive at the labora­
tory for analysis on the following day, or at the latest the day after 
that. If immediate analysis of the water samples in the analytical labora­
tory is not possible, these should be kept in cold storage at around I.j. °C 
until analysis, which must take place as soon as possible. Decisions should 
be made from a specialist point of view on which analyses should be conduct­
ed immediately and which can be left for a later date. 

Cooling or preservation of samples is particularly important when taking 
samples of waste water. Attention should be paid to microbiological reac­
tions after sampling, which should be kept to a minimum by cooling the 
samples. Thus sulphate reduction with formation of hydrogen sulphide can be 
caused by desulphurizing vibrios, with consequent triggering of other 
secondary processes, e.g. iron precipitation with accompanying precipita­
tion of other heavy metals. Organic substances may degrade microbiologi­
cally during transport thereby changing the COD or the 5-day BOD. 

Some general information is included below for selected inorganic or 
organic substances contained in the water which experience has shown to be 
easily changeable. Further information is to be found under the individual 
descriptions of methods. 
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1.6.2 Inorganic substances contained in the water 

Dissolved, bivalent iron: Fixing directly at the 
2,2'-bipyridyl forming a red-coloured complex which 
metrically in the laboratory. 

time of sampling with 
can be analyzed photo-

Silicic acid (Si02): Decomplexing or depolymerization directly after sam­
pling by adding the water sample to a digestion mix of perchloric and 
hydrofluoric acid. In order to be able to distinguish between dissolved and 
undissolved silicic acid, it is recommended that one sample be added direct­
ly to the acid mix and a second water sample after filtration, for example 
through a membrane filter. If the perchloric acid/hydrofluoric acid mix 
prepared in the plastic bottle has been weighed, any desired quantity of 
water can be added on site and determined by measuring the weight differ­
ence in the analytical laboratory. 

Hydrogen sulphide H2S, hydrogensulphide (HS-) or sulphide (S2-): To deter­
mine these, the water sample is added to a prepared solution containing 
zinc ions as excess zinc acetate. Here too, the quantity of the water can 
be determined by measuring the difference in weight. 

Nitrogen compounds, such as ammonium, nitrite and nitrate, or samples to 
determine so-called organically fixed nitrogen: Transport under cool condi­
tions for analysis as soon as possible. It is also possible to add approxi­
mately 1 ml chloroform per litre of water to prevent microbiological 
reactions. Analysis is to be recommended as soon as possible, at the latest 
after cooled transport of 1 to 2 days, particularly when determining nitrite 
content. 

Heavy metals: For use in analysis according to the flame atom absorption 
method, the sample should be acidified using hydrochloric acid of reagent 
purity immediately after being drawn, and the samples should be taken in 
glass bottles and transported under refrigerated conditions. The quantity 
of hydrochloric acid should be noted for a blank experiment. 

For determining heavy metals using the so-called furnace technique 
(graphite tube cuvette), acidification of the water sample with nitric acid 
is to be recommended, and here too provision should be made for a blank 
experiment. If heavy metals are to be expected in the trace range, the 
water samples should be taken with acidification in a polytetrafluoro­
ethylene bottle (Teflon bottle). 

To record metal traces e.g. 
hydride process, acidification 
rest of the procedure is similar. 

for arsenic and selenium using the so-called 
with hydrochloric acid is recommended; the 

To determine the quantity of mercury, the water sample is stabilized in 
glass bottles with a solution of nitric acid and potassium dichromate until 
analysis. 

Settleable substances in terms of volume are determined directly after 
sampling in a sedimentation funnel. If settleable substances are to be 
recorded in terms of weight, the water should be filtered via a membrane 
filter directly after sampling or after a sedimentation period of, for 
example, 2 hours, and the settleable substances can then be determined in 
the laboratory. 



27 

1.6.3 Organic substances contained in the water 

Dissolved organic carbon (DOC) or total organic carbon (TOC): 

a) Transport in refrigerated condition, or 
b) deep-frozen at -15 to -20 °C 

Chemical oxygen demand (COD): 

a) Transport in refrigerated condition, or 
b) deep-frozen at -15 to -20 °C 

Acidification can also be effected with sulphuric acid directly after 
sampling, and before deep-freezing. 

5-day biochemical oxygen demand (BOD): 

a) Transport in refrigerated condition, or 
b) deep-frozen at -15 to -20 °C. 

Phenols: Preservation by adding 5 ml 35 % hydrochloric acid and 1 g copper 
sulphate per litre of water. Transport in refrigerated condition. 

Surface-active agents (detergents): 

a) Transport in refrigerated condition, or 
b) deep-frozen at -15 to -20 °C. 

Chlorinated hydrocarbons: Transport in refrigerated condition in specially 
cleansed, gas-tight sealed glass bottles. 

Hydrocarbons: Transport in refrigerated condition in specially cleansed 
glass bottles. 

Polycyclic aromatic hydrocarbons: Transport in refrigerated condition in 
specially cleansed glass bottles. 

Cyanides: Water samples to determine cyanide must be kept chilled and dark 
for transport. They should be alkalized with sodium hydroxide solution 0 
molar) on site and adjusted to a pH of around 8. 
1 ml chloroform and 1 ml of a 10 % solution of hydrochloric acid and 
stannous chloride (SnCI2) are added and where necessary the pH readjusted 
to 8 with sodium hydroxide solution using pH paper. After adding 10 ml 
solution of zinc/cadmium sulphate 00 %) per litre of water, the sample is 
poured into glass bottles for despatch. 

1.6.4 Radioactivity 

Measuring short-lived radionuclides, e.g. radon 222 which has a half-life of 
3.8 days, should take place directly at the sampling location. Samples to 
be transported to the laboratory for measurement must be taken free of air 
bubbles in glass bottles, with compensation for pressure effected by means 
of a hose filled with water led through a double-bored stopper (cL 1.4.6). 
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Date of sampling, time of sampling and appearance of the water samples 
should also be recorded on the label for measurements of individual radio­
nuclides in the laboratory. This is particularly necessary for short-lived 
radionuclides in order to make it possible to recalculate activity back to 
the time of sampling. 

1.7 Local analyses (see also 1.6) 

1.7.1 Sensory examination on site 

The odour test should be conducted before the taste test, as the sense of 
smell is more sensitive and also has a considerable influence on taste. 
Non-smokers are to be preferred as testers. Plastic bottles are useless for 
testing because of the disturbing influence of their own odour. Wide-necked 
flasks made of glass are most suitable; they should be filled approximately 
two thirds full of the water and shaken, and, if the water at ambient 
temperature has no odour, heated to approx. 40 - 60 °C and retested. 

The odour should be characterized as accurately as possible both with 
respect to intensity and nature. The following five stages are commonly 
used to define the intensity of the odour: "Very weak" (only discernible by 
an experienced expert); "Weak" (also discernible by the layman when 
compared with reference sample); "Distinct" (discernible for any water 
consumer); "Strong" (unpleasant); "Very strong" (repulsive). 

The following designations are used for the nature of the odour: 

Odours of general nature 

"Metallic" (e.g. iron-containing deep water) 
"Earthy" (occasionally caused by Schizophyceae) 
"Dankly mouldy" (e.g. stale water) 
"Peaty" (marsh water) 
"Musty-putrid" (impure water) 
"Sewage-like" (considerably contaminated water or waste water) 
"Faecal" (considerably contaminated water and/or waste water) 
"Fishy" (e.g. caused by Bacillariophyta) 
"Smelling of fish oil" (e.g. caused by Flagellata) 
"Seaweed-like" (e.g. caused by Flagellata or algae) 

Odours of chemical nature 

e.g. smelling of: Hydrogen sulphide; 
Mineral oils; 
Chlorophenols; 
Ammonia; 
Acetic acid; 

Tarry substances; 
Phenols; 
Chlorine; 
Soap; 
Butyric acid. 

Hydrogen sulphide and free chlorine can mask other odours. Dechlorination 
can be effected for example by adding stoichiometric quantities of sodium 
thiosulphate. If hydrogen sulphide is present, sufficient zinc acetate is 
added to the water sample (formation of barely soluble zinc sulphide) and 
the sample retested. 
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Taste test 

A taste test on site for orientation purposes may only be carried out with 
extreme care. In the case of "repulsive" odour, the tester should refrain 
from this test. He should also refrain from this test if he suspects 
contamination with bacteria. 

If no distinct taste is noticeable when tasting the water at normal 
temperature (a metallic taste usually occurs as after-taste), it should be 
heated to approximately 30 - 40 °e in a covered glass beaker before tasting. 

The following distinction can be made according to the nature and strength 
of the taste: 

1. No particular taste 
2. Insipid 
3. Soft 
4. Mineral 
5. Hard 
6. Sour 
7. Bitter 

8. Salty 
9. Metallic-astringent 

10. Alkaline 
II. Musty 
12. Tasting of H2S or sulphides 
13. Tasting of organic compounds, e.g. mineral 

oils, pharmaceuticals, fuels, phenols, etc. 

The intensity of the taste can be characterized by adding "weak", "distinct" 
or "strong". 

Odour threshold value 

Determining the odour threshold value for a water (or waste water) is 
always "subjective". It is nevertheless by no means worthless. 

The odour threshold value is defined as the degree of dilution obtained in 
the water to be examined, using absolutely odourless water produced by 
filtration through activated carbon. 

Formula 

where: 

G u + V 
-U-

G = the non-dimensional figure for the odour threshold value (dilution 
factor) 

V the volume of the diluting water (mJ) and 
U the volume of the water to be investigated (mJ) in the mixture in which 

an odour is only just discernible. 

An odour-free glass flask of diluting water serves for comparison. The 
determining process can be carried out with water at 20 °e or 60 °e. 

A pretest determines initially the approximate range of the odour thresh­
old value, by filling 200 ml, 20 ml, 2 ml and 0.2 ml of the sample each 
into a test flask and topping up the three latter measures to 200 mi. 
Beginning with the diluting water, the flask is shaken, the stopper opened, 
the contents sniffed and the flask immediately resealed. The analogous 
process is applied to the remaining samples. 
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When the range of perception has been narrowed in this manner, samples are 
produced in which the dilution at which an odour was only just discernible 
in the pretest is diluted still further. Commencing with the most diluted 
sample, the samples are tested as far as that mixture in which an odour is 
still discernible with any certainty. 

1.7.2 Colouring 

Testing for colouring must be carried out on site as the water may change 
while the samples are being transported. Colouring gives information on 
possible contamination. Humic substances cause a yellow to brown colouring 
(marsh water). The yellowish colouring caused by iron content changes to a 
yellowish-brown turbidity when standing open to the air. The intrinsic 
colour of the water can be neglected, as pure natural water in thin layers 
is practically colourless. 

Colorimeter cylinders, as far as possible with a plane-parallel base, are 
used for field determination. In routine practice, however, water bottles 
made of transparent light glass also fulfil the same purpose. 

The colorimeter cylinder or transparent bottle is filled with the 
sample after removing undissolved substances by sedimentation or 
tion. The sample is then observed in diffused light against a 
background. The sample is classified as 

"colour less" 
"very slightly coloured" 
"slightly coloured" 
"coloured" 
"strongly coloured". 

and the following colour shade is added 

"yellowish" 
"yellowish-brown" 
"brownish" 
"yellowish-green" 

water 
filtra­
white 

If a more accurate designation of the colouring is required, it is neces­
sary to proceed with reference solutions for which appropriate series of 
dilutions must be produced. Colorimeter cylinders (e.g. 2.5 cm inside 
diameter and marked at 50 ml) made of colourless glass and with a plane­
parallel base are used. 

Waters with yellowish to brownish colouring are used with standard solu­
tions of potassium hexachloroplatinate and cobalt (II) chloride (platinum 
cobalt chloride reagent): 

Standard solution (l ml = 0.5 mg Pt): 

1.246 g K2PtC16 of reagent purity and 1.00 g CoCl2 • 6 H20 of reagent purity 
are dissolved in distilled water, containing 100 ml HCI of reagent purity, 
(1.19 g/ml) per litre, and topped up to 1 litre. 

For example, a series with 0.5 - 1.0 - 1.5 to 10 ml of the standard solu­
tion, each topped up with distilled water to 50 ml, is prepared for visual 



31 

colour comparison. In this series, the colour of the sample is classified 
in the colorimeter tube from above against a white background with diffused 
daylight. In cases of higher colour intensity, the samples are diluted 
appropriately. If the colour intensities lie below I mg Pt/l, for example, 
colorimeter tubes with 200 ml content are used and dilution series prepared 
with 0.1 - 1 mg Pt/l. 

The results are given in mg/l Pt/Co. Any pretreatment of the sample (e.g. 
filtration) must be indicated. 

Determination of the colouring can also be carried out with the aid of a 
colorimeter or photometer. The standard solutions should be prepared analo­
gously and the measurements taken at 420 nm (violet filter). 

1.7.3 Transparency and turbidity 

Testing waters for transparency and turbidity is done for orientation 
purposes. The transparency depends on the colour and any turbidity of the 
water. The turbidity is caused by suspended or colloidally dissolved 
inorganic and/or organic substances. Apart from sludge particles, silicic 
acid, ferric and aluminium hydroxide, organic colloids, bacteria and plank­
ton are possible. The determining process should be carried out immediately 
after sampling, and certainly not more than 24 hours afterwards at the 
latest. 

Transparency 

a) After taking a sample in a colorimeter cylinder with plane-parallel base 
disc (2.5 cm inside diameter and cm gradation), the transparency is 
determined by ascertaining the readability of a standard script (black 
letters of 3.5 mm height and 0.5 mm stroke thickness), viewing vertical­
ly in diffused daylight, and expressing this in cm (average value from 
several "readings"). 

b) The scale for the depth of visibility is that depth of water at which a 
white Secchi disc with an edge length or diameter of 20 cm, fixed to a 
chain or a rod, is just discernible when immersed in the water. Up to 1 m, 
the values are given in cm; over 1 m depth, the values are given in 
0.1 m gradations rounded down. 

For the simple visual test for turbidity, a colourless clear glass bottle 
of 1 litre is filled two thirds full with the water sample, which is shaken 
well and observed against a black and then a white background (possible 
Tyndall effect). The following are examples of the distinctions made: 

"clear" 
"opalescent" 
"weakly turbid" 
"strongly turbid" 
"opaque". 

A measurement can also be made by comparing the turbidity of the water with 
that of a series of dilutions of a kieselguhr standard suspension (1.00 g 
and 0.10 g Si02/1), which can be evaluated both visually and photometrical­
ly (nephelometrically) (scale in mg/l Si02). 
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Local measurements 

1.7.4 Temperature 

Temperature of the air 

Equipment 

Calibrated mercury thermometer graduated in 0.5 °C. 

Method 

Measure with a carefully dried thermometer (otherwise too low a reading is 
given as a result of latent heat) close to the sampling location at 1 m 
height above the water or the ground. If the sun is shining, measurements 
must be taken in the shade and screened from reflected radiation of heat 
(light-coloured house walls or rocks). 

Temperature of the water 

Equipment 

Calibrated mercury thermometer graduated in 0.1 °C. Usual measuring ranges: 
-5 to +30 °C, -5 to +60 °C, -5 to +100 °e, or electrical thermometer and/or 
thermocouple. 

(Special thermometer: Maximum thermometer (particularly for hot springs 
and/or waters); well thermometer (the sphere of mercury remains below the 
water surface on withdrawing the sampling beaker). 

Method 

Immerse the thermometer in the water to reading depth and wait until the 
reading is constant (approx. 1 min.). If it is not technically possible to 
measure directly, the water sample is taken in a vessel containing at least 
1 litre which must itself be at the same temperature as the water (with tap 
water, run tap approx. 5 mins.), and the process followed as described 
above. 

As the solubility of gases is a function of the temperature, the reading 
should be to 0.1 °e. 

1.7.5 Hydrogen-ion activity (pH) (d. also Chapter 2) 

Introduction 

In chemically pure water, water molecules split up to form H30+ (hydronium 
ion) and OH- (hydroxyl ion) according to the following formula: 

In its old form (merely taking into consideration the proton activity H+) 
this reads: 
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The hydrogen ion is carrier of the acid reaction. The pH is used as measur­
ing unit; this is defined according to the following equation 

as the negative logarithm of molar hydrogen-ion activity, corresponding in 
large dilutions approximately to the molar hydrogen-ion concentration (cH+)' 

The concentration of hydrogen ions in chemically pure, neutral water is 
1 • 10-7 gil, corresponding to the dissociation constant of the water 
K W = 10 - I 4 at 25°C deducible from the principle of mass action; 

[W] + [OW] = KW (KW = 10- 14 ) 

KW 
[W] =-­

[OH] 

10- 14 
10-7 = 10- 7 gil; OW = 10-7 gil 

The conversion of the fraction (H+) = 10-7 into the negative logarithm pH 7 
is in the interests of simplification. 

pH 7 
pH)7 to 14 
pH 0 to <7 

neutral 
alkaline range 
acid range 

a) Electrometric determination of pH 

General 

The pH is determined electrometrically by measuring the difference in 
potential between the measuring electrode (glass electrode) and the 
reference electrode with known potential (saturated calomel electrode 
used instead of the normal hydrogen electrode). 

The glass electrode has a spherical glass membrane which is immersed in 
the solution of unknown pH to be examined. The membrane is filled with a 
solution of known pH. If a different concentration and/or activity of 
hydrogen ions to that of the interior solution exists at the exterior 
surface of the glass membrane, a corresponding phase-boundary potential 
L'l E in contact with the outside solution is produced at the thin-walled 
glass membrane. This phase-boundary potential obeys the Nernst equation: 

where: 

RT 
F 

aH+ Activity of hydrogen ions in the water sample 
a 'H+ Activity of hydrogen ions in the reference solution 
R General gas constant 
T Absolute temperature (K) 
F Faraday constant (96493 Coulomb/va]) 

so that the glass electrode behaves practically like a hydrogen elec­
trode (in which the phase-boundary potential is measured between the 
gaseous H2 located on the platinum black of the Pt-electrode and the 
H+ ions (H 30+) contained in the solution). 
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The saturated calomel electrode used as reference electrode has, in 
comparison to the defined normal hydrogen ion electrode (hydronium ion 
concentration 1 g ion/I to H2 at 18 °C, 1000 mbar), a potential of 
+0.250 V, which should be subtracted from the measured potential differ-
ence to determine E (already allowed for in the pH meter). 

If the filling of the glass electrode is connected conductively with the 
reference electrode also immersed in the water sample, the electromotive 
force (e. m. f.) of this cell can be determined by current-free voltage 
measurement. Because of the high internal resistance of the glass elec­
trode, an instrumentation amplifier is required to indicate the voltage. 
Buffer solutions with defined pH serve for calibration and checking. 

The e. m. f. in the measuring cell changes in direct proportion to the pH 
value by 58 m V for pH = 1 (20 °C). As a temperature change of 10 or 20 °C 
in the water sample results in a change in potential of appro x • 2 or 
approx. 4 mV and thus in a pH indication error of approx. 0.03 or approx. 
0.06 pH units, temperature compensation is not necessarily required in 
the normal temperature range, given that the mean reproducible accuracy 
of pH measurement with glass electrodes is 0.05 - 0.1 pH. 

Equipment 

pH meter (battery, rechargeable or mains equipment) 

Single-probe measuring cell (measuring and reference electrode) 

Measuring range pH 1 to pH 10. Measurements can also be made in the 
range above pH 10 with the aid of so-called alkali-stable electrodes. 

Disturbances 

The polarizability is low, disturbances due to colour, turbidity, oxida­
tion and reduction agents practically do not occur. New glass electrodes 
which have been stored in dry conditions must be allowed to steep immersed 
in water for several days before use until they no longer show any 
movement in potential. Their sensitivity is affected by oily substances. 
In such cases, the electrodes must be carefully cleaned with soap or 
detergent solution after every measurement. They should then be rinsed 
with distilled water, HCI solution and again with distilled water. They 
should be subsequently recalibrated with standard buffer solutions. 

Measurement 

The pH meter is calibrated with buffer solutions of known pH according 
to the instructions accompanying each appliance and the gradient of the 
reading corrected where necessary. 

Ready-made buffer solutions can be used for calibration or buffer solu­
tions produced according to the following instructions: 

pH 2.0: 

pH 4.62: 

6.71 g potassium chloride (KCD is dissolved in 1 litre 
0.01 m hydrochloric acid. 

Mix 200 ml 1 m acetic acid, 100 ml 1 m sodium hydroxide 
solution and 700 ml bi-distilled water. 



pH 6.1t: 

pH 7.0: 

pH 9.0: 
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Solution A. Dissolve 21.008 g citric acid and 200 ml 1 m 
sodium hydroxide solution in bi-distilled water to 1 litre. 

Solution B. 0.1 m sodium hydroxide solution. Mix 51t.1t ml 
of Solution A with 1t5.6 ml of Solution B. 

Solution A. Dissolve 9.078 g potassium dihydrogenortho­
phosphate (KH2P0It) in bi-distilled water to 1 litre. 

Solution B. Dissolve 11.88 g dis odium monohydrogenortho­
phosphate (Na2HP0It· 2 H20) in bi-distilled water to 
1 litre. 

Mix Solutions A and B in the ratio 2 : 3. 

Solution A. Dissolve 12.1t0 g boric acid and 100 ml 1 m 
sodium hydroxide solution in bi-distilled water to 1 litre. 

Solution B. 0.1 m hydrochloric acid. 

Mix 8.5 parts of Solution A with 1.5 parts of Solution B. 

For the actual process of measurement itself, the measuring cell is 
inserted into the water sample in the measuring vessel. C02 losses 
should be avoided as far as possible. The temperature of the sample is 
then measured, and the temperature compensation set on the meter. The 
measured value is read off after the reading has remained constant for 
at least 1 min. 

Scale of the results 

Depending on the sensitivity of the equipment, the pH is given to an 
accuracy of up to 0.05 pH units. Below pH 1, above pH 12 or in concen­
trated saline solutions, the reading can be limited to an accuracy of 
0.1 pH units. pH measurement is problematical in distilled water or in 
waters with very low proportions of dissolved substances (e.g. rain 
water>. In such cases, one can only arrive at approximate values. 

b) Colorimetric pH measurement 

Certain pigments or pigment mixtures show a colour dependent on pH in 
aqueous solutions, e.g. litmus turns red in the acid range and blue in 
the alkaline range. 

By using so-called universal indicators, measurement of pH is possible 
by colorimetric comparisons in gradations for example of 0.5 pH units. 
Measurement is particularly simple if these indicator mixtures are 
applied to paper strips or inserted in plastic tubes. It is sufficient 
to immerse them for a short period in the water sample to be measured 
and subsequently compare the colour with the pH scale. 

1.7.6 Electrical conductivity 

General 

The electrical conductivity of water is based on the presence of ions. It 
can be regarded as a non-specific yardstick for the content or the concen-
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tration of dissolved dissociable substances in water. 

A simple continuous method for determining the content of dissociable 
substances, particularly in the case of measurements to be repeated regu­
larly at specified intervals, is important not only for systematic but also 
for intermittent checking on water and its content of dissolved mineral 
substances. 

In the structure of an electrical field in water, the anions migrate to the 
positively charged anode, the cations migrate to the negatively charged 
cathode. A t constant temperature, the electrical conductivity of a given 
water is a function of its concentration of ions. 

Electrical conductivity is expressed as the reciprocal of electrical resist­
ance in ohm (Q), in relation to a water cube of edge length 1 cm at 20°C 
(specific electrical conductivity). It is given in Siemens (S = 1) per cm 
(S • cm- 1). Q 

Good distilled water should have values below 0.3 x 10-6 S . cm- 1 
(i.e. <0.3 ~S • cm- 1). 

The reference temperature or any conversion to a different temperature from 
the measuring temperature should always be indicated, as the results 
measured are dependent on temperature. 

The following designations are usual in practice: 

IS, cm- 1 = 103 mS . cm- 1 = 106 ~S . cm- I . 

The resistance of electrolytes, and thus electrical conductivity, cannot be 
measured with direct current on account of the polarization of electrodes 
and the additional resistances thus arising (which falsify the result). For 
this reason high frequency (>1000 Hz) alternating current is always used. 
Measurement is based on 25°C. A factor f, to be taken from the following 
Table (from DIN 38404 Part 8, DEV-15, issue 1985) is used to convert the 
measur ing temperature to other temperatures. 

Equipment 

Conductivity meter (resistance meter with bridge fed with alternating 
current) 

Conductivity cell or flow cell 

Thermometer -10°C to +50 °C (graduation in 0.05°). 

Method 

The meter and conductivity cell are rinsed several times in the water to be 
examined. The vessel is then filled. When water and equipment have reached 
the same temperature, this is read off on the thermometer, followed by the 
resistance or the (directly indica ted) conductivity on the meter. 

Rinsing and measurement are repeated until the values of two consecutive 
measurements do not deviate by more than 2 % from their mean value. 
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Temperature correction factor for converting electrical conductivity values 
measured in natural waters at temperature t to the reference temperature of 
25°C 

t f25 

°C 0.0 0.1 0.2 0.3 O.IJ. 0.5 0.6 0.7 0.8 0.9 

0 1. 918 1. 912 1.906 1.899 1.893 1.887 1.881 1.875 1.869 1.863 
1 1.857 1.851 1.81J.5 1.81J.0 1.831J. 1.828 1.822 1.817 1.811 1.805 
2 1.800 1.791J. 1.788 1.783 1.777 1.772 1. 766 1. 761 1.756 1. 750 
3 1.71J.5 1. 71J.0 1.731J. 1.729 1.721J. 1. 719 1.713 1.708 1.703 1.698 
IJ. 1.693 1.688 1.683 1.678 1.673 1.668 1.663 1.658 1.653 1.61J.8 
5 1.61J.3 1.638 1.631J. 1.629 1.621J. 1.619 1.615 1. 610 1.605 1.601 

6 1.596 1.591 1.587 1.582 1.578 1.573 1.569 1.561J. 1.560 1.555 
7 1.551 1.51J.7 1.51J.2 1.538 1.531J. 1.529 1.525 1.521 1.516 1.512 
8 1.508 1.501J. 1.500 1.1J.96 1.1J.91 1.IJ.87 1.1J.83 1.1J.79 1.1J.75 1.1J.71 
9 1.1J.67 1.1J.63 1.1J.59 1.1J.55 1.IJ.51 1.1J.1J.7 1.1J.1J.3 1.1J.39 1.1J.36 1.1J.32 

10 1.1J.28 1.1J.21J. 1.1J.20 1.1J.16 1.1J.13 1.1J.09 1.1J.05 1.IJ.Ol 1.398 1.391J. 
11 1.390 1.387 1.383 1.379 1.376 1.372 1.369 1.365 1.362 1.358 

12 1.351J. 1.351 1.31J.7 1.31J.1J. 1.31J.1 1.337 1.331J. 1.330 1.327 1.323 
13 1.320 1.317 1.313 1.310 1.307 1.303 1.300 1.297 1.291J. 1.290 
IIJ. 1.287 1.281J. 1.281 1.278 1.271J. 1.271 1.268 1.265 1.262 1.259 
15 1.256 1.253 1.21J.9 1.21J.6 1.21J.3 1.21J.0 1.237 1.231J. 1.231 1.228 
16 1.225 1.222 1.219 1. 216 1.211J. 1.211 1.208 1.205 1.202 1.199 
17 1.196 1.193 1.191 1.188 1.185 1.182 1.179 1.177 1.171J. 1.171 

18 1.168 1.166 1.163 1.160 1.157 1.155 1.152 1.11J.9 1.147 1.144 
19 1. lIJ.l 1.139 1.136 1.131J. 1.131 1.128 1.126 1.123 1.121 1.118 
20 1.116 1.113 1.111 1.108 1.105 1.103 1.101 1.098 1.096 1.093 
21 1.091 1.088 1.086 1.083 1.081 1.079 1.076 1.071J. 1.071 1.069 
22 1.067 1.061J. 1.062 1.060 1.057 1.055 1.053 1.051 1.01J.8 1.01J.6 
23 1.01J.1J. 1.01J.1 1.039 1.037 1.035 1.032 1.030 1.028 1.026 1.021J. 

21J. 1.021 1.019 1.017 1.015 1.013 1.011 1.008 1.006 1.001J. 1.002 
25 1.000 0.998 0.996 0.991J. 0.992 0.990 0.987 0.985 0.983 0.981 
26 0.979 0.977 0.975 0.973 0.971 0.969 0.967 0.965 0.963 0.961 
27 0.959 0.957 0.955 0.953 0.952 0.950 0.91J.8 0.91J.6 0.91J.1J. 0.91J.2 
28 0.91J.0 0.938 0.936 0.931J. 0.933 0.931 0.929 0.927 0.925 0.923 
29 0.921 0.920 0.918 0.916 0.911J. 0.912 0.911 0.909 0.907 0.905 

30 0.903 0.902 0.900 0.898 0.896 0.895 0.893 0.891 0.889 0.888 
31 0.886 0.881J. 0.883 0.881 0.879 0.877 0.876 o .8-71J. 0.872 0.871 
32 0.869 0.867 0.865 0.861J. 0.863 0.861 0.859 0.858 0.856 0.851J. 
33 0.853 0.851 0.850 0.81J.8 0.81J.6 0.81J.5 0.81J.3 0.81J.2 0.81J.0 0.839 
31J. 0.837 0.835 0.831J. 0.832 0.831 0.829 0.828 0.826 0.825 0.823 
35 0.822 0.820 0.819 0.817 0.816 0.8l1J. 0.813 0.811 0.810 0.808 
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Evaluation 

The electrical conductivity K expressed in S • cm- 1 is calculated according 
to the following formula: 

Rt = Electrical resistance of the water at temperature t, measured in ohm 
C Resistance capacity (cell constant) of the meter in cm- l 
F = Temperature factor (Table) 

The measured value is usually read off directly from the equipment in 
S . cm- 1, mS • cm- l or J..IS • cm- 1 

The result is given rounded to two decimal places when read off for example 
in mS . cm- 1 

Calibration of conductivity meters 

The conductivity meters on the market have a specific resistance capacity 
or cell constant C (in cm- 1) resulting from the distance between the elec­
trodes 1 and the electrode area q: 

1 C =­
q 

The resistance capacity or cell constant C by which the measured value 
must be multiplied to obtain the value of an electrical conductivity K is 
generally given by the manufacturing firm. It is nevertheless necessary to 
check this value from time to time. 

In such cases, or if the resistance capacity of a cell is unknown, this is 
determined with the aid of solutions whose electrical conductivity is known. 

Method 

The cell, which has been previously rinsed repeatedly with bi-distilled 
water or fully desalinated water at 25 _~ 0.1 °C and subsequently rinsed 
with 0.01 m KCl solution (see below), is filled with this 0.01 m KCl solu­
tion. The measuring bridge is fed with an alternating current of 1000 Hz 
and the resistance R read off. This process is repeated until the values 
for two consecutive measurements do not deviate by more than 2 % from their 
mean value. 

This whole procedure is repeated with 0.1 m KCl solution. 

Calcula tion 

The resistance capacity or cell constant C is given by the formula: 

C K25 . R25 

C Resistance capacity of the cell in cm- l 
K 25 Electrical conductivity of the solution at 25°C in S . cm- 1 
R25 = Electrical resistance of the solution at 25°C in ohm 
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The values determined for the two solutions (0.01 m KCI and 0.1 m KCl) after 
multiple measurements for C are averaged and the mean value given to 0.01 
mS cm- 1• 

Producing the calibrating solutions 

0.1 m KCI solution: Top up 7.456 g potassium chloride of reagent purity 
(dried for 2 hrs. at 105°C) to 1000 ml with bi-distilled water at 25°C. 
This solution has an electrical conductivity of 

0.01295 S . cm- 1, or 12.95 mS • cm- 1, at 25°C. 

0.01 m KCI solution: 100 ml of the 0.1 m KCl solution is topped up to 1000 ml 
with bi-distilled water at 25°C. Electrical conductivity of this solution 

= 0.001421 S • cm- 1, or 1.42 mS • cm- 1, at 25°C. 

The bi-distilled (or fully desalinated) water used to produce the KCI 
solutions must previously have been completely degasified by introducing 
nitrogen (dissolved carbon dioxide would increase the conductivity) • The 
calibrating solutions should be stored in air-tight sealed glass bottles. 

1.7.7 Redox potential 

General 

A redox (oxidation reduction) reaction is a process in which electrons are 
exchanged between a reduction agent and an oxidation agent, for example in 
an aqueous solution. 

In a redox process, the electrons "migra te" under the influence of a 
difference in potential (expressed in V or m V) from the reduction agent 
(electron donor) to the oxidation agent (electron acceptor). 

Electrometrical determination of the redox potential (redox voltage) 

The redox potential is determined electrometrically by measuring the differ­
ence in potential between the measuring electrode (platinum electrode) and 
the reference electrode. A saturated calomel electrode is used as reference 
electrode instead of the normal hydrogen electrode (EOSt = 0). The potential 
difference between the saturated calomel electrode and the normal hydrogen 
electrode at 25°C is 241.0 mY. 

The concurrent tendency to release electrons (reduction agent) or absorb 
electrons (oxidation agent) is measured, expressed as e. m. f. (equilibrium 
redox potential in m V) • 

If the two electrodes immersed in the water sample are joined, the e. m. f. 
in this cell can be measured, using current-free voltage measurement. It is 
necessary to determine the pH at the same time on account of the dependence 
of the redox potential on pH. 

As the chemical constitution of the participants in the equilibrium, the 
overall electro-chemical reaction and its changes dependent on pH are 
completely unknown in the majority of cases, the values are either related 
to pH = 0 (EOO) or to pH 7 (E07) and the stoichiometric factor is set at 
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n = 1 so that the change in potential of 59.1 mV per pH unit at 25 °c 
should be taken into consideration. 

The redox voltage plays a similar part in redox reactions to the pH in 
acid-base reactions. In the same way as the concentrations of all acids and 
bases contained in an aqueous solution can be clearly determined by the pH, 
the redox voltage in a solution determines the concentrations of all 
reversibly reducible or oxidizable oxidation and reduction agents contained 
in the solution. 

It is possible to refer to the redox voltage in a solution because all 
corresponding redox pairs contained in a state of equilibrium in the solu­
tion must have the same redox potential (the same quantity of electrons 
must be released as are absorbed per time unit). Otherwise, transfers of 
electrons, i.e. redox reactions, would have to take place until this state 
of equilibrium is reproduced. 

Method 

Pre-treatment of the electrodes 

If new electrodes are used, they should be degreased by washing in an 
approximately 10 % solution of surface-active agents and rinsing in ethanol. 
The platinum electrode is then immersed for 3 minutes in aqua regia at 70 -
90 °C, subsequently well rinsed in distilled water, reduced for at least 
10 minutes in a 10 % solution of sodium sulphite, and again rinsed thoroughly 
in distilled water. 

If measurements are taken with already worked electrodes or if contamina­
tion of the electrode becomes noticeable in the form of creep of the final 
value, they should also be degreased as above, but almost boiling nitric 
acid (l + 1) is used instead of the aqua regia. The electrode is immersed 
for 5 minutes in this nitric acid. It is also possible, however, to use a 
cold chromic acid solution, but the electrode must be immersed in this case 
for approximately 30 minutes in order to achieve complete oxidizing cleaning 
of the surface. It is then rinsed in distilled water, reduced for at least 
10 min. in a 10 % solution of sodium sulphite, and rerinsed in distilled 
water. In several cases, it has proved suitable to clean the platinum ring 
of the electrode with talcum powder. 

Measuring the redox potential 

If a special measuring vessel is used, the sample water should be allowed 
to flow through the measuring vessel fitted with the electrodes for 
approximately 10 minutes. The inlet and discharge tubes are then connected 
and pressure-free measurements taken. 

If a glass beaker is used for measurement, the electrodes connected to the 
meter are immersed in the sample and the measured value read off when the 
reading has not changed for at least 5 minutes (establishment of equilibri­
um). Before repeating measurements, the platinum electrode is rinsed in 
distilled water. If the measured value takes longer than 5 minutes to reach 
equilibrium, the platinum electrode is contaminated and must be recleaned. 

Measuring equipment 

Measuring electrode: Platinum electrode 
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Reference electrode: Saturated calomel electrode 

pH meter with mV display, accuracy.:':. 5 mV 

Aqua regia: 
3 parts by volume of hydrochloric acid (HCn (1.19 g/mn and 1 part by 
volume of nitric acid (HN03) (1.43 g/mn. 

Solution of chromic acid: 
Dissolve 5 g K2Cr207 in 500 ml sulphuric acid (1.84 g/ml). 

Nitric acid: 
Mix 1 part by volume of nitric acid (HN03) (1.42 g/ml) with 1 part by 
volume of distilled water. 

Solution of sodium sulphite (Na2S03), 10 % in distilled water. 

Measuring vessel with three vertical ground sleeves to receive the two 
electrodes and a thermometer, with two connecting nozzles situated opposite 
each other and just above the base of the vessel for feeding or discharging 
the sample water. 

Redox single-probe measuring cell: When using a redox single-probe measur­
ing cell, attention should be paid to the instructions of the manufacturing 
firm. When treating such equipment with acid, considerable care must be 
taken not to immerse it so far in the acid that the (acid-sensitive) 
diaphragms come into contact with the acid. 

If redox single-probe measuring cells are used to measure redox potential, 
these should be calibrated in similar manner to the single-probe measuring 
cells for determining pH. Calibration should, for example, be conducted 
with the aid of equi-molar quantities of corresponding redox pairs 
(e.g. K 3(Fe(CN)6) and K4(Fe(CN)6). 

Notes: 

When determining the redox potential in low-oxygen or oxygen-free samples, 
measurements should be made with continuous flow of the water sample (i.e. 
not in an open glass beaker) in order to prevent oxygen penetrating into 
measuring equipment with ground sleeve inserts. 

In routine determinations with a meter reading accuracy of .:':. 5 mY, no 
temperature correction is generally necessary. The potential values depen­
dent on temperature should be inserted in the calculation according to the 
Table given below. 

Calculation 

Redox voltage related to pH 0: 

EOO :: E + pH • f + EGKE 

Redox voltage related to pH 7: 

E07 :: E + pH • f - 7 . f + EGKE 

E Potential measured against the saturated calomel electrode (GKE) at 
temperature t 
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Temperature-dependence of hydrogen (f) and saturated calomel electrode (EGKE) 
(Cha teau/ Pouradier) 

t (OC) f(mV) EGKE (mV) t (OC) f(mV) EGKE (mV) 

10 56.1 251 18 57.7 246 
11 56.3 250 19 57.9 245 
12 56.5 249 20 58.1 244 
13 56.7 249 21 58.3 244 
14 56.9 248 22 58.5 243 
15 57.1 248 23 58.7 243 
16 57.3 247 24 58.9 242 
17 57.5 246 25 59.1 241 

EGKE 

f 

Potential of the saturated calomel electrode (GKE) at temperature 
t (see Table) 
E/pH (RT /MF) at temperature t (see Table) 
Measured pH of sample solution pH 

Specimen calculation (after U. Hasselbarth): 

E -180 mV at 10°C and pH 6.8 
EOO -180 + 6.8 56.1 + 251 = +452 mV 
E07 -180 + 6.8 . 56.1 - 7 . 56.1 + 251 = +59 mV 

1.7.8 Oxygen (d. also Section 3.6) 

The concentration of oxygen in water which is in solubility equilibrium 
with the surrounding atmosphere at given temperature and pressure (also 
dependent on height amsl) is referred to as oxygen saturation (oxygen 
saturation concentration). Concentrations below this value are referred to 
as oxygen deficit, concentrations larger than the saturation value as 
oxygen supersaturation. 

The current concentration of oxygen is that oxygen contained in the water 
received when determining after sampling. The oxygen contained in the water 
is necessary for the life of animal and plant organisms. This particularly 
applies to the metabolic behaviour of microorganisms which cause degra­
dation of contaminants in the water. Dissolved oxygen is consumed in this 
process of aerobic degradation of contaminants in the water. A fall in the 
normal oxygen content thus indicates contamination or the presence of 
oxygen-consuming substances. 

a) E1ectrometrica1 detection (on site) 

The polarographic oxygen-measuring cell, covered with membranes and 
working on the so-called Clark principle, consists of two electrodes 
arranged so as to be insulated, which are joined by a liquid or paste­
like electrolyte. The electrode compartment is separated from the 
measuring medium (water, waste water) by a membrane allowing 02 to 
permeate. 
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With a constant electrode surface area, membrane thickness and electro­
lyte concentration, the diffusion current produced in the measuring cell 
is essentially only dependent on temperature, over and above the partial 
pressure of the oxygen. On the one hand, the diffusion of oxygen through 
the membrane of the measuring cell is dependent on temperature, insofar 
as when this rises (falls) the cell current indicated for the same 02 
concentration increases (decreases). Furthermore, the solubility of 02 
(e.g. in water) is also dependent on temperature. It is therefore not 
possible to dispense with temperature compensation in the case of an 
oxygen-measuring electrode. This correction can either be taken into 
account in the equipment by means of a thermistor combined with the 
cathode, or - with more simple equipment - it can be calculated. 

Equipment and chemicals 

Oxygen membrane electrode (single-probe measuring cell). The construc­
tion of such an electrode varies with the manufacturer. The most impor­
tant part of such an electrode is the measuring head (Fig. 8). 

The cathode usually consists of pure gold, the anode of a metal less 
precious than gold; silver is very often used. Polyethylene, polypropy­
lene or Teflon are suitable as material for the membrane. A paste-like 
mass, which has recently replaced the previously common KOH/KCI electro­
lytes, serves as electrolyte. The remaining parameters for the electrode, 
such as velocity of approach, polarization DC voltage, zero (residual) 
current, temperature compensation, settling time for the measured value, 
gradient or sensitivity and measuring accuracy, should be taken from the 
special instructions accompanying each piece of equipment. 

Oxygen zero solution: A 3 - 5 % sodium sulphite solution prepared with 
warm water at approximately 60°C is filled into a bottle with a long 
narrow neck, sealed and allowed to stand for 21.j. hours at room tempera­
ture. 

Oxygen saturation solution: Iced water whose temperature is reduced to 
approximately 0 °C is stirred with an agitator so as to be well aerated 
(10 - 15 minutes). The saturation value remains constant at the tempera­
ture of the iced water. 

Fig. 8. Schematic diagram of a measur­
ing head; 1) = Membrane film; 2) = 
Electrolyte compartment; 3) = Cathode; 
I.j.) = Anode (ring-shaped) 
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Calibration 

The oxygen zero point is calibrated by immersing the measuring head in 
the oxygen zero solution, which must be completely free of air bubbles. 
After approximately 15 minutes, the zero value has been reached and this 
is then set at "zero mg °2/1" by means of a knob on the equipment. 

To determine the saturation calibration point, the measuring head is 
immersed in the oxygen saturation solution which is then well stirred. 
After approximately 3 minutes, a constant measured value must be record­
ed, which is then adjusted to the air saturation value with a 
("gradient") knob on the equipment. (The partial pressure for a gas in a 
liquid saturated with this gas corresponds to the partial pressure of 
the gas above this liquid: Air saturation value water saturation 
value). 

Calibration can also be done in air. For this purpose, the membrane film 
and its surroundings are carefully dried and the electrode exposed for 
5 - 10 minutes to the air. The calibrating procedure is then the same as 
described above. Admittedly, a calibration error of + 3 % must be accept­
ed in this method. 

Determining process 

To determine the oxygen content, the single-probe measuring cell is 
immersed in the sample in the measuring vessel and the necessary veloci­
ty of approach produced by actuating an agitator. In the case of equip­
ment without temperature compensation, the temperature of the sample is 
measured simultaneously. Air bubbles adhering to the electrode should be 
removed by shaking briefly. The measured value is read off after the 
value indicated has remained constant for at least one minute. The values 
read off on the measuring equipment are recorded directly in mg/l 02. 
The results are rounded down to 0.1 mg/l. 

Reference should be made to the instructions issued by the manufacturer 
and accompanying each piece of equipment on storing the electrodes, 
preparing them for calibration and measurement and on check measurements 
to identify faults or indications of wear and tear. 

b) Determination of dissolved oxygen after Winkler (titrimetrically) 

In 1914, L.W. Winkler published in the Fresenius Journal of Analytical 
Chemistry a process for the iodometric determination of oxygen in water 
which is still valid today. 

Principle 

Upon the addition of sodium hydroxide solution, oxygen dissolved in water 
combines with manganese II ions to form higher-grade manganese oxides, 
which are dissolved on acidification as manganese III ions and oxidize 
iodide ions to iodine. The iodine thus formed is titrated with sodium 
thiosulphate. The consumption of sodium thiosulphate solution used for 
adjustment is a measure of the oxygen content in the water. 

Reaction equation 

2 Mn3+ + 2 1- ----
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Measurement should take place at the site of sampling, and strict atten­
tion should be paid to the working instructions on account of the contin­
uous presence of atmospheric oxygen. A determination limit of approximate­
ly 0.2 mg/l can be achieved. 

If disturbing substances are absent, this process is also suitable as a 
calibrating method, e.g. as a check on the electrometric determination 
of oxygen. 

Equipment 

Sampling tube made of rubber or plastic 

Glass bottles with ground and bevelled glass stoppers, content approximate­
ly 100 to 150 mI. The quantity of water contained is fixed by weighing. 

Measuring pipette 1 ml, graduated 

Reagent solutions 

Manganese II chloride: 
800 g MnC12 . 4 H20 in 1 litre distilled water 

Sodium hydroxide solution (containing potassium iodide and sodium azide): 
Dissolve 360 g NaOH, 200 g KI and 5 g NaN3 (the latter to eliminate 
disturbance by nitrite) with distilled water to 1 litre (paying attention 
to protective measures, e. g. protective goggles). The solution is to be 
fil tered through glass wool. 

Phosphoric acid (H3P04): 
1. 70 g/ml 

Sodium thiosulphate solution: 
0.01 m 
Titration against 0.01 m potassium iodate solution. 1 ml 0.01 m sodium 
thiosulphate solution corresponds to 0.08 mg oxygen (02)' 

Indicator solution: 
20 g zinc chloride is dissolved in 100 ml water and heated to boiling 
point. 4 g starch (made into a paste with water) is stirred into this 
solution and heated until dissolved. Subsequently, the mixture is 
diluted with water to approximately 500 ml, 2 g zinc iodide dissolved 
in the mixture and the solution filled up to 1000 ml with distilled 
water. It is stored in a brown bottle. 

Sampling and Measuring 

The water sample to be analyzed is filled into the glass bottle so that 
any influence by atmospheric oxygen on the oxygen contained in the water 
can as far as possible be precluded. Where possible, the sample should 
be taken from flowing water by means of a tube reaching to the base of 
the glass bottle. The bottle is filled from the bottom upwards by 
laminar inflow of the water into the bottle. The water is allowed to 
overflow until the contents of the bottle have been renewed two or three 
times. 
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If the water sample is to be taken from a surface water, a sampling 
stopper should be used. This stopper fits the neck of the glass bottle 
and has two bore holes. A glass tube extends through one b'ore hole from 
the top edge of the stopper almost as far as the base of the bottle. A 
glass tube is inserted in the second bore hole, extending some Ij. to 5 cm 
above the stopper and ending at the bottom end of the stopper. For 
sampling, the glass tube extending to the base is closed with the thumb 
and the bottle immersed in the water so that the second glass tube is 
above the water surface. The thumb is now removed and the water to be 
analyzed flows into the bottle. When the bottle is full, the sampling 
plug is removed underwater and the bottle completely filled. 

0.5 ml of the manganese-II-solution is pipetted into the brim-full 
bottle, followed by 0.5 ml of the sodium hydroxide solution contammg 
potassium iodide and sodium azide. Corresponding quantities of the water 
sample overflow. The bottle is now sealed, ensuring that no air bubbles 
are allowed to enter, and shaken. Depending on the oxygen content, 
precipitates of higher-grade hydrated manganese oxides are formed, which 
are allowed to settle for approximately one minute, after which 2 ml 
phosphoric acid solution is added. The bottle is sealed, and after ten 
minutes the contents of the bottle are transferred into a 300 ml flask 
and the bottle rinsed out with distilled water. The iodine released is 
titrated until coloured faintly yellow with 0.0 I m sodium thiosulphate 
solution. 1 ml zinc iodide-starch solution is then added as indicator 
and titrated until the transition phase from blue to colourless. 

Calculation 

a F' 80 
V - VR 

a Consumption of 0.01 m sodium thiosulpha te solution in ml 
F Factor of the 0.01 m sodium thiosulphate solution 
V Content of the oxygen bottle in ml 
V R Added reagent solutions in ml (without H 3POIj.) 

The results are rounded down to 0.1 mill 02' 

1.7.9 Ozone 

Ozone is increasingly used in the treatment of water as drinking water, 
mainly for disinfection and to oxidize organic and inorganic substances 
contained in the water. Ozone does not form any chlorine-containing halo­
forms such as CHCI3, CHCl2Br or CHCIBr2, but does form CHBr3 (bromoform) 
through the oxidation of the bromide. If therefore ozoning of the water by 
filtration with activated carbons is preceded by safety chlorination, 
corresponding halogenated organic compounds can scarcely be present in the 
water. The redox potential of ozone corresponds to the following equation: 

+ 2.07 Volt 

This value for the redox potential shows clearly that ozone is one of the 
strongest oxidation agents. For sufficiently diluted solutions, the Henry­
Dalton law applies to the rate of solubility. 

More important for the practice of 
question of the rate of dissolution. 

water technology 
It is basically 

is, 
true 

however, 
that a 

the 
high 
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concentration of ozone in the initial gas has an increasing effect on the 
concentration of the ozone dissolved in water. If a reaction with the 
substances contained in the water is suspected, the influence of the trans­
port processes into the centre of the liquid is reduced and the rate of 
dissolution apparently increases. 

Ozone, as a metastable molecule, cannot be stored or accumulated. It is 
therefore necessary to produce ozone at its location of use. Its decomposi­
tion rate is of considerable importance and depends on the following 
factors. 

a) The concentration and nature of the dissolved salts 
b) The presence of organic substances and their structure 
c) The concentration of hydrogen ions 
d) The temperature. 

Dissociation of ozone is favoured by high pH values, e. g. pH > 10. This is 
due to the formation of OH radicals, whereas it is essentially the 03 
molecule which is present in neutral and acid conditions. In order to keep 
the low-effect dissociation of ozone as low as possible, it is necessary to 
precisely adjust such a verifiable dissolved content of ozone as is neces­
sary to solve the intended task of oxidation. This statement of principle 
depends heavily on the application in question. Depending on whether OH 
radicals and/or 03 molecules are present, the rate of reaction with the 
substances contained in the water in question may differ. 

Quantitative determining process 

Iodometric method, colorimetric and physical methods are above all used to 
determine ozone in water. In the latter case, the UV extinction at 258 nm 
is used, but considerable disturbances may occur, owing to the extinction 
of existing natural or anthropogenic substances contained in the water in 
this range of wavelengths. 

The iodometric method and two colorimetric processes are described below. 

a) Determining ozone with the KI method 

The following reaction: 

takes place stoichiometrically only in neutral solution. In the case of 
unbuffered solutions, a further reaction according to the following equa­
tion: 

and disproportionation according to the following equation: 

3 10-

take place. The iodine released is titrated with thiosulphate solution. 
(Starch solution is used as indicator. Change from blue to colourless.) 
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b) Determining ozone with diethyl phenylenediamine (DPD) 

This method is not specific and generally refers to oxidation agents. It 
has already been described in detail in determining chlorine so that it 
need only be mentioned briefly here. An ozone disc is to be used. If 
potassium iodide is added before the reagent, or potassium iodide and OPD 
reagent are added simultaneously, the colour reaction corresponding to 
the ozone equivalents is the result. Ozone apparently reacts first with 
iodide to iodine, which then quantitatively forms a red dye with OPO. 
The OPD reagent should be present in excess of the quantity of iodine 
for the colour reaction so that the reaction can proceed quantitatively 
in the way described. 

c) Determining ozone with indigo trisulphonate 

This method is successfully used if direct spectrophotometric determin­
ing of ozone is disturbed by UV -absorbing substances on account of UV 
adsorption at 258 nm, or if this method does not offer sufficient sensi­
tivity. 

Like OPO, indigo trisulphonate is not a specific reagent to ozone. How 
ever, it is only decolourized by such reactive oxidation agents as 
chlorine, chlorine dioxide and ozone. Other substances contained in the 
water, such as chlorite, chlorate and hydrogen peroxide do not interfere. 
Chlorine can be masked by adding malonic acid. 

It proves advantageous that the reagent has a high molar coefficient of 
absorption at 600 nm. Self-colouring in natural waters does not inter­
fere in this spectral range. A further favourable effect is that the 
oxidation products formed show only a very slow further reaction with 
excess ozone. For this reason, even local excess does not lead to uncon­
trolled consumption of oxidation agents. The stock solution is stored 
in a brown bottle and keeps for approximately lj. months. 

Equipment 

Spectrophotometer or filter photometer for measuring in the 600 nm range. 

Several 100-ml measuring flasks 

Pipettes, 10 ml, 100 ml 

Indigo reagent: 
o .62 g potassium indigo tr isulphona te dissolved in 
phosphoric acid of reagent purity 

Diluted phosphoric acid: 

Ii tre 0 . 5 molar 

20 ml H 3POlj. (1. 71 g/mj) diluted to 1 litre with distilled H20. 

Method 

The method used in practice for determining ozone must take into considera­
tion the concentration to be expected. In the case of 0.1 to 10 mg/l 03, 1 ml 
of the indigo reagent and 10 ml of the diluted phosphoric acid should be 
prepared. In the case of 0 to 0.1 mg/l 03, 0.1 ml of the indigo reagent 
should be used. The measuring flask with the reference solution is filled 
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with ozone-free water. Enough sample water is added to the flask for the 
measuring sample for the quantity of ozone to lie in the range 0.01 to 
0.04 mg absolute. This is subsequently filled to the mark and mixed. This 
should be measured in a 5-cm measuring cell. 

Care should be taken that photometric measuring should be carried out as 
far as possible within one hour. 

In order to determine the calibration curve, standard solutions are produced 
of ozone in distilled water which has been acidified with H 3P04 to a pH 
less than 2 to stabilize the ozone. The standard solutions are measured at 
258 nm on account of their UV absorption. This should be carried out direct­
ly before adding the indigo reagent. 

The mass per unit volume in the standard solution is calculated according 
to the following formula: 

Ps AS A' B 

where: 

Ps = mass per unit volume of ozone in the standard solution in mg/l 
AS = spectral absorption in the standard solution at 258 nm 
A = specific spectral absorptiveness of the ozone in the water; it is 

0.0604 cm- l • (mg/I}-l 
B = optical length of path for the UV measuring cell (cm). 

The mass per unit volume of ozone in the water sample is calculated accord­
ing to the following equation: 

Px 
F 
Ao 
A 
B 
V maxiV03 

1.7.10 Chlorine 

(A - Ao) F . 
B • Vmax.iV03 

Concentration of ozone in the water sample (mg/D 
Calibration factor in mg/l; as a rule it is 0.417 per mg/l ozone 
Spectral absorption of the blank sample 
Spectral absorption of the measuring solution 
Length of path for the measuring cell (cm) 
Ratio of the final volume of the measuring solutions (l00 mI) 
to the volume of the water samples used. 

There are various methods of chlorinating water, for example with gaseous 
chlorine or with such hypochlorite preparations as sodium hypochlorite, 
calcium hypochlorite or chlorinated lime, but also using other chlorine 
compounds such as chlorine dioxide. 

The added chlorine can exist in the water to be analyzed in various forms, 
e.g. as chlorine (C12), as hypochlorite ion (ClO-) or as hypochlorous acid 
(HCIO). 

Chlorine can react with any nitrogen compounds which may be present in the 
water, thus causing chloramines to be produced, which also display an oxi-
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dizing effect, even if this is only a weaker one. In a water with added 
chlorine one therefore speaks of "total chlorine", i.e. the total of free 
available chlorine (that is, of those chlorine compounds existing as hypo­
chlorite ion and hypochlorous acid) and of those compounds which contain 
combined available chlorine (e.g. chloramines) as ingredients with an 
active oxidizing effect. 

As a general rule, chlorine is determined colorimetrically, using a suita­
ble comparator. These determining processes can be conducted very simply 
on site, and the comparators for visual colour comparison are common practi­
cally throughout the world. 

The following are used as reagents for colorimetric testing on site: 

N,N-diethyl-p-phenylenediamine reagent (DPD) 

and 

o-tolidine. 

In recent years, colorimetric determination of the different available 
chlorine compounds with DPD has come more and more to the fore. Differen­
tiation between the so-called free available chlorine and the combined 
available chlorine is possible with this reagent, namely by the additional 
use of potassium iodide. If o-tolidine is used, only "total chlorine" can 
be determined colorimetrically. 

a) Working instructions for the determination of "free available chlorine" 
with DPD 

A normal commercial DPD reagent tablet without potassium iodide additive 
is placed with tweezers in the cuvette of a normal commercial compara­
tor, and a measured quantity of the water to be analyzed, e.g. 1, 2 or 
5 ml, is added. 

When the tablet has completely dissolved in the water, the cuvette is 
filled up to the mark with the water to be analyzed, and the solution 
mixed thoroughly with a glass rod. 

The reference cuvette is filled with the water sample to be analyzed with­
out adding reagents. Both cuvettes are then placed in the comparator 
and adjusted until the colours are the same, with the aid of the colour 
comparator chart. The content of free available chlorine can then be read 
off. The values are normally read off in mg/l, taking into considera­
tion the quantity of water involved. 

b) In order to determine the "total chlorine", analysis is conducted on the 
lines of the instructions above. However, a DPD reagent tablet with 
potassium iodide additive is used. 

If the readings lie outside the colour range of the comparator, the water 
sample to be analyzed must be diluted appropriately with distilled water 
and the tests repeated. The dilution factor should be taken into 
consideration during conversion. 

c) If these instructions are followed, the difference between total chlorine 
and free available chlorine represents the combined available chlorine. 
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If DPD is employed for determination of chlorine, it should be noted 
that in order to determine the so-called free available chlorine, a red 
dye is formed in the presence of chlorine, whereas for detection of the 
so-called "total chlorine" and/or "combined available chlorine" this 
reaction does not occur until iodide ions are added. 

d) If o-tolidine is employed for determining total chlorine, a yellow dye 
is formed, incorporating the total available chlorine. If normal commer­
cial test sets and normal commercial comparators are used, attention 
should be paid to the suppliers' instructions. 

e) For checking and/or for calibration, it is, for example, possible to use 
appropriately diluted sodium hypochlorite solutions with a known chlorine 
content. A normal commercial sodium-hypochlorite solution indicates 
approximately 13 to 14 % active chlorine; the exact content can be 
determined iodometrically in the laboratory. 

f) It should be noted that all reactions are non-specific, i. e. they do not 
respond to chlorine, etc., itself, but to the oxidation capacity of a 
substance. 

1. 7.11 Determination of chlorine dioxide (CI02) and chlorite (CI02-) 

Chlorine dioxide is frequently employed for disinfecting drinking water, as 
this prevents or noticeably reduces the formation of so-called haloforms or 
tr ihalomethanes . 

Chlorine dioxide forms scarcely any chloramines with nitrogen compounds and 
has a considerable long-term effect in the water grid, even with higher pH 
values up to pH 9. A notable disadvantage is the formation of chlorite. In 
addition, attention is to be paid to the formation of chlorite-chlorate, 
depending on the pH value. Chlorite itself would seem critical to health, 
and no more than 0.1 mg/l of chlorite and 0.1 to 0.4 mg/l of chlorine 
dioxide should be present in drinking water. 

Analysis of chlorine dioxide in all pH ranges is disturbed by 
of chlorine; determination of chlorite is only disturbed in 
field. Chlorine must therefore be excluded by the addition 
bromide and sodium formate before determination. 

a) Field method 

the presence 
the acid pH 
of potassium 

Principle: Colorimetric determination from a buffered solution with DPD 
and glycine. 

Equipment 

Comparator with colour wedge for chlorine dioxide, e.g. 

Multicol and colour wedge No. 24 together with appropriate measuring 
cuvettes 

Buffer solution 

DPD reagent solution 

Glycine tablets 
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Measurement 

Both cuvettes are rinsed with the water to be analyzed. One cuvette is 
filled with the water to be analyzed as far as the top calibration mark, 
and a glycine tablet is dissolved in the water. The process of dissolving 
is aided by means of a glass rod to break up and mix the tablet. 

Three drops of the buffer solution and two drops of the DPD reagent 
solution are added to the second cuvette. The content of the first 
cuvette with the water to be analyzed and the glycine additive are then 
transferred to the second cuvette with the buffer solution and the DPD 
reagent solution. This is then mixed and this cuvette employed as a 
measuring cuvette. Water to be analyzed as reference solution is filled 
up to the mark in this first cuvette which has also been rinsed with 
this water, without reagent additive. 

Both cuvettes are placed in the comparator, e.g. in the Multicol appara­
tus, and the colour disk turned until the colours are equal. The value 
measured is multiplied by the factor 1.9, giving the content of mg 
Cl02/l water (see also the sections on the determination of total 
chlorine, free available chlorine and combined available chlorine). 

b) Determination of chlorine dioxide and chlorite 

The instructions for analysis below follow the process devised by 
G. Hartung and K. E. Quentin, and the analysis should be conducted in 
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Figs. 9. and 10. 1) = Sintered plate; 2) = Wash bottle 250 or 1500 ml; 
3) = Sintered plate insert; 4) = Nitrogen; 5) = KI solution; 6) = Column 
sleeve; diameter 1.7 cm; 7) = Filter plate; 8) = Screw cock 
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the laboratory, as far as possible immediately after the taking of the 
water samples. 

Equipment 

Spectrophotometer with 5-cm quartz cuvettes 

Equipment for blowing out CI02, consisting of wash bottles of 250 ml and 
1500 ml, column sleeve with filter plate and screw cock. 

Sodium chlorite (NaCI02), approximately 80 % 

Sodium peroxide sulphate (Na2S208) 

Chloramine-T stock solution (1.4085 gil corresponding approximately to 
675 mg CI02/l) 

Chloramine-T diluted solution (to be prepared freshly each day from the 
stock solution; the stock solution itself can be kept for approximately 
2 weeks) 

1st chloramine-T dilution: 
10 ml of the stock solution to I litre, 
corresponding to 6.75 mg CI02/1 

2nd chloramine-T dilution: 
I ml of the stock solution to I litre, 
corresponding to 0.675 mg CI02/1 

Potassium iodide solution, 200 gil 

Phosphate buffer solution pH 7 

Solution a: 
KH2P04 (68 g/l) 

Solution b: 
Na2HP04 . 2H20 (89 g/l) 

3 parts of solution a) and 7 parts of solution b) give the phosphate 
buffer solution pH 7. 

50 % sulphuric acid (H2S04) 

Potassium bromide solution (KBr) 70 gil 

Sodium formate solution (HCOONa) 40 gil 

Afterpurified nitrogen 

Method 

Three different process variants are given below for determi~ing chlorine 
dioxide and two variants for determining chlorite. 

bI) Determination of chlorine dioxide at pH 7 (one oxidation equivalent) 

This process can be used in the range from 0.5 to approximately 0.01 
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mg/l CI02 using a 5-cm cuvette. The presence of chlorite does not cause 
problems, but chlorine must be eliminated beforehand. In order to 
remove chlorine, 1 .5 ml phosphate buffer and 0.5 ml K Br solution are 
added to 50 ml of the water to be analyzed; after 1 min. 0.5 ml sodium 
formate solution is also added and allowed to stand for 15 min. If no 
chlorine is present, 2.5 ml phosphate buffer is merely added to the 
water to be analyzed. 0.5 ml potassium iodide solution is then added 
and mixed. Using a 5-cm cuvette, the extinction is now measured at 350 nm 
in contrast to a reference solution (50 ml double-distilled water + 
2.5 ml phosphate buffer + 0.5 ml potassium iodide solution). The concen­
tration of CI02 is read off from the calibration curve. 

b2) Determination of chlorine dioxide at pH 2.5 (five oxidation equivalents) 

This process can be used when no chlorite is present in the range from 
0.1 to approximately 0.002 mg/l CI02, using a 5-cm cuvette. Chlorine 
must first be eliminated with potassium bromide and sodium formate. In 
order to remove chlorine, 1.5 ml double-distilled water and 0.5 ml KBr 
solution are added to 50 ml of the water to be analyzed; after 1 min. 
o . 5 ml sodium formate solution is added and allowed to stand for 15 
mins. If no chlorine is present, 2.5 ml double-distilled water is simply 
added to the water to be analyzed. Approximately 3 drops of sulphuric 
acid are added in order to adjust to pH 2.5 with the aid of a pH meter. 
Then, 0.5 ml potassium iodine solution is added and mixed. The extinction 
is subsequently measured at 350 nm against a reference solution (52.5 ml 
double-distilled water, adjustment with approximately 3 drops H2S0q. 
to pH 2.5 + 0.5 ml potassium iodide solution), using a 5-cm cuvette. 
The concentration of CI02 is read off from the calibration curve. 

b3) Analysis after blowing out the C102 from the water by means of nitrogen 

It is recommended that the chlorine dioxide be blown out of the water 
with nitrogen, if it is necessary to separate CI02 from chlorite and 
other disturbing substances contained in the water, or if very low 
concentrations of CI02 in the water require enrichment. Approximately 
0.0002 mg/l CI02 can be determined. 

In order to remove chlorine, 2.5 ml KBr solution is added to 250 ml of 
the water sample in a 250-ml extractor; 2.5 ml sodium formate solution 
is added after I min. and allowed to stand for 15 min. The additives 
are not necessary if chlorine is not present. 

In order to blowout CI02 with nitrogen, the extractor is then sealed 
with the sintered plate insert, and the column sleeve with filter plate 
and screw cock, filled with 10 ml of freshly prepared KI solution of pH 
2.5, is mounted. 

A powerful flow of nitrogen is fed through the water sample and the KI 
solution above it for 3 hours to blowout the CI02' The extinction of 
the KI solution is subsequently measured at 350 nm against a reference 
solution (KI solution pH 2.5), using a 5-cm cuvette. The concentration 
of CI02 is read off from the calibration curve and converted as follows: 

CI02 content read off 
from the calibration curve 

10 
53 

1000 
250 = mg/l CI02 

The determining processes should always be carried out three times. The 
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water sample from which the CI02 has been expelled can be used for 
determining chlorite. 

b4) Determination of chlorite 

If the water to be analyzed also contains chlorine and chlorine dioxide 
in addition to chlorite, these must be removed. Chlorine is eliminated 
by potassium bromide and sodium formate, chlorine dioxide is removed by 
blowing out with nitrogen or by extraction in accordance with the 
previous sections. 

Determination at pH 2.5 

This process can be used in the range from 0.1 to approximately 0.002 
mg/l chlorite (5-cm cuvette) if chlorine and chlorine dioxide are not 
present or have been removed. 

2.5 ml double-distilled water is added to 50 ml of the water to be 
analyzed and adjusted to pH 2.5 with a number of drops of sulphuric 
acid. After adding 0.5 ml potassium iodide solution, measurements are 
taken at 350 nm after some 4 minutes. The quantity of chlorite in the 
water is determined from the calibration curve. 

b5) Determination of the chlorine dioxide formed from chlorite by oxidiza­
tion: 

The indirect determination of chlorite by conversion into C102 by means 
of sodium peroxide sulphate is necessary if the concentration of chlorite 
is below 0.02 mg/l and determination in accordance with the previous 
sections is not possible. 

Calculation of 
always based 
per mole. 

the results of 
on the oxidation 

analysis in 
equi valents 

the iodometr ic process is 
of the substances involved 

W here simple conversions do not achieve this objective, the calibration 
curves produced with chloramine-T must be produced for each determina­
tion variant, taking into consideration the volume of water and the 
volume of the reagent solutions. The extinction values for the iodine 
solutions resulting from every measuring process then serve to indicate 

Molecular weights and oxidation equivalents 

Substance 

12 
Chloramine-T 
(trihydrate) 
CI02 pH 7 
CI02 pH 2.5 
CI02- pH 7 
CI02- pH 2.5 

Molecular 
weight 

253.809 
281.696 

67.457 
67.457 
67.457 
67.457 

Oxidation 
equi valents 
per mole 

2 
2 

1 
5 

4 

Oxidation 
equivalents 
in grams 

126.904 
140.848 

67.457 
13.491 

16.864 
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the concentration of chlorine dioxide and/or chlorite, with the aid of 
the appropriate calibration curve. Readings for CI02 and/or CI02- in the 
0.1 to 0.01 mg/l range should be given to two decimal places, readings 
below 0.01 mg/l to a maximum of three decimal places. 

c) Photometric determination of chlorine dioxide using chlorophenol red 

A variant of the photometric method for determining chlorine dioxide in 
water using chlorophenol red (CPR method) was described by I.J. Fletcher 
and P. Hemmings in ANALYST, June 1985. (Further literature on this 
method is also listed there.) They show how it is possible to optimize 
the procedure for determining chlorine dioxide in water and eliminate 
the effect of free available chlorine when using chlorophenol red by 
adding sodium cyclamate solution. A phosphate buffer is used to adjust 
to pH 7, after which a practically undisturbed reaction in the presence 
of thioacetamide permits the photometric determination of chlorine 
dioxide. 

Equipment 

Photometer, measuring wavelength 520 nm 

4- or 5-cm cuvette 

Sodium cyclamate solution 1 % 

Thioacetamide solution 0.25 % 

Phosphate buffer solution, pH 7: 
Dissolve 35.2 g potassium dihydrogenorthophosphate and 27.2 g disodium 
hydrogenorthophosphate to 1 litre. 

Chlorophenol red solution: 
Dissolve 0.1436 g chlorophenol red in 100 ml of 0.01 m sodium hydroxide 
and top up with distilled water to 1 litre. 

For use the latter solution is diluted to one-tenth strength with 
distilled water. 

Method 

cl) 5 ml of sodium cyclamate solution is measured into a 100-ml glass vessel. 

c2) 50 ml of water sample is added and mixed. 

c3) Immediately after mixing, 2 ml of buffer solution is added, followed 
without delay by 4 ml of the dilute chlorophenol red solution. 2 ml of 
the thioacetamide solution is then added. 

c4) After mixing, the result is measured at 570 nm in 4- or 5-cm cuvettes 
against distilled water. 

c5) A blind test is to be performed in parallel. 

Calibration is 
content. The 

done 
stock 

using dilute 
solution is 

chlorine 
prepared 

dioxide solutions of known 
by dissolving approximately 
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600 mg of gaseous chlorine dioxide in 1 litre water by feeding it into 
a suitable absorption system. The solution is to be stored in dark 
glass bottles at approximately '+ °C. In each case the content is 
determined by iodometric titration of this solution. From this stock 
solution fresh dilutions are to be prepared every day, SUIting the 
concentrations to the measuring range of the water samples to be 
analyzed. 

1.7.12 Carbon dioxide (C02), titrimetric determining process on site 
(cf. also Section 3.6) 

Carbon dioxide refers here to the so-called free and dissolved C02' 

"Free" is here used in contrast to C02 existing as hydrogen-carbonate ion 
or carbonate ion and "dissolved" is intended to distinguish it from the C02 
rising in gaseous state. 

Direct titration of C02 with sodium hydroxide solution and conversion to 
sodium hydrogen carbonate has proved suitable as a determining process on 
site. The end-point of titration is at pH 8.3 and can either be determined 
electrometrically with the aid of a glass electrode and a pH meter or 
visually by using phenolphthalein. The process is suitable for direct 
determination up to a concentration of some 200 mg/l of free dissolved C02. 
If higher values are present, the water must be appropriately diluted. 

If very hard water is to be tested, i.e. with contents of calcium and 
magnesium ions exceeding 28 mmol/l, or if the water contains more than 
3 mg/l of dissolved iron, 2 ml of a 50 % potassium sodium tartrate solution 
should be added to the titration solution (e.g. 0.1 m sodium hydroxide 
solution). This should be titrated with a suitable burette up to pH 8.3 
(measured electro metrically) or to the point at which phenolphthalein 
changes from colourless to red. 

It is recommended that a preliminary titration should always be performed 
in order to determine approximate consumption values. The largest proportion 
of the sodium hydroxide solution, and where necessary this solution 
together with the added potassium sodium tartrate, should then be added for 
the second measuring process at once and then adjusted drop-by-drop to the 
end-point. (Cf. also Section 3.2) 

1.7.13 p- and m-values (acid-base consumption, HCOr and C032-) 

The consumption of acid in a water is understood as the quantity of a 
strong acid in mmol/l consumed in titration until specific pH values are 
achieved or specific indicators are converted. If titration takes place 
electrometrically to pH 8.3 or using phenolphthalein as indicator, the 
consumption of acid, i.e. the so-called p-value is determined. 

If titration is continued to pH '+.3 or with the additional use of methyl 
orange or a corresponding mixed indicator which is converted in this range, 
the consumption of acid is determined as m-value. 

Similarly, the consumption of base in an acid water represents the titration 
value with sodium hydroxide solution. 

If titration is conducted electrometrically to pH '+.3 or using methyl orange 
or a mixed indicator which changes colour in a corresponding pH range, the 
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consumption of base is determined as the negative m-value. If titration takes 
place electrometrically to pH 8.3 or using phenolphthalein as indicator, the 
consumption of base is measured as the negative p-value. 

The consumption of base in a natural water is essentially caused by dissolved 
carbon dioxide (C02) . Humic acids or other weak organic acids can also 
play a part. The pH of a water can in such cases lie in the range 4.3 to 4. 
If mineral acids are present, the pH will fall below 4, so the pH measured 
in a water already gives an indication of the measured values to be expected. 

Determining the p- and m,.,values 

Approximately three drops of phenolphthalein solution are added to 100 ml of 
the water sample. If the solution is coloured red, it should be titrated with 
0.1 m hydrochloric acid until the colour disappears. The millilitres of 0.1 m 
hydrochloric acid consumed correspond to the p-value and thus if essence to 
carbonate (ml 0.1 m hydrochloric acid • 30 corresponds to mg C03 - /I). 

0.1 ml of an indicator is now added to the solution titrated in this manner; 
the indicator changes colour approximately in the region of pH 4.3 and the 
titration process is then continued with 0.1 m hydrochloric acid. When 
using a mixed indicator (e.g. following the Mortimer process), the change 
of colour is from bluish-green via grey to red. The millilitres of 0.1 m 
hydrochloric acid consumed correspond to the m-value and can be calculated 
in terms of hydrogen carbonate (ml 0.1 m hydrochloric acid • 61 corresponds 
to mg HCOr/I). 

In the case of acid waters, titrations should be carried out using 0.1 m 
sodium hydroxide solution to the negative m-value (pH 4.3) and to the 
negative p-value (pH 8.2). (Cf. also Section 3.2) 

1. 7 .14 Corrosive carbonic acid 

The concept of corrosive carbonic acid is in fact non-specific. It would be 
more correct to refer to the corrosiveness of the water which can be caused 
by inorganic or organic acids giving the water a pH in the acid range, or 
for example for amphoteric metals to a corrosiveness which is caused by a 
pH in the alkaline range, e. g. larger than pH 8. 

Finally, corrosiveness can exist in neutral ranges as a result of the 
dissolved substances contained in water, e.g. sizeable concentrations (e.g. 
greater than 200 mg/I) of chloride, sulphate (greater than approx. 
100 mg/I), or nitrate (greater than approx. 100 mg/I) 

As a rule, however, the corrosiveness of a natural water is determined by 
the carbonic acid. Free, dissolved carbonic acid which can exist in the 
water as physically dissolved C02 but also as H 2C03, can give the water 
corrosive properties towards metals and constructional materials (e. g. 
cement). From the point of view of development, waters are described as 
lime-corroding if they can dissolve calcium carbonate and thus also attack 
such constructional materials and corrode metals. If a water is supersatu­
rated with calcium carbonate, it can be described as lime-precipitating and 
the formation of coatings in pipelines must be evaluated positively and 
heavy incrustation negatively. 

Processes for estimating the corrosiveness of a water dependent on carbonic 
acid, based on the work of G. Axt, A. Grohmann, U. Hasselbarth. J. Halopeau 
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and D. Meier have been published in the "German Standard Processes for the 
Analysis of Water, Waste Water and Sludge" (publishers: Verlag Chemie GmbH, 
Weinheim/Bergstrasse), issued by the Hydro-Chemical Group of Experts in the 
Gesellschaft Deutscher Chemiker. The principles of two tried-and-tested 
methods of on-site measurement and/or preparation for laboratory tests are 
described below. 

a) Lime solvent power of a water according to Heyer 

This measured value still retains a certain importance today for rapid 
in formation in the context of the possible corrosiveness of a water. 
The water samples must be treated on site so that final determination 
is possible in the laboratory. This means that the water sample to be 
analyzed is filled into a glass bottle with a rubber tube and allowed 
to overflow until the bottle is filled with water, free of bubbles and 
the contents of the bottle have been replaced several times. After the 
rubber tube has been carefully removed, 1 g powdered calcium carbonate 
is added to the bottle which is completely filled with water and the 
bottle sealed with the ground glass stopper so as to be as far as 
possible free of bubbles. The temperature of the water on site should be 
measured. After the full bottle prepared in this way has been transport­
ed to the analytical laboratory, the bottle seal is carefully opened, a 
magnetic stirring rod inserted and the bottle with the water to be 
analyzed placed in a thermostatic system corresponding to the tempera­
ture of the water on site, i.e. at the location of sampling. 

Subsequently, the contents are stirred for two hours and then 100 ml 
taken from the clear supernatant liquid and titrated with 0.1 m hydro­
chloric acid to the m-value (either methyl orange or mixed indicator or 
electrometrically pH ~.3). 

This measured value is related to the m-value of the water to be analyz­
ed as measured on site. 

The difference in measured value for the so-called m-value on site and 
the m-value after this pretreatment is one variable for the proportion 
of so-called "lime-corroding carbonic acid" in a water. Approximately 
I ml 0.1 m hydrochloric acid of excess measured value corresponds to a 
solvent power of some 50 mg/l calcium carbonate. 

b) In accordance with DIN 38~0~, Part 10, it is possible to measure the 
calcium carbonate saturation by the rapid pH test. 

The pH of a water changes if the water comes into contact with a precipi­
tate of calcium carbonate. If the water is lime-corroding, the pH rises. 
If the water is lime-precipitating, the pH falls. 

A measuring vessel of the type shown in the drawing below is to be 
recommended for analyses. 

Apart from this measuring vessel and its accessories, a single-probe 
glass electrode measuring cell and a pH meter are necessary. In addition, 
a thermometer, calcium carbonate, and hydrochloric acid with a concen­
tration of 1 mmol/l are required. 

The water to be analyzed is fed into the measuring vessel by means of a 
rubber or plastic tube reaching to the bottom of the vessel until the pH 
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measured by the single-probe measuring electrode remains constant and 
the temperature does not fluctuate either. 

The tube should then be carefully removed from the measuring system and 
the pH and temperature read off. 4 g calcium carbonate is then added, 
care being taken that the measuring head of the single-probe measuring 
cell is surrounded by sludge for the pH measurement. Several minutes 
after adding calcium carbonate, e.g. after 2 or 3 minutes, the pH is 
again read off on the pH-meter. The time interval should be noted. 

Evaluation 

If the latter value measured for pH after adding calcium carbonate in the 
experimental arrangement described lies above the pH value measured before 

a 
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Figs. 11 a and b. a 1)::: pH glass electrode measuring cell; 2) ::: Dimensions 
in mm; 3) ::: Thermometer; (DIN 38 404, Part 10); b Analytical vessel. Round 
or rectangular block for the rapid pH test 
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according to the same method, a water exists which can be expected to tend 
towards corrosiveness to lime, i.e. it will attack unprotected metals and 
constructional materials on a lime or cement basis. 

If the pH measured according to this experimental arrangement lies below the 
original pH, the sample comprises a water which can be expected, for example, 
to tend to precipitate calcium carbonate in pipelines and vessels. 

If the water to be analyzed lies in the 
acid equilibrium, i.e. approximately in 
saturation, the difference in pH before 
is smaller than 0.04. 

range of the so-called lime/carbonic 
the range of calcium carbonate 

and after adding calcium carbonate 

The process should be stated when gIVing the results, and a record made of 
how large the rise or fall in pH was; indication should also be made of the 
temperature at which the measurements were taken and an evaluation given on 
whether the water should be classified as lime-corroding or lime-precipi­
tating. 

1. 7 .15 Settleable substances 

The settleable substances in a water sample may be determined according to 
volume and according to weight. At the place of sampling it is customary to 
carry out determination according to volume. If the settleable substances 
are also to be determined according to weight, the water sample should be 
filtered after a settling time of 2 hours as described below. After rinsing 
with distilled water and drying in the laboratory, the mass of the residues 
on the filter should be determined by weighing. 

It is necessary to determine the settleable substances immediately after 
the sample is taken in order to avoid the secondary formation of deposits 
in the water sample during transport. The volume of the settleable substan­
ces, or their mass, is increased for example by oxidation processes in the 
presence of air which cause the oxidation of such elements as dissolved 
iron. This secondary reaction causes an increase in the settleable substan­
ces. For a number of years the method using an Imhoff sediment cone has 
proved valuable in the determination of settleable substances. This method 
has also been adopted for the German Standard Processes for Waste Water and 
Sludge Analysis and by DIN. The determination of settleable substances by 
volume is possible down to a proportion by volume of about 0.1 ml/l. An 
Imhoff sediment cone is used, as shown in the diagram below. 

The sediment cone holds a volume of 1 litre of water. It is conical in 
shape and the lower part is graduated. The quantity of water under investi­
gation is transferred to the sediment cone immediately after sampling and 
left for 2 hours. During this settling time of 2 hours, the sediment cone 
should be turned sharply, for example every 30 minutes. This procedure is 
intended to cause the sedimentation of settleable substances adhering to 
the glass wall. After 2 hours the volume of the settled substances is read 
off and noted. Up to 2 ml/l the volume of settleable substances should be 
rounded off to 0.1 ml/I. If the proportion is higher, greater than 2 ml/l, 
the results should be rounded off to 0.5 ml/l. 

If the settleable substances are also to be determined by weight, a water 
sample, taken in the same way, should be filtered locally through a weighed 
paper filter contained for transport in a Petri dish. The filter should 
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Fig. 12. Imhoff cone 

previously be dried in the laboratory for 2 hours at 105 °C, and weighed. 
After filtration of 1 litre of the water sample, the residue on the filter 
is rinsed three times with distilled water and the filter returned to the 
Petri dish. In the laboratory, the filter is again dried for 2 hours at 105 °C 
and weighed, this time together with the settleable substances which were 
isolated locally by filtration. The difference between the two weights 
yields the mass of settleable substances in mg/l. 

1.7.16 The investigation of wastes and sludges in the context of water 
pollution 

General remarks 

Waste products such as household or bulky refuse, industrial wastes, galvanic 
sludges, sewage sludges and similar substances may influence the quality of 
surface water and ground water. 

To ensure harmless deposition, therefore, on the one hand the composition 
of the waste is of significance but on the other hand it is also important 
to know what soluble components may lead to pollution of the water under 
certain conditions. The deposition of waste substances always leads to the 
formation of seepage water loaded with soluble inorganic and organic 
substances from the waste. In order to judge whether harmless deposition is 
possible, knowledge of the substances soluble in water under practice­
related conditions is required. 
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Problems are caused by the inhomogeneity of the wastes to be examined. An 
average sample, or at least an approximate average sample, must be taken 
from the material to be deposited. If the nature of the material allows, 
the sample should be reduced by thorough mixing. If the material is highly 
inhomogeneous, as in the case of refuse, it may be necessary to take a 
larger average sample, for example 100 kg, separating the sample into 
individual groups by fractionated sifting and recording the percentage 
constituents. In order to determine the elutability the samples should then 
be weighed in according to the fractionation. In the analysis of waste 
products it is necessary, if possible, to use uncrushed or only coarsely 
ground material as a basis and to select large weighed samples for the 
individual analyses. Experience has shown that weighed samples in the 
region of 1 to 10 kg are required in order to obtain reasonably reproduc­
ible results. 

Notes on the analysis of wastes 

The following investigation pattern for the homogenized sample may be 
considered as a guide. 

Loss on drying at 105 °C 
Total organic material as loss on ignition at 450 °C 
Total carbon, determined by combustion analysis 
Degradable organic matter determined by oxidation with potassium dichromate 
Total nitrogen 
Calculation of the carbon-nitrogen ratio 
Total phosphorus 
Qualitative spectral analysis or qualitative X-ray fluorescence analysis of 
the ignition residue for the determination of heavy metals 
If relevant concentrations of hazardous heavy metals are suspected, these 
should then be determined quantitatively as total heavy metals, (The methods 
described here for water analysis may be used in modified form for the deter­
mination of heavy metals.) 

Further analyses which may be necessary for wastes 

Pesticides 
Organohalogen compounds 
Phenol-type substances 
Cyanides 
Extractable substances (oily and fatty substances) 
Surface-active agents (detergents) 
Sodium 
Potassium 
Calcium 
Magnesium 
Iron and manganese 
Ammonium 
Nitrite 
Nitrate 
Chloride 
Sulphate 
Total sulphur 

In addition to these general analyses of the waste products themselves, 
elution tests are required for the assessment of water pollution caused by 
seepage water escaping from waste deposits. 
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An appropriately sized average sample or if necessary a fractionated average 
sample is likewise required in this case. 

Generally speaking the material to be examined is not crushed but is examined 
in its original state as it would arrive for deposition. In exceptional cases, 
coarse grinding up to a maximum of 10 mm may be necessary. 

The residues are extracted with 10 times the quantity of water. A number of 
variants of methods which have proven their worth in practice are suggested 
below. The water extracts, for their part, are then examined according to the 
general analysis procedures compiled in this collection of methods. 

General methodological principles 

Extract between 1 and 10 kg of the wastes one or more times with 10 times 
the quantity of rain water and/or seepage water (see below). Conduct the 
extractions at 20°C. The wastes should remain in contact with the elution 
solution for 24- hours for each extract. During the first 8 hours, shake the 
preparation with the solid waste and 10 times the quantity of water for 10 
minutes every hour. If larger quantities are taken, e.g. 5 kg of waste and 
50 kg of water or 10 kg of waste and 100 kg of water, roll for 10 minutes 
every hour in appropriate plastic containers. The preparation may also be 
shaken or rolled continuously for 24- hours. The experimental procedure 
should be noted in the report. 

After a 24--hour contact period, separate off the supernatant water, filter 
through a coarse filter and carry out the analysis. 

If the residue is to be extracted a second or even third time so as to 
determine the extraction gradient, filter off the undissolved residues from 
the first elution and treat them again under analogous conditions, without 
further drying, with the same quantity of elution fluid for 24- hours. 

Elution fluids 

a) Rain water 

Deionized or distilled water is generally used to simulate rain water. 

b) Seepage water (such as may occur at waste disposal sites) 

In this case rain water is used, or distilled water or deionized water 
which is almost saturated with carbon dioxide. Saturate with carbonic 
acid by passing C02 through water at about 4- °C in a plastic cask. Once 
the saturation process has begun, heat slowly overnight to 20°C and 
th"en determine the content of free, dissolved carbon dioxide according 
to the procedure described in this collection of methods. Carbon dioxide 
concentrations in the region of about 1500 to 2000 mg/l of water are 
obtained if these test conditions are followed. 

c) Dilute seepage water 

Take a volume of the water obtained according to the method described 
under b), saturated with carbonic acid and dilute with distilled or 
deionized water to a concentration of free, dissolved carbon dioxide of 
about 500 mg/1. 
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Investigation scheme for the analysis of the water extracts of solid, 
liquid or sludge-like wastes. 

Analyze separately the aqueous extracts obtained according to the methods 
described (rain water extract, seepage water extract with high carbon 
dioxide content and seepage water extract with low carbon dioxide content), 
and if appropriate determine the elution gradient. 

The following may be determined in the aqueous extracts: 
pH 
Electrical conductivity at 25°C 
Redox potential in mV 
Evaporation residue 180°C 
Ignition residue of the evaporation residue at 450 °C 
m-value 
p-value 
So-called total hardness 
So-called carbonate hardness 
So-called non-carbonate hardness 

Oxidizability with potassium permanganate 
a) as potassium permanganate consumption 
b) as oxygen consumption in mg 02/1 

Oxidizability with potassium dichromate (chemical oxygen demand, COD) as mg 
02/1 

Biochemical oxygen demand (BOD) as mg 02/1 

Chloride 
Sulphate 
Phosphate 
Nitrate 
Nitrite 
Ammonium 

Qualitative spectral analysis of the evaporation residue in order to confirm 
the presence of toxic heavy metals in relevant concentrations. If appropri­
ate, the heavy metals detected must be determined quantitatively in the 
seepage water extracts. 

Cyanides 
a) Total cyanide 
b) Easily liberated cyanide 

Phenols 
a ) Total phenols 
b) Phenols volatile with water vapour 

Organic solvents 

Surface-acti ve agents (detergents) 
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Oily and fatty substances extractable with petroleum ether 
Polycyclic aromatic substances 
Organohalogen compounds 
Pesticides 
Further analyses, depending on the origin of the wastes and suspicion of 
particular harmful substances. 

In the case of the sludges containing water, take the first water extract by 
separating off this water by filtration or centrifuging. Subsequently extract 
the sludges a second or third time as described above. 

The investigation results thus obtained can be used as a basis for assess­
ing whether and to what extent pollution of the ground water or surface 
water may occur as a result of elution of the wastes. At the same time it 
is possible to predict whether alkaline-reacting substances may, in the 
course of the flow path, cause precipitation of e.g. iron, manganese, 
calcium, magnesium or heavy metals. 

Using the relationship of COD to BOD as a basis, it is also possible to 
predict the expected biological degradability of dissolved organic substan­
ces. 

Of course, the same demands cannot be made of seepage water from waste 
disposal sites as of drinking water. A comparison with the parameters 
allowed for waste water is conceivable. In certain cases higher loading of 
the seepage water may also be acceptable if the seepage water reaches the 
ground water and is retained there for a long period as a result of the 
slow flow rate ( < 1 m per day) and hence aerobic or anaerobic biological 
decomposition or precipitation and sorption is to be expected. Drinking 
water should not be extracted from the ground water within the catchment 
area. The minimum distance removed may be estimated in the region of 1000 m. 

If the wastes are to be deposited on a site with a sealed base, an investi­
gation following the above pattern may be employed to predict whether the 
organic components of the seepage water can be biologically degraded during 
the retention time in a sewage plant. Particular attention should be paid 
to the heavy metal component, which may lead to disruption of the function­
ing of the sewage plant. 

For more detailed assessment of this complicated problem refer to the 
specialized literature. 

1.7.17 The importance of site inspections for biological assessment of water 
resources (cf. also Sections 1.2, I. '+ and 1.5 above) 

The results of microbiological analyses can only ever reflect the condition 
of water at a precise moment in time. The types of germs detected and the 
relative frequency with which certain of them occur in the sample allow 
conclusions to be drawn as to the possible nature of contamination. But in 
many cases where analysis indicates the presence of water pollution, this 
cannot be explained by the test results themselves; this is also often true 
with the results of chemical analysis. In order to interpret the findings 
of laboratory analysis, it is therefore essential to have precise knowledge 
of the locality where sampling was carried out and the surrounding area. A 
thorough site inspection is vital, especially when taking samples from a 
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particular water source for the first time or if there is a sudden and 
serious change in the condition of water which has already been analyzed 
regularly over a long period. 

With ground water recovery systems the following points must be considered: 

Design faults and structural damage to the recovery system: 

Are structure and system suitably designed and are there any cracks or 
other weak points through which surface water and rain water, animals or 
vermin can penetrate? 

Is it possible that unauthorized persons can gain access to the recovery 
plant and pollute the water? 

Area surrounding water recovery point and nature of catchment area: 

Are the water recovery system and catchment area located in an area where 
there is a particularly high risk of ground water pollution, e.g. owing to 
farming, seepage of sewage, nearby refuse tips or centres of population 
etc.? 

Are there other sources of groundwater in the immediate vicinity which 
could be the cause of pollution (e.g. old wells, test drillings, mine 
shaft etc.)? 

What type of soil is to be found in the catchment area (is the soil perme­
able and does it lack suitable covering layers)? 

Is there a possibility of particularly high infiltration of surface water 
in the catchment area, e.g. streams, marshy ground after heavy downfall, 
flood zones? 

Do any sewers, water mains or pipelines, roads, etc. pass through the 
catchment area? 

Has building work involving excavation or earth moving taken place in the 
catchment area, or alternatively any type of dumping? 

Obtaining information from local residents and others familiar with the area 
concerning past conditions: 

If 

Have there been refuse tips, building work, sewers or interference with 
the natural state of the soil in the vicinity of the present catchment 
area which are no longer visible? 

Have there been any other events which could influence the nature of the 
ground water (this category should include isolated occurrences, e.g. 
accidents in the catchment area, events such as music festivals and 
gatherings of campers and the like, natural disaster etc.)? 

there are water towers or other storage facilities in the locality, 
questions should be asked during the site inspection both about the 
condition and suitability of the structure (stagnant water in the storage 
tank owing to inadequate flow, stagnant water in parts of the system 
through which there is now regular flow, e.g. chambers for fire-fighting 
reserve, water-level indicators and air chambers in the by-pass system, 
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dead-end pipes, etc.) and also about other possible factors affecting the 
water. 

Can insects, animals or unauthorized persons enter the structure and 
pollute the water? 

Are the overflows and drain-pipes fitted with flaps in working order which 
prevent small animals from entering the storage tanks where they fall into 
the water and die? 

Is the building equipped with suitably designed ventilation to eliminate 
the risk of water pollution by air-borne germs and dust? From which direc­
tion does the wind mainly come and are there any sources of regularly or 
sporadically high air-borne germ or dust levels in this direction? 

Are there any treatment plants which may cause microbiological contamina­
tion of the water (e.g. open plants, sewage irrigation plants or filters 
colonized by microbes, metering systems with infected chemical 
solutions)? Are they the correct size for the quantity of water passing 
through them and how regularly are they maintained? 

The site inspection must also establish how the storage tanks are operated 
by the responsible waterworks: 

How long does water remain standing in the individual storage tanks? How 
often are the latter cleaned and when did this last take place? How are 
they cleaned and what products are used? 

What measurements and checks are made regularly by the waterworks and 
could these cause contamination of the water, e.g. dirty sounding lines, 
scoops or other equipment? 

If there is a local water distribution network, the site inspection should 
also establish the size of pipelines used, how and when they were laid and 
what material they are made of. 

Are the pipes laid in trains or in a closed circular layout? Are there 
high and low points in the pipe trains which could cause so-called water 
pockets or air pockets to occur? 

Are there connecting pipelines in which water stagnates for long periods 
and becomes colonized with germs (e.g. pipes which supply gardens or 
connection branches ready fitted for future pipeline extensions)? 

How frequently are the pipelines flushed through and, when this is done, 
is there any recognizable contamination (turbidity, brownness, black 
coloration of the water plus hydrogen sulphide smell, etc.)? 

Are there any users attached to the supply network whose water consump­
tion has sudden peaks causing temporarily high rates of flow in the 
system as a whole? 

Does water in the pipe trains always flow in the same direction or can 
reverse flow occur, e.g. with pressure and gravity pipelines? 

Is water from various recovery plants mixed within the supply network? 
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Is it possible that private water recovery plants feed into the public 
supply network with which they are connected either directly or indirectly 
(it should always be a requirement that private water supply systems are 
clearly separated from the public supply network)? 

Are the connecting pipelines between the individual areas supplied and 
the public network fitted with valves to prevent water being sucked back 
if a pressure drop occurs in the network? 

Have any large-scale repairs been made to the distribution system or any 
new pipelines laid, and what steps were taken by the waterworks to prevent 
any pollution of the existing system (intermittent chlorination, flushing, 
microbiological tests on the new pipelines, etc.)? 

When performing site inspection and water sampling, the water recovery systems 
should be inspected for biological indications of possible pollution. 

Have the roots of nearby trees and plants grown into the fabric of the 
water recovery systems creating so-called "fox-tails"? (Where these 
"foxtails" occur in test diggings they hinder the flow of ground water 
into the spring-intercepting structure by altering the cross-section of 
the pipelines. The roots provide a path for microorganisms, small 
animals and also polluted surface water to enter the recovered water). 

Do the test diggings, spring-intercepting structures or other water 
recovery systems bring with them undissolved particles, such as grains 
of sand, clay or silt, which are deposited in the systems themselves or 
in the storage tanks providing a breeding ground for microbes and other 
micro-organisms or bringing about anaerobic conditions and decomposi­
tion? 

Do well worms (Tubifex species), well shrimps (Gammarus) and water hog 
lice (Aselus) occur in the water recovery systems? The presence of such 
animal organisms in drinking water systems is not only unappetizing but 
is also an indication that harmful influences may be present. Although 
these creatures are not themselves pathogenic and as far as is known 
cause no pollution of the water worth mentioning, it is nevertheless 
possible that other hygienically undesirable influences are finding 
their way into the water by the same route. Thus it is essential to 
discover and cut off their means of access. 

It must also be established whether springs and test diggings which are 
near the surface have a constant rate of water yield. If they show a marked 
increase in yield immediately after precipitation, or even deliver turbid 
water, this means that they are not adequately protected against hygienical­
ly harmful influences and must be regarded as at risk. 

Site inspection is especially important with surface water sources 
(streams, ponds, drainage ditches and artificial ground water sources in 
building foundations, gravel pits, etc.). Here plant and animal coloniza­
tion provides a good means of assessing whether anthropogenic influences 
are present; for example, accumulations of foam on the water surface are 
generally a visible sign that waste water containing surface-active agents 
is entering the system. (Foam can occur naturally, especially during spring 
in the proximity of coniferous forests as a result of saponins leached from 
the fallen needles. But unlike surfactant foams, this natural sort gradual­
ly turns brown with age). 
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Deposits of brown iron oxide flakes on plants and stones in the water indicate 
a water source with high iron content flowing into the surface water. Often 
the ferric hydroxide only separates out once the iron-containing, oxygen­
deficient water mixes with the surface water which has a high oxygen level. 
This means that in flowing water iron deposits on the river bed sometimes do 
not start until far below the actual point of affluence. 

Colonization of the water by the grey, shaggy filaments of the bacterium 
Spherotilus natans indicates that the water is serving as a receiving body 
for a sewage disposal plant and that it is being contaminated by household 
sewage. The occurrence of Spherotilus natans in this type of water is so 
frequent and characteristic that the bacterium used to be known as "sewage 
fungus". Although this description is inaccurate from a microbiological 
point of view, since Spherotilus natans is in fact a filamentous bacterium, 
it is still no less important today as an indicator of the presence of 
sewage and so the hygiene of any stream where it is discovered must be 
regarded as suspect. 

On the other hand, deposits of lime on the underwater parts of plants or 
sinter deposits on stones in the bank area of the stream bed are not sympto­
matic of a lack of hygiene. This type of phenomenon frequently occurs in 
springs which have their OrIgin in chalky ground if the so-called lime­
carbonic acid balance of relatively hard water is disturbed. Such disturb­
ances can be caused either by the water becoming heated during its passage 
or by mosses and higher plants growing in the water and drawing off carbon 
dioxide. 

As a rule sedimentation in rapidly flowing mountain streams is minimal, where­
as in slowly flowing, lowland streams sediments are usually to be observed 
on the stream bed. In non-polluted flowing water these sediments are mainly 
composed of fine sand and clay particles, are not black in colour and do not 
have a putrid odour. If either of the latter symptoms is recognizable, this is 
always an indication that the water is polluted with organic substances which 
are contained in the sediments and are being decomposed by microbes under 
anaerobic conditions. 

The nature of the sediment is an even clearer indicator of contamination in 
stagnant water than in flowing water and so should always be examined when 
mak-ing an assessment of long-term water quality. When making site inspec­
tions of either stagnant or slowly flowing waters, it is particularly 
important to observe whether any gas bubbles occur and, if so, whether the 
gas rising is digester gas. 

In addition to the general observations to be made during site inspection, 
as described above, a more specialized study of the plants and animals in 
an area of surface water can yield vital information about water quality. 
Such studies of fauna and flora and microbe life (colonization of the 
plankton and seston by microorganisms) lead to the classification of water 
quality according to saprobic systems, but this goes beyond the scope of a 
simple site inspection and often requires the use of particular equipment 
and sampling techniques as well as demanding specialist knowledge of the 
relevant fauna and flora. 

When it comes to analyzing the results of a site inspection and producing a 
report, it has always proved advantageous to supplement these with photo­
graphs of the various items dealt with. These not only make the written 
report more easily comprehensible but also provide a long-term record of 
developments and changes, so facilitating the accurate assessment of water 
resources and drinking water supply systems. 



2 Theoretical Introduction to Selected Methods of 
Water Analysis 
(Classic and Instrumental Methods) 

2.1 Concentration processes such as evaporation, distiUation, 
precipitation, coprecipitation, adsorption, ion exchange and 
extraction 

General introduction 

Depending on their type, substances dissolved in water can occur in a broad 
range of concentration according to the type of water and its genesis or 
origin. 

There are natural waters which are almost like distilled water, and 
strongly saline waters such as seawater or so-called brines; the latter can 
comprise up to more than 100 g/1 dissolved salts. The level of dissolved 
mineral substances for drinking water can be estimated as ranging up to 
approximately 1,500 mg!l with an optimum range between approximately 100 
and 1,000 mg!l. 

Waste waters can contain large amounts of organic substances, but also of 
industrial wastes and hazardous trace elements. The water analyst then has 
to decide whether he can examine a water sample for one or more substances 
according to selected methods directly, or whether he must select a 
concentration process for the substance concerned, and at the same time the 
disturbing substances in the water sample concerned' must be depleted. The 
customary determination methods used in water analysis, e.g. physico­
chemical measurements such as pH value, oxidation-reduction potential, 
conductivity, and also the detection of carbon dioxide or hydrogen carbon­
ate ions, calcium, magnesium, chloride or sulphate do not in general 
require pretreatment of the water, although in this case, for example for 
highly saline waters (brines), dilution may be necessary rather than a 
concentration process. 

It is often necessary in water analysis to remove the water itself by means 
of evaporation or distillation, or to separate off certain substances from 
disturbing constituents by means of precipitation, adsorption or extrac­
tion. 

2.1.1 Evaporation 

With this method, a measured or weighed water sample is heated in a 
suitable evaporation vessel until the water is almost completely evaporated 
and only those substances which were previously dissolved in the water and 
are not volatile at the selected temperature remain in the dish. The vessel 
can be a weighed platinum, glass or porcelain dish, and the sample is 
heated over a boiling water bath, a heated sand bath, an electric hot plate 
or an air bath. The evaporation residue can then be dried to constant 
W. Fresenius et al. (eds.), Water Analysis
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weight and weighed. Various drying temperatures are used, e.g. 105°C, 
180 °C or 260°C. If the water contains a great deal of dissolved sodium 
chloride, the high drying temperature is to be used if constant weight is 
required. This is so as to be certain that the so-called decrepitation 
water is expelled from the forming NaCl crystals. The dry residue can then 
be used for analysis or for further separation processes. Spillages are of 
course to be avoided, especially when the evaporation process is nearing 
its end. It should also be noted that during evaporation the compounds 
which are more difficult to dissolve separate out first and the readily 
soluble compounds in the water such as sodium chloride only later. This 
means that either the entire dry residue must be used for further analysis 
or, if aliquot parts are to be used, the residue must be homogenized 
thoroughly beforehand. 

2.1. 2 Distillation 

In this case the water is gently distilled off in suitable distillation 
apparatus leaving in the flask either a highly concentrated solution or, if 
distilled to dryness, a salt mass. Distillation to separate off the water 
itself is carried out in glass or quartz apparatus. It is possible, if 
distillation is conducted appropriately, to recover highly volatile 
substances (such as organic substances) as the distillate is cooled (e. g. 
in a cold trap) • By means of distillation under acid or alkaline condi­
tions, with or without the use of additional water vapour or reducing or 
oxidizing agents, certain groups of substances can be separated off in such 
a way that they can be analyzed in the distillate with no disturbing 
factors. Examples of this procedure would be the isolation from acid 
solution of phenol-type substances volatile in water vapour, or the 
isolation of trivalent arsenic from total arsenic if a reducing agent for 
As V is used, and the isolation of cyanides, fluoride, ammonium and organic 
nitrogen compounds. It is also possible to isolate carbon dioxide, either 
bonded for example as hydrogen carbonate or carbonate, or in the free 
state, physically dissolved in the water, as well as hydrogen sulphide and 
its compounds, boric acid or mercury. In general, any organic substances 
can be isolated which are volatile under the selected distillation condi­
tions and which are recoverable by condensation of the water vapour. 

2.1.3 Precipitation 

Precipitation was very frequently used in the past as a method of determin­
ing certain substances in water by direct gravimetric analysis. Even today, 
for example for sulphate determination, precipitation from an acidified 
water sample with barium chloride solution, yielding low-solubility barium 
sulphate, is not only used for concentrating the sulphate, but also for 
direct gravimetric analysis (see Section 3.2). 

The precipitation of chloride and, if present, dissolved bromide and iodide 
as the total of dissolved halide ions by silver salts as low-solubility 
silver halides is also not only used for concentrating traces of bromide 
and iodide for example, but also for gravimetric analysis, as a method of 
calibration. Bromide and iodide should then be determined separately 
(Section 3.2) and subtracted from the total of the precipitated halides. 
Reliable results are then obtained even at high concentrations. 
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2. 1.4 Coprecipitation 

This method is closely related to precipitation, but makes use of the fact 
that when -,certain substances are precipitated other substances are copre­
cipitated. In radiochemistry in particular, coprecipitation with isotopic 
or non-isotopic carriers is still commonly practised today. In classical 
water analysis coprecipitation is often used to concentrate trace elements. 
In this way, for example, arsenic can be more or less completely coprecipi­
tated and isolated with iron (III) hydroxide. With manganese in a manganese 
(III) or manganese (IV) compound, thallium can be coprecipitated and 
concentrated. Sections 3.2 to 3.5 and Section 3.7 deal with cases where 
precipitation and coprecipitation are still in general use in water 
analysis. Section 3.3 in particular covers the concentration of rubidium 
and caesium together with potassium as tetraphenylborates. 

2.1 .5 Adsorption and ion exchange 

If appropriate adsorbents are chosen, e.g. activated charcoal, aluminium 
oxide, cellulose etc. , it is possible to isolate certain substances in 
water which are otherwise difficult to concentrate. Activated charcoal, for 
example, is particularly suitable for isolating many organic substances in 
water. Aluminium oxide is used to isolate and concentrate fluoride, 
arsenic, phosphate and uranium from aqueous solutions which have been set 
to approx. pH 6 with carbonic acid. Certain types of cellulose are used for 
the adsorptive concentration of traces of heavy metals. 

Adsorption is carried out either with the so-called batch method or by 
filtration through a column. It is possible to conduct fractional desorp­
tion in many cases, for example by using acids or organic solvents. Certain 
substances in water can also be concentrated by means of ion exchange 
resins. By using an appropriate ion exchanger, e.g. cation or anion 
exchangers of certain types, it is possible not only to separate cations 
and anions from water samples, but also to differentiate various groups of 
substances. Elutions with suitable solvents are possible, and the eluates 
can then be examined separately for the isolated substances (Chapter 3). 

Ion exchange is also a good method of determining the total dissolved 
mineral substances in a water (see Section 3.0. 

2 .1 . 6 Extraction 

Liquid-liquid extraction has become a very important method of concentrat­
ing trace substances, in particular metal traces, and of removing disturb­
ing substances. For extraction, certain substances in water can be trans­
formed directly into an organic solvent which is not miscible with water, 
e.g. traces of oily or fatty substances with hexane, chloroform or 
trichlorotrifluoroethane. The inorganic compounds are often transformed 
into an extractable compound and then isolated by extraction. This method 
is fundamental, and has become highly important in trace analysis. One only 
has to think of complexing by means of dithizone, diethyl dithiocarbamate 
etc. using a suitable extracting agent such as chloroform or diethyl ether. 

Methods of concentration by extraction are described in Chapters 3 and 4. 
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Traces of uranium can be extracted from a water sample in the presence of 
high concentrations of aluminium nitrate with a suitable organic solvent 
and concentrated for fluorometric determination, for example. 

2.1.7 Volumetric analysis 

In this procedure a substance dissolved in the water is reacted with a 
titrant of known concentration. The end point of the reaction is indicated 
either by an indicator changing colour, by a precipitate forming or 
electrometrically. Volumetric analysis is simple to perform, and, with 
visual recognition of the endpoint of the reaction, can also be carried out 
in a laboratory which does not have the latest equipment. It is possible, 
for example, to carry out the quantitative determination of chloride, 
hydrogen carbonate or carbonate, or of calcium or magnesium, as well as 
organic compounds such as surfactants by means of so-called two-phase 
titration. 

Today, volumetric determination of dissolved substances in water can be 
automated. With appropriate equipment, it is possible not only to direct 
the reaction quantitatively, but also to evaluate the endpoint of the 
reaction electrometrically and print it out, for example, or produce a 
titration diagram. The experience of the authors has shown the volumetric 
procedures described in Chapters 3 and 4- to be of particular value in 
practical water analysis in the laboratory. 

2.2 Electrochemical processes of analysis 

2.2.1 Introduction 

A number of analytical methods are based on electrochemical properties in 
solutions. If, for example, two metallic conductors are immersed in an 
electrolyte solution, current can flow when an electric potential is 
applied. If two different metals are present in the electrolytic cell, an 
electric potential can be tapped. Its force is dependent on the type of 
electrode materials and on the composition of the solution, on the gap 
between the electrodes and on the electrode surface. 

The separations and displacements of charges at interfaces can be deter­
mined with the aid of electrodes or even produced or changed by applying a 
current. The molecules in the dissolved substances are partially polarized 
as a result of anisotropy at the interface. Behind this interface, the 
solvated ions are enriched or depleted, causing the formation of an induced 
charge on the electrode surface. This leads to the establishment of an 
equilibrium dependent on the type of electrode and electrolyte. The 
following types of electrodes are distinguished, according to the compo­
sition of the system and the factors determining the potential difference 
between electrode and electrolyte: 

Electrodes of the first type: 
A metal electrode is here immersed in a salt solution of the same metal. 
The potential difference depends on the activity of the cation in the 
solution, e.g. Zn/Zn2+. 
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Electrodes of the second type: 
These comprise metal electrodes coated with a thin layer of sparingly 
soluble salt of this metal. The potential difference depends on the 
activity of the anion of this salt in the solution, e.g. Ag/AgCl/CC. 

Electrodes of the third type: 
The sparingly soluble salt layer also contains a second cation which 
forms together with the joint anion a sparingly soluble compound with a 
larger solubility product than the electrode-metal compound. The poten­
tial difference is dependent on the activity of the second cation in the 
solution, e.g. Ag/Ag2S/CU/Cu2+. 

Redox electrodes: 
The electrode here consists of a predominantly inert metal and the 
solution contains no ions of this metal. The potential difference depends 
on the normal redox potentials of the redox system in the solution, e.g. 
Fe2+/Fe3+. Sub-systems of such a corresponding redox pair are joined 
together by the processes of oxidation (electron donation) and reduction 
(electrode acceptance). 

Ion-sensitive electrodes: 
Metal electrodes invested with different materials (semiconductors, 
glass, ion exchangers) are immersed in a solution containing the ions to 
be determined. These ions distribute themselves between electrode and 
solution phase. The potential difference is selectively dependent on the 
activity of the ions to be determined. Example: Fluoride electrode. 

The electrode potential can be changed by applying a voltage. As a result 
of this change (polarization), the potential of the electrode deviates from 
the value obtained using the Nernst equation. A concentration polarization 
results if enrichment or depletion of ions takes place in the vicinity of 
the electrode. This produces an electromotive force opposite to the voltage 
applied. The chemical polarization is based on the fact that during the 
passage of current on the electrode surface, substances are produced 
preventing further passage of current. Here too, a polarization voltage 
arises opposite to the voltage applied. Current cannot start to flow again 
until the voltage applied attains the same level as this decomposition 
voltage. 

The following electrochemical processes of analysis are discussed below: 

a) Coulometry 
This process of analysis is based on Faraday's laws, i.e. the relation­
ship of equivalence between total electric charge and chemical reaction. 

b) Potentiometry 
This process is based on the relationship between the concentration of 
the ion located in the solution and the electromotive force of an 
electrochemical cell in which this ion is one of the components. 

c) Voltametry 
Measuring with this process uses cells in which the one electrode acts 
as a non-polarizable reference electrode and the other as a poJarizable 
inert electrode. The change in current is recorded against the change 
in voltage applied. A special case in voltametry is polarography in 
which, for example, a dropping mercury electrode is used as polarizable 
electrode. In amperometry, a further special field of voltametry, two 
polarizable electrodes are used. 
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2.2.2 Coulometry 

If DC voltage is applied to two electrodes immersed in an electrolyte 
solution, the positive ions migrate to the cathode and the negative ions to 
the anode under the influence of the electric field. Processes of exchange 
take place on the electrode surfaces. This reaction between the dissolved 
substance and the electric charge is called primary reaction. It may be 
accompanied by secondary reactions. 

According to Faraday, the amount of any substance primarily dissolved or 
deposited on an electrode is proportional to the total electric charge 
passed. The electric charge Q should here be understood as the total 
electric charge passed in time t. 

t 
Q J I dt (1) 

o 

The electric charge is given in Coulomb. (l Coulomb I A • s). 

Faraday's laws state that: 

1) The amount of any substance dissolved at or deposited on an electrode is 
proportional to the electric charge necessary for this reaction 

m - I· t (2) 

2) The amounts of different substances dissolved or deposited by the 
passage of the same electric charge are in the ratio of their equivalent 
weights. 

E . 1 t . ht A tomic weight 
qUiva en welg = Oxidation number 

(3) 

The electric charge 96q.87 Coulomb (Faraday constant F) is required to 
separate an equivalent gram of a substance. If G is the weight of the 
converted substance in grams, n the quantity of electrons involved, and M 
the molecular weight of the substance, then the following applies: 

M·Q i·t C=--=A--
(q.) 

n • F F 

There are essentially two different coulometric processes, namely potentio­
static and galvanostatic coulometry. The former functions with constant, 
controlled electrode potential, whereas the galvanostatic method also 
called coulometric titration - functions with constant current strength and 
uncontrolled potential. Fig. 13 shows the basic circuit diagram for 
potentiostatic coulometry. 

The potential for working electrode E 1 against the reference half-cell E 3 
is controlled by regulating the voltage applied to cell EIE2 so that the 
deflection of the galvanometer G remains constant. The substance to be 
determined must be dissolved or deposited quantitatively and with 100 % 
current yield on the electrode. The substance must diffuse on the electrode 
surface, which means that the current required for electrolysis must not 
exceed the current required for a diffusion. 
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R 

Fig. 13. Coulometry with U = COII:>t. 

As the concentration of the substance to be determined falls as a result of 
dissolution or depositing on the electrode, the electrolytic current also 
approaches zero asymptotically if the electrolytic process is conducted 
with a potential less than the half-wave potential of the substance in 
question. The electric charge consumed is measured with a coulometer or 
determined by integrating Equation 0). The advantage of this process is in 
the selectivity of the electrode processes, e.g. a determining process can 
be conducted for two metals with similar depositing behaviour. 

Fig. 14 shows the basic circuit diagram for coulometric titration. As the 
potential of the working electrode E 1 is not controlled, the experimental 
conditions must be selected so that no side reactions can occur. 

For this reason, a substance whose electrically produced reaction products 
react quantitatively with the substance to be analyzed is added to the 

Fig. 14. Coulometry with 
1) = clock; 2) = indication 

const. and electric end-point determination; 
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electrolyte solution. This intermediate reagent is produced a t constant 
current. The time during which the current flows is measured to determine 
the electric charge. 

If the end..;point is determined electrically, two separate circuits are 
necessary. The "generator circuit" with electrodes EI and E2 serves to 
produce the titration agent, the "indicator circuit" with electrodes E3 and 
E4 is used for end-point determination. 

The advantages of coulometric titration are as follows: 

exact proportioning in the microgram range 
production of very pure reagents 
production of non-stable reagents 
no standard solutions are necessary 
no determination of titre is necessary 
high speed 

In principle, all processes used in volumetric analysis can be used for 
indicating the end-point. Essentially, however, coulometry is restricted to 
electrical processes as these allow a high degree of automation. Any of the 
usual potentiometric indicator systems can be used for end-point determi­
nation, e.g. a Pt-electrode and a calomel electrode. The choice of the 
indicator system depends on the reaction occurring. If the indicator 
potential measured is plotted against the period of electrolysis, the usual 
potentiometric titration curves can be produced. The information required 
can be gained from the potential jumps. 

In amperometric end-point determination, the strengths of the diffusion 
current are measured at prescribed potentials in the indicator electrodes. 
In this case, the indicator current strength is proportional to the 
concentration of ions involved. For this purpose, a potential of 100 - 300 
mY is applied to two electrodes (double Pt-plate). The indicator current 
strength is plotted against the period of electrolysis. According to the 
type of reactions involved, different curves can be observed (Fig. 15): 

a) The current is low and almost constant as far as the equivalent point 
and then rises linearly. - Example: As3+ + Br2 

b) The current passes through a maximum, falls to the equivalent point and 
then rises linearly. - Example: 1- + Br2 

A 
co b 

/"-... I • 
.", ....... / / 

././' ............... / / 
,/ ............... / I 

. .",,/ ''''''''''''''/ / 
~---------------------------~ r J • • 

\./ 

Fig. 15. Indicator current A as function of time t 
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c) The curve is similar to that described under a), but shows a dip shortly 
before the equivalent point. Example: titrations with bromine or 
chlorine with high generator current strength. 

A special case in amperometric indication is the "Dead-Stop Method". 
Current can only flow at the indicator electrodes if both oxidizable and 
reducible substances are present. The potential difference may be very low 
(<IOO mY). The equivalent point is characterized by the fact that the 
indicator current is zero, as no reversible ion pairs are present here 
(e.g. coulometric titration of Fe2+ with Ce4+). 

2.2.3 Potentiometry 

The relationship between the concentration of an ion in solution and the 
e.m.f. of the cell in which this ion is located can be expressed under 
ideal conditions by the Nernst equation. 

E = Eo + k • In c 

where E represents the potential in the cell, Eo a constant at certain 
temperatures, c the concentration of the ion and k = R • T /n . F (R = 
general gas constant, T = absolute temperature, n = quantity of electrons 
produced in the semireaction, F = Faraday constant.). 

The above-mentioned equation only applies to infinite dilution, whereas the 
following applies to real solutions: 

E = Eo + k • In a 

i.e. the activity a (calculated from the concentration and the coefficients 
of activity f using the formula a = C • f) is used for practical calcula­
tion. 

If two electrodes are immersed in a solution whose ions can react with the 
electrode, and the circuit is closed, the potential existing at the 
electrodes can be measured. This is characteristic of the system 
electrode/solution/ electrode and dependent on the temperature, pressure 
and composition of the system. In two electrodes consisting of metals A and 
B, the following reactions can occur: 

B .= B+ + e-

where the total reaction A+B+ .= A+ + B, i.e. A is oxidized at the first 
electrode and produces A+, and B+ is reduced at the second electrode and 
precipitates metal B. There is therefore a charge transfer between elec­
trode and solution. If one of the reactions is predominant,a potential 
difference is created between electrode and solution as a result of the 
charge transfer. The size of the potential difference is above all depen-
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dent on the nature of the semireaction, and further on the activity of all 
substances participating in the reaction. This relationship is expressed by 
the Nernst equation. Eo represents here the characteristic constants for 
the semireaction and expresses the potential difference between electrode 
and solution in equilibrium status (standard potential). If all substances 
affected in the semireaction have an activity of I mol/I, then E = Eo. 

If the given constants are entered in the Nernst equation, the natural 
logarithm then converted to the Briggs logarithm, and the activities 
finally replaced by the concentrations, the result is the Nernst equation 
in a form that can be used for practical quantitative calculations. 

E = Eo + 0.0591 . I oxidation 
n og reduction 

In practical terms, it is impossible to measure the potential difference in 
a semireaction directly. This difficulty is overcome by introducing a 
second electrode as reference electrode. The "standard hydrogen electrode" 
whose semireaction is expressed by the formula: 

can be used for this purpose. It consists in principle of a platinum wire 
covered with platinum sponge and surrounded with flowing gaseous hydrogen, 
so that a layer of absorbed H2 molecules is formed. 

The potentiometrical principle of measurement is, for example, used in 
measuring pH with a glass electrode or in determining the concentration of 
ions with the aid of ion-sensitive electrodes. 

The glass electrode comprises a thin-walled glass sphere filled with a 
solution of known, constant pH and immersed in the solution of unknown pH 
which is to be examined. Two bridge electrodes are immersed in the internal 
and external solution, e.g. two saturated calomel electrodes. In this case, 
we have the following cells: 

Hg/Hg2Cl2KCltotjinternal solution/external solution/KCltot.Hg2CI2/Hg. 

The entire measuring set-up can be represented as in the following diagram: 

.----oE 0---.., 

4 

2 5 

Fig. 16. Schematic diagram of the potentiometric method of measurement; 1) 
= glass electrode; 2) = Glass membrane; 3) = Reference electrode; 4) 
Measuring solution; 5) = Diaphragm 



81 

The individual voltages Ei are produced at the following interfaces: 

E 1 Between the bridge electrode and the solution inside the glass electrode. 
E2 Between glass membrane and solution inside the glass electrode. 
E3 Between glass membrane and measuring solution. 
E4 As diffusion voltage between measuring solution and solution inside the 

reference electrode. 
E5 Between bridge electrode and solution inside the reference electrode. 

E 1 and E 5 can be kept of the same size by setting up the electrodes so that 
they cancel each other out (symmetrical cell). If they are not of the same 
size, they are nevertheless independent of the pH of the measuring solution 
and supply the constant asymmetrical voltage Eas as quantity to be added to 
the measured voltage. 

E4 as diffusion voltage is not described by 
It is considerably dependent on the specific 
a source of error. However, changes in the 
occur very slowly and can be taken into 
quantity of E4 seldom exceeds a few mV. 

the Nernst equation (Equ. 3). 
conditions and thus comprises 
diffusion voltage usually only 
account by ca,libration. The 

The voltage in the measuring cell is thus essentially determined by E2 and 
E3' As EO cannot be measured independently, and only the difference between 
the two voltages is of interest here, the following equation can be made: 

E = E3 - E2 (Equ. 4) 

Inserting the Nernst equation produces the following result: 

E 2.303 Rn : FT log aH 0+ - 2.303 R' TF log 
3 outside n . a H30+inside 

Rewriting the equation yields the following: 

R·T 
E = 2.303 n:F (pHinside -pHoutside) 

or 

E = 2.2303 ~F • T· ~ pH n . 

The above equation shows the temperature-dependence of the measuring 
sensor, which must be distinguished from the temperature-dependence of the 
pH in the solution analysed. 

Voltage E is also designated as the Nernst voltage for .1 pH = 1. It has the 
value of 59.16 mV/pH at 25°C and determines the gradient of the character­
istic curve. 

In order to keep the pH inside the glass electrode as constant as possible 
and to make it independent of ageing phenomena (e.g. by exchange of ions 
with the glass membrane), a buffer solution is used inside the electrode. 

In addition to the dependence on temperature described above, the linearity 
of the characteristic curve also plays a part. 
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Particularly in the alkaline range from approx. pH 10 upwards, the 
characteristic curves for normal glass electrodes deviate noticeably from a 
straight line. This is due to the fact that the glass electrode does not 
strictly respond specifically to the hydrogen ions only, but is also 
affected by hydroxide ions. 

If the concentration of hydrogen ions is equal to or larger than that of 
the hydroxide ions, this effect can be ignored. At pH values of over 10, 
however, the concentration of hydrogen ions is so small that the pH values 
measured are too low, as the glass membrane only responds to the hydroxide 
ions. This effect is called the alkali error. Alkali-proof glass electrodes 
do exist in which the alkali error is low. (For measurement of pH see also 
Chapter 1.) 

If the pH is taken as a measure of the concentration of a substance 
dissociated in aqueous solution, certain restrictions must be taken into 
consideration. Clear results are only found in one-component solutions. 
Furthermore, in cases in which the dissolved substance is not completely 
dissociated, its activity must be known. The logarithmic relationship also 
decreases the dependence of the pH on the change in concentration. This can 
only be seen as an advantage in very large changes of concentration. 

An important field of application for potentiometric measurement with the 
glass electrode is electrometric titration. The e.m.f. in a cell is here 
used as end-point indicator for a reaction taking place in solution. This 
has the advantage of allowing one to follow the entire course of titration, 
e.g. when titrating phosphoric acid with sodium-hydroxide solution (Fig. 17). 

This shape of curve, which is characteristic of all such titrations, is a 
result of the logarithmic relationship between E and the concentration (or 
rather: activity) of the H 30+ ions. 

2.2.3.1 lon-sensitive electrodes 

The method of measurement with ion-sensitive electrodes also uses 
potentiometric principles. Ion-sensitive electrodes are electrochemical 
half-cells in which potential differences caused by the activity of a 
specific ion can be determined by measurement. Their design is similar to 
that of the pH glass electrode; a suitable millivoltmeter and reference 

12r-______________________ ~ 
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Fig. 17. Potentiometric titration curve H3P04 with NaOH 
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Fig. 18 a, b, c. Different types of ion-sensitive electrodes; a F- elec­
trode; 1) = Ag/AgCI bridge element; 2) = Electrolyte (NaCl, NaF); 3) = LaF3 
monocrystal; b Ag2S electrode; 4) = Shaft in epoxy resin; 5) = lon­
sensitive solid; 6) = Fixed contact; c Gas-sensitive electrode; 7) Out­
side body; 8) = Reference element; 9) = Interior liquid; 10) Interior bo­
dy; 11) = O-ring; 12) = Spacer ring; 13) = Sealing cap; 14) = lon-sensitive 
solid; 15) = Membrane 

electrode are required for measuring the pH. Instead of pH it is also 
possible to indicate measured values for pF-, pNH3 or pCa2+, for example. 

There are crystalline and non-crystalline electrodes. The former can be 
divided into homogeneous (e.g. individual crystals, melted pellets) and 
heterogeneous (e.g. AgCI 10 PVC) solid electrodes. The non-crystalline 
electrodes can also be divided into those supported by porous (e.g. glass 
filters) or non-porous (e.g. PVC) materials. Liquid ion exchangers and 
neutral carriers serve as effective electrode substance. Because of the low 
electrical conductivity of these substances, very thin layers are used, 
giving them their name of membrane electrodes. Their thicknesses are around 
0.1 mm in the case of glass, 1 to 5 mm in the case of organic substances 
and more than 3 mm for crystals or pellets. The structures of various 
ion-sensitive electrodes with fixed active phases are depicted in the 
diagram. 
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Fields of application for measurement with ion-sensitive electrodes 

H+ Mg2+ Cr042- BF4-

Li+ Ca2+ Mn2+ Tl+ 

Na+ Sr2+ Fe2+ CO2, CN-,SCN-

K+ Ba2+ Ni2+ Pb2+ 

Rb+ La3+ PdC142- NH3, NH4+, N03 -

Cs+ Cu2+ P043-, HP042-

~+ 5°2, 52-, 5032-

F-

Zn2+ CI-

Cd2+ Br-

Hg2+ 1-

Oxalate, Benzoate 

As there are by now approximately 30 different ion-sensltlve types of 
electrode, these and the reactions produced on them cannot be treated in 
detail. Reference should be made to more detailed works. The Table shows 
fields of application for direct measurement of various ions and neutral 
components. Those parameters which are particularly suitable for such 
measurements in water analysis are underlined. (See also Section 3.2) 

2.2.4 Polarography 

In polarographic analysis, current-voltage curves are recorded as they are 
formed on a polarizable micro-electrode when the diffusion of the ions in 
solution at the electrode is the determining step in the electro-chemical 
reaction. 

A dropping Hg-electrode usually serves as polarizable micro-electrode. 
Either an Hg bottom electrode, a calomel electrode or another electrode of 
the second type is used as non-polarizable reference electrode. 

A variable voltage is applied to both electrodes 
analyzed to record the current-voltage curve. The 
is electrolyzed. However, this takes place to such 
composition of the solution remains practically 
circuit diagram for polarography is shown in Fig. 19. 

in the solution to be 
solution to be analyzed 
a low degree that the 
unchanged. The basic 

If ions ("depolarizers") which can be oxidized or reduced in a specific 
voltage interval are present in the solution to be analyzed, the current 
also changes with changes in voltage. The change in current is dependent on 
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Fig. 19. Basic diagram of a polarograph 

the speed of diffusion of the ions on the mercury drop. Working with the 
dropping mercury electrode has the advantage that a new and thus clean 
electrode is constantly available. In the ideal situation, the curve shown 
in Fig. 20 is produced. 

The curve is divided into three sections. In field A, the voltage applied 
is not sufficient to reduce the depolarizer. The low current nevertheless 
flowing is referred to as residual or basic current. The charging of the 
l;Iermholtz double layer at the mercury/solution interface is above all 
responsible for the generation of this current. This layer acts as a 
condenser with constantly increasing capacity. 

The strength of current rises constantly at the breakpoint between A and B 
because reduction of the depolarizer commences. At C, the current reaches a 

I 

A B c 

L---------~--~-----------7U 

Fig. 20. Current voltage curve 
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limit value caused by local depletion of depolarizer in the immediate 
vicinity of the electrode. Those ions reaching the electrode from the 
solution are immediately reduced, and the state of diffusion is ideally 
only dependent on the concentration slope solution/electrode. This means 
that the limit value for the current (limit or diffusion current) is 
directly proportional to the concentration of the reduced substance. 

In order to avoid the situation that current transport in the solution has 
to be taken over by the ions in the substance to be analyzed, a highly 
concentrated "supporting electrolyte" is added. This supporting electrolyte 
must comprise sparingly reducible electrolytes (e.g. KCI, NH4CI!NH40H). As 
soon as voltage is applied, the supporting electrolyte ions migrate to the 
anode or cathode. The sparingly reducible supporting electrolyte ions are 
nevertheless not discharged and surround the cathode. The positive charging 
for the most part neutralizes the negative field around the cathode so that 
no gradient of electric field is present at this location. This means that 
only those depolarizers can be discharged which reach the cathode by 
diffusion. If several reducible ions are present in the solution, a 
characteristic step will form for each ion with further changes in voltage, 
so that several components can be determined in one process with the aid of 
polarography. 

In contrast to the system of DC polarography described here, AC polaro­
graphy uses a constant AC voltage superimposed on the variable DC voltage. 
The differences in the current-voltage curves for the two processes are 
shown clearly in Fig. 21. 

In AC polarography, peaks instead of steps are recorded, facilitating the 
evaluation of the polarogram. The strength of the diffusion current id is 
given by the Ilkovic equation: 

id = 0.732 • n • F • c • Dl/2m2/ 3t 1/ 6 

where: 

id Diffusion current in IlA 
n Number of electron transfers at the cathode 
F Faraday constant 
c Concentration of the depolarizer 
d = Coefficient of diffusion for the depolarizer 

i 
id ----

i-IN. 
::2rI.57.:: ====-- . 

2 
/ 

Fig. 21. Current-voltage curves for DC and AC polarography; 1) DC polarogram; 
2) = AC polarogram 
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m ::: Mass Hg/sec. 
t ::: Dropping time for the Hg 

The numerical factor results from calculating the surface of the Hg drop. The 
equation for the strength of current as a function of voltage can be derived 
with the aid of the Nernst equation, provided that the reaction occurs rever­
sibly at the dropping electrode. 

Following Nernst, for process 

the following is true 

R . T O[A] 
E ::: Eo + -n • F • In --­o[An-] 

(1) 

(2) 

where o[A] represents the depolarizer concentration on the electrode 
surface. 

In order to generate the equation for the 
necessary to express the concentration in terms 
since i is determined by the ions diffusing per 
(Fick's law). Furthermore, is proportional to 
tration: 

i ::: k • [A] - O[A] 

polarographic level, it is 
of the diffusion current i, 
unit time at the electrode 

the decline in concen-

(3) 

The decline in concentration arises from the reduction from A to An-. As A 
disappears from the solution in the same ratio as An- is formed, the 
following is true, provided that the diffusion speeds of A and An- are 
equal: 

(4) 

Setting Equ. (4) in Equ. (3) gives 

(5) 

where 

k ::: 0.732 • n F· c • Dl/2m2/ 3tl/6 

It is clear from Equ. (3) that i reaches maximum (limit current id) when a 
maximum concentration decline is present, i. e. when O[A] ::: 0 

This gives 

id ::: k • [A] (6) 

Deriving from Equations (4), (5) and (6) for the concentrations required: 

. id . 
o[A] ::: [A] - .!...::: - -.!... and 

k k k 

Inserting Equ. (7) in Equ. (1), the function required can be arrived at as 
follows 
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RT 
E ::: Eo + il7F 

id - i 
In--.-

1 or (8) 

For potentials E which are considerably more positive or negative than Eo, 
Equ. (8) supplies the basic or limit current for intermediate values of the 
function i ::: f (U). 

In the case of equilibrium, i.e. E ::: EO, it follows from Equ. (8) that 

id 
:::2 

i.e. if the strength of current achieves precisely half the value of the 
limit current, the so-called half-wave potential, the potential here 
applied is identical with the standard potential of the redox system. 

The redox system involved can thus be determined qualitatively from the 
position of this half-wave potential. 

In polarographic processes, two main methods are used for determining 
quantity: 

1) Direct comparison: 

It is important in this method that the concentrations in the solution 
to be analyzed and the reference solution are approximately the same. 
The solution to be analyzed and the reference solution are polarogrammed 
consecutively under identical experimental conditions. The content of 
the solution to be analyzed is calculated using the formula: 

2) Standard addition: 

The polarogram for the solution to be analyzed is plotted. A solution of 
the element to be determined is added in a known concentration and a 
fresh polarogram plotted. The added quantity of standard should be large 
enough for the diffusion current to be approximately twice as large in 
the second determining process as in the first polarogram. The unknown 
concentration is determined from the rise in diffusion current. 

- vCs h 
h V - H (V+v) 

where: 

Cx ::: Concentration in the solution to be analyzed 
Cs Concentration in the standard solution 
ix Diffusion current in the solution to be analyzed 
is Diffusion current in the standard solution 
h Height of the peaks in the solution to be analyzed 
H Height of the peaks in the solution to be analyzed + standard 
V Volume of the solution to be analyzed 
v Volume of the added standard 
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2.3 Spectrophotometry (or photometry) 

In this physicochemical method of investigation, light of a certain wave­
length is beamed into the solution of a substance. The light is absorbed 
either entirely or partially by the molecules of the substance. 

As a result of the absorption of the light, the intensity of the light beam 
directed into the solution (10) is reduced as it passes through the sample. 
The residual intensity still present on exit (I) is measured with a suita­
ble measuring instrument and compared with the intensity of the irradiated 
light 10 , The amount of light which is abso,rbed during the passage through 
the sample solution depends on the structure of the absorbing molecules, 
their concentration in the solution, and the path length which the light 
beam traverses in the medium of the solution. This forms the basis for the 
two principal applications of spectrophotometry. 

1. The degree of light absorption in certain spectral regions permits con­
clusions to be drawn as to the chemical structure of the substances. 

2. If the chemical structure of the substances is known, the concentration 
in the solution concerned may be deduced. The following distinctions are 
made, according to the wavelength region in which the absorption spec­
trum is measured. 

a) Spectra in the ultraviolet range (UV spectra), 200 - 400 nm. 
b) Spectra in the visible range (visible spectra), 400 - 800 nm. 
e) Spectra in the infrared range (lR spectra), 0.8 - 50 11m or 

50 - 500 11m (far infrared). 

If radiation of gradually increasing wavelength (i.e. decreasing energy) is 
shone through the solution and in so doing the absorbed proportion of light 
intensity constantly determined, sections of the spectrum are passed 
through in which the energetic resistance is too large to stimulate an 
electron transfer (which is responsible for the absorption of light). The 
sample absorbs little light at these wavelengths. If, however, light of a 
wavelength is irradiated which possesses exactly the amount of energy 
required to stimulate an electron transfer, the molecule absorbs very 
actively. If the wavelength of the irradiated light is again increased, the 
"suitable" level for optimum stimulation is left behind and the absorption 
becomes weaker again. 

The absorption curve of the substance is obtained by plotting a graph with 
the wavelength A of the irradiated light on the abscissa and the portion 
of light intensity absorbed by the sample, i.e. light absorption, on the 
ordinate. (In practical analysis the usual measuring instruments - spectro­
photometers - indicate either the transparency (transmission) or the extinc­
tion E). The graph shows the absorption spectrum. The wavelengths of great­
est absorption of light, i.e. with greatest energy uptake by the substance, 
are designated the absorption maxima (A max). They correspond to the amount 
of energy required to just stimulate electron transfers. The wavelengths of 
maximum absorption have a special role to play in the field of analytical 
chemistry. 

In spectrophotometry in the narrower sense the monochromatic light beam of 
a discrete wavelength is filtered from a polychromatic light beam in an 
accessory unit (monochromator: prism or grating). In addition, mono­
chromatic light may also be produced and used for analytical measurements 
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by taking metal vapour lamps (e.g. Hg or Cd vapour lamps) in the place of 
an incandescent lamp and monochromators. The metal vapour lamps emit light 
of certain discrete wavelengths which are characteristic of the metal 
concerned. If an appropriate light filter which specifically allows one of 
these discrete wavelengths to pass is positioned between the light source 
and the sample, monochromatic light is also produced. The intensity of the 
light after it has passed through the cuvette can be measured, for example 
in a photoelectric cell or by a photomultiplier. 

The original photo-optical or visual method is still common in water 
analysis where the colour intensity of a coloured compound of unknown 
concentration is compared with the colour intensity of solutions of the 
same compound of known concentration. Since the intensity of colour is 
proportional to the concentration of the compound, the concentration of the 
unknown sample can be ascertained by colour comparison - provided that 
completely analogous test conditions are adhered to (e.g. equal path 
length). 

Colour comparators are frequently used in practice, the coloured sample 
solution being compared with standardized colour disks. 

2.3.1 Measurable variables of light absorption 

Three measurable variables are available for characterizing the degree of 
light absorption, i.e. the light intensity absorbed by a "dissolved" sample 
substance. These are: 

a) transmission T 
b) absorption A 
c) extinction E 

Let 10 be the intensity of light shone into a substance sample and I be the 
light intensity still present after passage through the sample. Transmis­
sion, absorption and extinction may then be defined as follows. 

Transmission T indicates what fraction of the irradiated light intensity 
(in %) emerges from the sample: 

I T =-1 • 100 (%) 
o 

If the sample solution absorbs no light (I = 10 ), T = 100 %. If, on the 
other hand, all the light is absorbed (I = 0), T = 0 %. 

Absorption A indicates what fraction of the irradiated light intensity (in 
%) is absorbed by the sample solution: 

10 - I 
A = -I - . 100 (%) 

o 



A = a % if the sample solution absorbs no light (I 
all the light is absorbed (I = 0). 
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10 ), and A = 100 % if 

Extinction E 
absorption. It 
the irradiated 
sample solution 

is the most frequently used measurable variable for light 
is the decimal logarithm of the ratio of the intensity of 
light (10) to the intensity of the light beam leaving the 

(I): 

~ 
~-I-. 

The extinction is obtained from Lambert-Beer's law. It is zero if the 
sample absorbs no light (I = 10 ; E = log 1 = 0). If light absorption by the 
sample is absolute 0 0), the extinction is infinite. In practical 
spectrophotometry, the extinctions measured are between a and 1, and also 
more rarely between 1 and 2. As a logarithmic value, the extinction has no 
unit of measurement. 

For the measurement of an absorption spectrum, the measurable variables A 
and E should be plotted on the ordinate in ascending order, whereas T 
should be plotted in descending order. The following two equations show the 
relationship: 

A 100 - T and 

2.3.2 The Lambert-Beer Law 

E = log 100 
T 

In order to measure the absorption of light in a spectrophotometer, the 
substance is fed in solution into a measuring vessel (cuvette) with a path 
length d, and the light intensity of a monochromatic beam of light is 
measured before entering (10) and after leaving the cuvette 0). If path 
length d or concentration c of the solution is changed, the absorption of 
light is also changed. The dependence is described by the Lambert-Beer law. 
The extinction E is used as a measure of light absorption. The Lambert-Beer 
law is a combination of Lambert's and Beer's law. 

Lambert's law. The number of molecules struck by the light beam on its way 
through a solution is entirely dependent on the path length of the cuvette, 
given constant concentration. If the path length is doubled, the light beam 
strikes twice as many molecules on its way through the cuvette, which then 
also absorbs twice the amount of light energy. The extinction E, as a 
measure of light absorption, must therefore be proportional to the irradi­
ated path length d (Lambert's law): 

E ~ d (d = path length in cm) becomes 

E = kl • d 

where: 

k 1 = (substance-specific) proportion ali ty factor 

Beer's law. Given constant path length d, the number of molecules struck 
by the light beam is entirely dependent on the molar concentration of the 
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solution. Doubling the concentration causes a doubling of the number of 
molecules struck and hence a doubling of light absorption. Given constant 
path length, therefore, the extinction E must be proportional to the molar 
concentration c of the solution (Beer's law): 

E c (c = molar concentration in mol . litre- l becomes: 

E = k2 • c 

where: 

k2 = (substance-specific) proportionality factor 

Lambert-Beer law. If both path length d and molar concentration s of the 
solution are changed, Lambert's law and Beer's law must be combined to 
produce the Lambert-Beer law: 

E = (k l, k2) • c • d 

The proportionality factors k land k2 become a new proportionality factor 8 

where: 

E = Extinction (dimensionless) 
8 = Proportionality factor = molar extinction coefficient 

(l . mol-I. cm- l ). 
c Molar concentration (mol • litre-I) 
d Path length (cm) 

The Lambert-Beer law states that light absorption (extinction E) is 
proportional to molar concentration c and path length d. Plotting extinc­
tion against concentration given constant path length (or against path 
length given constant concentration) therefore produces a straight line 
(see below). 

The proportionality factor 8 of the Lambert-Beer 
molar extinction coefficient ("molar extinction", 
valent to the extinction of a I-molar solution (c 
path length of I cm (d :;: I): 

E lmol 
lcm 

law is designated as the 
for short). 8 is equi­

= I mol • litre-I) over a 

Plotting a graph of 8 against wavelength A produces the absorption curve 
of a substance in the same way as plotting A or E against wavelength '\. 

Each substance has a different molar extinction coefficient 8 
wavelength of its absorption spectrum. GeneraJJy, the 8 value 
that determined for the absorption maximum Amax., namely 8 max •• 

for each 
quoted is 

This value, 8 max., represents a characteristic substance constant which, 
depending on the structure of the substance, may lie between about 20 and 
200 000 I . mol- l . cm- l , and which is frequently given and plotted as log 8 
so as to avoid excessively high numbers. 
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Applications of the Lambert-Beer law 

The Lambert-Beer law is the fundamental law of absorption spectrophotometry. 
It is applied in the following ways. 

1) By measuring the extinction E of a substance in solution of known concen­
tration c, the molar extinction coefficient 8 may be determined: 

8 = 
E (l • mol- l • cm- l ) c . d 

e, as a substance constant, may be used for testing the identity of 
substances and determining the structure of organic molecules. 

2) If is known, the concentration of a solution may be calculated from 
the Lambert-Beer law by measuring the extinction E of the substance in 
solution: 

= ~ (mol· 1-1) 
8' u 

This formula forms the basis of the application of the Lambert-Beer law 
in quantitative spectrophotometric analysis. It should be noted that 
this law applies strictly only to monochromatic light and, as a limit­
ing law, strictly only to dilute solutions, at constant temperature. 

2.3.3 Design and mode of operation of an absorption spectrophotometer 

In order to be suitable for measuring the absorption spectrum of a sub­
stance, a spectrophotometer must be in a position to: 

a) produce light of a certain wavelength (monochromatic light); the wave­
length should be continuously variable (at the monochromator) 

b) measure the intensity 10 of the light shone into the substance solution 
and the intensity I of the light emerging from the substance solution 
at the receiver 

c) display the absorption A or transmission T or extinction E, and register 
the entire absorption spectrum of the substance (indicating instrument, 
plotter). 

The light source, for example an incandescent lamp, provides polychromatic 
light. A bundle of rays is collimated through an aperture and strikes the 
monochromator. With the aid of a prism or a grating, the monochromator 
sorts a single wavelength (monochromatic light) from the mixture of many 
wavelengths of the polychromatic light. 

The intensity 10 is assigned to the monochromatic light of a certain wave­
length selected in this way. This intensity is recorded by directing the 
light beam to the receiver (e.g. a photoelectric cell), but in general only 
after passing the light beam through a "reference cuvette" filled with pure 
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The diagram shows the design of an absorption spectrophotometer. 

13 

Fig. 22. 1) = Ught source; 2) = Aperture; 3) = Monochromator; 4) = Aper­
ture; 5) = Cuvette; 6) = Receiver; 7) = Display; 8) = Polychromatic light; 
9) = Monochromatic light; 10) = Substance; 11) = Solvent; 12) = Receiver; 
I); 10 ); A)j 13) = ATE 

solvent (beam path A in the diagram). This precludes errors which may arise 
due to the individual absorption of the solvent, the reflection of light 
from the cuvette and dispersion in the cuvette. In addition, the 0/100 % 
setting of the device is made. 

Subsequently, the same light beam passes through the cuvette containing the 
dissolved sample. The intensity of the light emerging from this cuvette is 
also measured in the receiver. The (automatic) indicating instrument 
compares I with 10 and allows the values to be read off as A, T or E. 

For identification tests or in order to record the absorption curves of 
compounds these measurements are repeated, slowly changing the wavelengths 
by turning the monochromator. 

(As the light passes through 
wavelengths are refracted to 
of a different wavelength 
monochroma tor.) 

the prism of the monochromator the various 
varying extents; as the prism is turned, light 
passes through the exit aperture of the 

In order to determine the concentration of any known substance with a known 
molar extinction, it is sufficient to set the appropriate wavelength and 
measure I at a certain constant path length. 

2.3.4 Photoelectric photometers 

In the case of simpler photoelectric photometers which can only be used for 
the quantitative determination of dissolved substances at selected wave­
lengths (generally sufficient in water analysis), the monochromator is 
replaced by a spectral filter which only allows light of a certain limited 
wavelength range to pass. By appropriate selection of a metal vapour lamp, 
therefore, the same purpose is achieved as with a monochromator. 

The light beam emitted by the incandescent lamp or a metal vapour lamp 
(e.g. Hg or Cd vapour lamp) is "sorted" by the spectral filter in such a 
way that it is virtually monochromatic. As such it passes through the 
cuvette containing the solution of the substance to be determined (after 
exchanging the sample cuvette for a blank-test cuvette containing pure 
solvent). After leaving the cuvette the residual light intensity I of the 
beam is converted to an electric current in the photoelectric cell 
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Fig. 23. Design of a photoelectric photometer; 1) 
Aperture; 3) = Spectral filter; 4) = Cuvette; 5) 
Indicating instrument 
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3 4 5 6 

Incandescent lamp; 2) = 
= Photoelectric cell; 6) 

("photoelectric" indication). This current is passed on to an indicating 
instrument (galvanometer) fitted with a scale allowing the extinction E to 
be read off directly. The zero point (E = 0) is set using the measured 
value of the blank-test cuvette (pure solvent, plus - where appropriate -
all reagents used). 

The selection of the spectral filter is dependent on the colour of the 
solution of the substance to be determined. This solution always absorbs 
the colour which is complementary to its own. The spectral filter must 
therefore allow light of this complementary colour to pass. For example, a 
solution is coloured orange because it absorbs blue, the colour comple­
mentary to orange, at approx. 450 nm. In this case, then, a spectral filter 
must be used which provides blue light in the spectral range around 450 nm. 
It must be remembered that, in contrast to a monochromator, a spectral 
filter does not only allow light of a single wavelength to pass. The filter 
has a "main wavelength range", alongside which, however, neighbouring 
wavelengths also pass with decreasing intensity. Metal vapour lamps in 
combination with suitable filters, on the other hand, supply monochromatic 
light at the respective discrete wavelengths of the metal vapour. 

2.3.5 Evaluation 

(Spectrophotometric determination of content) 

Extinction Ex of the solution for analysis. 
The concentration of the substance to be determined can be derived from the 
value Ex using one of the following methods: 

1) the Lambert-Beer law 
2) with the aid of a reference solution 
3) from a calibration curve 

1) Application of the Lambert-Beer law 

E Imol (in mol, litre-I) 
Icm 

the concentration of the substance to be determined is derived from the 
measured extinction Ex (in mol • 1-1) as 

Ex = 8. Cx ' d i.e. 

Ex 
-:8::-'~d- [mol . litre-I] 
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2) In order to determine the content with the aid of a reference solution of 
known concentration cy , the extinction of the reference solution Ev and 
that of the sample solution Ex are measured with the same path length d. 
The Lambert-Beer law applies to both solutions. 

Ev = 0 . Cv • d and Ex = 0' Cx . d 

The ratio of the extinction values of the two solutions is the same as 
that of their concentrations 

; converting, we obtain cx: 

~ 
~ 

3) Interpretation with the aid of a calibration curve. 

In order to plot the calibration curve, several solutions of known 
concentration are prepared of the substance to be determined and their 
extinction measured. These are then plotted on a graph as a function of 
concentration (Fig. 24). The measured extinction Ex provides the 
required concentration Cx of the solution of unknown concentration. 

The calibration curve provides information as to whether the Lambert-Beer 
law applies to the required concentration range, i.e. whether extinction E 
and concentration c are directly proportional. If this is the case, the 
calibration curve is a straight line. Deviations from the Lambert-Beer law 
in certain concentration ranges are indicated by the curved course of the 
calibration curve. 

Determination of the calibration constant 

In all physical methods of measurement used 
advantageous, wherever a linear function exists 
measured value M within the intended measuring 
use of a plotted calibration curve, thereby 
when reading from the calibration lines. 

Exr-----------~~~ 

i 
E 

in water analysis it proves 
between concentration c and 

range, to dispense with the 
avoiding unnecessary errors 

Fig. 24. Calibration curve for the 
quanti ta ti ve determina tion of a 
substance. a, b: deviations from the 

C~ Cx Lambert-Beer law. 
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In such a case, the procedure is as follows: the known concentration c 
given by measurement of a number n of calibration solutions is obtained 
from each of the measured values M, the corresponding quotient calculated 

and from this the arithmetic mean determined 

F r F 
n 

The value F represents the calibration constant. 

According to the relation MF = c, the concentration value of the sample 
corresponding to each measured value can now be determined. If the original 
sample is used in diluted form, mUltiply by the dilution factor to obtain 
the concentration of the component to be determined in the original water 
sample. 

On the other hand, it can be seen from the manner of deviation of the F 
values from F whether a linear relation between measured value and concen­
tration really exists; this would, for example, not be the case if the F 
values significantly increase or decrease from n = I to n = 10. 

The following example is intended to clarify the problem. 

10 calibration measurements were carried out with solutions which contained 
the substance to be determined in concentrations between O. 1 and 5.0 mg/l 
in the sample for measurement. The table was prepared from the measured 
values obtained. 

From the table it may be calculated that: 

n 

n c 

1 0.10 
2 0.30 
3 0.50 
4- 0.60 
5 0.80 
6 1.00 
7 2.00 
8 3.00 
9 4-.00 

10 5.00 

10 

r F 83.989 

F = ~ = 8.3989 n 

M 

0.0120 
0.0362 
0.0601 
0.0722 
0.0974-
0.1233 
0.234-6 
0.3365 
0.4-792 
0.5794-

F c 
="M 

8.333 
8.287 
8.319 
8.310 
8.213 
8.110 
8.525 
8.915 
8.34-7 
8.630 
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Fig. 25. 1) Excitation; 2) = Excited state; 3) = Therm. energy; 4) = Atom 
in ground state; 5) = Emission 

2.4 Flame-emission spectrophotometry (FES) 

In flame-emission spectrophotometry, also frequently referred to for short 
as "flame photometry", the sample under investigation is converted to 
atomic vapour by applying thermal energy (a flame). As energy continues to 
be added, a number of the atoms are changed to an excited state, in which, 
however, they remain for only a short time (I0-7 to 10-4 sec.). 

Following this period, the excited atoms, in which the outer electrons had 
occupied more highly excited energy levels (orbitals), return to the ground 
state. In this process, the energy difference Ll E,,\ = hv between the excited 
level and the electron ground state is released. The atomic line radiation 
.:l E',,\ emitted is characteristic for each element. If the flame burns evenly 
and the substance is fed into the flame at a constant rate over the period 
of the measurement, the intensity 1,,\ of the spectral lines observed 
provides a measure of the concentration of the substances. 

The principle of FES is based on the quantitative measurement of the 
emission radiation of the intensity I A • The diagram shows the process of 
atomic emission. 

2.4.1 Design of the instrument 

The following is a simplified schematic diagram of the arrangement of the 
equipment for FES. 

The usual atom reservoir in FES is the flame. The sample enters the flame, 
where atomization takes place, in the form of a solution via the burner. 

The degree of atomization of the sample in the flame and hence the sensi­
tivity, detection limit and magnitude of potential physical and chemical 
interferences depend on a number of operational parameters of the flame. 
For example, the degree of atomization increases as flame temperature 
rises. Parallel to this, detection sensitivity is improved and the influ­
ence of chemical interferences is reduced. 

I~n 1 2 

Fig. 26.1) = Atom reservoir; [An) = Intensity of the polychromatic flame 
emission; 2) = Wavelength sector; I AS) = Intensity of atomic emission of 
the selected wavelength; 3) = Detector; 4) = Indicating instrument 
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A hydrogen/oxygen flame has proved its worth in applications in FES, 
particularly when determining alkali metals. With a flame temperature of 
2660 °C it is admittedly somewhat cooler than an acetylene/oxygen flame 
(3130 OC), but the characteristic radiation of the hydrogen/oxygen flame is 
about 10 times lower than that of the acetylene/oxygen flame. 

The predominant burner type in FES is the turbulent burner, also known as 
the direct-atomizing burner. 

Generally, the cylindrical turbulent burner consists of two concentric jets 
around a stainless-steel capillary tube. Hydrogen flows through the outer 
jet, and oxygen through the inner jet. The two gases are mixed above the 
rim of the jets. The sample solution is drawn up from the sample container 
situated beneath the burner by the suction caused by the gas flow at the 
upper end of the capillary and is sprayed directly into the flame. Since 
the mixing process occurs above the rim of the jets the system is safe from 
backfiring and the burner remains cool, making, for example, easy adjust­
ment possible. 

Two parts of the flame may be distinguished: an inner, luminescent cone 
(primary zone), and the outer, less luminescent surrounding area (secondary 
diffusion zone). The highest temperature is generally found directly above 
the inner cone. This region is therefore suitable for the measurement, 
thanks also to the fact that the background radiation is at its weakest 
here. 

In FES, grating or quartz-prism monochromators are commonly used as wave­
length selectors for the polychromatic line radiation coming from the atom 
reservoir (flame). 

In simpler devices, so-called filter photometers, the monochromator is 
replaced by filters which have the task of allowing the desired spectral 
line to pass as easily as possible, but on the other hand to retain the 
lines of other elements to a large extent. An improvement in line selection 
can be achieved by arranging several different filters in series. However, 
one is always dependent on a limited number of filters. In contrast, a 
monochromator has the advantage of being adjustable to any element detect­
able in the flame simply by adjusting the prism. It is even possible to 
select the most favourable line amongst the various lines of an element. 

The transmission region of a monochromator can be continuously adjusted by 
varying the aperture width (adjusting the entrance and exit apertures). 
This makes it possible to reduce interference, but on the other hand 
involves a reduction in sensitivity in the case of narrow aperture widths. 
In order to measure such low radiation power, it is necessary to use a 
sensitive radiation detector with high-quality electronics. 

The exit radiation is measured in a secondary electrori multiplier (SEM) 
used as a detector as the photons hit the photocathode. The latter usually 
consists of alkali-metal alloys, and is of varying sensitivity, depending 
on the spectral range of the incident photon radiation. The electrons which 
are primarily liberated are amplified directly· by a dynode cascade by a 
factor of up to 1010• The anode collector voltages may reach 2500 V. The 
degree of amplification is limited by so-called thermal noise. 

The current signal proportional to the incident light intensity produced 
in the detector or the SEM is fed to an indicating instrument. The measured 
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value can be read against time (quantitative measurement) or against wave­
length (qualitative measurement). The instruments have current-proportional 
digital displays giving a readout of absorption or, if a logarithmic 
converter is connected in series, of extinction. 

In FES, the relative detection 
which the intensity corresponds 
detection limit thus refers to 
optimum measuring range generally 

limit is defined as the concentration for 
to twice the noise level. The absolute 
the masses of this concentration. The 
lies between 15 and 100 times this value. 

It should be noted that while sensitivity and selectivity do indeed 
increase as spectral band width decreases (aperture width of the mono­
chromator), at the same time the total intensity recorded at the detector 
decreases, worsening the signal-to-noise ratio. 

2.4.2 Evaluation 

Since it is difficult to determine all the values contained in the basic 
equation for the evaluation of the intensity measurement, the simpler 
relative method is preferred in FES. This is based on calibrations which 
are carried out with known element concentrations with the same operational 
parameters as for the measurements on the sample. The content of the sample 
of the element to be determined is then given by comparing the intensity or 
extinction of the calibration solution and the sample solution. The aim 
should always be for the matrices of the two solutions to agree. 

A further calibration and evaluation method is the addition method. Here, 
known quantities of the element to be determined are added to the sample 
solution. Treated and untreated sample solutions are then measured. The 
measured intensities or extinctions are plotted on a graph against the 
element concentration with the addition, and the resulting calibration 
curve is extended to the intersection with the abscissa. The value at the 
intersection point with the abscissa represents the concentration of the 
untreated sample solution. The particular advantage of this method lies in 
the fact that if the matrix of the sample is unknown the same matrix is 
retained for the calibration. This method should not be confused with the 
"internal standard" method, where a known, constant quantity of an element 
which was not originally contained in the sample is added to the sample and 
calibration solutions. 

Improved accuracy of evaluation in FES is given by using the so-called 
"pincer method", which is recommended for example for rubidium and caesium 
determination. In this method, two calibration solutions as close as 
possible to the solution for analysis are taken from the series of 
calibration solutions; the concentration of one of the two calibration 
solutions should be below and that of the other calibration solution above 
the concentration of the solution for analysis. Under these conditions 
(optimum approximation = pincer), determination can be carried out to an 
accuracy which deviates from the true value to an ever decreasing extent as 
the difference in concentration between th~ t%, calibration solutions 
decreases and as the calibration curve runs ever straighter. 

Flame-photometric measurements are particularly subject to the influence of 
the following factors: 

1. Surface tension, viscosity and density of the solution under investi­
gation 
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2. Hindrance of evaporation due to accompanying substances which form new, 
thermally stable compounds in the flame with compounds of the element 
to be determined 

3. Mutual influence of excitation of the excitable elements present in the 
sample 

4. Cross sensItIvIty, i.e. raIsmg the measured value by the radiation 
emitted by accompanying elements which reaches the photoelectric detec­
tor as a result of incomplete optical separation. 

In principle, the simplest way to eliminate these disturbing factors is to 
adjust the composition of the calibration solutions with regard to all 
accompanying substances to match the composition of the sample solution 
under investigation. This procedure presumes at least approximate knowledge 
of the composition of the sample which in most cases is not available in 
practice, not to mention the considerable calibration work in each indi­
vidual case. 

Reference is made here to a method perfected by W. Schuhknecht and H. 
Schinkel (Fresenius' Z. Anal. Chem. 194, 161 - 183 (1963) for the elimi­
nation of such interference factors in a mode of operation universally 
valid for alkali determination. It also forms the basis for the methods of 
determination of lithium, sodium, potassium, rubidium and caesium presented 
in this book (Section 3.3). 

In the case of alkali determination, interference factor 2 plays no signi­
ficant role due to the relatively high volatility of all alkali compounds. 
The cross sensitivity, interference factor 4, of most of the elements 
potentially present in the sample is so much smaller than the intensity of 
the alkali lines that it can likewise be ignored. This also applies to the 
mutual cross sensitivity of potassium, sodium and lithium. Alkaline earths 
present in the solution form an exception. The interfering alkaline-earth 
cross sensitivity can be suppressed by adding aluminium nitrate to cali­
bration and measurement solutions as a "physical buffer". Since the rela­
tively high aluminium salt content required here also predominantly 
determines the physical properties of all solutions (surface tension, 
viscosity, density), the addition of aluminium nitrate also dispenses with 
interference factor 1. 

The use of caesium chloride as a "spectroscopic buffer" helps towards 
eliminating interference factor 3. It can be seen that caesium, an element 
with very low ionization energy 0.89 eV), eliminates the mutual influ­
encing of excitation of potassium, sodium and lithium. 

2.5 Emission spectrum analysis 

Spectral analysis is used for qualitative and quantitative analysis. The 
analysis is carried out by producing, observing and measuring the electro­
magnetic spectra of the substances under investigation with the aid of 
appropriate spectrometers. 

In the case of emission spectrum analysis the substance under investigation 
is vaporized under an electric discharge occurring between two electrodes, 
and the atoms are excited to produce radiation by supplying electrical or 
thermal energy. This radiation is produced in the following way: the 
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additional energy raises the electrons of the outermost electron shell of 
the atoms to a trajectory with a higher energy level (orbital); during the 
transition to the ground state the energy previously taken up is released 
again in the form of radiation of particular wavelengths. The radiation is 
then spectrally decomposed in a grating or prism spectrograph. As a rule, 
the line spectrum produced is recorded on a photographic plate. Qualitative 
detection of the elements is made on the basis of the location of the 
spectral lines, and the intensity of the lines serves to determine their 
quantity. Compared with photographic recording, photoelectric measurement 
of the spectra has the disadvantage of lower resolving power. 

The main light or energy sources which can be used to excite the elements 
in trace analysis are the electric arc (direct-current arc) and spark 
discharge. Arc discharge has the advantage of lower detection limits, while 
spark discharge exhibits better reproducibility with lower detection power. 

See also Section 3.4 

2.6 X-ray Fluorescence Analysis 

X-ray fluorescence analysis is used for qualitative analysis of water 
samples, in particular to determine the presence of heavy elements, and 
also for semi-quantitative determination, especially of heavy elements such 
as barium or thallium whose presence has been demonstrated. 

In X-ray fluorescence spectrometry, primary X-ray radiation is produced by 
means of an X-ray tube, exciting the sample located in this beam to emit 
fluorescence. This secondary radiation is rendered parallel by a collimator 
and diffracted and reflected by a movable analyzer crystal. The intensity 
of the radiation is measured in the receiver, e.g. a geiger, proportional 
or scintillation counter, at a wavelength specific to the element. 

In water analysis, a dry 
for X-ray fluorescence 
X-ray tubes excites the 
sponding radiation. 

residue of the water sample is most commonly used 
analysis. The polychromatic radiation emitted by 
heavy elements in the dry residue to emit corre-

This secondary radiation is diffracted in an analyzer crystal, thereby 
breaking it down into the various wavelengths. By measuring the angle of 
d~flection it is possible to calculate the wavelength of the diffracted 
radiation. 

Disregarding higher-order reflections only one value of the angle of deflec­
tion exists for a given wavelength. The spectra emitted by an element 
consist of a small number of characteristic lines. If the ionization of the 
element to be determined takes place in the K shell of the atom, it is 
mainly the K- ex line that is produced. The K- ex line is always accompanied 
by the weaker K-f3 line. 

If ionization of the element to be determined takes place in the L shell, 
then the L spectrum, which has more lines, is observed. Here the L- ex and 
L-f31 lines are preferred for analysis. Thus the fluorescing elements can 
be identified from their emission lines, thereby permitting qualitative 
analysis of the sample. 



Fig. 27. 1) = X-ray tube; 2) = Primary X-ray beam; 3) = Sample; 4) 
escence radiation; 5) = Collimator; 6) = Analyzer crystal; 7) = Receiver 
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Fluor-

For quantitative analysis, which is also possible, it is necessary to 
perform suitable calibrations. 

This involves: 

a) first identifying the element on the basis of wavelength, 
b) measuring the intensity of the radiation emitted, using (for example) a 

proportional or scintillation counter, and 
c) performing the calibration with the aid of calibration samples of appro­

priate concentration under identical experimental conditions. 

Qualitative X-ray fluorescence analysis can form a useful supplement to 
qualitative emission spectroscopy when analyzing water samples, since the 
X-ray, fluorescence technique is particularly good for identifying the 
so-called heavy elements in the dry residues. 

2.7 Atomic Absorption Spectrometry (AAS) 

Theory 

The AAS method is based on the fact that atoms in their ground state can 
absorb light of a particular energy (i.e. frequency). This process is the 
reverse of the emission of light by atoms excited by being exposed to 
energy (e.g. thermal energy in flame photometry). In AAS, light of a 
defined wavelength radiates through the atomizer system (flame or graphite 
tube cuvette) and is absorbed there by atoms in the ground state. The 
quantity of absorbed light is proportional to the concentration of non­
excited atoms. It is measured as selective resonance in a detector. 

Light is emitted at the source of radiation and absorbed by atoms in the 
atomizer system at exactly defined wavelengths and within strictly limited 
spectral ranges (half width of hollow cathode discharge lamps acting as 
source of light, approximately 0.002 nm), whereby each spectrum line is 
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specific for a given element. As every element has its own characteristic 
emission wavelength (which is identical to the absorption wavelength in the 
ground state), hollow cathode discharge lamps whose cathode consists of the 
element to be determined are used as source of radiation. If voltage is 
applied to the two electrodes in the hollow cathode lamp, a glow discharge 
forms in the rare gas atmosphere of the lamp. This excites the cathode 
material, which thus emits its characteristic spectrum 

Over a wide range, AAS obeys Beer's law, which describes a linear relation­
ship between extinction and the concentration of the element in question. 
The concentration required is deterrr,ined by multiplying the measured 
extinction by a calibration factor or by reading off with the aid of the 
calibr ation curve. 

2.7.1 Design of the equipment 

An atomic absorption spectrophotometer consists of a source of light 
(hollow cathode discharge lamp) emitting the spectrum of the element to be 
determined, a monochromator separating from the spectrum the resonance line 
typical of the element in question and selected for the determining 
process, and a detector converting the flow of photons into a flow of 
electrons. An amplifier tuned to the modulation frequency of a rotating­
disc shutter can be connected between detector and indicating instrument. 
This rotating-disc shutter modulates the radiation between source of light 
and sample in accordance with the amplifier frequency. In this way, any 
non-modulated radiation, even if emitted spuriously by the flame, can be 
eliminated. 

The flame can be replaced as an atomization device by flame-less 
"atomizers" (graphite rod, graphite tube cuvette), but special working 
instructions must be observed when using these (see Fig. 28). The advantage 
of this kind of modification lies in a considerable improvement in detec­
tion sensitivity. 

In order to atomize in the flame an element to be determined, the sample is 
sprayed via a pneumatic sprayer into a mixing chamber where it is mixed 
intimately with a combustible gas (e.g. acetylene) and an oxidation agent 
(e.g. air or nitrogen (I) oxide). It then reaches the flame through the 
burner slit in a laminar burner. As a result of the heat, dissociation 
takes place in the atoms which absorb the light at a defined wavelength 
from the hollow cathode lamp. 

-+-:~ 
t{~~~---:r--EJ-0 

2 31456 
Fig. 28. Design of an atomic 
alternating light device); 1) 
Monochromator; lj.) Detector; 
(after B. Welz) 

absorption spectrophotometer (double-beam 
Source of radiation; 2) Flame; 3) 

5) = Amplifier; 6) = Indicating instrument 
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The monochromator used in AAS does not require the high resolving power 
necessary for other spectrometric processes, because spectral interference 
is for the most part eliminated by the use of sources of light specific to 
the element and the selective amplifier. It merely has to eliminate 
adjacent resonance lines in the element to be determined, not emission 
lines from accompanying elements. For this purpose, a resolving power of 
approximately 0.2 nm is generally sufficient. On the other hand, the 
possibility of working with large slit widths (up to approximately 2 mm) 
means a high degree of light passage through the monochromator and thus a 
favourable signal/noise ratio, leading to good identification limits and a 
high degree of reproducibility. 

Disturbances 

An important disturbing factor in AAS is "chemical interference". This can 
occur if the element is present in the flame both in atomic and in mole­
cular form (flame temperature not high enough, secondary reactions with 
formation of compounds which are difficult to dissociate). In this form the 
light emitted by the hollow cathode lamp is not absorbed. 

In order to eliminate these disturbing effects, which as a rule overlap, 
attempts must be made to create more favourable conditions for atomization 
by optimizing the flame and the position of the burner and by increasing 
the flame temperature (e.g. N20/acetylene instead of air/acetylene). 
Individual disturbing factors can be suppressed selectively. Thus, the 
difficulties caused by phosphate when determining Ca and Mg can be elimi­
nated by adding a lanthanum salt. The addition of calcium similarly elimi­
nates the obstacles presented by silicic acid to the identification of 
manganese. In the case of barium, the proportion of atoms ionized in the 
flame reducing the basic level of the (absorbing) population is 
considerable. This problem can be eliminated by adding to sample solution 
and standard an excess of a more easily ionizable element with a similar or 
lower ionization potential (e.g. Na+ as NaCI). 

Interference due to scattered light is particularly noticeable at short 
wavelengths. It arises when the flame contains solid particles or droplets 
of liquid, and also from molecular association of radicals in the flame (0, 
OH, eN) with the added salts. These disturbances can be eliminated by 
largely matching the content of foreign matter in both sample and standard, 
or by making a background correction. The background is measured at a 
wavelength as close as possible to the analytical line, but at which the 
element to be measured is not recorded, and this figure is subtracted from 
the one obtained at the analytical wavelength. 

The use of a continuous radiation source can also eliminate background 
absorption. In this method, radiation from a hollow cathode lamp and 
radiation from a continuous radiation source are transmitted alternately 
through the flame. The advantage is that the correction takes place direct­
lyon the line. A certain disadvantage in this method is admittedly to be 
found in the increase in noise. 

2.7.2 Scope 

The table gives a summary of the elements which can be determined with and 
without flame by means of AAS. 
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Identification limit I1g/1 

Element Graphite tube furnace Flame 
(loa III measuring solution) 

Ag 0.005 1 
Al 0.01 30 
As 0.2 20 
Au 0.1 6 
B 15 1000 
Ba 0.0lJ. 10 
Be 0.03 2 
Bi 0.1 20 
Ca 0.05 1 
Cd 0.003 0.5 
Co 0.02 6 
Cr 0.01 2 
Cu 0.02 1 
Fe 0.02 5 
Hg 2 200 
K 0.002 1 
Li 0.2 0.5 
Mg 0.00lJ. 0.1 
Mn 0.01 1 
Mo 0.02 30 
Na 0.01 0.2 
Ni 0.2 lJ. 
P 30 50 000 
Pb 0.05 10 
Pt 0.2 lJ.0 
Sb 0.1 30 
Se 0.5 100 
Si 0.1 50 
Sn 0.1 20 
Te 0.1 20 
Ti 0.5 50 
Tl 0.1 10 
V 0.2 lJ.0 
Zn 0.001 1 

Examples of relative identification limits (in I1g/l) which can be achieved 
with the graphite tube furnace and flame techniques. The values for the 
graphite tube furnace technique relate to a sample volume of 100 Ill. 

The table gives average values which are subject to considerable fluctua­
tions from case to case depending on equipment, composition of the sample 
and the method selected to optimize the parameters for the instruments. 

A number of metals (e.g. AI, Ba and Be) require the use of a (hotter) 
N20/acetylene flame to dissociate the molecules. Barium can be sprayed into 
the flame directly in aqueous solution, whereas for the determination of 
aluminium and beryllium in the concentrations in which they are found, for 
example, in water treatment in waterworks, previous enrichment is necessary 
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by chelating and extracting the metal-chelate complexes with an organic 
solvent. 

There are no generally valid working instructions for handling the equip­
ment. Under all circumstances, the instructions supplied with the equipment 
by the manufacturer are binding. Attention should be paid to good horizon­
tal adjustment to the equipment, to the correct insulation of the hollow 
cathode lamp and to correct setting of the monochromator to the wavelength 
of the element in question. Check slit width and lamp current as stated by 
the manufacturer. After igniting the flame, adjust the flow of oxidizing 
gas and combustible gas accurately. Adjust burner to maximum absorption and 
flame stability. 

When spraying organic solvents into the flame (after extraction stages, see 
Sections 3.3. and 3.4), the combustible gas/air ratio should be reduced, as 
the organic solvent itself acts as combustible gas. If this step is not 
taken, there is a risk of an interfering luminescence if the flame rises to 
high above the burner. In order to correctly adjust the ratio of combusti­
ble gas to air, commence with the mixture ratio prescribed by the manufac­
turer for the appropriate analysis, and then reduce the supply of combusti­
ble gas step by step, in line with the spray rate of the organic solvent, 
so that the flame remains at the same height as it was before spraying 
started. The air/acetylene flame is regulated to give a bluish colour 
rather than burning brightly. The flow of the acetylene for the laughing 
gas flame is regulated so that the flame takes on a pink colour. In 
general, the flow of acetylene for a laughing gas flame must be double the 
flow for an air/acetylene flame. 

2.7.3. General aspects of calibration and analysis 

After producing suitable series of dilutions from the stock metal 
solutions, first spray for 2 minutes with demineralized water (4 5 
ml/min.). The standard solutions are then atomized. A blank sample consist­
ing of demineralized water should be inserted between every two measure­
ments. The readings are plotted as "extinction against concentration" (in 
Ilg/l). 

In the case of metals which are determined 
in an organic solvent, all procedural steps 
calibrating process. The calibration curves 
practically linear. 

after enrichment by extracting 
must also be applied in the 
for nearly all elements are 

The samples for analysis and calibration are treated according to the 
equipment instructions prescribed by the manufacturer. In order to keep the 
equipment drift as low as possible, care should be taken that all measure­
ments (blank reading, calibration and sample solutions) are taken speedily 
one after the other without unnecessary pauses. At least three readings per 
measurement should be taken to determine the average value. In cases of 
uncertain values, the "pincer" method should be used. Repeated checking of 
the zero point is particularly important in the case of samples with low 
extinction, because a zero point drift can easily occur with increasing 
soot formation on the burner. 
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2.7.4 AAS measurements using the graphite furnace technique 

The sensitivity of the conventional flame techniques is limited in that 
only 3 to 10 % of the sprayed sample reaches the flame. A feed system 
consumes approximately 4 ml/min., of which 0.2 ml/min.- reaches the flame. 
With a gas flow rate of 10 J/min. in an air/acetylene burner, the sample is 
thus diluted approximately 50 OOO-fold. If the same solution is dried and 
the dry residue rapidly heated and atomized, a considerable increase in 
sensltlvlty is to be expected. This can be achieved by placing a small 
volume (2 to 50 ~l) in the graphite tube cuvette. The table above shows 
examples of the relative detection limits of the graphite tube furnace and 
flame techniques. The graphite tube cuvette is normally 2 to 5 cm long. By 
applying high currents of low voltage to the ends of the tube, the cuvette 
is heated. By means of this type of resistance heating, a precise gradu­
ation of the heating temperature and thus the selection of optimum tempera­
ture conditions for atomization of every single element can be achieved. 
Atmospheric oxygen should be kept away from the system, which must there­
fore be flushed with inert gas. The maximum operating temperature is in the 
region of 3000 °C. The majority of cuvette manufacturers supply tubes 
coated with pyrolytic graphite. This improves sensitivity and reduces 
"memory effects" in the case of such carbide-forming elements as molyb­
denum, silicon, titanium and vanadium. Furthermore, improved resistance to 
oxidizing mineral acids and longer life at higher temperatures can also be 
observed. 

Nitrogen is frequently used as shielding gas. As a rule, however, argon is 
used in the case of elements which form nitrides, e.g. barium, molybdenum, 
titanium and vanadium. In order to reduce condensation of the sample and 
evaporation of the matrix products at the cooler ends of the cuvette, the 
shielding gas is usually fed in at the ends and escapes from the sample 
insertion hole. The flow of gas is usually optimized by the equipment 
manufacturer. 

The sensitivity of this technique depends directly on the volume of the 
sample. Volumes of between 10 and 20 ~l are very frequently used. The use 
of an automatic feed system is of considerable importance in this graphite 
tube AAS technique, having a crucial influence on the sample dosing on 
which precIsIOn and accuracy depend. Thus, not only the point in the 
graphite tube at which a sample is introduced is important, but also how 
the drop is applied to the tube wall. These factors can only be completely 
controlled by automation. A degree of reproducibility better than 1 % is 
achieved in this way. 

The majority of commercial appliances allow temperature and time selection 
for evaporation of the solvent, for the incineration phase and for the 
atomization phase. It is important for the sample to evaporate completely 
before the incineration phase commences. If the heating rate is too rapid, 
the solvent spatters and reproducibility deteriorates appreciably. The 
temperature for incineration should be selected so that the maximum evapora­
tion of the matrix occurs without reducing the concentration of the element 
to be determined. In the case of samples with high proportions of volatile 
substances, mechanical loss can occur if incineration is too rapid. It has 
proved suitable for evaporation of the solvent to raise the temperature 
rapidly to near the boiling point of the solvent, to continue heating 
slowly to boiling point and slightly beyond, and to stay at this tempera­
ture approximately 10 to 20 seconds. The rises in temperature are usually 
followed by an isothermal phase. As rapid a· rise in temperature as possible 
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is selected to atomize the element, sihce the more rapid the heating rate, 
the greater the density of the atom cloud and hen'ce the greater the sensi­
tivity. If the matrix accompanying the sample is not removed during the 
atomization phase, changes in sensitivity can be observed after a certain 
measuring time. This can be overcome by selecting a noticeably increased 
final temperature after approximately 10 to 20 samples. In complex matri­
ces, e.g. salt waters, a slow heating rate can be selected in order to 
separate the element to be determined from the matrix. 

In the case of non-saline waters, the maximum heating rate is usually 
selected, as this generally reduces chemical interference. Sensitivity is 
also increased, particularly with such low-volatile elements as molybdenum, 
titanium and vanadium. It is of considerable importance to heat the cuvette 
to a higher temperature than the atomization temperature of the element to 
be determined. 

The signals produced can be evaluated with the aid of the peak-area method 
or the peak-height method. Suitable integrators are available for this 
purpose in modern equipment. 

Non-specific background absorption occurs to a larger extent in the 
graphite furnace technique than with flame AAS. For this reason, it is 
urgently recommended that automatic background compensation be used. When­
ever a new method is developed, the background absorption of typical 
samples should be checked. If such significant absorptions exist, improve­
ment can be achieved by modifying such parameters as incineration tempera­
ture or by adding matrix modifiers. Interference phenomena can be further 
reduced by a variety of methods, e.g. calibration with the aid of the 
standard addition process, or selective extraction of the element to be 
determined. Interference should be checked with graphite tube cuvettes of 
different ages. 

2.7.5 Example of an AAS measuring system after Perkin-Elmer 

A tomic absorption spectrometry (AAS) is one 
instrumental techniques of analysis for the 
metals and metalloids particularly in water 
wastewater, refuse seepage water, sludges 
Section and Sections 3.3 and 3.4) 

of the most commonly used 
quantitative determination of 

samples, including those from 
and wastes. (See preceding 

The main advantages of AAS are its high specificity and selectivity, the 
sensitivity being variable over broad ranges depending on the type of 
atomization selected (flame, graphite, cold vapour or hydride technique). 

Information concerning the equipment used, the hollow cathode lamps, the 
graphite tube, hydride and cold vapour devices can be obtained from the 
suppliers of this equipment together with further details of fuel gases, 
safety regulations, fume exhaust facilities and evaluation units. Enquiries 
are always valuable, amongst other things because the development of this 
type of apparatus is constantly advancing, as is the entire field of 
instrumental analysis. 
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4 5 6 7 8 

Fig. 29. 1) = Spectrometer; 2) = Data system; 3) = Printer; I.j.) = Cold­
vapour and hydride technique; 5) = Graphite-tube furnace with automated 
sample feed; 6) = Graphite-tube furnace; 7) = Burner; 8) = Flame unit with 
automated sample feed (Perkin- Elmer) 

2.8 Atomic Emission Spectrometry with Inductively Coupled Plasma 
Excitation (ICP-AES) 

2.8.1 General 

A solid state of aggregation is no longer possible above 6000 °C. At such 
temperatures, states occur which can be described as "plasma" in the widest 
sense of the word. Plasma is characterized by the fact that electrically 
charged particles are created by the breaking up of gas molecules - a 
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process referred to as ionization. A plasma is thus a gas whose atoms or 
molecules have to a greater or lesser extent broken up into positive and 
negative charge carriers. 

For atoms to ionize, a specific energy, the so-called ionization potential, 
must first be applied. This energy must furthermore be fed to the atom 
itself. The ionization potential is expressed in electron-volts (eV). The 
value for the majority of elements lies between 4 and 25 electron-volts. 

In emission spectrometry, plasmas have the task of exciting the atoms to be 
measured to emlSSlOn. Plasma is in principle an electrically conductive, 
fluid system in predominantly gaseous matter. The properties of a plasma 
are determined by the charge carriers already mentioned and by its quasi­
neutrality, as the plasma has an overall electrically neutral effect when 
observed for a longer period of time. 

A plasma is produced by transferring electrical energy to a flow of gas. In 
the case of inductively coupled plasma, a high frequency generator with an 
induction coil is used to supply energy for the ionization potential 
required. The energy is directly proportional to the density and tempera­
ture of the plasma. In most cases, easily ionizable argon, and in some 
cases helium is used as gas. When using a cooler gas, e.g. nitrogen, as 
cooling jacket, the temperature of the plasma and thus the ionization 
potential can be increased simultaneously. In this way, ionization poten­
tials in the upper electron-volt range can also be achieved. 

It is particularly important for the practical analytic 
plasma that high temperatures speed up thermal ionization. 
used as follows in inductively coupled plasma (rCP). 

application of 
This effect is 

A gas is fed through a system of quartz tubes whose shape facilitates flow 
and to the end of which a strong current of high frequency is applied. 
After ionization of the gas, a homogeneous plasma of high thermal intensity 
is produced. Minutely atomized particles of solution are fed via an added 
carrier gas into the hot plasma core and atomized or ionized as a result of 
the residence time of these element particles in the plasma. This causes 
the elements to emit spectra which can be recorded qualitatively and 
quantitatively with the usual spectrometric systems (Fig. 30). 

In recent years, inductively coupled plasma excitation OCP) has particu­
larly come to the fore. By means of the high temperature produced in an 
rcp, which can reach up to 10000 K in the region of the high frequency 
generator, a very efficient transfer of energy from the plasma to the 
sample material is achieved, together with relatively long residence time 
of the aerosol in the system of excitation. Above all, two phenomena are 
avoided in ICP which occur in conventional atomic absorption spectrometry: 

1. Absorption of the radiation emitted within the source of radiation by 
atoms from the same element. This phenomenon, referred to as self­
absorption, has the effect of extending the physical line profile. 

2. Absorption by atomic vapour of lower temperature in the peripheral zones 
of the source of radiation. In this phenomenon, referred to as 
"self-reversal", radiation at the line centre is lower than that at the 
flanks. Both In self-absorption and in self-reversal, reductions in 
sensItIvIty can occur. It is also advantageous that alkaline-earth 
elements and boron and silicon can be determined free of any interfer­
ence on account of the low partial pressure of oxygen in the ICP. 
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Fig. 30. Schematic diagram of rep; 1) = HF generator; 2) = plasma 10,000 K; 
3) = source slit; 4) = refractor plate; 5) = grating; 6) = atomizer; 7) = 
sample; 8) = amplifier; 9) = exit slit; 10) = photomultiplier; 11) = argon; 
12) = simultaneous measurement system; 13) = computer; 14) = terminal; 15) 
= printer 

Each rep system consists of a high frequency generator with induction coil, 
the plasma burner, an atomizer chamber, the atomizer and an appropriate gas 
supply. Attention must also be paid to further factors necessary for an 
effective measuring sY$tem, such as the actual height of the high frequency 
output at the induction coil, the use of a gas as cooling jacket, the 
mechanical flexibility of the burner unit and various technical elements 
(pump, needle valves, flow meter for gas control). 

The conditions for measurement can be selected for routine analysis so that 
approximately similar conditions of excitation exist for a particular 
prescribed number of elements. For this reason, rep is particularly 
suitable as source of excitation for multi-element analysis of solutions. 

2.8.2 Equipment 

The total configuration of equipment consists of the following modules: 

- High frequency generator 
- Plasma burner 
- Atomizer system 



113 

- Spectrometer 
- Systems for processing measured values 

The high frequency generator supplies the energy for the inductively 
coupled plasma. As a rule its output lies between 0.7 and 2.5 kilowatt at a 
normal frequency of 27.12 MHz. 

In the majority of cases, argon is used in the plasma burner both as plasma 
gas and as cooling gas. The burner consists of three quartz tubes inserted 
one within the other, with the tulip-shaped interior tube initially ensur­
ing a build-up of gas which is only then followed by high acceleration 
along the interior wall of the outside tube. The cooling gas is fed into 
the high frequency field via the outside tube. It is required exclusively 
for the formation of the plasma. The temperature achieved is approximately 
10 000 oK. The consumption of cooling gas is 10 to 20 litres per min. 

As is also the case in atomic absorption spectrometry, the sample must 
enter the burner via an atomizer in rep as well. The efficiency of the 
atomizer plays a considerable role in producing as finely distributed an 
aerosol as possible. For example, the Meinhardt atomizer, a concentric 
pneumatic glass atomizer with fixed capillaries, is often used. The quanti­
ty of carrier gas and the efficiency of the atomizer have in the meantime 
been well matched for rep analysis. The cross-flow atomizer similarly works 
on pneumatic principles. The two capillaries used are adjustable and can be 
adapted to differing plasma conditions. At a carrier gas flow of approxi­
mately II/min. 0.5 to 2 ml/min. of sample can be sucked in depending on 
capillary diameter. The ultrasonic atomizer offers the highest efficiency 
of all atomizer systems known to date. The sample solution is drawn in by a 
peristaltic pump and fed via a capillary to an ultrasonic vibrator disc. 
Its advantage is a considerable increase in intensity compared with pneu­
matic atomizers, but memory effects as a result of the fine atomization 
make rinsing periods of several minutes necessary. 

Sequence emission spectrometers and multi-element emiSSIOn spectrometers 
are used in Iep analysis according to the method of analysis required. In 
the case of the Iep sequence spectrometer, the constituent elements are 
measured sequentially, i. e. consecutively. The different wavelength ranges 
in the spectrum are selected by turning a grating. Depending on which 
element is selected, a synchronized automatic wavelength selector selects 
the appropriate wavelength, and this demands a high degree of precision in 
the movement mechanism of the grating. In this variation of an Iep spectro­
meter, the lines of analysis can be freely selected, which is advantageous 
in the case of possible background interference. 

In the case of the simultaneous spectrometer, the quantity of a large 
number of elements can be recorded at the same time within a very short 
period. Good dispersion, high resolving power, a wide spectral range, and 
where possible process control coupled with data processing are the require­
ments for such a system. Limitation to a pre-determined selection of 
elements is a disadvantage. The information gained in Iep should, like the 
total programme sequence, be evaluated and/or controlled by coupling to a 
suitable computer. For example, the following operations can be automated: 

- Input of data and user programming by interactivity 
- Determination of the spectral window and number of wavelengths to be 

measured 
- Recording the calibration concentration, determining the signal/noise 

ratio, calculation of mean value and variance. 
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- Dynamic background measurement at any specified distance from the peak 
- Filing of spectra on storage media 
- Reporting results of analyses and output of all necessary measuring and 

result parameters 
- Retrieval of stored spectra from the data media 
- Control of automatic sample feed equipment 

2.8.3 Analytical limits 

lCP is used to analyze samples of water and waste water, and also solid 
samples after suitable maceration processes. The detection limits and 
reproducibility factors (coefficients of variation) are summarized at 
defined wavelengths for 2lf elements in the following table (Hoffmann). 

It is clear that the detection limits lie in the same range as for flame 
AAS. The advantages over flame AAS lie in the possibility of determining 

Reproducibility and detection limits in lCP emission spectrometry 

Element Wavelength 

nm 

Ag I 328.07 
Al 1 308.22 
As 1 193.69 
B 1 2lf9.68 
Ba II lf93.lf1 
Be II 313.0lf 
Ca II 396.85 
Cdl 228.50 
Co II 228.62 
Cr II 205.55 
Cu I 32lf.75 
Fe II 259.99 
Mgll 279.08 
Mnll 257.61 
Moll 202.03 
Na I 589.59 
Ni II 231.60 
P 1 21lf.91 
Pb II 220.35 
Sb 1 206.83 
Sn II 189.99 
Sr II lf07.77 
V II 292.lfO 
Zn I 213.86 

I) A tomic line; II) Ionic line 

Detection 
limit 

iJg/1 

6 
20 
30 

5 
1 
0.5 
0.5 
2 
3 
6 
2 
3 
0.5 
1 
5 

20 
10 
50 
20 
30 
30 
0.5 
5 
2 

Coefficient of variation 

for 1 mg/l 

0.6 
1.5 
1.2 
0.6 
O.lf 
0.7 
0.5 
0.8 
0.8 
0.6 
0.2 
0.6 
O.lf 
0.7 
0.7 
1.0 
O.lf 
1.5 
1.1 

1.0 
0.5 
O.lf 
0.5 

for 10 mg/l 

0.3 
0.9 
1.0 
0.5 
0.3 
0.6 
O.lf 
O.lf 
0.7 
0.6 
0.2 
0.5 
0.3 
O.lf 
0.7 
0.5 
0.3 
0.5 
0.9 

0.8 
0.3 
0.2 
O.lf 
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the elements phosphorus and silicon. Enrichment processes must be carried 
out before analyzing elements in the lower trace range, such as occur in 
ground water or drinking water. 

2.9 Fluorescence Spectrometry 

The application of fluorescence spectrometry presupposes that the substan­
ces to be analyzed display fluorescence which can be measured, or can be 
made fluorescent by such measures as producing derivatives. Precisely these 
processes of producing derivatives are becoming increasingly important, as 
in many cases they make it possible to take advantage of the benefits of 
fluorimetry and its low detection limits. 

2.9.1 Equipment 

The four main components of a fluorescence spectrophotometer are as follows: 

- Light source for excitation 

Monochromator or filter for the selection of excitation and emission 
wavelengths 

A schematic configuration of a fluorescence spectrophotometer is shown in 
Fig. 31. 

2 

Fig. 31. Schematic diagram of a fluorescence spectrophotometer; 1) = Power 
supply; 2) Light source; 3) = Slit; 4) Excitation monochromator 
(filter); 5) = Light-absorbing wall; 6) = Measuring cuvette; 7) = Emission 
monochromator (filter); 8) = Photometer, recorder; 9) = Photomultiplier 
cell 
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- Measuring cuvette 

- Photomultiplier cell as detector 

The sources of excitation frequently employed in spectrophotometers for 
measuring fluorescence are gas discharge lamps. These have the advantage of 
a high radiation intensity and of emitting over a wide range of wavelength 
from approximately 200 nm to above lOOO nm. The most important types are 
mercury vapour, xenon or mercury-xenon lamps. The lamps most commonly used 
are high-pressure lamps in which the intensity of excitation must be kept 
constant. Tungsten lamps are also suitable in tile visible range. However, 
their intensities fall off appreciably in the ultraviolet range. 

The wavelengths in fluorescence spectrophotometers are generally selected 
with the aid of monochromators; line emitters are predominantly used in 
simple filter fluorimeters, but continuum radiators can also be employed in 
conjunction with cut-off filters. Fig. 32 clearly shows the basic principle 
of a monochromator. 

The radiation arriving from the fluorescent sample is focussed by condens­
ing lens L onto entrance slit S. The light passing through this entrance 
slit passes through the collimating lens K and the prism (or grating) D, 
where it is dispersed into a spectrum. The light emerging from this dis­
persion unit is focussed by lens F onto exit slit Sa. The exit slit 
isolates a narrow range of the spectrum. For high standards in the case of 
mixtures, types of equipment possessing monochromators to diffuse the 
excitation and emission radiation are necessary. 

In contrast to cuvettes for measuring absorption, the standards of measur­
ing cuvette accuracy required in fluorimetry are not so high, as only a 
comparatively small range of the excitation radiation is recorded. In this 
context, the effect of flaws in layer thicknesses and parallelism is not as 
great as when measuring absorption. As a rule, square or round cuvettes are 
used. In contrast to cuvettes for absorption photometry, cuvettes for 
fluorimetry are permeable on all sides, as the fluorescent radiation is 
emitted on all sides. For special tasks (e.g. low cuvette volume in high­
pressure liquid chromatography), flow-through cells with very low layer 
thicknesses are used. 

The light signal leaving the cuvette is directed into a detector, which is 
generally a photomultiplier cell. When light falls on the photo-cathode, 
electrons can be released which are subsequently attracted and collected by 
the anode. A potential difference of approx. lOa V is generally maintained 
between cathode and anode by means of an external voltage supply. The 
electrical output of a photomultiplier cell is a direct current signal. One 
disadvantage of such direct current amplifiers is the fact that not only 

o 

Fig. 32. Schematic diagram of a monochromator 
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the component of photocurrent due to the emitting sample is amplified, but 
also undesired components of the photocurrent, e.g. the dark current of the 
detector. 

Compensating apparatus is employed to eliminate such difficulties. 

2.9.2 Interference 

Considerable problems can arise in fluorimetric analysis from the selection 
of the solvent. Fluorimetric analyses are generally conducted in those 
solvents whose states of electron excitation are higher in terms of energy 
than those in the substances to be analyzed. The absorption of excited 
light is thus hindered by the solvent. In addition, the solvent should be 
photochemically stable, i.e. during measurement there must be no formation 
of photochemical species which may under certain circumstances absorb or 
fluoresce in the spectral range of the sample. As a rule, non-polar 
solvents, such as n-heptane, cyclohexane or benzene, should be preferred in 
fluorimetry. 

Many organic compounds can be determined in the range of concentration 
below !lg/ml due to their intrinsic fluorescence. A variety of compounds 
(aromatic hydrocarbons, heterocyclic and conjugated, non-aromatic substan­
ces) display high molar absorption coefficients. 

In the production of derivatives from functional groups, a fluorescent 
group of one reagent is transferred onto the substance to be analyzed. A 
new fluorescent system is thus formed. Such production of derivatives has 
been described for amino groups and thiol, carbonyl and carboxyl groups. 
Notable reagents for the production of derivatives are fluorescamine, 
o-phthaldialdehyde or DANS-CI (= 5-dimethylaminonaphthalene-l-sulphonyl chlor­
ide). 

Measurements of the intrinsic fluorescence of substances in thin-layer 
chromatography can be conducted directly on the thin-layer plate. Poly­
cyclic aromatic hydrocarbons are frequently analyzed in this way. The 
determination of aflatoxins, a group of highly carcinogenic and toxic 
substances, is also conducted with the aid of fluorimetry on the thin-layer 
plate. In addition, numerous pesticides are detected fluorometrically on 
thin-layer plates, due to their molecular structure. Depending on the type 
of substance and the nature of the adsorption material, detection limits of 
between 1 and 20 ng are achieved. Inorganic substances present in water can 
also be detected by fluorimetric means, e.g. traces of uranium (3.4). 

2.10 Infrared Spectroscopy 

2.10.1 General remarks 

Analytical significance of the infrared spectrum: 

Infrared spectroscopy (IR spectroscopy) is a form of absorption spectrosco­
py, and is an important and easily applied method of qualitative and quan­
titative instrumental analysis of the molecule: by means of this method it 
is possible to establish those functional groups of atoms which are present 
in the molecule and those which are not present, how they are linked, what 
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form the structure of the molecule takes and the degree of concentration of 
substance. For the purpose of water analysis, the use of infrared spectros­
copy is currently still limited to the testing of concentrations of organic 
substances, e. g. oils and fats, followi"ng extraction. Since the method is 
constantly being further developed, however, a discussion of the general 
principles appears useful within the overall framework of water analysis 
for organic contaminants. 

The measured variable is the transmittance of the substance under analysis, 
as a function of the wave number 

.!. (cm-l) 
A 

or the wavelength (11m) of the infrared light. The wave number is defined 
as the number of waves per centimetre of path. The correlation between wave 
number and wavelength is 

.!. = X cm- 1 => A = 10 000 11m. 
A X 

The sample may be in gaseous, liquid or solid form. 

Measurements are made in the infrared range of the spectrum between about 
4000 and 400 cm- 1 or 2.5 and 25 11m. The result of measurement is plotted 
as a curve and is termed the IR spectrum. The spectral ranges with low 
transmittance are known as absorption bands. The analytical significance of 
an IR spectrum is deduced primarily from the position of the bands and band 
groups within the spectrum and their intensity and form. 

Approximately 1 mg of a substance is required to record an IR spectrum. If 
microscopic techniques are used to prepare the sample, as little as 10 I1g 
of the substance provides a representative IR spectrum. For measuring 
purposes, this permits infrared spectroscopy and gas chromatography to be 
combined, and may imply the combination of structure elucidation and 
substance separation. 

Equipment manufacturers now offer Fourier-transform IR spectrometers as 
standard. These use the multiple-scan technique to analyze about 1 I1g of 
substance and extend the examined spectral range to 10 cm- 1 or 1 mm wave­
length, to the boundary of the microwave range. Fourier-transform IR spec­
troscopy facilitates the interlinking of gas chromatography and infrared 
spectroscopy. 

The problem as far as water analysis is concerned is the detection limit 
of IR spectroscopy. This is in the percentage range, or under particularly 
favourable conditions in the range of mg/kg. 

The bands in the IR spectrum result from the ability of the molecule to 
absorb defined, measurable amounts of energy (energy quanta) from the 
infrared radiation. The magnitude of these amounts of energy is specific to 
the molecule and determines the wave number or the wavelength of the band. 
The absorbed energy excites the atoms in the molecule such that they 
vibrate. The prerequisite for a molecule to absorb infrared light and thus 
be caused to vibrate is an electrical dipole moment which changes periodi­
cally whenever vibration takes place. Consequently, even molecules which 
have no permanent electrical dipole moment may also be IR-active. 
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A tomic vibration parallel to the directed valency is termed stretching 
vibration. It brings about a periodic change in interatomic spacing. Atomic 
vibration perpendicular to the directed valency is known as bending 
vibration. In this case the interatomic spacing remains constant but the 
valency angles change periodically. Accordingly, a molecule may vibrate in 
a number of ways (normal vibrations). In IR spectroscopy, however, only a 
small number of vibrations are activated at anyone time. 

If stretching and bending vibrations have been localized within the 
molecule, the characteristic wave numbers of the associated band (group 
frequencies) indicate the presence of particular functional groups and 
types of bonds. For example, stretching vibrations of: 

C-H in aromatic hydrocarbons 3000 3100 cm-1 
C-O in alcohols, ethers, carbonic acids and esters 1080 1300 cm-1 
C=O in aldehydes, ketones, carbonic acids and esters 1690 1760 cm-1 
C-H in alcohols and phenols with hydrogen bridges 3200 3600 cm-1 
C-N in amines 1180 1360 cm-1 
C=N in nitriles 2210 2260 cm-1 

If the vibrations are not localized, but instead the molecule vibrates as a 
unit, this is known as skeletal vibration. The excitation energy required 
for skeletal vibration is very closely dependent on the structure of the 
molecule. The associated bands are typical for the whole molecule. They are 
to be found in the spectral range between about 1500 and 500 cm-1 or 6.5 
and 20 11m. This fingerprint range also includes the bands of the stretching 
vibrations of heavy atoms and metals and the bands of bending vibrations. 

It is significant that the characteristic wave numbers of functional groups 
are different in differing chemical surroundings for the same group of 
atoms. The vibration sequence, the group frequency and hence ·the spectral 
position of the absorption band of a functional group change as a result of 
interaction (mechanical and electrical coupling) with the rest of the 
molecule. The greater the difference between the functional groups and the 

Fig. 33. Schematic structure of a double-monochromator infrared device; S) 
= radiation source; M) = measuring beam; 2 radiation paths; Vg) = reference 
beam; Sp) = rotating mirror system; E) = entrance mirror; A) = exit mirror; 
D) = detector; K) = aperture; the aperture setting is a measure of the ab­
sorption of the substance at a given wavelength 
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rest of the molecule in terms of atomic mass, the type of bond and distri­
bution of electrons, the less marked the change is. This interrelationship 
is utilized for structure elucidation of the molecule with great success. 
Hydrogen bridges are a noteworthy form of mechanical and electrical 
coupling between molecules. They have the effect of shifting the OH group 
frequencies to lower wave numbers. 

Double-beam IR spectrometer (schematic diagram), see Fig. 33. 

2.10. 2 Evaluation of an IR spectrum 

When evaluating an IR spectrum the first step is to attempt to identify the 
high intensity bands and band groups. To do this, the practical analyst 
makes use of a comprehensive collection of IR spectra which is arranged 
according to families, structural features and functional groups and is 
equipped with search aids. He should constantly supplement the collection 
with spectra he has recorded himself. Careful comparison of spectra and 
familiarity with the possibilities and limitations of the method have been 
shown to form an essential basis for analytical findings, and this is 
equally true in IR spectroscopy. The conclusions drawn may be checked 
against other analytical data. Uncritical application of reference spectra 
and frequency tables leads to incorrect results. 

A number of laboratory rules for use in the experimental evaluation of IR 
spectra have been established empirically: 

The prerequisite for structural elucidation is a chemically pure substance. 
If its molecular weight is known, this facilitates structural elucidation. 
The IR spectrum is to be read from left to right. 

A tomic oscillators with strong 
Oscillators which are damped, 
bridges, produce broad bands. 

polar 
e.g. 

bonds provide high-intensity bands. 
by their interaction with hydrogen 

If the band characteristic of a functional group is mlssmg in the spectral 
range, it is highly probable that the functional group is absent from the 
molecule. 

If a characteristic spectral range contains the band of a functional group, 
it is highly probable that a molecule contains this group only if bands of 
this group also appear in other spectral ranges. 

High-intensity bands may almost always be assigned uniquely to functional 
groups. 

In order to be able to determine the substance class at hand, first study 
the spectral ranges of the C-H stretching vibrations between 2700 and 3100 
cm- l , the C=C stretching vibrations between 2100 and 2300 cm-1, the C=C 
stretching vibrations between 1500 and 1690 cm- 1 and the C-H wagging vibra­
tions, a form of bending vibrations, between 690 and 1000 cm-1. 

Fig. 34 shows the IR spectrum of an aromatic compound. This is indicated by 
the bands between 3000 and 3100 cm- 1 (aromatic C-H stretching vibration)l 
in combination with the high-intensity bands at 1585, 1478 and 1446 cm­
(aromatic C=C stretching vibrations) and with the bands at 695 and 735 cm- 1 
(aromatic C-H wagging vibrations). 
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4000.0 3200.0 2400.0 1900.0 1500.0 1100. a 850.00 650.00 400. 00 
WAVENUMBERS (CM-l) 

Fig. 34. The infrared spectrum of chlorobenzene. Path length 10 ~m; 1) = 
"Benzene fingers" monosubstituted 

The spectral position of the two last-named bands, in conjunction with the 
previously established facts, points towards a monosubstituted benzene ring. 

This interpretation is reinforced by the band shape of the combination 
vibrations in the "benzene finger" region between 1650 and 2000 cm- 1. In 
this case it consists of four main bands; their intensity decreases from 
left to right. The high-intensity band at 1080 cm- l is the signal of an 
aromatic C-CI stretching vibration. It is not possible to determine bands 
of other functional groups in the spectrum. Accordingly, it can be said 
that we are here dealing with chlorobenzene. 

Fig. 35 shows the IR spectrum of a pure mixture of xylene isomers and is 
the result of the superimposition of three single spectra. 

The aromatic character of the compounds is nevertheless clearly recogniz­
able. The bands at 2920 and 2865 cm- l belong to the C-H stretching 
vibrations in the CH 3 groups. The C-H bending vibrations give rise to the 
bands at 1375 and 1465 cm- l • 

The high-intensity, specific analytical bands of the aromatic C-H wagging 
vibrations at 741 cm- l (o-xylene), 769 cm- l (m-xylene) and 795 cm- I 
(p-xylene) are of major diagnostic value. 

In order to be able to conduct IR spectroscopy and achieve reproducible 
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Fig. 35. The infrared spectrum of a pure mixture of xylene isomers. Path 
length 10 11m; (Mixture of 0-, m- and p-'xylene) 

results, it is necessary to use a double-beam device. The sample to be 
analyzed is placed in the path of the measuring beam, and standards and 
known reference samples are placed in the reference beam path of the IR 
spectrograph. In this way, the spectrum can be compensated and a quantita­
tive result obtained. 

The IR spectrum in Fig. 36 also indicates an aromatic compound (D.O. 
Hummel) • 

Evaluation per example in 11m: 

Between 3.2 and 3.3 11m, aromatic C-H stretching vibrations; at 6.2,6.7 and 
6.8 llm bands of the aromatic C=C stretching vibrations; at 13.3 and 14.5 11m 
bands of the aromatic C-H wagging vibrations. 

This high-intensity band at 3.0 11m is caused by O-H stretching vibrations 
and the band at 7.4 11m by O-H bending vibrations. We are in all probability 
dealing with a phenolic O-H group. The intense band at 8.2 11m supports this 
assertion. The band indicates a C-C stretching vibration in phenol. The OH 
and CO bands are key bands for alcohols and phenols. In phenols the C-O 
bond is attributed more double-bond characteristics than in alcohols. In 
phenol this brings about a shift of the CO band to lower wavelengths or 
high wave numbers than in alcohols (C-O stretching vibrations in phenols 
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4000.0 J200.0 2400.0 1900.0 1500.0 1100.0 850.00 650.00 400.00 
WAVENUMBERS (CM-1) 

Fig. 36. Infrared spectrum of phenol; 1) = phenol 

between 1150 and 1250 cm- l , or 8.7 and 8.2 IJm, and in alcohols between 1070 
and 1170 cm- l , or 9.3 and 8.6 IJm.) 

Since other functional groups are absent, the substance under investigation 
can be identified as phenol. 

The IR spectrum in Fig. 37 does not contain the typical aromatic signals, 
and therefore originates from a non-aromatic compound. The bands at 2860 
and 2940 cm-1 indicate C-H stretching vibrations in CH2 and CH3 groups. 

At 1375 cm-1 one may observe the C-H bending vibrations in CH3 and at 1460 
cm-1 the C-H bending vibrations in CH2 and CH3. The medium-intensity band 
at 720 cm- 1 is characteristic and arises as a result of skeletal vibrations 
of a methylene chain with generally more than 3 components. The spectrum 
rules out the possibility of the presence of other functional groups. 
Accordingly, we are dealing with an aliphatic hydrocarbon. Since the bands 
of the C=C and the C=C stretching vibrations are also absent, it is an 
alkane. After determination of the molecular weight it would be identified 
as n-hexane. 

2.10.3 Preparation and handling of the samples 

The aim of sample preparation for IR spectroscopy is to obtain thin, plane­
parallel layers of the substance under investigation. This is almost always 
successful; the state of aggregation of the substance plays no decisive 
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Fig. 37. Infrared spectrum of n-hexane. Path length 10 11m; 1) = n-hexane; 
2) = skeletal vibration 

part. It is customary to use path lengths between a few 11m and lmm or in 
special cases somewhat thicker layers. In gas cuvettes light paths up to 
40 m long are obtained by multiple reflection. 

Of all the techniques of preparation used, a 10- to 20-per cent solution of 
the substance provides the best IR spectra with the least disturbance. It 
proves most practical to fill the solution into detachable, sealed liquid 
cuvettes. The path length is set by means of spacers. The windows consist 
of plane-parallel NaCl plates (16 11m transmittance limit) or KBr plates (25 
11m transmittance limit). In quantitative analysis, the plane-parallelism of 
the layers and plates must be checked and the path length measured by 
interferometry with an empty cuvette. 

There is no suitable solvent for IR spectroscopy which is sufficiently 
transparent over the whole range from 4000 to 400 cm-1. Between 4000 and 
900 cm-1 carbon tetrachloride is frequently used, and between 1400 and 400 
cm- 1 carbon disulphide. Below 400 cm-1 or 25 11m all the main solvents are 
sufficiently transparent. If the substance does not dissolve to an adequate 
extent, solvents such as n-hexane, chloroform or dimethyl formamide may be 
used. Water should be avoided as a solvent. In cases where this proves 
impossible, spectroscopy may also be performed with aqueous solutions with 
the aid of certain manipulative measures. The simplest is to saturate the 
solution with NaCl or KBr, the same material as the windows. Should this be 
chemically undesirable, the analysis should be conducted without cuvettes. 
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According to H. Hausdorff's method the surface energy of the aqueous 
solution should be reduced by small additions of wetting agents and the 
solution then stretched as a lamella over a wire ring. A controllable 
inflow into the lamella and an outflow permit the lamella thickness to be 
adjusted. 

Note: 

The very low transparency of water between 4000 and 3000 cm- l can be 
eliminated by using heavy water. The decrease in the transmittance of H20 
and D20 beneath 1800 cm-1 is avoided by appropriate reduction of the light 
intensity, independent of wavelength, in the reference path. 

Good results in the IR spectroscopy of aqueous samples are given by the A TR 
technique (attenuated total reflection) and a further development of this, 
the MIR technique (multiple internal reflection); a prerequisite is that 
the sample space of the IR spectrophotometer is sufficiently large to 
accommodate the supplementary MIR device. The MIR technique likewise 
involves measurement of the absorption spectrum of the substance. All of 
the same molecule-specific and analytical conclusions can therefore be 
drawn as with an IR spectrum in the transmission of the same substance, 
even though the two spectra are physically not quite identical. 

The advantage of the MIR technique lies in the radically simplified prepara­
tion of the samples. Thin layers and cuvettes with infrared-transmitting 
windows are no longer necessary. Low-intensity bands become measurable, and 
in addition to aqueous solutions it is also possible to investigate paints 
or highly viscous samples, for example. The sample under analysis (1) is 
applied to the upper and lower surfaces of a trapezoidal prism (2), see 
Fig. 38, and the primary beam of infrared light, PL, is shone into the 
prism at the angle of incidence specific to the substance (3). After 
leaving the prism, the beam of infrared light VL enters the IR spectro­
photometer. The quality of an MIR spectrum is basically dependent on the 
refractive index n2 of (2) being everywhere clearly greater than the refrac­
tive index n 1 of (1) in the analyzed spectral range, and the self­
absorption of (2) being low. Only then is undisturbed total reflection, TR, 
obtained at the boundary surfaces between (2) and (1). On each total reflec­
tion the beam of infrared light penetrates the substance under analysis (1) 
to a depth of approximately 1 11m as a cross-attenuated electromagnetic 
wave. Each time, the substance impresses its absorption pattern on the beam 
of infrared light. 

When using the MIR technique for the 
germanium is taken as the prism material 
20°; infrared-transmitting between 5000 and 
that the MIR technique yields good results 
controlled conditions. 

analysis of aqueous solutions, 
(angle of incidence (3) 19° to 
500 cm-1). It should be noted 
only if used in clean, carefully 

When preparing samples of solid substances, their physical properties must 
be taken into account. Either sheets of small thickness are used or the 
substance is partially dissolved, poured as a film onto an infrared­
transmlttIng target and the solvent evaporated. Solid substances are 
frequently prepared using the KBr moulding technique. Under pressure, 
potassium bromide flows when cold. Samples are available in the form of KBr 
mouldings of 13 mm diameter and approximately 0.5 to 1 mm thickness. A 
useful method of preparation is to grind 200 to 300 mg of dry KBr powder 
(of spectroscopic quality) as the embedding medium in a vibratory mill, 
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Fig. 38. Schematic diagram of the path of the infrared light beam through 
the sample, using the MIR technique 

together with about 1 mg of the substance to be embedded. Substances with 
low melting points should be ground under liquid nitrogen. The particle 
size of the substance should not exceed 111m; otherwise, the moulding may 
scatter the infrared light beam to the sides. This is expressed in the IR 
spectrum as an over-rapid rise in the left-hand slope of bands in the 
shortwave spectral range (Christiansen effect) • The ground mixture is 
pressed into a mould under a vacuum of 10 - 20 bar for several minutes at a 
mould pressure of approximately 104. bar. The ideal KBr moulding is clearly 
transparent. This is achieved when the bonds of the substance are highly 
polar. Mouldings are generally turbid to a greater or lesser extent. This 
does not, however, detract from the significance of the IR spectrum. Mould­
ings which are too turbid may be made clearer by repeating grinding to a 
finer level and a longer pressing period under higher pressure. 

When the KBr moulding technique is used, the potassium bromide, the water 
it contains or the crystal lattice may react with the embedded substance 
and alter the structure of the IR spectrum. It must be emphasised that no 
KBr moulding is stable in the long term. 

This problem does not arise with the Mull technique. The finely ground 
substance is added to a few drops of Nujol, for example, a mixture of 
long-chain liquid paraffins. The paste thus obtained is then rubbed until 
it becomes viscous and is pressed out to form a thin film between KBr 
plates. In this case, too, the scattering of light must be checked. The 
Mull technique offers rapid preparation of the samples and moderate-quality 
IR spectra. 

The methods of preparing the samples outlined above frequently require 
compensation of the IR spectrum. If it is necessary to compensate for the 
self-absorption of the solvent, a reduced layer thickness (path length) 
should be selected in the reference beam path, the reduction being in 
inverse proportion to the concentration of the sample. With a little 
patience it is then possible to eliminate the solvent bands from the IR 
spectrum of the substance under analysis. However, the result will be 
satisfactory only if the spectral position, intensity and shape of the 
absorption bands of the dissolved substance are not altered by solvent 
effects. 

Compensation should not be forced if the transmittance is less than 5 %. 

The possibilites of applying IR spectroscopy in water analysis appear, as 
things stand at present, to be limited. Essentially this means they are 
confined to investigation of organic contamination, for example by hydro­
carbons including aroma tics. 
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2.11 Chromatographic methods 

2.11.1 General 

Chromatographic methods, which today provide indispensable assistance not 
only to analytical but also to preparative chemists in overcoming formerly 
insoluble problems of separation, may be traced back to around the middle 
of the last century. 

In 1850, F. Runge published his book "Zur Farbenchemie. Musterbilder fUr 
Freunde des Schonen und zum Gebrauch fur Zeichner, Maler, Verzierer und 
Zeugdrucker" (On colour chemistry. Examples for lovers of beauty and for 
use by artists, painters, ornamenters and cloth printers), in which he 
described for the first time the migration of various dyes on paper using 
water as an eluent. 

"Chromatography", the origins of which are more properly ascribed to the 
aesthetic and artistic fields, entered the realm of the natural sciences in 
1861 when Schonbein, in the course of investigating ozone with iodide, 
established that different substances are transported by water on paper at 
different speeds. 

The next step was in 1903 when Tswett separated the plant pigments carotene, 
xanthophyll and chlorophyll in a column; this had not been possible with 
other, earlier methods. 

Not until 25 years later, however, did chromatography come into its own as 
a result of work by Kuhn, Winterstein and Lederer. Further development then 
led to "open-column chromatography", thin-layer chromatography, gas chroma­
tography and, as the latest development, high-pressure liquid chromato­
graphy. 

Chromatographic methods have secured a permanent position among the 
techniques of investigation used in water analysis. Chromatographic methods 
are used both for separation and for detection in water analysis. Alongside 
paper and column chromatography, thin-layer chromatography in particular 
has gained considerable significance following the work by E. Stahl. With 
special reference to water analysis, this applies especially to the use of 
thin-layer chromatography to separate the so-called polycyclic aromatic 
hydrocarbons (see Section 4.2) or heavy mineral-oil hydrocarbons. 

In all chromatographic methods of separation and determination the differ­
ing distribution of the substance mixture to be separated between the fixed 
and liquid phases is important; the use of different mobile phases also 
results in different separation efficiencies. Depending on the type of 
chromatographic technique used, the separated substances can be detected 
with the aid of various detectors. 

Definition: 

_ Length of run of substance 
Rf - Length of run of solvent 

Chromatography is at its simplest when the substances to be separated and 
determined are coloured, thus making simple, direct detection possible. In 
addition, detection may be carried out by using certain reagents which form 
coloured compounds with the separated substances in the same way as with 
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colorimetric methods of analysis. In this context mention must be made of, 
for example, the separation by thin-layer chromatography of the various 
phosphorus compounds which may occur in water, i. e. orthophosphate, poly­
phosphates, condensed phosphates and so on. 

2.11. 2 The main chromatographic techniques used in innumerable variations 
in water analysis are 

Paper chromatography 

Thin-layer chromatography (1- and 2-dimensional) 

Column chromatography with various column packings 

Liquid chromatography (LC) 

High-pressure liquid chromatography (HPLC) 

Ion chromatography (IC) 

Gas chromatography with packed columns and capillary columns, and various 
stationary and mobile phases and different detectors (see the Section on 
gas chromatography (2.12) in this chapter) 

Even if the instrumental techniques gain ever more ground, some of them in 
automated form, evaluated and documented by computer, the simple, manual 
methods such as paper and thin-layer chromatography still have their role 
to play. One need only think of the separation of the various forms of 
phosphate such as orthophosphate, pyrophosphate, metaphosphate, polymeric 
phosphates and condensed phosphates, or the separation of polycyclic 
aromatic hydrocarbons (specifically with thin-layer chromatography) in 
water analysis. 

Ion chromatography is used to detect not only inorganic anions and cations 
but also organic group parameters in water samples. 

Where instrumental chromatographic techniques have found a place in water 
analysis they are discussed in this section or the principle is mentioned. 
Details of individual methods are to be found, for example, in Sections 3.2 
(ion chromatography for anions), 3.6 and 4-.2 (gas chromatography), and 4-.1 
and 4-.2 (HPLC). 

2.11. 3 General comments on GC-MS techniques in water analysis 

Combinations of gas chromatographic techniques of separation with indi­
cation by mass spectrometry are used in water analysis for specific 
purposes, for example to ensure the detection of organic compounds in gas 
chromatography, and also to clarify their structure. For GC see Section 
2.12; schema tic diagram of mass-selective detector see Fig. 39 a-d. 

The GC- MS technique in water analysis is a typical example of the appli­
cation of modern technology. Computer-controlled GC-MS coupling is pre­
ferred. Small, compact quadrupole mass spectrometers are frequently used 
for mass spectrometry. The preliminary gas chromatographic separation is 
preferably conducted with capillary separation columns. 
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In addition to the quadrupole mass spectrometer, which is used relatively 
frequently in water analysis, electron impact ionization, chemical ioni­
zation, qualitative multiple ion selection and quantitative multiple ion 
selection (with a certain mass as the internal standard and direct admis­
sion of the substances, e.g. for mass calibration) are also used. 

The range of sensitivity of the mass spectrometer following preliminary 
separation by gas chromatography lies well below the I1g range and, under 
favourable conditions, even reaches the nanogram region. 

In addition to low-resolution devices (quadrupole or magnetic devices), 
high-resolution devices are also used, such as double-focusing sector-field 
devices or maximum-resolution sector field devices such as the triple-quad 
system, although the latter devices are now hardly encountered in practical 
water analysis, tending to be used more for research. Mass spectrometry may 
also be used to measure the isotopic ratios of dissolved gases in water 
samples, e.g. 13C-12C, 15N-14N, 180-160 and to detect inert gases. In order 
to measure the isotopic ratios, so-called gas devices for the analysis of 
gaseous samples and thermionic devices for measuring solids are also used 
directly for mass spectrometry. In many cases, however, the GC-MS analysis 
must be preceded by a concentration of the substances under investigation 
in the water sample, for example by liquid-liquid extraction, adsorption 
processes, ion exchange and so on. 

This elegant method of detection using a mass spectrometer as a detector 
for compounds separated by gas chromatographic means presupposes that an MS 
can be linked - on line - to a gas chromatograph. 

Further conditions are: 

a) The use of a carrier gas which has only a low ionization yield under the 
conditions of the ion source. One such gas with a low ionization yield 
under these conditions is helium; 

b) A gas flow rate as low as possible - of the order of 2 ml/min. - so that 
the operating pressure of the analyzer can be maintained (capillary 
column); 

and finally 

c) The GC and the MS must be pneumatically decoupled: the end of the separa­
tion column normally works against atmospheric pressure; the ion source 
of the MS is in a high vacuum ( 10-6 bar). This pressure gradient is 
overcome by means of a "restrictor" consisting of a split and an extreme­
ly fine hair capillary. 

When using the MS as a detector for GC separation, two approach.es have 
proved particularly valuable: firstly, recording m~s~ sp~ctra ~t intervals 
of about 1 s - this has the advantage of providing informatlOn on the 
nature of the eluted compound - and secondly, recording specified mass 
traces (single ion monitoring). 

Even though the GC-MS coupling has made possible the detection of certain 
organic compounds, and also inorganic substances, in water in innumerable 
cases. One should be extremely careful not to underestimate the possibility 
of interference occurring in this modern analysis system. 
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Owing to the multiplicity of individual substances and the resulting 
combinations of matter, the mixtures of substances which occur in water, 
particularly surface waters or wastewaters, are so complicated that this 
analytical technique, particularly when attempting to advance into the 
ultratrace range, i. e. below IJg/l, can only be employed by specialists with 
appropriate experience and adequate equipment for substance separation and 
mass-spectrometric detection with corresponding valuation. Thousands of 
organic compounds have been detected in water samples where the detection 
limi t has been shifted below the ng limit, depending on the ratio of signal 
to background noise. Nevertheless, with an inexperienced operator and 
inadequate apparatus, serious mistakes are to be expected, and it must be 
emphasized once again that evaluation by mass spectrometry also requires 
verification of the substances detected, and also that in this extreme 
trace region the relevance of the detected substances should always be 
judged by a specialist. 

It is indispensable when involved with this type of analysis to establish a 
spectrum library or to link up with and share the use of an existing 
facility. 

Mode of Mass-Separation: a) Quadrupole massspectrometer 
b) Magnetic field spectrometer 

Mode of Ionization: a) Electron impact ionization 
b) Chemical ionization 
c) Fast atomic bombardment 

Mode of Detection: a) Multiple ion selection 
( qualitative/quanti tative) 

Diagram of a GC-MS installation as an example: 

( GC-side) 

3 

4 

(MS-side) 

Fig. 39 a. Structure of GC coupling unit; 1) = Helium makeup; 2) = Inter­
changeable glass insert; 3) = Transfer capillary; 4-) = Open coupling; 5) = 
Capillary column; 6) = Substance flow; 7) = Column connection 



131 

4 9 

5 10 

12 

-------iu 
15 0 11 

'---- 9 

Q 

Fig. 39 b. Schematic diagram of a GC-MS system; Example: GC-MS system MAT '+'+ 
(Finnigan) with on-line SpectroSystem MAT '+'+; 1) = Ionization; 2) = Quadru­
pole; 3) = Photomultiplier; '+) = GC and MS supply; 5) = Interface; 6) = 
Interface; 7) = Integrating measuring system; 8) = Disk storage; 9) = Memory; 
10) = Electrostatic plotter; 11) = Video terminal; 12) = Mass storage; 13) 
= Processor; 1'+) = Recorder; 15) = Copier unit; a - g = MS-system 
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Fig. 39 c. Magnetic sector mass spectrometer; 1) = Ion source; 2) = FFR 1 
collision cell; 3) = Source slit; 4) = Magnetic sector; 5) = Focusing ele­
ment; 6) = Intermediate slit; 7) = FFR 2 collision cell; 8) = Focusing ele­
ment; 9) = Electric sector; 10) = Collector slit; 11) = Conversion dynode; 
12) = Secondary electron multiplyer (SEM) 
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Fig. 39 d. Quadrupole Mass spectrometer or mass-selective detector; 1) = 
Forevacuum; 2) = Pump stages; 3) = Ion source; 4) = GC column; 5) Heating 
for oil diffusion pump; 6) = Pump oil; 7) = Ion path; 8) = Quadrupole rods 
(separation of ions in the electrical field; 9) Secondary emission, elec­
tron multiplier (based on Hewlett Packard) 
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Fig. 39 e. Massspectrometer system MAT 90 

Fig. 39 f. Ion trap detector 700 
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2.12 Introduction to gas chromatography 

2.12.1 Principles and definition of the method 

The term chromatography was introduced by M. Tswett in 1903. It covers 
various analytical separation techniques, whose primary purpose is to 
separate multiple-component mixtures of varyingly complicated composition. 
Separation is usually followed by quantification of the individual sample 
consti tuents. 

A chromatographic system always consists of at least two phases. 

1. Mobile phase (Carrier gas): 

This serves as a transport medium for the components contained in the 
sample (carr ier gas). 

2. Stationary phase (Column filling material): 

Separation of the mixture takes place here. 

The chromatographic methods are primarily subdivided according to the type 
of mobile phase used, which in addition to its role as a transport medium 
may also directly influence the separation of the individual components. A 
distinction is therefore made between gas-chromatographic separation 
systems and liquid-chromatographic separation systems. In addition to the 
state of aggregation of the mobile phase, a further criterion for differen­
tiating chromatographic separation techniques is the distribution mechanism 
of the separation system. 

Gas chromatography (GC) is a physico-chemical separation technique for 
mixtures of substances which can be evaporated without becoming decomposed 
up to approximately 400 °C. All gas-chromatographic separations are based 
on the principle of distributing a substance between two phases. One of the 
phases consists of a stationary, large-area bed (stationary phase), and the 
other phase is a carrier gas (He, N2, Ar, H2), which flows past the station­
ary phase and acts as a transport medium for the individual components of 
the sample (mobile phase). The character of the stationary phase is such 
that it allows the carrier-gas molecules to pass with the minimum impedi­
ment, but interacts with the various components of the sample to varying 
degrees. This interaction causes the sample components to be held by the 
stationary phase for shorter or longer periods, with the result that they 
finally emerge from the separation column at different times, in other 
words separated. 

If the stationary phase is a solid, the method is known as gas-solid 
chromatography (GSC). In this case the separating medium and the stationary 
phase are identical: typical absorbing materials are used, such as silica 
gel, aluminium oxide, molecular sieve or activated charcoal, to name but a 
few, whose ability to absorb different molecules to differing degrees on 
their generally very large surface is utilized to achieve separation. GSC 
is particularly suitable for the analysis of gases. 

Gas-liquid chromatography (GLC) makes use of a liquid stationary phase. The 
separating medium is made up of two components, a highly porous solid 
material, the support, whose chemical and sorption properties should be as 
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inert as possible, and the stationary phase proper, which is attached to 
the surface of the support in the form of a thin film. In GLC, the decisive 
factor for separation is the different degree of solubility of the sample 
components in the stationary phase. GLC is the most efficient method of 
separation which is available to modern analysis, both with regard to the 
actual separation power and to the field of problems which can be processed 
with this method. 

In addition to GLC and GSC in the outlined form, there are a number of 
other variants, of which two are of particular importance. Capillary gas 
chromatography is a type of GLC in which the separating liquid is applied 
as a thin film to the inner wall of glass or quartz capillaries (internal 
diameter approximately 0.3 mm, 12 - 150 m long). It is used where maximum 
separation efficiency is required with the smallest of sample quantities. 

The other variant that has to be mentioned here makes use of porous 
polymers (e.g. Porapak®, Tenax GC®, Chromosorb Century®) as separating 
media. Separation columns filled with porous polymers are excellently 
suited to the analysis of complicated mixtures made up of components whose 
boiling points are not too high and which may also be found in aqueous 
solution. 

2.12.2 Structure of gas-chromatographic apparatus 

The principal parts of a gas-chromatographic apparatus are shown in Fig. lj.0 
below. 

The gas chromatograph shown schematically in Fig. lj.0 fulfils the necessary 
conditions for carrying out the intended substance separations, and enables 
the analyst to control the separation. The system consists of a carrier-gas 
source 0), e.g. a pressure cylinder with high-purity nitrogen or helium; a 
pressure-reducing valve and precision adjusting valve ensure that the 
pressure and/or rate of flow of the carrier gas is set uniformly; this is 
monitored with a pressure gauge or flow meter. The sections following that 
are the sample inlet (2), the separation column (3) (incorporated in the GC 
oven) and the detector (lj.). All parts (2 - lj.) may be thermostatted independ­
ently of each other and thus adapted to the respective separation problem. 

The substances to be separated are transported through the separation 
column by the carrier gas. The sample mixture enters a partition process 
between the gas phase and the stationary phase; for each component of the 
sample, this process is determined by the coefficient of partition KD, 
which is substance-specific (a high partition coefficient corresponds to 
high solubility in the stationary phase). The partition process leads to 
the formation of discrete bands of substances in the carrier gas, each of 

Fig. lj.0. Gas-chromatographic apparatus; 1) = Carrier-gas supply with pres­
sure and/or flow control; 2) = Injection system; 3) = Column oven with ana­
lytical separation column; lj.) = Detection unit; 5) = Recording system with 
data evaluation 
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which contains one of the sample components. The temperature of the 
separation column remains constant throughout the analysis. This procedure 
is known as the isothermal elution technique. The process is allowed to 
run, at least ideally, until all of the substance bands have left the 
separation column and have been detected as substance peaks by the detector 
and recorded. 

It must be considered a disadvantage that those components with greater 
affinity to the stationary phase have a long residence time in the column. 
The technique of temperature programming may be used in order to reduce the 
elution time: temperature programming is the technique of increasing the 
column temperature during the analysis. 

The detector of the gas chromatograph supplies an analogue signal which, in 
the simplest case, is plotted by a self-balancing recorder in the form of a 
continuous graph (chromatogram) (5). Time is normally taken as the abscissa 
of the graph and detector output voltage as the ordinate. Fig. 41 shows a 
chromatogram of this type. The most important information provided by a 
chromatogram is: 

1. Retention time - residence time of the substance in the column. On the 
chromatogram, this is the distance measured from the injection point to 
the peak maximum. 

2. Peak area - this is the area beneath a substance profile, bordered above 
by the curve and below by the base line (shaded area in Fig. 41). 

Peaks C 18, C 18:1 and C 18:2 in Fig. 41 represent the methyl esters of 
stearic acid, oleic acid and linoleic acid. 

Separation of these substances by other methods is exceedingly difficult or 
even impossible: the difference in their boiling points is negligible and 
they differ only in the number of double bonds. With gas chromatography it 
is possible to separate substances with virtually identical boiling points. 

1 

t (min.) 

Fig. 41. Relationship of the detector signal (response) to time (refer to 
text for explanation); 1) = Injection point; 2) = Air 
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By using selective phases it is possible in this way to achieve a degree of 
resolution which is unattainable with distillation or any other method. 

It is now common practice to supply the detector signal not only to the 
plotter but also to an electronic integrator which prints out the main 
information - retention time and peak area - in digital form. Even though 
the integrator printout contains all the figures necessary to calculate the 
results of the analysis, the plotted chromatogram remains indispensable for 
control purposes. 

2.12.3 Identification of sample components 

Gas chromatography is capable of achieving notable results in qualitative 
analysis, even though it is not, in principle, a qualitative technique. In 
a particular separation column and under specific operating conditions 
(column temperature, type of carrier gas, carrier-gas flow) each component 
of the sample has only one retention time, which is reproduced precisely 
and can be used to identify the substance causing the peak. It is, however, 
possible that two substances quite by chance have the same retention time, 
but a coelution can always be overcome by the use of a more selective sta­
tionary phase. By connecting specific detectors and mass spectrometers to 
the gas chromatograph it is possible to identify substances unambiguously; 
the results should be confirmed by analysis of reference substances. 

2.12.4 Determination of sample. concentrations 

Gas chromatography is excellently suited to quantitative analysis. 

The area of each recorded peak is proportional to the concentration of the 
substance. The area may therefore be used to determine the concentration of 
each individual substance. 

In the chromatogram shown in Fig. 41, the relative areas for the different 
substances are as follows: 

C18 
C18:1 
C18:2 

36.7 (%) 
33.0 (%) 
30.3 (%) 

(C18 + C18:! + C18:2 = 100 (%) ) 

The actual concentrations are 36.4, 33.2 and 30.4 percent by weight. 

The accuracy attainable by gas chromatography depends on the technique used 
(detector, method of integration and concentration of the sample). 

Even with manual injection, quantitative results are normally accurate to 
1 - 2 % (RSD) 1. With the aid of appropriate technology, e. g. electronic 
integrators or data systems, accuracy may be improved to less than 1 % 
(RSD) . 

1 RSD Relative standard deviation. 
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2.12.5 Sensitivity 

The main reason behind the extremely widespread acceptance of gas chromato­
graphy is its sensitivity. The simplest version of a thermal-conductivity 
detector can determine concentrations down to 0.01 % (100 ppm) (depending 
on the type of carrier gas and the substance to be determined). A flame 
ionization detection (FID) detects substances whose concentrations are in 
the ppm to ppb range. 

Detectors which are sensItIve to specific elements or structures, such as 
electron capture detectors (ECD) or phosphorus- and nitrogen-selective 
detectors (TSD) respond even to quantities of substances in the picogram 
(10- 12 g) or femtogram (10- 15 g) ranges. 

2.12.6 Speed of analysis and automation 

The separation of the fatty acid methyl esters as shown in Fig. 41 is 
completed after approximately 23 minutes. By using gas as the mobile phase, 
the establishment of equilibrium between the mobile and stationary phases 
is rapid, thus permitting relatively high carrier-gas flow rates to be 
used. Standard separations can generally be timed in terms of minutes. 
Using current technology, however, separations may also frequently be 
conducted in seconds. If the duration of the analysis is rather long, for 
whatever reason (e. g. thermal instability of the components or large 
partition coefficient), or if a large number of samples are to be measured, 
gas chromatographic analysis can be conducted fully automatically. This has 
the advantage that the time-consuming measurements described above can be 
taken overnight. An important constituent of fully automatic measuring 
apparatus is a data system which undertakes both control and evaluation 
tasks. Particularly user-friendly data systems permit all the necessary 
analytical parameters to be stored under one method name on a diskette 
(magnetic disk). To activate the entire system, the method is then entered 
into the data system via a disk unit. 

Gas chromatographs are simple to operate and to understand. It is generally 
possible to interpret the data obtained rapidly and directly. In comparison 
with the value of the results achieved, the costs of a gas chromatograph 
are low. 

2.12.7 Theory of the chromatographic process 

Introduction 

When a substance is fed into the separation column via a suitable injection 
system, it becomes distributed between the stationary and the mobile 
phases. A short time after injection of the sample, the concentration in 
the gas phase is very high and that in the stationary phase virtually zero. 
Some molecules of the substance then become dissolved in the separating 
liquid and a dynamic equilibrium is established, which means that per unit 
time the number of molecules desorbed is equal to the number absorbed. 

The position of the partition equilibrium is determined by the coefficient 
of partition KO' 



CL = Concentration of the substance in the stationary phase 
CM= Concentration of the substance in the mobile phase (M 

KO is dependent on: 

a) the chemical nature of the substance 
b) the chemical structure of the phase 
c) temperature 
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(2.1) 

Mobile) 

It is also necessary that the mobile phase does not go into solution in the 
stationary phase, nor the stationary phase in the mobile phase. The former 
possibility can be excluded by using inert carrier gases. The latter 
eventuality may occur if the vapour pressure of the stationary phase is so 
high that the separating fluid evaporates. Strictly speaking, the concen­
tration ratio for KO also only applies if the molecular state of the 
substance is the same in both the gas phase and in the stationary phase. 

If concentrations Cs and Cm are expressed by the quotients of the molar 
number and the phase volume, we obtain Equation 2.2. 

KO 
(2.2) 

The ratio of the mole quantities ns/nm is termed the capacity factor k', 
and the ratio of the volumes VmIV s the phase ratio B. 

k' (2.3) 

The phase ratio B is a measure of the permeability of a separation column. 
By way of example, Fig. 42 shows a comparison of a packed column and a 
capillary column. It has been assumed for the purposes of this comparison 
that completely non-porous particles (support and phase) have been used for 
the packed column. 

The B-values of packed columns lie between 5 and 35, and the B values of 
capillary columns between 50 and 1500. 

0) 

b) 

Fig. 42 a and b. Cross-section of a packed column a and a capillary 
column b (simplified). Only the shaded parts are available to the mobile 
phase; 1) = Oirection of flow 
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2.12.8 The separation process 

The efficiency of gas chromatography as a separation method is judged 
according to the quality of the separation obtained. A measure of the 
separation quality is resolution, R. Resolution is always calculated for 
two adjacent peaks. The parameters required for the calculation of R must 
be taken from the chromatogram (see Fig. 43) or from the printout of a 
data system. 

The defining equations for resolution R are then: 

R 
2 • .d t (2.4) 

R 1.177 . (2.5) 

For good separations the resolution values obtained are greater than I, and 
for partial separations the values are less than 1. 

The following conclusions may be drawn from Equations 2.4 and 2.5: 

Resolution may be increased by increasing t. t, the difference in retention 
times, and/or by reducing the peak widths (WB or WO.5)' Since the retention 
times and the peak widths are each influenced by different processes, it is 
useful to give a simplified explanation of the mechanisms involved. The 
desired effect, that is the separation of two components, depends on the 
components displaying different retention characteristics in the column. In 
gas-liquid chromatography, the chemical nature of the separating medium has 
the greatest influence on retention. The decisive step towards obtaining a 
sufficiently large t. t, therefore, is selection of the "correct" stationary 
phase. 

i A 8 
~------~t------~ 

* 60,7 % of height 

-+t 

Fig. 43. Chromatogram, illustrating resolution R; WB = Base-line widths; 
W 0.5 = Widths at half height; t = Difference in retention times 
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The effect which is detrimental to resolution, peak broadening, ongmates 
from two undesirable but unavoidable physical processes in the column, 
which are virtually independent of the chemical nature of the separating 
medium. It is possible to minimize the peak-broadening processes by techni­
cal means, but they can never be fully eliminated. 

2.12.9 General remarks on the formation of the peak shape 

Let us assume that a small quantity (at the most a few Ilg) of a substance A 
is injected in vapour form at the top of the separation column. The sample 
vapour contains a little air, and the detector is of a type which is also 
capable of detecting air. The separating liquid and column temperature are 
selected such that for practical purposes the constituents of the air do 
not interact with the column packing. The peak shape is then formed accord­
ing to the following pattern. 

It should be observed that: 

1. The dead time tm is constant for a specific column and a set carrier-gas 
flow. It is equal to the time which the carrier-gas molecules themselves 
or other non-interacting substances (in this case air) require to pass 
through the separating column. (Therefore tm = t (mobile phase». 

2. The peak of substance A appears at a time where t ms > t m. Time t ms con­
sists of the time component tm which the molecules of A have spent m 
the mobile phase plus the time ts during which they were dissolved in 
the stationary phase. This means that ts = t ms - t m. 

ts is also known as the adjusted retention time. This is the measured 
quantity which is actually characteristic for the substance. 

3. The peak of substance A is considerably broader than the concentration 
profile in the injector shortly after injection. The greater the value 
of tms , the broader and hence flatter the substance peak becomes. 

Q) 2 
UI 
C 
0 
c-
UI 
Q) 

a: 

i t 
t=O MM 
Start 

Fig. 44. Chromatogram of a two-component mixture consisting of a substance 
A with retention time t ms and air with retention time t m; Concentration 
profile in the injector during dosage: 1) = Air peak in the detector; 2) 
= Peak of substance A in the detector; tM = Dead time; tMS = (Uncorrected> 
retention of A 
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2.12.10 The partition isotherms 

If a pure liquid is heated, a temperature-dependent vapour pressure is 
established above its surface. In a two-component system, consisting of two 
completely miscible liquids A and B, the vapour pressure P is equal to the 
sum of the partial pressures of the individual components (Dalton). In a 
gas-chromatographic system, A is equivalent to the substance to be separa­
ted, whereas B constitutes the stationary phase. Generally speaking, the 
working temperature must be selected such that the vapour pressure of the 
stationary phase is negligible. The vapour pressure Pi above the stationary 
phase is then produced almost entirely by substance A, and apart from 
temperature is dependent on the concentration of A in the stationary phase. 

The relationship between the concentration of A in the stationary phase 
(Cs) and the concentration of A in the mobile phase (C m) with regard to a 
particular component is measured at constant temperature. For this reason, 
the curves generated by plotting Cs against Cm are known as partition iso­
therms (see Fig. 45). 

The shape of the partition isotherms in the chromatographic process has a 
decisive influence on the shape of the peak. Let us now differentiate 
between two possible cases: 

1. Ideal distribution of substance A between the mobile and stationary 
phases 

(Curve a in Fig. 45) 

The function displays a linear relationship. The partition coefficient 
KD remains constant over a large concentration range. 

Fig. 46 a shows the resultant peak profile. This is symmetrical as 
regards peak height and is known as a Gaussian curve). 

2. Non-ideal distribution of A between the mobile and stationary phases 

a) (Curve b in Fig. 45) (concave isotherm) 

i 

According to curve b in Fig. 45, Cs increases more rapidly than Cm. 
This signifies that the substance tends to be retained more in the 
mobile phase. The peak shape is asymmetrical (Fig. 46 b). 

b) 
ol 

---c) 

em ---. 

Fig. 45. Relationship of concen­
trations Cs and Cm (of a component 
i) in the case of linear a and 
non-linear band c partition (T 
= constant) 
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b) (Curve c in Fig. 45) 

According to curve c, Cs increases less rapidly than Cm• In this 
case, a non-linear, convex isotherm results. 

Asymmetry is also the result here, expressed by gradual fading (tailing) 
of the signals (Fig. 46 c). 

In Case a we have an example of linear gas chromatography, and in Cases b 
and c of non-linear gas chromatography). 

2.12. 11 Causes of peak broadening 

Column efficiency 

The shape of the chromatographic peak in gas-liquid chromatography is gene­
rally the result of random, diffusion-type processes which occur in the 
column. 

Fig. 46 a-c. Relationship of 
the shape of the peak profile 
(change of concentration in 
the carrier gas over time) to 
the partition isotherm; a 
linear; b = concave; c = con­
vex isotherms (Schomburg) 

1 em 

r " ,I '-

oj 

t --+ 

t --+ 

c) 
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If a diffusible, originally tightly limited system, e.g. a volume of gas, 
is left to its own resources for a time t, it spreads out by diffusion and 
is diluted. A Gaussian distribution is always obtained for the character­
istic value of the system, e. g. the local concentration. The spreading of 
the system is described by the standard deviation (J which is related to the 
diffusion coefficient D and the diffusion time t by 

(J = ..J2 . D • t (2.6) 

In the separation column there are several simultaneously occurring but by 
their nature different processes which have the same effect as diffusion. 

The phenomenon is called dispersion, the spreading of an originally com­
pact substance peak. In a model described by Giddings (random value model) 
the various processes can be treated uniformly for calculation and finally 
combined in an effective diffusion coefficient which describes the overall 
peak broadening in the column. 

Longitudinal diffusion in the mobile phase 

As long as sample molecules remain in the mobile phase, i.e. the carrier 
gas, they will continue to diffuse. Since the concentration of the peak in 
the direction of the column, at its exit we are interested only in the pro­
portion of diffusion in the direction of the column. In the event of free 
diffusion the variance produced would be: 

(12 2 • D • t (2.7) 

Since diffusion is impeded by the column packing, the actual variance is 
somewhat smaller: 

(J2 2 • 'Y • Dm' tm 

Dm = Diffusion coefficient in the mobile phase 
tm = Dead time of the column (equal for all substances) 
Y = Obstruction factor (y <1) 

The dead time is substituted by 

tm = L Iv 

(2.8) 

(2.9) 

where L is the column length (in cm), and V the average linear flow rate 
(cm' min.-I) of the carrier gas. By substituting 2.9 into 2.8, we obtain: 

(12 = 2 • 'Y • Dm L 
V 

(2.10) 

The variance is replaced by a more expressive value which is taken from the 
theory of distillation columns, the theoretical plate height HL (the pro­
portion of the plate height which is due to longitudinal diffusion). The 
relationship between HL and the variance (12 is: 

Equating 2.10 and 2.11, we obtain: 

I 'Y • DM • -= 
V 

(2.11) 

(2.12) 
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Fig. 47. "Multiple-path effect" (eddy diffusion) as the cause of broadening 
of a peak Aj B) = Resultant substance profile 

As a general rule it may be said that low values of H L lead to narrow peaks. 

The multiple-path effect or eddy diffusion 

The carrier gas "carries" the sample molecules as it flows through the 
separation column. In so doing, it has to transport the sample molecules 
through the column packing. Since the packing always displays some form of 
irregularities, the carrier gas will find a variety of different paths 
through the column: some virtually unimpeded, others meandering to a great­
er or lesser extent, and occasionally even "dead ends". 

Let us consider a cross section of the carrier gas in which it is divided 
into individual "flow threads". The majority of these will be of average 
length. Accordingly, sample molecules of type A which are carried by such 
flow threads require an average time tA to pass through the column. Mole­
cules in shorter or longer flow threads travel for correspondingly shorter 
or longer periods of time. This "multiple-path effect" (eddy diffusion) is 
another reason why an originally narrow substance peak becomes wider on the 
way through the column (Fig. 47). 

The contribution HE made by eddy diffusion to the total theoretical plate 
height His: 

HE = 2 • A • dp (2.13) 

A = measure of the irregularity of the packing of the column (measure of 
the quality of the filling) 

dp diameter of the support particles. 

Table. Influence of particle size dp on the measure of quality, A • 

Particle size (mesh) 

200 - 400 (dp 0.07 0.04 mm) -8 

50 100 (dp 0.3 0.15 mm) -3 

20 - 40 (dp 0.8 0.4 mm) -1 
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One obvious way of reducing the HE value would seem to be to use small 
particles of carrier. The constant A, which characterizes the type of 
packing, is entered in the equation in the same way. According to Klinken­
berg and Sjenitzer it is easier to obtain a uniform packing with large 
particles. This shows that there is a limit below which a smaller particle 
size brings no improvement. The Table shows the influence of particle size 
(mesh) on A. 

A further factor which limits particle size is the pressure drop over the 
column. This is, of course, increased by small particles. Since with a low 
pressure drop the flow tends much more towards the laminar, it is desirable 
to operate the entire column with a flow which supplies optimum separation 
efficiency. 

If it is intended to reduce the HE value and hence increase separation 
efficiency, care must be taken to use fine material of uniform grain size, 
as well as narrow columns, and to keep the size small by even packing. The 
aim must be to achieve high packing density with as little packing-material 
fracture as possible. 

Transverse diffusion 

Eddy diffusion, which relates to a variety of flow states, should always be 
considered in conjunction with transverse diffusion. Transverse diffusion 
takes place in a radial direction, in other words, in the cross-sectional 
plane of the column. The flow threads, which play the major role in eddy 
diffusion, are interlinked by transverse diffusion. Let us consider an 
extreme case, in which sample molecules enter a stationary flow thread, a 
"dead end", i.e. cease to flow. These molecules would have to remain perma­
nently in the column if they were not able to jump into a "moving" flow 
thread by a lateral diffusion step. On the other hand, a molecule which is 
about to diffuse to a point in the column packing which does not favour 
transport may be prevented from so doing by being carried further on by the 
flow. To some extent, then, transverse diffusion and eddy diffusion cancel 
each other out. 

The plate-height component of transverse diffusion is termed HQ; we thus 
obtain: 

dp2 -
HQ = Wi' ---~-'----- • V 

Dm 
(2.14) 

Wi is a measure of the inequality of the diffusion pathways and of the flow 
differences bridged by means of the diffusion steps. In simple investiga­
tions, HQ is generally ignored. The plate-height components of eddy diffu­
sion (HE) and of transverse diffusion (HQ) can be combined thus: 

1 
HQ 

Delayed substance interchange 

(2.15) 

+ 

The interchange of sample molecules between the mobile and the stationary 
phases is, of course, a desirable effect, and is what makes chromatographic 
separations possible. It does, however, also contribute to undesirable peak 



147 

broadening. The reason for this is that submersion into the separating 
liquid and returning to the carrier gas take time. If all molecules of a 
type A were to require exactly the same amount of time for this, no peak 
broadening would result. But as may easily be imagined, particularly deeply 
immersed molecules require considerably longer to return to the mobile 
phase than those which have penetrated only as far as the upper layer of 
the separating liquid. Relative to the bulk of the molecules, which reach 
an average submersion depth, the former molecules are eluted later and the 
latter molecules sooner. 

In this way, delayed substance interchange also means that the more 
frequently the molecules enter the stationary phase the broader an original­
ly narrow substance peak becomes. The plate-height component of the trans­
fer term is: 

f 
df 
P 

Os 
V 

f • p . (l-p) • df2 • V 1 
Os 

structure dependent shape factor for the stationary phase 
layer thickness of the separating liquid 

(2.16) 

proportion of sample molecules of type A in the mobile phase, averaged 
over time 
diffusion coefficient in the stationary phase 
average flow rate (cm/min.) of the mobile phase. 

f takes into account the geometric arrangement of the separating fluid on 
the carrier (spherical, rod-shaped, planar, etc.). HT is in inverse propor­
tion to OS, Narrow peaks, and hence high resolution, are therefore obtained 
with separating liquids of as low viscosity as possible. Since the viscosi­
ty increases as temperature drops, GLC columns must not be operated at too 
low temperatures. In the equation for plate height, the layer thickness df 
of the stationary phase and hence the degree of coating of the column is 
raised to the power of two and thus exercises a significant influence. 
Minimum plate height and hence maximum separation efficiency require a 
minimum degree of coating and layer thickness. There are, however, practi­
cal limits to this, in that on the one hand the quantity of stationary 
phase limits the amount of sample that can be injected, while on the other 
hand the carrier should be coated as evenly as possible with no gaps. 

The product p . (l-p) reaches a maximum at p = 0.5. P = 0.5 characterizes 
substances which stay equal periods of time in the mobile and the stationa­
ry phases. Considerably larger p values signify extremely short retention 
times and are not advisable for gas-chromatographic separations. Most sepa­
rations on packed columns are conduCted with retention times t ms equal to 
between twice and about one hundred times the value of the dead time. It 
should be considered here that t ms = 2 tm is equivalent to a p value of 
0.50, i. e. the maximum HT value, as already mentioned. Accordingly, better 
resolution is obtained with somewhat lower p values and hence longer reten­
tion times. 

2.12.12 The van Oeemter equation 

The three components of plate height, HE, HL and HT may simply be added 
together to give a total plate height HS, which de~cribes the total peak 
broadening of the column: 

HS (2.17) 
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The reason is that the plate height H stands for variances a2 and that va­
riances are additive. By substituting the individual parameters into Equa­
tion 2.17 and combining some of the elements, we may simplify as follows: 

HS (2.18) 

This is the simplest form of the van Deemter equation. It is quite clear 
from the graph (Fig. 48) that the total plate height HS passes through a 
minimum: the smallest possible plate height Hmin. and hence minimum peak 
broadening is obtained at the optimum linear flow rate Vopt. The linear 
velocities may be replaced at any time by the customarily specified flow 
rates (cm3/min.) since the two values are proportional to each other. 

It is particularly significant that in the range where ~ < _ Vopt. the van 
Deemter curve is much steeper than in the range where v < Vopt. Whereas if 
the carrier gas flow is too low, separation quickly deteriorates until it 
is no longer useful, V may frequently be increased to a value considerably 
greater than Vopt. while still attaining the required value for resolution. 
It should be remembered that doubling V results in a halving of analysis 
time. 

In addition to the peak-broadening effects in the separation column, there 
are also those which may arise in dead volumes and turbulences in column 
connections, injectors, detectors and valves. It is virtually impossible to 
quantify these factors. Structure-related effects such as these frequently 
constitute the difference between good gas chromatographs, in which such 
disturbances are minimal, and those of inferior quality. 

2.12.13 The number of theoretical plates 

A linear value (e.g. in mm) for plate height HS may be calculated from 
Equation 2.18. It should be understood, however, that it is in reality a 
small volume dV in which a distribution equilibrium of the substance 
molecules is established between the stationary and the mobile phases. 

J \ \ 
\ V V 

r\ V l..---"'" 

H --- --~ f--V 
min. 

I 
I 

I 
I 

V. Opt /U' ~ 

Fig. 48. Van Deemter curve: Relationship of plate height HS to average 
flow velocity V in the separation column. 
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If the entire column length L is considered as being divided into sections 
of the length HS (in the following referred to simply as H), we obtain the 
theoretical plate number N: 

N = L/H (2.19) 

The plate number N may be derived from the chromatogram if the total 
(uncorrected) retention time t ms is related to the base width W B' 

( )
2 

t ms 
Nth = 16 ~ 

(2.20) 

In order to determine N it is merely necessary to measure the total uncor­
rected retention time t ms of the peak and its base width, both, of course, 
in the same unit of measurement. Since it is frequently not possible to 
determine the precise posItIOn of the inflectional tangents which delimit 
W B on the base line, the relationship between W 0.5 and W B is often used and 
N is calculated thus: 

( 
tms )2 

N = 5.54- -W--
0.5 

(2.21) 

The higher the plate number N in a separation system, the greater is the 
separation efficiency. In Equations 2.20 and 2.21, the total retention time 
t ms still includes the dead time, which makes no contribution towards sepa­
ration. 

A somewhat more realistic measure of the separation efficiency of a column 
is the effective theoretical plate number NEFF: 

NEFF = 5.54- . (-i---'\ 
0.5/ 

(2.22) 

adjusted retention time 
nary phase. 

hold-up time of the substance in the statio-

2.12.14- The efficiency or selectivity of the liquid phase 

It has already been mentioned that when using GLC it is possible to sepa­
rate substances which have a different solubility in the separating liquid. 
Such substances have different partition coefficients, expressing the di­
stribution between the stationary and mobile phases. 

The solubility of sample molecules A in the liquid phase is determined by 
the strength of the interaction between the molecules concerned. The princi­
pal types of interaction are listed below in the order of increasing force 
of interaction. 

1. Dispersion forces 
2. Induced dipoles 
3. Permanent dipoles 
4-. Hydrogen bridges 
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As a rule of thumb it may be said that particularly effective interaction 
is possible, thus yielding relatively high solubility, if the chemical 
nature of the sample molecules (dissolved substance) and the liquid phase 
(solvent) is as similar as possible. 

The capacity factor k' and hence the retention time of a sample component A 
depend primarily on its partition coefficient KD' If a different substance, 
B, is to be separated from A, KD(A) must be different to KD(B). If KD(A) < 
K D (B), A emerges after a shorter retention time than B. The most practical 
measure of the ability of column to react to differences between A and B 
with different retention times is its selectivity ex or relative retention. 

(2.23) 

Since the adjusted retention times are proportional to the partition 
coefficients, ex is also the ratio of the partition coefficients of the 
substance pairing under investigation. Symmetrical, Gaussian peaks may only 
be expected if the partition coefficient is constant over a broad concentra­
tion range (see Section 2.12.10). 

The selectivity of the separation column obviously determines the distance 
between the two substances to be separated in the chromatogram. Besides 
physical separation efficiency, which is expressed in terms of plate 
numbers, N, selectivity is therefore the second value which determines the 
attainable resolution. As a final consideration when calculating the reso­
lution, allowance must be made for the fact that during separation peaks 
which elute later are increasingly far apart. This is accounted for by in­
cluding the capacity factor k' 0 

2.12.15 The resolution equation 

If all the parameters described above are combined, namely plate number, 
capacity factor and selectivity, we obtain finally a general formula for 
the resolution R: 

R _ -IN ex- 1 
- 4 ex 

k' (2.24) 
k' + 

The aim of every gas-chromatographic analysis is to separate the individu­
al substances from each other. A measure of the quality of the separation 
is the resolution R, already defined in Section 2.12.7. According to 
Equation 2.24, the resolution is equal to the product of the capacity term 
(k' /k'+ 1), the selectivity term (ex - 1) / ex) and the column-efficiency term 
-J"N/4. 

In order to improve the resolution R, each term may be optimized. 

Optimization of the capacity term 

According to Equation 2.3, the partition constant KD is equal to the 
product of k' and B. Resolving in terms of k' and substituting V mlV s for B, 
we obtain: 



Vs 
k' = KD • -­

Vm 
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(2.25) 

Since KO is a constant for a particular substance/stationary phase pairing 
(where T is constant), k' can be increased by increasing V s or reducing 
V m' This means that k' is a measure of the quantity of stationary phase in 
the column. 

The quantity of stationary phase cannot be increased at will; it is highly 
dependent, for example, on the nature of the carrier. H. Rotzsche provides 
an excellent summary. 

The maximum value which the capacity term may assume is one. In practice, 
the k' values should be between 2 and 5, since otherwise the retention times 
are unacceptable long. 

Optimization of the selectivity term 

The selectivity ex of a separating liquid must always be seen in conjunction 
with the sample molecules to be separated. A separating liquid is consider­
ed to be selective if it engages in intensive intermolecular interaction 
with the molecules of the substance. 

According to the definition of ex (see Equation 2.23) , the function 
« ex - 1)/ ex) is meaningful for values between 0 and +1 only. ( ex in Equation 
2.23 cannot be less than 1, and where ex = 1, « ex - 1) / ex) = o. 

The selectivity term, and hence the choice of the "correct" stationary 
phase, has a major influence on the resolution R. 

Optimization of the efficiency term 

Optimization of the efficiency term is best illustrated by an example. 

How long must a column be in order to obtain a resolution of 1. 5? 

The theoretical plate number of a 3-meter column is 
to Equation 2.20 and the data taken from Fig. 49: 

calculated according 

Nth = 16,' 1 = 4624 ( 17 )2 (2.26) 

The theoretical plate number N* th required to achieve a resolution of 1.5 
is calculated from Equation 2.24 as: 

. (~)2 . (klB + 1) 
ex- 1 k'B (2.27) 

( k' B = capacity factor of peak B) 

ts(A) = 13 min.; ts(B) = 16 min.; tm = 1 min. 

Total uncorrected retention times may, of course, also be used for the 
calculation of R. 

WB(A) = 0.818 min.; WB(B) min. 
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17min. 

1l.min. 

lmin. 

a.8l8min. 
t .... 

lmin. 
Fig. 49. Separation of two substances on a packed column; Optimization of 
column length 

The calculated resolution of 3.3 is much too large and the analysis time of 
17 min. is unacceptable long. Even a resolution of R = 1. 5 signifies a 
"base-line separation" (99.7 % separation) . A shorter column with fewer 
theoretical plates would suffice. 

The values for a and k'B are obtained from Fig. 49. 

17-1 17-1 a = T"4=-r = 1.231 ; k'B = --1- = 16 

Substituting these values in Equation 2.27, we obtain: 

N*th = 16 . (l5)2 • (1.231)2 . (,17y 
. 0.231 \16) 

(2.28) 

N*th 1154 (2.29) 

Since the plate height Hth remains constant, the column length is calculated 
as: 

(2.30) 
L 

1154 
L 3· 4624 

L = 0.75 (m) 

It can be seen, that the desired separation is achieved with a much 
shorter column. Since separation is complete on the 3-m column, a higher 
rate of carrier-gas flow may be used to shorten the analysis time (see 
Equation 2.18). 

2.12.16 General remarks on GC detectors 

Thanks to their sensitivity or specificity, the following types of detector 
have proven valuable for performing gas-chromatographic analyses of trace 
amounts of organic substances in water: 



A) Flame ionization detector (FID) (2.12.16.1) 
B) Electron capture detector (ECO) (2. 12. 16.2) 
C) Thermionic specific detector, alkali TSO (AFID) (2.12.16.3) 
0) Flame-photometric detector (FPO) (2.12.16.4) 
E) Thermal conductivity detector (2.12.16.5 and 3.6.0 
F) Microcoulometr ic detector (2. 12. 16.6) 
G) Mass-selective detector (2.12.16.7 and 2.11.3) 
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It should be understood that there are two types of detectors: those which 
produce unequal signals from equal concentrations of different substances 
in the mobile phase are specific. If this only applies to substances incor­
porating a particular element, a particular functional group or with some 
other outstanding property, the detector is selective. 

2.12.16.1 Flame ionization detector (FID) 

A) Flame ionization detector (FID) 

The FID is used to measure the electrical conductivity of a flame in an 
electrical field. The flame is produced with hydrogen as the fuel gas, 
which is mixed with the carrier gas ahead of the burner nozzle. The air 
required for combustion is supplied to the flame separately. Positive 
fragments of the organic substances and electrons are produced in the 
flame as a result of ionization. The electrons are accepted directly by 
the anode. The positive ions are discharged at the cathode. 

When operating the FID, care must be taken that the flows of H2, N2 and 
air are set at a constant rate precisely according to the specifications 
of the equipment manufacturer. The gases must be dry and of high purity. 
The FID is outstanding for its very high sensitivity and wide range of 
linear response. Careful calibrations are required for each component 
under analysis. The FID is capable of taking direct measurements only of 
substances with CH bonds. Inert gases, N2, 02, H2, CO and C02 are not 
recorded. 

There is a voltage (300 V) between the flame tip and a cy lindr ical 
collecting electrode. The carrier gas from the column is mixed with 
hydrogen and burned via the nozzle. If an organic component is eluted 
from the column, charged particles result which reduce the resistance 
between the electrodes; the current which then flows is proportional to 
the quantity of eluted organic material. 

2.12. 16.2 Electron capture detector (ECO) 

B) Electron capture detector (ECO) 

Virtually all modern electron capture detectors operate according to the 
pulse-modulated constant-current technique (PMCC). The ionization source 
is a 63Ni foil (~--emitter), which is attached to the inside of the 
detector cell. When carrier gas (highly pure nitrogen or a mixture of 
Ar/CH4) flows through the cell, the gas becomes ionized. The slow elec­
trons formed flow to the anode, thus generating a current. 

TG + ~- --TG- + e- (primary, slow) 

(TG = carrier gas) 
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Fig. 50 a. Flame ionization detector (FlO); 1) = Cooling fins; 2) 
Insulator; 3) = Outlet; 4) = Ring electrode; 5) = Flame; 6) = Ceramic 
insul.; (Based on Siemens, Sichromat) 

If negative pulses with a frequency of fo are applied to the foil, the 
electrons are able to reach the collector only during a negative pulse 
period. In this way, the pulse frequency fo determines the residual cur­
rent of the ECD. If an electron-absorbing substance S enters the detec­
tor cell, the electron concentration falls. This loss is compensated by 
an increase in pulse frequency to fs, so that the residual current re­
mains constant. The difference f = fs - fo is proportional to the 
quantity of S and is fed to a recording instrument. 

The ECD is dependent on concentration. 
that the volumetric flow rate of the 
sensItIvIty is a function of detector 
should be kept constant, + 0.3 - 0.5 °C. 

It must be ensured, therefore, 
carrier gas is constant. Since 

temperature, the temperature 

It is advisable before and after each quantitative analysis to calibrate 
the detector with a known amount of the substance to be detected. 

This type of detector is used for the detection and determination of 
very small quantities of substances with high electron affinities. In 
the trace range, the ECD is employed amongst other things for the analy­
sis of traces of pesticides, nitro compounds, ozonides, chemical poison 
gases, pharmaceuticals, carcinogens, metaboli tes and metallo-organic 
compounds. 
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RIGID SIGNAL CABLE 

H.+ MAKE-UP 

HEATER BLOCK 

Fig. 50 b. Cross-sectional view of flame ionization detector 

The carrier gas (H2, N2 or Ar: CH4 - 95 : 5) flows through the detector 
cell and is ionized by the 13- radiation of a radio-active source (3H or 
63N i). The "slow" electrons formed migrate to the anode (which usually 
has a potential of 90 V); as a result, a residual current of approxima­
tely 10-8 A flows. If an organic substance is eluted which is capable of 
"capturing" electrons, the current flow is reduced. 

Modern ECDs achieve a constant current flow with the aid of pulsating 
voltages at the electrodes. The frequency of the voltage pulses is di­
rectly proportional to the concentration of "electron-capturing" mole­
cules . 

Fig. 51. Electron capture detector (ECD); 1 ) 
Gas out; 3) = Electrodes; 4) = Gas in 

Radioactive foil; 2) 
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2. 12. 16.3 Thermionic detector (TSB) and alkali flame ionization detector 
(AFID) 

C) Thermionic detector (TSO), alkali flame ionization detector (AFID) 

The alkali flame ionization detector is a variant of the FlO; it is 
available in various versions. They may be specific and selective for 
organic compounds which contain nitrogen and/or phosphorus, depending on 
model, and are therefore frequently used in trace analysis of pesti­
cides. The desired selectivity is achieved by holding a bead of alkali 
salt (containing Rb or Cs) over an FlO flame (AFlO) (Fig. 52 b) or by 
heating the bead electrically (Fig. 52 a) (TSO, approx. 500 - 850°C). 
The ionization of compounds containing nitrogen and phosphorus, in parti­
cular, is made easier in the presence of alkali atoms in the ionization 
zone close to the surface of the bead. According to recent theory, the 
alkali atoms serve as electron carriers from the heated salt beads to 
the compounds. Larger quantities of halogen-containing substances 
(particularly halogenated solvents) should be avoided, since otherwise 
there may be irreversible evaporation of alkali halogenides, resulting 
very quickly in the destruction of the detector. 

N- and P-selective detectors 

1 

a) TSO with electrical heated bead 

bJ AFID 

Fig. 52 a and b. a 1) = Collecting electrode; 2) 
supply unit; 4-) = Nozzle; 5) = Alkali source; 

Amplifier; 3) Power 
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Fig. 52 c. TSD Nip selective 

2.12.16.4 Flame-photometric detector (FPD) 

D) Flame- photometric detector (FPD) 

157 

O-RING 

COLLECTOR 
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FLAME TIP 
ASSEMBLY 

This type of detector is frequently used in pesticide-residue analysis 
because of its high specificity and selectivity and its high sensitivity 
to sulphur and phosphorus compounds. In the arrangement devised by Brody 
and Cheney the radiation from a hydrogen-air flame is directed to a 
photomultiplier through an interference filter. Measurements are taken 
at a wavelength of 526 nm for the determination of phosphorus, and at 
394 nm for sulphur. Disturbances due to other products in the flame are 
largely avoided due to the fact that only the upper part of the flame is 
in the light beam (Fig. 53). In the presence of a hydrocarbon matrix a 
double flame FPD is essential. 
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EXIT TUBE O-RING 
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Fig. 53. Flame-photometric detector (FPD) 

2.12.16.5 Thermal conductivity detector 

E) Thermal conductivity detector (see Section 3.6.1) 

2.12.16.6 Microcoulometric detector 

F) Microcoulometric detector 

The eluted halogen-organic compounds are pyroJized; the resultant hydro­
gen halide is quantified selectively by microcoulometric titration. 

2 

4~ 

5 6 

Fig. 54. 1) = Microcoulometer; 2) = Electrolysis circuit; 3) 
circuit; 4) = Column; 5) = Pyrolysis oven; 6) = Titration Cell 

Measuring 
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2.12.16.7 Mass-selective detector 

G) Mass spectrometer or mass-selective detector (see 2. 11 .3) 

Note: 

It is of advantage to use gas chromatographs with two detectors of 
different types in conjunction with a two-channel plotter. When operat­
ing two such detectors simultaneously, such as FID and ECD, it is possib­
le to make assertions regarding the nature of components separated by 
gas chromatography: while the FID records all organic compounds contain­
ing CH, the ECD indicates only those compounds containing halogens. 

2.12.17 Theoretical considerations regarding detectors 

2. 12. 17. 1 General remarks 

A GC detector has the task of translating the material signal leaving the 
separation column into an electrical signal, avoiding distortion at all 
times. In so doing it should "ignore" the carrier gas, in other words in 
the absence of substance it should produce a zero signal. The output 
voltage of the detector is displayed on a strip chart recorder as a chroma­
togram (Fig. 55). 

In some detectors, the electrical output signal is proportional to the mass 
flow (in g . sec;-l) and in others the output signal is proportional to the 
concentration (in g • ml-l) of the components. The main representative of 
the first type is the thermal conductivity detector, and of the second type 
the flame ionization detector. The most obvious difference between the two 
categories of detector is in their differing reaction to changes in 
carrier-gas flow rate. 

r 
QI 
VI 
§ 
VI 
QI a:: 

t --+ 

Fig. 55. Chromatogram of a differential detector. The shaded area is pro­
portional to the total mass of the substance emerging from the column in the 
time t2 - tl 
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1 
R 

Fig. 56. Detector signalS as a function of time 

In a concentration-dependent detector the level of the detector signal is 
given as follows: 

(1) 

5 := Detector ou tput signal (m V) 
K = Apparatus constant (mV • g-l ml) 
C := Concentration of sample substances in the detector (g • ml-l) 

If the detector signal 5 is plotted against time t, we obtain the function 
shown in Fig. 56. 

The shaded area A is defined as: 

A 5 . dt 

If we substitute the value for 5 from Equation 1 into 2, we obtain: 

t2 
A J 

tl 
(K • C • dt) 

t2 
K • J C' dt 

tl 

(2) 

(3) 

The limits of integration, t 1 and t2, correspond to the times at which peak 
detection begins and ends. Depending on the degree of accuracy required for 
the analysis, for quantitative measurement of the peak area t2 - t 1 = Ll t 
should have a value between 6 (J and 8 (J , for symmetrical peaks. «(J is the 
standard deviation or half inflection-point width of the Gaussian peak.) 
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The actual quantitative measured value, which should be proportional to the 
quantity of sample substance, is the integral of the detector-signal level 
(mV) over time (sec.), i.e. the peak area A with the dimension (mV • sec.). 

For the sake of simplification let us assume that the substance peak emerg­
ing from the column is rectangular (Fig. 57). 

Dur ing time ,1 t = t2 - tithe concentration of sample substance in the 
detector is constant. 

M 
V 
V • ,1 t 

C M 
v . Llt 

Mass of the sample component causing the peak (r) 
Average flow rate of the carrier gas (mi· sec. - ) 
Volume of carrier gas contained in the peak (ml) 

(4) 

As a result of 1, during the same time period the detector supplies a 
constant output signal S, which is not dependent on flow rate. The peak 
area A, however, here instead of the integral in 2 simply the product S . ,1t, 

is clearly directly proportional to the time ,1t during which concentration 
C is kept consta.nt in the detector. If in the centre of the rectangular peak 
(Fig. 57) the carrier-gas flow is stopped, the detector would issue signal 
S for an indefinite time; A would therefore be of indefinite size. 

If the above relationships are combined, we obtain: 

A=S·Llt=K·C·Llt=K 

11 

t1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

i 

M'Llt 
V • Ll t 

t t2 
2 

t----. 

Fig. 57. Idealized relationship of substance concentration to time t (refer 
to text for details); 1) = Substance concentration; 2) = Retention time-
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A-~ 
V 

(mV . sec.) (5) 

For concentration-dependent detectors the implications of this, therefore, 
are: 

a) The peak area is proportional to the quantity of sample. 
b) The peak area is in inverse proportion to the carrier-gas flow. 

In order to obtain comparable results, a thermal conductivity detector must 
be operated with a constant flow rate. 

The mass flow sensitive detector (e. g. FID) first translates its input 
"quantity of substance" into the variable "electric charge". M (g) of sub­
stance generates the charge: 

Q = M • q (6) 

(q = charge per g of substance in (A • sec.' g -1) ) 

A flow of substance from the separation column of M (g sec. -1) produces a 
current: 

I = M • q (A) (7) 

which generates the voltage U (V) = 
level is then: 

• R via load resistance R. The signal 

S = M . q • R (V) (8) 

However, with a constant sample concentration in the carrier gas, i. e. 
within the rectangular peak, the following applies: 

M = C . V (g • sec. -1 ) (9) 

Under these conditions, the signal level is proportional to the carrier-gas 
flow V. 

In this case, too, the 

In the case of real 
must be used: 

peak area A is given by S . Ll t: 

A = M q . R .d t (V . sec.) 

peaks, M is not constant, meaning 

A 
t2 
f q • R • M • dt 

t( 

Evaluation of the integral yields, as for Equation 10: 

that 

from which we may derive for mass flow sensitive detectors that: 

a) The peak area is proportional to the sample mass. 
b) The peak area is not dependent on the carrier-gas flow. 

(10 ) 

the following 

(11) 

(12) 
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2.12.17.2 Characteristic parameters of detectors 

In principle, any property of a substance which can be converted into an 
electrical signal can be utilized in the design of a gas-chromatographic 
detector. There are indeed a great many different detectors, but only few 
types have found broad acceptance. 

In general, a distinction is drawn between differential and integral detec­
tors. Differential detectors constantly issue an output signal which corre­
sponds to the quantity of substance emerging from the separation column at 
tha t moment. 

Integral detectors successively add all input signals together and issue a 
corresponding summated signal at the output. Only differential detectors 
play a major role in gas chromatography. 

A further distinction is drawn between destructive and non-destructive 
detectors. The first type alters or destroys the sample components during 
detection (e.g. thermal conductivity detectors), the second type does this 
not (e.g. TCD). 

The following parameters characterize a detector: 

1. Selectivity 
2. Linear range and linearity 
3. Noise level and detection limit 
It. Sensitivity 
5. Measuring volume (cell volume) 
6. Time constant 

Depending on the purpose of the detector, particular emphasis will be placed 
on one or other of the characteristic parar.1eters, which will then be opti­
mized accordingly. 

Selectivity 

It is generally desirable to have a detector which detects all substances 
well. Such a device is impossible to achieve, since each detector is based 
on the measurement of a particular substance property and different substan­
ces have correspondingly differing substance properties. There are, how­
ever, detectors which are suitable for very broad substance ranges. Flame 
ionization detectors and thermal conductivity detectors, for example, are 
virtually universal. Even with these types, though, different properties 
from substance to substance play a part to the extent that substance­
specific correction factors must be used for the correlation between 
substance mass and peak area. 

Highly selective detectors have been developed specifically for the detec­
tion of more or less closely delimited substance classes. These are of 
exceptional value in the analysis of complicated mixtures. 

Linear range and linearity 

The proportionality between the sample input of the detector and the elec­
trical output voltage should extend over as great a range as possible. Let 
us consider the relationship of the signal to concentration in a concen­
tration-sensitive detector (Fig. 58). 
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Two characteristic quantities are defined as follows: 
the linear range (LR): 

and linearity M: 

where: 

Smax. 
Smin. 

M 

Signal level at Cmax• 
Signal level at Cmin. 

(see Fig. 58) 

C LR = max. 
Cmin. 

log Smax. - log Smin. 
log Cmax. - log Cmin. 

(13) 

(14) 

The linearity value of a detector should be as close to one as possible. 
Formally speaking, the linearity indicates the slope of the S _ C function 
within the linear range. 

In many detectors the linear range extends over several orders of magni­
tude. For this reason, the calibration curve is usually shown on a logarith­
mic scale. Fig. 58 shows a calibration curve for an FlO. 

From Fig. 58 it can be seen that the detector signal is proportional to 
mass flow M over seven powers of ten. The linear range is accordingly 107 

If the logarithm is taken of Equation (8), we obtain: 

log S = log (q . R) + log M (15) 

The linear section in Fig. 58 should, therefore, have the gradient 1. 
Values encountered in practice tend more to be between 0.95 and 0.99, depend­
ing on the design of the FlO. 

The total linear range of a detector, also known as the dynamic range, 
cannot be mapped with recording instruments such as recorders, plotters or 

I I 

I-Q =107 
a 

1-£=50 __ b 

/ 
V 

V 
~ 

lL" ~ 
L 

L 

c 
/ b=Cmax. 

a=Cmin. 

10 102 103 104 105 ,06 107 108 109 10ll 1011 1012 
.. c 

Fig. 58. Linearity curve of a flame ionization detector 
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magnetic tapes. For this reason, signal-attenuation stages are connected 
downstream of the detector. The resistance networks are almost much less 
linear than the detector itself. 

Noise level and detection limit 

All detectors also produce an output signal when only the carrier gas is 
passing through them. When the amplifier is adjusted to a low sensitivity 
this signal is not visible and the connected recording instrument shows a 
smooth base line running parallel to the edge of the paper. With high am­
plification, however, in the least favourable case three effects may be ob­
served: 

a) The base line runs away monotonically in a posItIve or negative direc­
tion. This phenomen is known as drift. Drift can almost always be traced 
to some kind of operator error. 

b) The base line appears in a wavy form, thus simulating low peaks. The 
spacing of these apparent peaks is measured in minutes. "Long-term noise" 
of this type is also traceable to incorrect operation of the gas chroma­
tograph. 

c) The base line is modulated by "short-term noise" and appears in the form 
of a band (Fig. 59). The interval of noise oscillations is in the range 
of seconds or less. This noise originates partly from the detector and 
partly from the amplifier. It can never be completely eliminated and can 
only be minimized. A genuine detector signal can only be recognized as 
such when it clearly stands out from the noise band. 

If the average noise voltage (peak-to-peak) is designated N, a signal is 
still considered to be detectable if its level is at least 2 N. That 
sample concentration or sample mass which produces a signal level of 2 N is 
known as the detection limit of the detector system (LLD = lower limit of 
detection or MDQ = minimum detectable quantity). 

Sensitivity 

The slope of the detector calibration curve (Fig. 58) is known as sensitivi­
ty. In the case of concentration dependent detectors, sensitivity has the 
dimension [A' ml' g-1], and for mass flow sensitivity detectors 
[A . sec. • g-I]. If the linear range sensitivity is constant, and outside 
this range it changes to a greater or smaller degree. If the detector is 
greatly overloaded, it enters the saturation area. In this operating range 
its sensitivity is zero. 

5l 

HJ~~J 
~ Time 

Fig. 59. Relationship of signal level to time; N) = Noise level; 2N) Mi-
nimum detectable quantity 
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Measuring volume 

The actual measuring volume of the detector should be as small as possible. 
This requirement is all the more vital the narrower the chromatographic 
peaks are. If the detector is to reproduce the substance peak as faithfully as 
possible, it must scan the peak differentially. This means, however, that 
the detector volume must be small in relation to the carrier-gas volume in 
which the entire peak is contained. Let us assume that a very narrow peak 
has a base width of 1 sec. = 4 . (J. The peak elutes almost completely, 
therefore, within 2 seconds. At a carrier-gas flow of 3 ml/min it may be 
calculated that the peak is contained in 0.1 ml of carrier gas. If the 
detector volume were 1 ml, for example, several narrow peaks of this type, 
eluting in direct succession, could be accommodated in the detector simul­
taneously. In this way, the effect of separation would be completely cancel­
led out. 

Time constant 

The purpose of any detector is to convert emerging substance peaks into a 
useful electrical signal without delay and without any distortion of shape. 
To achieve this it is necessary that the detector be capable of converting 
the substance peak into the signal considerably more rapidly than changes 
in the peak occur. The detector must have a small time constant. If one 
considers that very narrow capillary peaks may well have a base width of 
only 100 msec., it is clear that the time constant of the detector must be 
in the region of a few msec. Virtually all detectors in current use fulfil 
this condition. It must nevertheless be taken into account that a detector 
can only be operated in conjunction with the associated amplification elec­
tronics. In some devices the amplifiers are overdamped so as to give an ap­
pearance of producing particularly low noise levels. This may result in 
such great distortion of the peaks that quantitative measurements are no 
longer possible. 

2.13 Gas-chromatographic headspace analysis (cf. also Chapter 4) 

2.13.1 General remarks 

In water, volatile organic substances frequently occur only in the trace 
range. However, the human senses of smell and taste respond to the minutest 
traces of such organic substances, with the result that such traces may 
make drinking water unpalatable. On the other hand, volatile organic substan­
ces such as fuels or organic solvents which are only very slightly soluble 
in water may be emulsified by surface-active substances, with the result 
that more marked concentrations of such volatile organic products may also 
occur in water. This applies in particular to wastewater from refineries or 
from chemical plants, or to the wastewater from petrol (gasoline) separa­
tors at filling stations. 

It has also been observed that traces of organic solvents may be transferred 
into the water from drinking-water containers which have been freshly lined, 
rendering the water undrinkable. 

If volatile organic substances are present in a water sample, and the water 
is kept in a closed thermostated system, a balance of vapour pressure is 
established between the liquid aqueous phase and the gas phase. The estab-
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lishment of the vapour pressure equilibrium can be accelerated by ralsmg 
the temperature or by shaking out. When the vapour pressure equilibrium is 
established, gas samples are taken from the heads pace of the flask and the 
gas samples are analyzed by gas chromatography. If the presence of certain 
organic substances is likely in view of the retention times, identification 
can be carried out using the admixture method under otherwise identical 
test conditions. 

2.13.2 Area of application 

Gas chromatographic headspace analysis is a trace chemistry technique. 
Volatile organic substances can be detected even in the picogram range by 
this method. 

Since gas chromatographic analysis, by its very principle, is not a qualita­
tive but a quantitative method of analysis, the signals obtained must be 
attributed to particular substances. Experience shows that the analyst will 
recognize contamination by heating oil or petrol by their characteristic 
chromatograms. If assignment is impossible, a qualitative statement regard­
ing the substance cannot be made; instead, it can only be established that 
substances are detectable in the gas chromatogram, without being able to 
describe their nature. 

It is possible to conduct calibration according to the admixture method in 
conjunction with this technique if the organic impurities can be recognized 
on the basis of the gas chromatogram. Equal quantities of water are 
measured into similarly shaped glass vessels so that the same size of gas 
space relative to the water volume is present in all calibration samples. 
Increasing quantities of the suspected substances are then measured into 
the water in correspondingly low concentrations, and headspace equilibrium 
is established, as in the analysis of the sample. In the case of fuel 
contamination, for example, using the admixture method with fuels of vari­
ous orlgm not only enables the fuel itself to be identified, but also 
allows its origin to be established at least with some degree of probabil­
ity. Great care should be taken that the external conditions, such as flask 
volume, water volume and gas-space volume, as well as temperature and the 
time taken to establish headspace equilibrium, are always kept comparable. 

An initial indication as to whether the technique of gas chromatographic 
headspace analysis is applicable is given by checking the smell of the 
water; this may also provide information concerning the nature of the vola­
tile organic substances. 

It should be noted that the gases naturally occurring in solution in a 
water, such as carbon dioxide, nitrogen, oxygen or methane, are also concen­
trated in the gas space and, like methane, may be measured in addition. 

Completely odourless glass flasks which have been carefully cleaned should 
be used for taking the sample. 

Glass flasks should be chosen which provide approximately the same remain­
ing gas space when filled with 1 litre of water. The flasks should be heat­
ed for 24 hours at 105 °C in a drying oven before taking the sample, and 
when cool provided with a ground-glass stopper fitted with a septum to 
allow samples to be removed from the gas space with a gas syringe. 
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Blank tests without the addition of water but using the same septum and 
otherwise treating the flask in the same way should be carried out at all 
events in order to discover any potential influences. (For details of the 
method see section 4.2) 

Common injection systems for capillary columns 

- Split injector after Grob 

simple headspace analysis 
- Headspace <-

dynamic headspace injection 
(purge and trap) 

- Cool column injection 

Types of columns 

- Packed columns: Glass or metal columns filled with 
support; this support is coated with a 
ary phase (generally a liquid with 
boiling point). 

a solid 
station­
a high 

- Capillary columns: Usuall y glass or quartz capillaries 30 to I 00 m 
long (internal diameter: 0 .25 to 0.5 mm) in 
which the stationary phase is applied as a 
thin film (thickness 0.5 to 0.1 ~m) or is in 
the form of a "bonded phase" (fused silica). 

2.14 High-performance liquid chromatography (HPLC)* 

2. 14. 1 Basic principles 

The following section aims to provide a brief description of the principles 
of HPLC and its most important parameters in water analysis. 

In contrast with classical column chromatography, HPLC uses columns with 
considerably smaller internal diameters (2 to 5 mm) and considerably 
smaller particle sizes in the stationary phase (3 to 1 0 ~m). 

This results in a build-up of considerably higher back pressure (up to 400 
bar) as .the solvent passes through the separation column. Today the method 
achieves separation efficiencies and detection limits which previously 
could not be expected of anything but the most sophisticated gas chromato­
graphic methods. 

A pump (2) delivers a certain quantity of solvent through the system from a 
reservoir ( 1 ) at a very even rate (even against differing back pressure). 
(Fig. 59 b) 

* H. G. Deckert, K. Jung, Millipore-Waters, 6236 Eschborn, FRG. 
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Reverse Phase 

Pump I-- Injector --1 ClS Column r-- UV 
Data Detector -

Ion Analysis 

Pump - Injector I-
Ion Exchange 

I-- Conductivity I-- Data Column Detector 

Fig. 59 a. Schematics of typical liquid chromatographic systems for organic 
and inorganic compounds 

A special injection system (3) permits a certain quantity of sample (liquid 
or dissolved) to be introduced precisely into the pressurized overall 
system. Separation of the substance mixture takes place in the column (4). 

Finally, in a detector system connected directly to the column outlet, the 
individual substances are indicated and the resulting detector signal (5) 
is transmitted to a recorder, electronic integrator or a data system (6) 
for qualitative or quantitative evaluation. 

In the next section, the parameters which describe or influence chromatogra­
phic separation are discussed. 

2.14.2 Retention 

In HPLC, the individual substances reach the column exit, i.e. the detec­
tor, at different times, one after the other. This means that with a 
constant flow of solvent the substances differ in their retention time on 
the stationary phase, so that the total retention time tR comprises the 
retention time on the stationary phase t'R and in the mobile phase to' 

, 
to + t R 

If a substance failed to interact with the stationary phase at all, it would 
leave the column after tR = to, the "dead time". 

2 3 5 6 

Fig. 59 b. Principle of the apparatus layout of an HPLC system 1) = Reser­
voir; 2) Pump; 3) Injector; 4) = Column; 5) = Detector; 6) = Integrator 
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The retention time is a necessary parameter but not sufficient to identify a 
substance. Under the same external conditions (temperature, solvent composi­
tion, flow, stationary phase), different substances may have the same reten­
tion times. 

Capacity factor 

tR is dependent both on column length and on flow rate. In the literature, 
therefore, the capacity factor, k', of a substance is used to describe its 
chromatographic behaviour. k' is the ratio of the retention probability of 
a substance in the stationary to the mobile phase 

or 

k' = n stat 
n mob 

k' values between I and 5 are generally considered to be optimum. In the 
case of lower values, interaction with the stationary phase is too low, and 
if k' > 5 the analysis time is too long. 

Selectivity factor 

The ratio of the capacity factors of two substances, I and 2, is designated 
the selectivity factor a. 

k'l 
k'2 = a 1,2 

It follows that a is a measure of the separation of two substances in a 
defined chromatographic system. If a = 1, no separation takes place. 

Selectivity factors between 1.3 and 1.5 are optimal. 

Resolution 

The resolution of two peaks is designated as the ratio of the distance 
between the peak maxima tR2 - tRI to the average of their base widths 

(see also Fig. 60) 

WI + W2 
2 

R = 2 (tR2 - tRl) 
WI + W2 

The following equation relates R with a, k' and N: 

1 • __ k_'_ Rl,2 = T."' (a- 1) 
'+ 1 + k' 

where k'l "'" k'2 
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2 
k---------tR2--------~ 

j4 W1 .1 
~ TR1 ~ 

o W2 t--+ 

Fig. 60. The most important parameters for characterization of a chromato­
graphic separation 

It is worth noting that doubling the number of plates improves resolution 
by a factor of 1.4. 

From a practical point of view, this means that if resolution is unsatis­
factory: 

First of all an attempt should be made to alter the mobile phase, i.e. the 
solvent is altered such that its polarity is in fact retained, but the type 
of interaction possible with the substances to be separated is changed. In 
practice, these may be for example two solvent components which have the 
same polarity but only one of which forms hydrogen bonds and the other not. 

If no success is obtained in this way, the stationary phase should be 
changed. This therefore means a change from "reversed-phase" chromatography 
to "normal-phase", or vice versa. 

2.11f.3 Separation mechanisms 

The following section deals briefly with the most important separation 
mechanisms in HPLC. 

Adsorption chromatography 

Most packing materials used in HPLC are based on silica gel, which may 
differ in particle size, surface area and pore size. (Typical particle 
sizes lie between 5 !-1m and lO !-1m. Pore size is 600 to 1250 nm and surface 
area 100 to 300 m2/g). 

Pure, i.e. unmodified, silica gel is highly polar and the separation 
mechanism is based on the interaction of the substances to be separated 
with the free Si-OH groups of the stationary phase. In practice, this means 
that polar substances are retarded to the greatest extent. 

Reversed-phase chromatography 

Silica gel is a highly reactive material to which various functional groups 
may be bonded relatively easily. If, for example, silica gel is caused to 
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Si - 0 - Si - C18 
I 
o 
I 
Si - 0 - Si - C18 

Fig. 61. Example of a chemically modified silica 
gel. 

react with R-Si-CI (R = CgH17, C 19H37), the alkyl chains are bonded to the 
Si-OH groups and HCI is given off. (Fig. 61) 

In this process, a highly non-polar silica gel is formed. In normal-phase 
chromatography, the eluent is less polar than the stationary phase. If the 
mobile phase is more polar than the stationary phase one speaks of 
reversed-phase chromatography. 

In reversed-phase chromatography, non-polar substances are retarded to a 
greater extent. Typical solvents are aqueous buffers, methanol, acetonitri­
le, tetrahydrofuran, and mixtures of buffer and these organic components. 

Today, the majority of separations in HPLC are conducted on reversed-phase 
materials. These materials can be balanced more rapidly, require a solvent 
with aqueous organic components and are more versatile with regard to their 
areas of application. 

Ion-exchange chromatography (see also 2.15) 

The stationary phase contains bonded cation- or anion-exchange groups (e.g. 
NR3+ or S032- groups) which interact with molecules of opposite charge. 

For details of further specialized techniques (ion-pair chromatography, gel 
permeation), refer to the supporting literature. 

2.15 Ion chromatography 

(Introduction) I 

The analysis of organic anions, such as organic acids or also phenols, 
sugars and alcohols, as well as that of organic cations such as amines and 
amino acids, has long been a constituent part of high-pressure liquid 
chromatography. 

In the case of inorganic ions, however, the situation is different. Well 
into the seventies, analysts were still dependent on wet analysis or other 
non-chromatographic techniques. The conductivity of inorganic ions in 
aqueous solutions suggested itself as an aid to detection. 

However, the problem of detection remained unsolved until the eighties. It 
was, of course, necessary to measure minute changes in conductivity in the 
presence of very high background conductivity of the appropriate eluents. 
By chemically suppressing the background conductivity of the eluent, Small, 
Stevens and Baumann succeeded in getting round the detection problem for 

I H. G. Deckert, Millipore-Waters GmbH, Eschborn, FRG. 
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the first time in 1975. They described their development of the so-called 
suppressor technique under the title "Novel Ion Exchange Chromatographic 
Method". 

As early as 1976, then, it was possible to obtain the first analyzers 
(offered as chloride and sulphate analyzers). 

Further development since 1979 has been in two directions. Whereas on the 
one hand attempts have been made to reduce the disadvantages of the suppres­
sor technique by developments to the suppressor and columns, as a parallel 
development initial tests are being made using ion chromatography without a 
suppressor, but with separator columns on a silicate base and a conductivi­
ty detector. 

In 1982 it proved possible to construct a self-generating hollow-fibre­
membrane suppressor. 

Fig. 62 is a schematic representation of the structure of an ion chromato­
graph using the suppressor technique: 

UTEXEO AHIOH SEPARATOR 

DOR R 
\I \I 
S-N 
I , 

° R 

Carbonate/Bicarbonate 

Sample Waste 

Separator 
Column 

Fiber 
Suppressor 

Conductivity 
Detector 

H2S04 

Injection 
Valve 

Fig. 62. Structure of a suppressor ion chromatograph (ion chromatography 
using fiber suppressor) 
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Eluent 
Reservoir 

Pump 

Sample 
Injector 

Separator 

Column 

Conductivity 
Cell 

I 
I 
I 

I com;uter I Fig. 63. Structure of an ion chromato­
graph without suppressor 

In 1984-, advances in electronics made it possible to develop a highly sensi­
tive thermostated conductivity detector for the single-column technique, 
and finally help the suppressor less Ie technique to come to fruition. Fig. 
63 is a schematic representation of the structure of an ion chromatograph 
without suppressor. 

2.15.1 Ion chromatographs with suppressor 

Ion chromatography with a suppressor has achieved the widest distribution 
in laboratories. The first analytical separator columns for ion chromato­
graphy consisted of ion exchangers with a plastic base. The suppressor 
which is required for the suppressor technique has two functions. On the 
one hand it removes the ions of the mobile phase, and on the other it 
reinforces the ionic character of the sample ions and hence boosts their 
detection limit. 

Today's suppressor technique uses anion columns with exchange material on 
polystyrene diphenylbenzene copolymers, the surfaces of which are sulphon­
ated and subsequently agglomerated with amine latex (see Fig. 64-). 

The cation columns consist of sulphonated polystyrene diphenylbenzene (see 
Fig. 65). 

As a result of their relatively high capacity, these columns require strong 
eluents with high intrinsic conductivity. The problem arising from this is 
to detect ions in the presence of very high background conductivity, in 
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Fig. 64. Anion column for the suppressor technique 
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other words a similar problem to the measurement of small changes in absorp­
tion in UV spectroscopy with a highly UV-absorbent eluent. 

The first solution to this problem, as already mentioned, was the develop­
ment of the suppressor. In the suppressor, the sodium ions in the anion 
eluent (e . g. sodium carbonate/hydrogen-carbonate) are replaced by hydro­
gen. 

In the case of cation eluents the chloride is replaced by OH ions. This 
reduces the background conductivity of the eluent from approximately 800 115 
to about 25 115 (F ig . 66). 

Divinylbenzene 

10 l-lm 

Fig. 65. Cation element Siles (Sulfonate) 

Fig. 66. Schematic of Fibre Suppressor 
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Structure of the Flow Cell Unit 

Fig. 67. Thermometric conductivity detector with 5 electrodes; 1) = refer­
ence electrode; 2) = detection electrode; 3) = guard electrode; 4) = cell 
unit; 5) = cell oven; 6) = 2 meters of 0.25 mm i. D. stainless steel tubing 

The eluents which can be used for this technique are limited by the suppres­
sor used. Accordingly, changes in the necessary resolving properties make 
it necessary to change the separation columns. 

2.15.2 Ion chromatography without suppressor 

In ion chromatography without a suppressor the conductivity of the eluent 
is no longer suppressed chemically but rather by electronic means. Fig. 67 
is a schematic representation of the structure of a modern conductivity 
detector. 

As a result of the electronic compensation of the background conductivity, 
the full dynamic range of a detector of this type is retained. Today, ion-

+ 
N -10 }.Jm-+ 
I 
R3 

Fig. 68. Anion Column (Waters) 
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Eluent versatility .. 5tronger Weaker .. 
0.5 mmol 1 mmol 5 mmol 1. 3 mmol 5 mmol 1 mmol 
Trimesic Potassium Phospate Potassium Potassium Potassium 
Acid Eluent Phthalate buffer Gluconate/ Hydroxide Benzoate 
(pH 8.6) (pH 6.5) (pH 6.5) 1. 3 mmol (pH 11.7) (pH 6.0) 

borax 
(pH 8.5) 

° 
HP042- 5°42- F- F- F- 5i032--
N03- Cr042- cr cr Cl-

Citrate N03-
--Cl-

N02- CN-

P2074-
Br- N03-

5 Br- F-N03-
Acetic 

N02- N02- Formic 
5°42- Br- Br03-

10 5e042- N03- HP042- C032- Cl-

Cr042-
r- 5°42- N0 2-

15 
52°32-

5°42- 5042-
Oxalate Br-

Mo042- CI03-
20 P20105- N03-

Fig. 69. Overview of the eluents most commonly used for ion chromatography 
without suppressor 

exchange materials on a polymethacrylate base, amongst 
this technique, since their use permits correspondingly 
result of reduced capacity (Fig. 68). In addition, 
silicate-base columns used previously, these columns 
entire pH range. 

others, are used for 
weaker eluents as a 
in contrast to the 

are stable over the 

Very precise temperature control of the detector is necessary for trace 
analysis since conductivity is heavily dependent on temperature. 

2.15.3 Anion separation 

In the case of ion chromatography without a suppressor the resolving proper­
ty of the column can be adapted to the particular analysis in question by a 
simple change of eluent. Fig. 69 shows a schematic representation of the 
possibilities for anion separation offered by a single-column system of 
this type. 

2.15.4 Examples 

The following chromatograms illustrate the possibility of mastering differ­
ent separation problems with one column and different eluents. 

The demands made by environmental analysis are very varied. Whereas on the 
one hand when investigating drinking water the anions are to be detected in 
the lower ppm range, investigations of the acid-forming anions in rainwater 
sometimes reveal notably high concentrations. 
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Chromatogram of Anions with Potaasium Benzoate 

2 

o 5 10 15 20 :z.s 
Minutes 

Column: 
Detector: 

IC-PAK A 
WatersTM 430 
Conductivity Detector 

Eluent: 1 mmol, potassium benzoate 
Sensitivity: 4 ~s/s 
Flow rate: 1.2 ml/min. 
Sample volume: 100 ~l 

1. Acetic acid 50 ppm 
Z. Formic ZO ppm 
3. Br03- ZO ppm 
4. Cl- IO ppm 
5. NOZ- 10 ppm 
6. Br- IO ppm 
7. CI03- ZO ppm 
B. N03- 10 ppm 

Fig. 70. Anion separation using potassium benzoate eluent 

The greatest demands are made of the system at differences in concentration 
of 1000 and more. In these border regions, columns with a higher exchange 
capacity prove to be advantageous. 

Other detectors are possible in ion chromatography, in addition to the 
measurement of conductivity. UV detection enables anions absorbent in the 
UV range (e.g. N02-, N03-) to be detected specifically, and also makes it 
possible to work with a UV -absorbent eluent. In the process, the background 
absorption is reduced by the non-absorbing ions. With this indirect UV 
absorption, therefore, negative peaks are obtained. 

Chromatogram of Anions with Potassium Phthalate 

I 
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10 
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I 

15 

Minutes 

20 25 

Column: 
Detector: 

IC-PAK A 
WatersTM 430 
Conductivity Detector 

Eluent: 1 mmol, potassium phthalate 
Sensitivity: 5 ~S/s 
Flow rate: 1.2 ml/min. 
Sample volume: 100 ~l 

1. Cl-
Z. NOZ-
3. Br-
4. N03-
5. S04-Z 
6. Se04Z-
7. Cr04-Z 
8. SzOrZ 
9. Mo04-Z 

5 ppm 
5 ppm 
5 ppm 

10 ppm 
50 ppm 
50 ppm 
50 ppm 
50 ppm 
50 ppm 

Fig. 71. Anion separation using potassium phthalate eluent 



179 

Anion Capability 

Column: WatersTM IC-PAK A 
Detectors: WatersTM 430 Conductivity detector 
Eluent: Borate buffer 
Flow rate: 1.2 ml/min. 

H Chart speed: 0.5 cm/min. 
Sensitivity: 2.5 ILS/S 

2 Temperature: Ambient 

t 
5& Sample volume: 50 ILl 

~ 
ppm's 

1. F- 1 
2. C032-
3. Cl- 2 
4. N02- 4 
5. Br- 4 
6. N03- 4 
7. HP042- 5 
8. S042- 4 

Fig. 72. Anion separation using borate gluconate eluent; anion capability 

Another important detector for ion chromatography is the electrochemical 
detector (EeD). This makes it possible to detect anions such as cyanide, 
nitrite, sulphide, bromide, iodide and sulphite with maximum sensitivity. 
Thanks to its specific detection capabilities it is also possible to identify 
these ions without interference alongside high concentrations of other 
ions which may also display similar retention values (Fig. 75). 

In water analysis it is also important to identify the cations as well as 
the anions. Fig. 76 shows the determination of the cations in the analyzed 
rainwater. 

Chromatogram of Anions with Potassium Hydroxide 
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Fig. 73. Anion separation using KOH eluent 

Column: 
Detector: 

Eluent: 
Sensitivity: 
Flow rate: 
Sample volume: 

1. Si032-
2. Cl-
3. CN-
4. Br-
5. N03-
6. C032-
7. 5042-

IC-PAK A 
WatersTM 430 
Conductivity detector 
5 mmol, KOH 
20 ILS/S 
1.2 ml/min. 
100 ILl 

3 ppm 
4 ppm 

10 ppm 
IO ppm 
25 ppm 
25 ppm 
50 ppm 
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Anions in Rain 

Column: IC-PAK A 
Eluent: Borate buffer 

2 
Detector: WatersTM 430 

2 Conductivity detector 

6 Sensitivity: 1 lJoS/s 
~ Flow rate: 1 ml/min. 

Chart speed: 0.5 cm/min. 
Injection volume: 200 ILl 

~ 

~~~ 
Sample (ppm) 

.... .... a 
0 u Peak number 11th 13th 14th ... ... ... ;; :l: 

1. Carbonate 
2. Chloride 0.17 13.0 3.70 
3. Nitrite 0.08 0.10 0.07 

13 min. 13 min. 13 min. 4. Nitrate 2.20 3.70 3.10 
5. Phosphate ? 

11th January 13th January 14th January 1984 6. Sulphate 1.35 6.90 2.00 

Fig. 74. Analysis of rain on three consecutive days 

The cation analysis made it possible to confirm the greatly increased 
concentration of chloride ions on 13th January, 1984. The alkaline-earth 
metals can be identified alongside the alkali ions, using the same column. 

In addition, a further interesting application by contrast with AAS and Iep, 
is to determine metal ions in different stages of oxidation in a single run. 

Both in anion and in cation analysis, automatic concentration makes it 
possible to go down as far as the ppt range, thus providing a linear range 
from below 1 ppb (Ilg/kg) to approx. 400 ppm (mg/kg). 

Iodide Analysis 

-IOppb 

Column: 
Detector: 

Eluent: 

IC-PAK A 
M 460 Electrochemical 
Ag-Electrode 
KHP 

Flow rate: 1.2 ml/min. 
Sample volume: 200 ILl of 10 ppb 

Standard injected 

Fig. 75. Iodide analysis using an electrochemical detector 
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8 min. 8 min. 8 min. 
Sample 1 Sample 2 Sample 3 

11th January 13th January 14th January 1984 

Column: 
Mobile phase: 
Detector: 

Sensitivity: 
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IC-PAK C 
2 mmol HN03 
WatersTM 430 
Conductivity Detector 
20 Jl.S/s 

Flow rate: 1.2 ml/min. 
Chart speed: 0.5 cm/min. 
Injection volume: 100 Jl.l 

Peak number 

l. Sodium 
2. Ammonium 
3. Potassium 

Sample (ppm) 

11th 13th 14th 

0.13 18.5 2.43 
0.16 0.38 0.12 
0.05 1.25 0.16 

Fig. 76. Analysis of rain on three consecutive days 

2.16 Radiochemical analysis of water samples (Introduction) 

2.16.1 General information 

Water can contain radionuclides which may be of natural orIgm, e.g. potas­
sium 40 or uranium and thorium and the members of their decay series. On 
the other hand, man-made radionuclides may be present, particularly in 
surface waters. These are created by atomic fission and enter the water via 
fall-out, or as a result of reactions in nuclear reactors, or even from the 
waste water from institutions working with radionuclides. 

As man has no sensory organ for emitters of radioactivity, and as these 
generally occur in extremely low concentrations and can be enriched from 
the water via the food chain to a level conceivably harmful to man and 
beast, highly sensitive methods for identification and measurement are 
necessary to analyze radionuclides. (For methods see Section 3.7) 

Natural or synthetic radionuclides can occur in the dissolved state in 
water samples or be linked adsorptively to particles and exist as corpus­
cular radiators or as emitters of electro-magnetic radiation. In practice, 
a distinction must be made between emitters of a-, 13- and )I-rays. 

2.16.2 Types of radiation 

In the case of a-decay, dipositively charged particles (helium nuclei) of 
mass "4" are ejected from the parent nuclide. This parent nuclide thus 
suffers the loss of 4 mass units and 2 positive charges, so that a daughter 
nuclide is created located two places to the left of the parent nuclide in 
the periodic system. The corpuscular radiation in a -decay is characterized 
by a considerable energy of several million electron-volts and, linked to 
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this, a high level of ionization in the irradiated matter. On the other 
hand, it is also characterized by only a low range of the a -particles on 
account of the relatively high mass. a -particles are absorbed by such thin 
objects as sheets of paper. The two natural decay series in uranium and 
thorium result in solid radionuclides which are soluble in water, and in 
the case of radon, in a gaseous radioactive intermediate product with the 
character of a rare gas. The decay chains in the uranium series, for exam­
ple, lead via radium 226 to the radioactive rare gas radon 222 which has a 
half-life of 3.8 days. The products of radon 222 decay are polonium, lead 
and bismuth which through multiple a - and 13--decay are converted into the 
inactive lead 206, partly via excited states (thallium 210 and thallium 
206) with the emISSIOn of a -radiation but also 13--and y -rays. Similar 
conversions take place in the thorium series with radon 220 as a gaseous 
radionuclide with a half-life of only seconds. 

a-radiation can occur in water samples, particularly in the case of uranium 
and thorium decay. Radium 226 and radon 222 are separated by suitable proces­
ses and their a -radiation is measured. 

The second type of corpuscular radiation in radioactive decay is 13--radiation. 
In this case, negatively charged electrons are ejected from the radionuclide. 
The atomic mass number of the radionuclide does not change. 

The emission of 13--radiation creates a daughter nuclide of the same mass as 
the parent isotope and located immediately to the right of it in the periodic 
system of elements, owing to the loss of a negative charge. 

A 13--radiating nuclide existing naturally in water is potassium 40. Potas­
sium, which exists dissolved in small quantities in practically every kind 
of natural water, is a mixture of isotopes with a proportion of approxi­
mately 0.012 % of the 13--radiating radionuclide potassium 40. 

13--emitters have a relatively low range. They are nevertheless important for 
the organism if they can build up in the body and cause parts of the body to 
be exposed to local radiation over a lengthy period of time. 

Strontium 90 may here be mentioned as example, an artificial radionuclide 
with a half-life of some 28 years, which can be stored in the bone as 13-­
emitter and, in spite of the low range of 13--radiation, can lead for exam­
ple to abnormal conditions in centres producing blood cells. 

y -radiation, a no-mass electromagnetic wave-type radiation, does not invol­
ve any change in the atomic number of the element or of the atomic mass 
number. The F -rays (photons or F -quanta) have a considerable range, repre­
senting the excess energy emitted from an excited core on reversion to its 
ground state. 

y -emission occurs in 
y -radiating nuclides 
emit F -rays, such as 
technical purposes. 

the natural 
occur in 
cobalt 60, 

2.16.3 Radionuclides in water 

decay series of uranium and thorium. 
nuclear fission, and isotopes which 
are produced and used for particular 

Depending on the origin of the water, the following radionuclides may be 
important: 
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Carbon 14, phosphorus 32, sulphur 35, cobalt 60, strontium 89 or strontium 90, 
yttrium 90, ruthenium 106, silver 110, iodine 131, caesium 137, barium 137, 
barium 140, cerium 144, 

and also the heavy radionuclides uranium, thorium, the actinoids and their 
decay products, and potassium 40. 

2. 16. 4 Units of measurement 

The unit of measurement for radioactivity in the international system of 
measurement is the bequerel, defined as 1 decay • s-l, corresponding to 60 
decays/min. The previous unit, Curie (CD, is also still in use to some 
extent today: 

1 Ci = 3.7 • 10 1 0 disintegrations . s-l 

Figures for radioactivity are given in 

mCi = 10-3 Ci, jJCi = 10-6 Ci, nCi = 10-9 Ci, pCi = 10- 12 Ci. 

Thus, for example, nCi is converted into Bq by multiplying the value of nCi 
by 37. 

2.16.5 Radioactive decay 

Radio-chemical decay takes place according to statistical laws. It cannot 
be influenced by secondary measures. 

A radionuclide decays in a reaction of the first order, whereby the radio­
active decay can be described by an exponential function. Of the nuclei 
(NO) existing at time t = 0, only N nuclei remain after time t, where the 
difference has decayed in this time. The decay constant A in the dimension 
t- 1 describes the probability of decay. This probability is characteristic 
for every nuclide. The following can therefore be formulated as the decay 
law: 

N = NO • e- At 

The decay rate (activity A) results as 

A = AN 

As criterion for the rate of decay of a radionuclide, the half-life is defined 
as that time in which half of the radioactive nuclei originally present have 
decayed 

If several radionuclides are decaying or if a 
decay probabilities, the total decay probability is 
ual decay probabilities. 

nuclide displays several 
the sum of the individ-

So-called decay energy is released in every radioactive decay caused by 01.­

or B- -emission and in the emission of v-quanta. 
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By measuring the kinetic energy of the emitted CX- or ~- -particle, this 
decay energy can be recorded; the energy from y -quanta can also be record­
ed by diffraction on gratings or by measuring a photoelectric effect. The 
decay energy is measured in electron-volts (eV), one eV being defined as 
the energy absorbed by a singly charged particle when passing through a 
voltage of 1 volt. 

One electron-volt per decayed particle corresponds to 23 kcal/mol, which is 
approximately equivalent to 96.5 kJ/mol. 

Knowledge of the half-life of a radionuclide is important for evaluation in 
water analysis and also for the choice of analytical method. 

Very short-lived nuclides will generally have decayed before they can be 
examined and therefore scarcely cause noticeable changes in the biotope 
water. Longer-lived radionuclides with half-lives of days or even many 
years may themselves or via their radioactive decay products be enriched in 
the foodstuff chain, and may even directly endanger man and beast via water 
in cases of incorporation. 

The analysis and quantitative determination of radioactive substances in 
water is therefore of special importance. The difficulties in radio­
chemical water analysis are characterized by the fact that radioactive 
nuclides exist predominantly in a dissolved state in unweighable quanti­
ties, and must therefore be enriched and separated from disturbing emitters 
before measurement, in spite of modern, highly sensitive measuring equip­
ment. 

2. 16.6 Enrichment of radionuclides 

In principle, the following methods are common in water radiochemistry as 
methods of enrichment before producing and measuring a preparation. 

Evaporation of the water sample 

Gravimetric determing processes: 
Precipitation with isotopic carrier 
Precipitation with non-isotopic carrier 
Precipitation with hold-back carrier 
Separation of the precipitations by filtration or 
centrifugation 

Extraction: 
Liquid-liquid extraction 
Liquid-solid extraction 
Liquid-gaseous extraction 
(Separation by means of separatory funnel or by 
distillation columns or perforators) 

Chromatographic methods of separation: 
Paper chromatography 
Thin-layer chromatography 
Column chromatography (e. g. also high-pressure liquid 
chroma tography) 
Gas chromatography 



185 

Electrophoresis 

Electrolysis 

Electrodeposition 

Ion exchanger 

Adsorption (e.g. low-temperature adsorption of radioactive gases on activated 
carbon) 

Distillation 

S ublima tion 

Separation of radioactive gases, e.g. by means of extraction into the gas 
phase by shaking. 

Separation by changing the valency of the ions 

2.16.7 Measuring preparations 

According to the operation used for separation, the measuring preparations 
produced for actual measurement should take account of radio-chemical 
measuring technology. The following parameters should be observed: e.g. 
half width, self-absorption, absorption in the vapour phase, wall and 
distribution effects, activity yield, efficiency of measuring equipment, 
calibration of the instruments, zero effect. Mixtures of radionuclides 
exist and a variety of emitters may also be present. 13--emitters are 
frequently in the majority. 

Inactive dissolved substances in the water predominate and affect the 
analysis. The aim should be a simple check procedure to determine whether 
there is any possibility of danger from the water, in particular to man and 
animals, as a result of incorporation of the dissolved radionuclides. (see 
also Section 3.7) 

2. 16. 8 Total determination 

Totalling determining processes of this type include for example measure­
ments of "gross 13--activity", where the total 13--activity including the 
activity of natural potassium 40 is recorded, and of "net 13--activity", 
after allowing for the potassium 40 content. Examinations for a­
and F -emitters are only made as part of the routine check in specific 
cases where their presence is suspected. Danger to the human and animal 
body from incorporation of radionuclides is considerable. For this reason, 
the limit for the level of radionuclides in water is generally set very 
low. Taking into consideration a daily water consumption of approximately 
2 to 3 litres, the proposed value for the tolerable level of 13--radioactivity 
in a water is 1 Bq/1. If the measured value is higher, a check should be 
made by determining the quantity of potassium and subsequent conversion to 
see whether this guide value of 1 Bq/l is exceeded even when the natural 
13--activity of potassium 40 is taken into consideration. In such cases, the 
water is not safe for regular human consumption, and nuclide separations 
must be used to determine which radionuclides cause the increased 
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13--activity. A similar approach should be 
a -activity or a measurable y -activity are 
for a -activity in water is 0.1 Bq/l, not counting 

taken if a high level of 
determined. The guide value 
any radon present. 

As a result of the large number of known radionuclides, the work of water 
analysis is particularly difficult if it is found that guide values have 
been exceeded, and tests are usually made for specific compounds which can 
be expected in view of the history of the water. 

In this context, it should be pointed out that on account of the low 
measuring rates in the water (l Bq/l corresponds to one decay per second!) 
strict care must be taken that the laboratories and measuring rooms are 
kept absolutely clean for radio-chemical treatment and measurement of water 
samples. Contamination by radionuclides, e.g. by calibrating emitters, can 
lead to high zero-effects, making it impossible to carry out measurements 
in this range. Particular care should therefore be taken in a radio­
chemical water laboratory, over and above the cleanliness and care neces­
sary in principle in any analytical laboratory. The same applies to the 
measuring equipment and detectors used. 

The zero-rates should be re-determined at regular intervals and appropriate 
calibrations with different calibrating emitters are necessary after analyti­
cal separation work. 

2.16.9 Safety regulations 

Although work in a water analysis laboratory does not involve the more 
strongly radioactive preparations, and indeed only very low activities are 
to be expected, the usual safety regulations should be strictly observed. 
Smoking, eating and drinking are prohibited. The measuring preparations 
should be stored under lock and key. 

Generally, the low natural radioactivity arIsmg from the uranium and 
thorium decay series, from potassium 40 and from cosmic radiation will be 
measured in the water and also in the air samples. In this context, atten­
tion should be paid in water analysis to the radioactivity caused by the 
natural 13--emitter potassium 40 and by the a -emitters radium 226 or the 
radioactive rare gas radon 222. Carbon 14 and tritium due to cosmic radia­
tion must be taken into consideration as 13--emitters. In the case of man­
made radionuclides, particular attention should be paid to the influence on 
the water of fall-out from the air in the case of nuclear fission experi­
ments or accidents in nuclear reactors. In such cases, increased or even 
harmful levels of radioactivity can occur as a result of fission products. 

Personnel should be monitored with dosemeters to be carried in the pocket 
or worn on the body as badges. Monitoring units for surveillance are also 
to be recommended in radio-chemical water laboratories, particularly when 
using radioactive calibrating preparations. 

The waste water from a radio-chemical laboratory should as a matter of 
principle be collected separately from other waste water, and, as far as 
possible, also collected separately according to specific activity and type 
of emitter or half-life. Radioactively contaminated waste waters should be 
treated. For monitoring purposes, 1 to 2 litres of the waste water samples 
should be evaporated and the activity of the residue measured. 
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The exhaust air from a radio-chemical laboratory should be filtered to 
extract dust. In general, however, no additional exhaust air treatment is 
necessary in a water laboratory measuring radioactivity in water samples. 
The exhaust air is monitored for radio-active aerosols by filtration of a 
specific quantity of air via membrane filters, and by measuring the deposit 
on the membrane filter. 

2.16.10 Radiation protection 

When working with radio-isotopes, strict attention should be paid to the 
radiation protection regulations in force at the time. 

As regards external radiation, the penetrating y-rays are particularly 
active and correspondingly dangerous for organisms. The high-energy a-rays 
and the ~- -emitters have a particularly damaging effect on life in cases of 
incorporation, in spite of their lower range. 

Definitions for measured values in radiation protection: 

rad: If energy of 100 erg is absorbed in 1 g of a substance, irrespective 
of the type of radioactive emitter, this dose is designated 1 rad. 

rep: 1 rep is understood as the radiation dose which 1.6 • 1012 pairs of 
ions produce in 1 g of tissue or in I g of water, or which corre­
sponds to an epergy absorption of 91 erg/g. 

rem: This value expresses the relative biological effectiveness (RBE) of 
the radioactive emitter. 

The following definition is true: 

Dose in rem = dose in rep . RBE 

The RBE factor is for X-, y- and ~- -radiation 
Proton radiation 

-radiation 
Neutron radiation a) fast neutrons 

b) slow neutrons 

approx. 

2.16.11 Detectors and measuring equipment 

1 
5 

10 - 20 
10 
5 

Suitable detectors and radiation measuring equipment are required to be able 
to detect and measure radioactivity. Depending on the type of activity to be 
measured, the following are used as detectors: 

Ionization chambers 
Geiger counters (self-quenched) for a, ~ and y -radiation 
Proportional counter - self-quenched counter 
Methane flow counters 
Scintillation counters 
Neutron counters and 
Detectors for particular purposes, e. g. gas-filled counters, or counters for 
very low activities 
Counter combinations with anticoincidence circuit (measuring counter 
surrounded by a ring of protective counters which lower the zero effect). 
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Fig. 77. Basic circuit diagram for a parallel plate ionization chamber; 
F) = Window; I) = Insulator; R) = Anode AC resistance; C) Chamber capacity; 
5) = Collecting electrodes; E) = Protective ring; G) = Housing 

Large-area counters with anticoincidence circuit and appropriate lead screen­
ing, combined with a suitable measuring and evaluation unit, are frequently 
selected as detectors in water analysis. 

In the self-quenched counters, the pulse height is independent of primary 
ionization. Particles are only counted by such a detector, whereas propor­
tional counters can also measure the energy of the particles. At constant 
counter voltage, the size of the pulse emitted in proportional counters is 
proportional to the quantity of the ions primarily produced in the counter 
and thus also to the energy of the appropriate particle. The resolving 
power of counters lies in the range of 104 to 105 pulse/so Ionization 
chambers, in which the ionization capacity of charged particles is used to 
detect them, are often used in water analysis to detect gaseous emitters, 
e.g. radon. 

An ionization chamber functions in the field of saturation, with the satura­
tion voltage applied siphoning off all charge carriers created by ionization 
of charged particles along their path. In this phase, a linear relationship 
exists between pulse height and saturation voltage. 

A voltage pulse is created at the anode AC resistance R. The quantity of 
ions formed in the ionization chambers is dependent on the type of parti­
cles, their energy and the design of the chamber. The pulse height for a 
given type of particle is a measure of the energy of the incident radia­
tion; the quantity of pulses is proportional to the number of irradiated 
particles. 

Where the quantity of incident particles is sufficiently large a fall in DC 
voltage occurs at R, depending on the chamber capacity C, which is propor­
tional both to the number of particles and to their energy. The number of 
particles can be measured at constant particle energy or, conversely, the 
particle energy may be measured with constant particle numbers. 

If the two figures differ, the chamber flow provides a measure of the dose, 
which is proportional to particle energy and number. 

A counter consists of a metal cylinder as the cathode and a thin central 
wire as the anode. The counter is fitted with an inlet window, e.g. one 
made of a thin mica insulator, and filled with gases or gas mixtures. 
Depending on the level of the voltage applied, a counter can be operated in 
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Fig. 78. Basic circuit diagram for metal-sheathed counter; M) = Metal sheath; 
Z) = Counter wire; R) = Anode AC resistance; C) = Counter capacity 

the proportional region, where a primary avalanche is formed, or in the 
geiger region, in which every incident particle triggers a discharge. The 
difference between an ionization chamber and a proportional counter lies in 
the fact that in the ionization chamber the ions formed by the incident 
particle itself reach the electrodes, whereas in the proportional counter 
the number of particles is increased by a primary avalanche. a -emitters 
and (3--particles can be separated in the proportional region by applying 
different counter voltages. 

In order to prevent continuous discharging, counters are filled with an 
extinguishing gas. This prevents formation of photons which would cause 
continuous discharging. If organic substances e.g. alcohol, are used as 
extinguishing gas, these are gradually consumed. Counters with halogens as 
extinguishing gases have a longer life, as a certain recombination of the 
dissociated halogen molecules takes place here. Halogen counters have no 
proportional region. 

Fig. 79. Geiger counter (Dimensions in 
mm); a) = Mica window 

co 
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Fig. 80. Methane flow counter; 
= Gas outlet; 4) = Gas inlet; 5) 
Counting loop; 8) = Sample; 9) 
Blatter 12/1960) 

1) = High-voltage input; 2) = Insulator; 3) 
Brass plate; 6) = Counting chamber; 7) = 
Screw cap (after G. Tralan, Roentgen-

A self-quenched counter can no longer register particles during the dis­
charge period, and a pulse can not be registered until the so-called dead 
time and recovery time have elapsed. The resolving power of a self­
quenching counter is thus determined by the dead time and recovery time. It 
fluctuates between 10 and 30 [.Is. A counter which is operated in the propor­
tional region has a resolving power of 1 to 10 [.Is. Several discharges can 
be measured simultaneously and independently of one another. 

A self-quenching counter is operated in the plateau region. The pulses 
registered rise initially with increasing voltage and remain almost 
constant in the plateau region. Depending on the technical measuring equip­
ment, the plateau slope can be estimated at approximately 1 to 2 % per 100 
volt. This means that a change in voltage in the plateau region causes no 
noticeable change in the measured results. 

The plateau in a counter should be checked frequently, e.g. weekly. A 
standard preparation giving some 100 or 1000 pulses/min. is used. If the 
plateau slope rises to above 10 % per 100 volt, the counter should be dis­
carded. 

Apart from checking the plateau, the total counter unit should be calibrat­
ed with a calibrating preparation of similar emitter composition to that 
contained in the water. The measuring conditions, including preparation 
techniques, the geometry of the measuring equipment and screening and 
registering should be kept comparatively constant from the point of cali­
bration to measuring the water sample. 

The zero effect, defined as the registration of signals in the counting 
unit without preparation, is in the range of 10 to 20 pulses/min. for 
Geiger counters, and in the range of 1 pulse/min. for Geiger coun'ters in 
the form of end-window counters with anticoincidence circuit. The zero 
effect can be further reduced by suitable screening and appropriate equip­
ment layout. 

The efficiency of Geiger counters is approximately 10 %, and for those with 
anticoincidence circuit it can be estimated at 20 %. 
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Fig. 81. Basic circuit diagram of a scintillation counter; K) = Scintillation 
crystal; H) = Lightproof shell; P) = Photo-electric cathode; D) = Dynodes; 
R) = Dynode resistances; A) = Anode; R) = Anode AC resistance; C) = Circuit 
capaci tance 

Methane flow counters have an efficiency of around 50 %, on account of the 
positive geometry of the measuring unit. The zero effect in flow counters 
is in the region of 20 pulses/min., but this counter equipment can never­
theless compete successfully with an anticoincidence circuit as a result of 
its high efficiency. 

The efficiency is determined not only by the geometry of the measuring 
unit, the measuring conditions and the detector used, but also by the type 
of radiation from the radionuclide and its decay energy. When examining 
water samples, the nuclide mixture is usually of unknown composition, so 

Fig. 82. 1) = NaJ crystal; 2) = Rubber 
mounting; 3 and 8) = Protective cap; 4) 
= Mu-metal screen; 5) = Photo-electric 
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that an efficiency figure quoted in relation to a particular radionuclide 
cannot be taken as the efficiency of the measuring unit in water analysis. 
It should be noted that with low-energy f3--emitters the efficiency falls 
rapidly. In water analysis, a radionuclide with a maximum f3--energy of a 
little above 1 MeV is taken as standard. 

The so-called average f3--energy of fission nuclides arising as decay 
products in nuclear fission also lies in the same range. 

The natural isotope mixture of potassium, with a proportion of 0.0119 % of 
the f3--emitter potassium 40, is frequently used as a calibrating prepara­
tion for water analyses. 

Scintillation counters for 13- and a -emitters are hardly ever used for 
water analysis, as the sensitivity of the measuring unit is generally not 
sufficient. Scintillation counters for the detection of y-radiation can 
only be used in water analysis if y -radiating nuclides, e.g. from nuclear 
fission reactions, are present with corresponding activities in the water. 
This is generally not the case in natural water resources. 

Scintillation counters use different scintilla tors for different types of 
radiation, e.g. thallium-activated sodium iodide crystals for gamma-radia­
tion, anthracene for f3--radiation and silver-activated zinc sulphite 
screens to measure a -radiation. Neutron can also be detected with scintil­
lation detectors using special crystals (e.g. europium-activated lithium 
iodide crystals). 

The radiation quanta or the particles to be measured produce weak flashes 
in the scintillation crystals which fall onto the photo-electric cathode of 
a secondary electron-multiplier. Electrons are picked out here by being 
siphoned off by an electrical field and intensified stage by stage in 
dynodes connected in series. The intensified flow of electrons arrives at 
the anode and produces a corresponding pulse. 

Scintillation detectors are largely used for y-emitters, and with a follow­
ing p-spectrometer (single-channel or multi-channel instrument) it is possible 
to analyze the energy of the radioactive emitters. A scintillation detector 
is thus particularly suitable for detecting and measuring y -emitters, where­
as for a and f3--radiation a methane flow counter is more suitable. The pre­
paration to be measured can be placed directly in the measuring chamber 
here, and absorption losses, e.g. through windows, do not occur. The error 
geometry is also particularly advantageous in a methane flow counter. 

Cross-section through a scintillation measuring head, comprising aNal (TI) 
crystal as scintillator in which the energy of the radiation particle is 
converted into light, and the photo-electric multiplier in which the light 
is converted into an electrical pulse. The cathode follower transmits the 
pulse to the counter. 

Detectors for radioactive radiation are operated in conjunction with radiation 
meters. The latter can count the particles per unit of time, determine mean 
values and measure the energy of the particles. The following basic measuring 
sequence is usual: 



Ioniza tion chamber Scintillation counter 

1 
Screening for the 
detector 

Production of high 
voltage 

1 
Amplifier for I 
detector pulses 

Counting ratemeter 
to measure pulse 
frequency 

Counting unit for 
counting individual 
particles 

1 
Time measuring unit 

Pulse height analyzer 
to measure particle 
energy 
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Counter (Proportion­
al counter, methane 
flow-counter) 

Attention should be paid to the appropriate measurement data for the detec­
tor and the adjustment of equipment in every radio-chemical measuring 
process. The zero effect should always be determined and kept as low as 
possible. 

It is not possible within the scope of this collection of methods to deal 
with the theoretical processes in the interaction of radioactive emitters 
with matter (e.g. ionization, photo-electric effect, Compton effect, pair 
creation), the construction and operation of detectors, the structure and 
circuitry of the measuring equipment, or the electrical evaluation of the 
signals received. The reader should consult the specialized radiochemical 
literature. 
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2.17 Enzymatic Analysis 

Enzymes are biological catalysts which the living cell uses to metabolize 
materials. Enzymes have an effect specific to substance, and allow reac­
tions to occur with very small quantities of this substance. Now that 
enzymes have been successfully isolated from the living cell, and have even 
been produced synthetically, enzymatic reactions can also be employed in 
analytical chemistry. In particular, methods of enzymatic analysis are 
applied in clinical chemistry, food analysis and biochemistry, and also in 
the field of water analysis. 

Enzymatic analyses have the advantage of being specific for a transforma­
tion of a particular material, so that as a rule no separation is neces­
sary, even in the event of small concentrations of this substance existing 
together with larger quantities of accompanying substances, and the determin­
ing process can be conducted directly on the mixture of materials. Handling 
is generally simple and can even be performed by trainee employees. In 
addition, these analyses usually take only a short time to perform and are 
generally economical. 

The following general points apply to enzymatic analyses: 

1. The enzyme must act specifically, and must supply analytically determin­
able reaction products. (So far, it has only been possible to achieve 
this if several enzyme reactions are allowed to take place in succes­
sion, or if work is conducted in parallel with complementary enzymes). 

2. The enzyme must effect the complete transformation of the material, and 
the reaction must take place wi thin a practicable period of time. 

3. The enzyme must be sufficiently active and have sufficient affinity with 
the substrate. 

Purified enzymes together with operating instructions for conducting enzym­
atic analyses are offered on the market by specialist firms (e. g. Boehringer 
Mannheim GmbH, FRG). Care should be taken in storing enzymes that the 
prescribed storage conditions are strictly adhered to. It should always be 
remembered that enzymes are often sensitive to heat and light and can 
possibly be damaged if they are incorrectly stored. The influence of such 
chemicals as oxygen, ozone, chlorine, acid vapours, water vapour, etc., 
should be avoided. Enzymes are also frequently subject to natural ageing, 
which causes a loss of activity. It is therefore absolutely essential to 
observe the prescribed periods of storage. 

In water analysis, enzymatic techniques are today mainly employed in the 
quantitative determination of sugars, organic acids, alcohols, and organic 
nitrogen compounds such as urea. The number of standardized enzymatic 
methods is increasing constantly. 

The use of enzymatic techniques in the field of water analysis is described 
in Section 4-.2, taking as an example the enzymatic determination of urea, 
e.g. in swimming pool water. 



3 Inorganic Parameters 

3.1 Total parameters 

3.1.1 Turbidity measurements (see also Section 1.7.5) 

In practical water analysis, turbidity measurements on a visual basis are 
made for orientation purposes immediately after sampling (Chapter 1). 

However, turbidity measurements are also important when untreated water is 
purified to obtain drinking water. If the untreated water available for 
purification is surface water, for example, then flocculation using suit­
able chemicals and flocculation aids such as aluminium sulphate, ferrous 
sulphate or ferric sulphate is important, and where necessary an organic 
flocculation aid should be used and the pH adjusted. One very simple method 
of checking the effectiveness of flocculation on the laboratory scale is 
the "jar test". This is a laboratory technique in which the flocculation 
tests are performed in I-litre or 1.5-litre beakers on a multiple stirrer 
unit with Ij. - 6 heads. Modifications and new developments in equipment for 
recording flocculation and filtration parameters have been described by a 
variety of authors. 

In addition to pH and p- and m-values (see Chapter I and Section 3.2), 
turbidity measurements are also used in the appraisal of water quality. 
Instruments which make use of the absorption of a beam of light passing 
through a turbid solution have become widespread in practice. 

Scattered light measurements are also used in turbidity analysis. The 
instruments may take the form of hand-held devices for discontinuous opera-
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Fig. 83. Multiple stirrer for the jar test 

W. Fresenius et al. (eds.), Water Analysis
© Springer-Verlag Berlin Heidelberg 1988
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Fig. 84. Schematic diagram of laboratory turbidity photometer L TP 3; 1) 
Stabilizer for lamp; 2) = Optical system; 3) = Lamp; 4) = Particles causing 
turbidity; 5) = Cuvette; 6) = Optical system; 7) = Measuring celli 8) = 
Compensating amplifier; 9) = Data display, recording and control unit; 10) 
= Data output 

tion, or continuous flow units which take measurements in flow-through 
cuvettes, or even with the water in free fall in the case of highly turbid 
water samples (e. g instruments made by the companies Dr. Lange, Dusseldorf, 
FRG, or Hach, Loveland, Colorado, USA). 

The draft versions of ISO norms (1983) describe both simple techniques for 
on-the-spot turbidity measurement and optical turbidity meters. The diagram 
below illustrates the principle of a turbidity photometer for laboratory 
use (Dr. Lange, model L TP 3). 

The following schematic diagram shows a different 90° scattered light 
photometer by the same company, working on the double-beam principle. 

t 

t 
Fig. 85. Precision turbidity photometer TK 3; 1) = Outlet; 2) = Lamp; 3) = 
Optical system; 4) = Tubular cuvette; 5) = Cleaning access cap; 6) = Refer­
ence cell; 7) = Interference filter; 8) = Measuring cell; 9) = Inlet 
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Formazine (C2H4N2) is used as standard. It is prepared in accordance with 
ISO as follows: 

Solution a: 
Dissolve 10 g of hexamethylene tetramine (C6H12N4) in distilled water and 
dilute to 100 mI. 

Solution b: 
Dissolve g of hydrazine sulphate (N2H6S04) in distilled water and 
dilute to 100 mI. To prepare the standard solution, mix 5 ml of solution 
a with 5 ml of solution b, keep the mixture at 25.:!:. 3° C for 24 hours 
and then dilute to 100 ml with distilled water. 

The turbidity of this solution is approximately 400 FNU (formazine nephelo­
meter units). The solution can be kept for 4 weeks in the dark at 25 + 3°C. 
For calibration purposes the standard formazine solution is diluted to bring 
it within the measuring range of the water sample to be tested. 

It is recommended that measurements be taken at a wavelength of 620 nm, 
with a bandwidth of 10 nm. The results are given in FNU and rounded to 0.1 
FNU, or in the case of turbidity values greater than 10, to 1 FNU. 

3.1.2 Density 

The ratio of mass "m" to volume "V" in a substance is described as its 
density "d" 

d _ m 
- V 

In water analysis this is given in g/ml. 

If the density of waste water samples is to be measured, this is carried 
out with either an aerometer or a pycnometer. 

Pycnometric process 

Equipment 

Pycnometer with a content of 200 - 250 ml with a flask neck narrowed to 5 -
6 mm clear opening, with etched mm-graduation of 50 mm length 

Precision scales, thermostat 

Method 

When taking samples on site, the pycnometer, which should be completely dry 
on the inside, is filled with the water sample, avoiding gas losses, until 
the level of the liquid comes halfway up the graduated pycnometer neck. At 
temperatures below + 10°C, correspondingly less must be filled; at tempera­
tures around +30 °C and above, correspondingly more must be filled, because 
the warmer water contracts and the colder water expands when the tempera­
ture is equalized to +20 °C or at +25 °C. The filled flask should immediate­
ly be sealed tight with a rubber stopper and stored for safe transport. 

In the laboratory, the temperature of the filled pycnometer is equalized in 
a thermostat for 1 h to +20 °C or +25 °C C:!:. 0.2 °C). The water level is 
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then read off accurately on the scale of the pycnometer neck; care should 
be taken that no air bubbles are present in the liquid and no droplets of 
water on the wall of the vessel neck. 

After the water level has been noted, the pycnometer is weighed accurately 
to 1 mg, then emptied, cleaned and filled with distilled water at +20 °C or 
+25 °C to the water level previously recorded. The vessel is again sealed 
with the rubber stopper and weighed with the same care, emptied, dried and 
then weighed at +20 °C or +25 °C in an empty condition (with stopper). 

Calculating density 

Calculation should be according to the following formula: 

where: 

d20 0C = ml - m3 . 0.9982 (g/mI) 
m2 - m3 

ml Weight in g of the pycnometer with the water to be analyzed 
m2 Weight in g of the pycnometer filled with distilled water 
m3 Weight in g of the empty, dried pycnometer and its stopper 

0.9982 = Density of water at +20 °C (0.9970 at +25 °C) 

For densities below 1, the density is given to 4 decimal places; for densi­
ties over 1, to 3 decimal places. 

Density of water at different temperatures 

t d t d t d t d 

°C °C °C °C 

0.0 0.999840 4.5 0.999970 9.0 0.999780 13.5 0.999312 
0.5 0.999871 5.0 0.999964 9.5 0.999741 14.0 0.999243 
1.0 0.999899 5.5 0.999954 10.0 0.999699 14.5 0.999172 
1.5 0.999921 6.0 0.999940 10.5 0.999653 15.0 0.999099 
2.0 0.999940 6.5 0.999928 11.0 0.999604 15.5 0.999022 
2.5 0.999954 7.0 0.999901 11.5 0.999552 16.0 0.998942 
3.0 0.999964 7.5 0.999876 12.0 0.999497 16.5 0.998879 
3.5 0.999970 8.0 0.999848 12.5 0.999439 17.0 0.998773 
4.0 0.999972 8.5 0.999816 13.0 0.999376 17.5 0.998685 

Continued 

18.0 0.998595 22.5 0.997654 27.0 0.996531 
18.5 0.998500 23.0 0.997537 27.5 0.996372 
19.0 0.998403 23.5 0.997417 28.0 0.996231 
19.5 0.998304 24.0 0.997295 28.5 0.996088 
20.0 0.998203 24.5 0.997170 29.0 0.995943 
20.5 0.998098 25.0 0.997043 29.5 0.995795 
21.0 0.997991 25.5 0.996913 30.0 0.995645 
21.5 0.997881 26.0 0.996782 
22.0 0.997769 26.5 0.996648 
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Example 

d20 °C (determined pycnometrically) = 1.006 g/ml. 

If density is determined at ambient temperature, this must be recalculated 
for density d20 0C or d25 0C. In this case, instead of the value 0.9982 
(density of the water at 20°C), the value of factor "F" should be inserted 
which can be found in the following Table for temperatures from 0 to +30 °C. 

Note: 

The density can also be determined using a "density balance", by measuring 
the hydrostatic buoyancy of a displacer of known volume. 

Measurement using the bending vibration method is also possible. 

Although density measurements are comparatively rare in water analysis, 
they should be performed with great accuracy when they are needed, e.g. 
when measuring stratification in a body of water. 

3.1.3 Total determination of dissolved and undissolved substances 

Water may 
solution as 
ces can be 
determination 
distinguished: 

contain mineral substances, organic compounds and gases in 
well as undissolved (suspended) substances. Dissolved substan­
separated from undissolved substances by filtration. For total 

of dissolved and undissolved substances, the following are 

Total residue (mg/D 

The sum of all non-volatile dissolved and undissolved substances weighed 
after a measured or weighed unfiltered water sample has been evaporated 
under defined conditions (105 °C, 180°C or 260 °C) and dried to constant 
weight. 

Evaporation residue (mg/D 

The quantity of non-volatile, dissolved substances in a water, determinable 
under set conditions (type of filter, pore size, evaporation temperature e.g. 
105°C, 180 °C or 260°C). 

Ignition residue (mg/l) 

Substances contained in water which are weighed after the evaporation 
residue has been kept glowing at 4-00 - 4-50 °C for one hour. 

Loss on ignition (mg/l) 

Substances contained in water which are calculated from the difference 
between the evaporation residue and the ignition residue. 

Undissolved substances (mg/l or ml/I) 

Suspended, deposited and/or floating substances which are settleable or may 
be filtered off under defined conditions. 
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Dissolved gases, volatile substances and substances which decompose during 
evaporation and drying to form volatile components are not detected by 
these methods of total determination. 

It should be noted that the evaporation residue does not necessarily 
correspond to the sum of dissolved mineral substances in a water if hydro­
gen carbonate ions are dissolved. During drying, these are converted into 
carbonate with the release of H20 and C02: 

2HC03 C032- + H20 + C02 

The theoretically calculated loss in weight amounts to 50.4 % of the hydro­
gen carbonate content. 

Equipment 

Analytical balance 

Platinum, quartz or porcelain dish, 250 ml 

Suction bottle, water-jet pump 

Drying oven 105 - 110°C, 180°C or 260 °C 

Muffle furnace, 400 - 450°C 

Porcelain or platinum crucible 

Ammonium nitrate solution, 1 % 

Imhoff cone, 1 litre (see drawing in Chapter 1) 

Paper filters, quantitative (medium hard, medium-sized pores): 
Before use, the filters should be washed with distilled water and dried 
and weighed under analysis conditions. 

Membrane filter, pore size approximately O. 45 ~m 

Method 

Determination 

After shaking well, take 100 ml (for example) of the unfiltered water 
sample and evaporate it over the water bath in a previously dried and 
weighed platinum, quartz or porcelain dish. Dry the residue for two hours 
at 105°C, 180 °C or 260°C in the drying oven, and after cooling (in the 
desiccator), weigh accurate to 0.1 mg. Continue drying at the same tempera­
ture for 30 minutes and weigh again after cooling. If the result of the 
second weighing does not deviate from the first by more than + 10 %, the 
result can be considered to be constant. Otherwise continue drying for a 
further 30 minutes. 

If less than 20 mg residue remains to be weighed, the determination should 
be repeated using a larger volume of water. 
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Evaporation residue 

Determination 

The procedure for determining the evaporation residue is the same as for 
the determination of the total residue, with the exception that a filtered 
water sample is used. Take a sufficiently large volume of the filtered 
sample to provide an evaporation residue of at least 20 mg but not more 
than 1000 mg. 

The results are calculated in mg/l; in addition to the drying temperature, 
the type of filter used, e. g. membrane filter O. 45 ~m, and the filtration 
time after sampling must also be stated. If iron or manganese which was 
originally in solution and passed through the filter has separated out, 
then this should be stated too. 

Ignition residue and ignition loss 

Determination 

After being weighed, the dish with the evaporation residue is heated 
(ignited) at 450°C for 1 hour. If the ignited residue has a brown or black 
coloration (due to organic substances), it should - after cooling - be 
moistened with a few drops of ammonium nitrate solution, dried carefully 
and heated again at 400 - 450°C for 10 minutes. After cooling in the 
desicca tor, weigh the residue to an accuracy of O. 1 mg. 

Calculation 

Total residue (l05 °C, 180°C or 260 °C) in mg/l resp. ignition residue 
450°C (mg/O 

Amount weighed in mg . 1000 
Sample volume in ml 

The difference in weight between the evaporation residue and the ignition 
residue is the loss on ignition. 

3.1 .3. 1 Undissolved substances 

Amongst the undissolved substances, a distinction may be made between 
"filterable substances" and "settleable substances" . The "filterable 
substances" are those undissolved substances in the water which can be 
filtered off using a paper (or membrane) filter. The filterable substances 
can also be calculated from the difference between the total residue and 
the evaporation residue. 

"Settleable substances" (suspended, deposited or floating substances) are 
principally determined using the volumetric method (see drawing in Chapter 
1 ) . 

Determination of "filterable .substances" 

Filter 1 litre of a thoroughly mixed water sample. The paper or membrane 
filters should be washed with distilled water beforehand and dried at e.g. 
105°C for 2 hours, cooled in the desiccator and weighed. Rinse the filter­
ed residue with about 10 ml of distilled water and vacuum-dry. Lift the 
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paper or membrane filter carefully off the filter base, predry on a watch 
glass at approximately 50°C and then dry for 2 hours at 105°C in the 
drying oven. Allow to cool in the desiccator and weigh to an accuracy of 
0.1 mg. The weighing should be done quickly so as to minimize the uptake of 
moisture from the air. To avoid secondary separation from the water sample 
filtration should take place soon after the sample has been taken. 

Determination of "settleable substances" 

In order to prevent errors due to subsequent flocculation, as soon as 
possible after taking the sample pour 1 litre of the thoroughly mixed water 
sample into an Imhoff cone and leave to stand for 2 hours away from direct 
sunlight. 10 minutes before taking the reading, rotate the vessel suddenly 
around the vertical axis so as to sediment the particles adhered to the 
walls. Finally, take readings of the volume of the settled substances and, 
if appropriate, of the substances floating on the surface. Give the result 
in ml/l. (See drawing in Chapter 1). 

3.1.3.2 Cumulative determination of dissolved substances with cation 
exchangers 

Principle 

As the water flows through a column with cation exchangers which have been 
converted into the hydrogen form by means of hydrochloric acid, all the 
cations are removed from the water and replaced by H-ions (K. E. Quentin 
1955) : 

H [RS03J + NaCI dissolved in water __ Na [RS03J + HCI 
H-exchanger exchanger (loaded with Na) 

The corresponding free acids are therefore present in the column effluent. 
Hydrogen carbonate and carbonate ions are no longer present in the effluent 
since free carbon dioxide has formed during the reaction with the H 
exchanger: 

H-exchanger + Ca(HC03)2 dissolved in water ____ 
exchanger (loaded with Ca) + 2C02 + 2 H20. 

If 100 ml of water is subjected to this ion exchange process, the value 
yielded by titration of the effluent with O.l-m NaOH provides the sum of 
the anions less the mmol value for HC03 -. If the latter value, taken from 
hydrogen carbonate determination, is added, this yields the total mmol of 
the anions and hence also the cations. After the ion exchange process, the 
undissociated substances (e. g. H2Si03) are contained in the effluent in 
unchanged form and have no effect on determination. If, before the exchange 
took place, the HC03 - was identified by titration with O.l-m HCI to pH 
4.4, it may be that the following reaction has taken place: 

If a sample titrated in this way is subjected to cation exchange, subse­
quent titration of the effluent yields the total mmol value of anions or 
cations including HC03 -. This is because CaCl2 has reacted with the H-ions 
to form free hydrochloric acid. This method of determination should be used 
in preference to determination without previous HC03 - titration. The strong­
ly acid effluent from the cation exchanger should normally by titrated 
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2 

Fig. 86. Equipment: Exchanger column; 1) = Glass 
wool; 2) = Ion exchanger; 3) = Glass wool; 

with O.I-m NaOH. However, 
pH 4-.4-, it is advisable to 
effluent and then proceed 
carbonate determination. 

since it is easier to carry out acid titration to 
add a measured excess of O.l-m NaOH to the 
with titration in similar fashion to hydrogen 

Either the entire exchanger effluent volume including the wash water or an 
aliquot part of the acid effluent may be used for determination. The method 
described below covers only the main possible alternatives. 

Cation exchanger, strongly acid, with sulphonic groups as active groups 
(e.g. ion exchangers I Merck, Dowex 50, Amberlite IR 120). 

Method 

Preparation of the exchanger and the column filling: 

The cation exchanger filling of the column shown in Fig. 86 provides a 
useful capacity of approximately 60 - 80 mmol. First treat the exchanger 
medium with 12 % hydrochloric acid for approximately 2 hours, decanting and 
adding acid repeatedly, rinse, and rewash with redistilled water. Adding 
water, wash the exchanger into the column. During filling, open the tap to 
an extent that ensures even deposition without the formation of air 
bubbles. Whenever working with the exchanger column care should be taken 
that the liquid level is always above the resin bed. Next wash the column 
through with redistilled water until the effluent shows a neutral reaction 
or the chloride reaction with silver nitrate is negative. The column is 
then ready for use. When ion exchange is completed, regenerate with approxi­
mately 100 ml of the 12 % hydrochloric acid and wash to neutral. 

Procedure 

Taking the cation or anion mmol sum as a basis, titrate a quantity of water 
corresponding to approximately 30 - 4-0 mmol with O.l-m HCl to pH 4-.4-. 
Introduce the titrated solution gradually into the prepared exchanger 
column and open the tap to set the effluent through-flow rate to approxi­
mately 8 - 10 ml per minute. Place an appropriate beaker beneath the out-
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flow. When the water has flowed through, rinse with redistilled water until 
the effluent shows a neutral reaction. If the volume of effluent plus wash 
water is very large, concentrate to approximately 100 mI. Then add a 
measured quantity of O.l-m NaOH (usually 50 ml), check for an alkaline 
reaction of the solution and titrate with O.l-m HCl again to pH 4.4. 

Calculation 

mmol total of the cations or anions in 1 litre of water 

(a - b) . 100 
ml of water sample 

a ml of O.l-m NaOH added after ion exchange 
b ml of O.l-m HCI consumed in back-titration 

3.1.4 Sulphide sulphur (H2S, HS-, S2-) (see also Chapter 1 and Section 3.6) 

3.1.4.1 Iodometric determination of sulphide sulphur 

General remarks 

The iodometric determination of sulphide sulphur can be carried out in the 
field at the sampling point. The sulphide sulphur is fixed as zinc sulphi­
de. Oxidize with acidified iodine solution to elemental sulphur. Measure 
the iodine consumption with sodium thiosulphate solution. 

ZnS + 12 + 2 H+ _S + 2 HI + Zn2+ 

The iodometric method is not specifically intended for the detection of 
divalent sulphur. Iodometric titration basically determines the reducing 
power of a water sample. The result of photometric determination in the 
laboratory is therefore also required in order to assess the sulphide 
sulphur content of a water sample. 

The results of the iodometric method are inaccurate with sulphide sulphur 
concentrations of less than 1 mg/l. 

Equipment 

Erlenmeyer flask with ground glass stopper, 250 ml 

Burette, 'volume 50 ml, 0.1 ml scale 

Zinc acetate solution, 2 %, slightly acetic 

0.01 m potassium iodate solution: 
Treat 100 ml of 0.1 m potassium iodate solution with 60 ml phosphoric 
acid (1.70 g/mI) and dilute with water to 1 litre. 

Potassium iodide, reagent purity, cryst. 

Starch solution: 
1 % aqueous solution of "soluble starch" 
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Sulphide reference solution: 
See "Spectrophotometric analysis of sulphide sulphur" 

Sodium thiosulphate solution, 0.01 m 

Method 

Determination 

Directly after taking the sample, measure a volume of water (up to approxi­
mately 200 ml; it should contain at least 0.2 mg sulphide sulphur) into the 
Erlenmeyer flask, which should contain 10 ml of zinc acetate solution 
(sufficient for binding 28 mg of S). Leave the sample to stand until adjust­
ed to room temperature, then add a few crystals of potassium iodide, and 
when these are dissolved swirl constantly and add 10 or 20 ml of 0.01 m 
potassium iodate/phosphoric acid solution according to the quantity of 
sulphur expected. Add 5 ml of starch solution and titrate with 0.01 m 
sodium thiosulphate solution until permanently discoloured. 

Titre setting 

Carry out determination of the titre of the 0.01 m sodium thiosulphate 
solution simultaneously. Titrate similarly against the potassium iodate/ 
phosphoric acid solution using distilled water instead of the water sample. 

Calculation 

-'-CA:.-------'-,( B:.,.-· -,-F~) • 160 - m g / I of S 2-V -

A = Quantity of 0.01 m potassium iodate/phosphoric acid 
solution in ml 

B Quantity of 0.01 m sodium thiosulphate solution consumed in ml 
F Titre of the standard solution 
V Volume of water sample used in ml 

3.1.4.2 Spectrophotometric analysis of sulphide sulphur as methylene blue 

General remarks 

Hydrogen sulphide and dimethyl-p-phenylenediamine form a sulphurous inter­
mediate compound (intermediate stage), which changes into leucomethylene 
blue. The leucomethylene blue is oxidized by iron (III) ions to methylene 
blue. The methylene blue is measured photometrically at 670 nm. 

The reactions described above may be formulated as follows (after K. E. 
Quentin and F. Pachmayr): 

NH Z 

(CH3)ZN~ 
Dimethyl-p-phenylenediamine 

~~ 
(CH3)2N~N(CH3)2 

Leucomethylene blue 

e (YNY) 
(CH3) Z NAAS~N(CH3lz 

Methylene blue 
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This method can be used for direct determination of sulphide sulphur in 
water (modification A) as well as after distillation (modification B). In 
the case of modification A, sulphides and hydrogen sulphide are fixed with 
zinc acetate as ZnS on sampling. In the laboratory, the acid in the amine 
reagent liberates hydrogen sulphide, which reacts with dimethyl-p­
phenylenediamine in the manner described. 

In the case of modification B, the sulphide sulphur fixed as 
is distilled in distillation apparatus as hydrogen sulphide 
phosphoric acid, and collected in a receiver containing 
solution. Further treatment is as for modification A. 

zinc sulphide 
after adding 
zinc acetate 

The method is suitable for the determination of sulphide sulphur in a 
concentration range between 0.005 and 5 mg/1. Up to 70 Ilg the extinctions 
obey the Lambert-Beer law. Between 10 and 60 Ilg of sulphide the average 
error is + 1 %. 

Quantities of iodide greater than 1 mg in the aliquot of the water sample 
used for the investigation have an interfering effect. However, such concen­
trations of iodide are only rarely obtained in exceptional cases. 

Nitrite ions in quantities less than 10 Ilg in the solution under investi­
gation have no interfering effect; interference due to greater quantities 
can be eliminated by adding 3 drops of a 5 % urea solution. 

Iron (II) ions up to 25 mg/l and sulphite ions up to 10 mg/l do not inter­
fere with the determinations. 

If notable quantities of hydrogen carbonate ions or carbonate ions are 
present, adding the strongly acid dimethyl-p-phenylenediamine reagent 
solution causes C02 to form, which may carry off H2S as it escapes. For 
this reason, the reagent should be introduced as a layer beneath the 
sample, and the flask then closed and shaken. When the flask is opened, 
only C02 escapes since H2S has been bonded by the amine. 

Equipment 

Spectrophotometer (670 nm) or photometer 

Cuvettes, 1, 2 and 5 cm 

Volumetric flasks with ground glass stopper, 100 ml and 250 ml 

Quentin's distillation apparatus (modification B only): 
See illustration. A 100 ml volumetric flask serves as the receiver with a 
hole corresponding to a similar hole in the ground section of the inlet 
tube 

Steel cylinder containing nitrogen 

Nitrogen purification solution: 
2 % potassium permanganate solution, containing 5 g mercury (II) chloride 
in 100 ml. 

Zinc acetate solution, 2 %, slightly acetic 
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Fig. 87. Quentin's distillation apparatus for H2S 

Amine reagent solution: 
Suspend 2 g dimethyl-p-phenylenediamine-hydrochloride in 200 ml of dist. 
water in a I-litre volumetric flask. Carefully add 200 ml of conc. 
sulphuric acid (1.84 g/ml) and make up to the mark when cooled to 20°C. 

Iron (III) reagent solution: 
Add 10 ml of conc. sulphuric acid (1.84 g/ml) to a solution of 50 g iron 
(III) ammonium sulphate, NH4Fe(S04)2 . 12H20 in distilled water in a 500 ml 
volumetric flask and dilute to the mark with dist. water. 

Phosphoric acid (1.70 g/mD 

Sulphide reference solution: 
Add 500 ml of freshly prepared gelatin solution (300 mg/l) to 250 ml of 
the 2 % zinc acetate solution. Place an amber glass flask containing this 
solution beneath the distillation apparatus as the receiver. The outlet 
tube of the condenser should be well immersed into this solution (if 
necessary lengthen the tube). Direct a moderate flow of nitrogen into the 
distillation flask, the flow having previously passed through the wash 
bottle containing nitrogen purification solution. In the distillation 
flask, bring 150 ml boric acid solution (6 g H3B03, reagent purity, 
dissolved in 150 ml of warm water) to the boil. Prepare sodium sulphide 
solution by dissolving a washed sodium sulphide crystal in a little 
water, approx. 40 mg Na2S . 9 H20 cryst., reagent purity, corresponding 
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to approx. 5 mg S, and introduce the solution via the dropping funnel 
during heating. When the boric acid solution is boiling and water begins 
to distill over, interrupt the boiling briefly and slowly add the sodium 
sulphide solution drop by drop. The released hydrogen sulphide distills 
off within 15 minutes and is bonded as ZnS in the receiver. Put the 
contents of the receiver in a 1 litre volumetric flask, dilute with water 
to the mark and determine the sulphide content of the solution iodometri­
cally. (Use boiled out water for all solutions. Store in amber glass 
flasks.) 

Method 

Calibration (modifications A and B) 

Taking the result of the iodometric sulphide determination in the sulphide 
reference solution as a basis, put varying quantities of this solution, 
containing between 10 and 70 jJg sulphide, into 100 ml volumetric flasks and 
add water such that the liquid does not quite reach the neck of the flask. 
Then continue as described under "Modification A determination" until 
methylene blue coloration appears. Prepare the calibration curve in this 
way. Up to 70 jJg sulphide, this is a straight line. Take measurements at 
670 nm. 

Note: 

Dark blue solutions with more than 70 jJg sulphide content cannot be 
measured even after dilution. The calibration curve prepared does not apply 
to dilutions of this type. 

Determination (modification A) 

Place 5 ml of zinc acetate solution in each of a number of 100 ml volumet­
ric flasks (according to the equation Zn2+ + 52- --ZnS, this quantity is 
sufficient to bind 14 mg of sulphide). 

Depending on the expected sulphide content of the water, up to 75 ml of the 
test water may be added to these flasks at the sampling point. Then add 
distilled water until the liquid almost reaches the bottom of the neck of 
the flask. Run in 10 ml of amine reagent solution into the liquid at the 
flask neck in such a way as to form a lower layer. Close the flask and 
shake briefly (in waters hydrogen carbonate or carbonate, C02 
escapes), and immediately add 0.5 ml of iron (III) reagent solution. This 
should bring the total level up to the neck of the flask. Shake 
again vigorously, leave to stand for 10 minutes at room temperature, dilute 
to the mark with distilled water and mix up. Take a colorimetric measure-
ment at 670 nm against simultaneously prepared blank test containing 
distilled water instead of the sample under test. 

Note: 

All interferences mentioned and also interference due to contaminants and 
substances causing turbidity due to excessive concentrations of mineral 
substances (see "Scope of application") can be eliminated by using the 
distillation method (modification E',j. 
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Determination (modification B) 
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Introduce 5 ml of zinc acetate solution (sufficient to bind 14 mg sulphide) 
into each of a number of 250 ml volumetric flasks (distillation flasks). 
Add up to 150 ml of the test water, depending on the expected sulphide 
sulphur content of the water, to these flasks at the sampling point. In the 
laboratory, remove the ground glass stopper and connect the flask to the 
distillation apparatus. Put 10 ml of zinc acetate solution in the receiving 
flask. The ground inlet tube with hole should dip into the zinc acetate 
solution. Turn the tube to match up the holes on the inlet tube and the 
volumetric flask. 

Bring to the boil, applying a moderate flow of nitrogen. When the solution 
is boiling and water distilling over, interrupt the boiling process and add 
5 ml of phosphoric acid (1.70 g/mO through the dropping funnel. - H2S is 
then transferred to the receiver with the water vapour where it is again 
bonded to zinc. 

When the volume of liquid in the receiver reaches about 70 ml (l0 ml of 
zinc acetate solution + 60 ml of distillate), stop the distillation process. 

Remove the volumetric flask including the inlet tube from the apparatus. 
Add 10 ml of amine reagent solution through the inlet tube, shake briefly 
and immediately add 2 ml of iron (Ill) reagent solution and shake again. 
When shaking the sample solution, turn the holes in the ground sections 
away from each other and plug the flask and inlet tube with a ground glass 
stopper (see illustration). Do not remove the inlet tube until after adding 
the iron solution and shaking, then rinse it with water. Following this, 
leave the solution to stand at room temperature for 10 minutes, dilute with 
distilled water to the mark, mix and measure the extinction of the colour 
solution against the simultaneously prepared blank test. 

Calculation 

Read off the sulphide sulphur content of the sample from the calibration 
curve on the basis of the measured extinction, and taking account of the 
volume of sample solution used for determination, recalculate the result in 
terms of 1 litre of the water sample. 
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The quantitative distribution of divalent sulphur amongst the individual 
sulphur compounds is dependent on the pH of the water. Fig. 88 shows the 
dissociation of hydrogen sulphide at 18°C in the pH range 1 - 14. 

3.1.5 Water "hardness" (see also Chapter 1, and Sections 3.2 and 3.3) 

General remarks 

The term water hardness is obsolete and has no satisfactory definition. 
Nevertheless, it continues to be used. The so-called hardness of a water is 
due to the ions of magnesium, calcium and strontium dissolved in the water. 
The sum of these ions is designated total hardness, and today is often 
determined on site by complexometry. 

So-called carbonate hardness, however, if this is to be measured, corre­
sponds to the hydrogen carbonate ions which can be allocated to calcium, 
magnesium and strontium. The proportion of so-called carbonate hardness in 
°d (for the various units, see conversion table below) which can be attri­
buted to the hydrogen carbonate ions can be calculated by multiplying the 
m value of a water by 2.8. There are cases where the carbonate hardness is 
higher than the so-called total hardness. If this is so, alkali hydrogen 
carbonates are present dissolved in the water and the carbonate hardness 
should then be taken as total hardness. The so-called non-carbonate hard­
ness is ascertained purely by calculation, by subtracting the carbonate 
hardness from the total hardness. The non-carbonate hardness is usually 
understood to be the hardness produced by the equivalent proportions of 
chlor ide and sulphate to magnesium, calcium or strontium. 

The conversion table shows the relationships between the various degrees of 
hardness in use internationally and the measured values in mmol/ 1 or meq/1. 

Conversion table. (alkaline-earth ions Mg, Ca and Sr) 

Alkaline- Alkaline- German American British French 
earth earth degrees of degr. of degr. of degr.of 
ions ions hardness hardness hardness hardness 
mmol/I meq/l °d ppm °e Of 

CaC03 

1 mmol/l 
Alkaline-earth ions 1.00 2.00 5.60 100.0 7.02 10.0 

1 meq/l 
Alkaline-earth ions 0.50 1.00 2.80 50.0 3.51 5.0 

German degree 0.18 0.357 1.00 17.8 1.25 1.78 

ppm CaC03 (USA) 0.01 0.020 0.056 1.0 0.0702 0.100 

British degree 0.14 0.285 0.798 14.3 1.00 1.43 

French degree 0.10 0.200 0.560 10.0 0.702 1.00 
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3.2 Anions 

3.2.1 Fluoride 

General remarks 

Almost all natural waters contain fluoride ions. The content varies on 
average between 0.01 and 1.5 mg/1. Fluoride concentrations in natural 
subterranean waters or waters from particular geological formations, how­
ever, may be considerably higher: up to 10 or 15 mg/l. Wastewaters contain­
ing fluoride and hydrogen fluoride stem primarily from fluorine factories, 
pickling houses, electroplating plants, the glass industry and from ore 
mining and processing. 

Particular importance is attached to fluoride as a means of preventing 
caries. To this end, sufficient fluoride may be added to the drinking water 
to obtain a fluoride concentration of about 1.0 mg/l, which is considered 
to be the optimum. Continuous and precise monitoring of the fluoride 
content of such drinking water is necessary because the natural fluoride 
content, which must also be taken into account, is variable, and persistent 
overdosage may have a detrimental effect on health. For this reason, the 
WHO has set a limit value of 1.5 mg/l for fluoride in drinking water. The 
1986 Drinking Water Ordinance in the Federal Republic of Germany adopted 
this limit value for a life-long intake of approximately 2 litres of water 
daily. 

The substances most commonly used for the fluoridation of drinking water 
for the purpose of preventing caries are hexafluorosilicic acid, sodium 
fluoride or sodium hexafluorosilicate. However, opinions differ in many 
countries as to the advantages, effectiveness or even harmfulness of drink­
ing water fluoridation with the result that to date, no uniform statutory 
rulings have been achieved. The drinking water fluoridation stations operat­
ing in Europe are mainly test plants and their area of influence is region­
ally limited. In the USA artificial fluoridation is more widespread. Both 
sides of the question, forced medication by means of treated drinking water 
and the consequences of dental caries, must be considered. Natural mineral 
water containing fluoride appears to be a conceivable alternative, e.g. in 
bottled form. Partial defluoridation is possible by filtration of the water 
over Al203 after acidification with C02' 

Three methods are described below: 

3.2.1.1 Spectrophotometric determination 

3.2.1.2 Determination using an ion-selective electrode 
separation and concentration by steam distillation} 

3.2.1.3 Ion chromatography (3.2.11) 

3.2.1.1 Spectrophotometric determination with lanthanum alizarin 
complexone, directly or following steam acid distillation 

General remarks 

(if necessary, 

After concentration, if required, by steam acid distillation, the fluoride 
taken up in 0.1 m sodium hydroxide solution is determined photometrically 
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at 600 - 620 nm as a blue-coloured alizarin complexonellanthanum fluoride 
complex. The colour reaction on which this method is based is founded on 
the fact that the orange-coloured solution of alizarin complexone (alizarin 
3-methylamine-N, N-diacetic acid dihydrate) forms a red chelate with lantha­
num (III) ions; when small quantities of fluoride are added, this red 
chelate yields the blue-coloured ternary complex, whose depth of colour is 
proportional to the concentration of fluoride. In the range from 0 to 30 Ilg 
of fluoride the calibration curve forms a straight line. The addition of 
acetone to the reagent solution increases the sensitivity of the method. 

If the fluoride concentration is relatively high, approximately 0.5 mg of 
F-/l or more, photometric determination can be carried out directly in the 
water sample (approx. 10 - 25 ml) without recourse to steam distillation. 
This applies in particular to routine determination in drinking water. 
Interferences due to other substances are to be expected only rarely in 
these lightly mineralized waters. It is necessary to conduct preliminary 
tests in order to be certain of the reliability of the results. 

The method may also be applied to waters 
alkaline concentration of a larger volume of 
fluoride from the evaporation residue by 
detection limit is approximately 0.005 mgll. 

with lower 
water and 

steam acid 

concentrations by 
driving over the 
distilla tion. The 

Interfering chloride ions are bonded by the addition of silver sUlphate to 
the distillation acid. The volume of distillation acid specified in the 
procedure contains a quantity of silver sulphate which is capable of bond­
ing 135 mg of chloride ions. Should more than 135 mg of Cl- be present in 
the water under analysis, either a correspondingly smaller volume of water 
should be used or more silver sulphate added. The chloride content of the 
water should in any case always be known. Nitrite ions up to 2 mg do not 
interfere with the colour reaction. 

If organic substances are present, e.g. in wastewaters, the alkaline 
evaporation residue must be incinerated in a platinum dish. The incinera­
tion temperature must not exceed 450°C. Slight interference is caused by 
sulphate ions passing over into the distillate. This must be eliminated by 
adding O.I-m NaOH to all the blank and calibration solutions and to the 
distillates, and then neutralizing with 0.05 m H2S04' The 15 mg of S042-
which are then always present in the measuring flask level out the influ­
ence of the distilled sulphate traces. Up to 5 mg of aluminium ions cause 
no interference. 

Equipment 

Spectrophotometer 

Cuvettes, 2 cm 

Measuring flasks, 250 ml and 1 litre 

Platinum dish 

Alizarin complexone solution, 0.004 m: 
Dissolve 1.6854 g of alizarin 3-methylamine-N,N-diacetic acid dihydrate 
(mol. weight 421.36) in 20 ml of 0.5 m sodium acetate solution (41 gil 
sodium acetate, anhydrous), heating gently, and make up to the mark in a 
I-litre measuring flask with redist. water at 20°C. 
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-220V 

Fig. 89. Distillation apparatus after SEEL; 1) Steam boiler with rod 
immersion heater; 2) = Filling funnel; 3) = Safety cock; 4) = Steam super­
heater (rod immersion heater); 5) = 150-ml sample flask with thermometer 
pocket (thermometer 0 - 150 °C); 6) = coil condenser (approx. 30 cm, jacket 
length approx. 15 cm) 

Lanthanum nitrate solution, 0.004 m: 
Dissolve 1.7322 g of lanthanum nitrate (La(N03)3 • 6 H20) in redist. water 
in a I-litre measuring flask and make up to the mark at 20 °C. 

Acetone, reagent purity 

Acetate buffer solution (pH 4.4): 
Mix 630 ml of 0.5 m acetic acid (approx. 29 ml of glacial acetic acid + 
971 ml of redist. water) with 370 ml of 0.5 m sodium acetate solution. 

Lanthanum alizarin complexone solution: 
Put 80 ml of acetate buffer solution, 500 ml of acetone, 50 ml of lantha­
num nitrate solution and 50 ml of alizarin complex one solution in a 
I-litre measuring flask and make up to the mark with redist. water at 20 °C. 
The pH should be between 5.6 and 5.8; check with a pH meter. The solution 
may be kept for 8 weeks in a refrigerator. 

Sodium hydroxide solution, 0.1 m and 1 m 

Sulphuric acid, (1.64 g/ml) and conc. (1.84 g/ml) 

Silver sulphate, Ag2S04 

p-nitrophenol indicator solution (pH transition from yellow/alkaline to 
colourless/acid at approx. pH 6): 

Dissolve 0.2 g of p-nitrophenol in 100 ml of dist. water. 

Sulphuric acid for distillation: 
Use a I-litre round-bottom flask with a thermometer pocket at the side 
(thermometer up to 200 °C) and a ground-glass attachment. The ground-
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glass attachment has an inlet pipe for steam which reaches almost to the 
base of the flask. In the ground-glass stopper there is a discharge pipe, 
which is in turn connected by a ground joint with the coil condenser to 
draw off the distillate. The flask should contain conc. sulphuric acid. 
After connecting the steam boiler and the condenser, heat the sulphuric 
acid to 120 - 130°C. Introduce steam and regulate the temperature to 
approx. 150°C. Distill off and discard at least 500 mI. Raise the 
temperature to 171 °C and terminate steam distillation. If these 
conditions are complied with the sulphuric acid remaining in the flask is 
of the original concentration again. 

Heat 10 g of silver sulphate and 10 ml of sulphuric acid (l.8~ g/m]) in a 
porcelain dish, and continue heating for a further ten minutes after the 
appearance of S03 vapour. When cool, transfer the solution to a beaker 
and mix with the 500 ml of sulphuric acid which remains in the flask 
following steam distillation, and heat until the solution is clear, 
stirring constantly. Allow to cool. Store the sulphuric acid for distil­
lation in a dark storage bottle. 

Fluoride reference solution: 
Dissolve 221 mg of sodium fluoride of reagent purity in redist. water and 
make up to the mark in a I-litre measuring flask at 20°C. Dilute 10 ml 
of this solution to the mark in a I-litre measuring flask with redist. 
water at 20°C. 1 ml of this solution contains 0.001 mg of F- ions. 

Method 

Preparation of the water sample 

Add m sodium hydroxide solution (until the alkaline reaction occurs) to 
250 ml of the water sample and evaporate in a platinum dish. The chloride 
content of the sample must be known so that a sufficient quantity of silver 
sulphate to bond the chloride can be added with the sulphuric acid for 
distillation. In the case of waters which are loaded with organic substan­
ces the alkaline evaporation residue should be incinerated in the platinum 
dish; the incineration temperature must not exceed ~50 °C. 

Distillation 

Transfer the evaporation residue (if appropriate, following incineration) 
to the distillation apparatus by small amounts with a maximum of 15 ml of 
redistilled water. The quantity of water may be increased if it does not 
suffice. However, the solution must then be concentrated to 15 ml again in 
the sample flask. 

Add 30 ml of sulphuric acid for distillation with sufficient silver content 
to bond 135 mg of chloride ions (if necessary add additional silver 
sulphate), and connect the sample flask to the distillation apparatus. 
Introduce redistilled water into the steam boiler via the feed funnel until 
the water level is approximately 2 cm above the rod immersion heater. 
Beneath the condenser outlet position a 250-ml measuring flask containing 
5 ml of 0.1 m sodium hydroxide solution and 1 ml of p-nitrophenol indicator 
solution in order to collect the distillate. 

Switch on the rod immersion heater of the steam boiler and, when the steam 
thus generated reaches the steam superheater, switch on the rod immersion 
heater in the latter as well. The distillation temperature is between 120 
and 130°C. 
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When approximately 200 ml of distillate has been collected, neutralize the 
excess of 0.1 m sodium hydroxide in the receiving measuring flask with 0.05 m 
sulphuric acid until the colour changes from yellow to colourless. Make up 
to the mark with redistilled water at 20 0c. 

Determination 

Transfer an aliquot part of the neutralized distillate - a maximum of 50 ml, 
but only such a quantity that no more than 30 llg of fluoride ions are contain­
ed in the aliquot - to a 100-ml measuring flask, add 50-ml of lanthanum 
alizarin complexone solution and make up to the mark with redistilled 
water. It is important when adding the lanthanum alizarin complex one solu­
tion that the same drop rate is set and the same pipette is used as for the 
parallel calibration process. Allow the solution to stand for a further 15 
minutes at room temperature. Its pH value is now between 4.8 and 5.0. 
Measure the extinction at 600 - 620 nm against water. 

Calibration 

In order to prepare the calibration curve parallel to the determination of 
the sample, transfer 10, 20 and 30 ml of fluoride reference solution (with 
0.01, 0.02 and 0.03 mg of fluoride) and 5 ml of 0.1 m sodium hydroxide 
solution to 100-ml measuring flasks, add ml of p-nitrophenol indicator 
solution and titrate with 0.05 m sulphuric acid to the neutral point. In 
the same way as described under "Determination", add 50 ml of lanthanum 
alizarin complexone solution by pipette, make up to the mark with redistill­
ed water (20 °C), and after 15 minutes measure at 600 - 620 nm against 
redistilled water. Prepare and treat a blank test in the same way without 
the addition of fluoride. 

It is absolutely essential that a calibration curve is prepared and a blank 
test taken into account for each fluoride determination. 

Calculation 

Read off the appropriate fluoride content from the calibration curve on the 
basis of the measured extinction, take into account the quantity of water 
used and the blank test, and convert for I litre. 

3.2.1.2 Determination of the fluoride ion with an ion-selective 
(ion-sensitive) electrode 

General remarks 

The quantitative determination of a number of dissolved substances in water 
using ion-selective electrodes and a corresponding measuring system has 
found widespread acceptance. This method has proved particularly valuable 
for the quantitative determination of fluoride ions in water samples in the 
range above approximB;tely 0.1 mg/l. 

In this method the voltage developed between the measuring electrode and 
the reference electrode is measured. Under certain conditions this measured 
value is proportional to the logarithm of the fluoride concentration. 
A ttention must be paid to the water temperature, the ionic strength of the 
dissolved substances and the pH value. These parameters should be standard­
ized in the calibration of the method in such a way that interference in 
the course of the actual measurement can be largely ruled out. 
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Fluoride complexes are rendered available for measurement by the addition 
of a special buffer (TISAB buffer Total Ionic Strength Adjustment 
Buffer). If stronger com pie xing substances such as boron compounds or 
organic substances are present in waste waters, it is advisable to carry 
out distillation according to method 1 before the actual measurement. 

Equipment 

In addition to the standard laboratory equipment, a measuring instrument is 
required to measure the voltage, with divisions of 1 mY. 

Fluoride-selective electrode cell (single-probe measuring cell recommended) 

pH measuring device with glass electrode as single-probe measuring cell 

Recording apparatus, if required 

Thermostat 

Stirring device 

Hydrochloric acid, 1 m 

Sodium hydroxide solution, I m 

TISAB buffer solution: 
Dissolve 300 g of sodium citrate (C6H5Na307 . 2H20) in approx. 600 to SOO ml 
of water. Subsequently dissolve 22 g of 1,2-cyclohexylene dinitrilotetra­
acetic acid (CI4H22N20S . H20) and 60 g of sodium chloride in this solu­
tion. When the solution is clear, make up to 1000 mI. The pH of this 
buffer solution is 5.S. 

Fluoride calibration solutions: 
Use sodium fluoride (NaF) which has been dried at 120°C for 2 hours. 
Dissolve 2.210 g and dilute to 1000 ml. Prepare fluoride calibration 
solutions of varying concentration by diluting this stock solution, e.g. 
dilute 10 ml of fluor ide stock solution to 1000 ml with water, fluor ide 
content 10 mg/l. Prepare further fluoride calibration solutions with 
fluoride contents of 5, 1, 0.5 and 0.2 mg/l in the same way. 

Method 

The water sample should be analyzed no later than 
and it is advisable to filter the sample through 
before analysis. If filtration is carried out a note 
be made with the results. 

3 days after sampling, 
an appropriate filter 

to this effect should 

Condition the ion-sensitive electrode by placing it at least 1 hour before 
starting measurement in a calibration solution which may contain, for 
example, 0.5 mg of fluoride ions/I. Following this period, rinse the 
electrode and use for measurement. 

Check the calibration curve daily with fluoride calibration solutions of 
appropriate concentration. This is important in particular due to the fact 
that both the origin and the gradient of the calibration curves of the 
ion-selective electrodes may change. 
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For the measurement itself, put 25 ml of TISAB buffer solution in the 
receiver and add 25 ml of the sample under analysis by pipette, after 
filtration if necessary. The pH must be 5.8 + 0.2. Should it deviate from 
this value adjust with hydrochloric acid Or sodium hydroxide solution. 
Following this preparation set the solution for measurement to the measur­
ing temperature, e.g. 20 !. 0.5 °C or 25 !. 0.5 °C (the same measuring 
temperature as was used for preparing the calibration curve). Immerse the 
ion-selective electrode cell or the single-probe measuring cell into the 
solution and stir for 5 minutes at a speed of approx. 200 rpm. If after 
this period the measured value does not change by more than 0.5 mV, turn 
off the stirrer and read off the measured value after about 10 to 20 
seconds. 

As a control, especially in the case of low fluoride concentrations, appro­
priate fluoride calibration solutions of known concentration may be added 
to a second or third water sample together with the buffer solution. 

Calibration 

For calibration purposes take 25-ml portions of TISAB buffer solution in 
the same way and to each of perhaps 5 receivers add calibration solutions 
with fluoride concentrations between 0.2 and 10 mg/l by pipette. Rinse the 
electrode between measurements. Adapt the concentration ranges of the 
calibration solutions approximately to the concentration of fluoride expect­
ed in the sample under analysis. Carry out the calibration itself at least 
twice and repeat daily. Plot the measured values thus established on semi­
logarithmic paper. Use the logarithmic abscissa for the fluoride concen­
tration of the calibration solutions in mg/l and the ordinate with decimal 
divisions for the corresponding measured values in mV. 

Read off the concentration of fluoride ions in the water sample under 
analysis from the calibration curve on the basis of the measured value in 
mV. Take into account the volume of water used or any dilution made and 
convert for 1 litre. The measured values should generally be rounded off to 
one decimal place. 

3.2.1.3 Ion chromatography determination of fluoride ions (see Section 3.2.10 

3.2.2 Chloride 

General remarks 

3.2.2.1 

3.2.2.2 

3.2.2.3 

3.2.2.4 

Gravimetric analysis 

Volumetric determination with electrometric indication 

Modification A: chloride content up to 1000 mg/I 
Modification B: chloride content over 1000 mg/I 

Volumetric determination with visual indication 
(potassium chromate as indicator) 

Ion chromatography 0.2.11) 

In the course of the methods (see Sections 3.2.2.1 - 3.2.2.3) bromide ions 
and iodide ions are also detected. If these latter ions are determined 
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separately, for example in mineral waters and brines, the chloride content 
can be calculated by subtracting these values. 

3.2.2.1 Gravimetric determination 

General remarks 

In a weak nitric acid solution chloride ions react with silver ions. Spar­
ingly soluble silver chloride is formed, and if bromide ions and iodide 
ions are present, so too are silver bromide and silver iodide. The silver 
halides separate out and are deposited, and are then filtered, dried and 
weighed, and the content of chloride ions is calculated, if necessary after 
correction for the separately determined bromide ions and iodide ions. This 
method is particularly suitable for waters with high concentrations of 
chloride ions, and as a calibration or reference method. 

Any sulphite ions or sulphide ions present are oxidized with hydrogen 
peroxide (about 3 to 5 %). 

Equipment 

Analytical balance 

Dry ing oven (130°C) 

Glass filter crucible 

Nitric acid, (1.070 g/m!) , chloride-free 

Silver nitrate solution: approx. 1 m 

Rinsing liquid: distilled water acidified with nitric acid. 

Method 

Acidify a measured volume of water between 100 ml and 1000 ml with nltnc 
acid and heat to between about 60 and 80°C. Slowly conduct the precipi­
tat ion , stirring gently, with the approx. 1 m silver nitrate solution. The 
silver chloride precipitate which now forms settles quickly. The super­
natant liquid becomes clear. The completeness of the precipitation should 
be tested by adding about 0.1 ml of silver nitrate solution. 

Keep the precipitate over night in the dark (on exposure to light part of 
the silver is reduced, with the result that the precipitate may assume a 
blue-black colour) . After the settling period filter the supernatant 
solution through the dried and weighed glass filter crucible. Using the 
rinsing liquid, repeatedly make the precipitate into a paste in a beaker 
and then transfer quantitatively to the filter crucible. Rinse this precipi­
tate of silver chloride until the rinsing liquid shows no further visible 
reaction with hydrochloric acid or sodium chloride solution. Then dry the 
filter crucible and contents in the drying oven at 130°C and weigh when 
cool. Repeat this operation until constant weight is reached. 

1 mg of the weighed silver chloride precipitate corresponds to 0.2474 mg of 
chloride ions. Calculate the concentration of chloride ions in mg/l of 
water, taking into account the measured quantity of water and the weighed 
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quantity of silver chloride. If a correction is made for the separately 
determined bromide ions and iodide ions this should be stated. In the case 
of concentrations of chloride ions above 100 mg/l the results should be 
rounded off to 1 mg/l. A note should be made of the fact that the gravi­
metric method was used. 

3.2.2.2 Volumetric determination with silver nitrate (electrometric indication) 

(This internal 
analysing waters 
here. ) 

General remarks 

method 
with 

has 
high 

proved valuable 
chloride contents 

as a 
and 

routine technique for 
is therefore described 

A) The water sample is titrated directly with 0.1 m or 0.01 m silver 
nitrate solution at a pH of between 4-.5 and 8.5 (modification A: up to 
about 1000 mg/l Cl-). 

B) A water sample with more than 1000 mg/l Cl- and a pH of between 4-.5 and 
8.5 is treated with a weighed quantity of 0.1 m silver nitrate solution. 
This quantity should be less than the amount required for the quantita­
tive precipitation of the chloride ions. The low concentration of 
chloride ions still present in solution is subsequently titrated with 
0.01 m silver nitrate solution. 

For electrometric indication a measuring cell consisting of an indicator 
electrode and a reference electrode linked with a sensitive galvanometer 
is used (see illustration under "Equipment"). Due to the higher chloride 
ion concentration in the sample solution the potential of the indicator 
electrode differs from that of the reference electrode. This potential 
difference is measured by the galvanometer. During titration the poten­
tial of the indicator electrode approaches that of the reference elec­
trode, and at the end point of the titration they are equal. Consequent­
ly, the needle of the galvanometer passes through zero at the equi­
valence point. 

Sulphite ions and sulphide ions are eliminated by adding dilute hydrogen 
peroxide solution drop by drop while cooling the solution. 

Equipment 

Measuring cell with silver plate as indicator electrode and a silver/silver 
chloride reference electrode (Schneider): 

Burettes, volume 50 ml, 0.1 ml scale 

Silver nitrate solution, 0.1 m 

Silver nitrate solution, 0.01 m: 
Prepare by dilution of 0.1 m silver nitrate solution 

Sodium chloride solution, 0.1 m 

Sodium chloride solution, 0.0 I m 

Hydrogen peroxide solution, approx. 3 - 5 % 
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111----- 10 

1-t-~---9 

Nitric acid, (1.070 g/mi) chloride-free 

Fig. 90. 1) = Beaker, 400 ml; 2) = 
Solution for analysis; 3) Silver 
indicator electrode, 20 x lOx 1 mm; 

4) = Diaphragm packed with quanti-
tative filter paper; 5) Silver 
chloride suspension in redistilled 
water; 6) = Silver reference elec­
trode, dimensions as for 3; 7) 
Redistilled water; 8) = Glass tube, 
diameter 15 mm; 9) = Connection of 
the two electrodes to form a measur­
ing cell; 10) = Glass tube, diameter 
6 mm; 11) = Switch to close the 
measuxing current circuit; 12) 
Sensitive galvanometer as zero instru­
ment; 13) = Magnetic stirrer 

Sodium-hydroxide solution, 1 m chloride-free 

(The two latter items if required for adjustment of the pH range 4.5 - 8.5) 

Method 

If the chloride content of the water sample is unknown, the approximate 
concentration should be established initially by pre-titration with 0.1 m 
silver nitrate solution. If it does not exceed 1000 mg/l, titrate directly 
according to modification A. If it is above 1000 mg/I, proceed according to 
modification B. 

Determination (modification A) 

Into the beaker in the titration apparatus pipette an exact volume of the 
water sample which corresponds to a consumption of about 20 ml of 0.1 m 
silver nitrate solution or a consumption of 10 - 50 ml of 0.01 m silver 
nitrate solution. Introduce the measuring cell and switch on the magnetic 
stirrer and galvanometer. Subsequently, titrate until the galvanometer 
indicator passes through zero. 
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Determination (modification B) 

Measure off a volume of the water sample which corresponds to a consumption 
of between 10 and 100 ml of 0.1 m silver nitrate solution and make up to 
about 200 ml with distilled water. Precipitate silver chloride with a 
weighed quantity of 0.1 m silver nitrate solution, stirring slowly in cool 
conditions. The quantity of 0.1 m silver nitrate solution used is selected 
such that about 1 or at most 2 ml less silver nitrate solution is consumed 
than during pre-titration. Now transfer the pre-precipitated solution to 
the titration apparatus, introduce the measuring cell, and switch on the 
magnetic stirrer and galvanometer. Subsequently titrate with 0.01 m silver 
nitrate solution until the galvanometer indicator passes through zero. 

Since the density of 0.01 m silver nitrate solution is close to 1 g/ml and 
this solution was obtained by diluting 0.1 m silver nitrate solution, the 
quantity of 0.01 silver nitrate solution consumed, in ml, should be divided 
by 10 and added to the weight of 0.1 m silver nitrate solution. This sum 
provides the consumption of 0.1 m silver nitrate solution for the measured 
volume of the water sample. 

Titre setting 

The titre setting of the 0.1 m and 0.01 m silver nitrate solutions is made 
in the same way as described under "Determination (modification A)" using 
0.1 m and 0.01 m sodium chloride solutions. 

As a result of weighing the standard solution and the use of corresponding 
calibration the deviation between multiple determinations is below an 
absolute level of 3 mg/l chloride ions, even in the case of very high 
concentrations of chloride ions. 

Calculation (modifications A and B) 

When using 0.1 m silver nitrate solution: 

VI . F • 3.5453 . 1000 

E 

when using 0.01 m silver nitrate solution: 

V2 • F • 0.35453 . 1000 

E 

mg/l CI-, 

mg/l CI-

Consumption of 0.1 m silver nitrate solution, in the 
modification A in ml, and in the case of modification B in g 
Consumption of 0.01 m silver nitrate solution in ml 
Titre of the standard solutions 
Volume of water sample used for determination. 

case of 

3.2.2.3 Volumetric determination with silver nitrate and potassium chromate 
(visual indication) 

General remarks 

If all chloride ions are bonded as AgCl, silver ions added in excess, 
together with chromate ions, form reddish-brown silver chromate (Ag2Cr04). 
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The method is suitable for the determination of chloride ions in concen­
trations between 10 and 150 mg/l. Waters whose chloride-ion concentrations 
lie outside this range can also be determined according to this method by 
appropriate dilution or concentration. Its applicability to waste water 
investigation is dependent on the type of waste water involved. 

Coloured or turbid waters should be shaken out with chloride-free, freshly 
precipitated aluminium hydroxide or chloride free washed activated char­
coal, and filtered. Organic substances are destroyed in a weakly alkaline 
solution with KMn04' heating gently. Excess KMn04 is eliminated with H202, 
the hydrated manganese oxides are filtered off and washed, chloride-free. 

interfering S032-can be eliminated by H202 in neutral solution, and S2-, 
52032-, CN- and SCN- can be eliminated by H202 in alkaline solution. Iron 
ions can be precipitated by shaking with I g of chloride-free zinc oxide 
and can then be filtered off. Phosphate interferes in concentrations 
grea ter than 25 mg/1. It is coprecipi ta ted with iron. 

Equipment 

Burette, volume 50 ml, 0.1 ml scale 

Silver nitrate solution, 0.05 m and 0.02 m 

Sodium chloride solution, 0.05 m and 0.02 m 

Potassium chromate solution: 
Dissolve 7.5 g of K2Cr04 in a sufficient quantity of dist. water and add 
silver nitrate solution until a reddish-brown precipitate begins to form. 
Allow to settle for 2 hours, filter the solution and replenish the 
filtrate with dist. water. 

Method 

If the chloride content of the water sample is unknown this should first be 
determined by pre-titration with silver nitrate standard solution of appro­
priate normality. Take 100 ml of the filtered water sample with a chloride 
content of 1 - 15 mg, or a smaller volume diluted to 100 ml with distilled 
water. The pH should lie between 7 and 9 (acid- or alkaline-reacting waters 
should first be neutralized with chloride-free reagents). Add 1 ml of 
potassium chromate solution. 

According to the chloride concentration, titrate with 0.05 m or 0.02 m 
silver nitrate solution until the colour changes from greenish-yellow to 
reddish-brown. In order to assist determination of the end point of the 
titration, the analyst may add a drop of sodium chloride solution after 
completion of the titration of the sample. If the yellow-green colour 
reappears the end point of the titration was reached. 

The quantity of silver nitrate which is required to produce a recognizable 
change of colour should be determined by means of a blank test with 100 ml 
of distilled water and 1 ml of potassium chromate solution. It should then 
be deducted from the result of titration. 

Titre setting 

The titre setting of the 0.05 m and 0.02 m silver nitrate solutions is made 
according to the procedure described, using 0.05 m or 0.02 m sodium 
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chloride solution respectively. The method used should correspond to the 
technique described for the analysis in all ways. If work is conducted 
carefully the determination error of the method can be limited to 1 - 3 
mg/l Cl-. 

Calculation 

When using 0.02 m silver nitrate solution: 

When 

VI = 
V2 = 
F 
E = 

Vl F 0.7091 1000 

E 
mg/l CI-, 

using 0.05 m silver nitrate solution: 

Consumption 
Consumption 

of 

V2 . F . 1. 7727 • 1000 = mg/l CI-, 
E 

0.02 m silver nitrate solution in ml 
of 0.05 m silver nitrate solution in ml 

Titre of the standard solutions 
Volume of water sample used for determination. 

3.2.2.4 Ion chromatography determination (see Section 3.2.11) 

3.2.3 Bromide and iodide 

General remarks 

Natural waters contain only very low concentrations of bromide and iodide 
ions. Higher concentrations may occur in mineral waters, natural salt 
brines and in certain industrial wastewaters; in most cases they are 
accompanied by a very large excess of chloride ions. 

3.2.3.1 Consecutive iodometric determination of bromide and iodide in one 
solution 

The following method of consecutive determination of Br- and 1- by iodo­
metry, based on a method developed by P. Hofer, has proven effective. 

3.2.3.2 Ion chromatography (see Section 3.2.11) 

Analysis by means of ion chromatography has gained significance in recent 
years. (3.2. 11 ) 

3.2.3.1 Consecutive iodometric determination of bromide and iodide in one 
solution 

Bromide and iodide ions can be determined successively in one water sample 
using a method developed by P. Hofer: hypochlorite ions are used to oxidize 
bromide ions to bromate ions and iodide ions to iodate ions: 

Br- + 3 CIO- = BrOr + 3 CI-

1- + 3 CIO- = 103- + 3 Cl-
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The excess hypochlorite ions are destroyed by formic acid. Subsequently, 
iodide ions added at pH 3 to /j. are oxidized to iodine by the iodate ions 
resulting from the above reaction. For each iodide ion originally contained 
in the sample six equivalents of iodine are liberated. These are titrated 
wi th sodium thiosulpha te solution: 

103- + 6 1- + 6 H+ 

3 12 + 6 52°32-

3 12 + 1- + 3 H20 

6 1- + 3 S/j.062-

In this solution, following the addition of hydrochloric acid and adjust­
ment of the pH to < 1, the bromide ions are then detected analogously: 

Br03- + 6 1- + 6 H+ 

3 12 + 6 52°32-

3 I2 + Br- + 3 H20 

6 1- + 3 S/j.062-

Direct determination of bromide ions is possible in a range between 0.01 
and 15 mg/l and determination of iodide ions in a range between 0.005 and 
5 mg/l of the water sample. If lower concentrations of these ions are to be 
determined, a larger quantity of water must be concentrated by evaporation 
under alkaline conditions. 

Nitrite ions may be oxidized to nitrate ions in acid solution (pH < 1), 
before analysis, with 1 ml of approximately O./j. m sodium hypochlorite 
solution. The solution should then be neutralized (pH 6 to 8) with reagent­
purity sodium hydroxide solution or with reagent-purity solid calcium 
carbonate. 

ShOUld the concentration of bromide and/or iodide be less than 0.01 mg/l, 
the solution should be concentrated to 100 ml under alkaline conditions. 
The solution thus obtained may either be processed further directly, in 
which case precipitates of alkaline earth carbonates should be filtered 
off, or the evaporation residue can be extracted three times with absolute 
ethanol. In the latter case, the bromide and iodide ions pass into the 
ethanol extract. This should be boiled down under alkaline conditions and 
the residue, after gentle ignition (not more than /j.00 °C), picked up with 
approximately 100 ml of distilled water. Acidify the solution obtained (pH 
< 1) and oxidize with 1 ml of O./j. m sodium hypochlorite solution. Finally 
neutralize the solution (pH 6 to 8) and continue according to the procedure 
described under "Determination". 

A maximum of 1.5 mg of bromide ions and 0.5 mg of iodide ions should be 
contained in the volume of water which is used for analysis in this method. 
It is important to adhere to the quantities and concentrations of reaction 
solutions specified in the procedure and to the specified waiting times. 
Blank determinations and calibrations should be carried out together with 
each analysis using the same quantities of reagents under precisely the 
same test conditions. 

Equipment 

Sodium thiosulphate solution, 0.005 m 

Sodium hypochlorite solution, approx. O./j. m: 
Either use a commercially available solution, in which case the concentra­
tion should be determined iodometrically, or prepare the solution from 
sodium hydroxide solution by introducing chlorine 



Formic acid, 2 m 

Potassium iodide solution: 16.6 g/ 1 00 ml KI 

Hydrochloric acid, reagent purity, approx. 10 % (1.05 g/mj) 

Sodium hydroxide solution, 1 m 

Starch solution: 
1 % aqueous solution of "soluble starch" 

Buffer solution: 
Dissolve 
100 g of monosodium dihydrogen phosphate dihydrate, 
100 g of disodium monohydrogen phosphate dodecahydrate, 
100 g of sodium diphosphate decahydrate and 
300 g of sodium chloride, all of reagent purity, in 1400 ml of water. 
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The pH of this buffer solution is approx. 5.8. If 6 ml of this solution 
is diluted to 100 ml, a pH of approx. 6.8 is established. 

Bromide reference solution: 
Dissolve 1.4894 KBr of reagent purity (dried at 105°C) with dist. water 
in a measuring flask to 1000 mi. 1 ml of this solution contains 1 mg of 
bromide ions. If required, a dilution of 1 : 10 may be prepared. 1 ml of 
the dilute bromide reference solution contains 0.1 mg of bromide ions. 

Iodide reference solution: 
Dissolve 0.1308 g of reagent-purity KI (dried at 105°C) with dist. water 
in a measuring flask to 1000 ml. 1 ml of this solution contains 0.1 mg of 
iodide ions. 

Method 

Establish the quantity of water which is appropriate for analysis by means 
of a preliminary test with 100 ml of the water sample. 

Determination 

Use the volume of the water sample established in the preliminary test, 
pretreated as required, (pH between 6 and 8), make up to 100 ml and add 10 ml 
of buffer solution. A pH between 6.5 and 7 is thus established. Turbidity 
or precipitates of alkaline earth phosphates which may arise after the 
addition of the buffer solution are of no significance for the further 
course of the analysis. 

Add 4 ml of sodium hypochlorite solution and heat to about 90°C within 5 
to 10 minutes. Swirl the solution frequently while heating, but avoid 
boiling. 

Treat the sample while still hot with 10 ml of 2 m formic acid, drop by 
drop. In so doing, the excess hypochlorite ions are decomposed and any 
precipitated alkaline earth phosphates are dissolved again (a pH value of 3 
to 4 is established). Allow to cool to room temperature (approx. 20°C) and 
then treat the solution with 1 ml of potassium iodide solution. Leave to 
stand for about 5 minutes and then add I ml of starch solution. If the 
sample contains iodide ions a blue coloration appears. If this is the case, 
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titrate with 0.005 m sodium thiosulphate solution until the blue coloration 
disappears. The decoloration should persist for at least 1 minute. The 
quantity of sodium thiosulphate consumed corresponds to the content of 
iodide ions in the volume of sample used. 

In order to determine the content of bromide ions, treat the titrated 
sample with 10 ml of hydrochloric acid (1.05 g/ml). If bromide ions are 
present, a blue coloration appears once more. Following a waiting time of 
about 5 minutes again titrate with 0.005 m sodium thiosulphate solution 
until the blue coloration disappears. The decoloration must again persist 
for at least I minute. The consumption of sodium thiosulphate solution in 
the course of the titration corresponds to the content of bromide ions in 
the volume of sample used. 

Conduct a blank test in the same way using 100 ml of distilled water 
instead of the sample. Any consumption of sodium thiosulphate solution 
should be deducted from that established in the determination of the 
sample. 

Titre adjustment 

The precise titre of the 0.005 m sodium thiosulphate solution must be 
established for each analysis, if possible simultaneously. To achieve this, 
take known volumes of bromide and iodide reference solutions instead of the 
sample, make up to 100 ml, and treat as for the analysis. Calculate the 
factor of the sodium thiosulphate solution from the results of titration. 

Calculation 

1 ml of 0.005 m sodium thiosulphate solution is equivalent to 0.10575 mg of 
iodide ions or 0.06667 mg of bromide ions. The concentration per litre of 
water may be calculated according to the following formulae: 

v . F • 0.10575 . 1000 

E 

v . F . 0.06667 • 1000 

E 

= mg/l 1-, 

mgll Br-, 

v = Consumption of 0.005 m sodium thiosulphate solution in ml, 
F = Titre of standard solution, 
E = Volume of water sample used for analysis. 

3.2.3.2 Ion chromatography (see Section 3.2.11) 

3.2.4 Nitrite 

3.2.4.1 Spectrophotometric analysis with sulphanilic acid and 
I-naphthylamine 

General remarks 

In acid solution, mtnte ions and aromatic amines together form diazonium 
salts, which for their part couple with aromatic amines to form intensively 
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coloured azo compounds. The nitrite determination described here is based 
on the diazotization of sulphanilic acid (p-aminobenzene suI phonic acid) 
with nitrite to form p-diazobenzene sulphonic acid. This acid couples with 
I-naphthylamine, forming red-violet p-benzene sulphonic acid azonaphthyl­
amine. 

The method is suitable for the determination of nitrite ions in water in 
concentrations between 0.005 and 0.6 mg/1. If the nitrite concentration is 
greater than 0.6 mg/l, the solution must be diluted accordingly before 
analysis since the Lambert-Beer law no longer applies in this range. 

In order to prevent secondary 
chemical redox reactions from 
determination should if possible 
the latest within one day of 
for filling. The sample should 
analysis is carried out. 

formation of nitrite ions by microbial or 
ammonium ions or nitrate ions, nitrite 

be carried out within a few hours or at 
sampling. Sterilized flasks should be taken 
be cooled to at least +10 °C until the 

It is possible to compensate for slight turbidity or self-coloration in the 
sample in the spectrophotometer by measuring the extinction in comparison 
with the water sample. In the case of high turbidity which cannot be 
removed by filtration or of strong self-coloration, especially in the 
presence of colloidally dissolved organic substances and sulphides, add 
5.0 ml of aluminium sulphate solution and 5.0 ml of 1 m sodium hydroxide 
solution per 100 ml of water sample and shake. When the hydroxide precipi­
tate has settled, filter through glass wool or cotton wool; discard the 
first parts of the filtrate. Take the dilution into account in evaluation 
by multiplying the result by 1.1. 

Colloidal organic substances, humic acids and free chlorine, however, may 
also be removed by shaking the sample with 1 - 2 g nitrite-free activated 
charcoal and filtering after 5 minutes reaction time. Before treating with 
activated charcoal, the pH of the sample must be set to more than 8.5 to 
prevent adsorption of the nitrite ions by the activated charcoal. 

Interference due to copper ions, which accelerate the breakdown of the 
diazonium salt, or due to other heavy metal ions is largely prevented by 
the aluminium sulphate/NaOH precipitation. In this case, also, dilution of 
the sample may be advisable because of the high sensitivity of the colour 
reaction to nitrite ions. 

Equipment 

Spectrophotometer 530 nm or photometer 

Cuvettes, 1, 2 and 5 em 

Volumetric flasks, 100 ml 
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Glacial acetic acid, reagent purity (1.05 g/ml) 

Sulphanilic acid solution: 
Heat 1 g sulphanilic acid with 50 ml glacial acetic acid and 50 ml dist. 
water and dissolve by diluting with 200 ml hot dist. water. Store the 
solution in a brown flask in a cool place. 

1-naphthylamine solution: 
Dissolve 0.2 g I-naphthylamine in 50 ml glacial acetic acid and 100 ml 
dist. water, then dilute with a further 150 ml dist. water. 

Aluminium sulphate solution: 
Dissolve 120 g A12(SOq) . 18 H20 (superpure) in nitrite-free dist. water 
and make up to 1 litre. Before use, shake up any sediment formed. 

Sodium hydroxide solution, I m 

Activated charcoal, nitrite-free 

Nitrite stock solution: 
Dry 0.150 g of reagent purity sodium nitrite at 105 °C for 1 hour before 
weighing in, dissolve in nitrite-free water, and after adding 1 ml chloro­
form make up to 1 litre with nitrite-free water. Standardize the solution 
against 0.02 m potassium permanganate solution and check the titre 
weekly. 1 ml = 0.1 mg N02-' 

Nitrite reference solution I: 
Dilute 10 ml nitrite stock solution to 100 ml with nitrite-free water. 
I ml of this solution contains 0.01 mg N02-. Prepare a fresh batch for each 
application. 

Nitrite reference solution II: 
Dilute 10 ml nitrite stock solution to litre with nitrite-free water. 
1 ml of this solution contains 0.001 mg NOr. Prepare a fresh batch for 
each application. 

Method 

Calibration 

Pipette increasing volumes of nItrite reference solutions I and II with 
N02 - concentrations between 0.005 and 0.05 mg into 100 ml volumetric 
flasks and treat according to the method specified under "Determination". 
Prepare the calibration curve from the extinction values. 

Determination 

Carry out a preliminary test in order to establish the volume of the water 
sample required for a 0.0005 to 0.05 mg nitrite content. To do this, pipet­
te 10 - 50 ml of the water sample into a 100 ml volumetric flask and add 
4 ml of a freshly prepared mixture of equal parts of sulphanilic acid 
solution and l-naphthylamine solution. Make up to the mark at 20 °C, mix, 
and leave the solution to stand for 2 hours in darkness. After this reac­
tion time, measure the extinction at 530 nm. 

Using the result of this preliminary test as a basis, pipette an appropri­
ate volume of the water sample with no more than 0.05 mg NOr into a 100 ml 
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volumetric flask. The volume used must not exceed 95 mI. Add 4 ml of the 
mixture of equal parts of sulphanilic acid solution and l-naphthylamine 
solution to this volume, dilute the solution to the mark with distilled 
water and mix well. Leave to stand for 2 hours in darkness, and measure the 
extinction at 530 nm. 

Carry out a blank test with distilled water in the same way. 

Calculation 

Using the measured extinction, read the appropriate nitrite content from 
the calibration curve and convert the results for the volume of the water 
sample used to I litre. 

3.2.4.2 Ion chromatography (see Section 3.2.10 

3.2.5 Nitrate 

3.2.5.1 Spectrophotometric analysis with sodium salicylate 

General remarks 

Nitrate ions and sodium salicylate together form yellow sodium nitrosalicy­
late, which can be determined spectrophotometrically at 420 nm. 

Nitrate concentrations between 0.2 and 
concentrations are lower than 0.5 mg/l, 
The water sample should be cooled to + 4 
at the latest. 

Equipment 

Spectrophotometer 

Cuvettes, path length 0.5 to 5 cm 

Glass or porcelain dishes, 50 ml 

Sand bath or drying oven 

Sodium salicylate solution: 

40 mg/ I may be determined. If 
however, the method is inaccurate. 
°C and examined within I to 2 days 

Dissolve 0.5 g of reagent purity sodium salicylate in distilled water to 
100 ml. The solution must be freshly prepared daily. 
Sulphuric acid, reagent purity (1.84 g/mJ) 

Sodium hydroxide solution: 
Dissolve 400 g of reagent purity sodium hydroxide and 16 g of reagent 
purity potassium sodium. tartrate in dist. water, cooling the mixture, and 
make up to 1 litre. Store the solution in a plastic flask. 

Nitrate stock solution: 
Dissolve 0.137 g sodium nitrate of reagent 
1 ml of chloroform, and make up to 
contains 0.1 mg of N03-. 

purity 
litre. 

in distilled water, add 
I ml of this solution 
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Nitrate reference solution: 
Dilute nitrate stock solution with distilled water in the ratio 10. 
1 ml of this solution contains 0.01 mg of N03 - . 

Method 

Calibration 

Transfer aliquots of the nitrate reference solution with between 0.01 and 
0.5 mg N03 to a glass or porcelain dish and treat according to the method 
given under "Determination". Either prepare a calibration curve or calcu­
late the calibration factor from the extinction values obtained. 

Determination 

The nitrate content of the water sample to be investigated should be 
between 0.01 and 0.5 mg; this may be determined by a preliminary test. Add 
2 ml of sodium salicylate solution to the water sample in a glass or porce­
lain dish and evaporate over a water or sand bath or in a drying oven at 
100°C. Dry the residue at 100 °C for 2 hours and then cool in a desic­
cator. Add 2 ml of sulphuric acid (1.81t g/ml) , allow the solution to stand 
for 10 minutes, add 15 ml of distilled water and 15 ml of sodium hydroxide 
solution, cooling constantly, and transfer the solution to a 50 ml volu­
metric flask. Make up to the mark with distilled water at 20°C; shake, and 
measure the solution within 10 minutes at 1t20 nm. Prepare a blank test with 
distilled water in similar manner and take into consideration for the 
calculation. Even greater accuracy can be achieved by mixing a known quanti­
ty of nitrate ions with a further water sample and carrying out determi­
nation analogously. It should be noted that the reagents must be added by 
means of pipettes and the specified times and temperatures strictly adhered 
to. 

Calculation 

Using the measured extinction as a basis, read the appropriate nitrate 
content from the calibration curve or calculate it using the calibration 
factor, taking the blank reading into account. Recalculate the results to 
1 litre to take account of the volume of the water sample used. 

3.2.5.2 Nitrate with 2,6-dimethylphenol 

Photometric determination of nitrate with 2, 6-dimethylphenol is conducted 
in accordance with the German Standard Methods and/or in accordance with 
DIN 38lt05, Part 9. In a sulphuric or phosphoric acid solution, nitrate ions 
react to this reagent within approximately 5 minutes to produce yellowish­
coloured It-nitro-2, 6-dimethylphenol. 

As this method is admittedly very suitable for drinking water and ground­
water, but not for more highly polluted waters such as effluent. A second 
method, the classic reductive distillation process, is described in Section 
3.2.5.3, while Section 3.2.5. It refers to the ion chromatography technique 
described in Section 3.2.11. Waters in which the chloride concentration is 
approximately 10 times as large as the nitrate concentration should be 
distilled before determining nitrate. Any disturbance due to nitrite ions 
is eliminated by means of amidosulphuric acid. 
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Equipment 

Photometer 

Cuvettes, Erlenmeyer flasks, tr ansfer pipettes, measuring flasks 

Nitrate calibrating solution: 
163.1 mg potassium nitrate (dried at 105 °C) is diluted in distilled water 
to 1 litre. 1 ml corresponds to 0.1 mg nitrate ions (N03 -) • 

Acid mixture: 
1 part by volume of sulphuric acid (1.84 g/ml) is mixed with 1 part by 
volume of phosphoric acid (1. 71 g/mI). 

Amidosulphuric acid (H2NS03H) 

Reagent solution: 
1 .2 g of 2, 6-dimethylphenol is dissolved in 1 litre acetic acid free from 
water. This solution should be prepared fresh weekly. 

Analysis 

5 ml of the water to be analyzed is pipetted into a 100 ml Erlenmeyer 
flask. 40 ml of the acid mixture is added and, in the event of disturbing 
quantities of nitrite (over 0.2 mg/I) being present, approximately 50 mg 
amidosulphuric acid is also added. After 10 minutes, 5 ml of the reagent 
solution is added, and the result measured photometrically at 324 nm after 
a reaction period of a further 10 minutes. The water to be analyzed is 
employed as reference solution. A blank reading is measured simultaneously; 
5 ml distilled water is used instead of the water sample. The calibrating 
curve is formed by taking different quantities of the calibrating nitrate 
solution, filling them with distilled water to 5 ml in each case, and then 
analyzing them in the same way as the sample to be tested. 

Where necessary, the nitrate calibrating solutions should be diluted in 
order to comply with the measuring range of the sample to be analyzed. 
Taking into consideration the quantity of water employed and the calibrat­
ing curve, the results are given in mg N03/1 water, to no more than one 
decimal place. 

3.2.5.3 Determination of nitrate after reductive distiUation 

General remarks 

Nitrate ions are reduced to ammonia by Devarda's alloy (= alloy comprlsmg 
50 % Cu, 45 % AI, 5 % Zn) in alkaline solution by means of nascent 
hydrogen: 

N03 + 8W --NH3 + 2 H20 + OH-

The ammonia is distilled and determined by acidimetric or spectrophoto­
metric means in the distillate. 

The process is suitable for determining nitrate in turbid or coloured 
waters or waste waters and in samples with a relatively high chlorine 
content (salt waters). In the case of concentrations of N03 in excess of 
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5 mg/l, final determination is by titration; in the case of low concentra­
tions, determination is by the spectrophotometric process with indophenol. 

Ammonium ions are a disturbing factor and are distilled off from the soda­
alkaline solution before adding Devarda's alloy. Nitrite ions are detected 
together with the nitrate ions. They must be determined separately and 
allowed for in calculating the findings. Analysis must take place in 
ammonia-free atmosphere; if filtration is necessary, care must be taken to 
make use of nitrogen-free filter paper. Nevertheless, blank determining 
processes are absolutely essential. 

Equipment 

Distillation apparatus: 
1 litre Erlenmeyer flask with distillation head and Kjeldahl connecting 
bulb, descending condenser with extended tip 

Devarda's alloy in powder form 

30 % sodium hydroxide solution of reagent purity 

Boric acid solution: 
40 g H3B03 of reagent purity is dissolved to 1 litre in water free of 
ammonium ( 1 ml of this solution absorbs approximately 2 mg NH4+) 

Nitrate calibrating solution: 
1.631 g KN03 is dissolved to 1 litre in distilled water. 1 ml corresponds 
to 1 mg nitrate ions. 

Calibration 

Increasing quantities of the nitrate reference solution 
according to the working instructions described below. The 
are determined titrimetrically or photometrically in aliquot 
distillate (see Ammonium, Section 3.3.5) 

Analysis 

are distilled 
ammonium ions 

parts of the 

250 ml of the water sample, or a smaller portion filled up to 250 ml with 
distilled water, is transferred to the distillation flask, and 30 ml of 
30 % sodium hydroxide solution added. This is reduced to approximately half 
the volume by distilling, in order to remove" the ammonium ions. The distil­
lation solution is then allowed to cool and a new receiving flask provided. 
Next, 1 g Devarda's alloy is added to the distillation flask, this is 
immediately sealed and the end of the condenser submerged in the absorption 
solution (50 ml boric acid solution). After the Devarda's alloy has complete­
ly dissolved at room temperature, 100 ml is distilled over into the boric 
acid solution. This distillate (100 ml plus 50 ml boric acid solution) is 
transferred into a 200 ml measuring flask and filled up to the mark with 
water free of ammonium at 20°C. 

The ammonium ions are now determined either acidimetrically or photometri­
cally in aliquot parts (see Ammonium, Section 3.3.5). 

If nitrite ions are present, these are determined separately, converted to 
nitrate ions by multiplying by 1.3478, and then subtracted from the nitrate 
content determined. The nitrate ions contained in the water sample to be 
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analyzed are calculated, taking into consideration the original volume of 
water used and the appropriate calibrations, and given in mg/l to a maximum 
of one decimal place. 

3.2.5.4 Ion chromatography (see Section 3.2.11) 

3.2.6 Sulphite 

General remarks 

One tried-and-tested technique is the volumetric method (iodometric titra­
tion) described in Section 3.2.6.1, involving the use of a known quantity 
of iodine and back titration of the iodine not consumed. 

Where the sulphite concentration is higher (over 50 mg/l) and where 
considerable quantities of organic substances are present, the gravimetric 
method (Section 3.2.6.2) should be used after distillation. 

For low concentrations - and in the presence of sulphide and thiosulphate -
the polarographic method (Section 3.2.6.3) can be used. 

3.2.6.1 Iodometric determination of sulphite 

General remarks 

In the iodometric determination method, iodine is used to oxidize the 
sulphite ions to sulphate ions: 

The quantity of elemental iodine consumed in this reaction is equivalent to 
the sulphite ion content of the water sample under investigation. Any 
excess iodine is titrated back using sodium thiosulphate solution. 

The method is suitable for determining 
ranging from 0.5 to 50 mg/l. With higher 
must be diluted. However, in such cases 
gravimetric method (see Section 3.2.6.2). 

sulphite ions in concentrations 
concentrations the water sample 
it is also possible to use the 

All substances capable of being oxidized by iodine may have a disturbing 
influence. The concentrations of nitrite ions, sulphide ions and free 
hydrogen sulphide must be determined separately and taken into account when 
calculating the result. Where substantial quantities of organic substances 
are present (KMn04 consumption greater than 60 mg), gravimetric determi­
nation as sulphate following distillation and oxidation is to be preferred 
(Section 3.2.6.2). 

Equipment 

Glass-stoppered bottles: 
Capacity 200 - 300 ml; contents to be measured to the nearest 0.1 ml 

Phosphoric acid, 1.15 g/ml: 
Prepared by diluting 12.5 ml of phosphoric acid, 1.70' g/ml, with 100 ml 
distilled water 
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Iodine solution, 0.05 m and 0.005 m 

Sodium thiosulphate solution, 0.1 m and 0.01 m 

Zinc iodide starch solution 

Method 

Determination 

The glass-stoppered bottle of known capacity is filled to overflowing with 
the water to be analyzed. Then, disregarding any overflow of water, a 
pipette reaching to the base of the bottle is inserted and used to add 10 -
30 ml of 0.05 m iodine solution, depending on the expected sulphite ion 
concentration, and 3 ml of phosphoric acid (1.15 g/ml). The bottle is then 
closed, avoiding any inclusion of air, and shaken. After 10 minutes the 
solution is quantitatively transferred to an Erlenmeyer flask and the 
excess iodine titrated with 0.1 m sodium thiosulphate solution, adding zinc 
iodide starch solution towards the end of titration. If the consumption of 
the 0.05 m iodine solution is less than 1 ml, the determination must be 
repeated using 0.005 m iodine solution and back titrating with 0.01 m 
sodium thiosulphate solution. 

Calculation 

ml of 0.05 m iodine solution corresponds to 4.003 mg 50/­

ml of 0.005 m iodine solution corresponds to 0.400 mg 50/-

The calculation of the result must take account of the content of the glass­
stoppered bottle less the quantities of iodine solution and phosphoric acid 
added. 

If the water sample also contains nitrite ions and a separate nitrite 
determination is made, 1.7 mg 5032- per litre must be deducted from the 
result of the sulphite determination for every 1 mg of N02- per litre. 

Proceed similarly in the case of sulphide, deducting 2.5 mg 5032- per litre 
from the result of the sulphite determination for every 1 mg of 52- per 
litre. 

3.2.6.2 Gravimetric determination as barium sulphate after distillation 

General 

The sulphite ions are distilled over as sulphur dioxide from a solution con­
taining phosphoric acid into a receiver containing a solution of iodine and 
potassium iodide, where they are oxidized to sUlphate ions: 

+ H ° 5042-
2 --- + 2W + 2 I 

+ 

The sulphate ions are precipitated out of the weakly acid solution as 
barium sUlphate by adding barium chloride solution, and then weighed. 
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The method is suitable for determining sUlphite ions in concentrations in 
excess of 20 30 mg/l and where considerable quantities of disturbing 
organic substances are present. 

The distillation process largely eliminates any disturbing factors. 

Equipment 

Distillation apparatus with long condenser end 

Phosphor ic acid (1. 15 g/ mI) : 
See Section 3.2.6. 1 

Iodine/potassium iodide solution: 
Dissolve 1.5 g potassium iodide and 10 g iodine in 1000 ml distilled 
water. 

Barium chloride solution: 
Dissolve 2.5 g BaC12 . 2 H20 in distilled water and dilute to 1000 ml. 

Hydrochloric acid (1. 05 g/mI): 
Dilute 75 ml hydrochloric acid (1.19 g/ml) with 200 ml distilled water. 

Carbon dioxide gas 

Porcelain crucible 

Paper filters 

Determination 

Depending on the expected concentration of sulphite ions indicated by a 
preliminary test, 300 to 500 ml of the water sample is distilled after 
addition of 20 ml phosphoric acid (1.15 g/mI). For this purpose the entire 
distillation apparatus must be filled with carbon dioxide before the sample 
is introduced, so as to prevent oxidation of the sulphur dioxide by atmos­
pheric oxygen. In the receiver the end of the condenser dips into the 
iodine/potassium iodide solution, which must be present to excess. 

Once distillation is completed, ml of hydrochloric acid (1. 05 g/mI) is 
added to the iodine/potassium iodide solution in the receiver and the 
sulphate formed is precipitated out at boiling heat with an excess of hot 
barium chloride solution (the barium chloride solution is added in one go). 
After standing overnight it is filtered through a fine-grained filter and 
washed out with hot distilled water. The filter with the barium sulphate is 
dried and then incinerated in the crucible, ignited at 800°C until it 
reaches constant weight, and the weight recorded. 

Calculation 

The factor for converting from barium sulphate to 5032- is 0.3430. The 
sulphite concentration of the sample can thus be calculated by means of the 
formula: 

g . 343 
v 

G 
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where: 

g = weighed-out quantity in mg 
v = volume of water used in ml 
G = 5032- concentration in water sample in mg/l 

3.2.6.3 

Equipment 

Polarographic determination of sulphite (including sulphide and 
thiosulphate) 

Polarograph with polarography stand 

Sodium hydroxide solution, 2 mol/l (2m) 

Acetic acid, 2 mol/l (2m) 

Sulphite standard: 
1.574-2 g Na2S03 diluted to 1 litre with distilled water. The water used 
must be oxygen-free. 

Sulphide standard: 
Dissolve 7.4-901 g Na2S . 9 H20 in distilled water, add 200 ml sodium 
hydroxide solution and dilute to 1 litre. 

Thiosulphate standard: 
2.2133 g Na2S203 . 5 H20 diluted to I litre with distilled water. 

Analysis 

A) If sulphide is not present: 

Deaerate 19 ml of distilled water and 1 ml of sodium hydroxide solution 
wi th nitrogen for 5 min. in the polarograph vessel. Depending on the 
sUlphite concentration, add 1 - 10 ml of sample, mix with nitrogen, and 
polarograph. 

B) If sulphide is present or if the mixture contains all three components: 

2- 2-If only 503 and 5203 are present, mix 20 ml distilled water with 
I ml sodium hydroxide solution and 2 ml acetic acid, deaerate for 5 min. 
with N2, add 1 - 10 ml of the sample, and polarograph. 

If sUlphide also has to be determined, first perform the analysis 
described under A). Then add 2 ml acetic acid to the solution, mix for 
3 min. with nitrogen, and polarograph again. 

Working conditions 

Method: Differential purse polarography 

Ustart: - 0.2 V for sulphide 
o V for sulphite and thiosulphate 

AU 2V 
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Determination of concentration: standard addition method 

The following reduction peaks are obtained: 

- 0.72 V for sulphide 
- 0.1~ to - 0.18 V for thiosulphate 
- 0.58 V for sulphite. 

3.2.7 Sulphate 

3.2.7.1 Gravimetric Determination as Barium Sulphate 

In order to eliminate any disturbing silicates, the water sample is evapo­
rated to dryness after acidification with 5 ml hydrochloric acid (1.125 g/mI). 
The residue is heated to boiling point, after adding 5 ml of the same hydro­
chloric acid, diluted with 50 ml distilled water and the mixture filtered 
while hot. The filter residue is rinsed out with hydrochloric acid diluted 
1 : 50. 

In the event of sulphites being present, the water sample is not acidified 
until the quantity of 0.1 m or 0.01 m iodine solution detected in determin­
ing sulphite (see sulphite) has been added. The value equivalent to the 
sulphite content must then be subtracted from the sulphate content. 

Equipment 

Analytical balance 

Quartz dish 

Platinum or porcelain crucible 

Porcelain filtering crucible A 1 or round filter, diameter 5 cm 

Hydrochloric acid (1.125 g/mD 

Silver nitrate solution, approximately 0.1 m 

Barium chloride solution: 
10 g BaCl2 • 2 H20 of reagent purity is dissolved in 90 ml distilled 
water. 1 ml of this solution precipitates approximately ~o mg SO~2-. 

Method 

The volume of the water sample to be employed for gravimetric determination 
of sUlphate must be measured so that it contains between 10 and 500 mg 
sulphate ions. Where necessary, a larger volume of water must be reduced to 
~OO ml, and/or in the case of lower concentrations of sulphate ions to 100 mI. 
Hydrochloric acid is added to this volume until any sediment possibly 
present or any salt precipitate (calcium sulphate) is redissolved. In 
principle, the entire contents of a sampling should be used for an analy­
sis. Care should be taken that the hydrochloric acid employed for acidifi­
cation and/or for dissolving residue and salt precipitates does not 
comprise more than 1 ml per 100 ml of the reduced solution. Any precipi­
tates not dissolving (e.g silicic acid) or other substances remaining 
undissolved are filtered off before precipitation of sulphate. 
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The solution prepared for precipitation is heated to boiling point and an 
excess of hot barium chloride solution added at boiling heat (the barium 
chloride solution is poured in all at once). After completion of precipi­
tation, the sample is allowed to continue to boil for a further 30 minutes 
and then covered with a watch glass overnight. On the next day, the barium 
sulphate precipitate is filtered off, either through a paper filter 
(possibly with filtering slime), or through a filtering crucible A 1 which 
has been baked at 800 °C and weighed. The precipitate is washed with hot 
water until a negative chloride reaction is detected in the filtrate. If a 
paper filter was used, this is ashed in a platinum or porcelain crucible 
which has been baked and weighed. The crucible is baked for some 15 minutes 
at 800 °C and weighed after cooling. When using a filtering crucible, this 
is dried with the precipitate for 2 hours at 130 °C and then also baked in 
a muffle furnace for 15 minutes at 800 °C and weighed after cooling. 1 mg 
barium sulphate corresponds to O.ld 15 mg S042-. The sUlphate content of the 
water analyzed is calculated from the quantity of barium sulphate weighed, 
according to the following formula: 

mg barium sulphate • 411.5 
Quantity of water used in ml 

3.2.7.2 Nephelometric Determination of Sulphate 

General remarks 

The rapid method described below for determining sulphate in water samples 
follows a modification by W. Regnet and P. Udluft. 

The sulphate dissolved in a water sample is precipitated as BaS04 and the 
resulting turbidity determined after 45 minutes with a spectrophotometer at 
490 nm. A barium chloride seeding solution containing barium sulphate 
crystals is employed for this process of precipitation. In each case, a 
calibrating curve is also produced at the same time as the determining 
process. The measuring range for sulphate lies between 1 and 45 mg/l when 
using 1 cm cuvettes. In the case of higher concentrations of sulphate, the 
water samples should be appropriately diluted beforehand with distilled 
water: 

Equipment 

Spectrophotometer with 1 cm cuvettes, 490 nm 

Test tubes 

pH paper 

Distilled water 

Sodium sulphate stock solution: 
Sodium sulphate is dried at 200 to 300 °C; 7.39 g is dissolved in 1 litre 
of distilled water; corresponds to 5 g sulphate ions/I. 

Calibrating solution: 
10 ml of the stock sulphate solution is diluted to 1 litre with distilled 
water; corresponds to 50 mg sulphate ions/I. 
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Barium chloride seeding solution: 
2 ml of the calibrating solution is diluted with 18 ml distilled water 
and acidified with several drops of 2 m HC1. Approximately 500 mg BaC12 
of reagent purity is added to this solution. 

Analysis 

9 ml of the water sample to be analyzed is placed in a test tube and 
acidified with 2 m HCl until the pH is less than 3. 

Different quantities of the calibrating solution between and 9 ml are 
similarly pipetted into test tubes. In the case of quantities below 9 ml, 
these are topped up to 9 ml in each case with distilled water, and all 
solutions are acidified with 2 m hydrochloric acid. Then, 1 ml of the 
barium chloride seeding solution is added to each of the calibrating 
solutions and the solutions to be analyzed, shaken, and after the solutions 
have been allowed to stand for a minimum period of 30 minutes and a maximum 
period of 45 minutes their extinctions are measured against distilled water 
at 490 nm, using 1 cm or 4 cm cuvettes. 

If the water displays any self-colour or turbidity, measurements should be 
made against the coloured or filtered water sample. This method of determi­
nation is easily reproducible, and, with appropriate variations, allows 
determination of sulphate in concentrations ranging from 1 mg/l when using 
a 1 cm cuvette, and from 0.2 mg/l when using a 4 cm cuvette, up to 50 mg 
sulphate/!. The process has proved in practice to be a good, reliable and 
fast method of measuring sulphate. 

3.2.7.3 Ion chromatography (see Section 3.2.11) 

3.2.8 Phosphate 

General remarks 

Waters and wastewaters may contain orthophosphates, condensed phosphates 
(poly- and metaphosphates) and organic phosphorus compounds. Under natural 
conditions free from human influence, concentrations of phosphorus 
compounds, calculated as hydrogen phosphate ions, are generally less than 
0.1 mg/l. Higher concentrations in ground water and surface waters (rivers 
and lakes) are very frequently due to the effects of civilization. They 
play a major pa.rt in the eutrophication of standing water. 

The pH of the water determines whether the dissolved orthophosphate is 
present as P043-, HP042-, H2P04- or H3P04, as illustrated by Fig. 91. 

The water samples may be taken in plastic bottles or glass receptacles, but 
on no account must these have been treated with cleaning agents containing 
phosphate (not even if they have been thoroughly rinsed!). 

The ion P043- does not occur in natural waters. In the pH range of ground­
water and surface waters, it is almost always mixtures of HP042- and H2PO{j.­
that are encountered. In conventional water analysis, therefore, tne 
results of the determination of orthophosphate should be calculated in 
terms of hydrogen phosphate ions. When assessing the nutrient situation in 
a water or wastewater, it is desirable to differentiate and determine 
separately the various groups of phosphorus compounds as well as the total 
phosphate. The following methods are described below: 
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Fig. 91. Ion concentrations as a function of pH in a phosphoric acid/phos­
phate solution (after Hollemann- Wiberg); 1) = Buffer effect 

3.2.8.1 Orthophosphate (by spectrophotometry) 

3.2.8.2 Sum of orthophosphate and hydrolyzable phosphorus compounds 

3.2.8.3 Total phosphate 

3.2.8.4- Phosphate determination using ion chromatography (see Section 
3.2.11) 

3.2.8.5 ICP-AES (see Section 3.3.12) 

3.2.8.1 Orthophosphate (calculated as hydrogen phosphate) 

General remarks 

Hydrolyzable phosphates and organic phosphorus compounds are not detected 
in the course of the determination of hydrogen phosphate ions under the 
conditions described here (no acid hydrolysis). In order to ensure complete 
differentiation of the individual phosphate and phosphorus compounds in the 
water sample, determination of the orthophosphate must be conducted at the 
latest 3 hours after taking the sample. Longer storage times may lead to 
shifts in the ratios between the individual forms of bonds as a result of 
precipitation or gradual hydrolysis. 

Spectrophotometric determination as a molybdophosphate complex (phosphorus 
molybdenum blue) 

Hydrogen phosphate ions react with ammonium molybdate to form ammonium 
molybdophosphate: 

(NH4-)3 P04- . 12 Mo03 or 

(NH4)3[P(Mo12040)] or 

(NH 4)3 [P( Mo30 10)4-] 
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(The three formulae are the various forms of notation which are used for 
ammonium molybdophosphate in chemical literature). 

The ammonium molybdophosphate is extracted with a benzene/isobutyl alcohol 
mixture and reduced in the organic phase with acid tin (II) chloride 
solution to intensely blue-coloured phosphorus molybdenum blue: 

[P(M030 1 0)4]3- + 11 H+ + 4 Sn2+ ---

(Mo02 • 4 Mo03)2 . H3P04 + 2 Mo02 + 4 Sn4+ + 4 H20 

This compound is measured photometrically at 625 nm. Its blue colour can 
probably be traced to the mixed oxide formation of the tetravalent and 
hexavalent molybdenum (Holleman-Wiberg). 

The method is suitable for the determination of concentrations of hydrogen 
phosphate ions between 0.01 and 1.0 mg/I in water. The procedure is 
described in two variants. Variant A is suitable for the determination of 
0.2 - 1.0 mg/l and Variant B for the determination of less than 0.2 mg/l of 
hydrogen phosphate ions. If a sufficiently sensitive photometer is used, 
together with 5-cm cuvettes, as little as 0.005 mg/I of HP042- can be 
detected. If concentrations are higher than 1 mg/l the water sample should 
be diluted. 

Extraction with the benzene/isobutyl alcohol mixture eliminates most of the 
disturbing factors which might otherwise affect spectrophotometric phos­
phate determination. 

Equipment 

Spectrophotometer 

Cuvettes, path length 1 cm and 5 cm 

Pipette with suction apparatus, volume 25 ml 

Separating funnels, volume approx. 250 ml and 500 ml 

Measuring flask, 50 ml 

Benzene/isobutyl alcohol mixture: 
1 + 1 (v Iv) 

Ammonium molybdate solution: 
Dissolve 10 g of reagent-purity (NH4)6M07024 . 4 H20 in 100 ml of dist. 
water. Mix this solution with reagent-purity sulphuric acid (1.22 g/ml) 
in the ratio 1 : 1. 

Methanolic sulphuric acid: 
Dissolve 20 ml of reagent-purity sulphuric acid (1.84 g/ml) in 980 ml of 
methanol. 

Tin (II) chloride solution, conc.: 
Dissolve 10 g of reagent-purity SnCl2 • 2 H20 in 25 ml of hydrochloric 
acid 0.15 g/ml). The solution may be kept for a maximum of 3 weeks. 

Tin (II) chloride solution, dilute: 
Add 0.5 ml of conc. tin (II) chloride solution to 100 ml of 0.5 m 
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sulphuric acid by pipette. This solution should be prepared freshly 
before each determination. 

Hydrogen phosphate reference solution I: 
Dissolve 0.1855 g of disodium hydrogen phosphate 
reagent purity in dist. water and make up to 
solution contains 0.1 mg of hydrogen phosphate ions. 

Hydrogen phosphate reference solution II: 

(Na2HP04 
litre. 1 

Dilute hydrogen phosphate reference solution I with dist. water in the 
ratio 1 : 10. 1 ml of this solution contains 0.01 mg of hydrogen phos­
phate ions. It must be prepared freshly each time the calibration curve 
is checked. 

Method 

The specified procedure must be precisely followed in all aspects. This 
applies in particular to the photometric measurement. The extinction is 
highly time-dependent; consequently 1 the samples should be allowed to stand 
for a predetermined period no shorter than 10 minutes and no longer than 
30 minutes, and this period should be the same for each measurement. Only in 
this way can reproducible values be obtained. 

Calibration 

Take volumes of hydrogen phosphate reference solution II containing increas­
ing quantities of HP042-, between 0.01 and 0.2 mg, make up to 200 ml with 
distilled water and subject to the analysis process described under 
"Determination, Variant B". In the case of water samples with more than 
0.2 mg/l of HP042-, take appropriate quantities of hydrogen phosphate 
reference solution II with increasing proportions of hydrogen phosphate 
ions, make up to 40 ml with distilled water and continue as described under 
"Determination, Variant A". 

Determination, variant A 

Transfer 40 ml of the water sample (or of the diluted sample if the hydro­
gen phosphate content of the water sample is greater than 1 mg/l) , 40 ml of 
distilled water (as a blank test) and 40 ml of each of the calibration 
solutions into 250-ml separating funnels, add 50 ml of benzene/isobutyl 
alcohol mixture and 25 ml of ammonium molybdate solution, and shake vigorous­
ly for 15 seconds. Each sample or calibration solution must be shaken 
immediately after the addition of the ammonium molybdate solution. 

After separation of the layers, allow the aqueous layer to run off, with­
draw 25 ml of the organic phase using a pipette and suction apparatus, and 
transfer to a 50-ml measuring flask. Add to this, one after the other, 
mixing well each time, 15 ml of methanolic sulphuric acid, 1 ml of dilute 
tin (II) chloride solution, and methanolic sulphuric acid once again to 
make up to the mark. After 10 to 30 minutes carry out photometric measure­
ment against the reagent blank test at 625 nm (or using an appropriate 
filter) . 

Determination, variant B 

Measure off 200 ml of the water sample, 200 ml of distilled water (as a 
blank test) and 200 ml of each of the calibration solutions into 500 ml 
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separating funnels, add 17 ml of isobutyl alcohol to each (in order to 
saturate the water with isobutyl alcohol) and shake briefly. Now add 50 ml 
of benzene/isobutyl alcohol mixture and subsequently 50 ml of ammonium 
molybdate solution and shake vigorously for 60 seconds. Each sample and 
calibration batch should be shaken immediately after the addition of the 
ammonium molybdate solution. Continue with the procedure as described under 
"Determination, Variant A", second paragraph. Conduct the photometric 
measurement at as great a path length as possible (e.g. 100-mm cllvettes). 

Calculation 

Read off the hydrogen phosphate content from the calibration curve on the 
basis of the measured extinction, take into account the volume of water 
used and convert to 1 litre. It should be specified whether the analysis 
was carried out on the unfiltered or the filtered water sample. 

If the result is to be given in mg of P043-/l, mg of P205/1 or mg of P/I, 
when preparing a phosphorus balance or for some other reason, the following 
factors are used for conversion: 

3-/ mg P04 I =: mg HP042-/l 0.990 

mg P205/l mg HP042-/1 0.7394 

mg P/I =: mg HP042-/1 0.3227 

Note: 

A method of phosphate determination described in the German Standard 
Methods and in DIN 38405 similarly uses molybdate ions, in the presence of 
antimony ions, to form a complex which is reduced to phosphorus molybdenum 
blue by ascorbic acid and can be measured photometrically. Experience with 
this method has so far been good. 

3.2.8.2 Sum of orthophosphate and hydrolyzable phosphorus compounds 

General remarks 

Separate quantitative determination of orthophosphate, hydrolyzable 
phosphates and organic phosphorus compounds is not possible with the means 
offered by conventional water analysis if these substances are present 
together in dissolved form, since in the course of hydrolysis not only 
orthophosphates but also organic phosphate compounds are partially codetec­
ted. 

If, however, one can be certain that organic phosphates are not present it 
is possible to determine the inorganic phosphates by hydrolysis with 
subsequent determination as hydrogen phosphate. 

Two groups of hydrolyzable phosphates may be distinguished: the (linear) 
polyphosphates with chain-like anions and the (cyclic) metaphosphates with 
ring-shaped anions. 

When dealing with problems of water treatment and corrosion protection, the 
determination of hydrolyzable phosphates is particularly important. As 
cathodic inhibitors they possess the property of preventing corrosion of 
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the plpmg in water supply systems by aggressive water. This is due to the 
formation of a thin protective layer of calcium iron phosphate on the inner 
walls of the pipes. As a result of their further property of masking the 
hardening constituents of the water in complex compounds they prevent the 
precipitation of calcium salts and excessive sedimentation of hardening 
constituents in the pipe system and in water tanks, heating coils and 
hot-water boilers. 

Spectrophotometric determination after hydrolysis to hydrogen phosphate 
ions 

The hydrolyzable phosphates are converted to hydrogen phosphate by acid 
hydrolysis and the hydrogen phosphate is determined by spectrophotometry as 
a molybdophosphate complex. Since the orthophosphate which was originally 
present is codetermined in the course of this method, the content of hydro­
gen phosphate ions determined without hydrolysis must be subtracted from 
the result of the procedure with hydrolysis. 

The method is suitable for the determination of between 0.01 and 1.0 mg/l 
of hydrogen phosphate ions (sum of hydrogen phosphate ions, both originally 
present in the water sample and arising by hydrolysis). In the event of 
higher concentrations the sample must be diluted. If 50-mm cuvettes are 
used concentrations down to 0.005 mg of HP042-/1 can be determined. 

Should it be required that (linear) polyphosphates and (cyclic) metaphos­
phates are differentiated or the hydrolytic breakdown of phosphates of 
higher molecular weight should be observed, separation by thin-layer chroma­
tography is possible. 

Any organic phosphorus compounds present in the water sample are partially 
codetermined in the course of hydrolysis. It is, therefore, impossible to 
provide absolutely reliable quantitative results with regard to inorganic 
hydrolyzable phosphates. 

Equipment 

In addition to the chemicals listed under "Equipment" in the section 
"Hydrogen phosphate ions", the following reagents are required: 

Phenolphthalein solution: 
Dissolve 5 g of phenolphthalein in 95% ethanol. Add 500 ml of dist. water 
and treat the solution with 0.02 m sodium hydroxide solution until a weak 
red coloration appears. 

Acid mixture: 
Slowly add 300 ml of reagent-purity conc. sulphuric acid to 600 ml of 
dist. water. When cool add 4 ml of reagent-purity conc. nitric acid and 
then dilute with dist. water to 1000 mI. 

Sodium hydroxide solution, 1 m: 
Dissolve 40 g of reagent-purity sodium hydroxide in dist. water and make 
up to 1000 mI. 
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Method 

Determina tion 

Determination should be carried out as soon as possible after taking the 
sample. Otherwise, reactions may occur which distort the original content 
of hydrolyzable phosphates. 

Take 100 ml of the sample, or a volume which has been diluted to 100 ml 
with distilled water (conduct a preliminary test), and treat with one drop 
of phenolphthalein solution. If a red coloration appears add acid mixture 
until the colour disappears and a further 1 ml of acid mixture in excess. 

Heat the solution prepared in this way to boiling temperature for at least 
90 minutes. The volume of the solution should be maintained between 25 and 
50 ml. This can be achieved by mounting a cold finger and occasionally 
replenishing with distilled water. 

W hen cool, add sodium hydroxide solution until a weak pink coloration 
appears. Then make up to 100 ml with distilled water. To determine the 
content of hydrogen phosphate ions in the solution thus obtained, proceed 
as described in the section "Hydrogen phosphate ions". 

Calculation 

The result should be given as the content of hydrogen phosphate ions 
determined after hydrolysis of the phosphates, converted accordingly for 
1 litre of the water sample. This result must then be reduced by the 
content of hydrogen phosphate ions which has been established directly and 
wi thout hydrolysis in the determination carried out in parallel. 

3.2.8.3 Total phosphorus 

General remarks 

The determination of all groups of phosphates and phosphorus compounds is 
useful for the nutrient balance of a water since not only orthophosphate 
(hydrogen phosphate) but also hydrolyzable phosphates and organic phos­
phorus compounds can be utilized by organisms. 

It is also appropriate to determine the total phosphorus content if 
reliable differentiation of individual phosphate species is no longer 
possible as a result of difficult conditions when taking or transporting 
the sample or because of overlong storage of the water sample before analy­
sis is begun. 

If determination of hydrogen phosphate and of total phosphorus is conducted 
in parallel, the difference between the two results provides a measure of 
the sum of the hydrolyzable phosphates and the organic phosphorus 
compounds. 

Spectrophotometric determination following decomposition by acid and total 
hydrolysis to hydrogen phosphate ions 

Organic phosphorus compounds are converted to hydrogen phosphate ions by 
wet-ashing with sulphuric acid and hydrogen peroxide. The hydrolyzable 
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phosphates are also quantitatively included in this decomposition. Determi­
nation is then continued as a molybdophosphate complex by spectrophoto­
metry, as described in the section "Hydrogen phosphate ions". 

If the content exceeds 1 mgll, calculated as HPOq.2-, the water sample must 
be diluted. 

Since it is possible that certain types of glass may release phosphate into 
the sample solution under the prevailing decomposition conditions, 
increased decomposition blank results must be expected. It is therefore 
necessary to determine a number of decomposition blank test values in 
parallel with every analysis series. In the case of low phosphorus contents 
it is advisable to conduct the decomposition in quartz flasks. 

Equipment 

In addition to the chemicals listed under "Equipment" in the section 
"Hydrogen phosphate ions", the following reagents are required: 

Sulphuric acid: 
Dilute 500 g of conc. sulphuric acid (1.8q. g/mj) to 
water. 

Ammonium hydroxide solution: 

Ii tre in dist. 

Mix ammonium hydroxide (0.907 g/m!) with dist. water in the ratio 1. 

Sodium hydroxide solution: 
Dissolve 200 g of reagent-purity NaOH in dist. water and make up to 
1000 ml. 

p-nitrophenol solution: 
Dissolve 0.2 g of reagent-purity p-nitrophenol in 100 m1 of dist. water. 

Hydrogen peroxide, approx. 30 %. 

Potassium permanganate solution, approx. 0.1 m 

Method 

Conduct calibration, determination and calculation as described in the 
section "Hydrogen phosphate ions". Decomposition by acid (wet-ashing) 
should be conducted either in an unfiltered sample which has been homoge­
nized by shaking or in a filtered water sample. This pretreatment should be 
stated with the results. 

Decomposition by acid 

Measure an appropriate volume (preliminary test) of the water sample into a 
narrow-mouth Erlenmeyer flask, treat with q. ml of sulphuric acid and 1 ml 
of hydrogen peroxide (30 %) and heat to between 160 and 180°C over a sand 
bath under a fume hood. 

Following evaporation of the water (appearance of white sulphuric acid 
vapours) heat for at least a further 2 hours. Once again add 1 ml of hydro­
gen peroxide and heat to between 160 and 180°C for a further 2 hours. 
Subsequently add 50 ml of distilled water for the hydrolysis of condensed 
phosphates which are present or have formed and leave to stand on the hot 
sand bath for a further 1 hour. 



When the solution is cool, add 1 -
treat with ammonium hydroxide (l + 
the colour changes to yellow. In 
hydroxide precIpItation, immediately 
(decoloration of the indicator) and cool 
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2 drops of p-nitrophenol solution and 
1) or sodium hydroxide solution until 

order to avoid interference due to 
add one drop of sulphuric acid 

to at least 25°C. 

In order to destroy H202 residues, treat with drops of 0.1 
permanganate solution in excess. Make up to 100 ml and 
described in the section "Hydrogen phosphate ions". 

m potassium 
continue as 

3.2.8.4 Phosphate determination using ion chromatography (see Section 3.2.11) 

3.2.8.5 ICP-AES (see Section 3.3.12) 

3.2.9 Carbonic acid, hydrogen carbonate and carbonate (see also Chapter 1 
and Section 3.6) 

The concentration of dissolved carbon dioxide, hydrogen carbonate ions and 
carbonate ions is particularly important as far as the properties and 
evaluation of a water are concerned, and hence for water analysis in 
general. In aqueous solution, the chemical species 

HC03-

are linked together by a system of equilibrium relations which result from 
the dissociation equilibrium of the carbonic acid and the ion product of 
the water (pH value). 

The sum of C02, H2C03. HC03 - and C032- is designated "total carbon 
dioxide". It represents the content of inorganic carbon in the water. The 
content of "free carbon dioxide" consists of the quantity of C02 dissolved 
in the water plus the portion of the C02 which reacts with water to form 
H2C03' However, the portion of the undissociated carbonic acid - H2C03 -
can virtually be ignored, since less than 1 % of the dissolved carbon 
dioxide reacts with water to H2C03 (which then dissociates into the 
corresponding ions). The "free carbon dioxide" is then approximately equal 
to the "dissolved carbon dioxide". 

According to the definition given here, the total carbon dioxide content is 
compiled from the sum of "free carbon dioxide", "hydrogen carbonate carbon 
dioxide" and "carbonate carbon dioxide" (Sc, calculated as C02). 

+ 

Given that all the forms of carbon dioxide listed here are linked by 
equilibrium relationships via the pH value, the concentration Of these 
compounds in a water can be calculated if Sc is determined and the pH is 
measured (for further details, see under "Total carbon dioxide"), 

The method preferred in practice for determining the content of "free 
carbon dioxide", hydrogen carbonate ions and carbonate ions, and thereby 
the total carbon dioxide content, is to titrate the water sample acidi­
metrically. Carbonic acid is a dibasic acid; it dissociates in two stages. 
The interrelationship which forms the basis of the acidimetric titration 
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Fig. 92. Proportions of C02, HC03 - and C032-
at 25°C as a function of the pH of the so­
lution (according to K. Haberer); 1) = Pro­
portions of the forms of carbon dioxide in 
total carbon dioxide 

can be ascertained relatively easily from Figs. 92 and 93; detailed refer­
ence to the mathematical derivation given by L. Fresenius and 0. Fuchs is 
not necessary here. 

It can be seen from Fig. 92 that at pH 6.4 the proportions of hydrogen 
carbonate ions and free dissolved carbon dioxide, dependent on the pH 
value, are equal (the point of intersection of the curves); carbonate ions 
are not present in the water at pH 6.4. At pH 10.3, the proportions of 
hydrogen carbonate ions and carbonate ions present in the solution are 
equal, whereas the proportion of free dissolved carbon dioxide approaches 
zero from pH 8.35 onwards. 

Fig. 93 shows clearly that in the vicinity of these two pH values (approxi­
mately between 5.0 and 7.8 and between 9.0 and 11.6) there are buffer zones 
in which only a gradual change in pH is produced by a relatively large 
addition of the acid or base. Accordingly, sudden changes in pH occur 
between pH 4.0 and 4.8 and between 8.0 and 8.6. 

If it is assumed that the carbonic acid is the only weak acid present in 
the water sample (this is not always the case, but is very frequently so) 
and that, correspondingly, its anions are the only weak bases, the water 
sample is titrated to these two pH jumps as the equivalence points for 
carbonate ions (pH 8.3; cf. Fig. 93) and hydrogen carbonate ions (pH 4.3). 
The results achieved are designated in accordance with the indicators 
originally used: "p value" (indicator phenolphthalein at pH 8.3) and 
"m value" (indicator methyl orange pH 4.3). Whether an acid or a base is 
used for titration to the change in colour depends on the pH of the water 
sample. 
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Fig. 93. Titration of hydrogen carbonate solutions (according to A. Grohmann) 

3.2.9.1 Acid consumption (alkalinity) 

General remarks 

Under certain conditions, there is a stoichiometric relationship between 
the p and m values of a water and the concentration of hydrogen carbonate 
ions, carbonate ions and hydroxyl ions. For this reason, the p and m values 
may be used to determine the concentration of these ions indirectly and 
also to calculate the so-called carbonate hardness. 

Although these conditions apply in many cases, particularly with natural 
waters, it remains in the first instance an arbitrary assumption. Strictly 
speaking, therefore, it is more correct in the first instance to specify 
the results of titration achievable using this method (the determination of 
the p and m values) without comment as acid consumption. If a base has been 
used for titration, the result is given as base consumption (p and m values 
then have a negative sign). In more recent publications, there has been 
much discussion about the detection, calculation and significance of the 
various carbon dioxide compounds in water. Experience shows that in many 
water laboratories in a large number of countries around the world, the 
classical methods tend still to be in use today; consequently, these 
methods of detecting the carbon dioxide compounds are dealt with in some 
detail below. 

Note also the remarks in Chapter 
repeated in part here. 

on local investigations, which are 

The acid consumption (alkalinity) of a water is defined as the quantity in 
mmol/l of a strong acid which is consumed during titration to achieve 
certain pH values or until certain indicators change colour. If titration 
is carried out electrometrically up to pH 8.3 or if phenolphthalein is used 
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as an indicator, the resulting acid consumption is the p value. If titra­
tion is carried out electrometrically to pH 4.3 or if methyl orange or a 
mixed inJicator is used, the resulting acid consumption is the m value. 

3.2.9.2 Acid consumption and base consumption (p and m value) 

The p value (indicator phenolphthalein, pH 8.3) and the m value (indicator 
methyl orange, pH 4.3) are primarily measures of acid consumption 
(alkalinity) or base consumption (acidity); a positive sign indicates acid 
consumption and a negative sign base consumption. Acid and base consumption 
are characteristics which depend on the substances dissolved in a water. 
For this reason, the result should initially be given as a p or m value (in 
mmol/J) without further interpretation - as has already been mentioned. 
Only then should investigations be made as to what conclusions may be drawn 
with regard to the components of the water. 

Since, however, carbonic acid is by far the most frequently occurring weak 
acid in natural waters, in practical water analysis it is assumed that the 
results of the p and m value determination refer to the anions of the 
carbonic acid if certain conditions are fulfilled. 

The pH limit values used, by definition, in the determination of the p and 
m values approximate (only) roughly to the limit values of the phase 
diagram of the carbonic acid salts (ct. Fig. 92). Nevertheless, the 
proportional concentration of hydroxyl ions, carbonate ions and hydrogen 
carbonate ions may be estimated in this way; this is generally sufficient 
for water analysis in practice. 

A positive p value can only be obtained if the pH of the water sample is 
above 8.3. If this is the case, initially the hydroxide is neutralized: 

(1) 

As the pH falls, the reaction of the carbonate ions with the acid follows: 

(2) 

Titration with electrometrical display at pH 8.3 detects the sum of OH- + 
C032-, if both ions are present in the water. 

If titration is continued to pH 4.3, below pH 8.3 the hydrogen carbonate 
ions are also detected: 

(3) 

It must be borne in mind, however, that not only the hydrogen carbonate 
ions present in the water originally are detected, but also those which 
were formed from C032- during titration to the end point p.H 8.3 according 
to equation (2). During the second titration, then, the carbonate ion is 
(indirectly) neutralized a second time, i.e. at the second equivalence 
point. 

If other acid-consuming substances are contained in the water under test 
apart from carbon dioxide compounds, the results of the calculation will be 
incorrect. But even if no other such substances are present, the error will 
only be less than 10 % if the p or m values (consumption of an HCI standard 
solution) are greater than 1 mmol/l. 
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3.2.9.3 Acidimetric determination of carbonate ions and hydrogen carbonate 
ions (p and m values) 

General remarks 

Carbonic acid is a dibasic acid. Depending on the pH of the solution of its 
salts, either just hydrogen carbonate ions are present or a mixture of 
hydrogen carbonate ions and carbonate ions (see Fig. 92). 

Since there are few specific test reactions for both anions, their concen­
tration is calculated from the acid consumption under certain ion condi­
tions. In practice, the p and m values are used for this. 

For most practical purposes, it is sufficient to assume that pH 8.3 
(p value) represents the limit for the presence (and hence the equivalence 
point) of carbonate ions, and pH /.j..3 (m value) the limit for the presence 
(and hence the equivalence point) of hydrogen carbonate ions. 

The following qualifications apply: if the pH of the water sample is 
between /.j.. 3 and 8.3, the acid consumption (in mmol/l) at the methyl orange 
end point (pH /.j..3; m value) corresponds to the hydrogen carbonate ion 
content. Carbonate ions cannot be present in a water sample of this type. 

If the pH of the water sample is between 8.3 and 9.5, the acid consumption 
at pH /.j.. 3 (m value) minus twice the acid consumption at pH 8.3 (p value) 
provides the hydrogen carbonate content (the p value must be doubled 
because after C032- + H+ ---HCOr only 1/2 C032- has been detected). 

The carbonate content of a water sample can be determined from the p value 
(i. e. = 2 P in mmol/O only if the pH of the sample is 8.3 or higher (up to 
9.5). 

If the pH of the water sample is above 9.5, m - 2p + cOH holds for the 
hydrogen carbonate content and 2p - cOH- for the carbonate content. 

If the water sample is turbid or coloured, the acid consumption can only be 
determined electrometrically. 

The analysis of waters containing iron and those which contain calcium 
hydrogen carbonate (in particular mineral springs) should be conducted at 
the sampling point. Otherwise the HCOr content of waters containing iron 
may be altered by the precipitation of iron hydroxide. A similar error 
occurs when calcium carbonate precipitates in calcium hydrogen carbonate 
water during transport or storage. Waters with a pH of 6 and below, stand­
ing in open containers, may lose free C02 and therefore also HC03-, since 
C02 and HC03- are linked by the following equilibrium ratio: 

Equipment 

cHC03 - . cH+ 

cC02 + CH2C03 

A) Electrometrical end point indication: 

Burette, 10 ml, 0.02 ml divisions 

pH meter (with temperature correction) 
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Measuring cell: glass and calomel electrodes (single-probe measuring 
cel!) 

Titration equipment, thermostatted, with magnetic stirrer (or electro­
metric titration equipment with end point preselection) 

Hydrochloric acid, 0.1 m 

B) End point indication with colour indicators: 

Burette, 25 ml, 0.05 ml divisions 

Hydrochloric acid, 0.1 m 

Phenolphthalein indicator: 
Dissolve 1 g phenolphthalein in 100 ml ethanol. 

Methyl orange indicator: 
Dissolve 0.5 g methyl orange in 100 ml distilled water 

Mixed indicator, pH 4.4 - 4.3, according to Cooper and Mortimer: 
Carefully mix and pulverize 20 mg methyl red and 100 mg bromocresol 
green in an agate mortar. Make a paste with a little 96 % ethanol and 
dissolve with a total of 100 ml of 96 % ethanol. Store in a brown 
dropping bottle. 

Method 

A) Determination of the p value (electrometric) 

Pipette 100 ml of the sample into the titration vessel. Insert the 
single-probe measuring cell and read off the pH. If this is above 8.3, 
titrate with 0.1 m hydrochloric acid until pH 8.3 is reached. The 
method employed is to mix with the magnetic stirrer for 5 seconds after 
each addition and then take the reading with the liquid at rest. The 
quantity, in ml, of 0.1 m hydrochloric acid consumed provides the p 
value in mmoJ/l. If the pH was below 8.3 before titration began, p =. 0 
(the water sample cannot contain carbonate ions). 

B) Determination of the p value (visual) 

Add 2 drops of phenolphthalein indicator to 100 ml of the sample. If a 
red coloration of the solution occurs (pH above 8.3), titrate with 0.1 m 
hydrochloric acid until the solution is colourless. The quantity, in 
ml, of 0.1 m hydrochloric acid consumed provides the p value in mmoJ/l. 
If no red coloration of the water sample occurs on addition of the 
indicator, p = 0 (see above). 

A2) Determination of the m value (electrometric) 

Titrate the sample which has been titrated to pH 8.3 (p value) with 0.1 m 
hydrochloric acid in similar fashion to pH 4.3. The total ml of 0.1 m 
hydrochloric acid consumed for both titration stages (to pH 8.3 and 
then further to pH 4.3) provides the m value in mmoJ/l. 
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B2) Determination of the m value (visual) 

Take the sample titrated visually to the colour change (phenolphthalein 
pH 8.3), add 2 drops of methyl orange indicator (or 3 drops of mixed 
indicator) and titrate with 0.1 m hydrochloric acid until the colour 
changes from yellow to brownish yellow (or from bluish green to red). 
The total ml of 0.1 m hydrochloric acid consumed during both titration 
stages (to pH 8.3 and then to pH 4.3) provides the m value in mmol/l. 

When using the mixed indicator, it should be noted that a grey colora­
tion occurs shortly before the end point is reached; this then turns to 
red as the next 1 - 2 drops of the acid are added. 

Calculation 

The concentration of hydroxyl ions, 
ions can be calculated from the 
consumed (p ml = p value, m ml 
to the qualifications made above. 

carbonate ions and hydrogen carbonate 
quantity of 0.1 m hydrochloric acid 
m value). On this point, however, refer 

Acid consumption 
(O.l-m HC!) 

OH- Ion 
mmol/l 

C032- Ion 
1/2 mmol/l 

HC03 - Ion 
mmol/l 

p = 0 ; m > 0 0 0 m 
2 p < m 0 2 P m - 2 P 
2 P = m 0 2 P 0 
2 P > m > p 2 P - m 2{m - p) 0 
p = m p 

1 mmol hydroxyl ions = 
mmol carbonate ions (l/2) 

mmol hydrogen carbonate ions = 
If using 100 ml of a water sample, 
1 ml 0.1 m HCI = 17.01 mg/l OH- 2 

= 30.01 mg/l C03 -
= 61.02 mg/l HC03-. 

0 0 

17.01 mg OH-

30.01 mg col-
61.02 mg HC03 -

Taking the pH of the water sample into account, the above calculation can 
be simplified as follows: 

pH of 
water sample 

4.5 - 8.2 
8.2 - 8.6 
8.6 - 9.5 
above 9.5 

Hydrogen 
carbonate 
mmol/l) 

m 
m - 2 P 
m - 2 P 
m :.. 2 p + cOH-

Carbonate 
(mmol/l) 

1/2 

o 
not calculable 

2 p 
2 P - cOH-
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3.2.9.4 Base consumption (acidity) 

General remarks 

The base consumption of a water is defined as that quantity of sodium 
hydroxide solution in mmol/l which is consumed during titration up to 
certain pH values or to the transition points of certain indicators. If 
titration is carried out electrometrically to pH 4.3 or methyl orange or a 
mixed indicator are used, the base consumption given is the negative m 
value. If titration is carried out electrometrically to pH 8.3 or a phenol­
phthalein indicator is used, base consumption is the negative p value. 

The base consumption of natural waters is principally caused by the carbon 
dioxide dissolved in the water. It may also be brought about, however, by 
humic acids and other weak organic acids. In such instances, the pH values 
are not below pH 4.3. Mineral acids, on the other hand, may give rise to pH 
values below 4.3. 

Negative m or p values 

A) Determination of the negative m value (electrometric) 

Pipette 100 ml of the sample into the titration vessel, which is equip­
ped with a magnetic stIrnng rod. Insert the single-probe measuring 
cell and read off the pH. If it is below pH 4.3, titrate with 0.1 m 
sodium hydroxide solution until pH 4.3 is reached. Mix with the magnet­
ic stirrer for 5 seconds after each addition; take the readings when 
the liquid is at rest. The quantity, in ml, of 0.1 m sodium hydroxide 
solution consumed indicates the negative m value in mmoJ/1. If the pH 
value was at or above 4.3 before titration began, the negative m value 
-m = O. 

B) Determination of the negative m value (visual) 

Add 5 drops of methyl orange indicator (or mixed indicator) to 100 ml 
of the sample. If a red (violet) coloration occurs, titrate with 0.1 m 
sodium hydroxide solution until the colour turns to brownish yellow 
(green). The quantity, in ml, of 0.1 m sodium hydroxide solution 
consumed in the course of this process indicates the negative m value 
in mmoJ/1. 

If a yellow coloration occurs instead of a reddish (or violet) colora­
tion as the methyl orange (or mixed) indicator is added, then -m = O. 

A2) Determination of the negative p value (electrometric) 

100 ml of the sample is prepared as for the determination of the nega­
tive m value. If the single-probe measuring cell indicates a pH below 
8.3, titrate with 0.1 m sodium hydroxide solution until pH 8.3 is 
reached. Mix for 5 seconds with the magnetic stiner after each addi­
tion; take the readings with the liquid at rest. The quantity, in ml, 
of 0.1 m sodium hydroxide solution consumed indicates the negative p 
value in mmoJ/l. If the pH was at 8.3 or above, the negative p value 
-p = O. 

B2) Determination of the negative p value (visual) 

Add 5 drops of phenolphthalein indicator to 100 ml of the sample. If 
the water does not assume a reddish coloration, titrate with 0.1 m 
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sodium hydroxide solution until the first permanent weak pink colora­
tion appears. The quantity, in ml, of 0.1 m sodium hydroxide solution 
consumed in the course of this process indicates the negative p value 
in mmol/l. 

If a reddish coloration appears as the phenolphthalein indicator is 
added, -p = O. 

Calculation 

The results are given in mmol/l. 

Negative m value (-m) mmol/l 

Negative p value (-p) mmoJ/1 

a F 

b F 

a Consumption of 0.1 m sodium hydroxide 
during titration to pH 4.3 

b Consumption of 0.1 m sodium hydroxide 
during titration to pH 8.3 

solution 

solution 

F = Factor of the 0.1 m sodium hydroxide solution 

in 

in 

3.2.10 Total carbon dioxide (see also 3.6, carbon dioxide) 

General remarks 

ml for a 100 ml sample 

ml for a 100 ml sample 

The total carbon dioxide of a water consists of the so-called free dis­
solved carbon dioxide (3.6) and the carbon dioxide contained in hydrogen 
carbonates and carbonates (3.2.9): 

C02 (total) = C02 + H2C03 + HC03 - + CO/- (calculated as C02) 

Expressed as concentrations (c) and in simplified, condensed form: 

Sc = cC02 + c HC03 - + cC032- (Sc calculated as C02) 

The total carbon dioxide of a water (Sc) is also designated "the sum of the 
dissolved carbon dioxide and its compounds". The term "inorganic carbon 
(SCO/' is also common. 

Since all forms of carbon 
ions and carbonate ions) 
(dissociation equilibrium of 
via the pH, it is possible, 
the individual compounds or 
Section 3.2.9). 

dioxide (free carbon dioxide, hydrogen carbonate 
are linked together by equilibrium relations 

the carbonic acid, ion product of the water) 
if Sc is known, to calculate the content of 

ions given the pH of the water in question (see 

The determination of total carbon dioxide plays such an important role in 
C02 analysis of water because Sc represents the only clearly determinable 
value; whenever individual components are determined, there is the danger 
that equilibria are shifted or other, e.g. organic anions are detected. 
(HC03- can also be detected by HPLC). Besides this, Sc determination is 
also required in many investigations and calculations of the cycle of 
materials in water. 
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Quantitative determination 

3.2.10.1 Calculation of Sc from the p and m values 

3.2.10.2 Volumetric determination after distillation 

3.2.10.3 Gravimetric determination after distillation 

3.2. 10.1 Calculation of Sc (diss. C02) from the p and m value 

In many cases, the acids and bases contained in a water other than the sum 
of the dissolved carbon dioxide Sc are negligible. Assuming this to be the 
case, the acid consumption and the base consumption of the water is caused 
purely by the carbon dioxide and its anions. Under these conditions, Sc can 
be calculated from the difference "m value - p value". 

If the solution is a pure solution of carbon dioxide and its anions without 
foreign buffer substances, the following applies (A. Grohmann): 

m value 2 cco/- + CHC03- + cOH- - CH30+ 

P value CCO/- - cC02 + cOH- - CH30+ 

In the pH range between 4.5 and 9.5 the following applies: 

m value 2 CCO/- + CHC03-

P value CCO/- - cC02' 

Hence it follows that: 

Therefore, Sc = m - p 

The method may be applied if the Sc value is greater than 0.5 mmol/l. 

Method 

The p and m values of the water are to be determined according to the 
procedure described in Section 3.2.9.3, "Acidimetric determination of 
carbonate ions and hydrogen carbonate ions (p and m values}". 

Sc is calculated according to the equation 

m - p = Sc 

in which 

m m value of the water in mmol/l 
p p value of the water in mmol/l 
Sc Total carbon dioxide content (= sum of the concentration of free, 

dissolved carbon dioxide, carbonate ions and hydrogen carbonate ions) 
in mmol/l, calculated as C02. 
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3.2.10.2 Volumetric determination after distillation 

General remarks 

On taking the sample, convert the free, dissolved carbon dioxide and hydro­
gen carbonates into carbonates by adding sodium hydroxide. In closed 
apparatus in the laboratory, add acid to the weakly alkaline sample to 
liberate carbon dioxide which is driven by a flow of inert gas (C02-free 
air) into a receiver containing sodium hydroxide solution. C02 is absorbed 
faster and more completely if n-butanol is added to the solution. 

First neutralize the excess sodium hydroxide solution by adding acid until 
the transItIOn point of the phenolphthalein/naphtholphthalein mixed indica­
tor is reached (pH 8.6) as carbonate is converted into hydrogen carbonate. 
After adding the bromocresol green/methyl red mixed indicator (pH '+.5), 
titrate the hydrogen carbonates with 0.01 m sulphuric acid. 

The method is sui table for determining low to medium concentrations (20 -
360 mg/l) of total carbon dioxide. For a sample volume of 25 ml, this 
corresponds to a concentration of 0.5 - 9 mg/25 ml. Within the range 2 - 7 
mg C02/25 ml, standard deviation is max. + 2 %. 

Sulphides and H2S have an interfering effect. Before the acid is added, 
they should be bonded as CuS by introducing 0.5 ml of 10 % CuS04 solution. 

Equipment 

Apparatus for the conversion, absorption and titration of C02 
samples (Fig. 94), consisting of: 

Fig. 94. I) = Sample container; 2) = Absorp­
tion and titration vessel; 3) Dropping 
funnel with pressure compensation 

2 

from water 

3 

_inert gas; 
(free of C021 
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Sample container (1) with sintered plate, 

U-tube with ground joints, 

10 ml dropping funnel with pressure compensation (3), 

frit as absorption and titration vessel (2). 

All ground parts 
parts of equipment 
untersuchung" ) 

Flowmeter 

should be 
firmly. 

greased with silicone grease; 
(from "Ausgewahlte Methoden 

Wash bottles with 30 % potassium hydroxide solution 

Water, carbon dioxide-free: 

connect all 
der Wasser-

Boil distilled water in a flask for a few minutes. Immediately afterwards, 
close the flask with a plug which has a soda lime tube and a siphon. Use 
this C02-free water to prepare all reagent solutions. 

EDTA: 
Disodium salt of ethylene diamine tetraacetic acid, reagent-purity. 

NaOH: 
reagent-purity: lozenges, for conservation of the samples. The C02 
content must be determined as described under "Procedure". 

Sodium hydroxide solution, 1 m 

Sodium hydroxide solution, 0.05 m: 
Dilute 25 ml of 1 m sodium hydroxide solution to 500 ml with C02-free 
water. 

Sulphuric acid, approximately 2 m: 
Add 110 ml of reagent-purity sulphuric acid (1.84 g/mJ) to 900 ml distil­
led water, stirring and cooling all the time. 

Sulphuric acid, 0.05 m 

Sulphuric acid, 0.01 m: 
Dilute 200 ml of 0.05 m sulphuric acid to 1 litre with distilled water 

n-butanol, reagent-purity 

Phenolphthalein/naphtholphthalein mixed indicator: 
A. Dissolve 0.25 g phenolphthalein in 100 ml 96 % ethanol 
B. Dissolve 0.10 g naphtholphthalein in 100 ml 96 % ethanol 
Mix 20 ml of solution A with 50 ml of solution B. 

Bromocresol green/methyl red mixed indicator: 
A. Dissolve 0.2 g bromocresol green in 100 ml 96 % ethanol 
B. Dissolve 0.015 g methyl red in 50 ml 96 % ethanol 
Mix solution A and B and store in a dark glass flask. 
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Method 

Sampling 

Fill a ground-stopper glass flask of approximately 100 ml to overflowing at 
the sampling point and immediately add two NaOH lozenges, 3 drops of 
phenolphthalein/naphtholphthalein mixed indicator and 0.5 g EDT A. Stopper 
the flask, leaving no bubbles, and shake until the sample is clear. 

The samples must display an obvious alkaline reaction; if not, add a 
further NaOH lozenge. 

During transport and storage of the vessels, care should be taken that the 
water samples are not heated above the original temperature (risk of 
breakage). The analysis must be carried out within 5 days. 

Determination 

Introduce 10 ml of approximately 2 m sulphuric acid into the dropping 
funnel (3) of the apparatus. Set the air flow, which is directed into the 
sample container (1) from below after passing through two wash bottles with 
30 % potassium hydroxide solution, to approximately 60 bubbles/min. (approx 
3 l/h). 

Following these preparations, introduce 25 ml of the conserved sample (or 
some other suitable volume with a C02 content between 2 and 7 mg) into the 
sample container and immediately connect the latter to the dropping funnel 
and the absorption vessel (2). Shut off the dropping funnel and allow the 
air flow to flow through the apparatus for approximately 3 minutes. 

Introduce 10 ml of 0.05 m sodium hydroxide solution and 3 drops of n-butan-
01 into the absorption vessel. With the air flow bubbling evenly through 
the sodium hydroxide solution, add the approximately 2 m sulphuric acid to 
the sample drop by drop from the dropping funnel. After 30 minutes, the 
liberated C02 is completely expelled and absorbed in the receiver. 

Continue to allow the <;lir to flow during the subsequent titration in order 
to ensure that the titrant and titration solution are thoroughly mixed; 
however, reduce the air flow to 30 bubbles/min beforehand and add a further 
10 drops of n-butanol to inhibit foaming. After adding 10 drops of phenol­
phthalein/naphtholphthalein mixed indicator (end point pH 8.6), add 2 - 3 ml 
of 0.05 m sulphuric acid drop by drop to convert the major portion of the 
alkali surplus (the indicator must not change colour!). Then convert the 
remainder of the carbonate into hydrogen carbonate by adding 0.01 m 
sulphuric acid, slowly and drop by drop, until the indicator changes from 
red-purple to pure blue. Subsequently add 5 drops of bromocresol 
green/methyl red mixed indicator (end point pH 4.5), and titrate with 0.01 m 
sulphuric acid until the transition occurs from blue through green to 
yellowish red. 

The consumption of 0.01 m sulphuric acid between the two end points (pH 8.6 
and 4.5) corresponds to the total carbon dioxide content of the sample. 
Determine a blank value each day in similar fashion using C02-free water. 

After titration is completed, remove the solution from the absorption 
vessel and rinse the latter several times with distilled water. In the same 
way, rinse the entire apparatus thoroughly with distilled water. 
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In order to determine the average carbonate content of the NaOH lozenges, 
dissolve 20 lozenges in 100 ml of C02-free distilled water and treat with 
10 drops of phenolphthalein/naphtholphthalein mixed indicator. 

First neutralize the sample with the approximately 2 m sulphuric acid until 
the mixed indicator changes to blue (approximately 10 - 12 mO, reverse the 
change to red-purple by the addition of 0.05 m sodium hydroxide solution, 
and add 0.01 m sulphuric acid drop by drop until the colour changes to blue 
again. Subsequently, add 5 drops of bromocresol green/methyl red mixed 
indicator and titrate with 0.01 m sulphuric acid, as described above. 
Calculate the C02 content in mg per NaOH lozenge. 

Calculation 

The results may be given in mg/l or in mmol/l and designated total C02 
(total carbon dioxide). 1 ml of 0.01 m sulphuric acid corresponds to 0.44 
mg of C02. 

Total C02 mg/l = (a - b) . ~ l' 440.1 z . c • 1000 
V2 

a Consumption of 0.01 m sulphuric acid between the end points (pH 8.6 to 
pH 4.5) for the sample 

b Consumption of 0.01 m sulphuric acid in ml for the blank test 
F Factor of the 0.01 m sulphuric acid 
V 1 Undiluted sample volume used in ml 
c C02 content in mg per NaOH lozenge (for conservation) 
z Number of lozenges used 
V 2 = Volume of the conserved sample taken 

mmol C02 = 44.01 mg C02 

mg C02 = 0.02272 mmol C02 

3.2.10.3 Gravimetric determination after distillation 

General remarks 

On sampling, free dissolved carbon dioxide and its compounds are fixed as 
carbonate by filling the water samples into flasks which are charged with 
sodium hydroxide solution or calcium oxide. In closed apparatus in the 
laboratory, add acid to the weakly alkaline sample, liberating carbon 
dioxide, bind the carbon dioxide on soda-asbestos and weigh. 

The method is particularly suited to the determination of C02 in waters 
rich in carbon dioxide whose C02 content (total carbon dioxide) is 1000 
mg/l or higher. 

Equipment 

Flat-bottomed flasks with ground joint, ground glass stopper and safety 
groove in the stopper to secure for transport, volume 250 ml a'nd 500 ml. 

Steel cylinder of nitrogen for the introduction of N2 as carrier gas. 
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Fig. 95. Distillation apparatus after R. Fresenius and F. NeumUller, modi­
fied by K. E. Quentin and L. Feiler; 1) = CuSOq. on pumice stone; 2) = Soda­
asbestos; 3) = Soda lime 

Structure of the apparatus 

A: Wash bottle containing sulphuric acid (1.8q. g/ml); it serves as a bubble 
counter and dries the carrier gas. 

B: Absorption tower containing soda lime and with a cotton-wool plug at the 
tower exit; serves to extract C02 from the carrier gas. 

C: Acid vessel with two engraved marks between which there is 50 ml of 
hydrochloric acid (1.10 g/mD with methyl red additive; in addition, 
glass pipe extensions and 3-way cocks (I, ro. 

D: Reaction vessel: 250 or 500 ml graduated flask with ground glass stopper. 

E: Condenser, with (1) gas inlet tube which ends above the base of D in a 
2.5 cm T -piece with holes to allow the gas to enter; (2) cooling section 
with a small number (5 - 6) of sharp turns; (3) gas-washing cap at the 
upper end of the condenser, closed off from the cooling water section at 
the bottom. The distilling pipe ends here in an internal closed bubble 
cap with a ring of holes near the base. It is filled 1/3 full of conc. 
sulphuric acid (1.8q. g/ml) (approximately 20 ml, acid level above the 
holes, but below the end of the distilling pipe). This is for drying and 
purification of the carbon dioxide. 

F: Absorption vessel, filled half full of CuSOq. on pumice stone (for binding 
H2S), 

G: Drying tube with Mg(CIOq.)2 or granular P205. 

H: Weighed absorption tubes with soda-asbestos and Mg(CIOq.)2 or granular 
P20 5 (to bind the water released on absorption of C02)' HI and H2 serve 
to absorb the C02, H3 safeguards the end of the apparatus. 
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Sodium hydroxide solution, carbonate-free: 
1 part NaOH, reagent purity, + 1 part distiHed water, treated with 
spatula-tip of barium chloride to bind C02; store airtight and with a 
soda lime protective tube. 

Calcium oxide, reagent purity,; before use ignite for 1 h at 1000 DC 

Soda-asbestos, millet-seed-size for elementary analysis. 

Soda lime, granular, with indicator, reagent purity 

Magnesium perchlorate, reagent purity, for drying purposes or 

Phosphorus pentoxide, granulated 

Pumice stone, boiled out with sodium hydroxide solution and ignited, 
reagent purity 

Copper sulphate, reagent purity 

Copper sulphate pumice stone: 
Grind pumice stone to pea size, sieve out the fine particles and thorough­
ly soak with saturated copper sulphate solution which contains a few 
drops of dilute sulphuric acid. After pouring off the surplus copper 
sulphate solution, dry the mass in a porcelain dish on an electric hot 
plate, stirring constantly, and heat in the drying oven at 180 DC until 
the mass appears white. Store in a firmly sealed plastic reagent bottle. 

Hydrochloric acid, reagent purity, (1.10 g/m1) 

Sulphuric acid, conc, reagent purity, (1.84 g/mI) 

Methyl red indicator solution 

Method 

Sampling 

Before sampling, blow purified nitrogen through 6 flat-bottomed flasks in 
the laboratory (four for C02 determination and two for the blank reading) 
and introduce approximately 10 ml of carbonate-free sodium hydroxide 
solution (use a siphon, in order to prevent the carrying over of barium 
chloride deposits) or ... -"} g calcium oxide into the flasks. Lightly grease the 
ground joints with alkali-resistant silicone grease and close carefully. 

A t the sampling point, feed measured volumes of the water sample into the 
flasks charged with sodium hydroxide solution or CaO, carefully avoiding 
gas losses (d. Chapter 1). 

The procedure should be to pipette between 50 ml and 150 ml into the 250 ml 
flasks and between 300 and 350 ml of the water sample into the 500 ml 
flasks, depending on the quantity of C02 expected. Mix slowly and continu­
ously with a circular motion of the flask, as the water flows in. The 
flasks are later to be connected directly to the distillation apparatus (0 
in the iHustration). For this reason, they must be fiHed in such a way 
that 50 ml of hydrochloric acid may still flow in from the acid vessel C 
and there is also sufficient headspace for the decoction process. 



263 

Sampling may also be undertaken with the aid of weighed quantities. Run 
approximately 50 - 150 ml into the 250 ml flasks and approximately 300-
350 ml into the 500 ml flask at the sampling point, and otherwise proceed 
as described above. Then weigh the filled flasks on returning to the 
laboratory. The quantity of water to be investigated is given by the differ­
ence in weight before and after the sample is taken. 

Determina tion 

Assemble the distillation apparatus. Fill the acid vessel C to the upper 
mark with hydrochloric acid and 10 drops of methyl red indicator solution, 
charge the bubble cap at the upper end of the condenser with sulphuric acid 
and the absorption vessel F with copper sulphate pumice. The copper 
sulphate pumice filling in absorption vessel F serves to bind H2S, Fill the 
absorption tubes HI, H2 and H 3 with soda-asbestos and magnesium perchlorate 
in the way shown in the illustration. Care should be taken that the coarse­
grained soda-asbestos filling is as loose as possible. This prevents the 
tubes from choking up during the reaction with C02 with the release of 
water, which in turn is bound in this tube by Mg(CI04)2, impeding the gas 
through-flow. 

The magnesium perchlorate tube G must be prepared separately. After being 
filled, it should be connected for approximately one hour to a carbon­
dioxide-generating device and saturated with this gas. Then expel the 
excess carbon dioxide by connecting to the nitrogen cylinder downstream of 
the absorption tower B for one hour. A magnesium perchlorate tube prepared 
in this way may be used for C02 determination many times without renewed 
filling and pretreatment. 

Connect reaction vessel D to the apparatus. A means of heating 0 must be 
provided. 

Connect wash bottle A to the nitrogen cylinder and direct the nitrogen flow 
straight through the apparatus via I and II at a rate of approximately 2 -
3 bubbles per second. After 15 minutes, turn off the nitrogen flow and 
simultaneously switch the three-way cock I to acid vessel C. Close off the 
four absorption tubes G, HI. H2 and H3 and weigh tubes HI and H2. Before 
weighing, equalize the pressure by opening the tubes briefly, closing them 
again and then rubbing with a leather (weights Al and A2 in mg). Reconnect 
all the tubes to the apparatus and open the taps. 

Turn on the nitrogen flow at 2 - 3 bubbles per second, and simultaneously 
switch the three-way cock n to open the connection between C and 0 
(blocking connector la). The N2 overpressure created in the upper section 
of C forces the 50 ml of hydrochloric acid (with methyl red additive) into 
reaction vessel D. The overpressure prevents the carbon dioxide forming in 
o from escaping through the acid in C. As soon as the acid level reaches 
the lower mark on C, switch three-way cocks I and II simultaneously to 
direct the gas flow straight into D. Carbon dioxide evolves in the cool of 
reaction vessel D. Apply the nitrogen flow for 15 minutes to drive the 
carbon dioxide via E - F - G into the absorption tubes HI and H2. A white 
discoloration of the soda-asbestos indicates a reaction with the carbon 
dioxide. 

After 15 minutes, begin heating reaction vessel 0 and keep the solution 
gently boiling for approximately 50 minutes, maintaining the controlled 
flow of nitrogen. The steam condensation should end at about the second or 
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third turn of the condenser so that no liquid reaches the gas-washing jar 
containing sulphuric acid in the condenser head. 

Allow the reaction vessel to cool, leaving the nitrogen flow turned on for 
approximately 10 minutes. Remove HI and H2, seal immediately and weigh in 
the same way as before (weights Bland B2 in mg). The sum of the differ­
ences in weight is the content of total carbon dioxide in the water sample. 

It is possible to check the perfect functioning of the apparatus by 
determining the C02 content of a sample quantity of reagent-purity NaHC03 
which is first weighed and then dissolved in water. 

Calculation 

mg/l total carbon dioxide (Sc) (Bl - AI) + (B2 - A2) . 1000 
Quantity of water used, in ml 

3.2.11 Ion Chromatography of seven anions 

General remarks 

As an example of the compilation and representation of specifications for 
water analysis, the chairman of the Working Group (German Standardized 
Methods or DIN) has made the following draft available. (DIN 38405, D 19, 
draft manuscript) 

Determination of seven anions 
bromide, nitrate and sulphate) 
graphy. 

Range of application 

(fluor ide, chlor ide, nitrite, 
in (unpolluted) waters using 

orthophosphate, 
ion chromato-

The method is basically suited to the determination of fluoride, chloride, 
nitrite, orthophosphate, bromide, nitrate and sulphate in unpolluted water 
(such as drinking water, rainwater, groundwater and surface water) in the 
following masses per unit volume: 

Fluoride 
Chloride 
Nitrite 
Phosphate 
Bromide 
Nitrate 
Sulphate 

0.1 
0.1 
0.05 
0.1 
0.05 
0.1 
0.1 

10 mg/l 
50 mg/l 
20 mg/l 
20 mg/l 
20 mg/l 
50 mg/l 

100 mg/l 

In individual cases, the range of application can be altered by varying the 
working conditions (e.g. sample volume, detectors, separation columns 
etc.). 

General information 

In surface water, groundwater, drinking water and rainwater the anions 
chloride, nitrite, orthophosphate, bromide, nitrate and sulphate occur in 
widely differing concentrations. The concentration range varies from a few 
~g/l to gil. For further details of ion chromatography see Chapter 2. 
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Table. Cross sensitivity of the anions 

Ratio measured ion/ Max. tolerable interfering 
interfering ion ion concentration in mg/l 

F-/CI- 1 : 500 400 CI-

Cl-/N02- 50 5 N02-
CI-/N03- 500 500 NOr 
Cl-/5042- 500 500 5042-

N02-/Cl- 1 250 100 Cl-
NOr/P043- 1 50 20 P043-
N02-/N03- 1 500 500 N03-
N02-/5042- 1 500 500 5042-

P043-/Cl- 500 500 Cl-
P043-/N03- 500 400 NOr 
P043-/Br- 100 100 Br-
P043-/N02- 1 100 100 N02-
P043-/5042- 1 500 500 5042-

Br-/Cl- 500 500 Cl-
Br-/P043- 100 100 P043-
Br-/NOr 50 100 NOr 
Br-/504 2- 500 500 5042-

NOr/Cl- 500 500 Cl-
N03-/Br- 100 100 Br-
N03-/5042- 500 500 5042-

5042-/Cl- 500 500 Cl-
5042-/N03- 500 400 N03-

Basis of the method 

The ions are separated by liquid chromatography with the aid of a column. 
An anion exchanger of low capacity generally serves as the stationary 
phase. Detection may be made with various physical techniques. Conductivity 
detectors are customarily used. 

Interference factors 

Ion chromatographic anion determination is generally a relatively trouble­
free technique. Nevertheless, mention must be made of a number of potential 
sources of interference: 

Relatively high concentrations of organic acids, such as malonic acid, 
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maleic acid and malic acid, may influence the determination of inorganic 
anions. 

Solid substances and organic substances contained in water (such as mineral 
oils, detergents and humic acids) reduce the service life of the separation 
column and should therefore be separated off before the analysis. 

Fluoride determination may be disturbed by the presence of monocarboxylic 
acid and carbonates. 

In the determination of F-, Cl-, N02-, P043-, Br-, N03- and S042-, cross 
sensitivity (inadequate separation) may occur if differences in concen­
tration are great. The following ratios of concentration have been tested 
(Table). If a sample volume of 50 III is used, no interference arises. 

Where the anions bromide and phosphate are not listed they have no inter­
fering effect in the defined range of application. 

In buffered eluents (e.g. carbonate/hydrogen carbonate) the determination 
is not influenced by the pH of the sample (pH 2 - 9). 

This information applies only if the quality requirements of the separation 
column are fulfilled and if the electrical conductivity of the samples at 
25°C does not exceed 1000 IlS/cm. In real samples, the peak resolution (R) 
should be no worse than 1.3. 

Equipment 

Ion chromatography system (see also Chapter 2) which fulfils the require­
ments of quality. It generally consists of the following components (Fig. 96): 

9 

5 

6 

7 

8 

3 

4 

Fig. 96. Diagrammatic representation of 
an ion-chromatograph; 1) = Sample injec­
tor; 2) = O. 3-ml injection system; 3) = 
Pump; 4) = Eluent; 5) = Precolumn; 6) = 
Separation column; 7) = Detector (e. g. 
conductivity detector; 8) Recording 
unit; 9) = Outflow 
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- Eluent reservoir 
- Pump 
- Sample applicator system (e.g. with sample link, 50 Ill) 
- Precolumn 
- Separation column (in some cases with suppressor) with appropriate 

separation efficiency 
- Detector (e. g. conductivity detector) 
- Recording unit (e.g. integrator with plotter) 
- Drying oven 
- Desiccator 
- Measuring flasks, 100, 1000 and 5000 ml e.g. DIN 12664-MSA 
- Measuring flasks, plastic, for low concentrations 
- Measuring pipettes, 1, 2, 3, 5 and 10 ml, e.g. DIN 12697 MPAS 1 (or 

microlitre pipette) 

Only chemicals of "reagent purity" are used. The electrical conductivity of 
the water must be < 0.1 IlS/cm and the water must contain no particles 
> 0.45 Ilm. 

Sodium hydrogen carbonate (NaHC03) 
Sodium carbonate (Na2C03) 
Sodium fluoride (NaF) 
Sodium chloride (NaCl) 
Sodium nitrite (NaN02) 
Potassium hydrogen phosphate (KH2P04) 
Sodium bromide (NaBr) 
Sodium nitrate (NaN03) 
Sodium sulphate (Na2S04) 

Eluents 

Different eluents are used, depending on the separation column and detec­
tor. Degasified water must be used for their preparation. During operation, 
renewed absorption of gas is to be avoided (helium superposition; collaps­
ing flasks). In order to prevent the growth of bacteria and algae, the 
eluent should be stored in a dark place and renewed every 2 to 3 days. 

Eluents for IC using the suppressor technique 

If the suppressor technique is employed, sodium hydroxide and salt 
solutions of weakly dissociated acids, such as sodium carbonate/sodium 
hydrogen carbonate, sodium hydrogen carbonate, or sodium tetraborate are 
used. 

Sodium carbonate/sodium hydrogen carbonate concentrate 

The addition of the following eluent concentrate has proved effective for 
preliminary treatment of the samples and for preparation of the eluent: 

Weigh 25.44 g of sodium carbonate and 25.2 g of sodium hydrogen carbonate 
into a measuring flask, volume 1000 ml, and make up to the mark with water. 

The solution contains 0.24 mol/l of sodium carbonate/l and 0.3 mol/l of 
sodium hydrogen carbonate/l and may be stored in cool conditions for about 
1 year. 
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Sodium carbonate/sodium hydrogen carbonate eluent 

The following eluent has proven effective for the determination of F-, Cl-, 
N02, P043-, Br-, N03- and S042- in one operation: 

Measure 50 ml of the concentrate into a 5000-ml measuring flask and make 
up to the mark with water. 

The solution contains 0.0024 mol of sodium carbonate/l and 0.003 mol of 
sodium hydrogen carbonate/I. 

Eluents for IC without suppressor 

For IC techniques without a suppressor facility weakly dissociated salt 
solutions such as potassium hydrogen phthalate, sodium borate/sodium gluco­
nate and sodium benzoate are used. The concentrations of the salts general­
ly lie between 0.0005 and 0.01 mol/I. Concentrates and eluent solutions are 
prepared in a similar fashion. The pH of the eluent must be adjusted after 
dilution of the concentrate. 

The exact composition of the eluent should be taken from the specifications 
of the column manufacturer. 

Stock solutions 

Stock solutions with a concentration of 1000 mg/l (F-, Cl-, NOr, P043-, 
Br-, NOr, 5042-): 

Pretreat amounts of the substances according to the Table and place each 
into a 1000-ml measuring flask, and dissolve in a little water; make up to 
the mark with water. 

Commercial stock solutions of appropriate concentration may also be used. 

Standard solutions 

If required, standard solutions may be prepared from the stock solutions 
with various combinations of anions and different concentrations. The lower 

Table. Initial weights and pretreatment for the stock solutions 

Anions Substances 

Fluoride NaF 
Chloride NaCI 
Nitrite NaN02 
Phosphate KH2P04 
Bromide NaBr 
Nitrate NaN03 
Sulphate Na2S04 

a After drying, cool the 

Weight (g/l) 

2.2100 
1.6484 
1.4998 
1.4330 
1. 2877 
1.3707 
1.4790 

substances in the 

Pretreatmenta 
by drying 

Duration (h) Temp. (OC) 

1 105 
2 150 
1 150 
1 105 
6 150 

24 105 
1 105 

desiccator 
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the anion concentration selected, the greater the risk of concentration 
changes due to interaction with the vessel material. The storage of fluor­
ide and chloride standard solutions in teflon (PTFE) or polyethylene 
containers has proved successful. Experience has shown that better storage 
of nitrate standard solutions is possible in borosilicate flasks. 

The same containers should always be used for the same anions and anion 
concentrations. 

Mixed standard solution I 

B (F-, N02-, POq.3-, Br-) 

B (CI-, NOr, SOq.2-) 

10 mg/l 

100 mg/l 

Pipette the volumes specified in the next Table into a 100-ml measuring flask, 
and make up to the mark with water. 

The solution can be stored for about 1 - 2 days in cool conditions. 

Mixed standard solution II 

B (F-, NOT, POq.3-, Br-) 

B (CI-, N03-, SOq.2-) 

1 mg/l 

10 mg/l 

Pipette 10 ml of mixed anion standard solution I into a 100-ml measuring 
flask and make up to the mark with water. 

The solution is stable for only 1 - 2 days, even if cooled. 

Mixed standard solution III 

B (F-, N02-, POq.3-, Br-) 

B (CI-, N03-, S042-) 

0.1 mg/l 

1.0 mg/l 

Pipette 1 ml of mixed anion standard solution I into a 100-ml measuring 
flask and make up to the mark with water. 

The solution should be prepared freshly each day. 

Table. Volumes of stock solution required to prepare mixed standard solution I 

Anions 

F-
CI­
NOT 
POq.3-
Br-
NOr 
SOq.2-

Stock solution 
(ml) 

1 
10 
1 
1 
1 

10 
10 

Anion concentration 
(mg/D 

10 
100 

10 
10 
10 

100 
100 
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Table: Concentrations of the reference solutionsa 

Anions Concentrations of reference solutions (mg/l) 

0.1; 0.3; 0.5; 0.7; 0.9 
" 
" 
" 

1; 3; 5; 7; 9; 
" 
" 

Working range 
0.1 - 1.0 mg/l 

Working range 
1.0 - 10 mg/l 

a The concentration of the reference solution is reduced by the addition of 
1 ml of eluent concentrate. The discrepancy is compensated, however, by 
equi valent treatment of the sample. 

Anion reference solutions 

Depending on the anion concentrations expected, prepare at least 5 
(preferably 10) reference solutions from the stock solution or standard 
solutions I and II; the reference solutions should be distributed as evenly 
as possible over the expected range of operation. 

For example, for ranges of 0.1 to 1.0 mg/l for F-, N02-, P043-, Br and 1 
to 10 mg/l for ce, N03 -, 5042-, proceed as follows: 

Pipette 1, 3, 5, 7 and 9 ml of mixed anion standard solution I into 
separate 100-ml measuring flasks, make up to the mark with water and add 1 ml 
of eluent concentrate. 

The concentrations of the reference solutions are shown in the Table. 

The reference solutions must be prepared freshly for each day of measure­
ment. 

Blank test solution 

Fill a 100-ml measuring flask to the mark with water, and add I ml of an 
eluent concentrate by pipette. 

Separation column quality requirements 

The principal item in the technique of ion chromatography is the separation 
column. Its separation efficiency is influenced by various limiting 
conditions, such as column material and eluents. Within the framework of 
the standard, only those separation columns may be used which display a 
baseline-resolved separation of all components following injection of a 
standard solution with all seven anions (F-, CI-, N02-, P043-, Br-, NOr 
and 5°42-) in a concentration of 1 mg/l (Fig. 97). 
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ST A.""'-_ .... 

04 F-
(1-

2,3 NOZ 

3,2 HPof-

Br-

N0:i 

7,36 sol-

Fig. 97. Example of a chromatogram of a column which conforms to the 
standarda 

Where not all the anions shown in Fig. 97 are to be determined, the require­
ment applies analogously to the ions which are to be determined. The peak 
resolution should not fall below R = 1.3 (Fig. 98). 

Pretreatment of the sample 

On arrival in the laboratory, the sample should be filtered through a 
membrane filter (pore size O.1j.5 11m) in order to prevent adsorption of the 
anions on the solid matter and to prevent bacterial reactions. 

1 
signal 

t sample 
I input 

4 

2 
substance 1 

2 
substance 2 

Fig. 98. Idealized representation of chromatographic separation; 1) 
Signal; 2) = Component; 3) = Time; Ij.) = Sample introduction 

time 
3 

a Elution sequences and retention times may vary, depending on the type of 
column and the composition of the eluent 
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The sample can be stabilized by cooling until the determination is carried 
out. 

R 

Peak resolution 
Retention time of 1 st peak 
Retention time of 2nd peak 
Peak width of 1st peak at base 
Peak width of 2nd peak at base 

In order to prevent precipitation reactions 
water sample should be treated with the 
before analysis, i.e. 1 part concentrate 
effects are eliminated by equivalent treatment 

on the separation column, the 
eluent concentrate, factor 100, 
+ 100 parts sample. Dilution 

of the calibration solution. 

If necessary, the sample under analysis must be diluted with water and 
treated with eluent concentrate. 

Directly before injection of the sample, the sample must once again be 
filtered through a membrane filter (pore size 0.45 IJm) in order to remove 
any solid matter present. 

If the sample also contains dissolved organic components, such as humic 
substances, it is advisable to use a precolumn. This serves to protect the 
analytical separation column. A basic distinction is made between pre­
columns which contain the same resin material as the analytical separation 
column and those with a macroporous polymer. 

Reference solutions must receive the same pretreatment as sample solutions. 

Method 

The ion chromatograph should be put into operation according to the instruc­
tions of the equipment manufacturer. Operational readiness is achieved when 
the base line is stable. Calibration is carried out as described in the 
following section. 

The pretreated sample is injected into the chromatograph. 

Calibration 

The anions are identified by means of a comparison of the retention times 
of the sample with those of the reference solutions. It should be noted 
that the retention times may be dependent on concentration and matrix. The 
magnitude of the signal (peak) is proportional to the concentration of the 
anion. 

For measurement, a linear reference function must be prepared, as follows: 

Prepare reference solutions and blank test solution 
Chromatograph the reference solutions and the blank test solution 
Determine the line of regression for the series of measurements thus 
obtained. 
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For the ion i which is to be determined the following general equation 
(reference function) applies: 

(1) 

Yi Signal value (measured value) in peak height or units of peak area 
(e.g. counts) 

bi Gradient of the reference function (counts . litre . mg- l ) 
Bi Concentration of the ion (mg' litre-I) 
ai Ordinat~ intercept of the reference function (calculated blank reading) 

(counts) 

Checks should be made from time to time for significant deviations in 
gradient bi and ordinate intercept ai. 

Measurement according to the standard calibration method 

After construction of the reference function, the pretreated sample can be 
measured. Should the ion concentration of the sample under analysis exceed 
the range of validity of the reference function, the sample solution must 
be diluted. It may be necessary to prepare a new reference function for the 
lower concentration range. 

After each sample series, but not later than every 10 to 20 measurements, 
the validity of the reference function should be checked using two refer­
ence solutions of different concentrations, and recalibra tion should be 
carried out, if necessary. 

Evaluation 

The concentrations of the anions should be ascertained from the reference 
function (Equation 1) on the basis of the peak areas or peak heights. The 
following equation applies: 

All dilution operations should be taken into account in the calculation. 

Presentation of the results 

Values .are given rounded off to 0.1 mg/l, but no more than two significant 
places. 

Example: Chloride (Cl-) 
Sulphate (S04 2-) 

Analytical report 

45 mg/l 
120 mg/l 

The report should refer to this method and contain the following details: 

a) Precise identity of the water sample 
b) Statement of the results 
c) Description of any pretreatment of the sample 
d) Any deviation from this method and indication of any circumstances which 

may have influenced the result. 
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3.3 Cations 

3.3.1 Lithium 

General remarks 

The determination of lithium in water is carried out by AAS (methods 
3.3.1.2 and 3.3.1.3), or by flame photometry (method 3.3.1.1) - still in 
use today - according to the "universal method" proposed by Schuhknecht/ 
Schinkel as described in the section on "Sodium". Since a concentration 
process is necessary in the case of concentrations of lithium ions below 
1 mg/l, a number of departures from the method given for sodium are neces­
sary. Direct determination of traces of lithium is also possible using 
"stable isotope dilution and field desorption mass spectroscopy" (Schulten 
et al. 1979). 

3.3.1.1 Determination by flame photometry 

See the section on "Sodium". The characteristic spectral line for lithium 
lies at a wavelength of 671 nm. 

In the case of lithium levels around or below 
necessary. 

mg/l, concentration is 

Since calcium ions in concentrations greater than 1000 mg/l have the effect 
of raising emissions, ethanol extraction must be used for waters of this 
type (investigation of the sample following concentration). 

Equipment 

See the section on "Sodium" 3.3.2. The following items are required in 
addition: 

Barium chloride solution: 
Dissolve 10 g barium chloride, BaCI2 . 2 
redistilled water. 1 mg of this solution 
sulphate ions. 

H20, reagent purity, in 100 ml 
precipitates approx. 4-0 mg of 

Ethanol, approx. 95 %, reagent purity, Jena or Pyrex glass flasks, 1 litre, 
for sample taking and storing the water samples until analysis is made. 

Polyethylene vessels are not to be recommended, since LiCI is occasionally 
used as a catalyst in the production of polyethylene. The polyethylene 
produced in this way may be contaminated by traces of lithium. 

Method 

Calibration 

Refer to the section on "Sodium" (3.3.2). 

It is advisable to check the calibration curve frequently. The admixture 
method has proved particularly valuable for this purpose. Add known quanti­
ties of lithium to additional off-takes of the water samples under investi­
gation and then subject these solutions to the normal process of analysis. 
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A) Investigation of the sample without concentration for waters with more 
than 1 mg/l lithium ions. Transfer an exactly measured quantity of the 
water sample, between 10 and 75 ml, depending on the lithium content, 
with a pipette to a 100 ml measuring flask, acidify with 1 ml of hydro­
chloric acid and treat with 5 ml of buffer solution (caesium 
chloride/aluminium nitrate). Dilute to the mark with redistilled water 
at 20°C, shake thoroughly and then continue as described under 
"Determination" in the section on "Sodium" (3.3.2). 

B) Investigation of the sample with concentration (for waters with 1 mg/l 
lithium ions and below). One method is to evaporate a fairly large water 
sample (at least 500 ml) following acidification with hydrochloric acid 
to a volume of 50 - 70 ml and then to continue with the investigation as 
described under A). 

If this simple evaporation process is not possible, because it leads to 
the precipitation of salts, or if the content of calcium ions in the 
water sample is greater than 1000 mg/l, the procedure is as follows. 
Acidify between 1 and 5 litres of the water sample with hydrochloric 
acid (l ml in excess following neutralization), evaporate to about 500 ml, 
keep at the boil and treat with a sufficiently large volume of barium 
chloride solution drop by drop to precipitate the sulphate ions. After 
at least 2 hours, filter off the barium sulphate precipitate and wash 
out with water containing hydrochloric acid. Evaporate the hydrochloric 
filtrate over a water bath until a damp salt mass remains. 

When cool, triturate the damp hydrochloric salt mass five times, each 
time with 50 ml of ethanol (96 %) (glass pestle) and filter off the 
ethanol from the undissolved residue. The combined ethanol extracts 
contain all the lithium ions (since lithium chloride is soluble in 
ethanol) • If, following evaporation of the ethanol extract, a quantity 
of salt remains which it is anticipated is not soluble in 50 ml of dist. 
water repeat the extraction of this salt mass with ethanol after 
thorough moistening with hydrochloric acid. 

Dissolve the salt mass which finally remains following evaporation of 
the ethanol in 50 ml of dist. water and transfer to a 100-ml measuring 
flask. Add 1 ml of hydrochloric acid and 5 ml of buffer solution 
(caesium chloride/aluminium nitrate) and dilute to the mark with 
distilled water at 20°C. Mix thoroughly and proceed as described 
under "Sodium" ("Determination by flame photometry"). 

Calculation See under "Sodium" (3.3.2.1) 

Concentrations of lithium ions below 0.1 mg/l are rounded off to 0.01 mg/l; 
if concentrations are higher, round off to 0.1 mg/l. 

A tomic weight of lithium: 6.941 

3.3.1.2 Direct determination of lithium by means of atomic-absorption 
analysis 

Equipment parameters 

1. Hollow-cathode lithium lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 

670.8 nm 
5 mA 
1 nm 
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5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

Acetylene 
Air 
Oxidizing 
No 

1 - 5 mg/l 
0.05 mg/l 
0.2 - 5 mg/l 
10 ml hydrochloric acid (1.17 g/mJ) 
per 1000 ml sample solution 

It is advisable to add 2 ml potassium chloride solution per 50 ml solution 
for measurement. 

Potassium chloride solution: 
Dissolve 10 g potassium chloride (KCJ) in water and make up to 100 ml. 

Concentration by evaporation is possible, if concentrations are low. 

3.3.1.3 Lithium determination with the graphite tube technique 
(Furnace method) 

Equipment parameters 

1. Hollow-cathode lithium lamp 
2 Wavelength 
3 Lamp current 
4 Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. Atomization 

10. Gas stop 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Matrix modification 
Ammonium sulphate solution 
(NH 4)2S04 

Remarks 

670.8 nm 
5 mA 
0.5 nm 
No 
Argon 
25 s at 140°C 
30 s at 500°C 
3 s at 2400 °C 
Yes 

5 - 20 Ilg/1 with 10 111 sample 
0.5 Ilg/1 
Addition method 
10 ml nitric acid (1.40 g/mJ) per 
1000 ml sample solution 
10 111 1 % ammonium sulphate solution 
Dissolve 1 g (NH4)2S04 in water and 
make up to 100 ml 

Stabilize the water sample immediately after sampling with 10 ml nitric 
acid (1.40 g/mJ) per 1000 ml sample solution. 

3.3.2 Sodium 

General remarks 

The determination of sodium in water is carried out either by AAS or flame 
photometry. These methods are sensitive and fast, and yield sufficiently 
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accurate and reliable results with relatively little effort. In contrast, 
the gravimetric methods of cumulative determination of Na+ + K+ as chlorid­
es or sulphates, subsequently subtracting the separately determined potas­
sium values, are hardly used today, in particular because of the difficult 
and tedious working methods. (Handbuch der Lebensmi ttelchemie, Volume 8, 
Part 2, Springer-Verlag 1969). For ICP-AES see Section 3.3.12. 

3.3.2.1 Flame photometry 

Alkali compounds possess the capability to colour a flame by the emission 
of light rays as they are vaporized in the flame. Each element emits a 
characteristic spectrum. Over a certain period of time a constant supply of 
the sample solution is sprayed into the flame, which must burn evenly and 
non-luminously. The 589 nm spectral line characteristic of sodium is separat­
ed out of the light emitted in this way with the aid of a filter, grating 
or prism, and its intensity is measured with a photometer. 

The use of a buffer solution containing caesium chloride as a spectroscopic 
buffer and aluminium nitrate as a physical buffer largely eliminates the 
potential interferences otherwise caused by alkali metals in flame photo­
metry. Since it is easily ionizable, the caesium chloride has the effect of 
almost totally suppressing the ionization of the K, Na and Li atoms which 
are also present and exert a mutual influence on excitation. To this must 
be added the spectroscopic buffer action of caesium which has a smoothing 
effect on operational fluctuations of the burner. 

The interfering effect of cross sensitivity which occurs in the presence of 
alkaline earths, particularly calcium, can be suppressed by adding alumi­
nium nitrate. Sparingly volatile alkaline-earth-aluminium compounds are 
formed which no longer influence the intensity of sodium emission. (See 
Chapter 2, Flame Emission). 

Depending on the quality of the instrument available, sodium can be 
determined at concentrations of < 0.1 up to > 100 mg/J. In addition to 
parallel determinations and three to five readings per individual determi­
nation so as to compensate for fluctuations in the readings of the instru­
ment display, the possibility of further interference and the ubiquitous­
ness of sodium make it necessary to carry out a blank test, the result of 
which should be taken into account in the evaluation. 

Equipment 

Flame photometer with appropriate filter or with monochromator 

Pre-chamber atomizer or burner for direct atomization 

Air-acetylene or air-propane with pre-chamber atomizer 

Hydrogen-air or hydrogen-oxygen with direct atomization 

Buffer solution: 
Dissolve 50 g reagent-purity 
purity aluminium nitrate (AI 
1 litre. 

chloride (CsC!) and 250 g reagent-
9 H20) in redistilled water to 

Alkali standard solution (for the simultaneous determination of Li+ , Na+ 
and K+): 

Dissolve 0.6109 g lithium chloride, 0.2542 g sodium chloride and 0.1907 g 
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potassium chloride (all spectrographically pure) in a I-litre measuring 
flask with redistilled water, add 100 ml reagent-purity conc. hydro­
chloric acid and make up to the I-litre mark. This solution contains 100 mg 
each of sodium, potassium and lithium ions per litre. 

Alkali guide solution (10 mg each of Li+, Na+, K+ as well as 5 g CsCI and 
25 g aluminium nitrate in 1 litre): 

Mix 100 ml alkali standard solution with 100 ml buffer solution in a 
l-litre measuring flask and dilute to the mark with redistilled water at 
20°C. It is advisable to prepare 2 alkali guide solutions in parallel so 
as to recognise dilution errors. These alkali guide solutions are used 
separately to set the 100 point of the instrument, whereas redistilled 
water is used for the zero point. 

Hydrochloric acid, reagent purity (1.19 g/ml) 

Calibration 

In order to record the calibration curve, use calibrated pipettes to trans­
fer volumes of alkali standard solution between 1.00 and 10.00 ml into 
100-ml measuring flasks. Add 1 ml of reagent-purity hydrochloric acid 
(exact measurement of the acid is not especially critical) and 5 ml of 
buffer solution, fill to the mark with redistilled water and mix well. The 
calibration solutions may contain for example 0.1, 0.5, 1, 2, 5 and 10 mg/l 
each of lithium, sodium and potassium and 50 ml buffer solution per litre. 
It is advisable to check the calibration curve against a second dilution 
series using alkali standard solution prepared separately and also setting 
the zero and hundred points separately. 

In both calibration series it may be necessary to compensate for the flame 
background. Carry out all individual measurements and each setting of the 
instruments 3 to 5 times and use the average values as the readings for 
plotting the calibration curve. 

Determination 

Establish the approximate content of sodium ions in the water sample in a 
preliminary test. Then select the volume of water sample for the actual 
determination, or the dilution or concentration, as the case may be, such 
that ideally 0.1 to 10 mg/l sodium ions is present for determination. Treat 
these volumes with 1 ml of analytical grade hydrochloric acid. Add 50 ml of 
buffer solution by pipette, make up to 1 litre with redistilled water at 20°C 
and mix well. It is of course possible to proceed analogously to 100 ml using 
proportionally smaller quantities. It is advisable to take further volumes 
of the water sample separately in the same way (at least five, preferably 
10) and carry out determination in measurement series. Correspondingly, 
carry out a blank test with reagent-purity hydrochloric acid and buffer 
solution, likewise diluted with redistilled water. 

Set the 100 point at 589 nm with the aid of the alkali guide solutions. 
Check the zero point with redistilled water and compensate for the flame 
background. It is advisable to carry out the setting of the hundred point, 
the compensation of the flame background, the calibration and the measure­
ment of the solutions under investigation several times. This is the only 
way of compensating for unavoidable instrument fluctuations and also 
reading inaccuracies. 
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Calculation 

Take the average value of the individual measurements, deduct the blank 
reading and read off the content of sodium ions in the sample from the 
calibration curve. 

The content G in mg/I is given by the formula 

a • 1000 

b 
G (mg Na+/l) 

a reading from the calibration curve, Na+ content in mg 
b volume of the analyzed water sample in ml 

Round off contents up to 100 mg/I to 0.1 mg/l, and higher contents to 
1 mg/l. 

Atomic weight of sodium: 22.9898 

3.3.2.2 Direct determination of sodium by means of atomic-absorption 
analysis 

Equipment parameters 

1. Hollow-cathode sodium lamp 
2. Wavelength 
3. Lamp current 
If.. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 

589.0 nm 
5 mA 
0.5 nm 
Acetylene 
Air 
Oxidizing 
No 

0.2 - 1 mg/l 
0.05 mg/l 
0.1 - 1 mg/l 

Acid concentration 10 ml hydrochloric acid (1.17 g/m!) 
per 1000 ml sample solution 

Remarks 

Add 2 ml caesium chloride - aluminium nitrate solution per 50 ml sample 
solution to reduce interference. 

Caesium chloride - aluminium nitrate solution: 
Dissolve 50 g caesium chloride (CsC!) and 250 
(AI(N03)3 • 9H20) in water, add 10 ml hydrochloric 
make up to 1 litre with water. 

g aluminium nitrate 
acid (1.17 g/ m!) and 

Concentration by evaporation is possible if concentrations are low. 

3.3.2.3 ICP-AES (see Section 3.3.12) 
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3.3.3 Potassium 

General remarks 

When determining the radioactivity of water samples the quantitative 
determination of the concentration of potassium ions is important since the 
natural isotopic mixture of potassium contains the radioisotope 
potassium-itO, which is a natural B- -emitter and also emits gamma rays. 
(The proportion of potassium-ItO in the natural potassium isotopic mixture 
is constant at 0.0119 %). 

The determination of potassium ions in water is carried out by AAS (method 
3.3.3.2) or by flame photometry (method 3.3.3.1). (See Sodium, Section 
3.3.2). For ICP-AES (method 3.3.3.3) see Section 3.3.12. 

The gravimetric methods of analysis with perchlorate or tetraphenyl boro­
sodium, frequently used in the past, are rarely used today. 

3.3.3.1 Determination by flame photometry 

The instructions given in the section on sodium determination by flame 
photometry 0.3.2.1) should be applied analogously. 

Wherever "sodium ions" are mentioned, the term must of course be replaced 
by "potassium ions". Measurement and calibration is carried out at the 
wavelength of potassium, namely 768 nm. 

Since the concentrations of potassium ions are generally lower than those 
of sodium ions, and since the calibration curve approaches an ideal 
straight line, the results are more accurate than those of sodium determi­
nation. For this reason, twin determination from two different measured 
volumes is sufficient. 

Atomic weight of potassium: 39.102 

3.3.3.2 Direct determination of potassium by means of atomic-absorption 
analysis 

Equipment parameters 

1. Hollow-cathode potassium lamp 
2. Wavelength 
3. Lamp current 
It. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

766.5 nm 
5 rnA 
1 nm 
Acetylene 
Air 
Oxidizing 
No 

0.2 - 1 mg/l 
0.05 mg/l 
0.1 - 1 mg/l 
10 ml hydrochloric acid (1.17 g/mO 
per 1000 ml sample solution 
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Remarks 

Add 2 ml caesium chloride - aluminium nitrate solution per 50 ml sample 
solution to reduce interference. 

Caesium chloride - aluminium nitrate solution: 
Dissolve 50 g caesium chloride (CsC!) and 250 g aluminium nitrate 
(AI( N03) 3 . 9H20) in water, add 10 ml hydrochloric acid (1.17 g/m!) and 
make up to 1 litre with water. 

Concentration by evaporation is possible if concentrations are low. 

3.3.3.3 ICP-AES (see Section 3.3.12) 

3.3.4 Rubidium and caesium 

General remarks 

In natural waters rubidium and caesium ions occur at the most in traces. 
Either flame photometry (method 3.3.4.0 or AAS (method 3.3.4.2) following 
concentration by coprecipitation with potassium as tetraphenylborate is 
recommended for the quantitative determination of rubidium and caesium ions 
in water or for their semi-quantitative estimation (in the case of caesium, 
AAS-method 3.3.4.4 and method with concentration 3.3.4.5). 

Potassium, rubidium and caesium ions together with tetraphenylborate ions 
form a precipitate which does not dissolve readily in water. According to 
W. Geilmann and W. Gebauhr the solubility products are: 

K: 2.25 
Rb: 2.0 
Cs: 8.4 

10-8 
10-9 
10- 10 

For concentration, the rubidium and caesium ions are precipitated in the 
form of tetraphenylborates together with potassium ions, which serve as 
carriers. The lower solubility of the rubidium and caesium tetraphenyl­
borates (see the solubility products) compared with the potassium salt 
means that under the selected precipitation conditions the rubidium and 
caesium yields are virtually quantitative. 

3.3.4.1 Determination by flame photometry 

The precipitate is dissolved in acetone and used for determination by flame 
photometry (see also detection by atomic absorption, Section 3.3.4.2). The 
tetraphenylborate anion does not interfere with flame emission (I. Rubeska). 

A reference solution is used to compensate for the influence of the potas­
sium. It consists of a precipitate of a quantity of potassium, prepared in 
the same way, corresponding to the content of potassium ions in the quanti­
ty of water used for the rubidium and caesium determination. This generally 
entails no particular difficulty since a determination of potassium 
precedes the determination of Rb and Cs in the course of w,ater analysis. 
Experience shows that the potassium content in water hardly ever exceeds 
300 mg/l. Consequently, the method has been adapted to a constant potassium 
content of 200 mg/I, which may be achieved by adding potassium chloride if 
the content of the natural water sample is lower. 
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Calibration is carried out with solutions of equal potassium content (200 
mg/l) , adding known quantities of rubidium and caesium. Following the 
instructions of the instrument manufacturer the hundred point of the flame 
photometer is set using the potassium solution containing the maximum 
concentrations of rubidium and caesium. Pure acetone is taken to set the 
zero point. As a result of the potassium content of the calibration 
solutions, the calibration curves do not pass through the origin of the 
coordinates. Instead, they begin at a value corresponding to the emission 
of the line K 768.2 nm at the wavelengths of Rb 795 nm and Cs 852 nm 
respectively (I. Rubeska). 

The calibration curves for rubidium and caesium prepared according to this 
method display a relatively marked curvature. For this reason, following 
the first determination and using the Rb and Cs values obtained as a basis, 
the determination should be repeated with two new volumes of the sample, 
and so on. Using the pincer method the final values obtained are then 
considerably more reliable. 

The considerable influence of the potassium content on rubidium and caesium 
emission is not eliminated in the method described, (the calibration curves 
do not pass through the zero point), but since it is kept at a constant 
level in all preparations it has little interfering effect. 

Interferences occur if the acetone used for the solution contains more than 
1 % water. A water content greater than 1 % has the effect of overvaluing 
rubidium readings and undervaluing caesium readings. 

If the Rb : Cs ratio does not exceed 1 : 5 or 5 : 1 the everpresent mutual 
influence of the two elements on each other can be ignored. Outside these 
limits separate calibration solutions should be used for rubidium and 
caesium, but in all other respects the directions given remain the same. 

It should be noted that when spraying acetone solutions only direct 
atomizers can be used without danger. During measurement, keeping the 
operating speed as constant as possible is the only way of excluding the 
influence of varying quantities of evaporating acetone. 

Equipment 

F lame spectrometer 

Burner for direct atomization 

Fuel gas: hydrogen 

Oxidation gas: oxygen 

Glass filter crucible 

Rubidium chloride, reagent purity, or preferably spectrally pure 

Caesium chloride, reagent purity, or preferably spectrally pure 

Potassium chloride, reagent-purity, or preferably spectrally pure 

Sodium tetraphenylborate solution, 0.1 m: 
Dissolve 3.4 g reagent purity sodium tetraphenylborate, NaB( C6H 5) 4, in 
100 ml of dist. water. In order to clarify the slightly turbid solution 
treat with 0.5 g reagent-purity alkali-free aluminium hydroxide, and 
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shake thoroughly. Leave to stand for 10 minutes, filter through a quanti­
tative filter and use the clear filtrate. 

Wash solution: 
Dilute the O.I-m sodium tetraphenylborate solution with dist. water 1 + 20 
and acidify with acetic acid to pH 4 - 5. 

Acetone, reagent-purity, maximum water content 1 %. 

Rb+ /Cs+ standard solution: 
Dissolve 1. 4148 g of RbCI + 1. 2668 g of CsCI in redistilled water, add 
one drop of reagent purity conc. hydrochloric acid, and make up to 
1 litre at 20°C (corresponds to 1 mg/ml each of Rb+ and Cs+). 

Dilute Rb+ /Cs+ standard solution: 
Dilute the standard solution in the ratio 1 : 10 with redistilled water 
(corresponds to 0.1 mg/ml each of Rb+ and Cs+). 

Method 

Calibration 

In each of six 500-ml beakers dissolve 381 mg of potassium chloride in 100 ml 
of dist. water, such that 200 mg of potassium ions are contained in each 
solution. In ascending order, add 2.0 ml, 5.0 ml, 10.0 ml, 20.0 ml and 40.0 ml 
of the dilute Rb+ /Cs+ standard solution (corresponding to 0.2 mg, 0.5 mg, 
1.0 mg, 2.0 mg and 4.0 mg of rubidium and caesium ions) to five of these 
solutions. The sixth solution, without any Rb/Cs added, serves to determine 
the pure potassium calibration point (which marks the intersection of the 
calibration curve with the ordinate). 

Acidify all six solutions with acetic acid to pH 4 - 5, heat to about 40 -
50°C and stir in 75 ml of the sodium tetraphenylborate solution to each 
solution. Leave to stand for 10 minutes and filter by suction through a 
glass filter crucible. Carefully and quantitatively wash out the precipi­
tates in the beakers into the filter crucible with the wash solution. A 
maximum of 100 ml of the wash solution may be used per precipitation for 
rmsmg the beakers and washing out the precipitates into the filter 
crucibles (danger of Rb and Cs losses). 

Dry the glass filter crucibles with the precIpItates at 120°C for 1 hour. 
The following procedure has proved effective for the subsequent solution of 
the precipitates in acetone. First mechanically remove the bulk of the dry 
precipitates from the filter crucibles with the aid of a spatula and trans­
fer it carefully to 100-ml measuring flasks via small dry funnels. Dissolve 
the small amounts of precipitate remaining in the filter crucibles with 
acetone and transfer the acetone solutions through the funnels to the 
appropriate measuring flasks. Make up to the mark with acetone at 20°C. 

During subsequent flame spectrometry, first carry out the correction of the 
background and the setting of the zero point with pure acetone. The hundred 
point is set using the solution containing 4 mg each of Rb+ and Cs+ in 
addition to 200 mg of K+. Finally take the measurements for the other 
calibration solutions and the pure potassium solution. 

Measurement of the rubidium content is made at 795 nm. Subsequently take 
the same solutions in the same way for measurement of the caesium content 
at 852 nm. Repeat each measurement, including compensation of the back­
ground and setting the hundred point, at least four times. Take the average 
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value as the reading. 

Determina tion 

Measure a quantity of the sample containing exactly 200 mg of K+ on the 
basis of the potassium content of the sample previously determined by flame 
photometry. If the potassium content of the water is so low that 10 litres 
of water contain less than 200 mg of K+, measure off 10 litres of the water 
sample with known potassium content and add the missing proportion of 
potassium ions to make up to 200 mg of K+ by adding an appropriate weighed 
quantity of potassium chloride. 

Acidify the sample with acetic acid to pH 4 - 5 and reduce the volume of 
the sample, which varies according to the original potassium content, to 
about 200 ml by evaporation. When the solution has been brought to a 
temperature of 40 - 50 °C, stir in 75 ml of sodium tetraphenylborate solution 
and after 10 minutes filter the precipitate by suction (glass filter 
crucible) • 

Continue the further treatment of the sample according to the directions 
described for calibration solutions under "Calibration". Measurement of 
the rubidium content is made at 795 nm, and measurement of the caesium 
content at 852 nm. 

In order to obtain more reliable figures, the first determination of the 
content of rubidium and caesium ions should be followed by a second measure­
ment of the water sample using the same procedure. In order to apply the 
pincer method two new calibration solutions are prepared at the same time, 
in which the concentrations of rubidium and caesium are about O. 1 - 0.3 mg 
above and below the measured value of the first analyzed sample respective­
ly. This second determination makes more precise approximation possible. 

Calculation 

Refer to the section on "Sodium". 

A tomic weight of rubidium: 85.4678 
A tomic weight of caesium: 132.9055 

3.3.4.2 Determination of rubidium and caesium in water samples by means of 
AAS 

Principle 

The elements rubidium and caesium are precipitated with sodium tetraphenyl­
borate solution together with potassium, dissolved in a mixture of organic 
solvents (acetone and methyl isobutyl ketone) and subsequently determined 
by means of atomic absorption flame analysis. 

Equipment 

Apparatus for atomic absorption flame analysis 

Reagents 

Acetone 

Methyl isobutyl ketone 
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Potassium-chloride solution (20 mg/l potassium) 

4.5 % sodium tetraphenylborate solution 

Glass fibre filters made of borosilicate glass, substance weight approxi­
mately 70 g/m2, diameter: 5 cm, fibre diameter: 0.5 - 1.5 [.1m, pore size: 
0.3 - 1 [.1m 

Method 

Depending on the rubidium and caesium content to be expected, up to 1 litre 
of the water sample acidified with hydrochloric acid is concentrated to 
approximately 200 ml by evaporation. After cooling, the total concentration 
of potassium in the samples is raised to some 50 mg by means of the potas­
sium solution. The sample to be analyzed is subsequently heated to 40 - 50 °C, 
20 ml of a 4.5 % sodium tetraphenylborate solution added and stirred, and 
rubidium and caesium precipitated jointly with potassium. 

The precipitate is isolated on a glass fibre filter, washed out with distil­
led water, subsequently released from the glass fibre filter with 10 ml 
acetone, and raised to a volume of 50 ml with 40 ml methyl isobutyl ketone. 
A blank reading and calibrating solution, each containing between 10 and 
200 [.Ig rubidium and caesium, are treated in the same way. 

Final determination is by means of atomic absorption flame analysis. 

Wavelength for rubidium 780.0 nm, for caesium 852.1 nm. 

See also Sections 3.3.4.3 and 3.3.4.5 

3.3.4.3 Direct determination of rubidium by means of atomic-absorption 
analysis 

Equipment parameters 

1. Hollow-cathode rubidium lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

780.0 nm 
5 mA 
0.2 nm 
Acetylene 
Air 
Oxidizing 
No 

1 - 5 mg/l 
0.1 mg/l 
0.2 - 5 mg/l 
10 ml hydrochloric acid (1.17 g/m!) 
per 1000 ml sample solution 

It is advisable to add 2 ml potassium chloride solution per 50 ml sample 
solution. 

Potassium chloride solution (KCl): 
Dissolve 10 g potassium chloride (KC!) in water and make up to 100 mI. 
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Concentration by evaporation is possible if concentrations are low. 

It may prove advantageous to perform concentration by coprecipitation with po­
tassium as a sparingly soluble tetraphenylborate compound. 

3.3.4.4 Direct determination of caesium by means of atomic-absorption 
analysis 

Equipment parameters 

1. Hollow-cathode caesium lamp 
2. Wavelength 
3. Lamp current strength 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

852.1 nm 
10 mA 
1.0 nm 
Acetylene 
Air 
Oxidizing 
No 

1 - 5 mg/l 
0.1 mg/l 
0.2 - 5 mg/l 
10 ml hydrochloric acid 0.17 g/ml) 
per 1000 ml solution for measurement 

It is advisable to add 2 ml of potassium chloride solution per 50 ml of 
solution for measurement. 

Potassium chloride solution: 
Dissolve 10 g potassium chloride (KCn in water and make up to 100 ml. 

It may prove advantageous to coprecipitate Cs+ together with K+ and Rb+, 
using sodium tetraphenylborate (see Section 3.3.4.5). 

3.3.4.5 Basis of the method of concentration 

Using sodium tetraphenylborate solution, 
with rubidium and potassium, separated 
acetone and methyl isobutyl ketone and 
analysis. 

Reagents 

caesium is precipitated together 
off, dissolved in a mixture of 
determined by atomic absorption 

Hydrochloric acid (1.17 g/ml) 

Potassium chloride solution: 
Dissolve 4 g potassium chloride (KCD in water and make up to 100 mi. 

Sodium tetraphenyl borate solution: 
Dissolve 45 g sodium tetraphenyl borate Na(B(C6H 5)4) in water and make up 
to 1000 mi. 

Methyl isobutyl ketone (MIBK) 

Acetone 
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Glass-fibre filter of borosilicate glass without binding agent, 5 cm 
diameter, pore size 0.3 - 1 [lm. 

Porcelain suction filter or glass filtration device with glass filter plate 
and removable top part (the filter is held between glass plate and top part 
by spring pressure). 

Procedure 

Acidify the necessary quantity of water with hydrochloric acid (5 ml HCl 
(1.17 g/mD per 1000 ml of water sample) and concentrate to 150 - 200 ml 
by evaporation. 

If necessary, add potassium chloride solution to bring potassium content 
to 50 mg. 

Heat to 50°C and treat with 20 ml sodium tetraphenyl borate solution. 

Leave to stand for about 30 minutes. 

Use filtration unit to isolate the precipitate on a glass-fibre filter. 

Dissolve the isolated precipitate in a mixture of four parts by volume of 
MIBK and one part by volume of acetone and dilute with this mixture to a 
defined volume. 

Treat calibration solutions and blank tests in the same way as samples for 
investigation. 

Final determination by means of atomic-absorption analysis. 

Equipment parameters as for direct determination. 

3.3.5 Ammonium (ammonia) 

General remarks 

Ammonium ions may occur naturally in so-called reduced subterranean waters 
but may on the other hand need to be evaluated as an indication of second­
ary influencing of the water. A decision - either natural and harmless or 
secondary and dubious - can only be made if a number of factors are taken 
into account (geological conditions, overall analysis, redox potential, 
presence of· Fe2+. C02. H2S, biological parameters etc). 

In the methods of determination commonly used in water analysis it is the 
sum of ammonium ions and free ammonia that is determined. The ratio of the 
two components is dependent on the pH and temperature of the water and also 
on its salt content. If details of individual concentrations are required, 
they may be estimated on the basis of the following curve published by H. 
Woker (Int. Verh. Limnol. 10 575 (l9~8». 

3.3.5.1 Photometric determination of NH~+ as indophenol 

General remarks 

In the presence of a catalyst, ammonium ions react with substances contain­
ing phenol by means of an oxidizing agent, forming a blue-coloured indophenol 
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Fig. 99. Proportion of free ammonia in the total of ammonium ions and 
ammonia as a function of temperature and pH according to Woker. (Values 
refer to an ionic concentration of 0.01 mol/I, corresponding to a salt 
content of approx. 500 mg/l). 

compound. The sodium salt of dichloroisocyanuric acid serves as the oxid­
izing agent and sodium salicylate as the phenolic component. The reaction 
is catalyzed by disodium pentacyanonitrosylferrate (sodium nitroprusside). 

For the taking and conservation of water samples see Chapter 1. 

Equipment 

Photometer 

Cuvettes, path length 10 to 50 mm 

Citrate solution: 
20 % trisodium citrate . 2 H20, reagent purity and 2 % .sodium hydroxide, 
reagent purity. 

Disodium pentacyanonitrosylferrate-sodium salicylate solution: 
0.2 g of Na2 (Fe(CN)5NO) . 2 H20 (0.2 %) and 17 g of reagent purity 
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sodium salicylate (17 %) in dist. water. The solution will keep for a 
limited period only. 

Dichloroisocyanur ic solution: 
0.58 % (sodium salt of dichloroisocyanuric acid, C3N3CI2Na03). The 
solution must be freshly prepared daily. 

Oxidation reagent: 
Mix 100 ml of citrate solution and 25 ml of dichloroisocyanuric solution 
before use. 

Ammonium stock solution: 
Dissolve 2.9655 g of reagent-purity ammonium chloride (dried in a 
desiccator over silica gel) in ammonium-free dist. water and make up to 
1 litre (l ml = 1 mg of NH4+) 

Ammonium reference solution I: 
Before use, dilute 100 ml of the ammonium stock solution to 1000 ml with 
ammonium-free dist. water (l ml = 0.1 mg of NH4+) 

Ammonium reference solution II: 
Before use, dilute 100 ml of ammonium reference solution I to 1000 ml 
with ammonium-free water (l ml = 0.01 mg of NH4+). 

Preparation of ammonium-free water: 
Distill 1 litre of dist. water after adding 3 ml of alkaline potassium 
permanganate solution (dissolve 10 g of potassium permanganate and 50 g 
of NaOH to 1 litre in dist. water) and discard the first 200 ml of the 
distillate. 

Alternatively, pass distilled water through a strongly acid cation-
exchanger column (H+-type) 

Method 

Calibration 

Measure into 100-ml beakers 0 - 0.10 - 0.20 - 0.40 - 1.0 - 2.0 - 4.0 - 8.0 
•..... 20.0 ml of freshly prepared ammonium reference solution II with 0 -
0.001 - 0.002 - 0.004 - 0.01 - 0.02 - 0.04 - 0.08 ....... 0.2 mg of NH4+, 
make up to 50 ml (mark beaker appropriately) with ammonium-free dist. water 
and continue treatment as below. If need be, the range of the calibration 
curve can be changed by preparing another dilution series accordingly. 

Determination 

Treat 50 ml of the water sample and the calibration samples one after the 
other with 2 ml of the disodium pentacyanonitrosylferrate/sodium salicylate 
solution and 2 ml of oxidation reagent. Mix thoroughly after each addition. 

After 90 minutes reaction time at room temperature in NH 3-free atmosphere 
measure the solution photometrically at a wavelength of 690 nm in cuvettes 
of appropriate path length. 

Perform a blank test in the same way, using 50 ml of ammonium-free dist. 
water instead of the water sample. 
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Calculation 

Take the average value of several individual measurements, deduct the blank 
reading, read off the content of ammonium ions from the calibration curve 
and recalculate for 1 litre of water. 

For concentrations up to 0.50 mg/l NH4+ round off the figures to 0.01 mg/l, 
and for concentrations above 0.5 mg/l NH4+ round off to 0.02 mg/l. 

3.3.5.2 Acidimetric determination of NH4+ or NH3 after distillation 

General remarks 

Ammonium ions and dissolved ammonia are distilled off with water vapour as 
NH 3 at pH 7.4 and collected in a receiver containing boric acid. The 
primary ammonium salt of boric acid thus formed undergoes hydrolysis until 
equilibrium is established according to 

with the result that titration can be carried out directly with sulphuric 
acid. 

It is also possible to collect the NH 3 in a known quantity of sulphuric 
acid and back-titrate the excess acid with NaOH standard solution. In both 
cases an acid/base titration is carried out. The boric-acid method offers 
the advantage that only the factor of the sulphuric acid is required, 
whereas in the case of back-titration of the excess sulphuric acid it is 
also necessary to determine the factor of the sodium hydroxide solution. 

Note: 

Laboratory air etc., chemicals and the water used to produce the water 
vapour must be ammonium-free. If precipitates appear after the addition of 
phosphate buffer solution, e.g. in the case of calcium concentrations 
greater than 250 mg/l, the quantity of buffer per 100 ml of water must be 
doubled, the pH value subsequently checked and if necessary adjusted to pH 
7.4 with H2S04 or NaOH. 

In order to remove free chlorine, add 1 ml of sodium thiosulphate solution 
per mg of chlorine before distillation. 

Urea and other acid amides cause interference by splitting off ammonia 
during distillation from solutions which are too strongly alkaline. Distil­
lation is carried out at pH 7.4 in order to minimize this error. Neverthe­
less, strict separation of inorganic and organic nitrogen compounds is not 
possible since the splitting off of NH3 from amines cannot be completely 
avoided. 

The method is suitable for the investigation of waters with more than 5 mg 
of NH4+/l, or of heavily polluted waters such as waste waters, refuse 
seepage waters and so on, and of waters in which accompanying substances 
prevent direct photometric determination. Determination of the ammonium 
ions in the distillate can be carried out by photometry according to 
3.3.5.1 if the concentration range of 2 mg/l NH4+ is not exceeded. If the 
concentrations are higher, the ammonium in the distillate should be 
determined by acid/base titration. 
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Equipment 

Distillation apparatus with receiver; volume of the distillation flask 
approx. 500 ml 

Phosphate buffer solution, pH 7.4: 
Dissolve 14.3 g of reagent-purity KH2P04 and 68.8 g of reagent purity 
K2HP04 in ammonium-free water and make up to 1 litre. 

Boric acid solution: 
Dissolve 40 g of reagent-purity H3B03 in ammonium-free water and make up 
to 1 litre (l ml absorbs about 2 mg of NH4+) 

Sulphuric acid, 0.025 m 

Methyl red solution: 
Dissolve 0.1 g methyl red (sodium salt) in 100 ml of 96 % ethanol 

Sodium thiosulphate solution: 
Before use, dissolve 0.1 g of reagent-purity Na2S203 . 5 H20 in ammonium­
free water and make up to 100 ml (l ml corresponds to about 1 mg of 
chlorine) 

Preparation of ammonium-free water: see under 3.3.5.1 

Ammonium stock and reference solutions: see under 3.3.5.1 

Procedure 

Depending on the ammonium concentration of the water, transfer up to 200 ml 
of sample water with a maximum of 20 mg of NH4+ to the distillation flask. 
If necessary pretreat the water (e.g. with sodium thiosulphate solution). 
If the volume is smaller, dilute to about 200 ml with ammonium-free water. 

Treat the sample with 20 ml of phosphate buffer solution. If a precipitate 
forms (calcium phosphates), treat the sample with a further 20 ml of 
phosphate buffer solution and then set to pH 7.4 with H2S04 or NaOH. 

With water cooling distill at least 100 ml into the receiver containing 
50 ml of boric acid solution. Care should be taken that the tip of the 
condenser is immersed in the solution. After completion of the distil­
lation, rinse the tip of the condenser with distilled water. 

The residue in the distillation flask may be used to determine the organi­
cally bonded nitrogen. 

Carry out a blank test treating 200 ml of ammonium-free water instead of 
sample water in the same way. 

A) Photometric determination 

Transfer the distillate to 
mark with ammonium-free 
according to the method 
nation as indophenol". 

a 200-ml measuring flask and make up to the 
water. Analyze aliquot parts of this solution 
described under 3.3.5.1 "Photometric determi-
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Calculation 

As described in Section 3.3.5.1 

B) Titration 

Treat the distillate with five drops of methyl red solution and titrate 
with 0.025 m H2S04 from yellow to red. Boil up the solution briefly so as 
to expel C02, cool off to room temperature and titrate again to the same 
colour. 

The corresponding distillate of the blank test serves as the control 
sample. 

Calculation for titration method (B) 

1 ml of 0.025 m H2S04 corresponds to 0.902 mg of NH4+' 

The content of ammonium ions in the water sample is therefore calculated 
according to the formula 

(a - b) . F . 902 
V = G 

a = Consumption of 0.025 m H2S04 in ml for the distillate of the sample 
b = Consumption of 0.025 H2S04 in ml for the distillate of the blank test 
F = Factor of the 0.025 m H2S04 
V = Undiluted volume of sample used for distillation, in ml 
G = Content of ammonium ions in the water sample, in mg/l 

Round off the results to 0.1 mg/l NH4+. 

Conversion factors 

mg NH4+ mg NH3 mg N 

mg NH4+ corresponds to 1 0.94 0.78 
mg NH3 corresponds to 1.06 1 0.82 
mg N corresponds to 1.29 1.22 1 
IJmol N corresponds to 0.018 0.017 0.014 

3.3.6 Magnesium 

General remarks 

3.3.6.1 AAS with flame 

IJmol N 

55.44 
58.72 
71.39 

1 

The determination of magnesium by atomic-absorption spectrometry is 
described schematically in method 0). Determination is carried out by 
direct atomization of the aqueous sample solution doped with lanthanum ions 
in a laughing gas-acetylene flame. 

3.3.6.2 Complexometric (chelatometric) analysis 

Calcium and 
chelatometric 

magnesium 
titration, 

ions 
with 

are determined side by side in a solution by 
for example voltammetric end-point indica-
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tion. First the sum of Ca2+ + Mg2+ is determined with Na2EDT A, and then in 
a second aliquot Ca2+ alone is determined with Na2EGTA. The magnesium 
content is calculated from the difference (see 3.3.7 Calcium, and 3. 1 
Hardness) • 

3.3.6.3. ICP-AES (see 3.3.12) 

3.3.6.1 Direct determination of magnesium by means of atomic-absorption 
analysis 

Equipment parameters 

1. Hollow-cathode magnesium lamp 
2. Wavelength 
3. Lamp current 
It. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

285.2 nm 
3.5 mA 
0.5 nm 
Acetylene 
Laughing gas 
Reducing 
Yes 

0.5 - 2 mg/l 
0.05 mg/l 
0.2 - 2 mg/l 
10 ml hydrochloric acid (1.17 g/mO 
per 1000 ml solution for 
measurement 

Add 5 ml lanthanum nitrate solution per 50 ml solution for measurement to 
reduce matrix disturbances. 

Lanthanum nitrate solution: 
Dissolve 50 g lanthanum nitrate (La(N03)3 • 6 H20) in water and make up to 
1000 mI. 

Concentration by evaporation is possible. 

3.3.6.2 Complexometric analysis (see Calcium, Section 3.3.7) 

3.3.6.3 ICP-AES (see Section 3.3.12) 

3.3.7 Calcium 

General remarks 

3.3.7.1 AAS 

The method of atomic-absorption spectrophotometry described involves 
atomization in a laughing gas/acetylene flame and measurement at 422 nm 
(see method outline of 3.3.7. 1 ) . 
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3.3.7.2 Complexometric (chelatometric) determination 

Calcium ions are determined together with magnesium ions in a solution by 
chelatometric titration, with for example voltammetric indication. For this 
puryose, first the sum (Ca2+ + Mg2+) is titrated with Na2EDT A, and then 
Ca + is titrated alone with Na2EGT A under working conditions in which Mg2+ 
is not determined. The Mg2+ content is given by the difference. 

3.3.7.3 ICP-AES (see Section 3.3.12) 

3.3.7.1 Direct determination of calcium by means of atomic-absorption 
analysis 

Equipment parameters 

1. Hollow-cathode calcium lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

422.7 nm 
3.5 mA 
0.5 nm 
Acetylene 
Laughing gas 
Reducing 
Yes 

0.5 - 2 mg/l 
0.05 mg/l 
0.2 - 2 mg/l 
10 ml hydrochloric acid per 
1000 ml solution for measurement 

Add 5 ml lanthanum nitrate solution per 50 ml solution for measurement to 
reduce matrix disturbances. 

Lanthanum nitrate solution: 
Dissolve 50 g lanthanum nitrate (La( N03) 3 . 6 H20) in water and make up 
to 1000 ml 

Concentration by evaporation is possible. 

3.3.7.2 Chelatometic determination of calcium ions and magnesium ions 
( Fresenius, Schneider, Thielecke) 

General remarks 

Volumetric analysis with Na2EGTA (Ca2+) and Na2EDTA (Ca2+ + Mg2+) by 
electrometr ic (voltammetr ic) indication. 

Calcium ions are complexed by (Na2-EGTA) at pH 10.5 (triethanolamine/ 
ethanolamine) as the calcium chelate is formed, and the sum of calcium and 
magnesium ions is complexed by (Na2-EDTA) as analogue chelates are formed. 

Since the complex-formation constants of the metal chelates of calcium, 
strontium and barium are so different in comparison with magnesium, titra-
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tion can be carried out without previously separating off the magnesium. 
End-point indication is based on the anodic oxidation of the mercury at an 
amalgamated silver electrode. The presence of ethanolamine promotes the 
oxidation. 

Until the end-point is reached, the electrode reaction 

Hg + Hy3- ___ Hgy2- + H+ + 2 e 

is largely inhibited. As soon as the complexing solution starts to be in 
excess, the anodic dissociation of the mercury by depolarization begins. 

The method can be applied to any waters whose interference ions can be 
masked by the addition of citrate/tartrate solution and triethanolamine 
solution, such as iron, manganese, copper and aluminium. Notable concen­
trations of other heavy-metal ions must be separated off beforehand. 

Barium and strontium ions are titrated with EGT A and EDT A together with 
calcium, or calcium and magnesium. The magnesium value is obtained by 
taking the difference between the results of the two titrations. When 
determining calcium, strontium must be determined separately, e.g. by flame 
spectrometry, and deducted from the calcium value after conversion. 

Equipment 

Device for carrying out voltammetric titrations with adjustable current 
strength. 

Titration stand, in which the motor-ram burette is synchronized with the 
measuring device and recording instrument, permitting the potential curve 
to be plotted during titration. 

Silver rod electrode 

Graphite electrode 

Amalgamation of the silver rod electrode: 
After degreasing, dip the electrode into nitric acid (l : 1; v/v) for a 
few seconds, rinse thoroughly with dist. water, dry with filter paper and 
immerse approx. 5 cm into a thick-walled tube filled with reagent-purity 
mercury for a few minutes. When the silver rod is taken out, a drop of 
mercury forms at its lower end which should be removed by knocking brief­
ly against the inner wall of the test tube. 

EGT A solution, 0.1 m: 
Gently heat 38.035 g of ethylene glycol-bis-(2-aminoethyl) N,N,N' ,N'­
tetraacetic acid in 100 ml of 1 m sodium hydroxide solution; when cool, 
add dist. water and make up to 1 litre in the measuring flask. 

EGTA solution, 0.01 m: 
Prepare by diluting 0.1 m EGTA solution by a factor of 10. 

EDT A solution, 0.1 m: 
Dissolve 37.225 g of the disodium salt of ethylendinitrilotetraacetic 
acid· H20 (Dinatriumdihydrogenethylendiamintetraacetic acid) in dist. water 
and make up to 1 litre in the measuring flask. 
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EDTA solution, 0.01 m: 
Prepare by diluting 0.1 m EDT A solution by a factor of 10. 

Calcium solution, 0.1 m: 
Dry 10 g of reagent-purity calcium carbonate, make into a suspension with 
a little dist. water and dissolve with 60 % perchloric acid of reagent 
purity using a little in excess, briefly boil off the carbon dioxide, and 
when cool make up to litre with dist. water in the measuring flask. 

Calcium solution, 0.01 m: 
Prepare by diluting O. 1 m calcium solution by a factor of 10. 

Magnesium solution, 0.1 m: 
Dry 8.4321 g of reagent-purity magnesium carbonate, make into a paste 
with a little dist. water and dissolve with 60 % perchloric acid of 
reagent purity with a little in excess. Boil off the carbon dioxide, and 
when cool make up the solution to 1 litre with dist. water in the measur­
ing flask. 

Magnesium solution, 0.01 m: 
Prepare by diluting 0.1 m magnesium solution by a factor of 10. 

Masking solution: 
Dissolve 5 g of reagent-purity ammonium citrate and 5 g of reagent-purity 
sodium potassium tartrate each in about 100 ml of dist. water, pour 
together in a 500-ml measuring flask and make up to the mark with dist. 
water. Store in a cool place. 

Ethanolamine solution: 
Dilute 30 g of ethanolamine to 500 ml with dist. water. Store in a cool 
place. 

Triethanolamine solution: 
Dilute 15 g of triethanolamine to the mark in a 1 litre measuring flask 
with dist. water. Store in a cool place. 

Hydrofluoric acid, 40 %, reagent purity 

Perchlor ic acid (l), 60 %, reagent purity 

Perchloric acid, (2): 
Dissolve approx. 330 g of 60 % perchloric acid with dist. water to 1 litre. 

Nitric acid, 1 : 1 (v/v) 

Mercury, reagent purity 

Store all solutions in plastic flasks. 

Method 

Measure 50 ml of the water sample into each of two 250-ml beakers (if 
concentration < 10 mg/l Ca2+ use correspondingly more; evaporate to 50 ml) 
and acidify with perchloric acid (2) (pH 2 - 3). Boil until the carbon 
dioxide is expelled, and when cool treat with 10 ml of masking solution. 
Leave the samples to stand for 10 minutes, then add 1 ml of triethanolamine 
solution and adjust to pH 10.5 with ethanolamine solution (thereby prevent-
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ing any major pH change during titration due to liberated hydronium ions). 
Titration is carried out with either 0.01 m or 0.1 m EGT A or EDT A solution, 
depending on the calcium content (or in the case of the second sample 
calcium and magnesium content). Titration must begin immediately after 
adjusting the pH value. 

Connect the amalgamated silver rod electrode, i.e. the indicator electrode, 
as the anode, and the graphite electrode, i.e. the counter-electrode, as 
the cathode. Set a constant current of I IlA for calcium determination with 
EGTA. Arrange the two electrodes such that they are at the same height 
above the base of the beaker and about 0.5 cm apart; immersion depth should 
be 3 to '+ cm. Stir during titration. Immerse the fine tip of the burette, 
not quite touching the base of the beaker, at the greatest possible 
distance from the electrodes. Before beginning titration and immersing the 
tip of the burette, eliminate instrument play by allowing a few drops of 
titration solution to flow out. Provisionally set the paper feed of the 
recording instrument to a fairly fast speed and the voltage range to 
optimum sensitivity. About I ml before the expected end point titrate at a 
reduced rate. The end of the titration is shown by a sharp bend to the left 
in the curve. 

To determine the sum of calcium and magnesium in the second sample, adjust 
to pH 10.5 and a constant current of 20 IlA and titrate in the way described 
above, but using EDT A solution, until the curve bends sharply. Evaluation 
is carried out graphically by extending straight lines from both curve 
branches. The intersection of the two lines makes it possible to read off 
the ml directly from the paper strip. 

For each unknown sample, it is expedient to carry out an orientation 
analysis beforehand and subsequently two further determinations. The 
orientation titration should be conducted using the faster paper feed rate 
and, initially, the following titrations as well, until about I ml before 
the expected end point the speed should be reduced. 

Calculate the average consumption from the two sets of results. Carry out 
the titre setting of the solutions in the usual way. 

Calculation 

mg of Ca2+/I: 
Consumption (ml) of 0.01 m EGT A solution . titre of 0.01 m EGTA 
solution· 0.'+008 1000 divided by volume in mI. 

mg of Mg2+/l: 
(Consumption (ml) of 0.01 m EDT A solution • titre of 
solution minus consumption (ml) of 0.0 I m EGT A solution 
EGT A solution) • 0.2'+312 • 1000 divided by volume in mI. 

Give the results rounded off to 0.1 mg/l. 

Note: 

0.01 m EDTA 
titre of 0.01 m 

Instead of 
end-point 
Na2-EDTA 
indication. 
Na2-EDTA 

the chelatometric method with electrometric (voltammetric) 
indication as described above, complexometric titration with 
may also be carried out using colour indicators for end-point 
In this case, first the sum of Ca2+ and Mg2+ is determined with 
against eriochrome black T and then (second sample) Ca2+ alone. 
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Na2-EDT A is again 
sulpho-l-naphthylazo) 
an indicator. 

used for titration, but with 2-hydroxy-l-(2-hydroxy-I+­
naphthalene-3-carbonic acid (calcon carbonic acid) as 

See also Section 3.1 Hardness 

3.3.7.3 ICP-AES (see Section 3.3.12) 

3.3.8 Strontium 

General remarks 

In its chemical behaviour, strontium is very similar to calcium and they 
are generally detected together. Natural waters are low in strontium (less 
than 1 mg/!). Higher concentrations - up to several mg/l - may occur in 
subterranean waters. Sea water contains an average of 6 - 10 mg Sr2+/1. 

In the human body strontium is assimilated in the same way as calcium and 
is incorporated together with calcium as a component of the skeletal 
material of the bones. These characteristics of strontium have no harmful 
effect on the organism but may lead to health problems if instead of the 
naturally occurring non-radioactive isotopic mixture the long-lived isotope 
strontium-90 (B-emitter, half-life 28 years), which is formed during 
nuclear fission of uranium, enters the human body, for example via radio­
actively contaminated water. (See also Section 3.7, Radioactivity). 

The AAS technique (3.3.8.1) described below is recommended for quantitative 
determination of strontium. If an AAS device is not available, the flame 
photometry method (3.3.8.2) may also be used. For ICP-AES (3.3.8.3) see 
Section 3.3.12. 

3.3.8.1 Direct determination by means of atomic-absorption analysis 

Equipment parameters 

1. Hollow-cathode strontium lamp 
2. Wavelength 
3. Lamp current 
1+. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

1+60.7 nm 
5 rnA 
0.5 nm 
Acetylene 
Laughing gas 
Oxidizing 
No 

1 - 5 mg/l 
0.05 mg/l 
0.2 - 5 mg/l 
10 ml hydrochloric acid (1.17 g/ml) 
per 1000 ml solution for measurement 

Add 5 ml lanthanum nitrate solution per 50 ml solution for measurement to 
reduce matrix disturbances. 
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Lanthanum nitrate solution: 
Dissolve 50 g lanthanum nitrate (La(N03)3 • 6 H20) in water and make up to 
1000 mI. 

Concentration by evaporation is possible. 

3.3.8.2 Determination by flame photometry 

General remarks 

When sprayed into a flame, strontium compounds colour the flame red. The 
spectral line which is characteristic for strontium is separated from the 
emitted light at 460 nm with the aid of a filter, prism or grating and its 
intensity is measured with a photometer. 

Waters containing strontium mostly have a high calcium content as well. 
Consequently, the effect of calcium, intensifying the emission of strontium 
must be compensated for. In practical water analysis calcium is always 
determined in conjunction with strontium determination. For this purpose, 
in a separate preparation a quantity of calcium carbonate is weighed in 
corresponding to the Ca2+ content of the quantity of water used for the 
analysis. This sample is dissolved in HCl and water and made up to the 
volume of the solution for measurement (100 ml). The emission of this 
solution is determined under the same measuring conditions which applied to 
the sample for analysis and subtracted from the measured value of the 
analysis. 

Since strontium losses cannot be excluded in the course of the concentra­
tion process, it is advisable to treat a further weighed sample of water 
with a known quantity of strontium and to process and the measure this 
sample in the same way. This admixture control makes it possible to recog­
nise losses of strontium due to the process of analysis or measurement 
errors. It is important that reagents of the greatest possible purity are 
used. 

The method of concentration described for barium 0.3.9.2), for example, 
may be recommended; it may be followed up to the point where the carbonates 
are dissolved in Hel. 

Equipment 

Flame photometer with pre-chamber atomizer and a spectral filter or inter­
ference filter or 

Flame spectrometer with direct atomization 

Fuel gases in steel bottles: 
An acetylene/air flame is to be recommended in the case of pre-chamber 
atomization and a hydrogen/oxygen flame in the case of direct atomi­
zation. 

Semimicro balance: reading accuracy o. a I mg 

Platinum crucible with lid 

Porcelain and glass dishes for evaporation, 1000 and 500 ml 
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Measuring flasks, 100 ml 

Measuring pipette, 10 ml, calibrated 

Sodium carbonate, reagent purity 

Ammonium chloride, reagent purity 

Hydrochloric acid, reagent purity (1.19 g/ml) 

Ammonium hydroxide solution: 
Carbonate-free, approx. 27 % (0.90 g/ml) 

Strontium standard solution: 
Dissolve 0.1685 g of strontium carbonate (SrC03, anhydrous), spectrally 
pure, in water, adding 10 ml of reagent-purity conc. hydrochloric acid 
and make up to 1 litre. This solution contains 0.1 mg/ml Sr. 

Calcium carbonate, spectrally pure 

Calibration 

In order to prepare the calibration curve, take increasing quantItIes of 
strontium standard solution and dilute to the mark with water in 100-ml 
measuring flasks (eg 0.1, 0.2, 0.5, 1.0 and perhaps also 1.5, 2.0 mg/l00 ml 
SR). The zero point is set using water, and the hundred point of the flame 
spectrometer is set with the strontium standard solution. The measured 
values for the calibration curve result in a straight line. 

Determination 

Measurements are taken of the solution of Ca-carbonates and Sr-carbonates 
in HC!. The influence of calcium must be taken into account. To achieve 
this, a quantity of calcium carbonate corresponding to the (known) calcium 
content of the sample solution is dissolved in hydrochloric acid and water 
and made up to 100 mI. The emission of this solution (at 460 nm) determined 
under the same measuring conditions as for the sample for analysis should 
then be subtracted from the measured value of the analysis. The difference 
provides the net emission for strontium. 

A second water sample, treated with a known quantity of Sr and prepared in 
the same way as the actual sample for analysis, should also be measured. 

Calculation 

The measured value of the pure calcium solution is subtracted from the 
overall measured value for Sr + Ca emission. The difference (net emission) 
equals the test value for strontium. This should be corrected according to 
the value obtained by the admixture method. The strontium content is taken 
from the calibration curve and recalculated for 1 litre of water. 

3.3.8.3 ICP - AES (see Section 3.3.12) 

A tomic weight of strontium: 87.62 
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3.3.9 Barium 

3.3.9.1 Direct determination of barium by means of atomic-absorption 
analysis 

Equipment parameters 

1. Hollow-cathode barium lamp 
2. Wavelength 
3. Lamp current 
4-. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

553.6 nm 
10 mA 
0.5 nm 
Acetylene 
Laughing gas 
Rich in fuel gas 
No 

1 - 10 mg/l 
0.2 mg/l 
0.5 - 10 mg/l 
10 ml hydrochloric acid (1.17 g/m!) 
per 1000 ml solution for measurement 

Add 2 ml potassium chloride solution and 5 ml lanthanum nitrate solution to 
reduce matrix disturbances and improve sensitivity. 

Potassium chloride solution: 
Dissolve 100 g potassium chloride (KCi) in water and make up to 1 litre. 

Lanthanum nitrate solution: 
Dissolve 50 g lanthanum nitrate (La(N03)3 . 6H20) in water and make up to 
1 litre. 

The direct determination of barium is exceptionally susceptible to inter­
ference, particularly from calcium ions. For this reason, concentration is 
not advisable. Despite the length of time involved, the method of enrich­
ment described in the following may be recommended. 

3.3.9.2 Method of enrichment of barium 

Basis 

Barium ions are precipitated together with calcium by means of sodium 
carbonate, the carbonates dissolved in hydrochloric acid, and subsequently 
the barium ions are precipitated with chromate ions from acetate-buffered 
solution together with lead ions as carriers. The chromates are separated 
off, dissolved, and subsequently measured by AAS. 

Reagents 

Ammonium hydroxide solution 

Hydrochloric acid 

Methyl orange 

(0.91 g/m!) 

(1.17 g/m!) 
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Sodium carbonate solution (saturated) 

Calcium chloride solution:. 
Dissolve 5.0 g of CaCl2 in water and make up to 1000 ml 

Lead nitrate solution: 
Dissolve 2.5 g of Pb(N03)2 in water and make up to 1000 ml 

Sodium acetate (NaCH 3COO) 

Potassium chromate solution (saturated) 

Potassium chloride solution: 
Dissolve 100 g of KCI in water and make up to 1 litre 

Lanthanum nitrate solution: 
Dissolve 50 g La(N03)3 . 6H20 in water and make up to 1000 ml 

Membrane filter, pore size 0.lj.5 11m 

Method 

Treat up to 2 litres of water with 10 ml hydrochloric acid (1.17 g/mO and 
evaporate to a volume of about 100 - 200 mI. 

Treat low-calcium waters with 25 ml of the calcium chloride solution, and 
add 100 mg tartaric acid. 

Neutralize against methyl orange with the saturated sodium carbonate solu­
tion and add 5 ml of the latter in excess. 

Leave to stand at 5 - 10 °C for 2lj. hours. 

Filter through paper filter (group 2), rinse with cold water, and dissolve 
residue with a few ml of hot hydrochloric acid I + 1. 

Set solution to about pH 3 with ammonium hydroxide, treat with 5 ml lead 
nitrate solution and add 5 g sodium acetate (max. total volume approx. 
80 mI). 

Add 1 ml saturated potassium dichromate solution and leave to stand at 
about 5 °C for lj.8 hours. 

Separate precipitate through membrane filter (pore size 0.lj.5 11m). 

Treat filtrate with 5 ml lead nitrate solution and again leave to stand at 
approx. 5 °C for 2lj. hours (postprecipitation). 

Dissolve the residue separated on the membrane filter with 5 ml hot hydro­
chloric acid 1 + 1, treat with 2 ml potassium chloride solution and 5 ml 
lanthanum nitrate solution and make up to the mark in 50-ml measuring 
flask. 

Proceed in similar manner with the postprecipi tation 
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Prepare 3 calibration readings and a blank reading in the same way. 

Final determination: flame-absorption spectroscopy 

Equipment parameters as described for direct determination 

Decomposition with nitric acid - hydrogen peroxide is required for organical­
ly loaded samples. 

Final determination by X-ray fluorescence techniques is also possible, 
making use of the Ba-La line (vacuum, 20 rnA, 60 kV). 

3.3.9.3 Barium determination with the graphite tube technique (Furnace 
method) 

Equipment parameters 

1. Hollow-cathode barium lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. Atomisation 

10. Gas stop 

Optimum measuring range 
Determina tion limit 
Calibration 
Acid concentration 

Remarks 

553.6 nm 
10 rnA 
0.5 nm 
No 
Argon 
30 s at 125°C 
30 s at 1000 °C 
3 s at 2700 °C 
No, reduce carrier gas 
flow to 0.5 l/min. 

50 - 200 I1g/1 with 10 III sample 
5 I1g/1 
Addition method 
10 ml nitric acid (1.40 g/ml) per 
1000 ml sample solution 

Immediately after sampling, stabilize the water sample with 10 ml nitric 
acid (1.40 g/ml) per 1000 ml sample solution. 

3.3.9.4 ICP - AES (see Section 3.3.12) 

A tomic weight of barium: 137.34 

3.3.10 Iron 

General remarks 

Ionogenic or complexed, divalent or trivalent iron may occur dissolved, 
collodially dissolved or dispersed in water. It occurs in ionic form if the 
water is free from oxygen or its pH is below about 3. At pH values higher 
than 3 or 4, iron (II) ions are converted to sparingly soluble hydrated 
oxide, and at pH values greater than 8, iron (II) ions are partly converted 
to insoluble iron (II) hydroxide. In waters containing oxygen, iron (II) 
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ions are oxidized to iron (III) ions, which in turn form insoluble ferric 
hydroxide at pH values above 3. 

For these reasons, surface waters (containing oxygen) are relatively low in 
iron. Considering the prevailing hydrogen-ion concentrations, trivalent 
ionogenic iron can hardly be expected, and the water-soluble compounds of 
the divalent iron which can be brought to the surface waters from under­
ground are quickly converted to sparingly soluble iron (III) hydroxides 
under the influence of oxygen from the air and are hence separated from the 
water. 

In ground water, in the absence of dissolved oxygen and if fairly high 
concentrations of carbonic acid are present, the situation is different 
from that of surface waters. Here relatively high iron concentrations (up 
to several mg/l) may be found. In most cases iron is present in the water 
in the soluble Fe -(10- hydrogen carbonate form. In addition, iron also 
occurs in ground water in conjunction with organic substances, in particu­
lar with humic acids with which it forms stable complexes, partly in dis­
solved and partly in collodial form, which are also fairly resistant to 
atmospheric oxygen. 

For the reasons described, subterranean waters may contain considerably 
greater quantities of dissolved iron as long as they do not come into 
contact with atmospheric oxygen. Even at a concentration of > 0.5 mg/I, 
dissolved iron gives drinking water a clearly metallic taste. Waters with 
high iron content are undesirable from an economic point of view (rust 
stains on household washing, the same in laundries, detrimental effect on 
taste and colour in dairies and breweries, and so on). 

For this reason, iron concentrations below 0.1 mg/l are suitable for 
central drinking water supply plants. 0.2 to 0.3 mg/l Fe can be tolerated. 
However, concentrations of this order may be sufficient to propagate the 
development of iron bacteria (Leptothrix, Gallionella, Crenothrix>. These 
promote and accelerate the conversion of divalent to trivalent iron which, 
as a hydroxide precipitate together with the gelatinous bacteria colonies 
(and in conjunction with manganese bacteria), may lead to the accumulation 
of mud and sedimentation. 

3.3.10.1 Direct determination of iron by means of atomic-absorption 
analysis 

Equipment parameters 

1. Hollow-cathode iron lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

248.3 nm 
5 mA 
0.5 nm 
Acetylene 
Air 
Oxidizing 
Yes 

0.5 - 5 mg/l 
0.1 mg/l 
0.2 - 5 mg/l 
10 ml hydrochloric acid (1.17 g/mO 
per 1000 ml solution for measurement 
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Remarks 

Concentration by evaporation is possible, if concentrations are low. A 
blank reading is necessary since the danger of contamination is very high. 

Decomposition with nitric acid/hydrogen peroxide is required if the samples 
contain organic loads. 

3.3.10.2 Iron determination with the graphite tube technique (Furnace method) 

Equipment parameters 

1. Hollow-cathode iron lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. A t9miza tion 

10. Gas stop 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

371.99 nm 
5 mA 
0.5 nm 
Yes 
Argon 
40 s at 180°C 
45 s at 500°C 
3 s at 2300 °C 
Yes 

10 - 50 Ilg/I with 10 Ilg/I sample 
2 Ilg/I 
Addition method 
10 ml nitric acid (1. 40 g/mI) per 
1000 ml sample solution 

Stabilize the water sample immediately after sampling with 10 ml nitric 
acid (1. 40 g/mI) per 1000 ml sample solution. 

3.3.10.3 Spectrophotometric determination of iron (II) ions with 2,2'-bipyridyl 
(Fresenius-Schneider) 

General remarks 

With iron (II) ions 2,2'-bipyridyl forms a stable red-coloured complex 
which is not susceptible to oxidation and is not affected by iron (III) 
even in excess. It is therefore possible to differentiate between divalent 
and trivalent iron. The reagent is used to fix the ions at the sampling 
point. 

The red-coloured iron (II) -2, 2'-bipyridyl complex maintains its colour for 
up to 14 days under the measuring conditions selected. Spectrophotometric 
measurement is carried out at Ymax. = 522 nm (8522 nm = 7 844 lImol . cm). 

The detection limit for iron (II) ions is 0.02 mg/l. The extinction range E = 
0.100 to 1.100 corresponds to iron (II) concentrations of 0.1 to 3 mgjl, if 
50-mm cuvettes are used for measurement. Between 0 and I mg/l00 ml Fe~+ the 
calibration curve is a straight line. 
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Equipment 

Photometer 

Cuvettes, path length 1 cm and 5 cm 

Measuring flasks, 100 ml 

2,2'-bipyridyl solution 0.1 %: 
Dissolve 0.1 g of reagent-purity 2,2'-bipyridyl in 100 ml of dist. water. 

Iron (II) reference solution I: 
Dissolve 0.7022 g of ammonium iron (II) sulphate «NH4)2Fe(S04)2 • 6H20) 
in dist. water and make up to 1 litre. 1 litre of this solution contains 
0.1 mg Fe2+. 

Iron (II) reference solution II: 
Dilute 100 ml of reference solution (I) to 1 litre with dist. water. 1 ml 
of this solution contains 0.0 1 mg F e2+. 

(Both reference solutions are unstable. They must be freshly prepared before 
use each time.) 

Method 

Sampling 

Measure 20 ml of the 2,2'-bipyridyl solution into a 100-ml measuring flask. 
At the sampling point, pipette 10, 20, 50 or 75 ml of the water sample 
rapidly and without shaking into the measuring flask. The quantity taken 
depends on the estimated Fe2+ content. The red compound forms immediately. 
Turbid water samples should be filtered quickly before being transferred. 

Calibration 

Take increasing quantities between 0 and 1.0 mg of Fe2+ of freshly prepared 
iron (II) reference solutions I or II and transfer to 100-ml measuring 
flasks containing 20 ml of 2,2'-bypyridyl solution. Dilute to the mark with 
dist. water and measure at 522 nm. 

Determination 

Dilute to the mark with dist. water at 20°C and measure the extinction at 
522 nm in I-cm or 5-cm cuvettes. The pH of the solution for measurement 
should be between 3 and 9. If in exceptional cases the value is outside 
this range, a little solid sodium acetate should be used as a buffer (see 
under "Method" in Section 3.3.10.4 "Spectrophotometric determination of 
total iron with 2,2'-bipyridylli). 

Calculation 

Using either the calibration curve or a calibration constant, work out the 
content of iron (II) ions in mg from the extinction values as measured, and 
convert to mg Fe2+ /1 taking into account the quantity of water transferred 
to the measuring flask at the sampling point. 
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In order to be able to determine the total iron content of a water spectro­
photometrically with 2,2'-bipyridyl it is necessary to reduce the trivalent 
iron to iron (II) ions. Ascorbic acid is used as a reducing agent. 

If undissolved or colloidal iron is also to be determined, the water is 
first acidified with hydrochloric acid. As it is heated, undissolved iron 
(III) compounds and those in colloidal solution are converted to the dis­
solved ionic form. In this form they are then reduced by ascorbic acid. In 
order to detect all the forms of iron, a separate sample should be filtered 
on the spot and the residue taken back to the laboratory to be decomposed, 
for example with HCI and HN03, evaporated and analyzed. The filtrate should 
be analyzed separately. It is advisable to use the entire weighed contents 
of a flask for the analysis. Any undissolved residues adhering to the walls 
are dissolved by adding hydrochloric acid. If insoluble residues still 
remain, eg silicic acid, they should be filtered off and decomposed before 
determination is carried out. 

Equipment 

See Section 3.3. 10.3 

In addition: 

Hydrochloric acid, reagent purity (1.19 g/ml) 

Sodium hydroxide solution, approx. 5% 

Sodium acetate, CH3COONa • 3 H20, reagent purity 

Iron (III) reference solution I: 
Dissolve 0.1430 g of reagent-purity iron (III) oxide in about 25 ml of 
hydrochloric acid (1.19 g/ml) at about 60°C, dilute the solution with 
water, transfer to a I-litre measuring flask and make up to the mark at 
20°C. I ml of this solution contains 0.1 mg iron (III) ions. 

Iron (III) reference solution II: 
Dilute 100 ml of reference solution I with dist. water to I litre. 1 ml of 
this solution contains 0.0 I mg iron (Ill) ions. 

Method 

Determination 

Measure or weigh the water sample, acidify distinctly with hydrochloric 
acid, and transfer to a beaker. Dissolve any undissolved residues in the 
sample container with hydrochloric acid (1.19 g/ml) and likewise transfer 
to the beaker. Leave the water sample in the beaker to evaporate for about 
30 minutes at 90 - 95°C. This procedure should also be followed even if no 
visible iron precipitates are present, since oxidized iron may be present 
in colloidal solution (since there is always a risk that traces of iron are 
introduced in the laboratory, a blank determination must always be carried 
out in parallel). 
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When cool, transfer the solutions to measuring flasks of appropriate size 
and make up to the mark with distilled water. 

Transfer aliquot parts of these solutions and the blank test as well as the 
volumes of iron (III) reference solutions for the preparation of the cali­
bration curve to 100-ml measuring flasks and basify with 5 % sodium 
hydroxide solution to pH 2 or max. 3. Add 300 - 500 mg of ascorbic acid to 
reduce the iron (III), treat with 20 ml of 2,2'-bipyridyl solution, buffer 
with solid sodium acetate (about 2 - 5 g) to a pH of about 5 to 6 and make 
up to the mark at 20 °C. Measure the extinction in I-cm or 5-cm cuvettes at 
522 nm. 

Calculation 

Read off the iron content from the calibration curve on the basis of the 
extinctions measured, take into account the dilution factor, the cuvette 
length and the initial volume and calculate the content of total iron in 
I litre of the water sample. A calibration constant may also be used for 
calculation instead of a calibration curve. 

A blank test must always be carried out and taken into account. 

3.3.10.5 Spectrophotometric determination of total iron with thioglycolic 
acid 

General remarks 

With iron (11)/(110, thioglycolic acid 
which is measured at Amax. = 530 nm 
technique is one of the less sensitive 
analysis but is simple and reliable. 

forms a red-purple colour complex 
(8530 nm = 3 765 1 (mol' cm». The 

methods of determining iron in water 

It is suitable for the determination of total iron in concentrations greater 
than 0.3 mg/l. 

Equipment 

Photometer 

Cuvettes, path length I cm and 5 cm 

Measuring flasks, volume 50 ml 

Thioglycolic acid, reagent purity, approx. 80 % 

Ammonia solution (0.91 g/mI) 

Method 

Determination 

Treat 4-5 ml of the sample solution with 0.5 ml of thioglycolic acid in a 
50-ml measuring flask. Alkalize the solution by adding ammonia solution 
drop by drop; a red-purple coloration appears. Dilute to the mark with 
distilled water and measure the extinction of the solution at 530 nm. 

Calibration and calculation are carried out in the same way as described 



309 

under 3.3.10.~ "Spectrophotometric determination of total iron with 
2,2'-bipyridyl". 

3.3.10.6 ICP-AES (see Section 3.3.12) 

A tomic weight of iron: 55.8~7 

3.3.11 Manganese 

General remarks 

3.3.11.1 and 3.3.11.2 

The determination of manganese by atomic-absorption spectrometry 
sensitive method which is virtually free from interference. Either 
AAS 0.3.11.1) or graphite tube AAS 0.3.11.2) may be used. 

3.3.11.3 Photometric technique 

is a 
flame 

After oxidation of the lower valency stages to manganese (VII), manganese 
can be determined in water photometrically as the permanganate ion. Oxi­
dation is carried out in the presence of silver ions either using periodate 
("Standard Methods for the Examination of Water and Wastewater" 1975) or 
using peroxodisulphate ("ausgewahlte Methoden der Wasseruntersuchung", 
1973, and "Deutsche Einheitsverfahren zur Wasser-, Abwasser- und 
Schlamm-Untersuchung", 1972). 

3.3.11.~ ICP-AES (see Section 3.3.12) 

3.3.11.1 Direct determination of manganese by means of atomic-absorption 
analysis 

Equipment parameters 

1. Hollow-cathode manganese lamp 
2. Wavelength 
3. Lamp current 
~. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

279.5 nm 
5 rnA 
0.2 nm 
Acetylene 
Air 
Oxidizing 
Yes 

1 - 2 mg/l 
0.2 mg/l 
0.1 - 2 mg/l 
10 ml hydrochloric acid (l,17 g/ml) per 
1000 ml sample solution 

Concentration by evaporation is possible if concentrations are low. 

If samples have organic loads, decomposition is necessary using nitric acid­
hydrogen peroxide. 
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3.3.11.2 Manganese determination with the graphite tube technique 
(Furnace method) 

Equipment parameters 

1. Hollow-cathode manganese lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Carr ier gas 
7. Drying 
8. Incineration 
9. Atomization 

10. Gas stop 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Matrix modification 

Ammonium nitrate solution 

Remarks 

279.5 nm 
5 rnA 
0.5 nm 
Yes 
Argon 
25 s at 180°C 
20 s at 500°C 
3 s at 2400 °C 
Yes 

1 - 5 Ilg/1 with 10 III sample 
0.05 Ilg/1 
Addition method 
10 ml nitric acid (1. 40 g/ml) per 
1000 ml sample solution 
10 III 0.1 % ammonium nitrate solu­
tion 
Dissolve 0.1 g NH4N03 in water and 
make up to 100 mI. 

Immediately after sampling, stabilize the water sample with 10 ml nitric 
acid (1. 40 g/ ml) per 1000 ml sample solu tion. 

3.3.11. 3 Spectrophotometric determination as permanganate following 
oxidation by peroxodisulphate 

General remarks 

Manganese ions are quantitatively oxidized to permanganate ions in acid 
solution by peroxodisulphate in the presence of silver ions acting cata­
lytically: 

The coloration of the permanganate ions, taken as a measure of the total 
manganese content of the water sample, is evaluated photometrically at 525 
nm (absorption maxima at 528 and 548 nm). Beer's law applies in the concen­
tration range from 0.6 to 25 mg/l. 

The method is directly applicable to drinking water, ground water and 
surface water, and to waste waters following mineralization. Concentrations 
between 0.05 and 5 mg/l can be determined without dilution or concentra­
tion. 

Chloride ions, organic substances and more than 5 mg/l iron ions have an 
interfering effect. 

Up to 300 mg/l, chloride ions can be converted to mercury (II) chloride by 
adding O. 1 m mercury (II) nitrate solution. In contrast to silver chloride, 
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this remains in solution and causes no additional turbidity. 

Organic substance up to a KMn04 consumption of 60 mg/I can be destroyed by 
boiling for between 5 and 10 minutes with 10 ml of nitric acid (1.2 g/m]). 

In the presence of higher chloride concentrations than 300 mg/l and/or 
organic substances with a KMn04 consumption greater than 60 mg/I, mineral­
ize with conc. H2S04 and conc. HN03' During this process, Cl- will be 
volatilized. 

The interfering yellow coloration caused by iron (III) ions is eliminated 
by adding 1 ml of conc. phosphoric acid before oxidation with ammonium 
peroxodisul pha te. 

Coloration caused by other substances or turbidity of the water sample can 
be eliminated for measurement purposes by carrying out a second extinction 
measurement after destroying the permanganate coloration by means of nitri­
te or sodium azide. 

Equipment 

Photometer 

Cuvettes, path length 5 cm 

Measuring flasks, volume 100 ml 

Phosphoric acid, conc., reagent purity (1.70 g/m]) , manganese-free 

Sulphuric acid, conc., reagent purity (1.84 g/m!) , manganese-free 

Nitric acid, conc., reagent purity (1.40 g/m!) , manganese-free 

Nitric acid (1.2 g/m]): 
Add 200 ml of HN03 (1. 40 g/m!) , to 300 ml dist. water and mix. 

Mercury (II) nitrate solution: 
Moisten 17.13 g of Hg(N03)2 . H20 of reagent purity with 2 ml of conc. 
HN03, dissolve in a little dist. water, and dilute to 200 ml. 1 ml of 
the solution masks 17.75 mg of chloride. 

Silver nitrate solution, 0.02 m. 

Ammonium peroxodisulphate solution: 
10 % (the solution should be freshly prepared daily.) 

Sodium nitrate solution: 
5 % (the solution is stable for a few days only.) 

Manganese stock solution: 
Dissolve 658.8 mg of manganese (II) perchlorate, Mn(CI04)2 • 6 H20, dried 
to constant weight over silica gel in an evacuated desiccator in dist. 
water and make up to 1 litre. 1 ml of this solution contains 0.1 mg Mn2+. 

Manganese reference solution: 
Make up 10 ml of the manganese stock solution to 100 ml with dist. water. 
1 ml of this solution contains 0.01 mg Mn2+. 
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Sodium azide (NaN3): 
Instead of sodium nitrite solution. 

Method 

Calibration 

Measure off increasing quantities of the manganese reference solution 
containing between 0.05 and I mg of manganese, make up to 100 ml and treat 
according to the method given under "Determination" (add 5 ml of HN03 (1.2 
g/ml) and 0.5 ml of 0.02 m silver nitrate solution, boil etc.). 

Determination 

Take 100 ml of the water sample with a Mn2+ content between 0.05 and 1 mg. 
If necessary, dilute a smaller quantity of sample to 100 ml or concentrate 
a larger quantity of sample to 100 mI. Acidify with 5 ml of nitric acid 
(1.2 g/ml) and treat with a volume of Hg(N03)2 solution equivalent to the 
chloride content of the sample. In addition, an excess of 2 ml of Hg(N03)2 
solution is required l • 

If chloride concentrations above 300 mg/l and/or organic substances with a 
KMn04 consumption above 60 mg/l are present, first evaporate the 100-ml 
water sample (see above) with I ml each of conc. sulphuric acid and conc. 
nitric acid under a fume hood until white sulphur trioxide vapour appears. 
In the case of a brown coloration, dilute with dist. water and repeatedly 
evaporate with 1 ml of nitric acid until the mixture is colourless or no 
longer changes. Pick up with 5 ml of nitric acid (1.2 g/ml) and 100 ml of 
dist. water. 

After masking the chloride or eliminating it, add 0.5 ml of 0.02 m silver 
nitrate solution and boil the solution for about 5 minutes adding boiled­
out boiling chips so as to decrease the volume of liquid and simultaneously 
to destroy reducing substances, especially organic substances. Treat with 
10 ml of freshly prepared 10 % ammonium peroxodisulphate solution, bring to 
the boil again for 5 minutes,· cool immediately under running water and 
transfer to a 100-mt measuring flask with a glass stopper for photometric 
evaluation. Rinse with freshly boiled-out dist. water, dilute to the mark 
and mix. thoroughly. 

Measure the sample at 525 nm against dist. water within 30 minutes (EI). 
Treat a blank solution in the same way. 

Some water samples are inherently coloured or turbid. In such cases, particu­
larly if the manganese concentration is low, it is advisable to decolour 
the solution with 1 - 2 drops of 5 % sodium nitrite solution after measur­
ing the extinction in the cuvette and subsequently to measure the extinc­
tion once again (E2). The net extinction E, to be used in the calculation, 
is given by El - E2. 

An alternative procedure is to take the remaining solution not used for 
measurement, treat with about 50 mg of sodium azide in a 100-ml measuring 
flask, leave to stand for 10 minutes and measure extinction E2. 

1 For the detoxification of residual Hg solutions according to W. Fresenius 
and W. Schneider see "Note". 
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Calculation 

Read off the manganese content from the calibration curve (C) on the basis 
of the measured extinction value (or if appropriate the net extinction 
El - E2 = E). Using the formula 

C • 100 
V 

= G (mg/l Mn2+) 

convert to the total manganese content, given as mg/l manganese (II) ions. 
In the formula 

G = manganese ion concentration in mg/l Mn2+ 
C = manganese from the calibration curve 
V = undiluted volume of sample used, in mI. 

3.3.11.4 ICP-AES (see Section 3.3.12) 

Atomic weight of manganese: 54.9380 

Note: 

Detoxification of residual mercury solutions by precipitation with sodium 
thiosulphate and sodium hydroxide solution 

Procedure 

Collect the reaction solutions containing mercury ions which remain follow­
ing completion of the manganese determination. Per 500 ml of solution treat 
with 30 g of sodium thiosulphate and then with 300 ml of 30 % sodium hydrox­
ide solution. In this process the mercury is removed from the solution as 
sulphide. Hg2+ ions are no longer detectable in the filtrate of the super­
natant colourless liquid (flameless atomic-absorption spectrophotometry; 
detection limit 0.001 mg/l). 

3.3.12 Atomic-emission spectrometry with inductively coupled plasma 
(ICP-AES, see also Chapter 2) 

General remarks 

Determination of 24 elements (Ag, AI, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, 
Mn, Mo, Na, Ni, P, Pb, Sb, Sr, Ti, V, Zn and Zr) by atomic emission spectro­
metry with inductively coupled plasma (ICP-AES). The following draft was 
made available to us by the chairman of the Working Group (German Standard­
ized Methods/DIN) as an example of the compilation and presentation of 
specifications for water analysis (draft manuscript, February 1987). 

Area of Application 

The technique is fundamentally suited to the determination of Ag, AI, B, 
Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, Sb, Sr, Ti, V, Zn 
and Zr in water (e.g. wastewater and surface water) and in sludge 
(following appropriate decomposition processes) at or above the concen­
trations listed in Table a. Both the dissolved concentrations and the 
total concentrations of the above mentioned elements in the water can be 
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determined. In order 
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ICP-AES is a technique of measurement used for the detection and determi­
nation of elements with the aid of atomic emission. The solution for measure­
ment is atomized and the aerosol is transported into an inductively coupled 
plasma (ICP) with the aid of a carrier gas. There, the elements are excited 
such that they emit radiation. This is spectrally dispersed in a spectro­
meter and the intensities of the emitted element lines are measured by 
means of detectors (photomultipliers). A quantitative statement is possible 
by means of calibration with reference solutions, there being a linear 
relationship between the intensities of the emission lines and the concen­
trations of the elements over a broad range (usually several powers of 
ten), The elements may be determined either simultaneously or consecutively. 

Interference 

Basically, ICP-AES is a low-interference method. In individual cases, 
however, the spectral and non-spectral types of interference described 
below may occur. Of these, line coincidences and interference due to sample 
feeding are the most significant in practice. 

Description of interference factors 

Spectral interference 

Line coincidences 

This interference arises as a result of overlapping of the spectral lines. 
Line coincidences become apparent only when a critical concentration ratio 
between the interfering and analyzed elements is reached. They are depend­
ent on the spectral resolution of the spectrometer. The line coincidences 
which may occur in the analysis of wastewater have been established in a 
test. The results of this test are summarized in Table b. 

Band coincidences 

Molecules or radicals (e.g N2+, OH, NO, CN and NH), which are formed in the 
plasma from the solvent, the surrounding air, the gases used or incomplete­
ly dissociated compounds, (e.g. AIO), may emit bands which coincide with 
the lines under analysis. 

Background influence 

The spectral background is caused by recombination continua (e.g. AI, Ar) 
and is dependent, amongst other things, on the matrix and the wavelength. 

Line reversal 

If the concentration of the elements to be determined increases consider­
ably in the outer (cooler) zones of the ICP, the radiation from the 
substance being analyzed which is coming from the hotter zones is absorbed 
here. Consequently the measured intensities are lower than they should be 
for the concentrations of the substances being analyzed. 
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Spurious radiation 

A non-element-specific signal component may be produced by reflections in 
the spectral apparatus (stray radiation) or by radiation from other orders. 

Non-spectral interference 

Interference due to physical properties of the solution under analysis 

This interference may arise in the sample-feed system as a result of 
differences in viscosity, surface tension or density between the reference 
solution and the solution under analysis. 

Interference due to deposits 

The properties of the sample-feed system may be altered by particles and 
relatively high concentrations of salts. 

Interference due to carryover 

Measurement influenced by residues in the sample-feed system (memory 
effect). 

Interference in distribution 

Interference due to 
transportation (axial 
radiation source. 

alterations in the geometric distribution of the mass 
or radial) of the element to be determined in the 

Ionization interference 

Easily ionizable elements (e.g. alkali metals and alkaline earth metals) 
may cause a slight displacement of the ionization balance for the element 
to be determined. 

Change in electrical coupling efficiency 

In the case of solutions with high total salt concentrations, the coupling 
efficiency may change from sample to sample. 

Methods of eliminating or reducing interference 

Spectral interference 

If possible, switch to lines of analysis which are not disturbed (Table b). 

In order to detect the interfering radiation instrumentally, devices may be 
used to rotate a quartz refractor plate in the path of rays, to displace 
the slit or also to rotate the grating. Corrections can be made by measur­
ing the influence of the interfering element (mathematical correction) or 
by matrix simulation. 

Mathematical corrections are based on: 

a) Taking 
signal: 

the 
the 

difference between 
net intensity (I X) 

the total 
is given by 

signal and 
Equation 1 

the 
and 

interfering 
Fig. 100. 
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IX IXU - 2 . (blUl + a1U2) 
(a + b) 

In more complicated cases, further corrections may be necessary. 

(1) 

b) Calculation of the interfering signal in the case of line overlaps: 
after determining the calibration functions of the interfering elements 
(a 1, a2 ... ) and their concentrations (q, c2 ••• ), the net intensity IX 
can be calculated from Equation 2, see below. 

(2) 

In order to eliminate spurious radiation, screens, filters or special 
photomultipliers may be used. 

where: 

IX is the corrected intensity of the line 
'XU is the measured intensity of the line 
aj is the gradient of the reference function of the interfering element 

i in relation to the element line 
Cj is the concentration of the interfering element i. 

Non-spectral interference 

Interference due to uneven mass transportation may be avoided by dilution 
of the solution for analysis, by adjustment of the matrix of the sample 
solution and reference solution or by humidification of the carrier gas. In 
addition, the influence of variations in mass transportation can be correct­
ed with the aid of an internal standard. 

The influence of carryover can be avoided by sufficient rinsing of the 
sample-feed device between analyses. 

Changes in electrical coupling efficiency are minimized by manual or auto­
matic readjustment to ensure matching of the HF generator and the plasma 
coil. 

Designation 

Designation of the technique for determining 24 elements: 

Equipment 

Immediately before use, clean the glass and plastic containers and the 
pipettes with warm, dilute nitric acid and subsequently rinse with water. 

ICP atomic-emission spectrometer with background compensation 

Atomization system with low-pulsation pump (e.g. peristaltic pump) 

Gas supply: 
Internal gas: argon 
External gas: argon, nitrogen or other gases 
A tomizer gas particularly pressure- and flow-stabilized depending on type 
of atomizer 

Bulb pipettes, 1 and 10 ml, e.g. DIN 12 691 VPAS 1 and 10, or millilitre 
pipettes, 0.1 - 5 ml 
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Measuring flasks, 100 and 1000 mI, glass (e.g. DIN 12 664- MSA) or plastic 
(e. g. polypropylene) 

Beakers, 250 mI, e.g. DIN 12331 - HF 250 

Stoppered plastic containers to store stock and standard solutions, e. g. 
high-pressure polyethylene or PTFE. 

The chemicals used must be of at least "reagent purity", and water should 
be either redistilled or of an equal degree of purity. 

The concentration of the elements under analysis in the water or reagents 
must be negligible in comparison with the lowest concentration to be 
determined. 

Nitric acid, (HN03) (1. 4-0 g/ml) 

Hydrogen peroxide, (H202) 30 % 
(When determining phosphorus, it should be noted that hydrogen peroxide 
is frequently stabilized with phosphoric acid). 

Element stock solutions: 
(Ag, AI, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, Sb, 
Sr, Ti, V, Zn, Zr) = 1000 mg/l each solution. 

ICP-AES element solutions with appropriate specifications, which may be 
used as stock solutions, are available commercially. They should be pre­
pared according to the producer's instructions. Generally, hydrochloric or 
nitric stock solutions are provided which can be stored for several months. 
The formulations of element stock solutions are compiled in Table c. 

Element standard solutions I: 
(Ag, AI, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, Sb, 
Sr, Ti, V, Zn, Zr) = 100 mg/l each solution. 

Pipette 11) ml of element stock solution into a 100-ml measuring flask. 
- Add 1 ml of nitric acid and make up to the mark with water. 
- For storage, the solutions should be transferred to polyethylene or PTFE 

vessels. Silver solutions are stable only in dark flasks. 

The solutions may be stored for several months in a cool place. 

Element reference solutions: 
Prepare multi-element reference 
from the stock and standard 
concentrations expected. 
Taking into account the lower 
following procedure, for example, 

Multi-element reference solutions I: 

solutions which cover the working range 
solutions corresponding to the element 

limits of the range of application, the 
may be followed: 

(Mn, Mo, Cd, Zn, Ti) = 1 mg/l, (Pb, P) = 10 mg/l. 
Transfer 1 ml of element stock solution (Pb, P) and 1 ml each of element 
standard solutions I (Mn, Mo, Cd, Zn) into a 100-ml measuring flask, by 
pipette. 
Add 1 ml of nitric acid. 
Make up to the mark with water. 

Multi-element reference solution II: 
(Sr, Ba, Cu, Fe, V, Co, Zr) = 1 mg/l, (AI) 10 mgt!. 
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Transfer 1 ml of element stock solution (AI) and 1 ml each of element 
standard solutions I (Sr, Ba, Cu, Fe, V, Co, Zr) into a 100-ml measuring 
flask by pipette. 
Add 1 ml of nitric acid. 
Make up to the mark with water. 

Multi-element reference solution III: 
(Ca, Na, K) = 100 mg/l. 
Transfer 10 ml of element stock solution (Ca, Na, K) into a 100-ml measur­
ing flask by pipette. 
Add 1 ml of nitric acid. 
Make up to the mark with water. 

Multi-element reference solution IV: 
(Sb, Mg) = 10 mg/I, (B, Ag, Cr, NO = 1 mg/l. 
Transfer 1 ml of element stock solution (Sb, Mg) and 1 ml each of element 
standard solutions I (B, Ag, Cr, Ni) into a 100-ml measuring flask by 
pipette. 
Add 1 ml of nitric acid. 
Make up to the mark with water. 

When preparing multi-element reference solutions with other combinations as 
well, attention must always be paid to the chemical compatibility of the 
elements. In order to avoid interference, the decomposing reagents should 
be added to the reference solutions. 

Blank solution: 
Measure 1 ml of nitric acid and 100 ml of water into a plastic container. 

Zero-value solution: 
Transfer 1 ml of nitric acid into a 100-ml measuring flask, by pipette, 
and make up to the mark with water. 

Sampling 

Basically, when taking samples of water the specifications of DIN 38 402 A 
11 to 15 (cf. Chapter 1) must be taken into account. Further to this, 
proceed as follows: 

- Take the water sample in glass, silica glass or plastic containers. 
- Add 1 ml of nitric acid per 1000 ml of sample. 
- The pH must be < 2; if necessary, increase the addition of acid. 

When taking samples from sludge, observe the instructions in Chapter 1. 

Pretreatment of the sample 

In order to determine the total concentrations of the elements in the 
water, the sample is treated in the following way. 

- To 100 ml of homogenized sample add 1 ml of cone. HN03 and 1 ml of H202 
- Concentrate the mixture until a damp residue remains (complete drying may 

lead to reduced results). 
- If decomposition is incomplete, add a little water to the residue and 

repeat the treatment. 
- Pick up the residue with 1 ml of HN03 and a little water, and make up to 

100 ml with water. 
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Decomposition can be dispensed with if complete detection of the elements 
is possible even without this pretreatment. 

Procedure 

Before conducting the measurement, adjust the equipment-related parameters 
of the ICP-AES device according to the directions in the manufacturer's 
operating instructions. Particular attention must be paid to the following 
points: 

- Set spectrometer precisely 
- Check and ensure stability of spectrometer, generator and atomization 

system 
- Establish wavelengths for background correction 
- Measure each solution at least twice 
- After each measurement, rinse the atomization system thoroughly with the 

zero- value solution. 

Measurement according to. the standard calibration method 

A t the start of the measurement a reference function must be drawn up for 
each element to be determined. It is the result of two measured points 
(zero value and calibration concentration). The procedure is as follows: 

- Prepare single-element and multi-element reference solutions and zero-value 
solution 

- Measure the intensity of the selected emission lines of the elements in 
the reference solutions and the zero-value solution 

- Determine the reference line for the series of measured values obtained 
in this way. 

The following general equation (3) applies to the element to be determined, 
i: 

Yi (3) 

Yi Signal level (measured value) (intensity in counts) 
bi Gradient of the reference function (sensitivity) (counts litre' mg- 1) 
13i Mass concentration of the element (mg . litre-I) 
ai Ordinate intercept of the reference function (measured value of zero 

value solution) 

- After drawing up the reference lines, measure samples. 
- Regularly check the validity of the reference function with zero-value 

solution and with the reference solutions. 
- Should the element concentrations of the sample solutions exceed the 

validity range of the reference functions, dilute the sample solution 
with zero value solution. 

In commercial ICP-AES devices, prOVISIOn is also made for calibration 
techniques with several reference solutions and other algorithms. 

Measurement with internal standard 

By using the internal standard, interferences in the sample-feed 
which are caused by differences in viscosity, surface tension or 
between the reference solution and the solution under analysis 
corrected. The method is used if matrix simulation is not possible. 

system 
density 

can be 
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If the internal standard is used, both the accuracy and, if measurement is 
simultaneous, the precision of the technique can be improved. 

Elements which are not a constituent of the sample under analysis (e. g. 
scandium or yttrium) are particularly suited for use as the internal stand­
ard. Should it be the case that the element chosen as internal standard is 
in fact a constituent of the sample under analysis, the concentration of 
mass added to the sample under analysis should be approximately three 
orders of magnitude higher than the initial concentration. 

The internal standard should possess emission lines which yield high inten­
sities even at a low concentration of mass so that small additions to the 
solution under analysis suffice (e. g. 1 to 5 mg/l) . This prevents 
uncontrolled influencing of the sample matrix. 

The element which is used as the internal standard should display as few 
lines as possible in the emiSSion spectrum in order to avoid spectral 
interference. When conducting measurement with the internal standard, 
proceed as follows: 

- Establish the reference function for the elements to be determined and for 
the internal standard 

- Add the internal standard to the solutions under analysis. 
- Measure the solution under analysis with the internal standard. 
- Measure the blank solution with the internal standard. 

Evaluation 

Evaluation with the standard calibration method 

The mass concentrations of the elements are to be determined from the 
reference function (Equation 1) on the basis of the intensities. The follow­
ing equation (4) applies: 

B' I - Bi Bl (4) 

Signal level of element i (measured value) (intensity in counts) 
Gradient of the reference function (sensitivity) (counts • litre • mg- 1) 
Concentration of element (mg· litre-I) 
Ordinate intercept of the reference function (measured value of the 
zero value solution) 
Measured blank reading 

All dilution operations must be taken into account in the calculation. 

Evaluation using an internal standard 

The correction factor R is determined from the measurements as follows 
(Equation 5): 

R lIS/I* (5) 

R ::: Correction factor 
lIS Intensity of the added internal standard 
1* Intensity of the internal standard in the sample under analysis 
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The corrected concentration of an element I f3i I is calculated according to 
Equation 6: 

Concentration of element (mg . litre-I) 
Signal level of element i (measured value) (intensity in counts) 
Gradient of reference function (sensitivity) (counts . litre 
Ordinate intercept of the reference function (measured value 
zero value solution) 
Measured blank reading 
Correction factor (Equation 5) 

(6) 

mg- 1) 
of the 

The internal standard is added to the blank solution before measurement, 
and the measured concentrations of the elements are likewise corrected 
(Equation 6). 

Presentation of the results 

State the results to a maximum of three significant places, but no more than 
permitted by the lower range of application according to Table a. 

Example: Boron (B) 
Phosphorus (P) 

Analysis report 

0.04- mg/l 
154- mg/l 

The report should refer to this technique and include the following details: 

a) Precise identity of the water sample 
b) Statement of the results 
c) Description of sample pretreatment, if any 
d) Any deviations from this technique and complete information as to any 

circumstances which may have influenced the result. 

Fig. 100. Spectral interference; (see 
also equation 1) 

Int. 
Ixu 

Iul ---

Iu ---

U~2" 
a b 
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Table a. Lower limits of application range in ICP-AES 

Element Line 
(nm) 

Ag 328.068 
338.289 

Al 308.215 
396.152 

B 208.959 
249.678 
249.773 

Ba 233.527 
455.403 
493.409 

Ca 315.887 
317.933 
393.366 

Cd 214.438 
226.502 
228.802 

Co 228.616 

Cr 205.552 
267.716 
283.563 
284.325 

Cu 324.754 
327.396 

Fe 259.940 

K 766.490 

Mg 279.079 
279.553 

Lower 
limi t (mg/1) 

0.01 
0.01 

0.1 
0.1 

0.005 
0.006 
0.01 

0.004 
0.002 
0.003 

0.1 
0.01 
0.0002 

0.01 
0.01 
0.01 

0.01 

0.01 
0.01 
0.01 
0.01 

0.01 
0.01 

0.02 

2 

0.03 
0.0005 

Element 

Mn 

Mo 

Na 

Ni 

P 

Pb 

Sb 

Sr 

Ti 

V 

Zn 

Zr 

Line 
(nm) 

257.610 
293.306 

202.030 
204.598 

589.592 

231.604 

178.267 
213.618 
214.914 

220.353 

206.833 
217.581 

407.771 
421.552 
460.733 

334.941 
336.121 
337.280 
368.520 

290.882 
292.402 
310.230 
311.071 

206.200 
213.856 

343.823 

Lower 
limi t (mg/l) 

0.002 
0.02 

0.01 
0.02 

0.1 

0.02 

0.1 
0.1 
0.1 

0.1 

0.1 
0.1 

0.0005 
0.01 
0.1 

0.005 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.01 

0.01 
0.005 

0.01 



323 

Table b. Potential spectral interference sources when analyzing wastewater 
with ICP-AES 

Element Line 
(nm) 

Ag 328.068 
338.289 

Al 308.215 
396.152 

B 208.959 
249.678 
249.773 

Ba 233.527 
455.403 
493.409 

Ca 315.887 
317.933 
393.366 

Cd 214.438 
226.502 
228.802 

Co 228.616 

Cr 205.552 
267.716 
283.563 
284.325 

Cu 324.754 
327.396 

Fe 259.940 

K 766.490 

Mg 279.079 
279.553 

Interfering 
elements 

Mn, V 
Mo 

Fe 
Fe 

Fe, V 

Co 
Fe 

Fe 
Fe 
As 

Ti 

Fe, Mo 
Mn, V 
Fe, Mo 

Element 

Mn 

Mo 

Na 

Ni 

P 

Pb 

Sb 

Sr 

Ti 

V 

Zn 

Zr 

Line 
(nm) 

257.610 
293.306 

202.030 
204.598 

589.592 

231.604 

178.267 
213.618 
214.914 

220.353 

206.833 
217.581 

407.771 
421.552 
460.733 

334.941 
336.121 
337.280 
368.520 

290.882 
292.402 
310.230 
311.071 

206.200 
213.856 

343.823 

Interfering 
elements 

Fe 

Co 

Cu, Fe, Mo, Zn 
Cu 

Al 

Cr, Mo 

Fe, Mo 
Fe, Mo 

Fe, Mn, Ti 

Cu, Ni 
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Table c. Preparation of element stock solutions (1000 mg/l) 

Element Component Weight Solvent 

Aluminium Al 1000.0 HCI, 6 molll 

Antimony Sb 1000.0 HCI, mol/l 

Barium BaCl2 1516.3 water 
Ba( N03)2 1902.9 water 

Boron B 1000.0 HN03, It mol/l 
H3B03 5719.5 water 

Cadmium Cd 1000.0 HN03, It mol/l 
CdO lllt2.3 HN03, It mol/l 

Calcium CaC03 2lt97.2 HN03. 0.5 molll 

Chromium Cr 1000.0 HCI, It mol/l 

Cobalt Co 1000.0 HCI, It mol/l 

Copper Cu 1000.0 HN03, It mol/l 

Iron Fe 1000.0 HCI, It mol/l 
Fe203 Ilt29.7 HCI, It mol/l 

Lead Pb( N03)2 1598.5 water 

Magnesium MgO 1658.1 HN03, 1 molll 

Manganese Mn 1000.0 HN03, It molll 

Molybdenum (NHIt)2Mo01t 20lt3.0 water 

Nickel Ni 1000.0 HCI, It mol/l 

Phosphorus (NHIt)2HP01t 1t260.0 water 

Potassium KCI 1906.7 water 

Silver AgN03 1571t.8 HN03, 1 mol/l 

Sodium NaCl 25lt2.1 water 

Strontium SrC03 1681t.9 HCI, molll 

Titanium Ti 1000.0 HCI, It molll 

Vanadium V 1000.0 HN03, It molll 

Zinc Zn 1000.0 HN03, It mol/l 

Zirconium ZrOCl2 • 8H20 3532.6 HCI, 2 mol/l 
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3.4 Trace substances (inorganic) (For ICP-AES determination of 24 
elements see Section 3.3.12) 

3.4.1 Trace detection of elements in parallel by emission spectrography 
survey analysis (see also Chapter 2) 

General remarks 

It is possible to detect many elements or their ions in water with rela­
tively little time and effort by analyzing their emission spectra. The line 
spectrum produced is generally recorded on a photographic plate. Qualita­
tive identification of the elements can be made on the basis of the 
position of the spectral lines. An element is considered to be detected if 
a line characteristic of this element has been found and identified with 
certainty. Identification is made with the assistance of a projector, with 
which comparison spectra may also be projected, and a table listing the 
wavelengths of the analytical lines. Generally speaking, the strongest 
lines are used for this purpose, lying in the ultraviolet (200 to 400 nm) 
and in the visible spectral range (400 to 800 nm). The iron spectrum may be 
recommended as a comparison spectrum. 

Sufficient homogeneity of the sample which is filled into the hollow of the 
cathode is important. In order to obtain sufficient quantities of the 
elements contained in a water sample to permit detection by spectroana­
lysis, a concentration process is required before the analysis is made. In 
certain respects, this concentration process must also always be a 
depletion process, in which elements or ions present in considerable excess 
are isolated. In this way, their influence on the detection of elements 
present only in traces is considerably reduced. 

Concentration process 

Trace precipitation and extraction techniques, for example, have been used 
for multi-element concentration. Trace precipitation (if necessary with 
carriers) offers the advantage that it involves relatively little work. 
Since it is possible to use up to 50 litres of a water sample the detection 
of extreme traces is practicable. Generally, 1 litre of water sample is 
sufficient for trace concentration by extraction. Extraction methods may be 
varied in many ways. The techniques may be adapted accordingly from case to 
case. 

3.4.1.1 Concentration by trace precipitation (classical method) 

Equipment 

Quartz or porcelain dish for evaporation, volume at least I litre 

Beakers of various sizes 

Porcelain crucible 

Sodium hydrogen carbonate solution, 10 % 

Hydrochloric acid, 25 % 

Water containing hydrochloric acid, 2 % Hel 



326 

Ammonium chloride, reagent purity 

Hydrogen sulphide gas (e.g. Kipp's apparatus or H2S gas bottle) 

Ammonium hydroxide solution, approx. 27 % 

Method 

For concentration by trace precipitation or coprecipitation the entire 
contents of a flask must be used. In general, a volume of 10 litres is 
taken initially. Boil down the weakly alkaline water sample {without any 
sediments which may be contained in the flask, see below}. This is the 
principal solution. In many waters a pH of 7 - 8 is established automati­
cally during evaporation. If necessary, adjust to this pH by adding 10 % 
sodium hydrogen carbonate solution in order to prevent the volatilization 
of e.g. mercury or germanium. 

Treat the precipitates (sediments) in the sample flask with 25 % HCl and 
wash into a beaker together with the residue which is insoluble in acid. 
Evaporate the principal solution (see above) to a volume of about 0.5 - 1 
litre and carefully acidify with this acid solution. Filter the acid 
solution and rinse out the insoluble residue with water containing hydro­
chloric acid (2 % HC!). If the water contains large amounts of calcium 
sulphate, the residue must be hot extracted several times with 2 % hydro­
chloric acid. 

Incinerate the 
ignition residue 
first spectrum. 

insoluble residue 
to uniform grain 

collected on 
size; this is 

the 
used 

filter. Grind 
for recording 

the 
the 

Combine the principal solution with the various weakly hydrochloric 
extracts of the insoluble residue and treat with about 109 of ammonium 
chloride. Subsequently introduce a moderate flow of hydrogen sulphide into 
the cold solution for about 4 - 6 hours. Leave to stand for a few hours 
(until the sulphur functioning as trace catcher is completely settled), 
filter off the insoluble sulphides and rinse with weakly hydrochloric water 
containing hydrogen sulphide. Following this, rinse a few more times with 
chloride-free water containing hydrogen sulphide and incinerate at about 
400 °C. The residue is used for recording the second spectrum. 

Use (approx. 27 %) ammonium hydroxide solution to render the filtrate of 
the hydrogen sulphide precipitation in acid solution ammoniacal. Again pass 
hydrogen sulphide into the solution for about 1 - 2 hours. Filter off the 
precipitated sulphides of the ammonium sulphide group and rinse with water 
containing ammonium sulphide. Incinerate the filter with the residue (400 °C). 
The ignition residue is used to record the third spectrum. 

The alkaline earth and alkaline elements are not detected by this method 
since they are identified elsewhere in the course of the general analysis, 
e.g. either by AAS or flame emission. Barium appears clearly as early as 
the first and second spectrum. 

A blank test, using the same type and quantity of reagents and the devices 
and water used for the concentration process, should be carried out at the 
same time as the analytical process by trace precipitation. Filtration must 
also be carried out, even if no observable precipitation occurs in the 
blank test. The filters must also be subjected to the same process. The 
purity of all reagents must at least be of the grade "reagent purity". 



327 

In order to increase detection sensitivity, it is advisable to replenish 
the cavity in the electrode and arc over again under the same conditions 
for the same recording. 

3.4.1.2 Concentration by extraction 

(Experience has shown that this relatively old technique provides useful 
resul ts). 

Ammonium pyrrolidine dithiocarbamate (APDC), for example, is suitable for 
group extraction in water. It is added as a 2 % aqueous solution to the 
water sample, which should be set to pH 2 (5 ml to 1 litre of water 
sample). Repeat extraction with about 15 ml of chloroform each time until 
the chloroform phase is almost colourless (at least three times). 

Add a quantity of a 10 % aqueous diammonium citrate solution sufficient to 
prevent the precipitation of calcium and magnesium ions, set the pH to 8, 
treat with 5 ml of APDC solution and extract again with chloroform. One 
extraction generally suffices. 

Evaporate the chloroform extracts almost to dryness over a water bath, wash 
over to a porcelain crucible, bring to dryness on a sand bath and inciner­
ate in a muffle furnace at 350 °C. Proceed with spectrographic analysis as 
described under "Concentration by trace precipitation". 

In order to make the circle of 
tion as wide as possible, F. A. 
extractions are performed using 
Sodium diethyl dithiocarbamate 
dithizone. 

Method 

trace elements detectable by group extrac­
Pohl has described a method in which the 
a mixture of three complexing reagents: 
(DDTC), 8-hydroxiquinoline (oxine) and 

The extraction of 1 - 5 litres of the water sample is usually sufficient 
for a spectrographic survey analysis. The water sample must be completely 
clear. Any sediments present must be dissolved with hydrochloric acid. 

Use the entire contents of the transport flask for the extraction. In the 
case of volumes larger than 1 litre, evaporate to 1 litre. Transfer the 
water sample prepared in this way, including the solution of the sediment, 
to a 1.5-litre shaking funnel, set the pH to about 3 by adding hydrochloric 
acid or ammonium hydroxide solution drop wise (test by spotting onto indica­
tor paper), treat with 2 ml of DDTC solution, shake for 10 seconds, then 
add 15 ml of oxine solution and shake vigorously for 1 minute. 

After separation of the phases, run off the chloroform phase and repeat the 
same process about three times, again adding DDTC and oxine, until the 
chloroform phase is virtually colourless after shaking. A slight yellow 
coloration which recurs if the extraction process is repeated in the same 
way stems from the oxine which is rearranged to a weakly yellow form on 
contact with water. 

Adjust the solution to pH 5 in the shaking funnel by adding ammonium hydroxi­
de solution a drop at a time and shake out with DDTC and oxine solution in 
the same way until the chloroform layer is colourless. Collect all the 
chloroform fractions in a distilling flask. 
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Add 10 ml of ammonium tartrate solution. In the case of waters which are 
very rich in minerals: increase this quantity accordingly, so as to prevent 
hydroxide precipitation at higher pH values. Shake out at pH 7 with 2 ml of 
DDTC solution, 15 ml of oxine solution and 5 ml of dithizone solution until 
the chloroform phase remains green. Repeat the same process at pH 9, at 
which point the concentration is generally completed after a single 
extraction process. 

This method of extractive concentration of trace elements in water for the 
purpose of subsequent qualitative spectral analysis (survey analysis) using 
the three complexing reagents, may be used to detect the following elements 
in concentrations down to 0.5 J.lg/I or below: 

Ag, AI, As, Au, Bi, Cd, Co, Cr, Cu, Fe, Ga, Hf, Hg, In, La, Mn, Mo, Ni, Pb, 
Pd, Pt, rare earths, Sb, Sc, Sn, Th, Ti, Tl, U, V, Y, Zn and Zr (after F. 
A. Pohl). 

After distilling off the chloroform, transfer the combined 
extracts to a quartz dish, add a drop of concentrated nitric 
incinerate in a muffle furnace at 350 °C. 

chloroform 
acid and 

Insert the thoroughly homogenized residue into the cavity of the electrode 
for spectral analysis and apply current according to the instructions for 
use given by the manufacturer of the instrument. 

As with all trace analysis, particular attention should be paid to immacu­
late cleanliness of the laboratory devices, and to the purity of the 
reagents (at least "reagent purity") and of the solvents, since the risk of 
introducing other substances is greater than that of losing trace elements 
(control with blank test). 

Pay particular attention to the safety regulations for the use of chloro­
form. When testing for heavy elements, X-ray fluorescence may also be used 
for identification. A method which has proved valuable for the detection 
of Ag, Bi, Cd, Co, Cu, Ni, Pb, Tl and Zn following concentration by extrac­
tion is described in DIN 38406, Part 21, September 1980. 

3.4.2 Aluminium 

General remarks 

A tomic-absorption spectrophotometry can be recommended as a method of 
determining aluminium. The techniques described here are the direct method 
using flame-absorption spectrometry (3.4.2.0, where necessary with the 
method of concentration outlined below, and AAS using the graphite tube 
technique (3.4.2.2). 

Photometric or 
determination of 
organic reagents 
light by these 
(3.4.2.3). 

spectrophotometric methods are 
small quantities of aluminium in 
form colour lakes with aluminium 
lakes can be measured at the 

also suitable for the 
water. In these methods 
ions. The absorption of 

appropriate wavelength 

The method with alizarin S and the method with eriochromcyanine R are both 
included in the "Deutsche Einheitsverfahren zur Wasser-, Abwasser- und 
Schlamm-Untersuchungen" (E 9, 1972), (German Standard Methods for the 
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Examination of Water, Wastewater and Sludges). The eriochromcyanine R 
method is also recommended as a standard method in addition to determina­
tion by atomic absorption spectrophotometry in the "Standard Methods for 
the Examination of Water and Wastewater" of the American Public Health 
Association, 13th Ed. The authors' experience also indicates that this 
method is valuable if no AAS device is available. 

3.4.2.4 ICP-AES see Section 3.3.12 

3.4.2.1 Direct determination by means of atomic-absorption analysis 

Equipment parameters 

1. Hollow-cathode Al lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 

Acid concentration 

Remarks 

309.3 nm 
5 mA 
0.5 nm 
Acetylene 
Laughing gas 
Reducing 
Yes 

2 - 50 mgll 
0.1 mgll 
0.2 - 2 mgll 
2 - 50 mgll 
10 ml hydrochloric acid (1.17 g/m!) 
per 1000 ml solution for measure­
ment 

Add 5 ml lanthanum nitrate solution per 50 ml solution for measurement to 
reduce matrix interferences and to improve sensitivity. 

Lanthanum nitrate solution: 
Dissolve 50 g La(N03)3 . 6 H20 in water and make up to 1 litre. 

Concentration by evaporation is possible. One extraction method is 
described below. 

Reagents 

Acetic acid 

Hydrochloric acid 

Ammonium hydroxide solution 

Oxine solution: 

(1.05 g/m!) 

(1.17 g/m!) 

(0.91 g/m!) 

Dissolve 50 g oxine (8-hydroxyquinoline) in 120 ml acetic acid, and make 
up to 1 litre with water. 

Ammonium acetate solution: 
285 ml acetic acid + 565 ml water + 285 ml ammonium hydroxide solution, 
set pH 6.6 (electrometrically). 
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Chloroform 

Methyl red 

Procedure 

Evaporate the required quantity of water with a little hydrochloric acid 
to approximately 200 ml 

Neutralize with ammonium hydroxide with respect to methyl red 

Acidify with one drop of hydrochloric acid and transfer to a 250 ml 
separating funnel 

Add 1 ml oxine solution, 5 ml ammonium acetate solution and 10 ml chloro­
form 

Shake for 2 minutes and after phase separation run off the organic phase 
into a quartz glass 

Repeat extraction with 10 ml and 5 ml chloroform 

Evaporate the accumulated organic extracts in the quartz glass on a water 
bath and ignite at 450°C in the muffle furnace 

Allow to cool, pick up with 2.5 ml hydrochloric acid, and heat 

Treat with 2.5 ml lanthanum nitrate solution, transfer to 25 ml measuring 
flasks and fill up to the mark 

Carry out final determination as previously described for atomic-absorption 
analysis 

Take a blank reading in the same way 

Decomposition with nitric acid/hydrogen peroxide is necessary for organi­
cally loaded samples. 

3.4.2.2 Aluminium determination with the graphite tube technique (Furnace 
method) 

Equipment parameters 

1. Hollow cathode Al lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. Atomization 

10. Gas stop 

Optimum measuring range 
Determination limit 

309.3 nm 
5 rnA 
0.5 nm 
Yes 
Argon 
25 s at 140 °C 
15 s at 500 °C 
3 s at 2400 °C 
Yes 

5 - 50 Ilg/1 with 10 III sample 
2 Ilg/1 



Calibration 
Acid concentration 

Remarks 

Addition method 
10 ml nitric acid (1.40 g/ml) per 
1000 ml sample solution 
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Immediately after sampling, stabilize the water sample with 10 ml nitric 
acid (1.40 g/ml) per 1000 ml sample solution. 

3.4.2.3 Spectrophotometric determination with eriochromcyanine R 

General remarks 

In acid solution aluminium ions together with eriochromcyanine R form a 
red-purple colour lake, the colour and intensity of which depend on the pH 
value of the solution. Optimum colour-lake formation occurs in the region 
between pH 4 and 6, but in this range the reaction is very slow. The 
reaction time can be considerably reduced by initially adding the eriochrom­
cyanine R in a medium containing thioglycolic acid (pH 2.5) and subsequent­
ly adjusting to about pH 5.6 with the buffer solution. The extinction 
maximum of the colour complex is at 530 nm. 

The method is suitable for the determination of aluminium ions in concen­
trations between 0.02 and 0.7 mg/I. If concentrations are higher the sample 
should be diluted accordingly. 

In the absence of fluoride and polyphosphates approximately 6 J-1g of AI per 
litre can be determined. 

Fluoride ions interfere (negative interference) even in low concentrations. 
In order to eliminate fluoride ions the sample must be evaporated with 
sulphuric acid (1.84 g/ml), in a platinum or quartz dish. 

The influence of polyphosphates is also eliminated in this way. Hydrolysis 
to orthophosphates must be completed in the course of this process. 

If relatively high concentrations of organic substances are present, 5 ml 
of ammonium peroxodisulphate solution should be added following evaporation 
and the sample brought to the boil for 50 minutes. Provided the procedure 
is carefully followed the influence of other interfering factors is only 
slight in the method as described. 

Equipment 

Spectrophotometer or filter photometer 

Cuvettes, path length 0.5 and 1 cm 

Platinum or quartz dish, 500 ml 

Sand bath or surface radiant heater 

Measuring flasks, volume 1 litre, 250 ml, 100 ml 

Bulb pipettes, volume 100 ml, 25 ml, 10 ml, 5 ml, 2 ml, 1 ml 

Hydrochloric acid, reagent purity, (1.12 g/ml) 
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Hydrochloric acid, dilute: 
Mix 10 ml of hydrochloric acid, (1.19 g/mI) with 90 ml of dist. water. 

Sulphuric acid, reagent purity (1.S4 g/mI) 

Ascorbic acid solution: 
Dissolve 1 g of reagent-purity ascorbic acid, C6HS06, in 100 ml of dist. 
water. 

Thioglycolic acid solution: 
Mix 10 ml of thioglycolic acid, HSCH2COOH, approx. SO %, with 90 ml of 
dist. water. This solution has a useful life of only one day. 

Eriochromcyanine solution: 
Dissolve 0.1 g of reagent-purity eriochromcyanine R, C23H15Na306S, in 100 ml 
of dist. water. The solution has a useful life of only one day. 

Buffer solution: 
Make up 274 g of reagent-purity ammonium acetate, CH3COONH4, 109 g of 
reagent-purity sodium acetate, CH3COONa . 3 H20, and 6 ml of reagent­
purity acetic acid, CH3COOH, to 1 litre with dist. water. 

Ammonium peroxodisulphate solution: 
Dissolve 10 g of reagent-purity (NH 4)2S20 S in 100 ml of dist. water. 

Aluminium stock solution: 
Dissolve 1000 mg of aluminium, metal strip, superpure, in 20 ml of hydro­
chloric acid, (1.12 g/mI); make up the solution to 1 litre with dist. 
water. 1 ml of the solution contains 1 mg of AI. 

Aluminium reference solution: 
Dilute 10 ml of aluminium stock solution to 
(l ml = 0.01 mg of AI). 

Method 

Calibration 

litre with dist. water 

Prepare the calibration curve after taking volumes of the aluminium refer­
ence solution which contain 0.01/0.05/0.10/0.20/0.50/0.75/1.0 mg of A13+ 
per litre according to the procedure described under "Determination". 

Determination 

Depending on the concentration of aluminium ions boil down up to 500 ml of 
the water sample with 2 ml of sulphuric acid in a platinum or quartz dish 
and evaporate to dryness. Pick up the residue with 1 ml of dilute hydro­
chloric acid and a few ml of distilled water. Boil the mixture until the 
residue is completely dissolved. 

If relatively high concentrations of organic substances are present, add 
5 ml of ammonium peroxodisulphate solution following evaporation and boil 
the sample for 50 minutes. 

Neutralize the hydrochloric solution and transfer to a 100-ml measuring 
flask. Add 5 ml of ascorbic acid solution and 1 ml of thioglycolic acid 
solution, dilute to approximately 60 ml with distilled water and mix. 



333 

Immediately treat the sample with 10 ml of eriochromcyanine solution, and 
after 20 minutes with 10 ml of buffer solution. The pH should now be 5.6. 

Dilute the solution to the mark with distilled water and measure its 
extinction after 30 minutes at 530 nm against a blank test which has been 
treated in the same way, including evaporation with sulphuric acid. The 
blank test should be conducted with distilled water instead of the water 
under investigation. Its extinction, measured against distilled water, is 
O. 6/cm. The colour lake is constant for at least 1 hour. 

Calculation 

Read off the aluminium content from the calibration curve on the basis of 
the measured extinction. Take into account the cuvette path length of the 
blank test and the initial volume and convert to mg of AI3+/1. Instead of 
reading from the' calibration curve a calibration factor may also be used 
for calculation. 

A tomic weight of aluminium: 26.9815 

3.4.3 Arsenic 

General remarks 

Arsenic is geologically widespread and traces of arsenic occur naturally in 
ground water and surface waters. In some subterranean water geogenic 
arsenic concentrations even occur in the mg/l range. Anthropogenic arsenic 
from waste waters, particularly from the metallurgical, chemical or mining 
industries, may cause high levels of arsenic contamination. Particular 
attention must also be paid to seepage water from ash heaps and rubble 
tips. 

Quantitative determination 

3.4.3. 1 Determination by means of hydride AAS 

3.4.3.2 Spectrophotometric determination of total arsenic with silver 
diethyl dithiocarbamate (Fresenius-Schneider) 

3.4.3.3 Iodometr ic determination of arsenic (III) 

3.4.3.4 Separation of arsenic (III) and arsenic (V) (Gorbauch) 

3.4.3.1 Determination of arsenic using the hydride AAS technique 

Principle 

Using sodium borohydride, arsenic ions are reduced to arsenic hydride, 
transferred to a heated quartz cuvette with the aid of a current of inert 
gas, decomposed thermally, and the absorption of the atoms is measured in 
the beam of an atomic-absorption spectrometer. In the hydride technique, 
the element which is to be determined is volatilized as a gaseous hydride 
and separated off from the matrix. Interferences may occur if there is a 
considerable excess of elements such as antimony, tin, bismuth, mercury, 
selenium or tellurium, which may also be volatilized using this technique. 
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Above all, heavy metals such as copper and nickel have a disturbing effect 
during the hydride formation itself. These interferences may be diminished 
by adding 300 mg of solid 2-pyridine aldoxime to the solution for measure­
ment. 

Since arsenic (III) and arsenic (V) are not equally sensItIve when determin­
ed by the hydride technique, arsenic (V) should be reduced to arsenic (III) 
before determination (prereduction). 

Reagents 

Arsenic stock solution 

Hydrochloric acid 

Sodium borohydride solution: 

(1000 mg/j) 

(1.17 g/mj) 

Dissolve 3 g NaBH4 and 1 g NaOH in water and make up to 100 ml. 

Prereduction solution: 
Dissolve 5 g ascorbic acid (C6Hg06) and 0.5 g potassium iodide (KI) in 
water and make up to 100 mi. 

Prereduction of the water samples and decomposition solutions: 
Introduce 20 ml of the water sample or the decomposition solution into 
the reaction vessel of the hydride system (prereduction may also be 
carried out in a different vesseJ), treat with 4 ml hydrochloric acid 
(1.17 g/ml) and 2 ml prereduction solution and leave to stand for at 
least 15 minutes. 

Treat the blank and calibration solutions in the same way. 

Equipment parameters 

A tomic-absorption spectrometer with hydride attachment: 

1. Hollow-cathode arsenic lamp 
2. Wavelength 
3. Lamp current 
4. Inert gas 
5. Gas through-flow 
6. Cuvette temperature 
7. Aperture width 
g. Integration 
9. Integration time 

10. Background compensation 
11. Measuring range 
12. Determination limit 

193.7 nm 
5 mA 
Argon 
30 I/h 
900°C 
1 nm 
Peak area 
25 s 
No 
2.5 - 10 iJg/1 
0.5 iJg/1 

The parameters quoted here for the hydride technique apply to a Varian AAS 
unit, model 775, in conjunction with a hydride system manufactured by Messrs. 
Berghoff, TUbingen, FRG. 

Method 

Connect the reaction vessel containing the prereduced solution to the 
hydride system. Allow a constant current of inert gas (argon) to flow 
through the system at 30 l/h to expel the air. Following this, continuously 



335 

add 3 % sodium borohydride solution using a peristaltic pump. Arsenic ions 
are reduced to arsenic hydride and directed by the current of inert gas 
into a quartz cuvette heated to 800°C where they are thermally decomposed. 
Measure the absorption. 

Remarks 

Since the 
which is 
organic or 
decomposed 
below. 

hydride technique only permits quantitative detection of arsenic 
present ionogenically in solution, decomposition is required for 
complexed arsenic. Organically loaded water samples must also be 
before measurement. Two methods of decomposition are described 

A) Decomposition with sulphuric acid/hydrogen peroxide 

Reagents 

Sulphuric acid (1.84 g/mI) 

Hydrogen peroxide (30 %) 

Method 

Introduce 50 ml of the water sample into a 150-ml beaker, treat with 
5 ml sulphuric acid and add 5 ml hydrogen peroxide 

Heat in a sand bath until 503 vapour appears 

If the organic load of the water sample is high, repeat the addition 
of hydrogen peroxide to the decomposition mixture. 

When the decomposition mixture is cool, transfer the sample to a measur­
ing flask, 50 ml, and dilute with water to the mark. 

Care should be taken that the sample never evaporates to dryness. 

B) Decomposition with magnesium oxide/magnesium nitrate 

Reagents 

Hydrochloric acid (1.17 g/mI) 

Magnesium oxide (MgO) 

Magnesium nitrate (Mg(N03)2 • 6 H20) 

Procedure 

Introduce 50 ml of the water sample into a 100-ml quartz-glass beaker, 
neutralize if necessary, and subsequently treat with 1 g magnesium 
oxide and 1 g magnesium nitrate 

Evaporate over a water bath 

Carefully cover the evaporation residue with 2 g magnesium nitrate 

Dry at 180°C in a drying oven for 20 minutes 
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Place in a cold muffle furnace, heat to between 500 and 550 °C and 
leave at this temperature for 1 hour 

Pick up the ignition residue with 10 ml hydrochloric acid, transfer to 
a 50-ml measuring flask, and dilute with water to the mark 

3.4.3.2 Spectrophotometric determination of total arsenic with silver 
diethyl dithiocarbamate 

General remarks 

Arsenic ions are converted to gaseous arsenic hydride (arsine, AsH 3) by 
nascent hydrogen in acid solution. Arsenic hydride reacts with a silver 
diethyl dithiocarbamate solution in pyridine forming a red compound. The 
depth of the colour is proportional to the arsenic content. Photometric 
measurement can either be carried out at 560 nm (green filter) or at 546 nm 
if a mercury vapour lamp is used. 

The method is suitable for the determination of arsenic concentrations 
between 0.002 and 2 mg/l in water. 

Interference due to hydrogen sulphide or substantial quantities of organic 
substances is eliminated by evaporation with sulphuric acid/nitric acid. 
(If no evaporation is carried out, a reaction tube containing glass wool 
soaked with lead acetate must be connected in series to safeguard against 
interference by hydrogen sulphide.) Oxidizing substances which could 
inhibit a reduction of arsenic ions to arsine are reduced by tin (II) 
chloride. Antimony ions interfere, since under the reaction conditions 
described they are converted to antimony hydride (stibine), and the stibine 
likewise forms a red colour complex with silver diethyl dithiocarbamate. If 
this is the case and measurement is carried out at 540 nm, Sb contributes 8 % 
of the extinction of the arsenic complex (Koch and Koch-Dedic). A correc­
tion can therefore be made on the basis of the Sb content, measured sepa­
rately. 

It should be noted that deposits of iron hydroxide serve as trace catchers 
for arsenic and may concentrate the entire arsenic in the precipitate. For 
this reason, precipitates must be completely dissolved before analysis. 

The spherical joints must be sealed very carefully with concentrated 
sulphuric acid. Other sealants are less sui table. 

Equipment 

Arsine generator: 
100-ml Erlenmeyer flask with NS 19, absorption attachment with widened 
connecting piece (to hold lead-acetate glass wool when working without 
evaporation), spherical joint with clip and absorption vessel (see Fig. 
101). 

Sulphuric acid, con., reagent purity (arsenic-free), (1.84 g/m/) 

Nitric acid, conc., reagent purity, (1.4 g/mI) 

Sulphuric acid, dU.: 
Dilute 220 ml of conc. sulphuric acid with distilled water to I litre. 
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Fig. 101. Arsine generator 

Potassium iodide solution: 
Dissolve 15 g of reagent-purity potassium iodide in dist. water to 100 ml. 

Tin (II) chloride solution: 
Dissolve 40 g of reagent-purity SnCI2 • 2 H20 in 100 ml of conc. hydro­
chloric acid. 

Coppered granulated 
Copper-plate 100 
sulphate in dist. 
water and dry. 

zinc: 
g of 
water 

Lead-acetate glass wool: 

granulated zinc in a 1 % solution of copper 
until it is uniformly black. Rinse with dist. 

Soak glass wool in 10 % lead acetate solution and then dry. 

Silver diethyl dithiocarbamate solution: 
Dissolve I g of reagent-purity silver diethyl dithiocarbamate, 
(C2H5)2N . CS2Ag in 200 ml of freshly distilled reagent-purity pyridine. 
The solution is stable for several weeks in an amber flask. 

Arsenic stock solution: 
Dissolve 0.1320 g of reagent-purity AS203 in 12 ml of 2 m sodium 
hydroxide solution. neutralize with 1 m sulphuric acid and dilute to 
1 litre with dist. water at 20°C. The solution contains 0.1 mg' As/ml, 
corresponding to 100 mg As/I. 

Arsenic reference solution: 
Dilute arsenic stock solution in the ratio 100 with dist. water. 
This solution contains 0.001 mg As/ml (prepare a fresh solution daily). 
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Method 

Calibration 

In order to prepare the calibration curve, measure off increasing quanti­
ties of arsenic reference solution containing between 0.001 and 0.02 mg of 
arsenic and transfer to the flask of the arsine generator. Make up the 
volume of the solution to about 50 ml with distilled water and continue 
treatment in the manner described under "Determination". 

Determination 

Take 50 ml of the water sample either as such or concentrated or diluted, 
and treat with 10 - 20 ml of conc. sulphuric acid (or 2 - 3 ml of conc. 
sulphuric acid, 5 ml of conc. nitric acid + 0.5 ml of 30 % H 2°2), reducing 
the sample in a quartz dish until sulphur trioxide vapour appears. It is 
advisable to conduct simultaneous parallel determinations and in addition 
to add a known quantity of arsenic to a measur,ed volume of water and to 
process this as a blank test in the same way. 

When cool, pick up the evaporated solutions with about 20 - 30 ml of 
distilled water and transfer to the flask of the arsine generator including 
any undissolved constituents. The volume of the liquid should not amount to 
more than about 50 mI. 

Add 30 ml of diluted sulphuric acid and mix well. Now add 2 ml of potassium 
iodide solution and 8 drops of tin (II) chloride solution, shake, and leave 
to stand for 15 minutes at room temperature. 

During this time introduce exactly 2 ml of silver diethyl dithiocarbamate 
solution into the absorption tube. Seal the spherical joints with reagent­
purity conc. sulphuric acid. Following the standing period of 15 minutes 
introduce 6 + 0.1 g of the coppered granulated zinc into the flask and 
immediately seal the arsine generator tightly. For the quantitative course 
of the reaction leave the equipment to stand for 1 hour at room tempera­
ture. Following this period transfer the absorption solutions to I-cm 
cuvettes and measure against silver diethyl dithiocarbamate solution at 560 nm 
(or 546 nm if an Hg lamp is used). 

Calculation 

Read off the appropriate arsenic content from the calibration curve on the 
basis of the measured extinction, take into account the quantity of water 
used and recalculate for 1 litre of water. 

3.4.3.3 Iodometric determination of arsenic (III) 

General remarks 

Trivalent arsenic may occur in arsenical subterranean waters. It is sensi­
tive to oxidation, which means that determination should be carried out 
directly at the source. Arsenic III is oxidized to arsenic (V) by iodine in 
a solution containing sodium hydrogen carbonate. 
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The method is applicable to arsenic (III) contents greater than about 0.3 mg/l. 

Concentrations 
iron hydroxide 
down arsenic 
depressed. 

of iron ions above 1 mg/l may lead to the precipitation of 
as the sodium hydrogen carbonate solution is added, carrying 
ions. If this happens, the findings for arsenic will be 

If the water sample contains H2S or hydrogen sulphide ions they are also 
detected by iodometric titration. If this is the case it is necessary to 
determine the sulphide sulphur content separately and deduct this from the 
previously established total of arsenic (III), H2S and hydrogen sulphide. 

Equipment 

Iodine/potassium iodide solution, 0.005 m: 
Dissolve 4 g reagent-purity potassium iodide in 20 ml of dist. water, add 
1.3 g of iodine and stir until solution is complete. Dilute with dist. 
water to 1 litre. Sodium arsenite may be used as the primary standard for 
setting the pH. 

Starch solution: 
Mix 1 g of soluble starch with 100 ml of dist. water and heat until clear. 

Arsenic stock solution: 
See "Spectrophotometric determination of total arsenic with silver diethyl 
dithiocarbamate" 

Sodium hydrogen carbonate solution: cold saturated solution 

Hydrochloric acid, 20 % 

Determina tion 

Introduce 50 ml of the cold saturated sodium hydrogen carbonate solution 
into a l-litre Erlenmeyer flask and treat with 1 ml of 20 % hydrochloric 
acid. The C02 which is generated partially expels the air from the flask. 

Measure off 500 ml of the water sample immediately after taking the sample 
and transfer immediately to the Erlenmeyer flask containing the sodium 
hydrogen carbonate solution: Add 2 ml of starch solution to the solution 
and titrate with 0.005 m iodine/potassium iodide solution until a blue 
coloration begins to appear. 

Titre setting 

This should also be performed at the sampling point. Proceed as described 
under "Determination". Instead of the water under investigation take a 
quantity of arsenic stock solution corresponding approximately to the 
arsenic (III) content of the water sample. Dilute this volume with boiled 
(redistilled) water and titrate. It is advisable to make two titre settings 
independently of each other. 

Calculation 

1 ml of 0.005 m iodine/potassium iodide solution corresponds to 0.375 mg of 
As3+. 

Atomic weight of arsenic: 74.9216 
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3.4.3.4 Separating arsenic (Ill) and arsenic (V) 

Pentavalent arsenic compounds occur most frequently but trivalent arsenic 
ions are also found, particularly in arsenical subterranean waters. If the 
trivalent arsenic is to be detected separately the water should be sampled 
in the absence of air since As (III) is very sensitive to oxidation and is 
converted to the pentavalent oxidation stage merely by the oxygen in the 
air. 

Distill the trivalent arsenic directly from the strongly hydrochloric water 
sample and carry out determination in the distillate using the AAS hydride 
technique. 

The distillation residue, which contains the pentavalent arsenic, should 
then be examined in the same way. Compare the results with the total 
arsenic content established by the same means. 0.4.3.0 

Note: 

If arsenic is to be removed from the water, this can be achieved by copre­
cipitating it on iron or manganese hydroxides, or by filtering the water, 
after acidification with C02 (pH 6 - 6.5), over activated aluminium oxide. 
(W. Fresenius and W. Schneider) 

3.4.4 Antimony 

General remarks 

In natural waters antimony occurs in traces and rarely exceeds 0.01 mg/l. 

Antimony is determined either by means of hydride AAS or by spectrophoto­
metry. 

Methods 

3.4.4.1 Hydride AAS 

3.4.4.2 Spectrophotometric determination with rhodamine B 

Antimony is concentrated by coprecipitation with manganese dioxide hydrate, 
extracted with methyl isobutyl ketone as antimony triiodide and finally 
measured at 565 nm as hexachloroantimonate (V) -rhodamine B complex in 
CCI4/C6H5CI. 

3.4.4.3 ICP-AES see Section 3.3.12 

3.4.4.1 Determination of antimony using the hydride AAS technique 

General remarks 

Antimony ions are reduced to antimony hydride by means of sodium boro­
hydride, transferred to a heated quartz cuvette with the aid of a current 
of inert gas, decomposed thermally, and the absorption of the atoms is 
measured in the beam of an atomic-absorption spectrometer. In the hydride 
technique, the element which is to be determined is volatilized as a gase­
ous hydride and separated off from the matrix. 
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Interferences may occur if there is a considerable excess of elements such 
as tin, arsenic, bismuth, mercury, selenium or tellurium, which may also be 
volatilized using this technique. Above all heavy metals such as copper and 
nickel have a disturbing effect during the hydride formation itself. Since 
antimony (III) and antimony (V) are not equally sensitive when determined 
by the hydride technique, antimony (V) should be reduced to antimony (Ill) 
before determination (prereduction). 

Equipment 

Antimony stock solution (1000 mg/l) 

Hydrochloric acid (1.17 g/mI) 

Sodium borohydride solution: 
Dissolve 3 g NaBH4 and 1 g NaOH in water and make up to 100 mI. 

Prereduction solution: 
Dissolve 5 g ascorbic acid (C6H806) and 0.5 g potassium iodide (KI) in 
water and make up to 100 ml. 

A tomic-absorption spectrometer with hydride attachment 

1. Hollow-cathode antimony lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Inert gas 
7. Gas through-flow 
l;\. Cuvette temperature 
9. Integration 

10. Integration time 
11. Measuring range 
12. Determination limit 

217.6 nm 
5 mA 
0.5 nm 
Yes 
Argon 
30 I/h 
900°C 
Peak area 

25 s 
2.5 - 10 Ilg/1 
0.5 Ilg/1 

The instrument parameters quoted here for the hydride technique apply to a 
Varian AAS 775 in conjunction with a hydride system manufactured by Messrs. 
Berghoff, TUbingen, FRG. 

Method 

Prereduction of the water samples and decomposition solutions: Introduce 
20 ml of the water sample or the decomposition solution into the reaction 
vessel of the hydride system (prereduction may also be carried out in a 
different vesseI), and allow to stand for at least 15 minutes with 1 ml 
prereduction solution and 4 ml hydrochloric acid. 

Treat the blank and calibration solutions in the same way. 

Connect the reaction vessel containing the pre reduced solution to the hydride 
system. 

Allow a constant current of inert gas (argon) to flow through the system at 
30 l/h to expel the air. 
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Following this, continuously add 3 % sodium borohydride solution using a 
peristaltic pump. Sb ions are reduced to the hydride and directed by the 
current of inert gas into a quartz cuvette heated to 900°C where they are 
thermally decomposed. Measure the absorption. 

Remarks 

Since the hydride technique only permits detection of antimony which is 
present ionogenically in solution, decomposition is required for organic or 
complexed antimony. Organically loaded water samples must also be decom­
posed before measurement. 

One method of decomposition is described below: 

Reagents 

Sulphuric acid 0.84- gil) 

Hydrogen peroxide (30 %) 

Method 

Introduce 50 ml of the water sample into a l50-ml beaker, treat with 5 ml 
sulphuric acid and add 5 ml hydrogen peroxide. 

Heat in a sand bath until S03 vapour appears. 

If the organic load of the water sample is high, repeat the addition of 
hydrogen peroxide to the decomposition mixture. 

When the decomposition mixture is cool, transfer the sample to a 50-ml 
measuring flask, and dilute with water to the mark. 

Care should be taken that the sample never evaporates to dryness. 

3.4-.4-.2 Spectrophotometric determination with rhodamine B 

General remarks 

In hydrochloric solution antimony (V) together with rhodamine B forms a red­
purple complex insoluble in water. 

+ 
rhodamine B tetraethyl rhodamine 

hydrochloride 

The complex is extracted with CCI4-lchlorobenzene "( 1 : 4-) and determined 
spectrophotometrically at 565 nm (e 565 = 70 000). Due to the low antimony 
content in natural waters it is, necessary to concentrate the element by 
coprecipitation with manganese dioxide hydrate. The addition of ethanol to 
the KMn04- solution improves the adsorption characteristics of the carrier. 
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Sb is isolated from manganese, iron and interfering elements by extraction 
with MIBK from 5 m H2S04 with 0.01 m iodide. After back-extraction with 
0.4 m hydrochloric acid, excess iodide is removed by oxidation with H202 
and extraction of the liberated iodine with chloroform. Any H202 still 
present is decomposed by addition of a piece of platinum foil, the aqueous 
solution is concentrated to about 2 ml, and in order to form the hexachloro­
antimonate (V) complex 4 m hydrochloric acid and sodium nitrite are added. 
As the latter is added as a mixing reagent together with rhodamine B the 
oxidation of the antimony to the pentavalent stage and the formation of the 
rhodamine B complex with the hexachloroantimonate (V) practically occur 
simultaneously. This prevents the occurrence of antimony losses due to 
hydrolysis of the SbCI6- which begins immediately after formation of the 
complex anion. After extraction with CCl4/chlorobenzene (1 : 4) measure 
photometrically at 565 nm. The total yield of the method is approx 80 %. In 
the 1-llg range the coefficient of variation is + 2 %. The calibration curve 
is linear from 1.5 - 3.0 Ilg Sb/m!. 

Antimony concentrations up to about 0.1 Ilg/1 can be determined using this 
method. 

Waste waters with antimony concentrations above 0.05 mg/l can be analysed 
directly without previous concentration by oxidatively evaporating a 
suitable volume of the sample with H2S04/H202 and reducing it to 2 mI. 
After making up the solution to 30 ml with 4 m hydrochloric acid, extract 
with CCI4/C6H5CI and measure photometrically as described under "Method". 

In the course of the double extraction, first as antimony triiodide with 
methyl isobutyl ketone and then as hexachloroantimonate (V) -rhodamine B 
complex with CCI4/chlorobenzene, manganese, iron and other elements are 
removed to a sufficient extent to prevent interference with photometric 
determination. 

Equipment 

Er lenmeyer flasks, 5 litres and 50 ml 

Separa ting funnel, 50 ml 

Glass-fibre filter, e.g. Whatman GF/B and GF/A 

CeRtrifuge with centrifuge tubes, approx. 10 ml 

Photometer, 565 nm 

Cuvettes, 1 cm, 4 cm and/or 5 cm 

Platinum foil, coated with platinum black 

Hydrochloric acid, conc. (1.19 g/mI) 

Hydrochloric acid, 4 m and 0.4 m 

Sulphuric acid, conc. (1. 84 g/mI) 

Potassium permanganate solution, 0.2 m 

Ethanol, reagent purity 
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S02 solution, saturated in 2 m sulphuric acid 

Potassium iodide solution, 5.8 % in dist. water 

Hydrogen peroxide, 30 % 

Rhodamine B solution: 0.05 g rhodamine B in 100 ml dist. water 

Rhodamine B mixing reagent: 
Mix 9.2 ml of rhodamine B solution with 0.8 ml of 0.2 m sodium nitrite 
solution (prepare freshly before use) 

Methyl isobutyl ketone, reagent purity 

Chloroform, reagent purity 

C Cl4/ chlorobenzene (l : 4): 
Mix one part by volume of carbon tetrachloride with four parts by volume 
of chlorobenzene. 

Antimony stock solution: 
Dissolve 100 mg of reagent-purity metallic antimony in 15 ml of a 10 : I 
mixture (v/v) of conc. HCl and conc. HN03 and dilute with conc. HCI to 
100 ml. 1 ml of this solution contains 1 mg of Sb. 

Antimony reference solution: 
Dilute 1 ml of antimony stock solution with 4 m HCl to 1 litre. 1 ml 
contains 1 Ilg of Sb. 

Method 

Calibration 

In order to prepare the calibration curve, measure off increasing volumes 
of antimony reference solution containing between 1 and 10 Ilg or between 
0.1 and 5 Ilg of antimony, make up to the volume of the water sample used 
for the analysis and treat further as described under "Determination". 

Determination 

Filter e.g. 5.0 litre of water sample through an acid-washed glass-fibre 
filter ( Whatman GF /B or equivalent quality) into a 5-litre flask, add 
successively 0.7 ml of conc. hydrochloric acid, 11 ml of 0.2 m potassium 
permanganate solution and 11 ml of ethanol, mix well and leave to stand for 
2 - 3 days to allow the manganese dioxide hydrate precipitate to form. 
Filter off the precipitate through a glass-fibre filter (suction filter), 
rinse with a saturated S02 solution in small amounts and transfer to a 
50-ml separating funnel. Introduce a further 6 ml of saturated S02 solution 
used for rinsing, mix, add 1 ml of potassium iodide solution and 5.8 ml of 
conc. sulphuric acid, mix and leave to cool. 

When cool, shake out the solution vigorously for 2 minutes with 25 ml of 
methyl isobutyl ketone and after separation discard the aqueous phase. 
Shake out the organic extract three times, each time with 10 ml of 0.4 m 
hydrochloric acid. The organic extract contains antimony as triiodide. 
Subsequently discard the organic phase, combine the aqueous extracts and 
add about 0.8 ml H202 (30 %) and extract the liberated iodine four times, 
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each time with 10 ml of chloroform. Wait for 10 minutes between each shaking. 

Transfer the iodide-free/iodine-free aqueous solution to a 50-ml Erlenmeyer 
flask, add a small piece of platinum foil coated with platinum black to 
destroy the excess H202 and evaporate to about 2 ml. Make up the concen­
trated solution to about 30 ml with 4 m hydrochloric acid, transfer to a 
shaking funnel, add 1.0 ml of rhodamine B mixing reagent, mix and leave to 
stand for 25 minutes. 

Following this, add 5.0 ml of CC14/chlorobenzene (l : 4), shake for 2 
minutes, decant the organic phase into a centrifuge tube, centrifuge for a 
few minutes and then measure the extinction of the clear organic phase in a 
5-cm cuvette (in the case of Sb concentrations in the 0.1 - 2.5 Ilg/l range) 
or in a l-cm cuvette (approx. 0.3 12 Ilg/l) at 565 nm against 
CC14/ chlorobenzene (l : 4). 

Conduct a reagent blank test in the same way. For this purpose take 28 ml 
of saturated S02 solution and continue treatment as for the corresponding 
S02 solution of the analysis sample in which the manganese dioxide hydrate 
was dissolved. 

Calculation 

Read off the appropriate antimony content from the calibration curve on the 
basis of the extinction measured, taking the blank reading into account. 
Insert the volume of water sample used and recalculate for 1 litre of 
water. 

A tomic weight of antimony: 121. 75 

3.4.5 Beryllium 

General remarks 

Beryllium occurs in water in no more than trace quantities (Ilg/l). It is 
therefore necessary to use suitably sensitive direct methods, for example 
flameless AAS (graphite-tube technique), or to concentrate the beryllium 
traces, for example by coprecipitating on F e3+ 

Three methods and a concentration process are described below: 

3.4.5.1 Direct determination of beryllium by AAS 

3.4.5.2 Concentration by coprecipitation on Fe( OH) 3 

3.4.5.3 Determination of beryllium by flameless AAS (graphite tube) 

3.4.5.4 Spectrophotometric determination using chromazurol S 

3.4.5.1 Direct determination by means of atomic-absorption analysis 

Equipment parameters 

1. Hollow-cathode beryllium lamp 
2. Wavelength 234.9 nm 
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3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

5 mA 
0.5 nm 
Acetylene 
Laughing gas 
Lean in fuel gas 
Yes 

0.05 - 1 mg/I 
0.01 mg/I 
0.05 - 0.25 mg/I 
10 ml hydrochloric acid (1.17 g/mj) 
per 1000 ml solution for measurement 

Concentration by evaporation is possible if concentrations are low. The 
method of concentration described below can be recommended. 

3.4.5.2 Basis of the method of concentration 

Beryllium is separated from the matrix by coprecipitation with iron 
hydroxide. 

Reagents 

Hydrochloric acid I: 1.17 g/ml 

Hydrochloric acid II: 
Dilute 100 ml hydrochloric acid I with 100 ml water. 

Ammonium hydroxide solution: 0.91 g/ml 

Iron (III) chloride solution: 
Dissolve 3 g iron (III) chloride in water and make up to 1000 ml. 

Method 

Slightly acidify sample solution (max. 5 litres) with hydrochloric acid 

Add 5 ml iron (III) chloride per litre of sample solution 

Shake for 10 minutes (if necessary mechanical shaker) 

Allow to settle for 24 hours 

Separate precipitate with group II filter 

Dissolve with 4 ml hot hydrochloric acid + I 

Transfer to 25-ml volumetric flask and measure by AAS; equipment para­
meters and calibration are as for direct determination by means of 
atomic-absorption analysis. 



3.4.5.3 Beryllium determination with the graphite tube technique 
(Furnace method) 

Equipment parameters 

1. Hollow-cathode beryllium lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. Atomization 

10. Gas stop 

Optimum measuring range 
Determina tion limi t 
Calibration 
Acid concentration 

Remarks 

234.9 nm 
5 rnA 
0.5 nm 
Yes 
Nitrogen 
25 s at 180°C 
20 s at 800°C 
3 s at 2400 °C 
Yes 

0.1 - 2 Ilg/1 with 10 III sample 
0.02 Ilg/1 
Addition method 
10 ml nitric acid (1.40 g/mO per 
1000 ml sample solution 
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Immediately after sampling, stabilize the water sample with 10 ml nitric 
acid (1.40 g/mO per 1000 ml sample solution. 

3.4.5.4 Spectrophotometric determination using chromazurol S 

General remarks 

In the presence of pyridinium chloride, beryllium ions form with chrom­
azurol S at pH 6.0 a metal chelate complex which after 15 min. remains 
stable for at least 5 hours. The absorption maximum of this complex at 575 nm 
is suitable for photometric determination of beryllium. The molar ratio of 
beryllium to chromazurol S is 1 : 1. 

The technique can be used to determine between 2 and 100 Ilg of beryllium 
ions per litre of water. Since such concentrations only occur in very 
exceptional cases, it is first necessary to concentrate the beryllium. It 
is usual to start with 5 litres of water sample (see Section 3.4.5.2). 

For concentrations of between 0.2 and 10 Ilg of Be per 100 ml of solution 
for measurement the reproducibility of the chromazurol S method is in the 
region of .:!:. 0.2 Ilg Be. 

Equipment 

Spectrophotometer 

5-cm cuvettes 

Polyethylene bottles, approx. 5 litres (for sampling) 

Polyethylene beakers, 250 ml and 500 ml 
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pH paper 

White filter strip, 12.5 em 

Measuring cylinder, 100 ml 

Iron (III) chloride solution (J g/l) 

Hydrochloric acid I (1.17 g/ml), reagent purity 

Hydrochlor ic acid II: 
100 ml hydrochloric acid I and 100 ml dist. H20 

Ammonium hydroxide (0.91 g/ml) 

Sodium hydroxide solution, 4 m 

Washing liquid containing sodium hydroxide: 
Dissolve 10 ml of 4 m sodium hydroxide solution in 1 litre water. 

Chromazurol S solution, 0.05 %: 
Dissolve 0.50 g chromazurol S (C23H13CI2Na309S) in 1 litre water in which 
2 g of gum arabic has been dissolved. Leave to stand for several days, 
filter and store in an amber bottle. The solution keeps for several 
weeks. 

Hydroxylamine hydrochloride solution, 2 % in dist. water 

Pyridine/HCI solution: 
Slowly add 3.5 ml cone. hydrochloric acid to 21.5 ml pyridine. The 
solution keeps for at least 3 weeks. 

Beryllium stock solution: 
Dissolve 0.7658 g beryllium carbonate (BeC03) (superpure) in dist. water, 
adding 10 ml hydrochloric acid I, and make up to 1 litre. The solution 
contains 100 mg Bell. 

Beryllium standard solution: 
Make up 10 ml of beryllium stock solution to 1 litre with dist. water. 
The solution contains 1 Ilg Be/mI. 

Method 

Concentration process 

When sampling, fill each 5-litre batch of water into a plastic bottle such 
that there is still room in each bottle for the hydrochloric acid needed 
for acidification. 

Pour the acidified solution into a beaker with approx. 50 ml of cold 4 m 
sodium hydroxide solution. Bery llium and aluminium remain in solution as 
beryllate and aluminate respectively, while iron, titanium and manganese 
are precipitated. Leave to stand for several hours, filter, collect the 
filtrate in a polyethylene beaker, and wash the residue with the sodium 
hydroxide washing liquid. The volume of the filtrate should not exceed 
100 ml. 
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Determination 

Slightly acidify the filtrate (maximum volume 100 ml) with hydrochloric 
acid, concentrate by evaporation to about 50 ml, transfer the solution to a 
100-ml measuring cylinder, and set up to pH 5.5 - 6.5 with 1 m HCI or 1 m 
NH4-0H. Allow the solution to cool and add 3 ml of the 2 % solution of 
hydroxy lamine hydrochloride followed by 2 ml of pyridine/HCI solution. 
After mixing, add 1 ml chromazurol S solution by pipette. Then top up to 
the mark with dist. water at 20 °C, allow to stand for 15 min. and measure 
at 575 nm in a 5-cm cuvette. The measurement is taken against a blank 
solution which is prepared in the same way, i. e. put through the entire 
concentration and measurement procedure, but using dist. water instead of 
the water sample. 

Calibration 

The calibration curve is plotted for a range from 2 - 30 !1g Be/IOO ml, 
using the method described under "Determination". It is not a straight 
line. 

Calculation 

On the basis of the extinction measured (after deducting the value for the 
blank solution), read off the Be content from the calibration curve. Taking 
into account the original volume of the water sample, recalculate for 1 litre 
water. 

Atomic weight of beryllium: 9.0122 

3.4.6 Lead 

General remarks 

In ground waters natural lead concentrations are almost exclusively in the 
trace range, less than 0.01 mg/l. Lead compounds in concentrations greater 
than 0.1 mg/l occurring in surface waters signalize the presence of waste 
water from the mining, metal and/or chemical industries. 

Lead compounds may be found in drinking water where lead piping is used for 
plumbing purposes. Galvanized water pipes may also release traces of lead 
since zinc is always accompanied by traces of lead. Similarly, lead stabi­
lizers in polyvinyl chloride pipes may lead to the release of traces of 
lead into water passing through the pipes. 

Lead ions can be determined by means of the following methods: 

3.4-.6.1 Spectrophotometrically with dithizone (if no AAS device is available) 

3.4-.6.2 By direct AAS with flame 

3.4.6.3 Concentration method for 3.4.6.2 

3.4-.6.4- Flameless AAS using the graphite-tube technique 

3.4-.6.5 ICP-AES see Section 3.3.12 
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3.4.6.1 Spectrophotometric determination of lead with dithizone 

General remarks 

In virtually neutral to alkaline solution with dithizone, lead (II) ions 
form a di-dithizonate, 

PbX2 + 2 HDz ___ PbDz2 + 2 HX 

which is soluble in organic solvents (e.g CHCI3 and CCI4), and has a carmi­
ne red colour. These solutions are stable in darkness; in sunlight, 
considerable decomposition rapidly sets in. 

The PbDz2/CCI4 solution shows a distinct maximum at 520 nm. However, pure 
dithizone may also absorb at this point. An error may therefore arise if 
excess dithizone is incompletely eliminated. Over-thorough washing out of 
the dithizone, on the other hand, may lead to decomposition of the PbDz2. 
In order to minimize this source of error the lead dithizonate is treated 
with hydrochloric acid immediately after removing the excess dithizone. 
Lead enters the hydrochloric aqueous phase and the HDz equivalent to the 
lead is measured in the organic phase at A max. 620 nm. 

The method is suitable for the determination of lead ions in concentrations 
between 0.005 and 20 mg/I. 

The determination of lead with dithizone is not specific. If the procedure 
described is followed only bismuth ions and tin (II) ions have an inter­
fering effect. If these are found to be present in marked quantities, for 
example by spectral analysis, bismuth can be extracted in acid solution at 
pH 2 before lead with dithizone. Before analysis, tin (II) ions should be 
volatilized as bromide following oxidation with bromine. 

Equipment 

Spectrophotometer or filter photometer (620 nm) 

Cuvettes, path length 1 cm and 5 cm 

Measuring flask, 25 ml 

Separating funnel, 500 ml 

Nitric acid, reagent purity, (1.4 g/mJ), tested for freedom from lead with 
dithizone 

Ammonium acetate solution, 10 %: 
Make up 10 g reagent-purity ammonium acetate to 100 g with water. 

Ammonium hydroxide solution (l + 5), (about 0.98 g/mJ) 

Potassium cyanide solution, 10 %: 
Dissolve 10 g reagent-purity KCN in 90 ml redist. water. (Observe the 
precautions). 

Potassium cyanide solution, 0.5 %: 
Dilute 10 % KCN solution 1 to 20 with redist. water. (Caution) 



351 

Hydroxylammonium chloride solution: 
Saturated aqueous solution 

Carbon tetrachloride, reagent purity 

Dithizone solution I: 
Dissolve 25 mg dithizone (diphenyl-thiocarbazone, C 13H 12N4S) in 100 ml 
reagent-purity tetrachloride. When using reagent-purity dithizone further 
purification of the dithizone is generally not necessary. If, however, 
when conducting the blank test the organic extract displays a yellowish­
brown coloration, purify as follows: Add 1 ml ammonium hydroxide solution 
(0.98 g/ml) and 200 ml water to the 25 mg/l00 ml dithizone solution. 
Transfer the dithizone to the aqueous phase by shaking in the separating 
funnel. Separate off the carbon tetrachloride to form a layer beneath the 
aqueous phase. Acidify with hydrochloric acid and shake until the dithi­
zone is again present as a green solution in the organic phase. The 
solution is stable no more than approx. 1 day in an amber flask. 

Dithizone solution II: 
Dilute dithizone solution 
carbon tetrachloride 

Lead stock solution: 

in the ratio to 10 with reagent-purity 

Dissolve 0.1599 g lead nitrate, Pb(N03)2, reagent purity, in redist. 
water, treat with 2 ml nitric acid (1.42 g/ml) and make up to 1 litre in 
the measuring flask at 20 °C. 1 ml of this solution contains 0.1 mg of 
Pb2+. 

Lead standard solution: 
Make up 10 ml of lead stock solution to the mark in a I-litre measuring 
flask at 20°C with redisto water. 1 ml of this solution contains O. 00 1 mg 
of Pb2+. 

Method 

Calibration 

Take increasing 
trations between 

quantities of 
0.002 and 

lead 
0.1 

"Determination". Either a calibration 
used for evaluation in this range. 

Determination 

standard 
mg and 
curve or 

solution with lead concen­
analyze as described under 
a calibration factor may be 

Use a volume of water which contains between O. 005 and 0.1 mg of lead ions. 
Weakly acidify with nitric acid in order to oxidize sulphide ions and 
dissolve precipitates. 

If the quantity of water taken exceeds 250 ml, evaporate to this volume. 
Should an insoluble residue remain following acidification with nitric acid 
and concentration, filter off the residue and spray off the filter into a 
beaker. Decoct the residue in the beaker with 10 - 30 ml of 10 % ammonium 
acetate solution and then filter into the main solution through the same 
filter. Rinse the filter with hot ammonium acetate solution. 
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Combine the solutions under analysis in a separating funnel (500 ml) and 
neutralize (about pH 6 - 7) with ammonium hydroxide solution (0.98 g/mn, 
testing by spotting onto pH paper. Now add 20 ml of the 10 % potassium 
cyanide solution (caution!) and ml of the saturated hydroxylammonium 
chloride solution. The pH should now be between 9 and 10. 

Extract the lead with 5-ml portions of dithizone solution II, shaking each 
time for 1 minute, until the last extracts no longer show a red coloration 
but rather a colour between light green and yellow. Combine the lead­
containing extracts in a second separating funnel. Extract excess di thizone 
with 5 ml of 0.5 % potassium cyanide solution and immediately carry out 
phase separation. Then wash the organic phase a second time with 5 ml of 
0.5 % potassium cyanide solution and likewise separate immediately. 

Next shake the red lead dithizonate solution into a separating funnel with 
10 ml of reagent purity hydrochloric acid (1.025 g/mn. In the process the 
red coloration turns to green. The organic solution contains the green 
dithizone equivalent to the red lead dithizonate. Separate off this solu­
tion and filter through a small filter into a 25-ml measuring flask. 
(Discard the aqueous hydrochloric phase containing the lead.) Rinse the 
filter with carbon tetrachloride and make up the solution to the mark in 
the measuring flask at 20°C. 

Measure the green solution at 620 nm in a I-cm or 5-cm cuvette. Conduct a 
blank test analogous to the analysis process, using the same reagents and 
apparatus. 

Calculation 

Calculate the lead content on the basis of the measured extinction values 
with the aid of the calibration curve or the calibration factor. Take the 
blank reading and the initial volume for determination into account and 
recalculate for a volume of 1 litre. 

A tomic weight of lead: 207.19 

3.4.6.2 Direct determination by means of atomic-absorption analysis 

Equipment parameters 

1. Hollow-cathode lead lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

217.0 nm 
5 mA 
1 nm 
Acetylene 
Air 
Oxidizing 
Yes 

l-lOmg/l 
0.1 mg/l 
0.5 - 10 mg/l 
10 ml hydrochloric acid (1.17 g/ml) 
per 1000 ml solution for measure­
ment 
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Remarks 

Concentration by evaporation is possible if concentrations are low. How­
ever, since in particular a high alkaline-earth content or iron gives rise 
to interferences, extractive concentration is to be preferred. 

The method of extractive concentration described for the element silver 
with hexamethylene ammonium hexamethylene dithiocarbamate (HMDC) may be 
used in this case. A further method is described below. 

Decomposition with nitric acid - hydrogen peroxide is required for organi­
cally loaded water samples. 

3.4.6.3 Basis of the method of concentration 

Lead is converted to its dithizonate in a citrate-buffered medium at pH 9, 
and the lead dithizonate is extracted with chloroform. The lead dithizonate 
in the organic phase is reextracted to the aqueous phase by adding a 
defined quantity of 1 m hydrochloric acid, and subsequently determined in 
the aqueous phase by atomic-absorption analysis. 

Reagents 

Hydrochloric acid I (1.17 g/ml) 

Hydrochloric acid II (1 mol/l) 

Ammonium hydroxide (0.91 g/mO 

Diammonium hydrogen citrate solution: 
Dissolve 500 g diammonium hydrogen citrate ( NH 4) 2C6H 507 in water, set to 
pH 9.2 with ammonium hydroxide., and dilute to 1000 ml with water. Clear 
the solution of heavy metals by repeated extraction, adding dithizone 
solution and chloroform. 

Dithizone solution: 
Dissolve 50 mg dithizone in 200 ml chloroform 

Chloroform (CHC13) 

Procedure 

Treat the necessary quantity of water with 5 ml of hydrochloric acid I, 
evaporate to approx. 100 ml and transfer to separating funnel. 

Treat with 10 ml diammonium hydrogen citrate solution and set to pH 9.2 
with ammonium hydroxide. 

Add 10 ml dithizone solution and shake for approx. 1 minute. 

Separate off organic phase and repeat extraction twice, each time with 
10 ml dithizone solution. The final organic phase should be green. If 
necessary repeat the extraction and/or increase the addition of dithizone 
solution. 

Treat the collected organic extracts with 10 ml of hydrochloric acid II, 
shake for approx. 1 minute and separate off aqueous phase. Final determi-
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nation by atomic-absorption analysis. Equipment parameters are as descri­
bed for direct determination. 

Prepare a blank reading in the same way. 

3.4.6.4 Lead determination with the graphite tube technique (Furnace 
method) 

Equipment parameters 

1. Hollow-cathode lead lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. Atomization 

10. Gas stop 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Matrix modification 

Ammonium dihydrogen phosphate 
solution 

Remarks 

217.0 nm 
5 mA 
1 nm 
Yes 
Argon 
25 s at 220°C 
20 s at 500°C 
3 s at 2400 °C 
Yes 

5 - 20 Ilg/1 with 10 III sample 
1 Ilg/1 
Addition method 
10 ml nitric acid (1.40 g/mJ) per 
1000 ml sample solution 
10 III 0.1 % ammonium dihydrogen 
phospha te solution 
Dissolve 0.1 g NH4H2P04 in water and 
make up to 100 ml 

The use of a so-called platform may be recommended. 

Immediately after sampling stabilize the water sample with 10 ml nitric acid 
(1.40 g/mJ) per 1000 ml sample solution. 

3.4.6.5 ICP-AES see Section 3.3.12 

3.4.7 Cadmium 

General remarks 

In view of the high toxicity of cadmium it is necessary to be able to 
determine very small concentrations in water. AAS techniques (Sections 
3.4.7.1 and 3.4.7.2) are particularly suitable for determining cadmium in 
water. Where no AAS facilities are available, it is still possible to use 
the classical spectrophotometric technique (Section 3.4.7.3) with dithizone 
and extraction in chloroform. 

For ICP-AES 0.4.7.4) see Section 3.3.12 
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3.lj..7.1 Direct determination by means of atomic-absorption analysis 

Equipment parameters 

1. Hollow-cathode cadmium lamp 
2. Wavelength 
3. Lamp current 
lj.. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

228.8 nm 
3.5 mA 
0.5 nm 
Acetylene 
Air 
Oxidizing 
Yes 

0.05 - 2 mg/I 
0.01 mg/l 
0.02 - 0.2 mg/I 
10 ml hydrochloric acid (1.17 g/mj) 
per 1000 ml solution for measure­
ment 

High concentrations of alkaline earths have a disturbing effect. If cadmium 
concentrations are low, concentration by evaporation is possible. The 
extractive concentration methods described for the elements silver and lead 
may also be applied to cadmium. 

Decomposition with nitric acid/hydrogen peroxide is necessary with organi­
cally loaded samples. 

3.lj..7.2 Cadmium determination with the graphite tube technique 
(Furnace method) 

Equipment parameters 

1. Hollow-cathode cadmium lamp 
2. Wavelength 
3. Lamp current 
lj.. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. Atomization 

10. Gas stop 

Optimum measuring range 
Determination limit 
Calibra tion 
Acid concentration 

Matrix modification 

Ammonium dihydrogenphosphate 
solution 

228.8 nm 
3.5 mA 
0.5 nm 
Yes 
Argon 
25 s at 180 °C 
20 s at 600 °C 
3 s at 2lj.00 °C 
Yes 

0.5 - 2 Jlg/I with 10 Jll sample 
0.05 Jlg/l 
Addition method 
10 ml nitric acid (1.lj.0 g/ml) per 
1000 ml sample solution 
10 Jll 0.1 % ammonium dihydrogen­
phosphate solution 

Dissolve 0.1 g of NHlj.H2P04 10 water 
and make up to 100 ml 
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Remarks 

It is advisable to use a so-called platform. Decomposition with sulphuric 
acid/nitric acid is required for water samples which contain more than 
10 mg/ I of organically bonded carbon. 

3.4.7.3 Spectrophotometric determination of cadmium with dithizone 

General remarks 

In virtually neutral to alkaline solution with dithizone (HDz), cadmium ions 
form cadmium di-dithizonate, which is soluble in organic solvents and has a 
pinkish-red colour: 

CdX2 + 2 HDz ---CdDz2 + 2 HX 

Its solubility is greater in chloroform than in carbon tetrachloride. The 
CdDz2/ CHCL3 solution is more stable than the CdDz2/CCI4 solution. 

The formation of di-dithizonate takes place quickly and quantitatively in 
the pH range > 7. Alkaline reaction of the solution is therefore of great 
importance for the selectivity of the method. In the variant described 
below, interference factors are largely eliminated, but it is still neces­
sary to check for possible influences due to the admixture technique. Blank 
tests must be performed. 

Where the water sample contains substantial quantities of organic substan­
ces (permanganate consumption in excess of 30 mg/l), such substances are 
eliminated by concentrating the sample by evaporation and fuming off with 
the addition of 5 ml of reagent-purity sulphuric acid (1.84 g/m!) and 5 ml 
of reagent-purity nitric acid (1.40 g/mn. The residue is picked up with a 
little redistilled water and treated as described under "Method", 

Interference caused by oxidizing substances and by the induced oxidizing 
effect of manganese (II) at pH < 14 is eliminated by adding hydroxylamine 
hydrochloride. 

The method is suitable for direct determination of cadmium ions in concen­
trations of between 0.01 and 20 mg/l. If the cadmium concentration is 
expected to be below 0.01 mg/l, and also in the case of drinking water, 
correspondingly larger volumes of water sample must be concentrated by 
evaporation to raise the cadmium concentration sufficiently to bring it 
within the range of the method. 

Equipment 

Photometer 

Separating funnel, 100 ml 

Hydrochloric acid, 2 m 

Sodium hydroxide solution, 2 m 

Potassium sodium tartrate solution: 
Dissolve 250 g of KNaC4H406 . 4 H20 in 1 litre of redist. water. 
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Methyl orange solution: 
Dissolve 0.5 g methyl orange (sodium salt) in 100 ml dist. water. 

Sodium hydroxide/potassium cyanide solution: 
Solution a: Dissolve 400 g NaOH and 10 g KCN in 1000 ml redist. water. 
Solution b: Dissolve 400 g NaOH and 0.5 g KCN in 1000 ml redist. water. 

(WARNING! Potassium cyanide (KCN) is extremely toxic. Never put the pipette 
to the mouth. Observe safety rules.) 

The solutions described so far are stored in polyethylene bottles and will 
keep for 1 - 2 months. 

Hydroxylamine hydrochloride solution: 
Dissolve 250 g NH20H • HCl in 1000 ml redist. water. 

Chloroform, reagent purity 

Dithizone solutions: 

Dithizone solution a: 
Dissolve 50 mg reagent-purity dithizone in 500 ml chloroform. Put in an 
amber bottle, covered with 0.05 m sulphuric acid and stored in a refri­
gerator, the solution will keep for approx. I week. 

Dithizone solution b: 
Dilute 50 ml of dithizone solution a to 500 ml with chloroform. The 
solution is stored as for solution a. 

Tartaric acid solution: 
Dissolve 20 g of (CHOH)2(COOH)2 • H20 in 1 litre redist. water and store 
in a refrigerator. 

Cadmium stock solution: 
Dissolve 100.0 mg of pure cadmium metal in a mixture of 20 ml redist. 
water and 5 ml of reagent-purity hydrochloric acid (1.19 g/m!), heating 
all the time. Transfer the solution quantitatively to a I-litre measuring 
cylinder and top up to the mark with redist. water. Store the solution in 
a polyethylene bottle. 1 ml contains 100 Ilg cadmium. 

Cadmium standard solution: 
Pipette 10.0 ml of cadmium stock solution into a I-litre measuring 
cylinder, add 10 ml of reagent-purity hydrochloric acid (1.19 g/m!) and 
top up to the mark with redist. water. A fresh batch of this solution 
must be made from the stock solution every time. 1 ml contains 1 Ilg 
cadmium. 

Washing liquid (acid): 
Thoroughly mix 250 ml hydrochloric acid (1.19 g/m!) with 250 ml dist. 
water. The solution is used to clean the glass vessels. 

Method 

Calibration 

Pipette aliquots of cadmium standard solution containing 2.0, 5.0, 8.0, 
11.0, 14.0, 17.0 and 20.0 Ilg Cd2+ into separate beakers and proceed exactly 
as described under "Determination". The readings are plotted as 
"extinction" against "llg cadmium ions". 
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Determination 

Pipette into a beaker a suitable volume of the water sample, concentrated 
to 50 ml by evaporation if necessary and containing between 3 and 20 ~g Cd. 
Any undissolved cadmium compounds are dissolved by adding approx. 5 ml of 2 m 
HCI and heating the acidified sample for 10 min. If the solution is still 
turbid, it must be filtered. 

Allow the solution to cool, add 5 ml of potassium sodium tartrate solution 
and one drop of methyl orange solution, and then add 2 m NaOH drop by drop 
until the colour of the solution changes from red to yellow. 

Transfer quantitatively to a separating funnel and add 5 ml of sodium 
hydroxide/potassium cyanide solution a followed by 2 ml of hydroxylamine 
hydrochloride solution, mixing after adding each reagent. Then add 15 ml 
dithizone solution a and shake for 1 min. 

Once the layers have separated, run off the (lower) chloroform phase, which 
contains the cadmium and a small proportion of the interfering accompanying 
elements, into a second separating funnel containing 25 ml of the tartaric 
acid solution. Introduce 10 ml of chloroform into the first separating 
funnel, which still contains the aqueous phase. After shaking for I min., 
run off the chloroform phase into the second separating funnel as well. 
(This operation should be performed as quickly as possible; none of the 
aqueous phase must be allowed to pass into the second separating funnel.) 
Shake the tartaric acidl chloroform phases thoroughly for 2 min. 

When the layers have separated out, draw off and discard the chloroform 
phase. Once again shake the aqueous phase for I min. with 5 ml of chloro­
form, run off the chloroform phase, again without delay, and discard it. To 
the tartaric acid solution add a further 5 ml of potassium sodium tartrate 
solution, 5 ml of sodium hydroxide/potassium cyanide solution a, 2 ml of 
hydroxylamine hydrochloric solution and 15 ml of dithizone solution a, and 
repeat the operation in the same way. 

Now add to the tartaric 
chloride solution and 15 
sodium hydroxide/potassium 
1 min. 

acid solution one drop of hydroxylamine hydro­
ml of dithizone solution b. Then add 5 ml of 

cyanide solution b and immediately shake for 

After the layers have separated, run off the chloroform phase and filter 
through a wad of cotton wool into a cuvette, discarding the initial portion 
of the filtrate. Measure the extinction at a wavelength of 530 nm against a 
blank test treated in exactly the same way except that distilled water is 
used instead of the water sample. 

Calculation 

Read off the cadmium content of 
curve. Taking into account the 
recalculate in terms of mg Cd2+ II. 
1 mg/I to the nearest 0.005 mg/I. 

3.4.7.4 ICP-AES see Section 3.3.12 

A tomic weight of cadmium: 112.40 

the sample solution from the calibration 
original volume and any dilutions etc. 
Give cadmium concentrations of less than 
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3.4.8 Chromium 

General remarks 

Traces of chromium compounds in the trivalent or the hexavalent form may 
occur in water. 

Methods of determination 

3.4.8.1 Direct determination by atomic-absorption flame photometry 

3.4.8.2 Total chromium after extraction, using atomic-absorption flame 
photometry 

3.4.8.3 Chromium VI after extraction, using flame AAS or graphite tube 

3.4.8.4 Total chromium with flameless AAS (graphite tube) 

3.4.8.5 Spectrophotometric methods for use when no AAS facilities are 
available 

3.4.8.6 For ICP-AES see Section 3.3.12 

3.4.8.1 Direct determination by means of atomic-absorption analysis 

Equipment parameters 

1. Hollow-cathode chromium lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determina tion limi t 
Calibration 
Acid concentration 

Remarks 

357.9 nm 
3.5 mA 
0.2 nm 
Acetylene 
Laughing gas 
Reducing 
Yes 

0.5 - 5 mg/l 
0.1 mg/l 
0.2 - 5 mg/l 
10 ml hydrochloric acid (1.17 g/ml) 
per 1000 ml solution for measurement 

Add to 50 ml sample 5 ml lanthanum nitrate solution to reduce matrix disturb­
ances. 

Lanthanum ni tra te solution: 
Dissolve 50 g lanthanum nitrate (La(N03)3 . 6 H20) in water and make up 
to 1 litre. 

Concentration by evaporation is possible, if concentrations are low. A 
method of extraction for the determination of total chromium and for the 
determination of hexavalent chromium is described below. 
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3.4.8.2 Total chromium 

Basis of the method 

Using a diisopropyl-ketone-xylene mixture, chromium is extracted as an 
anionic thiocyanate complex with thioethyl methyl ammonium chloride and 
measured in the extract in an air-acetylene flame or in a graphite tube 
cuvette. 

Reagents 

Bromophenol blue solution: 
Dissolve 0.1 g bromophenol blue in 2 ml 0.1 m sodium hydroxide solution 
and dilute to 100 ml with water. 

0.1 m Adogen 464 extraction solution: 
Dissolve 20.2 g Adogen 464 (trioctyl methyl ammonium chloride) in 150 ml 
xylene and dilute to 500 ml with diisopropyl ketone. 

Ammonium thiocyanate buffer solution: 
Dissolve 685 g ammonium thiocyanate and 77 g ammonium acetate in max. 330 
ml water, heating gently, add 5 ml bromophenol blue solution and set to 
pH 5.5 with concentrated acetic acid. 

Extract the entire solution 5 times, each time with 40 ml Adogen 464 
extraction solution for purification, discard organic phase in each case 
and make up extracted solution to 1 litre. 

Formic acid (HCOOH) (1.22 g/mI) 

Chromium stock solution (1000 mg/I) 

Preparation of the chromium calibration solution: 
Transfer 1 ml of chromium stock solution 1000 mg/l to a dry 100-ml measur­
ing flask, add 50 ml formic acid and make up to the mark with diisopropyl 
ketone (l mg Cr /100 mI). 

Chromium calibration solution 0.1 - 0.2 - 0.3 mg/l for flame measurement: 
Pipette 0.25 - 0.50 - 0.75 ml of the chromium calibration solution, 1 mg 
Cr/l00 ml, or 0.01 mg/ml into dry 25-ml measuring flasks and make up to 
the mark with Adogen 464-extraction solution. 

Method 

Add 50 ml ammonium thiocyanate buffer solution to 125 ml of water sample 
or a sample evaporated to this volume, transfer to separating funnel and 
shake well. 

Leave to stand for one hour. 

Add 10 ml Adogen extraction solution and shake for one minute. 

Separate off organic phase (centrifuge off any water still present). 

Prepare a blank reading in the same way and deduct accordingly. 

Final determination is carried out by atomic-absorption analysis, the 
equipment parameters being as for direct determination. 
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If concentrations are very low, the organic extract can also be measured 
using the graphite tube technique. 

Decomposition with nitric acid - hydrogen peroxide is required for organi­
cally loaded samples. 

3.4.8.3 Determination of hexavalent chromium 

Basis of the method 

Using ammonium pyrrolidine dithiocarbamate/methyl isobutyl ketone, hexa­
valent chromium is extracted from a solution containing potassium hydrogen 
phthalate and determined by atomic absorption. 

Reagents 

Buffer solution: 
Dissolve 40 g potassium hydrogen phthalate (C8H5KO,+) and '+ g sodium 
hydroxide (NaOH) in 500 ml water. 

Ammonium pyrrolidine dithiocarbamate solution: 
Dissolve 1.0 g ammonium pyrrolidine dithiocarbamate (APDC) in water and 
make up to 100 mI. 

Methyl isobutyl ketone (MIBK) 

Procedure 

Transfer 50 - 20 ml of sample solution to a 100-ml separating funnel. 

Treat with 1.0 ml buffer solution and 0.5 mI APDC solution and mix. 

Leave to stand for at least 10 minutes. 

Add 2 ml MIBK and shake for 10 minutes (mechanical shaker). 

Separate off organic phase and determine its chromium content by means of 
atomic-absorption analysis or the graphite tube technique. 

Conduct a blank test and calibrate the method in the same way. 

3.4.8.4 Chromium determination with the graphite tube technique 
(Furnace method) 

Equipment parameters 

1. Hollow-cathode chromium lamp 
2. Wavelength 
3. Lamp current 
'+. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. Atomization 

10. Gas stop 

357.9 nm 
3.5 mA 
0.5 nm 
Yes 
Argon 
25 s at 140°C 
20 s at 800°C 
3 s at 2600 °C 
Yes 
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Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Matrix modification: 
Ammonium nitrate solution: 

Remarks 

1 - 10 !-Ig/l with 10 !-II sample 
0.2 !-Ig/l 
Addition method 
10 ml nitric acid (1.40 g/ml) per 
1000 ml sample solution 
10 !-II 0.1 % ammonium nitrate solution 
Dissolve 0.1 g NH4N03 in water and 
make up to 100 ml 

Immediately after sampling, stabilize the water sample with 10 ml nitric 
acid (1.40 g/ml) per 1000 ml sample solution. 

3.4.8.5 Photometric determination of total chromium using diphenyl carbazide 

General remarks 

In mineral acid solution, hexavalent chromium compounds form with diphenyl 
carbazide an intensely red-purple coloured complex with an absorption 
maximum at 540 nm (8 = 34,200). The measurement is performed in the aqueous 
phase. The complex forms instantaneously and is stable in sulphuric acid 
solution. The colour intensity of the solution is proportional to the 
concentration of chromate ions in the water sample. Trivalent chromium 
compounds are oxidized to chromate before complex formation and as such are 
also included in the measurement. 

A) The method is suitable for determining total chromium in water in concen­
trations of approx. 0.01 mg/l and over. 

To prevent chromium losses the water sample should be stored in poly­
ethylene containers. Pyrex or normal glass is not suitable. Interference 
due to self-coloration of the sample can be eliminated by measuring the 
extinction after a determination run without the addition of diphenyl 
carbazide. 

Equipment 

Photometer 

Cuvettes: path length 1, 2 and 5 cm 

Separating funnel, 200 ml 

Measuring flasks, 100 ml and 1 litre 

Bulb pipettes, 2, 5, 10 and 100 ml 

Phosphoric acid: 
Dilute 300 ml H3P04 (approx. 1.71 g/ml), reagent purity, with 300 ml 
H20 • 

Hydrogen peroxide solution, reagent purity, 30 % by weight H202 

Sulphuric acid, conc. 

Sulphuric acid, 0.5 m 



363 

Sodium chloride solution, 0.1 m 

Silver nitrate solution, 0.1 m 

Ammonium peroxodisulphate solution, 10 % 

Sodium azide solution: 
Dissolve 0.5 g NaN 3 in 100 ml dist. water. 

Dipheny I carbazide solution: 
Dissolve 1 g of reagent-purity diphenyl carbazide in acetone. Add one 
drop of glacial acetic acid and store an an amber bottle. 

Chromate stock solution: 
Dissolve 0.3740 g of reagent-purity potassium chromate, K2Cr04, in 
distilled water in a measuring flask and make up to 1 litre with dist. 
water. 1 ml corresponds to 0.1 mg Cr. 

Chroma te reference solution I: 
Dilute 100 ml of chromate stock solution to 1 litre with dist. water. 
1 ml corresponds to 0.01 mg Cr. 

Chromate reference solution II: 
Dilute 10 ml of chromate stock solution to 1 litre with dist. water. 
1 ml corresponds to 0.00 1 mg Cr. 

Method 

Calibration 

Prepare a suitable series of dilutions containing concentrations of 
0.005 to 0.1 mg of chromium (vI) ions, each in 100 ml, and treat these 
as described under "Determination". 

Determination 

Use up to 1000 ml of water sample, the chromium content of which should 
lie between 0.005 and 0.1 mg. Add 5 ml conc. sulphuric acid to the 
sample, concentrate by evaporation in a sufficient large beaker and fume 
off the sulphuric acid. To destroy organic matter add a few drops of 
H202 while fuming off the sulphuric acid. Where considerable quantities 
of organic matter are present (dark coloration), repeat the addition of 
H202 until the organic matter is completely oxidized. (Caution!) 

Use 10 ml of 0.5 m sulphuric acid to pick up the residue after fuming 
off, add 1 ml of H3P04 and dilute to approx. 100 ml with dist. water; 
heat gently to dissolve the salts. Ignore any remaining residue (Si02. 
CaS04)· 

Allow the sample to cool, then add in succession 5 ml of 0.1 m silver 
nitrate solution and 10 ml of 1 % ammonium peroxodisulphate solution. 
Heat to gently boiling for 30 min. The total volume of the sample must 
not be allowed to drop below about 70 mi. If necessary top up with hot 
water during boiling. 

Allow the sample solution to cool, and add 6 ml of 0.1 m sodium chloride 
solution and a few drops of NaN3 solution to reduce Mn04-. The precipi-
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tate is filtered off through a glass frit. Rinse out beaker and frit 
with a little distilled water. 

Transfer the filtrate to a 100-ml measuring flask, add 2 ml of diphenyl 
carbazide solution, top up to the mark with dist. water, and after 5 
minutes measure at 54-0 nm or with a suitable filter photometer. 

Conduct a blank test in exactly the same way, but using distilled water 
instead of the water sample. 

Calculation 

On the basis of the extinction measured, read off the appropriate 
chromium content from the calibration curve. Taking into account the 
quantity of water used, recalculate for 1 litre of water. 

B) Determination of hexavalent .chromium using diphenyl carbazide 

General remarks 

By adding certain "trap reagents", which prevent the reduction of hexa­
valent chromium originally present in the water and the oxidation of any 
trivalent chromium present to the hexavalent form, it is possible to 
control the process such that only the original hexavalent chromium is 
determined. The concentration of trivalent chromium in the water sample 
can be calculated by subtracting the value thus obtained from the total 
chromium content (see A "Determination of total chromium using diphenyl 
carbazide") • 

The method is suitable for determining chromium (VI) ions in the concen­
tration range 0.1 to 4-0 mg/l, i.e it is mainly applicable to wastewaters 
etc. 

Interference may be caused not only by all substances which render the 
water coloured or turbid, but also by sizeable quantities of organic 
substances and by heavy metals and especially iron (III) ions. Inter­
ference is also produced by all substances - compounds and ions - which 
have an oxidizing or reducing effect, e.g. free chlorine or sulphite ions. 
The elimination of such interference is dealt with under 
"Determination". 

Equipment 

Apparatus and chemicals as listed under "Determination of total chromium 
using diphenyl carbazide". Also: 

Sulphuric acid (1.18 g/mI): 
Carefully add 1 part by volume of reagent-purity sulphuric acid (1. 84-
g/mI) to 3 parts by volume of dist. water. 

Methyl orange solution: 
Dissolve 0.1 g of methyl orange in 100 ml of dist. water. 

Methanol, reagent purity 

Sodium hypochlorite solution: 
Approx. 13 % active chlorine 



Sodium hydroxide lozenges, reagent purity 

Sodium hydroxide solution: 
Approx. 2 m 

Phosphate solution: 
Dilute 100 g of reagent purity disodium hydrogen phosphate 
Na2HP04 • 2 H20 to 1 litre with distilled water. 

Method 

Calibration 
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Prepare a suitable series of dilutions with concentrations of between 
0.1 and 40 mg of chromium (VI) ions per litre and treat the various 
components as described under "Determination". 

Determination 

1) To block the effect of any oxidizing agents in the water (i.e. to 
stabilize the trivalent chromium compounds), add 25 ml of phosphate 
solution to the sample and add sodium hydroxide lozenges until an 
alkaline reaction is observed. After adding 10 ml of methanol, leave 
to stand overnight. 

2) To block the effect of any reducing substances in the water (i.e. to 
stabilize the hexavalent chromium compounds), make a preliminary 
test by adding 3 ml of sulphuric acid and five drops of methyl 
orange solution to 1 litre of the water sample. Then add sodium 
hypochlorite solution drop by drop until the red coloration produced 
by the methyl orange disappears. 

2a) Treat a second batch by measuring another 1 litre of water sample 
and adding 10 ml of phosphate solution, approx. 5 sodium hydroxide 
lozenges and the same quantity of sodium hypochlorite solution as 
was used for the preliminary test (see 2) above} plus an additional 
1 mI. Mix vigorously, add 5 ml of methanol, and leave to stand 
overnight. 

To determine the concentration of chromium (VI) ions, take from the 
supernatant solution of the water sample treated according to 1) or 2) a 
volume containing between 0.01 and 0.15 mg of chromate ions. 

Pour this solution into a measuring flask, add 2 ml of phosphoric acid 
and 2 ml of diphenyl carbazide solution, and top up to the mark (e.g. 
100 ml) with dist. water. 

5 minutes after adding the colour reagent, measure the extinction of the 
coloured solution in a cuvette of suitable path length at 540 nm or with 
an appropriate filter photometer. 

Calculation 

On the basis of the extinction value, read off the 
chromium (VI) content from the calibration curve. Taking 
the quantity of water used, recalculate for I litre of water. 

corresponding 
into account 
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3.4.8.6 ICP-AES (see Section 3.3.12.) 

Atomic weight of chromium: 51.996 

3.4.9. Germanium 

General remarks 

Germanium can be detected by means of emlSSlOn spectrum analysis on the 
lines of the qualitative survey analysis described in Section 3.4.1. 

In addition, germanium traces may also be detected in conjunction with the 
determination of molybdenum (d. also Section 3.4.12.1). 

The determination of germanium in water samples is difficult since concen­
trations are generally only in the j.lg/I range. However, studies from East 
Asia attribute favourable properties to germanium with regard to the human 
organism; this not only gives rise to a new interest in the presence of 
germanium, particularly in natural mineral waters and spa waters, but also 
makes it desirable to obtain reliable information on the concentration of 
germanium in such waters. 

The important factor in this instance is not so much the precise, absolute 
concentration but rather the establishment of the range of concentration of 
dissolved germanium compounds in water samples. 

The following procedure has proved sufficiently reliable. 

3.4.9.1 Determination of germanium by emission spectrography 

Evaporate about one or more litres of the water sample under investigation 
in a water bath or over a sand bath, almost to dryness. Acidify the residue 
thus obtained with hydrochloric acid, heat gently and filter the hydro­
chloric solution through a fine paper filter. Treat the hydrochloric acid 
filtrate with a mercury (II) chloride solution (corresponding to approxi­
mately 20 mg of mercury) and precipitate the aqueous solution containing 
hydrochloric acid and mercury with hydrogen sulphide. A deposit of mercury 
sulphide is precipitated which coprecipitates virtually all of the germani­
um. Isolate this deposit using a membrane filter, remove mechanically from 
the membrane filter and transfer mechanically to the carbon electrode of an 
emission spectrograph with arc excitation. Conduct a spectrographic measure­
ment and record the spectra obtained photographically. Process solutions 
with known quantities of germanium, for example with 0.2, 0.5, I and 5 j.lg, 
in a parallel procedure and likewise measure spectrographically. The densi­
ties of the lines in the spectrum make it possible to allocate the germani­
um concentration in comparison with the calibration method. The following 
may be used as germanium lines: 303.91 I 275.46 I 259.24 I 269.14 nm. 

A blank test should be conducted in parallel using all the 
including evaporation of an identical quantity of distilled 
conditions exactly equivalent to those of the analysis. The 
blank test should be taken into a.ccount when evaluating 
spectrographic analysis. 

chemicals and 
water under 

result of the 
the emission-

Experience shows that considerable uncertainty prevails both in the quali­
tative detection of the presence of germanium traces in water and in parti-
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cular in the quantitative estimation of the concentration of germanium in 
water. 

Since germanium is claimed to have various beneficial effects on the well­
being of the human organism it is important that there should be a reliable 
and reproducible method of determining germanium in the waters concerned. 

3.4.9.2 Determination of germanium using graphite-tube AAS technique 

General remarks 

The germanium is extracted from hydrochloric acid solution (molar concen­
tration 8) with the aid of chloroform and subsequently reextracted by 
shaking out with water. 

Equipment 

Hydrochloric acid 0.17 g/ml) 

Nitric acid (1.40 g/mO 

Chloroform (CHCI3) 

Separating funnel (glass) 

AAS unit with graphite tube 

Method 

Add 100 or 200 ml of hydrochloric acid to 50 or 100 ml respectively of the 
water to be analyzed. The molar concentration of hydrochloric acid should 
then be approximately 8. Transfer to a separating funnel, add 25 ml of 
chloroform, shake for 3 min and separate off the chloroform phase. Extract 
the aqueous phase again, using 15 ml of chloroform. Shake the combined 
chloroform extracts with 10 ml of deionized water for 3 min., reextracting 
the germanium into the aqueous phase. Separate off the aqueous phase, 
acidify with 50 ~l HN03, and determine the germanium using the graphite­
tube technique. (See schematic outline below). 

Instrument parameters for graphite-tube (furnace) method (schema) 

1. Hollow-cathode germanium lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 

8. Incineration 
9. Atomization 

10. Gas stop 

Optimum measuring range 
Determina tion limit 

265.1 nm 
5 mA 
0.5 nm 
Yes 
Argon/nitrogen 
30 s at 90°C 
30 s at 120°C 
20 s at 180°C 
32 s at 800°C 
3 s at 2700 °C 
Yes 

10-20 ~g/l with 10 ~l of sample 
0.5 ~g/l 
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Calibration 
Acid concentration 

Matrix modification 
Nickel nitrate solution 

Remarks 

Addition method 
5 ml of nitric acid (1.40 g/m!) per 
1000 ml sample solution 
10 111 of 0.25 % Ni(N03)2 
Dissolve 0.4 g of Ni(N03)2 6H20 in 
water and make up to 100 ml 

Direct determination of germanium is not possible with the furnace method 
owing to uncontrolled matrix effects. It is necessary to concentrate the 
germanium by extraction. 

A tomic weight of germanium: 72.59 

3.4.10 Cobalt 

General remarks 

In natural waters, cobalt only occurs in traces (less than 0.005 mg/!). 
Occasionally, somewhat higher concentrations of cobalt, perhaps a few 
tenths of a milligram, may be found in subterranean and waste waters. 

Methods of determination 

3.4.10.1 By spectrophotometry as a thiocyanate/tetraphenyl arsonium 
complex, if no AAS apparatus is available. 

3.4.10.2 Atomic absorption method with flame analysis. 

3.4.10.3 Flameless AAS using the graphite tube technique. 

3.4.10.4 For ICP-AES see Section 3.3.12. 

3.4.10.1 Spectrophotometric determination as thiocyanate/tetraphenyl 
arsonium complex 

With thiocyanate ions cobalt ions form a complex (Co(SCN)4)2-. When tetra­
phenyl arsonium chloride (C6H5)4AsCl is added a blue compound is formed 
which can be directly extracted with chloroform and measured photometri­
cally at 620 nm. 

The method can be applied directly in the water sample in a concentration 
range from 0.1 to 10 mg of cobalt ions/!. In the case of lower concentra­
tions the water sample must be concentrated by evaporation. 

A tenfold surplus of nickel ions has no noticeable interfering effect. 

Equipment 

Photometer 

Cuvettes, 5 cm 

Glass dishes, 1 litre 



Separating funnels, 500 ml and 100 ml 

Measuring flasks, 25 ml 

Hydrochloric acid, conc., reagent purity, (1.19 g/ml) 

Ammonium hydroxide solution, (0.91 g/ml) 

Potassium thiocyanate solution, 50 %, reagent purity 

T etrapheny 1 arsonium chloride solution: 
Dissolve 2.094 g of reagent-purity (C6H5}4AsCl in dist. water to 100 mI. 

Ammonium fluoride solution, 20 % and 1 %, reagent purity 

Potassium iodide solution, 10 %, reagent purity 

Sodium thiosulphate solution, 10 %, reagent purity 

Chloroform, reagent purity 

Cobalt stock solution: 
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Dissolve 1.00 g of metallic cobalt (spectrographically standardized) in 
10 ml of reagent-purity nitric acid (1.42 g/ml), adding 15 ml of dist. 
water. Fume off the solution with 10 ml of reagent-purity sulphuric acid 
(1.84 g/mn. Dilute with dist. water and make up to 1 litre at 20°C. 
1 ml of this solution contains 1 mg of cobalt. 

Cobalt reference solution: 
Dilute 1 ml of cobalt stock solution to 100 ml with dist. water. 1 ml of 
this solution contains 0.01 mg of cobalt. 

Method 

Calibration 

In order to prepare the calibration curve take increasing quantities of 
cobalt reference solution containing between 0.005 and 0.15 mg of cobalt 
and subject the solutions to the process described under "Determination". 
In the linear range from 0.005 to 0.15 mg of cobalt a calibration factor 
may also be used for calculation. 

Determination 

The approximate cobalt concentration should be established from the intensi­
ty of the cobalt lines in a preliminary qualitative emission spectrum 
analysis (Section 3.4.1). Take a portion of the water sample measured 
according to this method, in natural waters generally 5 litres, and acidify 
with concentrated hydrochloric acid. It is convenient to use the entire 
contents of one bottle for each batch for analysis. Dissolve any sedimented 
residues in the transport bottle in hydrochloric acid and add to the main 
solution. Then boil down, at most until salt precipitation begins. 

Following evaporation adjust the pH to 3 - 4 with ammonium hydroxide solu­
tion, (0.91 g/ml), transfer to a separating funnel of appropriate size and 
add 8 ml of potassium thiocyanate solution to form the Co (II) thiocyanate 
complex, plus 20 ml of 20 % ammonium fluoride solution for the purposes of 
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masking iron. Mix the preparation and add 2 ml of tetraphenyl arsonium 
chloride solution to form the triple complex and then extract the latter by 
shaking vigorously (l minute) with 5 ml of chloroform. Repeat the extrac­
tion three more times, each time with 2 ml of tetraphenyl arsonium chloride 
solution and 5 ml of chloroform, separating the phases after each extrac­
tion. 

In a 100-ml separating funnel treat the combined chloroform extracts with 
10 ml of 1 % ammonium fluoride solution, 2 ml of potassium thiocyanate 
solution and 1 ml of tetraphenyl arsonium chloride solution. Shake for 
1 minute. 

Discard the aqueous phase. If, after washing, the organic phase displays a 
yellowish-green coloration, this indicates the presence of interfering 
copper (II). If this is the case add 1 ml of potassium iodide solution and 
shake. During the reduction of Cu2+ to Cu+ free iodide is formed. This 
should be removed from the organic phase by shaking with 1 ml of sodium 
thiosulphate solution. 

After separating the phases filter the chloroform solution through a small 
filter into a 25-ml measuring flask, rinse with I-ml portions of chloroform 
and make up to the mark with chloroform (20°C). Immediately measure the 
extinction against chloroform in a 5-cm cuvette at 620 nm. 

Conduct a blank test following the entire analysis process described above. 

Calculation 

Read off the concentration of cobalt from the calibration curve on the 
basis of the measured extinction values, take into account the blank 
reading and the initial quantity of water used and recalculate for 1 litre 
of water. It is also possible to work with a calibration factor instead of 
a calibration curve. 

A tomic weight of cobalt: 58.9332 

3.4.10.2 Direct determination of cobalt by means of atomic-absorption flame 
analysis 

Equipment parameters 

1. Hollow-cathode cobalt lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

240.7 nm 
5 mA 
0.5 nm 
Acetylene 
Air 
Oxidizing 
Yes 

0.5 - 5 mg/l 
0.05 mg/l 
0.1 - 5 mg/l 
10 ml hydrochloric acid (1.17 g/mJ) 
per 1000 ml solution for measure­
ment 
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Remarks 

Concentration by evaporation is possible if concentrations are low. 

The extractive concentration method described for the element silver using 
hexamethylene ammonium hexamethylene dithiocarbamate (HMDC) may also be 
used for cobalt. 

Decomposition with nitric acid/hydrogen peroxide is required if the samples 
contain organic loads. 

3.4.10.3 Cobalt determination with the graphite tube technique 
(Furnace method) 

Equipment parameters 

1. Hollow-cathode cobalt lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. Atomization 

10. Gas stop 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

240.7 nm 
5 rnA 
0.5 nm 
Yes 
Argon 
25 s at 140°C 
15 s at 700°C 
3 s at 2400 °C 
Yes 

5 - 20 Ilg/1 with 10 III sample 
0.5 Ilg/1 
Addition method 
10 ml nitric acid (1.40 g/ml) per 
1000 ml sample solution 

Immediately after sampling, stabilize the water sample with 10 ml nitric 
acid (1.40 g/ml) per 1000 ml sample solution. 

3.4.10.4 ICP-AES see Section 3.3.12 

3.4.11 Copper 

In natural waters, copper ions only occur in very low concentrations. 
However, corrosive water or water rich in oxygen may put copper from copper 
plumbing into solution. 

Methods of determining copper in water 

3.4.11.1 Direct determination by AAS, flame technique 

3.4.11.2 Direct determination by flameless AAS, graphite-tube method 

3.4.11.3 Spectrophotometric analysis using sodium diethyl dithiocarbamate 
in cases where no AAS facilities are available. 

3.4.11.4 For ICP-AES see Section 3.3.12 
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3.4.11.1 Direct determination by means of atomic-absorption flame analysis 

Equipment parameters 

1. Hollow-cathode copper lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

324.8 nm 
3.5 mA 
0.5 nm 
Acetylene 
Air 
Oxidizing 
Yes 

0.5 - 5 mg/l 
0.05 mg/l 
0.2 - 5 mg/l 
10 ml hydrochloric acid (1.17 g/ml) 
per 1000 ml solution for measurement 

Concentration by evaporation is possible if concentrations are low. 

The extractive concentration method described for the element silver using 
hexamethylene ammonium hexamethylene dithiocarbamate (HMDC) may also be 
applied to copper. 

Decomposition with nitric acid/hydrogen peroxide is possible with organi­
cally loaded samples. 

3.4.11.2 Copper determination with the graphite-tube technique 
(Furnace method) 

Equipment parameters 

1. Hollow-cathode copper lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. A tomiza tion 

10. Gas stop 

Optimum measuring range 
Determination limit 
Calibra tion 
Acid concentration 

Matrix modification 

Ammonium nitrate solution 

324.8 nm 
3.5 mA 
0.5 nm 
Yes 
Argon 
25 s at 140°C 
20 s at 600°C 
3 s at 2300 °C 
Yes 

5 - 20 Ilg/1 with 10 III sample 
0.5 Ilg/1 
Addition method 
10 ml nitric acid (1.40 g/ml) per 
1000 ml sample solutIon 
10 III 0.1 % ammonium nitrate solu­
tion 
Dissolve 0.1 g ammonium nitrate 
(NH4N03) in water and make up to 
100 ml 
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Remarks 

Immediately after sampling, stabilize the water sample with 10 ml nitric 
acid (1.40 g/ml) per 1000 ml sample solution. 

3.4.11.3 Spectrophotometric determination using NaDDTC 

General remarks 

At a pH between 4 and 11, copper (II) ions react with sodium diethyl dithio­
carbamate (NaDDTC) to form a brownish-yellow complex 

which does not dissolve readily in water and can be extracted with chloro­
form or carbon tetrachloride. Interference due to other metallic ions can 
be eliminated by adding Na2EDT A to the sample under certain pH conditions. 

Direct determination of between 0.005 and 0.5 mg Cu2+ is possible with 
100 ml of water sample. 

If cyanide, cyanide complexes or considerable quantities of organic substan­
ces are present, the water sample must be mineralized: take for example 100 
or 1000 ml of water sample and concentrate by evaporation with 1 ml of 
conc. H2S04 and 1 ml of conc. HN03 under a fume hood until white sulphur 
trioxide vapour starts to appear. Should a brown coloration occur, dilute 
with deionized water and evaporate once again with 1 ml conc. HN03 until 
dry. Moisten the residue with 1 ml conc. HCl and again evaporate to 
dryness. Pick up with deionized water, if necessary, filter, then neutra­
lize and make up to 100 ml with deionized water. 

Equipment 

Spectrophotometer or photometer, 435 nm 

Cuvettes, path length 1 - 5 cm 

Water, deionized and copper-free 

Sodium diethy 1 di thiocarbamate solution: 
Dissolve 1 g of reagent-purity NaDDTC (C2H5)2N . CS2Na • 3 H20 in water, 
filter, and make up to 100 ml. The solution keeps for 1 month in a dark 
glass bottle. 

Ammonium hydroxide solution (l : 1): 
Add 100 ml of conc. reagent-purity ammonium hydroxide solution (0.907 
g/mI) to 100 ml of water. 
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Carbon tetrachloride, reagent purity 

Ammonium citrate solution, approx. 2 m: 
1j.86 g (NHIj.)3C6H 507, reagent purity, per litre 

EDT A solution, approx. 0.1 m: 
Dilute 37 g of reagent-purity Na2EDT A with water to 1 litre 

Copper stock solution: 
Dissolve 0.200 g copper foil or copper wire, reagent purity, in 10 ml of 
reagent-purity HN03 (l : 1). Then add 1 ml of reagent-purity conc. H2S01j. 
(1.81j. g/mD and evaporate until white sulphur trioxide vapour appears. 
Pick up the residue with water and make up to 1 litre. 1 ml contains 
0.200 mg Cu2+. 

Copper standard solution I: 
Shortly before use, make up 100 ml of copper stock solution to 1000 ml 
with water. 1 ml contains 0.020 mg Cu2+. 

Copper standard solution II: 
Shortly before use, make up 100 ml of copper standard solution I to 1000 ml 
with water. 1 ml contains 0.002 mg Cu2+ 

Method 

Calibration 

To establish the calibration curves, use copper standard solution II to 
prepare series containing concentrations of 0.005 - 0.10 mg Cu2+/1 and 0.10 
- 0.50 mg Cu2+/1. Then proceed as described under "Determination". 

Determination 

Take up to 1 litre of the original or pretreated sample containing between 
0.005 and 0.5 mg Cu2+ and neutralize against pH paper with NaOH or HCl in a 
separating funnel. 

Add 5 ml of 2 m ammonium citrate solution, 10 ml of 0.1 m EDT A solution, 10 ml 
of ammonia solution (l : 1) and 10 ml CCllj.. Shake the mixture thoroughly 
and separate off the organic phase. Keep repeating the extraction until the 
CCllj. layer remains colourless. Discard the organic extracts. 

Then add 10 ml of NaDDTC solution to the aqueous phase. Extract the copper 
complex that forms by shaking for approx. 5 minutes with 10 ml of CCllj.. 
Separate off the organic phase and filter it through a medium-hard paper 
filter into a 25-ml measuring flask. Extract the sample again for 1 min. 
with 10 ml CCllj., and again filter the extract into the measuring cylinder. 
Fill up to the mark at 20 °c with CCllj., rinsing the filter at the same 
time. 

Handle samples quickly and measure the extinction against CCllj. immediately, 
as the CuDDTC complex is sensitive to light. If stored in the dark the 
samples can be kept for 3 h without any change in the extinction values 
occurring. 

Every test series must be accompanied by a blank test in which deionized, 
copper-free water instead of the sample is subjected to the entire analyti­
cal procedure described above. 
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Calculation 

State the results in mg Cu2+/I. Read off the value from the calibration 
curve and recalculate to take account of the volume of water used. 

3.4.11.4 ICP-AES see Section 3.3.12 

A tomic weight of copper: 63.546 

3.4.12 Molybdenum 

General remarks 

In natural waters molybdenum occurs only rarely in detectable quantities. A 
test should nevertheless be carried out for the element, for example by 
means of emission spectroscopy (Section 3.4.1) to provide a general over­
view. Some subterranean waters, as well as waste waters, may contain traces 
of molybdenum. Trace amounts of molybdenum are vital for plants, animals 
and human beings since it forms a constituent of various enzymes. 

3.4.12.1 Spectrophotometric determination (if no AAS equipment is available) 

3.4.12.2 Direct determination by means of flame AAS 

3.4.12.3 Concentration process for determination by means of flame AAS 

3.4.12.4 For ICP-AES see Section 3.3.12 

Methods 3.4.12.2 combined with 3.4.12.3 are recommendable. 

3.4.12.1 Spectrophotometric determination as a molybdenum (V) thiocyanate 
complex 

General remarks 

In a mineral-acid solution and in the presence of a reducing agent molyb­
denum (V) reacts with thiocyanate to form a yellowish-orange Mo(V)SCN 
complex. The reducing agent used is tin (II) chloride. Extraction of the 
colour complex, presumably as the oxonium salt of the acid H2MoO(SCN)5 
(WUnsch), allows interfering substances to be separated off. 

Assuming an initial quantity of 
then evaporated to less than 1 
directions given, concentrations 
0.02 mg/l can be determined. 

10 litres of the water sample, which is 
litre and treated in accordance with the 
of molybdenum down to approximately 

Potential sources of interference are largely eliminated by precipitation 
with hydrogen sulphide, extraction as cupferronate with methyl isobutyl 
ketone and final extraction of the Mo(V)SCN complex with diisopropyl ether. 
All reagents must be of the highest grade of purity. A blank test must be 
carried out in parallel. 
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Equipment 

Photometer 

Cuvettes, 1 cm and 5 cm 

Hydrogen sulphide generator (Kipp's apparatus) 

G lass dish, I Ii tre 

Measuring flask, 50 ml 

Quartz or porcelain crucible 

Separating funnel, 50 - 100 ml 

Sodium hydrogen carbonate solution, saturated in the cold state 

Ammonium chloride, reagent purity 

Potassium hydrogen sulphate 

Hydrochloric acid, 25 % 

Sulphuric acid, 20 % and 1.75 m 

Ammonium hydroxide solution, 27 % 

Cupferron solution, saturated solution in cold water; prepare fresh solution 
each time. 

Methyl isobutyl ketone 

Hydrogen peroxide, 30 % 

Potassium thiocyanate solution: 
Dissolve 5 g of KSCN in 100 ml of H20 

Tin (II) chloride solution: 
30 % {dissolved in 5 % hydrochloric acid (not stable» 

Iron (III) sulphate solution: 
Saturated in the cold state in H20 

Diisopropyl ether 

Sodium hydroxide solution, 2 m 

Molybdenum stock solution: 
Dissolve 0.1500 g of reagent-purity Mo03 in H20, adding 2 m sodium hydrox­
ide solution; lightly acidify with 20 % sulphuric acid and make up to 
I litre with dist. water. 1 ml contains 0.1 mg of M0 6+ ions. 

Molybdenum reference solution: 
Mix molybdenum stock solution 
of Mo6+ ions. 

10 with dist. water. 1 ml contains 0.01 mg 
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Procedure 

Calibration 

In order to prepare the calibration curve take increasing quantities of 
molybdenum reference solution containing between 0.005 and 0.25 mg of 
molybdenum, dilute with distilled water to approximately equal volume and 
treat according to the method described under "Determination". This begins 
with the addition of the 2 m sodium hydroxide solution to the solution 
containing sulphuric acid after destruction of the organic matter, and 
continues with the addition of 15 ml of 20 % sulphuric acid and transfer to 
the separating funnel. 

Determination 

In order to determine trace amounts of molybdenum transfer 10 litres of the 
water sample in small portions to a I-litre glass dish and boil down in a 
weak alkaline solution (adding saturated sodium bicarbonate solution). The 
entire contents of the flask should be used for one sample batch; any 
residues in the flask should therefore be transferred quantitatively to the 
glass dish. 

Evaporate the weakly alkaline sample to less than 1000 ml, allow to cool, 
and acidify with 25 % hydrochloric acid until all the soluble substances 
are dissolved. Now dissolve 50 g of ammonium chloride in the solution. 
Alkalize with ammonium hydroxide solution and subsequently introduce a 
moderate flow of hydrogen sulphide. 

After about 30 to 60 minutes acidify slightly with hydrochloric acid, 
without interrupting the flow of hydrogen sulphide. In the ensuing process 
the sulphides of the elements of the H2S group are precipitated together 
with elementary sulphur acting as a carrier. Continue passing hydrogen 
sulphide into the acid solution for a further hour and then filter off the 
sulphides. Rinse free of chloride with water containing a little hydrogen 
sulphide, and carefully incinerate the sulphides in a quartz or porcelain 
crucible at a maximum of 400 °e. Decompose the residue with a little 
potassium hydrogen sulphate and, when cool, pick up and dissolve the melt 
with 1.75 m sulphuric acid. Transfer the solution to a separating funnel, 
add 0.1 ml of cupferron solution and 0.5 ml of methyl isobutyl ketone for 
each 1 ml of solution and extract by shaking. 

When the phases are separated repeat the extraction of the aqueous phase in 
the same way, adding cupferron solution and methyl isobutyl ketone. Sepa­
rate off the aqueous phase, rinse the latter with methyl isobutyl ketone 
two more times and combine the organic phases for the purpose of further 
analysis. Discard the aqueous phase, unless it should be required for 
analysis by emlSSlOn spectroscopy to detect any tungsten (3.4.1) and/or 
germanium (3.4.9) which may be present. 

Add 5 ml of 20 % sulphuric acid to the organic extract containing the 
molybdenum and concentrate by evaporation. Add a few drops of hydrogen 
peroxide (30 %) and heat over a sand bath until the organic matter is 
completely destroyed. Pick up the remaining sulphuric solution with water, 
neutralize with 2 m sodium hydroxide solution, add 15 ml of 20 % sulphuric 
acid and transfer to a separating funnel. 
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Allow the solution to cool to 20°C and treat with 3 drops of saturated 
iron (III) sulphate solution and then 5 ml of potassium thiocyanate solu­
tion. Mix, and add 5 ml of tin (II) chloride solution by pipette for reduc­
tion. Cool to 20°C under running water and extract with 25 ml of diiso­
propyl ether. The diisopropyl ether should previously be saturated with 
potassium thiocyanate and tin (II) chloride by shaking with 5 ml of each 
solution. 

After shaking for 1 minute, separate the phases, extract the aqueous phase 
twice more, each time with 10 ml of diisopropyl ether, transfer the organic 
extracts to a 50-ml measuring flask and make up to the mark with diiso­
propyl ether at 20°C. Conduct the measurement in a 1-cm or 5-cm cuvette at 
460 nm against diisopropy 1 ether. 

Carry out a blank test in parallel with the entire analysis process. It is 
also useful to mix known quantities of molybdenum to further sample volumes 
(admixture method or standard addition). 

Calculation 

Read off the appropriate molybdenum content from the calibration curve on 
the basis of the extinction measured for the solution under analysis. 
Taking account of the blank test and the initial quantity of water used, 
recalculate for 1 litre of the water sample. Correction may also be 
required on the basis of the results obtained according to the admixture 
method. 

Atomic weight of molybdenum: 99.94 

3.4.12.2 Direct determination of molybdenum by means of atomic-absorption 
flame analysis 

Equipment 

1. Hollow-cathode molybdenum lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determina tion limit 
Calibration 
Acia concentration 

Remarks 

313.3 nm 
5 mA 
0.5 nm 
Acetylene 
Laughing gas 
Reducing 
Yes 

l-lOmg/l 
0.05 mg/l 
0.2 - 10 mg/l 
10 ml hydrochloric acid (1.17 g/ml) 
per 1000 ml solution for measurement 

It is advisable to add 2 ml of aluminium nitrate solution per 50 ml of 
solution for measurement. 

Aluminium nitrate solution: 
Dissolve 100 g aluminium nitrate (Al(N03)3 . 9 H20) in water and make up 
to 100 mI. 
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In the case of low concentrations, concentration by evaporation is only 
possible for low-mineraI-matter waters (electrical conductivity at 25°C 
below 100 IlS/cm). The method of extractive concentration described below 
can be recommended. 

3.4.12.3 Principle of the method of extractive concentration 

Molybdenum ions are extracted with chloroform as molybdenum cupferronate 
after adding cupferron, the organic phase is evaporated, mineralized and 
determined by atomic-absorption analysis in the presence of aluminium ions. 

Reagents 

Hydrochloric acid (1.17 g/ml) 

Nitric acid (1.40 g/mO 

Sulphuric acid (1.84 g/ml) 

Cupferron solution: 
Dissolve 6 g cupferron in water and dilute to 100 ml with water 

Aluminium nitrate solution: 
Dissolve 100 g Al(N03)3 9 H20 in water and make up to 1000 ml 

Chloroform 

Method 

Transfer sample solution (max. 2 litres) to a separating funnel and add 
5 ml cupferron. 

Extract 3 times, each time with 25 ml chloroform (shake for 2 minutes). 

Separate off organic extracts and evaporate the combined organic extracts 
on a water bath. 

Oxidize residue with sulphuric acid/nitric acid. 

Fume off the acids. 

Pick up the dry residue with 1 ml hydrochloric acid and 0.4 ml aluminium 
nitrate solution, transfer to a 10-ml measuring flask and fill up to the 
mark with distilled water. 

Prepare a blank reading in the same way. 

Final determination by flame AAS as described in 3.4.12.2. 

Decomposition with nitric acid - hydrogen peroxide is required for organi­
cally loaded water samples. 

3.4.12.4 ICP-AES see Section 3.3.12 
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3.4.13 Nickel 

General remarks 

As a rule, nickel occurs in natural waters only in traces. Nickel may be 
contained in waste water from the chemical industry, metal production or 
ore mining. Low nickel concentrations are also often found in subterranean 
waters. Nickel is one of the most mobile heavy metals. 

Quantitative determination 

3.4.13.1 Spectrophotometry with diacety 1 dioxime 
Modification A: without extraction 
Modification B: with extraction 

3.4.13.2 Direct determination by flame AAS 

3.4.13.3 If appropriate, method 3.4.13.2 with concentration 

3.4.13.4 Nickel determination by flameless AAS (graphite tube technique) 

3.4.13.5 For ICP-AES see Section 3.3.12 

3.4.13.1 Spectrophotometric determination with diacetyl dioxime 
(dimethylglyoxime) 

In the presence of a strong oxidizing agent such as bromine or ammonium 
peroxodisulphate, nickel (II) ions form a wine-red to brown-coloured 
complex with diacetyl dioxime in alkaline (ammoniacal) solution. This 
complex contains nickel in a multivalent (presumably tetravalent) form. Its 
exact nature has however not been finally established: 

, 
0' 

t 
H3C- C=NOH H3C-C= N N = C-CH3 

+ Nj2+- ~ / 2 Ni + 2H+ 

/ 
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The nickel-diacetyl complex can be measured photometrically in the aqueous 
solution directly (modification A) or following extraction with chloroform 
and re-extraction (modification B). 

The method in the form of modification A is suitable for ground water and 
surface water, and for waste waters after appropriate pretreatment. Without 
dilution or concentration 0.02 - 5 mg/l of nickel (II) can be determined. 
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Modification B is suitable for the detection of lower concentrations of 
nickel (II) ions (down to about 0.005 mg/I), in particular in ground waters 
and subterranean waters. As a basic rule, however, if an AAS device is 
available methods 3.4.13.2 with 3.4.13.3 or 3.4.13.4 are to be given prefer­
ence. 

In the presence of cyanides the samples should be mineralized due to the 
complex bonding of Ni(CN)42-. In this process interfering organic impuri­
ties are simultaneously eliminated. Evaporate the samples (50 - 1000 mI) 
under a fume hood with 2 ml of concentrated sulphuric acid and 2 - 5 ml of 
concentrated nitric acid unti'l S03 vapour appears. If the solution is still 
not clear or colourless, repeat the process after adding 3 ml of concen­
trated nitric acid. Then carefully evaporate almost to dryness, pick up the 
residue with 20 - 30 ml of distilled water, neutralize with concentrated 
ammonia and transfer the solution quantitatively to a 100-ml measuring 
flask. 

Equipment 

Photometer 

Cuvettes, 1 cm and 5 cm 

Bromine water, saturated (only modification A): 
Dissolve about 12 ml of bromine in 1 litre dist. water. 

Ammonium peroxodisulphate solution (only modification B): 
Dissolve 10 g of reagent-purity (NH4)2S208 in 90 ml of dist. water. 

Diacetyl dioxime solution: 
1.2 g of reagent-purity diacetyl dioxime in 100 ml of ethanol or 1.5 g of 
the sodium salt in 100 ml of dist. water. 

Triethanolamine 

Chloroform, reagent-purity 

Sodium hydroxide solution, 10 m (only modification B) 

Ammonium hydroxide solution, conc., (0.91 g/ml) 

Nitric acid, conc., (1.4 g/ml) (only modification A) 

Hydrochloric acid, 0.5 m (only modification B) 

Tartaric acid solution: 
Dissolve 10 g of reagent-purity tartaric acid in 90 ml of dist. water 
(only modification A). 

Sodium citrate solution: 
Dissolve 20 g of reagent-purity sodium citrate in 80 ml of dist. water. 

Hydroxylamine hydrochloric solution: 
Dissolve 10 g of hydroxylamine hydrochloride in 90 ml of dist. water. 

Phenolphthalein solution (only modification B) 
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Nickel stock solution: 
Dissolve 1.00 g of reagent-purity nickel wire (spectrographically stand­
ardized) with 15 ml of HN03 (l + 1). Add 5 ml of H2S04 (l + 3) and evapo­
rate until 503 vapour appears. Subsequently make up to 1 litre with dist. 
water. 1 ml contains 1 mg of Ni2+. 

Nickel reference solution I: 
Dilute nickel stock solution 
0.01 mg of Ni 2+. 

Nickel reference solution II: 

to 100 with dist. water. ml contains 

Dilute reference solution I in the ratio 1 to 10 with dist. water. 1 ml 
contains 0.001 mg of Ni2+. 

Method 

Modification A (without prior extraction) 

Calibration 

In order to prepare the calibration curve take increasing quantities of 
nickel reference solution (I and/or II) with between 0.02 and 5 mg of 
nickel, make up to 50 ml with distilled water, and treat as described under 
"Determination". 

Determination 

Transfer to a 100-ml measuring flask either 50 ml of the water sample or a 
smaller quantity which has been made up to 50 ml with distilled water 
(nickel content 0.001 to 0.25 mg). Add 10 ml of bromine water and shake. 
Add one after the other 8 ml of triethanolamine, 12 ml of concentrated 
ammonium hydroxide solution and 4 ml of diacetyl dioxime solution and 
immediately make up to the mark with distilled water. Shake the mixture and 
without further delay measure the extinction at 460 nm (blue filter) 
against distilled water. Each individual sample must be treated in the 
prescribed order without interruption, including the extinction measure­
ment. Conduct a blank test in the same way and take into account accord­
ingly. 

Calculation 

Read off the appropriate nickel content from the calibration curve on the 
basis of the measured extinction, take into account the quantity of water 
used and the blank reading, and recalculate for 1 litre of water. 

Modification B (with extraction in chloroform) 

Calibration 

In order to prepare the calibration curve take increasing quantities of 
nickel reference solution II with between 0.005 and 0.025 mg of nickel and 
subject the solutions to the process of analysis described under "Determi­
nation". 

Determination 

Acidify between 1 and 5 litres of the water sample with concentrated hydro­
chloric acid and evaporate to a volume of less than 500 mI. Transfer the 
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solution to a separating funnel and add one after the other, shaking 
constantly, 20 ml of sodium citrate solution, 2 ml of hydroxylamine hydro­
chloride solution, 2 ml of diacetyl dioxime solution and 1 drop of phenol­
phthalein solution. Then neutralize with concentrated ammonia (0.91 g/mn 
and following the colour change add 3 drops in excess. 

Extract the nickel-diacetyl dioxime complex by shaking vigorously (2 minutes) 
after adding 20 ml of chloroform. Separate off the organic phase and 
extract the aqueous phase once again with 10 ml of chloroform after adding 
1 ml of diacetyl dioxime solution. In the separating funnel wash the combined 
chloroform phases, containing the nickel, twice with 10 ml of ammonium 
hydroxide solution (1 + 50) and then shake vigorously for 2 minutes with 15 ml 
of 0.5 m hydrochloric acid. 

After separation of the phases transfer the hydrochloric aqueous solution 
into which the nickel has been re-extracted to a 25-ml measuring flask. 
Wash the chloroform twice more, each time with 1 ml of distilled water, 
adding the washing fractions likewise to the 25-ml measuring flask. 

Next treat the hydrochloric solution containing the nickel with 3 ml of 
diacetyl dioxime solution, 1 ml of 10m sodium hydroxide solution and 0.3 ml 
of ammonium peroxodisulphate solution, mixing well each time. Dilute with 
water to the mark at 20°C, leave to stand for about 2 hours, and measure 
in a 5-cm cuvette at 460 nm against distilled water. Carry out a blank test 
concurrently and take into account accordingly. 

Calculation 

Read off the appropriate nickel content from the calibration curve on the 
basis of the measured extinction, take into account the quantity of water 
used and the blank reading, and recalculate for 1 litre of water. 

A tomic weight of nickel: 58.71 

3.4.13.2 Direct determination by means of atomic-absorption flame analysis 

Equipment parameters 

1. Hollow-cathode nickel lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

232.0 nm 
3.5 mA 
0.2 nm 
Acetylene 
Air 
Oxidizing 
Yes 

0.2 - 5 mg/l 
0.05 mg/l 
0.1 - 5 mg/l 
10 ml hydrochloric acid (1.17 g/mJ) 
per 1000 ml solution for measurement 

Concentration by evaporation is possible, if concentrations are low. 
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Decomposition with nitric acid/hydrogen peroxide is required if the samples 
contain organic loads. 

The extractive concentration method described for the element silver using 
hexamethylene ammonium hexamethylene dithiocarbamate (HMDC) may also be 
used for nickel. 

A further method of extraction is described below. 

3.4.13.3 Method with concentration 

Basis of the method 

After adding diacetyl dioxime (dimethylglyoxime) solution, nickel ions are 
extracted from citrate-buffered solution with chloroform, re-extracted with 
1 m hydrochloric acid from the organic phase and determined by means of 
atomic-absorption analysis. 

Reagents 

Hydrochloric acid I (l.17 g/mI) 

Hydrochloric acid II, 1 moIlI 

Ammonium hydroxide solution I (0.91 g/mI) 

Ammonium hydroxide solution II: 
Dilute 2 ml ammonium hydroxide solution I with water to 100 ml 

Sodium citrate solution: 
200 g sodium citrate • 2 H20/1 

Phenolphthalein solution 

Diacetyl dioxime solution: 
Dissolve 15 g diacetyl dioxime (disodium salt) (C4H6N2Na202 • 8 H20) in 
water and make up to 1000 ml 

Chloroform (CHCI3) 

Method 

Acidify the sample volume with 5 ml hydrochloric acid (1.17 g/ml); if 
necessary evaporate samples to 200 ml and transfer to a 250 ml separating 
funnel. 

Treat with 10 ml of 20 % sodium citrate solution. 

Neutralize with ammonium hydroxide solution I with respect to phenolphtha­
lein and add 3 drops of ammonium hydroxide solution I in excess. 

If clouding occurs, acidify again and repeat neutralization. 

Add 5 ml diacetyl dioxime solution and 15 ml chloroform and shake well 
for 2 minutes. 
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Separate off the chloroform phase and shake the aqueous phase once again 
for 2 minutes with 10 ml chloroform. 

Combine the organic phases and wash with 10 ml of ammonium hydroxide 
solution II for 30 minutes. 

Discard the wash water and treat the chloroform phase with exactly 10 ml 
of 1 m hydrochloric acid. 

Shake vigorously for 2 minutes, separate off the hydrochloric phase and 
determine nickel in this using atomic-absorption flame analysis. 

The equipment parameters are as for direct determination. 

3.4.13.4 Nickel determination with the graphite tube technique 
(Furnace method) 

Equipment parameters 

1. Hollow-cathode nickel lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. Atomization 

10. Gas stop 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Matrix modification 
Ammonium nitrate solution 

Remarks 

232.0 nm 
3.5 mA 
0.5 nm 
Yes 
Argon 
15 s at 140°C 
25 s at 700°C 
3 s at 2400 °C 
Yes 

5 - 20 I1g/1 with 10 111 sample 
1 I1g/1 
Addition method 
10 ml nitric acid (1.40 g/mI) per 
1000 ml sample solution 
10 111 0.1 % ammonium nitrate solution 
Dissolve 0.1 g NH4N03 in water and 
make up to 100 ml 

Immediately after sampling, stabilize the water sample with 10 ml nitric 
acid 0.40 g/ml) per 1000 ml sample solution. 

3.4.13.5 ICP-AES see Section 3.3.12 

3.4.14 Mercury 

General remarks 

Inorganic mercury compounds (ionogenic) and organic compounds such as 
methyl mercury, ethyl mercury and so on may occur in water. The latter may 
be concentrated to a certain extent in organisms (e.g. fish). Although the 
absolute quantity involved is mostly only very small, in view of their 
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Fig. 102. 1) = Sample; 2) = Flow inducer; 3) = Hollow-cathode mercury lamp; 
4) = Cuvette; 5) = Detector; 6) = Plotter; 7) = Diaphragm; 8) Heating element 

toxicity these compounds must be taken into account owing to their accumu­
lation in the food chain. It is therefore of interest in analysis to differ­
entiate between inorganic and organically bonded mercury (see the decompo­
sition methods described). 

The method of quantitative determination which has gained widest acceptance 
is the variant of AAS using the cold vapour technique with and without 
decomposi tion. 

3.4.14.1 Mercury AAS with cold vapour method 

Principle of the method 

Mercury ions are reduced to metallic mercury with tin(II) chloride. The metallic 
mercury is transferred into a quartz cuvette with the aid of a current of inert 
gas and the absorption of the atoms is measured in the beam of an atomic­
absorption spectrometer (cold vapour method). 

Reagents 

Stabilizing reagent: 
Treat 500 ml of nitric acid (1.40 g/mJ) with 5 g potassium dichromate (K2Cr207) 
and make up to 1000 ml with water. 

Reduction solution: 
Treat 10 g tin (II) chloride (SnCI2 • 2 H20) with 10 ml hydrochloric acid 
(1.17 g/mj) and make up to 100 ml with water, shaking constantly. 

Pretreatment of the water sample on sampling: 

Immedia tely after sampling add 1 ml of the stabilizing reagent per 100 ml 
of sample volume to the water samples in order to prevent losses by absorp­
tion of mercury at the vessel walls. 

Equipment parameters 

A tomic absorption spectrometer wi th attachment for the reduction and 
measurement of mercury. 

1. Hollow cathode mercury lamp 
2. Wavelength 
3. Lamp current 

253.7 nm 
3.5 mA 



4. Inert gas 
5. Gas through-flow 
6. Cuvette temperature 
7. Aperture width 
8. Integration 
9. Integration time 

10. Background compensation 
11. Measuring range 
12. Determination limit 

Procedure 

Argon or nitrogen 
10 l/h 
Room temperature 
0.5 nm 
Peak area 
25 s 
Yes 
1 - 10 pg/l 
0.5 pg/l 
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Transfer 20 ml of the stabilized water sample into the reaction vessel of 
the system. 

Expel the air from the reaction vessel by means of a constant flow of 
10 l/h of inert gas (argon or nitrogen). 

Begin measurement and at the same time continuously add 10 % tin (II) 
chloride solution. 

Transfer the mercury vapour by means of the carrier gas flow into a 
quartz cuvette and measure in the beam of the atomic-absorption spectro­
meter. 

Measure blank and calibration solutions in similar fashion. 

Remarks 

Since this technique quantitatively detects only mercury which is present 
ionogenically in solution, decomposition is required for organically or 
complex bonded mercury. Organically loaded water samples must also be 
decomposed before measurement. 

Two methods of decomposition are described below: 

A) Pressure decomposition in a closed Teflon vessel inside a steel cylinder: 

Introduce 20 ml of water into the decomposition vessel and treat with 
2 ml nitric acid. 

Close the lid of the decomposition vessel, insert into the steel cylin­
der and close with a screw top. Heat the steel cylinder to 180°C in 
the heating block or the drying oven and leave at this temperature for 
2 hours. 

After cooling, open the steel cy linder, take out the decomposition 
vessel and transfer the decomposition solution quantitatively to measur­
ing flask of 50 mI. 

Fill the measuring flasks up to the mark. 

Analysis as above (3.4.14.1). 

B) Wet decomposition 

Reagents 
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Nitric acid (1.40 g/mI) 

Sulphuric acid (1.84 g/mI) 

Potassium permanganate: 
Dissolve 50 g potassium permanganate (KMn04) in water and make up to 
1000 ml 

Potassium peroxide sulphate solution: 
Dissolve 40 g potassium peroxide sulphate (K2S208) in water and make 
up to 1000 ml 

Hydroxylammonium chloride solution: 
Dissolve lag hydroxylammonium chloride (NH30HCI) in water and make up 
to 100 mi. 

Method 

Introduce 50 ml of the water sample into a duran glass flask, add 5 ml 
sulphuric acid (1.84 g/mI), 5 ml nitric acid (1.40 g/mI) and 15 ml potas­
sium permanganate solution. 

Leave for 15 minutes at room temperature. 

Add 10 ml potassium peroxide sulphate solution. 

Cover the duran glass flask and leave for 2 hours at 95°C in a water bath. 

After cooling, add 5 ml hydroxylammonium chloride solution and make up to 
100 ml final volume. 

Analysis as above 0.4.14.0. 

Sensitivity and reproducibility is improved if the mercury vapour formed is 
concentrated by the formation of amalgams on gold wool. Heating the gold 
wool causes the mercury to be released suddenly and it may then be 
measured. This can improve sensitivity by at least a factor of 10. 

3.4.15 Selenium 

General remarks 

In natural waters selenium occurs only in very low concentrations. Sea 
water contains an average of about 0.005 mg/l. Higher concentrations are 
rarely found in surface waters. Regionally limited ground waters form an 
exception: if they occur in an area with rocks and soils containing large 
amounts of selenium, they may contain between 0.05 and 0.1 mg/l or in 
exceptional cases even more. 

If selenium concentrations which greatly exceed these values occur in 
surface waters it must be assumed that seleniferous waste water is gaining 
access. Above all, this may stem from the processing (roasting) of sulphi­
dic ores, the manufacture of sulphuric acid, or from the chemical industry. 
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Quantitative determination 

3.4.15.1 Hydride AAS 

3.4. 15.2 Spectrophotometric determination with o-phenylenediamine 

3.4.15.1 Determination of selenium using the hydride AAS technique 

Principle 

Using sodium borohydride, selenium ions are reduced to selenium hydride, 
transferred to a heated quartz cuvette with the aid of a current of inert 
gas, decomposed thermally, and the absorption of the atoms is measured in 
the beam of an atomic-absorption spectrometer. In the hydride technique, 
the element which is to be determined is volatilized as a gaseous hydride 
and separated off from the matrix. Interferences may occur if there is a 
considerable excess of elements such as antimony, arsenic, tin, bismuth, 
mercury, or tellurium, which may also be volatilized using this technique. 
Above all, heavy metals such as copper and nickel have a disturbing effect 
during the hydride formation itself. These interferences may be diminished 
by adding 300 mg of solid 2-pyridine aldoxime to the solution for measure­
ment. 

Since the hydride technique only permits quantitative detection of selenium 
(IV) , selenium (VI) must be converted to selenium (IV) by pre reduction 
(boiling in a strongly hydrochloric solution at the reflux). 

Reagents 

Selenium stock solution (1000 mg/l) 

Hydrochloric acid 0.17 g/l) 

Sodium borohydride solution: 
Dissolve 3 g NaBH4 and 1 g NaOH in water and make up to 100 ml. 

Prereduction of the the water samples and decomposition solutions: 
Treat 100 ml of the sample for investigation with 50 ml hydrochloric acid 
(1.17 g/ml) and boil for 15 minutes at the reflux. Treat blanks and 
calibration solutions in the same way. 

Equipment parameters 

A tomic-absorption spectrometer with hydride attachment: 

1. Hollow-cathode selenium lamp 
2. Wavelength 
3. Lamp current 
4. Inert gas 
5. Gas through-flow 
6. Cuvette temperature 
7. Aperture width 
8. Integration 
9. Integration time 

10. Background compensation 

196.0 nm 
7 mA 
Argon 
30 l/h 
800 °C 
1 nm 
Peak area 
25 s 
No 
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Measuring range 
Determination limit 

1 - 5 Ilg/1 
0.5 Ilg/1 

The instrument parameters quoted here apply to a Varian AAS 775 with a 
hydride system manufactured by Messrs. Berghoff, TUbingen, FRG. 

Method 

Transfer 30 ml of the prereduced solution to the hydride system. Allow a 
constant current of inert gas (argon) to flow through the system at 30 l/h 
to expel the air. Following this, continuously add 3 % sodium borohydride 
solution using a peristaltic pump. Selenium ions are reduced to selenium 
hydride and directed by the current of inert gas into a quartz cuvette 
heated to 800°C where they are thermally decomposed. Measure the absorp­
tion. 

Remarks 

Since the hydride technique only permits quantitative detection of selenium 
which is present ionogenically in solution, decomposition is required for 
organically or complex-bonded selenium. Organically loaded water samples 
must also be decomposed before measurement. Two methods of decomposition 
are described below. 

A) Decomposition with sulphuric acid/hydrogen peroxide: 

Reagents 

Sulphuric acid (1.84 g/mO 

Hydrogen peroxide (30 %) 

Method 

Introduce 50 ml of the water sample into a 150-ml beaker, treat with 
5 ml sulphuric acid and add 5 ml hydrogen peroxide. 

Heat in a sand bath until 503 vapour appears. 

If the organic load of the water sample is high, repeat the addition 
of hydrogen peroxide to the decomposition mixture. 

When the decomposition mixture is cool, transfer the sample to a 
measuring flask, 50 ml, and dilute with water to the mark. 

Care should be taken that the sample never evaporates to dryness. 

B) Decomposition with magnesium oxide/magnesium nitrate: 

Reagents 

Hydrochloric acid (1.17 g/mI) 

Magnesium oxide (MgO) 

Magnesium nitrate (Mg(N03)2 . 6H20) 



391 

Procedure 

Introduce 50 ml of the water sample into a 100-ml quartz glass beaker, 
neutralize and subsequently treat with 1 g magnesium oxide and 1 g 
magnesium nitrate. 

Evaporate over a water bath. 

Carefully cover the evaporation residue with 2 g magnesium nitrate. 

Dry at 180 °C in a drying oven for 20 minutes. 

Place in a cold muffle furnace, heat to between 500 and 550 °C and 
leave at this temperature for 1 hour. 

Pick up the ignition residue with 10 ml hydrochloric acid, transfer to 
a 50-ml measuring flask, and dilute with water to the mark. 

3.4.15.2 Spectrophotometric determination of selenium with o-phenylenediamine 

General remarks 

In acid solution selenium (IV) reacts with aromatic o-diamines forming 
yellow compounds. The intensity of the colour of the compounds is measured 
directly, or following extraction with tolUene, at 334 nm. In the method 
described here the colour reaction is performed with o-phenylenediamine: 

(X:Y'N'-., 
Se 

~ ~ / 
N 

The extinction maximum of 3,4-benzo-I,2,5-selenodiazole lies in the region 
of 330 - 335 nm ( 17 750). Beer's law applies in the range from 0.13 -
3 [lg Se/ml in toluene. 

High selenium contents cannot be expected in natural waters and interfer­
ence must be anticipated from other substances contained in the water. 
Consequently, it is advisable to concentrate the selenium and carry out 
distillation before photometric determination. Alkaline concentration of I 
- 2 litres of water in a vacuum rotation evaporator and subsequent distil­
lation of the concentrate with hydrobromic acid containing bromine leads to 
concentration and isolation of the selenium without loss (K.-E. Quentin and 
L. Feiled. This is because in a solution containing sulphuric acid Se (IV) 
reacts with surplus bromide to SeBr4 which can be distilled off thanks to 
its volatility. 

The SeBr4 is decomposed in aqueous solution (in the distillation receiver) 
according to SeBr4 + 3 H20 ---- H2Se03 + 4 HBr to give selenious acid which 
reacts with o-phenylenediamine. Excess bromine is bonded with hydroxyl­
ammonium chloride. Any Se(VI) which is present is reduced to Se(IV) by HBr. 
The detection therefore always encompasses total selenium. 

The method is suitable for the determination of selenium in natural waters 
with concentrations between 0.00 I and 0.25 mg of Sell. 
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Interference due to other substances contained in the water is eliminated 
by the distillation process. 

Equipment 

Vacuum rotation evaporator 

Distillation apparatus with distillation flask (250 mI), dropping funnel 
and connecting piece for introducing N2, condenser and receiver. 

pH meter 

Separating funnel, 100 ml 

Sodium hydroxide solution, 10 % 

Hydroxylammonium chloride solution, 2.5 % in water 

o-phenylenediamine solution, 0.4 % in water 

Toluene, reagent purity 

Potassium bromide, reagent purity 

Sulphuric acid, conc, (1.84 g/m!) 

Bromine water: saturated solution of Br2 in dist. water 

Selenium stock solution: 
Accurately weigh a piece of selenium (eg. 1 g of superpure metaI) and 
dissolve in 5 ml of conc. nitric acid, heating gently. Carefully evapo­
rate to dryness, pick up with dist. water and dilute to 1 litre. 1 ml 
then contains approx. 1 mg of selenium. 

Selenium reference solution: 
Dilute eg 1 ml of selenium stock solution to 1 litre with dist. water. 
1 ml of this solution contains 0.00 I mg of Se. 

Method 

Calibration 

In order to prepare the calibration curve measure increasing volumes of 
selenium reference solution with concentrations between 0.001 and 0.25 mg 
into measuring flasks and make up to 1 litre with dist. water. Subject the 
solutions to the same process as indicated for the water sample. 

Determination 

After adding 10 ml of 10 % sodium hydroxide solution reduce 1 litre of the 
water sample to about 10 ml in the vacuum rotation evaporator and then 
transfer quantitatively to the flask of the distillation apparatus. The 
receiver of the distillation apparatus should contain 30 ml of 2.5 % 
hydroxylammonium chloride solution. 

Add 0.70 g of reagent-purity KBr and 40 ml of conc. sulphuric acid treated 
with 8 - 10 drops of saturated bromine water and distill the sample in a 
nitrogen flow (approx. 25 ml min.) until S03 vapour appears. 
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Adjust the seleniferous hydroxylammonium chloride solution to pH 2.4 
(measure pH electrometrically) and then add 5 ml of o-phenylenediamine 
solution. After a reaction time of 150 minutes shake out for 3 minutes with 
5 ml of toluene the benzoselenodiazole which has formed. After separation 
of the phases allow the aqueous layer to run off, remove the toluene solu­
tion with a pipette and transfer to cuvettes of appropriate path length. 
Carry out photometric measurement at 334 nm against pure toluene. 

Calculation 

Read off the corresponding selenium content from the calibration curve on 
the basis of the extinction measured, taking the blank reading into 
account. If a I-litre water sample was used initially this value corre­
sponds to the selenium content in mg/l. If a larger or smaller volume of 
sample was taken, recalculate as appropriate. 

Atomic weight of selenium: 78.96 

3.4.16 Silver 

General remarks 

In drinking water, silver ions occur only as traces. Even if silver ions 
are added to the water for the purposes of germ inhibition, on the basis of 
silver's oligodynamic action, concentrations are low (approximately between 
0.03 and 0.1 mg/l). 

A sensitive method is therefore required. As a general rule atomic­
absorption procedures and spectrophotometric methods may be employed. 

3.4.16.1 Direct atomization of the aqueous solution (flame absorption), if 
necessary with concentration by extraction 

3.4.16.2 Determination by means of the graphite tube method 

3.4.16.3 Spectrophotometric determination with dithizone 

3.4.16.4 For ICP-AES see section 3.3.12 

In comparison with the spectrophotometric method the atomic-absorption 
procedures are simpler, faster and virtually free of interference. Where no 
atomic-absorption spectrophotometer is available, sufficiently accurate and 
reliable results can be obtained with the dithizone spectrophotometric 
method. 

3.4.16.1 Direct determination of silver by means of atomic-absorption 
flame analysis 

Equipment parameters 

1. Hollow-cathode silver lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Fuel gas 

328.1 nm 
3.5 mA 
0.5 nm 
Acetylene 
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6. Oxidant 
7. Flame type 
g. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

Air 
Oxidizing 
Yes 

0.2 - 5 mg/l 
0.05 mg/l 
0.2 - 5 mg/l 
10 ml nitric acid (1. 40 g/ml) per 
1000 ml solution for measurement 

Concentration by evaporation is possible if concentrations are low. 

The method of concentration described below can be recommended. 

Concentration by extraction 

Basis of the method 

After chelation with hexamethylene ammonium hexamethylene dithiocarbamate 
(HMDC) , silver is extracted from formate-buffered solution with xylene­
diisopropyl ketone and the organic extract is determined directly by means 
of atomic-absorption analysis (3.4. 16.1) . 

Reagents 

Nitric acid (l), HN03, (1. 40 g/ml) 

Nitric acid (2), dilute: 
Dilute one part by volume of nitric acid (1) with 9 parts by volume of 
water. 

Hydrogen peroxide, (H202) = 30 % 

Formic acid, HCOOH, (1. 22 g/ml) 

Citric acid monohydrate, C6Hg07 . H20 

Sodium hydroxide, NaOH 

m -cresolsulphonphthalein (m-cresol purple) 

Xylene (mixture of isomers), CgH 10 

2,4-dimethyl 3-pentanone 
boiling point 124.5 °c 

Solvent mixture: 

(3), (diisopropyl ketone), C7H140, distilled, 

Take 30 ml xylene in a 100-ml measuring flask, and make up to the mark 
with diisopropyl ketone. 

Methanol, CH30H 

Hexamethylene ammonium hexamethylene dithiocarbamate (HMDC), C 13H26H2S2 
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Forma te buffer solu tion (pH 4): 
Dissolve 368 g formic acid and 14 g citric acid monohydrate in about 350 
ml of water. Keeping well cooled and stirring constantly, slowly add 243 
g sodium hydroxide (caution!). After adding 50 mg of m-cresol purple, di­
lute the solution to 1 litre. To clear the buffer solution, shake out 
twice with 50 ml HMDC extraction solution each time (shake for 3 to 5 
minutes) . 

HMDC extraction solution: 
Dissolve 1. 7 g HMDC in 75 ml of xylene in a dry 250-ml measuring flask, 
warming gently; dilute the solution with diisopropyl ketone to the mark. 
The extraction solution should be prepared freshly every day. 

HMDC solution in methanol: 
Dissolve 5.5 g HMDC in methanol in a 100-ml measuring flask, warming 
moderately; after cooling to room temperature, make up to the mark with 
methanol. 

Aqueous stock silver solution (1000 mg/J) 

Organic standard solution: 
Treat 5 ml of the stock solution (1000 mg/J) in a dry 100-ml measuring 
flask with 50 ml formic acid and 0.2 to 0.5 g citric acid monohydrate, 
and dilute to the mark with diisopropyl ketone. ml of this solution 
contains 50 ~g silver. 

Organic calibration solutions: 
Dilute the organic standard solution with HMDC extraction solution in 
such a way as to produce calibration solutions which correspond to the 
water samples, taking the desired concentration factor into account. 

Method 

Remove high concentrations of organic substances in the water by boiling 
down and evaporating, adding 4 ml of nitric acid (1) and 4 ml hydrogen 
peroxide per 400 ml of sample. (In general, more than 10 mg/ I total carbon 
or more than 50 mg/l chemical oxygen demand counts as a high concentra­
tion). Pick up the residue with 40 ml of warm nitric acid (2). Make up the 
solution to 400 ml with water, and treat further as described below. 

Add 20 ml of formate buffer solution to 400 ml of the sample, which 
should be pretreated if necessary. (The indicator colour must be a clear 
yellow; if a red coloration appears, add a further 20 ml of formate 
buffer solution). 

Add 2 ml of methanolic HMDC solution, shake, and leave to stand for 5 
minutes. Add 20 ml of HMDC extraction solution and shake vigorously for 3 
minutes. 

After 15 minutes, separate off the organic phase, and centrifuge off any 
water present. 

Take a blank reading in the same way and deduct it. 

Zero adjustment of the AAS device should be made with HMDC extraction 
solution. Use xylene/isopropyl ketone (75 ml xylene/175 ml diisopropyl 
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ketone) to rinse the suction system. It is advisable to use either an 
adjustable atomizer or the injection method. The organic extract may be 
kept for 24 hours. 

3.4.16.2 Silver determination with the graphite tube technique 
(Furnace method) 

Equipment parameters 

1. Hollow-cathode silver lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. Atomization 

10. Gas stop 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

328.1 nm 
3.5 rnA 
0.5 nm 
Yes 
Argon 
25 s at 180°C 
22 s at 500°C 
3 s at 2000 °C 
Yes 

1 - 10 Ilg/1 with 10 III sample 
0.1 Ilg/1 
Addition method 
10 ml nitric acid (1.40 g/ml) per 
1000 ml sample solution 

Immediately after sampling, stabilize the water sample with 10 ml nitric 
acid (1.40 g/ml) per 1000 ml sample solution. 

3.4.16.3 Spectrophotometric determination with dithizone 

In acid (to almost neutral) solution silver ions react with dithizone 
(diphenyl dithiocarbazone), which is coloured green in organic solvents, to 
form primary silver dithizonate. Silver dithizonate is gold-coloured in 
organic solvents. 

(Dz signifies the radical C 13H lON4S of the dithizone without the two hydro­
gen atoms which are capable of interchange with metals in the formation of 
the dithizonates). 

The extinction maximum of AgHDz is at 462nm. Since the excess dithizone is 
removed from the carbon tetrachloride extract by washing twice with 0.01 m 
NH40H solution, the silver dithizonate solution can be measured at the 
extinction maximum of this compound in the single-colour method. The 
calibration curves are linear as far as approximately 2.5 Ilg of Ag/ml of 
organic solvent. The stoichiometric relationship Ag : Dz was established as 
1 : 1 in the fundamental study by Fischer, Leopoldi and von Uslar, as long 
as the extraction is carried out in acid solution. (In a neutral or weakly 
alkaline solution a red-purple secondary Ag2Dz is formed which is only 
slightly soluble in CCI4). 
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The method is suitable for the determination of 2 - 300 Ilg of Ag per litre 
of undiluted water sample. This range may be extended in either direction 
by means of dilution or evaporation. In the form specified here 
(evaporation and twofold extraction) contaminated surface waters and waste 
waters can be examined in addition to drinking and mineral waters. 

Since dithizone does not react specifically with silver ions, the influence 
of interfering accompanying ions must be eliminated by the choice of 
appropriate test conditions. If extraction of the silver is carried out in 
acid solution, metal ions which react with the reagent only in neutral or 
alkaline solution do not interfere. Apart from bismuth, such metal ions are 
primarily lead (II) ions and zinc (II) ions. The presence of these substan­
ces in water is to be expected. In acid solution they form a dithizonate 
only if their concentration exceeds that of silver ions by a factor of 104. 

Iron (II) ions form a dithizonate under alkaline reaction conditions only. 
Mercury and copper which are co-extracted in acid solution are separated 
off by re-extraction with sulphuric KSCN solution, since only the silver 
passes over to the aqueous phase. 

Interference by halide ions is eliminated by treatment with sulphuric acid. 

It should always be noted that the photometric dithizone method is suscep­
tible to interference and that consequently the procedure should be closely 
followed. 

Equipment 

Spectrophotometer or filter photometer 

Cuvettes, path length 1 cm 

Quartz dish, 500 ml 

Separating funnels, 500 ml and 250 ml 

Measuring flask, 25 ml 

Bulb pipettes, 100 ml, 10 ml, 5 ml, 2 ml, 1 ml 

Sulphuric acid, (1.84 g/m]), reagent purity 

Sulphuric acid, 0.1 m 

Ammonium hydroxide solution 0.01 m 

Carbon tetrachloride, reagent purity, tested with dithizone for absence of 
silver 

Dithizone solution I: 
Dissolve 25 mg of dithizone in 100 ml of reagent-purity carbon tetra­
chloride. In order to remove traces of Cu add 1 ml of ammonium hydroxide 
solution (approx. 0.91 g/m]) and 200 ml of dist. water. Transfer the 
dithizone to the aqueous phase by shaking in the separating funnel. 
Separate off and discard the organic phase. Add 100 ml of reagent-purity 
carbon tetrachloride, acidify the aqueous phase with about 20 - 30 ml of 
hydrochloric acid (1.25 g/m!) and shake until the dithizone is again 
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present as a green solution in the organic phase or until the aqueous 
phase is colourless. The solution is stable for a one day in an amber 
flask. 

Dithizone solution II: 
Dilute dithizone solution in the ratio 10 with reagent-purity 
carbon tetrachloride before use. 

Potassium thiocyanate solution: 
2 % aqueous solution (store in a dark flask containing 25 ml of dithizone 
solution). 

Silver stock solution: 
Dissolve 1.574-6 g of reagent-purity silver nitrate in redist. water, add 
10 ml of reagent-purity nitric acid 0.4-2 g/ml) and make up to 1 litre. 
1 ml of this solution contains 1 mg of Ag+. 

Standard silver solutions: 
Ag solution A: 
Dilute silver stock solution to 100 with redist. water (0.0 1 mg of 
Ag+/mj) 
Ag solution B: 
Dilute Ag solution A to 10 with redist. water (0.001 mg of Ag+/mj) 
Ag solution C: 
Dilute Ag solution A to 100 with redist. water (0.0001 mg of Ag+/mj) 

The standard silver solutions are to be freshly prepared immediately before 
use. 

Method 

Calibration 

Take volumes of standard silver solution containing increasing quantities 
of Ag+ between 0.1 and 100 I-lg and subject each one to the entire process 
of analysis. Take the measurements at 462 mn. In the range up to 100 I-lg of 
Ag+ /25 ml the calibration curve is slightly curved. 

Determina tion 

Select a volume of water such that it contains between 1 and 90 I-lg of Ag+. 
This volume can be established in a preliminary test with 500 ml of water 
sample. 

Acidify the selected volume in a quartz dish with 5 - 20 ml of sulphuric 
acid (1.84- g/mO and heat until fuming. Continue heating until approxi­
mately half of the added sulphuric acid is fumed off. When cool dilute with 
water so as to obtain approximately 2 m H2S04-, taking the remaining quanti­
ty of sulphuric acid into account (for approximately 10 ml of H2SO4- follow­
ing evaporation about 80 ml of water is required). Transfer the solution to 
a separating funnel and rinse the quartz dish with 2 m sulphuric acid. 

Extract the approximately 2 m sulphuric acid solution with 5-ml portions of 
dithizone solution II until the final extract remains a constant green 
colour (corresponding to complete extraction of Ag). In the presence of 
considerable quantities of Cu terminate the extraction when the final 
extract remains red to red-purple, in other words when the extract is pure 
copper dithizonate, after previously extracting all the silver dithizonate. 
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Combine the dithizone extracts containing the gold-coloured silver dithi­
zonate and any traces of red-purple copper dithizonate in the separating 
funnel and rinse with 20 ml of 0.1 m sulphuric acid. Discard the sulphuric 
wash solution and shake the remaining organic solution three times, for 1 
minute each time, with a mixture of 5 ml of potassium thiocyanate solution 
and I ml of 0.1 m sulphuric acid in order to decompose the silver dithi­
zonate. Transfer the three aqueous extracts to another separating funnel, 
and wash with 10 ml of carbon tetrachloride. After phase separation, trans­
fer the acid KSCN extracts to a quartz dish, treat with 2 ml of sulphuric 
acid (1.84 g/ml) and heat until fuming. 

When half of the sulphuric acid is evaporated, allow to cool and dilute 
with water such that the solution is about 2 m sulphuric acid (for about 
I ml residual H2S04 following evaporation approximately 8 ml of water is 
required). Again transfer the solution to a separating funnel and rinse the 
quartz dish with 2 m sulphuric acid. 

Now extract the silver a further 2 - 4 times with 5-ml portions of dithi­
zone solution II until the final extract remains green. Combine the dithi­
zone extracts and wash twice with 0.01 m ammonium hydroxide solution. This 
has the effect of removing the excess dithizone. Filter the carbon tetra­
chloride solution with the purely gold-coloured silver dithizonate through 
a small filter into a 25 ml measuring flask and rewash with reagent-purity 
carbon tetrachloride. Make up to the mark at 20 DC, mix, and measure photo­
metrically at 462 nm. 

Subject a blank solution to the same 
sample, using silver-free redistilled 
measure photometrically. Subtract the 
the sample. 

Calculation 

process of analysis as for the water 
water and all the reagents, and 
result from the result obtained for 

Read off the result from the calibration curve on the basis of the measured 
extinction value (after deduction of the extinction of the blank solution), 
take into account the initial volume of the sample solution and recalculate 
for I litre of water. 

3.4.16.4 ICP-AES (see Section 3.3.12) 

A tomlc weight of silver: 107.868 

3.4.17 Thallium 

General remarks 

Thallium can exist in the trace range (~g/ 1) in natural waters. It can be 
detected in the dry matter of water samples by emission spectro-analysis 
on the basis of an intensely green line at 535 nm. 

On account of thallium's toxicity, the element was for example included in 
the list of 129 so-called "Priority Pollutants" by the US Environmental 
Protection Agency (EPA). 

Previous maceration and enrichment 
number of analytical methods for 

or matrix separation is necessary in a 
determining thallium. The determination 
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limits can be noticeably increased by higher concentrations 
elements, particularly in water samples of complex composition. 
little is so far known about the causes of systematic errors. 

of matrix 
Relatively 

For this reason various methods are described below. Direct flame AAS 
(3.4.17.1) is only sui table for industrial wastewater, while flame less 
graphite-tube AAS (3.4.17.2) is capable of general application where 
appropriate equipment is available. Various suggestions are made regarding 
the preparation and decomposition of water samples and their analysis when 
working with inversion polarography (3.4.17.3) or X-ray fluorescence 
analysis (3.4.17.4), assuming such equipment is available. 

A) Chemicals for the thallium determining process 

Saturated KMn04 solution 
50 % (NH4)2H-citrate solution 
0.1 m Disodium salt of ethylenediamine tetraacetic acid dihydrate (EDT A) 
0.05 m EDT A solution 
Conc. ammonium hydroxide solution 
0.1 % sodium diethyldithiocarbamate (DDTC) solution 
T etrachloromethane (CCI4) 
Conc. H2S04 
Conc. HN03 
HN03 fumans 
Nitrogen 

Thallium stock solution: 

Weigh 1 g of thallium immediately after granulation in order to prevent 
oxidation in the air, dissolve in 50 ml nitric acid (1 + 3) and then 
dilute to 1 litre with dist. water in the measuring flask (l mg/ml). 

Thallium standard solution: 

By appropriate dilution prepare the thallium stock solution standard 
dilutions to suit working conditions. 

B) Maceration and extraction for determination by atomic absorption spectro­
metry. 

Add H2S04/HN03 to the sample and evaporate to approximately 10 mI. Then 
neutralize the acid decomposition with ammonium hydroxide solution, 
taking care that no precipitation occurs. Add 5 ml saturated KMn04 
solution. If manganese dioxide is precipitated, more KMn04 solution must 
be added. Then add to the sample 10 ml diammonium hydrogen citrate (50 %) 
and 10 ml of 0.1 m EDTA solution. Set pH 9 with ammonium hydroxide. 
Add 10 ml of 0.1 % sodium diethyldithiocarbamate (DDTC) and extract 3 
times with tetrachloromethane. Then add a further 50 ml DDTC and extract 
three more times with CCI4. Evaporate the extracts, adding a number of 
grains of sodium nitrate. Wet-ash any organic residues in a beaker with 
conc. HN03 and subsequently with HN03 fumans. Pick up the residue with 
HN03 (1 m) and make up to 5 or 10 ml. 

(This is followed by, for example, flame AAS as described in Section 
3.4.17.1) 
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3.4.17.1 Direct determination .af thallium by means of atomic-absorption 
analysis 

Equipment parameters 

1. Hollow-cathode thallium lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

276.8 nm 
10 rnA 
0.5 nm 
Acetylene 
Air 
Oxidizing 
Yes 

1-10mg/l 
0.2 mg/l 
0.5 - 10 mg/l 
10 ml hydrochloric acid (1.40 g/ml) 
per 1000 ml solution for measurement 

The method of extractive concentration described for the element silver 
using hexamethylene ammonium hexamethylene dithiocarbamate (HMDC) may also 
be applied to thallium. 

Decomposition with nitric acid - hydrogen peroxide is required for organi­
cally loaded samples. 

It is also possible to use the method of decomposition and concentration 
described under B) above. 

3.4.17.2 Thallium determination with the graphite tube technique 
(Furnace method) 

Equipment parameters 

1. Hollow-cathode thallium lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. Atomization 

10. Gas stop 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Matrix modification 

276.8 nm 
10 rnA 
1 nm 
Yes 
Argon 
35 s at 180 °C 
30 s at 220 °C 
3 s at 2200 °C 
Yes 

5 - 50 Ilg/1 with 10 III sample 
2 Ilg/1 
Addition method 
10 ml nitric acid (1.40 g/mI) per 
1000 ml sample solution 

10 III 1 % sulphuric acid 
Dilute 1 g sulphuric acid (1.84 g/ml) 
to 100 ml with water 
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Remarks 

Immediately after sampling, stabilize the water sample with 10 ml nitric 
acid (1. 40 g/m!) per 1000 ml sample solution. 

3. 4 • 17. 3 Determination of thallium by inversion voltammetry 

Maceration and extraction 

To a beaker containing 10 to 250 ml of the water sample add 2 ml cone. 
H2S04 and 2 ml conc. HN03 to oxidize organic substances, and subsequently 
evaporate the solution. If higher levels of organic substances are 
contained (particularly in waste water), adding of HN03 must be repeated. 
Once the organic substances are destroyed, evaporate the solution to dry 
matter. Pick up the dry matter with 50 ml of 1 m HBr solution. Add bromine 
water to this solution until it remains brown coloured, and subsequently 
extract 3 times with diethyl ether (15 ml, 10 ml, 10 m!). If the extract 
displays no brown coloration in the first extraction process, bromine water 
should again be added. 

Evaporate the combined extracts to dry matter in a 50 ml beaker over a 
waterbath. Oxidize this evaporation residue 1 to 2 times with a few drops 
of HN03 fumans and again evaporate to dry matter. 

Measurement 

To determine thallium by inversion voltammetry, pick up the residue from 
the maceration process in the beaker with 20 ml of 0.05 m EDT A, expose to 
nitrogen and reduce cathodically on a dropping mercury electrode. The 
amalgam thus produced is subsequently dissolved anodically. The current­
voltage curve is registered with a recording instrument. 

In many matrices, surface-active substances can hinder analysis by mechani­
cally inhibiting access of the depolarizer to the electrode or by influenc­
ing electrode reduction during measurement. In addition to a fall in peak 
currents, a shift in peak potentials can frequently also be observed. A 
breakdown into several peaks is possible here with considerable distortion 
of the current-voltage curves. These disturbances are however eliminated by 
maceration. 

Calibration 

Produce a calibration curve by preparing solutions of between 1 Ilg Till and 
100 Ilg Till. Use the standard-addition process for the analysis topping up 
the water samples with the known quantities of thallium added for use as an 
internal standard. 

Calculation 

Evaluate the peaks occurring in inversion voltammetry by comparing the peak 
heights of the measurement signals received. 
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3.4.17.4 Determination of thallium with X-ray-fluorescence analysis 

Concentration 

Evaporate 1 to 20 litres of the water sample to dry matter, pick up with 
hydrochloric acid and precipitate the thallium as sulphide together with 
the iron sulphide which serves as carrier. Collect the preparation on a 
membrane filter and analyze spectrometrically with X-ray fluorescence. 

Calibration 

Draw up a calibration curve by preparing solutions containing between 10 ~g 

TIil and 1000 ~g TIil. Use the standard addition method for the analysis, 
topping up the water samples with the known quantities of thallium added 
for use as an internal standard and subjecting them to the same analytical 
procedure (see also Chapter 2). 

A tomic weight of thallium: 204.383 

3,.4.18 Titanium 

General remarks 

In water, titanium is found only in traces. The determination of titanium 
in water is carried out by spectrophotometry with chromotropic acid, follow­
ing concentration 0.4.18.0. ICP-AES Section 3.3.12 

3.4.18.1 Photometric determination of titanium 

The small quantities of titanium in water samples are concentrated by 
precipitation on iron hydroxide as carrier. Photometric determination is 
carried out with the aid of chromotropic acid, which forms a red chelate 
with titanium (IV) at pH 2 (8 approximately 17,000 at .it max. = 470 nm). 

Two molecules of chromo tropic acid 

combine with titanium IV to form the complex described by Wuensch: o o ___ J~o 
o~t----o 

OH2 

Ti tanium chelate of chromotropic acid (l, 8-dihydroxy - 3,6-disulphonic acid). 
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The method is suitable for the determination of titanium (IV) concentration 
down to about 0.02 mg/l in water. 

Precipitation with iron hydroxide as a non-isotopic carrier has the effect 
that virtually no interfering matter is brought into the solution for 
measurement, as long as the specified analysis procedure is followed. Iron 
(III), which forms a dark green complex with chromotropic acid, is reduced 
to iron (II) with ascorbic acid. Under the prevailing conditions the iron 
(II) remains colourless. Ascorbic acid added in excess guards against 
reoxidation by atmospheric oxygen, but does not inhibit the formation of 
the red titanium-chromotropic acid colour complex (W. Koch and H. Ploum). 

Titanium (IV) readily undergoes hydrolysis and subsequently no longer reacts 
with chromotropic acid (G. WUnsch). If this occurs there is not necessarily 
any visible indication in the form of turbidity or precipitation. The 
danger of such an occurrence is prevented by decomposition of the potassium 
hydrogen sulphate melt in a sulphuric acid solution. For the same reason 
the titanium stock and reference solutions must also be sufficiently acidic 
(pH less than 1) at all times. 

Equipment 

Photometer 

Cuvettes, path length 1 and 5 cm 

Polyethylene flasks, approx. 12 litres (for sample taking) 

Platinum crucible 

pH meter with single-probe measuring cell 

Measuring flask, volume 50 ml 

Titanium (IV) oxide 

Iron (III) oxide 

Ammonium chloride, reagent purity 

Potassium hydrogen sulphate, reagent purity 

Hydrochloric acid, conc., reagent purity, (1.19 g/ml) 

Sulphuric acid, approx. 10 % 

Sulphuric acid, approx. 48 % 

Ammonium hydroxide solution, approx. 25 % 

Washing water contai 



Acetate buffer solution (pH 2.6): 
Dissolve 100 g of reagent-purity sodium acetate in 120 ml of dist. 
Add 800 ml of reagent-purity acetic acid (1.06 g/m]) and make 
1 litre with dist. water. 

Chromotropic acid solution: 
Dissolve 6 g of 1,8-dihydroxy-3,6-disulphonic acid-Na2 (disodium 
chromotropic acid) in dist. water and make up to 100 litres. This 
is stable for about 1 week. 

Titanium stock solution: 

405 

water. 
up to 

salt of 
solution 

Ignite Ti02 in the platinum crucible for 30 min. at 1000 °C. Weigh 166.8 mg 
of Ti02 and decompose by melting with about 2.5 g of K2S207 in the platinum 
crucible. When cool, dissolve the melt in 150 ml of hot 10 %-strength 
H2S04, allow to cool and make up to 1 litre with 10 %-strength H2S04 at 
20°C. 1 ml = 0.1 mg of Ti. 

Titanium reference solution: 
Dilute titanium stock solution 1 to 10 with 10 %-strength H2S04 before 
use. 1 ml = 0.01 mg of Ti. 

Method 

Concentration process 

Measure a volume of approximately 10 litres of sample water into the poly­
ethylene sampling bottle at the sampling point, acidify immediately with 
hydrochloric acid and leave to stand for several hours, shaking occasion­
ally to remove C02. After this period add 10 - 20 mg of iron (III) oxide 
dissolved in hydrochloric acid to act as a carrier. 

Add about 50 g of solid ammonium chloride to the solution, shaking constan­
tly until dissolved. Now add 25 % ammonium hydroxide solution in order to 
precipitate the iron as iron (III) hydroxide at pH 9. The titanium 
contained in the sample (as well as aluminium and beryllium) is copre­
cipitated with the iron (III) hydroxide. 

Leave the sample to stand overnight at about 20°C to achieve complete 
sedimentation of the precipitate, filter the supernatant solution through a 
12.5-cm paper filter, if necessary with the aid of a siphon, and also 
transfer the precipitate to the filter as completely as possible. Rinse the 
flask thoroughly, wash 3 to 5 times with water containing ammonium chlo­
ride, the water having been set to pH 8 - 9 with NH40H, and pour through 
the filter. 

Next rinse out the plastic flask with about 20 ml of concentrated reagent­
purity hydrochloric acid, dilute with approximately the same quantity of 
distilled water and use this solution to dissolve the precipitate on the 
filter. Rinse the flask and filter several more times with water containing 
HCI (5 % HC]). 

Add about 5 g of solid ammonium chloride to the hydrochloric filtrate and 
dissolve by swirling. Now repeat the precipitation with 25 % ammonium 
hydroxide solution and filter the precipitate through the same filter as 
before. Following reprecipitation incinerate the filter in a platinum 
crucible and decompose the residue with a little potassium hydrogen 
sulphate. Dissolve the melt in water, adding five drops of 48 % sulphuric 
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acid, and transfer the solution, whose volume should not exceed 20 ml, to a 
100-ml beaker. Rinse the crucible three to five times with I-ml portions of 
distilled water. 

Determination 

Treat the acid solution in the beaker with 5 ml of ascorbic acid solution 
in order to reduce the iron (III). Add 2 ml of chromo tropic acid solution, 
mix, and add a further 10 ml of acetate buffer solution. 

Adjust the pH to 2 + 0.1 by adding 25 % ammonium hydroxide solution, drop 
by drop. Now transfer the contents of the beaker to a 50-ml measuring 
flask, rinse the beaker with a few ml of distilled water and make up to the 
mark with distilled water at 20°C. The solution is coloured red if titani­
um is present. Measure the solution in a 5-cm or I-cm cuvette at 470 nm 
against distilled water. 

Conduct a blank test, repeating the entire procedure with distilled water 
instead of the sample solution. It is advisable to treat a second water 
sample with a known quantity of titanium (admixture method) and to analyze 
this solution in parallel with the solution under analysis and the blank 
test. 

Calibration 

In order to prepare the calibration curve take increasing quanti ties of 
titanium reference solution containing between 0.02 and 0.25 mg of titanium 
and treat as described under "Determination", beginning with the addition 
of the ascorbic acid solution. 

Calculation 

Read off the appropriate titanium content from the calibration curve on the 
basis of the measured extinction. Take into account the volume of water 
sample used and the result of the blank test and recalculate for 1 litre of 
water. 

3.4.18.2 ICP-AES (see Section 3.3.12) 

Atomic weight of titanium: 47.90 

3.4.19 Uranium (see also Section 3.7) 

In nature, uranium occurs predominantly (99.27 %) in the form of the iso­
tope 2~g U (half-life 4.5 . 109 years; parent element of the radioactive 
(4n + 2) decay series) it additionally occurs in the form of two other 
isotopes (0.72 and 0.0056 % respectively), 2~~ U (half-life 7 . 108 years; 
intermediate in the radioactive (4n + 3) decay series) and 2~~ U (half-life 
2.5 . 105 years; intermediate in the (4n + 2) decay series). 

The uranium content of natural waters 
ical conditions. The most important 
blende, xU03 . yU02), of which there 
and in Czechoslovakia (Joachimsthal), 
Africa (phosphate companion), South 

is generally determined by the geolog­
uranium mineral is uraninite (pitch­
are sizeable deposits in Zaire, Canada 
but also in Colorado (USA), North 
Africa (gold companion), Australia 
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and the USSR. Natural waters contain approximately 0.0001 - 0.05 mg of 
uranium/l. In more recent years, it has become necessary to take account of 
uranium contamination through wastewater from atomic power station repro­
cessing plants and storage sites for radioactive wastes. 

Quantitative determination 

Because of their long 
ly have relatively low 
uranium 235 2.1 
concentrations by means 

half-lives, the uranium isotopes which occur natural­
specific activities (uranium 238 = 3.'+ . 10-7 Ci!g; 

10-6 Ci!g). It is therefore preferable to determine 
of physicochemical or chemical methods of analysis. 

The fluorimetric method described here is fast, highly sensitive and not 
particularly expensive. 

3.'+.19.1 Fluorimetric determination of uranium in a sodium fluoride/alkali 
carbonate melt 

General remarks 

The weakly nitric-acid solution obtained as a result of concentration of 
the water sample is extracted with ethyl acetate following the addition of 
aluminium nitrate. The organic phase containing the uranium is separated 
off, evaporated in a platinum crucible, and the uranium is melted at 650°C 
after adding sodium fluoride/potassium carbonate/sodium carbonate as a 
fluxing agent. The yellow-green fluorescence of the melt which appears when 
irradiated with an ultraviolet lamp is compared with that of standard 
samples prepared under equivalent conditions. 

The optimum measuring range lies between 0.05 and OJ Ilg of U per melt 
sample. This is equivalent to a uranium concentration of 0.05 - OJ Ilg/l if 
a I-litre water sample is used as a basis for each melt preparation. In the 
case of higher uranium contents a smaller quantity of water must be used, 
if necessary, following previous dilution. 

As a result of the extraction with ethyl acetate, the uranium is separated 
from virtually all interfering elements which occur in natural waters. 

Equipment 

Platinum dish, approx. 250 ml 

Platinum crucible, 25 ml 

Measuring flask, 50 ml 

Nitric acid (1.'+0 g/mn, reagent purity 

Aluminium nitrate, AJ(N03)3 . 9 H20, reagent purity 

Ethyl acetate, reagent purity 

Fluxing agent: 
Mix 9 g of sodium fluoride, '+5.5 g of sodium carbonate and '+5.5 g of 
potassium carbonate, all of reagent purity, and melt at 650°C in a 
platinum dish. Care should be taken that the melt, which should be homo-
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genized by thorough swirling, is not heated to a temperature higher than 
that specified, since otherwise there is a risk of platinum beginning to 
dissolve out from the dish walls. Reduce the melt obtained to a very fine 
powder and pass through a sieve. Mix the powder thoroughly once more and 
store in a tightly closing bottle (or a desiccator) until used. 

Uranium stock solution: 
Dissolve 0.2109 g of reagent-purity uranyl nitrate, U02(N03)2 . 6 H20 in 
dist. water and dilute to 1000 ml. 1 ml of this solution contains 0.1 mg 
of U. 

Uranium reference solution: 
Dilute 10 ml or 1 ml of uranium stock solution with dist. water to 1000 
mi. 1 ml of this solution contains 1 ~g or 0.1 ~g respectively of U. 

Method 

Calibration 

Prepare standard samples with between 0.05 and 0.7 ~g of U by transferring 
appropriate volumes of uranium reference solution to 50-ml measuring flasks 
by pipette, diluting with distilled water to about 40 ml, treating with 
exactly 7.5 ml of nitric acid (1.40 g/mj) and then making up to the mark 
with dist. water at 20°C. Continue with further treatment as described 
under "Determination". 

Determination 

Very lightly acidify 1 litre of the water sample with nitric acid and boil 
down to about 40 mi. A different volume of water may be used, if more 
appropriate, with a uranium content between 0.1 and 0.7 ~g, which should be 
established in a preliminary test. 

If the salt content of the sample is so high that interfering quantItIes of 
the salts separate out beforehand, use a correspondingly smaller quantity 
of water; thanks to the high sensitivity of the method, this generally 
presents no difficulties. 

For every 10 ml of the concentrated sample, add precisely 1.5 ml of nitric 
acid (1.40 g/ml), or a quantity reduced by the amount used previously to 
acidify the water sample, if this involved more than 1 - 2 drops, and heat 
to boiling (do not filter off any precipitate formed). 

W hen cooled to room temperature, add 19 g of aluminium nitrate as a 
salting-out agent for every 10 ml of solution, and dissolve by heating. 
W hen cool, transfer to a separating funnel, add 10 ml of ethyl acetate by 
pipette, shake for 60 seconds, and leave to stand for about 5 minutes in 
order to separate the phases. 

When the layers are completely separate, withdraw about 8 ml of the organic 
phase with a measuring pipette and filter through a dry 7-cm filter into a 
dry test tube. Pipette exactly 5 ml of the filtrate into a 25-ml platinum 
crucible and evaporate to dryness on a water bath. Add 1.5 g of fluxing 
agent and melt at 650°C in an electric furnace for 25 minutes. Mix the 
melt by swirling several times during this period. It is particularly 
important to keep strictly to the specified melting temperature and time. 
It is expedient to prepare the samples under investigation and the refer-
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ence standards simultaneously in an electrically heated furnace, the 
temperature of which can be measured by a thermoelement. Conduct a blank 
test in the same way. 

When cool, carefully tap the crucibles to detach the melt pellets, and, 
without touching the upper surface with the fingers, irradiate with a UV 
lamp (366 nm) on a matt-black base. Compare the sample and calibration 
standards visually, or instrumentally, if required, in a reflection fluori­
meter (with a photoelectric cell or a secondary electron multiplier; fluor­
escence line at 555.0 nm). The melt pellets may be kept for about 12 hours. 

It should be noted that the intensity of fluorescence is dependent on the 
melting conditions to a considerable extent. Care should be taken that 
these are closely reproducible. The specified melting temperature and the 
melting period must not be exceeded since otherwise platinum dissolves out 
from the crucibles and may interfere with the uranium fluorescence. 

Calculation 

When performing the calculation, take into account the volume of the water 
sample used and the calibration standards. 

A tomic weight of uranium: 238.029 

3.4.20 Vanadium 

General remarks 

In natural waters vanadium is to be found, if at all, in trace amounts only 
(less than 0.01 mg/I). 

In waste waters (for example from ore processing or metallurgical indus­
tries) higher concentrations may also be expected. 

The recommended method of determination is direct analysis by means of 
flame absorption spectroscopy (3.4.20.1). Alternatively initial concen­
tration is required (3.4.20.2) or the flame less AAS technique should be 
used (3.4.20.3). 

3.4.20.4 For ICP-AES (see Section 3.3.12) 

Qualitative general analysis by emlSSlOn spectrography (Section 3.4.1) is 
an aid to deciding which method to use. If the vanadium concentration is 
expected to be greater than 0.1 mg/l it is also possible to conduct photo­
metric analysis in water using N-benzoyl-N-phenylhydroxylamine (Deutsche 
Einheitsverfahren zur Wasseruntersuchung etc. (German Standard Methods of 
Water Analysis), Verlag Chemie (1985), 6940 Weinheim, FRG). 

3.4.20.1 Direct determination of vanadium by means of atomic absorption 
analysis 

Equipment parameters 

1. Hollow-cathode vanadium lamp 
2. Wavelength 318.5 nm 
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3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

10 mA 
0.2 nm 
Acetylene 
Laughing gas 
Reducing 
Yes 

1 - 10 mg/l 
0.1 mg/l 
0.2 - 10 mg/l 
10 ml nitric acid (1.40 g/mJ) per 
1000 ml solution for measurement 

It is advisable to add 2 ml of aluminium nitrate solution per 50 ml of 
solution for measurement. 

Aluminium nitrate solution: 
Dissolve 100 g aluminium nitrate (Al(N03)3 • 9H20) in water and make up 
to 1000 mI. 

In the case of low concentrations, concentration by evaporation is only 
possible for low-mineral-matter waters (electrical conductivity at 25°C 
below 100 j.lS/cm). The method of extractive concentration described below 
can be recommended. 

3.4.20.2 Concentration: Principle of the method of extractive concentration 

General remarks 

Vanadium ions are extracted with chloroform at pH 3.4 as a vanadium oxinate 
complex, the extracts evaporated, and after oxidation with nitric acid 
determined by atomic-absorption analysis in the presence of aluminium ions. 

Reagents 

Sulphuric acid (H2S04) 5 molll 

Nitric acid (1.40 g/ml) 

A cetic acid (glacial acetic acid) (1.05 g/ ml) 

Oxine solution: 
Dissolve 50 mg oxine in 120 ml glacial acetic acid, dilute to 1000 ml with 
dist. water. 

Sodium carbonate (Na2C03), solid 

Aluminium nitrate solution: 
Dissolve 100 g Al(N03)3 • 9 H20 in water and make up to 1000 ml. 

Chloroform (CHC13) 
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Method 

Evaporate the sample amount to approx. 200 ml and transfer to a separat­
ing funnel. 

Set to pH 3.4 with sulphuric acid or sodium carbonate. 

Add 5 ml oxine solution and swirl. 

Add 5 ml chloroform and shake for 
extract is colour less. 

minute, repeating until the last 

Evaporate the collected chloroform extracts in a 50-ml beaker, adding 100 mg 
Na2C03. 

Oxidize the organic matter with nitric acid. 

Pick up the residue with 1 m HN03, treat with 1 ml aluminium nitrate 
solution, transfer to 25-ml measuring flask and make up to the mark with 
dist. water. 

Prepare a blank test in the same way. 

Final determination by atomic-absorption analysis (3.4.20.1). Equipment 
parameters are as described for direct determination. 

Decomposition with nitric acid-hydrogen peroxide is required for organi­
cally loaded samples. 

3.4.20.3 Vanadium determination with the graphite tube technique 
(Furnace method) 

Equipment parameters 

1. Hollow-cathode vanadium lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. Atomisation 

10. Gas stop 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

318.5 nm 
10 mA 
0.5 nm 
Yes 
Nitrogen 
25 s at 120°C 
20 s at 800°C 
3 s at 2900 °C 
Yes 

10 - 100 Ilg/ I with 10 111 sample 
2 Ilg/ I 
Addition method 
10 ml nitrIC acid (1.40 g/mj) per 
1000 ml sample solution 

Immediately after sampling, stabilize the water sample with 10 ml nitric 
acid (1.40 g/mj) per 1000 ml sample solution. 

3.4.20.4 ICP-AES (see Section 3.3.12) 
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3.4.21 Zinc 

General remarks 

The occurrence of zinc in drinking water is frequently a result of corro­
sion in galvanized water pipes. Soft water containing carbon dioxide, and 
also waters rich in chlorides and sulphates, pick up zinc from galvanized 
pipes particularly easily, gradually destroying the pipes in the process. 

Quantitative determination 

3.4.21.1 Photometric/spectrophotometric determination as red zinc 
dithionate in organic solvent 

3.4.21.2 Determination by atomic-absorption spectrometry, with direct 
atomization of the aqueous solution in an air/acetylene flame 

3.4.21.3 Determination of zinc by flameless AAS (graphite-tube technique) 

3.4.21.4 For ICP-AES see Section 3.3.12 

3.4.21.1 Spectrophotometric determination with dithizone 

General remarks 

In more or less neutral solution, zinc reacts with dithizone (C 13H 12N4S) to 
form zinc dithionate as follows: 

C6 Hs C6HS 
I I 

/NH-NH- C6HS NH-N N-NH 
+ Zn2+ / ""- / .......... C S 2S=C S =C, "Zn = 

""-N = N 
---=- , 

N/ -C6HS 
....,--

N=N' N= 
I I 

CsHs C6HS 

Dithizone + zinc ions zinc dithionate 

Zinc dithionate dissolves in organic solvents, producing a red colour and 
can be extracted. Although dithizone is not a specific reagent for zinc 
ions, it is possible, by choosing appropriate conditions for the reaction 
(pH approximately neutral, addition of masking solution), to apply the 
method in a largely selective way. 

Between 0.05 and 0.50 mg of zinc ions per litre can be determined without 
dilution or concentration, but the method can also be adapted to varying 
concentrations. In view of the sensitivity of the reaction (0.00088 
0.0010 Ilg Zn . ml-l . cm- l at 538 nm, according to Koch and Koch-Dedic) it 
is essential to ensure that all reagents and glass apparatus are zinc-free. 
It is also important to perform the determination in exactly the same way 
every time and to run a completely identical blank test. 

Equipment 

Spectrophotometer (536 nm) or filter photometer 
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Cuvettes, path length 1 - 5 cm 

Separating funnel, approx. 100 ml (grease with silicone grease) 

Deionized, zinc-free water 

Sulphuric acid, conc., reagent purity (1.84 g/ml) 

Nitric acid, conc., zinc-free, reagent purity (1.40 g/m]) 

Hydrochloric acid, approx. 1 m: 
To avoid high blank values, reagent-purity conc. HCl may be diluted 1 : 1 
with dist. water and distilled. Mix 90 ml of the distillate with 400 ml 
of deionized water. 

Masking solution: 
10 ml of 2 m NH40H, reagent purity, + 3 ml of 5% ammonium oxalate solu­
tion, reagent purity, + 30 ml of 5% potassium cyanide solution, reagent 
purity, + 70 ml of 1 m HCl, reagent purity, + 90 ml of 10 % sodium 
acetate solution, reagent purity, + 240 ml of 50 % sodium thiosulphate 
solution (Na2S203 . 5 H20), reagent purity, + 150 ml of 10 % sodium 
acetate solution, reagent purity, + 400 ml of water. The reagent solu­
tions are to be added in the order listed above. Slight clouding of the 
solution due to precipitated sulphur is unimportant. 

Carbon tetrachloride, reagent purity 

Dithizone solution: 
Dissolve 25 mg of dithizone in 100 ml of reagent-purity carbon tetra­
chloride. If reagent-purity dithizone is used there is normally no need 
for any further purification of the dithizone. However, if a yellowish­
brown discoloration of the organic extract occurs during the blank test, 
the dithizone solution should be purified as follows: 

Take the solution of 25 mg dithizone in 100 ml carbon tetrachloride and 
add 1 ml of ammonium hydroxide solution (0.91 g/m]) and 200 ml of water. 
Shake in the separating funnel to transfer the dithizone to the aqueous 
phase. Separate off the carbon tetrachloride layer, and introduce 100 ml 
of reagent-purity carbon tetrachloride as a layer beneath the aqueous 
phase. 

After acidification with hydrochloric acid, shake until the dithizone is 
once again present as a green solution in the organic phase. 

Dilute dithizone solution: 1 : 10 with carbon tetrachloride. 

Zinc standard solution: 
Dissolve 1.000 g of reagent-purity zinc in 10 ml of reagent-purity nitric 
acid (l 1, approx. 1.22 g/m]). Add 10 ml of reagent-purity sulphuric 
acid (l : 1, approx. 1.52 g/m]), concentrate the solution by evaporation 
and heat on a sand bath until fuming. Dilute with water, rinse the result­
ing zinc solution into a 1000-ml measuring flask, make up to the mark at 
20°C and mix. 1 ml of this solution contains 1 mg of zinc. 

Dilute zinc standard solution: 
Solution A: 
Dilutel: 100 with water (0.01 mg Zn/ml) 
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Solution B: 
Dilute solution AI: 10 with water (0.001 mg Zn/mD. 

The dilute zinc standard solution will not keep and must be freshly 
prepared every time. 

Method 

Preparation of water sample 

If the zinc content of the sample is not in the range 0.05-0.50 mgt!, it is 
necessary to dilute the sample or concentrate it in a quartz dish. If 
sulphuric acid was used at the sampling point to preserve the sample, 
evaporate carefully to dry matter in a quartz dish. If neutralization with 
NaOH or ammonia is necessary, the same operation must also be performed in 
the blank test because of the possibility of zinc being introduced. Pick up 
the residue with deionized water, heating gently. Set un preserved samples 
to pH 2 - 3 with 1 m hydrochloric acid and take the dilution into account. 

Calibration 

To establish the calibration curve, use 
prepare a series of concentrations in the 
Treat 10.0 ml of each as described under 
curve must be checked every few weeks. 

Determination 

the zinc standard solution to 
range 0.05 - 0.50 mg Zn2+/I. 
"Determination". The calibration 

Neutralize the acid solution in the separating funnel with sodium hydroxide 
solution to approx. pH 5. Add 20 ml of masking solution and check the pH by 
spotting on indicator paper. The value should now be between pH 6 and 7. If 
the pH is outside this range, set it with 0.5 m sulphuric acid or 1 m 
sodium hydroxide solution. Now extract the zinc with dilute dithizone 
solution a little at a time. Use 5 ml of dilute dithizone solution each 
time and shake for 1 min. Separate off the red organic phase and repeat the 
extraction until the last extract retains its green colour. Collect the 
combined organic extracts, containing all the zinc and the excess dithi­
zone, in a separating funnel and wash twice with 10 ml of 0.01 m ammonium 
hydroxide each time. This washing operation must be performed quickly so 
that no decomposition of the zinc dithionate can occur. After adding the 
ammonium hydroxide solution, shake for 10 sec and separate the phases 
immediately. If necessary, rewash the aqueous phases with pure carbon 
tetrachloride. Filter the red solution of zinc dithionate in carbon tetra­
chloride through a small dry filter into a 50-ml measuring flask and rinse 
the filter with carbon tetrachloride. After topping up to the mark with 
carbon tetrachloride, measure against the solvent at 536 nm in a I-cm or 
5-cm cuvette. Perform a parallel blank test and take it into account. 

Calculation 

Read off the zinc concentration from the calibration curve on the basis of 
the extinction values measured, or calculate it with the aid of a cali­
bration factor, and recalculate for 1 litre of water. 

A tomie weight of zinc: 65.37 
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3.4.21.2 Direct determination by means of atomic-absorption analysis 

Equipment parameters 

1. Hollow-cathode zinc lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

213.9 nm 
5 mA 
I nm 
Acetylene 
Air 
Oxidizing 
Yes 

0.2 - 2 mg/I 
0.01 mg/I 
0.1 - 2 mg/l 
10 ml hydrochloric acid (1.17 g/mj) 
per 1000 ml solution for measurement 

Concentration by evaporation is possible if concentrations are low. 

One method of extraction has been described for the element silver. The 
blank reading presents a major problem, primarily caused by the chemicals 
used. For this reason, the furnace method should be used if at all possib­
le. 

Decomposition with nitriC acid/hydrogen peroxide is possible with organical­
ly loaded samples (take a blank reading). 

3.4.21.3 Zinc determination with the graphite-tube technique (Furnace method) 

Equipment parameters 

1. Hollow-cathode zinc lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Background compensation 
6. Carrier gas 
7. Drying 
8. Incineration 
9. A tomiza tion 

10. Gas stop 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

213.9 nm 
5 mA 
1 nm 
Yes 
Argon 
25 5 at 140°C 
30 s at 300°C 
3 s at 1900 °C 
Yes 

0.2 - 4 ~g/l with 1 0 ~I sample 
0.1 ~g/I 
Addition method 
10 ml nitriC acid (1.40 g/ml) per 
1000 ml sample solution 

Immediately after sampling, stabilize the water sample with 10 ml nitric 
acid (1.40 g/ml) per 1000 ml sample solution. 
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3.4.21.4 ICP-AE5 (see Section 3.3.12) 

3.4.22 Tin (5n) 

The concentrations of tin due to natural resources in ground and surface 
water are as a rule extremely low. Higher concentrations are only found in 
waste waters from tin-processing factories. 

By contrast, particularly the lower-molecular alkyl derivates of tin are 
extremely toxic. These latter compounds were therefore included in the 
"Priority List" of the Environmental Protection Agency (EPA) in the USA and 
in the "Black List" of the EC Directive for the protection of the Commu­
nity's waters from contamination. Organic compounds of tin are used to some 
extent in the production of organic chemicals. 

On account of the very low levels of tin in water it is first necessary to 
concentrate the tin by precipitation. This is done using hydrated manganese 
(IV) oxide as a trace trap. 

3.4.22.1 Turbidimetric determination with nitrophenol arsonic acid 
(if no AAS facilities are available) 

General remarks 

Tin (IV) reacts with nitrophenol arsonic acid O-nitro-4-hydroxyphenyl 
arsonic acid-2-nitrophenol arsonic acid- (4» in sulphuric acid solution to 
produce a constant turbidity which is proportional to the tin content and 
can be measured photometrically at 436 nm. For determination purposes the 
tin must be present in the quadrivalent form. 

With the method described below, 5-500 Ilg Sn/l can be recorded. Concen­
tration can be dispensed with at higher levels of tin. 

Precipitation with nitrophenol arsonic acid leads to the separation of tin 
from many elements, e.g. Cu, Zn, Fe and Pb. According to POHL, up to 5 mg 
of ammonium ions cause no disturbances, whereas Karsten, Kies and Walraven 
consider double the quantity of reagent to be necessary when Fe (III) is 
present. If it is suspected that other elements have also produced turbid­
ity with nitrophenol-arsonic acid, the turbidities in samples and cali­
brated samples are isolated by means of membrane filters and determined by 
X-ray fluorescence-spectrometry (Sn-Ka line), if such equipment is avail­
able. 

Equipn1ent 

Photometer 

Cuvettes, path length 4 cm and 5 cm 

Porcelain dish, 1000 ml 

Measuring flask, 50 ml 

Glas-filtering crucible 

Nitric acid, 20 % 



Conc. sulphuric acid (1.84 g/mI) 

Hydrochloric acid 22.5 % (1.12 g/mI) 

Conc. hydrochloric acid (1.19 g/mI) 

Hydrogen peroxide, 30 % 

Sodium peroxide reagent purity 

Iron crucible, 10-20 ml 

Manganese (IO-sulphate solution: 

417 

Dissolve 5 g crystallized manganese sulphate, MnS04 • 4 H20, to 100 ml in 
distilled water 

Potassium permanganate solution (0.2 m) 

Nitrophenol arsonic acid solution: 
Dissolve 1 g nitrophenol-arsonic acid in 15 ml methanol and make up with 
distilled water to 50 mI. 

Tin stock solution: 
Dissolve 0.500 g tin (99.99 %) in 10 ml hydrochloric acid (1.12 g/mI), 
add 50 ml conc. hydrochloric acid (1.19 g/mI) and make up to the mark in 
a 1000 ml measuring flask with distilled water. 1 ml of this solution 
contains 0.5 mg Sn. 

T in reference solution: 
Add 30 ml conc. hydrochloric acid (1.19 g/mI) to 5.00 ml of the tin stock 
solution and fill to 500 ml with distilled water. 1 ml of this solution 
contains 0.005 mg Sn. 

Method 

Calibration 

To establish the calibration curve, take increasing quantities of the tin 
reference solution from 5 to 50 Ilg and make up with distilled water to the 
volume of the water sample used. Treat as described below for the sample. 

Concentration 

Depending on the tin content to be expected, add nitric acid in excess to 
between 250 and 2000 ml of the water sample and concentrate by evaporation 
to a volume of approx. 250 mI. For the Blumenthal enrichment process, add 
5 ml manganese (II) sulphate solution and 3 ml of 0.2 m potassium permanga­
nate solution and heat to boiling point while stirring. The permanganate 
coloration disappears and hydrated manganese (IV) oxide is precipitated; 
the supernatant solution becomes clear. 

After adding a further 3 ml 0.2 m potassium permanganate solution and 
re-heating to boiling point while stirring continuously, the precipitate, 
which agglutinates well, can be filtered off and washed out with hot water. 
Although the filtrate is clear, it may still contain traces of tin. For 
this reason, repeat the hydrated manganese (IV) oxide precipitation with 
2 ml manganese (II) sUlphate solution and 3 ml 0.2 m potassium permanganate 
solution. The precipitates are combined by spraying them off the filter 
into the same vessel and releasing the residue of hydrated manganese (IV) 
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oxide adhering to the precipitates and the glass walls with diluted hydro­
chloric acid to which a little H202 has been added. 

Dilute the combined precipitate with 10 ml hydrochloric acid (1.12 g/ml) 
and 3 ml conc. sulphuric acid (1. 84 g/ml) , and add a few drops of H202 
(30 %). Heat until the H2S04 fumes. After cooling, any salts precipitated 
are dissolved by heating with 20 ml H20. 

Filter off any insoluble residue remaining (lead (II) sulphate, silicic 
acid, etc.), wash out, first with hot water acidified with hydrochloric 
acid and then with pure distilled water, and ash together with the filter. 
Subsequently, macerate by melting with a little sodium peroxide in a small 
iron crucible; pick up the melt with warm distilled water. After acidifi­
cation with hydrochloric acid, combine the solution with the filtrate from 
the insoluble residue. 

Determination 

Filter the combined solutions through a filtering crucible into a 50-ml 
measuring flask, add 10 ml nitrophenol arsonic acid solution and make up to 
the mark with distilled water. After thorough shaking, allow to stand for 2 h 
and then measure the extinction at 436 nm against distilled water. 

A blank test is taken through the entire analytical process and measured in 
the same way. The blank reading is subtracted from the measured value for 
the sample. 

Calculation 

On the basis of the extinction measured, read off the corresponding tin 
content from the calibration curve and recalculate for 1 litre of water, 
taking into account the quantity of water used. 

A tomic weight of tin: 118.69 

3.4.22.2 Direct determination of tin by means of atomic-absorption analysis 

Equipment parameters 

l. Hollow-cathode tin lamp 
2. Wavelength 
3. Lamp current 
4. Aperture width 
5. Fuel gas 
6. Oxidant 
7. Flame type 
8. Background compensation 

Optimum measuring range 
Determination limit 
Calibration 
Acid concentration 

Remarks 

286.3 nm 
10 mA 
0.5 nm 
Acetylene 
Laughing gas 
Oxidizing 
Yes 

5 - 300 mg/l 
0.5 mg/l 
2 - 300 mg/l 
100 ml hydrochloric acid (1.17 g/ml) 
per 1000 ml solution for measurement 

Concentration by evaporation is possible, if concentrations are low, but 
the technique described in Section 3.4.22.1 is to be preferred. 
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Organically loaded waters should be decomposed with hydrochloric acid -
nitric acid. 

3.4.22.3 Determination of tin using the AAS hydride technique 

General remarks 

Tin ions are reduced to tin hydride from a boric-acid-buffered medium by 
means of sodium borohydride, transferred to a heated quartz cuvette by a 
current of inert gas, decomposed thermally, and the absorption of the atoms 
is measured in the beam of an atomic-absorption spectrometer. In the 
hydride technique, the element which is to be determined is volatilized as 
a gaseous hydride and in this way separated off from the matrix. Inter­
ference may occur if there is a considerable excess of elements such as 
antimony, arsenic, bismuth, mercury, selenium or tellurium which can also 
be volatilized with this technique. Above all, heavy metals such as copper 
and nickel in the solution have a disturbing effect during hydride forma­
tion itself. Interference due to phosphoric acid and hydrochloric acid may 
also be observed. It is therefore vital to check the method by the addition 
technique. 

Equipment 

Atomic absorption spectrometer with hydride attachment 

Stock tin solution (1000 mg/l) 

Boric acid (H 3B03) crystalline 

Hydrochloric acid (1.12 mg/D 

Sodium hydroxide solution (NaOH): 
Dissolve 5 g NaOH in water and make up to 100 mI. 

Sodium borohydride solution: 
Dissolve 3 g sodium borohydride (NaBH4) and 1 g sodium hydroxide (NaOH) 
in water and make up to 100 mI. 

Method 

Transfer 20 ml of the sample solution to the hydride system and adjust to a 
pH of 0.6 to I by adding sodium hydroxide solution or hydrochloric acid. 
Then add 600 mg of solid, crystalline boric acid as a buffer. Allow a 
constant current of inert gas (argon) to flow through the system at a rate 
of 60 l/h in order to expel the air. Following this, continuously add the 3 % 
sodium borohydride solution using a peristaltic pump. Tin ions are reduced 
to tin hydride and directed by the inert gas current into a quartz cuvette 
heated to 850°C where they are thermally decomposed. Measure the absorption. 

Equipment parameters 

1. Hollow-cathode tin lamp 
2. Wavelength 286.3 nm 
3. Lamp current 7 mA 
4. Aperture width 0.5 nm 
5. Background compensation Yes 
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6. Inert gas 
7. Gas through-flow 
8. Cuvette temperature 
9. Integration 

10. Integration time 
11. Measuring range 
12. Determination limit 

Remarks 

Argon 
60 l/h 
850 °C 
Peak area 
25 s 
1 - 7.5 Ilgil 
0.5 Ilgil 

The equipment parameters quoted here for the hydride technique apply to a 
Varian AAS 775 with a hydride attachment manufactured by Messrs. Berghoff, 
TUbingen, FRG. 

Since the hydride technique only permits 
present ionogenically in solution, organically 
must be decomposed. Organically loaded water 
posed before measurement. 

A method of decomposition is described below 

Reagents 

quantitative detection of tin 
bonded or complex-bonded tin 
samples should also be decom-

Hydrochloric acid 
Nitric acid 

(1.17 gim!) 
(1.40 gim!) 

Method 

Introduce 50 ml of the water sample into a 150-ml beaker and add 9 ml 
hydrochloric acid (1.17 gim!) and 3 ml nitric acid (1.40 gim!). 

Evaporate to dryness in a water bath. 

If the organic load is high repeat the addition of nitric acid. 

When cool, pick up the evaporation residue with 5 ml hydrochloric acid, 
transfer to a 50-ml measuring flask and dilute with water to the mark. 

Carry out measurements as above under 3.4.22.2 or 3.4.22.3 

3.4.23 Zirconium (Zr) 

If it is necessary to determine zirconium in water, refer to the ICP-AES 
method described in Section 3.3.12. 

3.5 Undissociated substances (for H2S see also Sections 3.1 and 3.6) 

3.5.1 Boron compounds 

General remarks 

Groundwaters, surface waters and drinking water usually contain only low 
concentrations of compounds which include boron. The range tends to be 
below 0.01 to 0.1 mg of boron per litre rather than above. Should the 
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latter be the case, it is generally due to the influence of wastewater of 
industrial or commercial orIgm, or also domestic wastewaters, since boron 
compounds are frequently present in detergents and thereby find their way 
into the environment. Nevertheless, subterranean waters, particularly 
thermal springs, are known which have boron contents of several tens of 
milligrams per litre. 

The boron tolerance of cultivated agricultural plants lies within very 
tight limits, so consequently the boron content of irrigation water must be 
checked. Boron concentrations above 1 mg/l (sensitive plants) or 3 mg/l 
(tolerant plants) render water unusable for agricultural irrigation 
projects. 

The following method may be used for boron determination: 

3.5.1.1 Spectrophotometry with 1,I'-dianthrimide (0.01 to 0.2 mg of B/I or 
following dilution to the mg/I range) 

3.5.1.2 Spectrophotometry with azomethine-H 

3.5.1.3 Volumetric analysis following distillation (above 0.2 mg of B/J) 

3.5.1.4- Following extraction of boron with a solution of 2-ethyl-I,3-
hexanediol in methyl isobutyl ketone, boron may also be determined 
in the organic solution by atomic-absorption spectrophotometry 

3.5.1.5 A further proven method of determining boron is that using ICP-AES 
(see summarized procedure for 24- elements in 3.3.12) 

3.5.1.1 Spectrophotometric determination with 1,1 '-dianthrimide 

General remarks 

l,l'-dianthrimide = 
1,1 '-dianthraquinonylamine 

The red I,I'-dianthrimide dissolves in concentrated sulphuric acid, display­
ing a dark olive-green colour. If this solution is heated in the presence 
of small quantities of boron, a blue coloration appears, the intensity of 
which is dependent on the boron content of the solution. The absorption 
maximum of the colour is at 630 nm. The extinction maximum is reached when 
the solution is heated at 70 °C for 5 hours. 

The method is suitable for the determination of between 0.01 and 0.2 mg of 
B/I. In the case of higher boron concentrations appropriate take-offs of 
the water sample or dilutions should be selected. No more than 0.01 mg and 
no less than 0.001 mg of boron should be contained in the colour-complex 
solution to be measured. 

The specifications of the procedure (sulphuric acid 
quantities, temperature and heating time of the 
must be strictly adhered to. 

concentrations, 
colour-complex 

reagent 
solution) 

Should comparatively large quantItIes of nitrate and nitrite (more than 10 
mg/J) be present, ignite the alkaline evaporation residue (see "Method") at 
600 °C for about 30 minutes. 
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If the water sample contains Ge, Te, Co, Ni, Cu, Cr, V, fluoride, bromide 
or iodide in concentrations of 1 mg/l or more, boron may be separated from 
these interfering substances by extraction with 2-ethyl-l, 3-hexane-diol in 
methyl isobutyl ketone and subsequent reextraction with 0.5 m sodium 
hydroxide solution (see Section 3.5.1.4). 

In the presence of fluoride, apparatus made of teflon or some other 
synthetic material should be used instead of glassware. Acid fluoride 
solutions may lead to the solution of boron from glass walls. 

If the water is coloured or turbid and does not become clear after filtra­
tion, the boron may be separated off as boric acid methyl ester (see 
"Volumetric determination following distillation, Section 3.5.1.3). 

Organic substances are eliminated in the course of the analysis by heating 
for 30 minutes with sulphuric acid containing hydrazine sulphate. 

Equipment 

Spectrophotometer with 1-, 2- and 5-cm cuvettes 

Platinum or quartz dish with 100-ml mark on the outer wall 

Measuring flasks, 10, 25 and 50 ml 

Measuring pipettes, and 5 ml 

Separating funnels, 125 ml and 250 ml, glass and if appropriate teflon 

Hydrochloric acid, 1+1 and 2 m 

Sulphuric acid, conc. (1. 84 g/mI) 

Sulphuric acid, 1 m 

Sulphuric acid containing hydrazine sulphate: 
Hydrazine sulphate dissolved in 1 m sulphuric acid, 1 g per litre 

Sodium hydroxide solution, 0.5 m 
2-ethyl-l,3-hexanediol solution, 20 % solution in methyl isobutyl ketone 
( MIBK) 

Dianthrimide solution: 
Dissolve 250 mg of l,l'-dianthrimide in 500 ml of conc. sulphuric acid, 
(1.84 g/ml). May be stored in a dark bottle if precautions are taken to 
prevent moisture attraction. 

Boron reference solution: 
Dissolve 0.143 g of reagent-purity boric acid (H 3B03) , crystalline, in 
redist. water and make up to 1 litre. Dilute 100 ml of this solution with 
redist. water to 1 litre. 1 ml of this solution contains 2.5 i1g of boron. 

Method 

Calibration 

Pipette increasing volumes of boron reference solution: 
0.5,1.0,1.5,2.0 and 2.5 ml, equivalent to 1.25,2.50,3.75,5.00 and 
6.25 i1g of boron, into 50-ml meas'uring flasks. Make up the solutions which 
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are less than 2.5 ml to 2.5 ml with sulphuric acid containing hydrazine 
sulphate. Add 12.5 ml of conc. sulphuric acid (1.84 g/mI) and 5 ml of 
dianthrimide solution to each measuring flask. Prepare blank tests in the 
same way but without the addition of boron. 

Seal the measuring flasks with a glass stopper and keep at 70°C for 5 
hours in the thermostat. Allow to cool and measure the extinction at 620 nm 
against the blank solution, for example in 2-cm cuvettes. In the specified 
range (up to 7.5 jJg of B) the calibration curve is a straight line. 

Determination 

Measure 100 ml of the water sample, or a volume containing between 0.001 
and 0.1 mg of B, into a platinum or quartz dish, alkalize weakly and 
evaporate to dryness. If the sample contains more than 10 mg/l of nitrate 
ions and nitrite ions, ignite the alkaline evaporation residue at 600°C 
for about 30 minutes. No problems arise if extraction is carried out with 
2-ethyl-l,3-hexanediol/MIBK and reextraction in 0.5 m sodium hydroxide 
solution (see Section 3.5.1.4). 

Dissolve the evaporation residue with a total of 25 ml of sulphuric acid 
containing hydrazine sulphate, and transfer to a 50-ml measuring flask. 
Heat the measuring flask in a boiling water bath for 30 minutes and, when 
cool, make up to the mark with 1 m sulphuric acid. 

Set up seven 50-ml measuring flasks, and into five of these pipette 0.5, 
1.0, 1.5, 2.0 and 2.5 ml from the made-up 50-ml sample; add 1 m sulphuric 
acid to those volumes below 2.5 ml to reach this volume. The two remaining 
50-1 measuring flasks serve to prepare a blank test and a control with 
boron reference solution. 

To each flask add 12.5 ml of concentrated sulphuric acid (1.84 g/ml) and 5 ml 
of dianthrimide solution. Seal the flask with glass stoppers, maintain at 
70°C for 5 hours in the thermostat, and when cool measure at 620 nm 
against the blank solution. 

Calculation 

Read off the appropriate boron concentration from the calibration curve on 
the basis of the measured extinction, take into account the quantity of 
water used and the dilutions, and recalculate for 1 litre of the water 
sample. 

The result may be converted to HB02 (metaboric acid) by multiplying by the 
factor 4.049. 

3.5.1.2 Spectrophotometric determination with azomethine-H 

General remarks 

Azomethine-H 
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In buffered solution, borate ions react with azomethine-H to produce a 
yellow-coloured compound which when in solution complies with the Lambert­
Beer law. 

If the water sample under analysis is turbid, filtration must be carried out. 

If interference occurs, the boron can either be separated by distillation 
(see Section 3.5.1.3) and then determined by spectrophotometry, or extrac­
ted with a solution of 2-ethyl-l,3-hexanediol in methyl isobutyl ketone 
(see Section 3.5.1.4). In the latter casp., the boron can be determined 
either in the organic solution by atomic-absorption spectrophotometry, or 
by spectrophotometry with azomethine-H in the aqueous phase following 
reextraction with sodium hydroxide solution. 

Equipment 

Photometer 

Cuvettes with 1-, 2- or 5-cm path length 

Measuring flasks, 1000 ml and 100 ml, quartz or polyethylene 

Polyethylene flasks, 1000 or 500 ml, for sampling 

Polyethylene flasks, 100 ml, for performing the analysis 

Pipettes 

Azomethine-H: 
Dissolve 1.0 g of the sodium salt of azomethine-H together with 3.0 g of 
ascorbic acid in water. Make up to 100 ml in a plastic flask and store in 
a cool place. 
This solution is stable for about 1 week. 

Buffer solution: 
Dissolve 250 g of ammonium acetate in 250 ml of water, add 80 ml of 
sulphuric acid, 0.21 g/m!) and 5 ml of phosphoric acid, (1.71 g/m!), and 
subsequently dissolve in this solution 1 g of citric acid and 1 g of the 
disodium salt of ethylenediamine tetraacetic acid (EDT A). 

Reagent solution: 
Mix equal volumes of azomethine-H solution and buffer solution immediate­
ly before the analysis and use promptly. 

Boron reference solution: 
(see Section 3.5.1.1) 

Take 10 to 25 ml of the water sample and filter, dilute, or extract and 
reextract with sodium hydroxide solution as appropriate. Pipette the 
prepared sample into a dry 100-ml polyethylene flask. Add 10 ml of the 
reagent solution described above. Concurrently, take portions of boron 
reference solution of appropriate concentration and treat analogously. In 
the same way, conduct a completely identical blank test in parallel. Leave 
all the flasks in the dark for 2 hours and then conduct the measurement at 
414 nm. 

From the prepared calibration curve, read off the boron concentration, 
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taking the blank reading into account, and recalculate for one litre of 
water, making adjustment for dilutions where appropriate. 

The results may be calculated as boron (atomic weight 10.811) or, by multi­
plying by the factor 4.049, as HB02. The results may also be presented as 
borate ions calculated as boron. Round off the results to 0.01 mg/l, or, if 
over 1 mg/l, to 0.1 mg/l. 

3.5.1.3 Volumetric determination following distillation 

General remarks 

With methanol, boric acid forms the readily volatile boric acid methyl 
ester (B(OCH3}3), boiling point 68.7 °C. This may be volatilized quantita­
tively from the acid solution in a methanol vapour flow. The ester which 
passes over is collected in an alkaline receiver (l m sodium hydroxide 
solution) and saponified. 

After boiling away the methanol, C02 is expelled from the acidified solu­
tion. It is neutralized, and treated with mannitol, which - as do other 
polyalcohols - forms a didiol complex with boric acid: 

>c- 0b}+HO )OH+HIo-c< -lc-o,,- - /o-c<J + 
B HO-C< _ /B, H+ 3H20 

>C- OH+HO >c-o 'o-c< 

The didiol complex reacts or dissociates in aqueous solutions as a complex 
acid of the strength of acetic acid and can be titrated as such with sodium 
hydroxide solution. 

This method is particularly suitable for waters with boron contents higher 
than 0.2 mg/l and those which are coloured or contain non-filterable turbidi­
ties. 

Equipment 

Flat-bottomed quartz-glass flask, 250 ml 

Device for electrometric pH titration or 

Burette, 10 ml, 0.02-ml scale 

Soda lime tube 

Platinum or quartz dish, 200 ml 

Sulphuric acid, cone., (1.84 g/ml) 

Methanol, reagent-purity 

Pentane, superpure 

Hydrochloric acid, 10 % 
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6 

Fig. 103. Methanol distil-
lation apparatus (illustra-
tion); 1) = Methanol vaporizer 
(250-ml flask); 2) = Discharge 
pipe with stopcock (B); 3) = 
Inlet pipe with stopcock (A); 
4) = Distillation flask (200 
ml); 5) = Feed funnel with 
stopcock and delivery tube; 6) 
= Thermometer, up to approx. 
120°C; 7) = Liebig condenser, 
jacket length approx. 20 cm; 
8) = Receiver 

Apparatus according to K. E. Quentin following H. Roth and W. Beck 

Hydrochloric acid, 0.1 m 

I-naphtholphthalein solution: 
Dissolve 0.2 g in 96 % ethanol. (Only required if visual titration to be 
carried out.) 

D(-)-mannitol 

Sodium hydroxide solution, 1 m 

Sodium hydroxide solution, 0.01 m 

Method 

General remarks 

In a platinum or quartz dish, evaporate a suitable volume of the water 
sample to dryness under weakly alkaline reaction conditions. If more than 
10 mg/l of nitrate or nitrite is present (see Section 3.5.1.1), ignite the 
alkaline evaporation residue at 600°C for 30 minutes. 

Transfer the dry residue remammg in the dish to the distillation flask, 
using a mixture of 4 ml of water and 40 ml of methanol. Insert the ground­
glass stopper with thermometer and feed funnel, and carefully add 4 ml of 
concentrated sulphuric acid via the funnel, cooling the flask. Rinse with 5 ml 
of methanol, assemble the apparatus, and charge the quartz flask serving 
as a receiver with 10 ml of 1 m sodium hydroxide solution. The receiver 
should be marked at 100 ml on the outer wall. 

When the vaporizer (l in the diagram) has been charged with methanol, close 
stopcock B and open stopcock A, and turn on the heating both for the 
vaporizer and the distillation flask. When the methanol in flask 1 begins 
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to boil (64.8 DC) and the temperature of the sample in flask 4 has reached 
about 70°C, close stopcock B, simultaneously opening stopcock A, and allow 
the distillation to run until a volume of 100 ml is obtained in the 
receiver (quartz flask). During the entire distillation (about 15 minutes) 
the temperature of the sample should not exceed 75°C, but neither should 
it fall below 65 °C (boiling point of boric acid methyl ester: 68.7 DC). 

Determination 

Add 60 ml of distilled water to the 100-ml distillate in the quartz flask. 
Carefully evaporate the methanol in a boiling water bath, blowing purified 
air onto it. Neutralize with 10 % hydrochloric acid, lightly acidify with 
0.1 m hydrochloric acid, and boil briefly in order to expel carbon dioxide. 
In so doing, swirl the flask several times in order to swill the walls - if 
necessary to maintain the slightly acid reaction. 

Subsequently seal the flask with a pierced rubber stopper in which a soda 
lime tube is inserted, and cool under running tap water. In order to 
prevent the sample solution from absorbing carbon dioxide from the air, 
cover with a layer of 5 ml of pentane. Adjust the solution electrometri­
cally to pH 8 with 0.01 m sodium hydroxide solution. 

If visual titration is to be carried out, add a few drops of I-naphthol­
phthalein solution instead, and set to the final point with the NaOH 
standard solution. 

Now dissolve 2 g of mannitol in the sample solution which has been set to 
pH 8. A didiol complex forms with boric acid, and as a result of this 
complex, which dissociates in aqueous solution as a weak acid, the pH 
falls. Titrate once more with 0.01 m sodium hydroxide solution to pH 8 or 
the end point of the indicator solution. Then add a further 0.5 g of manni­
tol. If the indicator colour persists, the end point of the titration was 
reached; if not, titrate further with sodium hydroxide solution until the 
colour change occurs again and establish by once more adding mannitol that 
the equivalent point has definitely been reached. 

The total number of ml of 0.01 m sodium hydroxide solution consumed 
corresponds to the boron content of the sample. 

Conduct a blank test in the same way. 

Calculation 

1 ml of 0.01 m sodium hydroxide solution = 0.1081 mg of boron. Take into 
account the quantity of water used for the analysis and recalculate the 
result for 1 litre of water. The result may also be converted to HB02 
(metaboric acid) by multiplying by the factor 4.049. 

Atomic weight of boron: 10.811 

3.5.1.4 Extraction of boron 

Transfer a suitable aliquot of the filtered water sample to a separating 
funnel and adjust to pH 1 with hydrochloric acid 1 + 1. Treat with 20 ml of 
20 % 2-ethyl-l,3-hexanediol solution in MIBK and shake for 1 minute; follow­
ing separation of the phases, drain off the aqueous phase into a second 
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separating funnel and there repeat the extraction with a further 20 ml of 
the extracting agent. Once again separate off the aqueous phase, and 
extract the combined organic phases by shaking for 1 minute with 20 ml of 
0.5 m sodium hydroxide solution. After separation of these phases, neutral­
ize the aqueous alkaline solution with 1 m sulphuric acid against phenol­
phthalein, dilute with twice the quantity of distilled water, and boil down 
in a platinum or quartz dish. 

Boron may be determined, for example by AAS, in the evaporated extract. 

3.5.1.5 ICP-AES (see Section 3.3.12) 

3.5.2 Silicic acid 

3.5.2.1 Spectrophotometric analysis with ammonium molybdate 

General remarks 

The cooled water sample is decomposed using hydrofluoric acid/perchloric 
acid, thereby depolymerizing the entire silicic acid and converting it into 
a form capable of reaction with ammonium molybdate (W. Fresenius and 
W. Schneider). After adding boric acid to complex the hydrofluoric acid, 
yellow-coloured silico-molybdic acid is formed by reaction with ammonium 
molybdate solution at a pH of 1 to 1.2. The extinction of the silico­
molybdic acid is measured at 400 nm. 

Experience has shown that after a short familiarization period the method 
described below is simple to carry out and provides rapid, reliable 
results. If a distinction is to be made between dissolved and colloidal 
silicic acid, one water sample should be examined directly and a second 
sample after membrane filtration. 

The method is suitable for determination of between 0.5 and 250 mg of 
Si02/1 in natural waters. If the content of silicic acid is above 25 mg/l, 
silicic-acid-free distilled water must be used for dilution. 

All solutions used must be stored in plastic flasks so as to ensure that no 
silicic acid is dissolved out from glass. 

Only silicic-acid-free water may be used to prepare the reagent solutions. 

Phosphate ions only have an interfering effect at concentrations greater 
than mg/l. If this is the case, shake the sample solution for 1 minute 
after adding the ammonium molybdate reagent with 50 ml of a benzene/ 
isobutyl alcohol mixture (l 1). After separation of the phases, the 
organic phase contains virtually the entire phosphomolybdate complex, 
whereas the silico-molybdate complex remains quantitatively in the aqueous 
phase. This can then be measured photometrically after a development time 
of 15 minutes. 

Equipment 

Spectrophotometer with I-cm and 5-cm cuvettes 

Plastic flasks and beakers, 100 ml 
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Hydrofluoric/perchloric acid mixture: 
45 ml 40 % hydrofluoric acid and 45 ml 70 % 
with 10 ml silicic-acid-free water 

perchloric acid together 

Ammonium molybdate reagent: 
Dilute 50 g reagent-purity ammonium molybdate (NH4)6M07024 . 4 H20 to 500 
ml with silicic-acid-free water. Treat the solution with sodium hydroxide 
solution until phenolphthalein colour change occurs. 

Benzene/isobutyl alcohol mixture, I + 1 

Boric acid, cryst., reagent purity 

Nitric acid (1.22 g/ml): 
Mix conc. nitric acid (1.40 g/ml) with silicic-acid-free water I + 1 

20 % sodium hydroxide solution, reagent purity 

Sodium acetate solution, 2 m 

Sodium carbonate, reagent-purity, anhydrous 

Silicic acid for the reference solution: 
Filter precipitated silicic acid, rinse with distilled water containing 
hydrochloric acid and ignite in the platinum or quartz crucible. Cool in 
the desiccator. If fine analytical-quality quartz sand is used, it should 
be extracted with hydrochloric acid, washed with silicic-acid-free water 
and then ignited in the crucible. 

Silicic acid reference solution I: 
Melt 100 mg of Si02 with 2 g of reagent-purity anhydrous sodium carbonate 
in the platinum (or possibly iron or nickel) crucible. Dissolve the 
molten mass in silicic-acid-free water in a plastic receptacle and dilute 
to the mark il1 a 1 litre volumetric flask at 20 °C. Immediately filter 
the solution into a plastic flask. 1 ml of this solution contains 0.100 mg 
of Si02. 

Silicic acid reference solution II: 
Dilute 10 ml of silicic acid reference solution I to 
acid-free water and likewise transfer immediately 
I ml of this solution contains 0.0 10 mg of Si02. 

Silicic-acid-free water: 

100 ml with silicic­
to a plastic flask. 

In order to remove any last traces of Si02 from the distilled water to be 
used for silicic acid determination, run the water through a column with 
a strongly basic anion exchanger (OH--type). The column should be used 
for the discharge piping. Store the silicic-acid-free water in plastic 
flasks. 

Method 

Calibration 

The calibration curve is to be prepared according to the method given under 
"Determination" for the sample to be analyzed. Instead of an aliquot of the 
water sample, appropriate portions of silicic acid reference solutions I or 
II in a 100 ml polyethylene flask are used with 0.025 mg or between 0.25 
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and 5.0 mg 
mixture and 
analysis with 
a straight line 

Determination 

of Si02. After adding the hydrofluoric acid/perchloric acid 
if necessary diluting to a volume of 52 ml, continue the 
20 ml of either solution. The calibration curve at 400 nm is 
at least between 0 and 1.0 mg of Si02/100 ml. 

Introduce approximately 2 g + 0.2 g of hydrofluoric acid/perchloric acid 
mixture into 100 ml plastic:: flasks. Pipette in 50 ml of the water sample, 
mix and leave to stand for a few hours. If the plastic flasks are charged 
with the decomposition acid and weighed beforehand, the water sample may 
also be filled into the flask directly at the sampling point. The transport 
time to the laboratory is then used for the acid decomposition of the 
silicic acid. The quantity of water is calculated by weighing. If dissolved 
and colloidal silicic acid are to be differentiated, two samples - with and 
without filtration - should be examined in parallel. 

After completion of the acid treatment, take an aliquot in a plastic 
beaker, add 4 ml of 20 % sodium hydroxide solution with a pipette and then 
2 g + 0.1 g solid boric acid. When the boric acid is dissolved, allow to 
stand -for a further 15 minutes, and add 10 ml of nitric acid (1.22 g/mI) 
and 10 ml of 2 m sodium acetate solution. The pH should then be in the 
range of 1 to 1.2. 

Next add 10 ml of ammonium molybdate reagent with a pipette and transfer 
the solution to a 100 ml volumetric flask. Rinse the plastic beaker with 
small volumes of water; in this way, remnants of deposited or undissolved 
boric acid are dissolved. Transfer to the volumetric flask. 

In the presence of interfering quantities of phosphate ions, add the ammo­
nium molybdate reagent in the way described above. Then transfer the solu­
tion to a separating funnel containing 50 ml of benzene/isobutyl alcohol 
mixture and rinse with small quantities of water. Shake vigorously (2 
minutes) to extract the phosphomolybdate complex quantitatively to the 
organic phase, while the silico-molybdate complex remains in the aqueous 
phase. After phase separation, which is usually complete after approximate­
ly 10 minutes, run the aqueous phase directly into the 100 ml volumetric 
flask. 

Add silicic-acid-free water to the 100 ml volumetric flask to the mark (in 
the same way as for the standard analysis process and after the removal of 
phosphate), wait for a total reaction time of 15 minutes (maximum deviation 
+ 1 minute) after adding the ammonium molybdate reagent and immediately 
measure the extinction in a 1 cm or 5 cm cuvette at 400 nm. 

Take a blank reading concurrently using all the reagents used in the 
analysis. 

Calculation 

Take the appropriate Si02 content from the calibration curve on the basis 
of the measured extinction and relate it to I litre of the water sample, 
taking into account the measured quantity of water and the dilution factor. 
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3.5.2.2 Gravimetric determination as silicon dioxide (silica) 

General remarks 

The water sample, containing a little hydrochloric acid, is evaporated. As 
dehydration takes place, the silicic acid is 
soluble form. When the dry residue is taken up 
deposited silicic acid remains undissolved and 
tion. 

converted into a sparingly 
with hot water, most of the 
is separated off by filtra-

The small quantity of silicic acid (up to 5 %) which has re-entered solu­
tion is further dehydrated by repeating evaporation of the filtrate twice, 
until finally, separation is virtually quantitative. Igniting the combined 
precipitates yields the quantity of silicon dioxide corresponding to the 
silicic acid content of the water sample. 

The silicic acid still present 
determined photometrically (see 
measured should then be added 
nation. 

in the filtrate in solution may also be 
Section 3.5.2.1) • The quantity of Si02 
to the result of the gravimetric determi-

The method is suitable for the determination of silicic acid in waters with 
more than 10 mg of Si02/1. 

After igniting to constant weight, the silicon dioxide generally still 
contains impurities in the form of salts or complex compounds of multi­
valent cations (e.g. of iron, manganese and calcium). The weighed ignition 
residue should therefore be evaporated with sulphuric/hydrofluoric acid, 
and the fluoridation residue ignited and weighed. The difference between 
the two weights indicates the silicon dioxide content. 

Equipment 

Analytical balance 

Platinum or porcelain dish, 500 ml, with perfectly smooth internal surface 

Platinum crucible, 25 ml, with lid 

Hydrochloric acid, conc. (1.19 g/m!) 

Washing water containing hydrochloric acid: 
Mix 95 parts distilled water and 5 parts conc. hydrochloric acid 

Sulphur ic acid (I + 3): 
Add 1 part conc. sulphuric acid to 3 parts distilled water 

Hydrofluoric acid, reagent purity, 38 - 40 % 

Method 

Acidify I litre of the water sample with HCI and evaporate to dryness in a 
platinum or porcelain dish on a water bath. 

After evaporation, heat the residue at approximately 130°C for about 1 
hour in a drying oven or over a sand bath. Moisten the cooled contents of 
the dish with 5 to 10 ml of conc. hydrochloric acid, and following a reac-
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tion time of approximately 5 minutes dilute with hot water until all salts 
are dissolved. 

Filter off the silicic acid, which is now largely insoluble, with a quanti­
tative filter and rinse with hot water containing hydrochloric acid. Trans­
fer the filter containing the bulk of the silicic acid to the ignited and 
weighed platinum crucible. 

Evaporate the hydrochloric filtrate again, separate and filter off the 
remaining silicic acid in the same way. After rinsing, likewise transfer 
the second filter to the platinum crucible. Finally, evaporate the filtrate 
and the washing water for a third time to separate off the remaining sili­
cic acid (or determine photometrically the quantities of Si02 still con­
tained in the latter after decomposition by HF/HCI04 (see Section 
3.5.2.1)). 

Carefully incinerate the filters in the platinum crucible, ignite to 
constant weight at 1000 0 C and weigh. Soak the crude silicic acid with 0.5 
- 1 ml of sulphuric acid (l + 3) and after adding approximately 2 ml of 
reagent-purity hydrofluoric acid, fume off over the sand bath. Ignite the 
fluoridation residue to constant weight at 1000 0 C again and weigh. 

The difference between the two weights indicates the actual silicon dioxide 
content. If the fluoridation residue amounts to more than 1 - 2 mg, the 
determination must be repeated. Care should then be taken to rinse particu­
larly carefully and thoroughly with the water containing hydrochloric acid 
since it may be assumed that the increased fluoridation residue is trace­
able to a high calcium sulphate content or to barium sulphate in the water. 

Calcula tion 

= mgll Si02 

G 1 Weight before fuming off with hydrofluoric acid (in mg) 
G2 Weight after fuming off with hydrofluoric acid (in mg) 
V Volume of the water sample in litres. 

mg Si02 corresponds to 1.30 mg H2Si03 

mg H2Si03 corresponds to 0.77 mg Si02 

3.6 Gaseous Substances 
(see also Chapter 1, Sampling and Local Testing e.g. in the case of 
H2S, and Sections 3.2, Carbon Dioxide Compounds, and 3.7, Radon.) 

3.6.1 Sampling and gas-chromatographic analysis 

General remarks 

In virtually all water resources there are gases dissolved in the water. 
Carbon dioxide is almost always present in more or less considerable quanti­
ties (see Chapter 1 and Section 3.2). The content of carbon dioxide is 
particularly significant in groundwater at greater depths or in subterra­
nean water and may reach concentrations of up to several gil. 
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Dissolved nitrogen may also frequently be detected in the latter type of 
water. Other substances which may be identified in subterranean waters in 
the form of trace amounts of dissolved gases are hydrogen, methane, carbon 
monoxide, inert gases (including radon - 222), hydrogen sulphide and hydro­
carbons. 

Oxygen virtually never occurs in subterranean waters of this type. If it is 
not possible to identify oxygen at the sampling point and iron is present 
in the water in dissolved divalent form, together with perhaps hydrogen 
sulphide and a measurable negative redox potential, a test for secondary 
influences must always be carried out should it be the case that dissolved 
oxygen has been determined by means of gas-chromatographic tests in the 
laboratory. Such influences may arise due to the method of sampling, leaky 
stopcocks during transport of the sample, or other causes. It is, incidental­
ly always advisable to transport the water and gas samples (which have been 
taken in gas collecting vessels) weighed down under water in a larger 
container so as to be able to exclude secondary oxygen access via the air 
as far as possible. In addition to the above-mentioned dissolved gases, 
many types of water from deeper strata also contain so-called freely rising 
gases, which emerge with the water in gaseous form. Frequently, these 
freely rising gases escape with the subterranean water in the form of 
small, evenly distributed bubbles, but occasionally also as large bubbles 
of gas. It may also sometimes be observed that the freely rising gases 
emerge from the depths with the water in surges. In many cases it is virtual­
ly impossible to differentiate between dissolved gases and so-called freely 
rising gases. It should always be taken into consideration that the freely 
rlsmg gases may be obtained from a spring or a deep boring with relief of 
pressure. It is only rarely possible, with the aid of appropriate sampling 
equipment for subterranean water, to bring water samples to the surface at 
the pressure applying at depth. It is almost impossible to determine the 
ratio of dissolved to freely rising gases under the conditions of pressure 
and temperature which apply to deep sampling. The normal course of events 
will be that if it is necessary to differentiate between the dissolved and 
the freely rlsmg gases, the separation is conducted following relief of 
pressure in a suitable sampling device (see Section 1.4.5). 

Following pressure equalization, the gases from the water collect at the 
top of the gas collecting flask. In the laboratory, the gases are then 
drawn off via the septum using a gas syringe in order to be analyzed. The 
volume of the spontaneously collecting gases is measured. 

By raising the temperature and applying a vacuum, it is then possible for 
the dissolved gases to be liberated from the remaining water and analyzed 
by gas chromatography. If no freely rising gases were observed during 
sampling, the gas collecting tubes are filled completely with the water 
sample, transported under water at the temperature of the spring, and then 
degassed in the laboratory in order to determine the dissolved gases. 

The importance of correct transport of the gas or water samples to the 
analytical laboratory cannot be stressed enough. The samples are best 
transported under water, and in a quantity of water sufficiently large to 
ensure that virtually no change in temperature can occur. 

The dissolved gases are liberated at 80 - 90°C in a water-jet vacuum. In 
order to achieve this, the gas collecting container which was filled during 
sampling is connected at the top to a further, somewhat smaller, gas 
collecting tube which is completely filled with sealing liquid (saturated 
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Fig. 104. 1) = Water-jet pump; 2) = Aeration system is briefly closed until 
sample boils; 3) = Degassed volume; 4) = Sealing liquid; 5) = Level equali­
zation; 6) = Spherical ground-glass joint; 7) = Flexible tube; 8) = Gas­
tight ground-glass stopcock; 9) = Adapter with septum; 10) = Gas collecting 
tube with water sample; 11) = Extension with gas-tight ground-glass stop­
cock; 12) = Gas-tight ground-glass stopcock; 13) = Spherical ground-glass 
joint; 14) ::; Flexible tube connection; 15) = Glass tube, 8 mm; 16) = Glass 
tube, 8 mm; 17) = Water bath> 80°C 

and weakly acidified sodium sulphate solution). The lower end is connected 
to a water-jet pump via a glass tube, which is likewise filled with sealing 
liquid. The sample in the gas collecting tube is immersed as completely as 
possible into the water bath and heated to approximately 80 - 90°C. A 
water-jet vacuum is applied so as to transfer the previously dissolved 
gases to the upper gas collecting tube, where they may then be measured 
(including quantitative measurements), . when the process is completed. In 
the course of this procedure, some of any carbon dioxide which may be 
present is also released. Following termination of the degasification 
process, the carbon dioxide contained in the degassed portion of the 
previously dissolved gases is absorbed with 30 % potassium hydroxide solu­
tion (KOH). First the volume of the gases which are not absorbed in the 
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Fig. 105. Compensated gas-chromatographic system with two packed columns 

435 

potassium hydroxide solution is measured, and they are then used for gas­
chromatographic analysis. In this way it is possible to differentiate 
approximately between the gases which rise freely with the water and the 
gases which are soluble in the water under normal pressure and at the exit 
temperature of the water. This process is particularly important for the 
analysis of water from deep borings, and also for the assessment of mineral 
and medicinal waters. 

Gas-chromatographic analysis (see also Chapter 2 and Section 4.2) 

The freely rising gases and the previously dissolved gases, following their 
liberation as described above, are determined by means of gas chromato­
graphy on packed columns using a thermal conductivity detector. It is 
advisable to use a double-column device (see Fig. 105) in which the two 
separation columns may be installed in parallel. 

The columns are to be filled with 5 A molecular sieve and Porapak Q. The 
&ases can be separated and determined in a 4-metre-long steel column with 5 
A molecular sieve using argon as the carrier gas. Any argon which may be 
contained in the sample is detected by using the same separation column 
with helium as the carrier gas. Carbon dioxide is determined chemically on 
location and any hydrocarbons which may be present, such as ethane, can be 
segregated separately in a Porapak Q column and subsequently detected. 

Gas dosage is performed using the dosing loop in accordance with Fig. 106. 

A ttention is once again drawn to the fact that a gas-tight syringe may also 
be used for dosage of the gas-chromatographic system from the septum of the 
gas-sampling device. 1 ml of gas is generally used as the sample volume. 

A signal generated by the thermal conductivity detector is recorded by a mV 
plotter, and the peak area, which is proportional to concentration, is 
determined using an integrator. Test gases of appropriate composition are 
required for calibration. The test gases are prepared by gravimetric or 
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Fig. 106. Feeding of gaseous samples using a variable sample or dosing 
loop. Also applicable to samples which are at lower than atmospheric 
pressure. Variation of the dosage quantity is possible both by replacing 
the dosing loop (different volume), and by admitting more or less sample 
gas (pressure to be read off at the Hg manometer); 1) = Vacuum-gas ampoule; 
2) = Valve 2; 3) Hg manometer; 4) = Vacuum pump; 5) = Valve 1; 6) 
Dosing valve; 7) = to separation column; 8) = Carrier gas; 9) = Dosing loop 

volumetric methods. In the gravimetric method, an evacuated gas cylinder is 
weighed on a precision balance with high load-bearing capacity, the indi­
vidual gases are fed in and the respective mass proportions determined. 
Gravimetrically prepared test gases are produced to order by laboratory-gas 
suppliers. Experience has shown that their composition is precise and 
reproducible. 

Volumetric preparation is somewhat less precise but satisfies the require­
ments for the analysis of spring gases. A small volume of gas, in accord­
ance with the expected concentration, is fed into a gas collecting tube 
filled with the main component using the gas-tight syringe. Alternatively, 
in the case of higher concentrations, the gas is mixed in a gas burette by 
dosing the individual gases by syringe. 

The calculation is conducted according to the principle of the external 
standard. 

Rfi 
Vol. %iE 
Peak areaiE 

Rfi = 
Vol. %iE 
Peak areaiE 

Response factor for the component to be measured 
Percentage by volume of component i in the test gas 
Peak area of component i in the test gas 
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From the composi tion 
possible to calculate 
and mgll of water. 

of the dissolved gases thus determined, it is then 
the content of the individual constituents in ml/l 

Content (ml/l) = 
Vol. %i • VE 

VH20 . 100 

Percentage by volume of component i in the liberated gas 
Volume of degassed water sample (1) 
Volume of liberated gas (ml) 

Content (mg/J) Molecular weight content (ml/l) 
Molar volume 

The results of the gas-chromatographic analysis procedure are given either 
in mill of freely rising gases, or per litre of the previously dissolved 
and now liberated gases. The freely rising or previously dissolved gases 
may also be converted to mg or ml per litre of water. By way of examples, 
the following pages show chromatograms with a 5 A molecular sieve column 
and argon as the carrier gas, a chromatogram on Porapak Q, and the separa­
tion of argon and oxygen on a 5 'A molecular sieve with helium as the 
carrier gas. 

5 

6 

4 

2 

3 1 

o 
Fig. 107. Separation on molecular sieve 5 A; Carrier gas: argon; 1) He; 
2) = H2; 3) = 02; lj.) = N2; 5) = CHlj.; 6) = CO 
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Fig. 108. Separation on Poropak Q; 1) 
= air; 2) = CHlj.; 3) = C02; lj.) = C2Hlj.; 
5) = C2H6 

3.6.2 Carbon dioxide (see also Chapter 1 and Section 3.2) 

Carbon dioxide dissolved in water (so-called free, dissolved carbonic acid) 
represents a significant factor in the chemical and biochemical make-up of 
a water. All natural waters contain dissolved carbon dioxide. 

The designation "free, dissolved carbon dioxide" stems from the ratio 
C02 : H2C03 = >99 % : <1 % in water. It is "free" in contrast to bonded 
hydrogen carbonate and carbonate, and "dissolved" differentiates it from 
the gaseous carbon dioxide frequently occurring in spring waters. 

Free, dissolved carbon dioxide is determined acidimetrically by titration 
with sodium hydroxide solution. The method described by U. Hi:i.sselbarth 
involving direct titration following the reaction C02 + OH--- HC03 - with 
electrometrical end-point indication or against phenolphthalein (pH 8.3) 
has become popular above all in the analysis of waters with C02 concen­
trations up to 200 mgtl. In a further method, proposed by R. v. d. Heide 

21 
I 

Fig. 109. Separation of argon and oxygen on 
molecular sieve 5 A; 1) = Ar; 2) = 02; 
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and A. Dietl and modified by K. E. Quentin and colleagues, carbon dioxide 
is fixed with sodium hydroxide solution in the receiver and then the excess 
solution is back-titrated. In contrast with the above method, this 
technique has the advantage that it can also be used for higher concen­
trations of carbon dioxide, for example up to C02 saturation. 

The determination of free, dissolved carbon dioxide in mineral waters 
containing particularly large quantities of carbonic acid (more than 1 g of 
C02/1) can be carried out gravimetrically. The C02 is fixed with sodium 
hydroxide solution or calcium oxide at the sampling point, distilled off in 
the laboratory, bonded to soda-asbestos and weighed. The result obtained is 
the total carbonic acid content of the water. The content of free, 
dissolved carbon dioxide can be calculated by subtracting the separately 
determined hydrogen carbonate content. 

Acidimetric determination of free, dissolved carbon dioxide 
("free, dissolved carbonic acid") 

3.6.2.1 Direct titration with sodium hydroxide solution 

The method is based on the conversion of carbon dioxide with sodium 
hydroxide solution to sodium hydrogen carbonate: 

HC03 

Following complete conversion, the pH of the sodium hydrogen carbonate 
solution is 8.3. The end point of the titration can be established electro­
metrically using a glass electrode. 

The method is suitable for the determination of C02 concentrations up to 
200 mg/l in natural waters. If concentrations are higher, C02 losses may 
occur during titration. Waters of this type should be analyzed using the 
indirect method (back-titration of excess NaOH with hydrochloric acid). 

In waters with sizeable concentrations of Ca(HC03)2, interference may be 
caused by the precipitation of calcium carbonate. This may be prevented by 
adding 50 % Seignette salt solution which has been set to pH 8.3. 

Similarly, interference due to iron (II) ions, which 
precipitation of ferric hydroxides if concentrations are 
also be prevented by adding Seignette salt solution. 

may lead to 
above 3 mg/l, 

the 
can 

Transfer of the samples from one container to another should be avoided 
because of the volatility of dissolved C02. For this reason, the sample 
containers should be filled to overflowing from the base upwards at the 
sampling point and closed for transport, leaving no bubbles. Care should be 
taken that there is no rise in temperature during transport. A special pump 
pipette is used to transfer the water sample into the titration vessel. 

Equipment 

Titration flask with ground joint to take the single-probe measuring cell. 
(See Fig. 110) 

Pump pipette: Delivery pipette with twin-bored stopper, glass elbow pipe 
and hand pump. (See Fig. Ill) 
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Figs. 110 and 111. 1 = Titration 
flask 2 = Pump pipette 
(According to u. Hasselbarth) 

Magnetic stirrer with thermostat bath, 250 rpm synchronous, with 
teflon-coated magnetic stirring rods. 

Single-probe measuring cell with standard ground joint 

pH meter with temperature correction (measuring accuracy .:!:. 0.05 pH) 

Burette, volume 10 ml and 0.02-ml scale, with soda lime tube upstream to 
protect the NaOH solution against access of atmospheric C02. 

Sodium hydroxide solution, 0.02 m 

Seignette salt solution: 
Dissolve 50 g Seignette 
water and make up to 1000 
8.3 (glass electrode). 

Procedure 

salt (potassium sodium tartrate) in distilled 
mi. Leave to stand for four days and set pH to 

The sample flask should be filled at the sampling point leaving no bubbles. 
A ttach the pump pipette to the neck of the sample flask and carefully force 
a little more than 100 ml of the water sample into the pipette using the 
hand pump. Then remove the pipette and set to exactly 100 mi. Introduce the 
measured quantity into a dry titration flask in which a magnetic stirring 
rod has previously been placed. The tip of the pipette should reach the 
base of the titration flask during discharge. Finally, add I ml of the 
Seignette salt solution set to pH 8.3 in order to prevent calcium carbonate 
and ferric hydroxide precipitation. 
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Place the titration flask on the magnetic stirrer and add the glass elec­
trode (single-probe measuring cel!). Insert the burette outlet into the 
second pipe connection of the flask. 

Titrate with 0.02 m 
magnetic stirrer for 
solution. 

sodium 
2 3 

hydroxide solution to pH 8.3. Turn on the 
seconds after each addition of the standard 

It is advisable to repeat the titration in the following way. Use the same 
quantity of 0.02 m sodium hydroxide solution as was consumed during the 
initial titration and add this drop by drop in a single operation. Towards 
the end, slow the rate of addition to titrate to the equivalence point. 

If more than 20 ml of sodium hydroxide solution are consumed, repeat the 
titration taking 50 ml (instead of 100 ml) of water sample, diluting it to 
100 ml with (carbonic-acid-free) redistilled water. 

Calculation 

1 ml of 0.02 m sodium hydroxide solution corresponds to 0.88 mg of C02. If 
100 ml of water sample was taken, 1 ml of 0.02 m sodium hydroxide solution 
indicates 8.8 mg/l of C02. 

Observations 

The accuracy of the quantitative determination of free, dissolved carbon 
dioxide ("free, dissolved carbonic acid") in natural waters by direct 
titration with alkaline standard solutions is problematic for a number of 
reasons. According to J. Kegel, this can be traced to two causes in partic­
ular: 

1. The method is based on the assumption that a constant pH of 8.3 is 
assigned to the stoichiometric point of neutrality. In fact, this point 
is variable and depends on the hydrogen carbonate concentration. Accord­
ing to U. Hasselbarth (1969), the relative systematic error for a HC03-
concentration of 10 mmol/I at the end point of the titration amounts to 
approximately 0.'+ %; it diminishes with decreasing HC03- concentrations. 
As a result, the stoichiometric point of neutrality varies from 8.3 
(according to J. Kegel) to the extent of an entire pH unit. 

2. In natural waters, analytically determined pH (pHa) and computed values 
(pHr) fail to agree in the majority of cases. When analyzed, most waters 
display a pH approximately 0.2 pH units lower than that obtained from 
the formula. Kegel traces this to the influence of the activity coeffi­
cients. In addition, the difference pH r pHa is influenced by the 
assumption that the acid and base consumption of natural water is exclu­
sively determined by the free and bonded carbonic acid and that this 
likewise exclusively determines the value of hydrogen activity. Since 
this assumption does not generally hold in its entirety, additional pH 
deviations arise which may distort the results of the C02 determination. 

3.6.2.2 Alternative: Gas diffusion method 

One method of determining free, dissolved carbon dioxide which avoids the 
errors outlined in 1. and 2. and which, moreover, is specific to C02, is 
described by J. Kegel in Fresenius' Z. Anal. Chem. 276, '+5 - 50 (1975). 
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This method is based on accommodating the water sample under test in one 
section and C02-free distiHed water in a separate section in a gas-tight 
vessel with a C02-free atmosphere (air, nitrogen or the like). In this way 
it is impossible for the two waters to become mixed, but gas exchange may 
take place without hindrance. Within a certain time, which may be consid­
erably shortened by steady, careful stirring of the vessel, the C02 from 
the water sample is transferred to the gaseous atmosphere and from there to 
the distil1ed water until a solubility equilibrium of the C02 is estab­
lished between the gas phase and the two liquids (Ostwald's solubility 
coefficient) • 

Taking as a basis the distribution factor of the C02 between the gas phase 
and water at the measured temperature, the C02 content of the pure C02 
solution can now be determined, without external influence. The result can 
then be converted to yield the content of free, dissolved carbon dioxide in 
the water sample taken. Hydrogen carbonate ions and alkaline earth ions in 
the natural water are certain to be excluded from the distil1ed water. 
Consequently, the titration curve is steeper and the setting of the stoichio­
metric point of neutrality is more accurate and free from the influence of 
the activity coefficients. The negative influences mentioned in 2. are also 
eliminated. 

This method should be considered for application if a high degree of 
accuracy is required or if considerable interference is to be expected as a 
result of the ideal conditions laid down in 2. not being met. 

3.6.2.3 Back-titration method for the determination of "free, dissolved 
carbon dioxide" 

General remarks 

The water sample containing carbonic acid is added to excess sodium 
hydroxide solution, and sodium carbonate is formed. During back-titration 
with acid to pH 8.3, the hydroxyl ions of the excess sodium hydroxide 
solution are neutralized according to OH- + H+ H20, and the carbonate 
formed from carbon dioxide and sodium hydroxide solution is converted to 
hydrogen carbonate. The two reactions 

indicate that one mole of consumed base is equivalent to one mole of C02, 
and accordingly one ml of 1 m NaOH = 44 mg of C02. 

The method is suitable for the determination of free, dissolved carbon 
dioxide over a very broad concentration range (approximately 100 to 3000 
mg/I). It may be used for the analysis of natural waters which contain 
considerable quantities of calcium and magnesium ions in addition to iron 
(II) ions. The method is intended primarily as a field method. It al10ws 
the determination of C02 with an average error of +2 to 3 %. 

See also Section 1.7.12 

Interference due to alkaline-earth ions and heavy metal ions can be elimi­
nated by the addition of a suitable masking agent. According to an investi-
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gation by K. E. Quentin, I. Weber and D. Eichelsdorfer, it is possible to 
obtain good results with an equimolar mixture of potassium sodium tartrate 
and sodium citrate. 

When taking the sample for titration, care must be taken to avoid C02 
losses. For this reason, the sampling containers must be filled to over­
flowing from the base upwards at the sampling point. Submerge the pipette 
in order to extract the sample and introduce into the flask containing 
reagents. 

Equipment 

Titration flask, 250 ml 

Bulb pipettes, 5 ml, 25 ml and 50 ml 

Burette, 25 ml, 0.02-ml scale 

Sodium hydroxide solution, 0.25 m 

Hydrochloric acid, 0.25 m 

Masking reagent: 
Dissolve 1 mole of potassium sodium tartrate (282.2 g C4H4KNa06 • 4 H20) 
and 1 mole of sodium citrate (294.1 g C6H5Na307 . 2 H20) in 2 litres of 
dist. water. Before use, set the solution with lye to the phenolphthalein 
transi tion point. 

Phenolphthalein solution, 1 % in 96 % ethanol. 

Method 

Take a mixture of 25 ml of 0.25 sodium hydroxide solution and 5 ml of 
masking reagent and add, for example, 50 ml of water sample and 1 ml of 
phenolphthalein solution. Swirl, and back-titrate with 0.25 hydrochloric 
acid. 

Conduct a blank test analogously using carbonic-acid-free redistilled water 
instead of the water sample. 

The consumption of 0.25 m sodium hydroxide solution in ml is obtained by 
subtracting the quantity of 0.25 m hydrochloric acid in ml which is 
consumed during back-titration of the lye in the receiver from the quantity 
of 0.25 m hydrochloric acid in ml which is consumed during back-titration 
of the blank test. 1 ml of 0.25 sodium hydroxide solution corresponds to 11 mg 
of C02. 

Calculation 

mg/l C02 
ml of NaOH consumed • 11 000 

ml of water sample 
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3.7 Radioactivity measurements in water (see also Chapter 2) 

3.7. 1 General 

Standard values for tolerable radioactivity levels in water have been 
agreed upon between the various international organizations and also estab­
lished by way of legislation in the various countries. Thus, for example, 
the tolerable level for the total a -activity is 0.1 Bq/l corresponding to 
2.7 pCi/l. 

The figure for the total (3--activity is 1 Bq/l (corresponding to 27 pCi/l). 

These standard values are extremely low and are designed to totally 
preclude any risk to human beings and animals caused by radionuclides in 
water. If these total values are exceeded, this does not however mean that 
the water would be unsuitable for use by humans and for animals, but rather 
that it is then necessary to determine the radionuclides responsible for 
the radioactivity in the water. Radium 226 has become an established tracer 
for a -activity and strontium 90 (under certain circumstances also iodine 
129) for (3--activity. 

General mention should be made of the a -emitters; radium 226, polonium 210, 
radon (radioactive inert gas) 220 and 222, uranium isotopes and thorium 
isotopes. 

(3- -emitters: radium 228, lead 210, strontium 89, strontium 90, iodine 129, 
carbon 14. and tritium. 

(3- and y -emitters: iodine 131, caesium 137 with barium 137 -m. 

3.7 .1.1. General guidelines 

a -activity 

If the measured a -activity is less than 0.1 Bq/l or less than 3 pCi/l, no 
additional analysis is required. 

If the a -activity is considerably higher, radon 222 is to be determined and 
subtracted if it was included in the total a -activity. 

If the a -activity is then still clearly in excess of 3 pCi/l, radium 226 is 
to be determined. If a -activity due to radium 226 is substantiated, the 
water is not to be used as drinking water for permanent consumption. If, on 
the other hand, it is demonstrated that the increased a -radioactivity does 
not stem from radium 226, the water can be used even in the event of an 
increased a -radioactivity level. 

If, however, the measured a -radioactivity is in excess of 0.5 Bq/l (in 
excess of roughly 15 pci/O, a nuclide analysis is required in order to 
establish which radionuclides are causing the increased a -radioactivity. A 
decision is then to be taken as to whether the water can be used or 
treated. 
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B--activity 

If the B--activity of water is less than 1 Bq/l - corresponding to less 
than 27 pCi/l -, no further analyses are required. 

If the B--activity is between roughly 30 pCi/l and 100 pCi/l, the radio­
activity attributable to potassium 40 is to be subtracted. 

If the radioactivity is then still greater than approximately 30 pCi/l, a 
quantitative determination of strontium 90 is to be performed. If the B­
radioactivity was caused by strontium 90 and the radioactivity level 
exceeds a value of 30 pCi/l, the water is not to be used for permanent 
human consumption. 

If the B--radioactivity is between 100 and 1000 pCi/l, not only the potas­
sium 40 activity is to be subtracted, but strontium 90 and iodine 129 
analyses are also to be performed. If the values determined for strontium 
90 and iodine 129 are less than 30 pCi/l and 100 pCi/1 respectively, the 
water can be used. If this is not the case, the water is not suitable for 
permanent human consumption. It can thus be seen that the activities of 
radium 226, strontium 90 and iodine 129 are envisaged as limiting radio­
nuclides if the a-and B- -activities of water clearly exceed 0.1 Bq/l and 1 
Bq/l respectively. 

In addition to the above-mentioned radionuclides, mention should also be 
made of cobalt 58, cobalt 60, iodine 131, caesium 134, caesium 137 and 
plutonium 239. 

y-activity 

If y-emitting substances are thought to be present in water, then these 
substances are to be analyzed with a scintillation crystal, for example 
in the geometrical configuration of a well-type crystal, and using a multi­
channel pulse height analyzer. Concentration of the radionuclides in the 
water is usually necessary for this measurement as well if a sensitivity 
level of, for example, 1 Bq/l is to be attained. 

3.7.2 a-activity 

General 

The a-activity, which is limited to a maximum of 0.1 Bq/l corresponding to 
approximately 3 pCi/l, may be caused by the a-emitting radioactive inert 
gas, radon 222, which is contained in many bodies of water, in particular 
in groundwater and deep water, and decays with a half-life of 3.82 days. 
Thus, if the standard value of approximately 3 pCi/1 is exceeded, the radon 
activity would have to be subtracted. However, the normal methods used to 
determine the so-called total a-activity in water are preceded by an evapo­
ration process, with the result that the radioactive inert gas is no longer 
present in such a water sample which has been subjected to evaporation. 

The determination of the so-called total a-activities thus only covers 
those a -emi tting radionuclides which are not volatilized in the evapo­
ration process and therefore remain in the dry residue of the water. 

For measurement of a-radiation, use can be made of all measuring instru­
ments and counters which permit detection of the very low standard value of 
0.1 Bq/l - corresponding to approximately 3 pCi/1 - with an appropriate 
degree of efficiency. 
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Proportional counters and scintillation counters are used as detectors. The 
proportional counters should preferably be designed without windows and 
take the form of methane flow counters. ex-rays generally feature extremely 
high energy levels of several MeV, but only a very limited range. Water can 
thus not be measured directly, and instead it is necessary to achieve a 
concentration of ex -emitting nuclides, with particular attention being 
paid to radium 226, but also to uranium and thorium. 

When performing analyses, it is essential to ensure that the counting 
facility and its geometry, and the concentration operation, effected for 
example by evaporation of the water, are completely analogous and fully 
comparable both as regards the analytical sample and as regards calibration 
values and blank analyses. Generally speaking, use is made of commercial 
equipment, i.e. equipment available for purchase, for example the above­
mentioned proportional counters or scintillation counters as detectors, and 
in addition the corresponding power supplies, counters and computers. 

In our experience, suppliers provide suitable instructions for utilization 
and checking of the counting facility as a whole. It is therefore urgently 
recommended that attention be paid to these suppliers' instructions for the 
measuring instruments, if tests are to be performed by an inexperienced 
water analyst. Reference is also to be made to the information on low-level 
measurements in Section 3.7.5 (Maushart). 

When taking the sample, it 
ex-measurement is to be taken 

filtered sample. If the sample 
acidified to a pH of between 2 
tion and acid treatment are to be 

is necessary to establish whether the 
with the homogenized sample or with the 

is filtered on site, the filtrate is to be 
and 3 using for example nitric acid. Filtra­
noted in the sampling record. 

A uranium standard roughly corresponding to the standard value of 3 pCi/1 
is added to a further water sample treated in a completely analogous 
manner. 

One IJg of uranium corresponds to approximately 0.68 pCi. For calibration 
purposes, differing quantities of uranium are then to be appropriately 
prepared from stock solutions by way of dilution and added - in increasing 
amounts - to the water to be analyzed and also to the calibration solu­
tions. 

The amount of water envisaged for analysis, e.g. or 2 litres of the 
acidified water sample is evaporated in platinum, quartz or glass dishes, 
in precisely the same manner as the made-up water sample, the calibration 
samples (at least three) and the blank. The dry residues of these analyti­
cal, calibration and blank samples are then measured in completely identi­
cal fashion in a suitable measuring facility, e.g. with a proportional or 
scintillation detector. 

A calibration curve is produced from the calibration values and this is 
then used to obtain the analytical value for the total ex-activity (taking 
into account the blank reading). All values are to be expressed in terms of 
1 litre and given as Bq/l, or as pCill or nCill. 

If the measured value obtained with this summation analysis exceeds 0.1 
Bq/l corresponding to 3 pCi/l, radium 226 is to be determined (see Section 
3.7.2.2). 
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The radiochemical analysis of water samples to establish the total lX- and B-­
activity, as well as where applicable y-activities, should only be carried 
out in an analytical laboratory which has not only the appropriate measur­
ing instruments and detectors at its disposal, but also the experience to 
critically evaluate the analytical data determined. 

The information given below on the radiochemical analysis of water samples 
is to be viewed in this light. 

If non-specialist analysts come across radiochemical measured values which 
exceed the suggested maximum values, it is always advisable to consult an 
appropriate specialist. 

The aim will alWayS be to measure total lX- and total B--activity (the latter 
corrected by the potassium 40 content) before going to the trouble of 
analyzing for radium or radon as lX-emitters and strontium 90 or iodine 129 
as B--emitters. (Guidelines for Drinking Water Quality, WHO, 1984). 

In the USA 15 pCi/1 is quoted for the total alpha radioactivity, for 
example, with radium 226 being included in the measured value, but not 
radon and uranium. A figure of 5 pCi/1 applies to radium 226 and radium 228 
(see also Chapter 6). 

Such overall determinations are difficult to realize for these stated 
values from the measurement point of view. Thus, ASTM 1943/66 (1977) states 
that the overall determination can be performed for activities in excess of 
0.5 pCi/ml, corresponding to 0.5 nCi/1. With this sensitivity it would 
scarcely be possible to attain the above-mentioned standard values by way 
of overall determination. This also applies to alpha spectrometry with 
prepared water samples. The lX-activity must therefore be concentrated. 

This can be effected for example by evaporating a larger quantity of water. 
This does however involve the loss of the volatile lX-emitters such as radon 
222. The dry residue of a larger water sample can then be measured, for 
example using a windowless proportional counter, a scintillation counter 
or, to advantage, a large-surface counter. 

A relatively simple method, which is based on the lX-radioactivity of the 
radioactive inert gas radon 222 and enables radon 222 to be determined 
directly at the source (3.82 days half-life), is described below. After 
several half-lives, the so-called residual activity is measured analogously 
and, if the presence of radium 226 is indicated, then radium 226 is deter­
mined in a separate analysis which is likewise outlined below. 

3.7.2.1 Direct measurement of radon 222 

General 

Either this measurement can be made directly at the source or the time and 
date of sampling must be recorded so that, following measurement in the 
laboratory, it is possible to calculate back to the time at which the 
sample was taken. 

If the presence of radon 222 in a water sample can be verified in this 
manner, and if an airtight water sample is examined again after, for 
example, 5 half-lives and radon 222 radioactivity (residual activity) is 
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3 

7 

Fig. 112. Schematic view of fontactoscope; 
1) = Measurement vessel (5 or 10 Ii tres; 
made of brass or zinc); 2) Protective 
plates; 3) = Dispersion cylinder; 4) = Metal 
cover; 5) = Electroscope, 6) = Metal ring; 
7) = Metal pipe; 8) = Glass stopcock; 9) = 
Connecting rod 

found, then it is possible to use the measured values to establish whether 
the parent nuclide, radium 226, which constantly produces radon 222, is 
present. In the latter case, the direct determination of radium 226 is 
often necessary (see Table 'Radon decay and production of radon from radium'), 

Radon 222 is shaken out of the water and the discharge of an electroscope 
is measured in the gas phase following the establishment of equilibrium 
distribution between the aqueous and the gas phase. This simple, long­
practised method is still proving its worth today. 

Method 

(Radon 222) 

Measure the amount of water, e.g. 1 litre, with a graduated cylinder and 
pour into the zinc or brass vessel. Seal the vessel with a rubber bung and 
then shake it for 1 minute. This produces the vapour-space equilibrium 
between the liquid and gas phases. Carefully discharge any gauge pressure 
and then fit the dispersion cylinder and measuring head in position in the 
vessel. 

Charge the electroscope with a hard-rubber or celluloid charging rod which 
has previously been rubbed with a woollen cloth. The charging process 
should be continued until the saturation voltage of 200 volts is exceeded. 
This can easily be read off from the scale on the electroscope. Charging 
the electroscope causes the leaves to spread, and these leaves then gradual­
ly return to their rest position as the potential decreases. The time 
sequence during which the leaves return to their rest position is to be 
observed (stopwatch). A magnifying glass is attached to the measurement 
section. 

Commence measurement roughly 5 minutes after charging, so as not to record 
the short-lived thoron (radon 220). Measure the discharge of the electro­
scope once a minute for example at the start and then every 5 minutes. 

Read off the position of the leaves to the right and left of the zero point, 
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estimating the tenths of a scale division. Add up the scale divisions to 
the right and left of the zero point. Continue measurement until the electro­
scope is discharged. 

Empty the measurement vessel immediately after measurement and rinse it in 
distilled water. 

Prior to the actual measurement of the radon 222, effect a blank reading 
(standard loss) in exactly the same way as the actual analysis (but using 
distilled water). 

Repeatedly effect re-charging from time to time, if the electroscope is 
discharged too quickly during the measurement of the sample as a result of 
too high a radon 222 content. 

The measurements for the analytical sample and the blank reading can 
conveniently be entered in the following table: 

Radon 222 activity sheet 

Designation of water sample: 

Measurement with Engler and Sieveking fontactoscope No. 

a) Standard loss of instrument 

Electroscope No.: Measurement vessel: 

Time in 
minutes 

Scale-division reading 
Left Right Total 

Voltage 
reading 
Volts 

Voltage 
drop 
Volts 

Voltage drop per second (standard loss) volts/sec. V n = 

Duration 
of 
measurement 

b) Voltage drop due to radon 222 

Amount of water used W = ml, diluted to litres 

Sample taken on: at hours 

Distribution coefficient of radon at 20 °C = 0.25 

Voltage drop 
per second 
Volts/sec. 
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Ratio of air volume to water volume m = 9.3 (example) 

Capacity of instrument C = cm 

Duane effect: 1 - 0.517 ~ 0.85 v 

Factor f for calculating back to time t 
factors" . 

o minutes from table "Conversion-

Shaken out on (date), (number of) hours after taking sample 

Time t following 
shaking out 
minutes 

Scale division Voltage 
reading reading 
Left Right Total Volts 

Voltage 
drop 
Volts 

Duration 
of 
measure­
ment 

Voltage drop per second calculated for time t = 0 (volts/sec.) 

Factor f t=O 
Voltage drop 
per second 
t=O in 
volts/sec. 

The saturation current is calculated in accordance with the following formula: 

1000 
---w 

nCi/1 

C 
0.3 

f 
1 - 0.517 

V (m + 
m 

) 
- Vn . 0,36 

c) Testing for residual activity 
(possible radium content) 

Radioactivity of water immediately following sampling 
10 = nCi/l 

Radioactivity of water following t days 
It = nCiI! 
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The radioactivity A caused by radon 222 is given , for example, in nCill 
and is calculated in accordance with the following formula: 

A (nCi/l) = 1000 
W-

where: 

C 
O~ 

f 
1 - 0.517 S 

V 

a(m +<x) 
m 

. 0.364 

A Radioactivity in nCill (l nCi/l corresponds to 1000 pCi/l or 37 Bq/l) 
W = Amount of water used in ml 
C Capacity of instrument measured in cm 
f = Conversion factor for calculating back for time t 0 (table) 
S = Internal area of fontactoscope chamber in cm2 
V Volume of chamber in ml 
a Voltage drop observed in volts/sec 
an Standard loss of instrument in volts/sec 
m Ratio of water to air in measurement vessel 

= Distribution coefficient of radon between water and air (table) 
0.346 is the conversion factor for 10-3 electrostat. units/l to nCill 

The expression 1 - O. 517 ~ (so-called Duane- Laborde effect) 

is a correction factor which takes account of the loss of ionization energy 
suffered by the a-particles of the radon and its disintegration products at 
the walls of the ionization chamber. This is a function of the size of the 
measurement chamber. 

The correction for the standard loss an takes account of the weak natural 
radioactivity of the air which causes a blank reading when the apparatus 
voltage drops. 

Distribution coefficient Conversion factors 
(dependent on temperature) (Calculation back for t 0) 

Temperature Distribution Observation Factor Observation Factor 
°c coefficient period for cal- period for cal-

of radon culating culating 
between wa- back for back for 
ter and air min. time t = 0 min. time t = 0 

0 0.515 0 1.000 9 0.653 
10 0.347 1 0.883 10 0.647 
20 0.252 2 0.810 11 0.640 
30 0.196 3 0.761 12 0.635 
40 0.161 4 0.727 13 0.632 
50 0.140 5 0.703 14 0.628 
60 0.123 6 0.686 15 0.625 
70 0.121 7 0.671 180 0.460 
80 0.119 8 0.662 
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Residual activity 

Water samples for determining so-called residual activity following a 
specific decay period can be taken in special sampling flasks or blunger 
flasks. Care is to be taken to ensure that there are no air bubbles in the 
flask. 

Given the simultaneous presence of radium and radon in water, the individ­
ual concentrations can be calculated by determining the residual activity. 
If the measurement is taken immediately after sampling, the result obtained 
indicates the radon content (ERn)' After 30 days and following renewed 
shaking out (isolation of radon 222), the measurement is repeated. Conclu­
sions can then be drawn about the radium content of the water from the 
radon 222 then determined. If, as is often the case, the radon measurement 
is only taken several hours after sampling, the measurement result encom­
passes the total content of the radon still present and the radon formed 
from radium (Etot.) A second measurement for radium determination after 30 
days reveals the radium content (ERa)' In accordance with the laws of 
radioactivity, a certain percentage of the radon will have decayed (B, see 
Table) after a certain period of time t. The radium forms an equivalent 
percentage of radon corresponding to the amount of radium (C), 

After 7 days (A see Table) the residual activity of radon 222 is approxi­
mately 25 % of the initial activity. A share in excess of 25 % indicates 
the presence of radium 226, the decay of which leads to the constant 
formation of radon 222. 

3.7.2.2 Radium 226 

For the purpose of this analysis, the radium is concentrated by means of 
precipitation from a larger amount of water using barium as non-isotopic 
carrier. Generally speaking, between 10 and 50 litres of water is used for 
this determination, with the water being measured into a glass balloon 
flask or an appropriate plastic vessel at the source. Some 500 mg of barium 
is added to this amount of water as a non-isotopic carrier in the form of 
barium chloride solution, and acidification is effected with sulphuric 
acid. The resulting precipitation of barium sulphate is accompanied by 
precipitation of most of the radium. After several days, the precipitate 

Fig. 113. 1) = Sampling flask for determining 
residual activity 
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Radon decay and production of radon from radium 

A B C A B C A B C 

0 100 0 2 days = 48 69.60 30.40 8 days + 12 21.43 78.57 
0.5 99.62 0.38 + 2 68.65 31.35 18 20.48 79.52 
1 99.25 0.75 4 67.50 32.50 9 days 19.57 80.43 
2 98.50 1.50 6 66.51 33.49 + 6 18.71 81.29 
3 97.86 2.14 8 65.61 34.39 12 17.88 82.12 
4 97.03 2.97 10 64.51 35.49 18 17.09 82.91 
5 96.29 3.71 12 63.57 36.43 10 days 16.33 83.67 
6 95.57 4.43 14 62.72 37.28 + 6 15.61 84.39 
7 94.85 5.15 16 61.65 38.35 12 14.91 85.09 
8 94.13 5.87 18 60.75 39.25 18 14.25 85.75 
9 93.43 6.57 20 59.94 40.06 11 days 13.62 86.38 

10 92.72 7.28 22 58.92 41.08 + 6 13.02 86.98 
11 92.03 7.97 3 days 58.06 41.94 12 12.44 87.56 
12 91.34 8.66 + 2 57.29 42.71 18 11.89 88.11 
13 90.64 9.36 4 56.31 43.69 12 days 11.36 88.64 
14- 89.96 10.04 6 55.49 44.51 12.5 10.38 89.62 
15 89.29 10.71 8 54.76 45.24 13 9.481 90.519 
16 88.61 11.39 10 53.81 46.19 13.5 8.660 91.340 
17 87.95 12.05 12 53.03 46.97 14 7.910 92.090 
18 87.29 12.71 14 52.34 47.66 14.5 7.225 92.775 
19 86.62 13.38 16 51.42 48.58 15 6.599 93.401 
20 85.97 14.03 18 50.68 49.32 15.5 6.027 93.973 
21 85.33 14.67 20 50.02 49.98 16 5.505 94.495 
22 84.68 15.32 22 49.14 50.86 16.5 5.028 94.972 
23 84.05 15.95 4 days 48.44 51.56 17 4.592 95.408 
24 83.43 16.57 + 4 46.96 53.04 17.5 4.195 95.805 
25 82.78 17.22 8 45.57 54.43 18 3.831 96.169 
26 82.16 17.84 12 44.24 55.76 18.5 3.499 96.501 
27 81.55 18.45 16 42.93 57.07 19 3.196 96.804 
28 80.93 19.07 20 41.65 58.35 19.5 2.919 97.081 
29 80.32 19.68 5 days 40.41 59.59 20 2.667 97.333 
30 79.73 20.27 + 4 39.21 60.79 20.5 2.436 97.564 
31 79.11 20.89 8 38.04 61.96 21 2.225 97.775 
32 78.52 21.48 12 36.91 63.09 21.5 2.032 97.968 
33 77.93 22.07 16 35.81 64.19 22 1.856 98.144 
34 77.34 22.66 20 34.75 65.25 22.5 1.695 98.305 
35 76.76 23.24 6 days 33.71 66.29 23 1.548 98.452 
36 76.20 23.80 + 4 32.71 67.29 23.5 1.414 98.586 
37 75.60 24.40 8 31.74 68.26 24 1.292 98.708 
38 75.04 24.96 12 30.79 69.21 25 1.078 98.922 
39 74.48 25.52 16 29.88 70.12 26 8.989 . 10-1 99.101 
40 73.91 26.09 20 28.99 71.01 27 7.499 . 10-1 99.250 
41 73.36 26.64 7 days 28.12 71.88 28 6.256 . 10-1 99.374 
42 72.82 27.18 + 4 27.29 72.71 29 5.219 • 10-1 99.478 
43 72.25 27.75 8 26.48 73.52 30 4.354 . 10-1 99.565 
44 71.71 28.29 12 25.69 74.31 35 1.760 . 10-1 99.824 
45 71.17 28.83 16 24.92 75.08 40 7.111 . 10-2 99.929 
46 70.64 29.36 20 24.18 75.82 45 2.873 . 10-2 99.971 
47 70.10 29.90 8 days 23.46 76.54 50 1.161 • 10-2 99.988 

+ 6 22.42 77.58 60 1.896 . 10-3 99.998 

A = time between sampling and measurement in hours/days 
B = radon content still present in % 
C = radon formed from radium in % of radioactive equilibrium 
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is separated from the water and a second barium sulphate precipitation is 
effected in the filtrate. This barium sulphate precipitate is likewise 
separated and two barium sulphate precipitates are then incinerated 
together in a platinum crucible and slightly annealed. The sulphate mixture 
is decomposed with a sodium/potassium carbonate melt and then dissolved in 
water. The aqueous, alkaline decomposition liquid contains the carbonates 
of barium and radium in its residue. Following washing with water contain­
ing sodium carbonate and after changing the receiver, the carbonates of 
barium and radium are dissolved in hydrochloric acid, and the radon 222 
inert gas which has been formed is driven off by boiling out. The weak 
hydrochloric acid solution is poured into a washing bottle and the radon is 
expelled completely by means of air bubbles. The hydrochloric acid solution 
is hermetically sealed and left to stand for 30 days. During this period, 
radon 222 is formed as a daughter product of radium 226. 

A t the same time, and using exactly the same method of working, distilled 
water is to be mixed with a radium preparation and all the above-mentioned 
concentration operations and separation procedures are to be performed. 
Radium 226 is calculated from the radon 222 formed in the measurement and 
calibration preparations. 

The radon formed can be measured, for example, with a Pohl emanometer using 
a double ionization chamber, or by using electroscopes or other detectors 
suitable for the a-radiation emitted by radon 222. 

A further proven method for radon and radium is described below. 

General 

In a vibrating-capacitor electrometer the ionization current flows via a 
high-impedance resistor (up to 1012 ohms). The resultant drop in d.c. 
voltage is converted into a corresponding a. c. voltage by means of a capaci­
tor connected in parallel and oscillating periodically at 300 Hz. This a. c. 
voltage is electronically amplified and measured. The vibrating-capacitor 
electrometer (e.g. Victoreen Co., Cleveland, USA) features a higher level 
of sensitivity of the measurement configuration than static electrometers. 
Further advantages are the ease of operation, the broad measuring range 
and, above all, the possibility of continuously recording the ionization 
current. The method of radon/radium measurement elaborated by K. E. Quentin 
and G. Schretzenmayr (1968) is outlined below. 

Calibration of the app.aratus 

The apparatus is best calibrated using a radium solution, the activity of 
which is of the order of magnitude of approximately 10 nCi. The radon -
which is in eqUilibrium - is transferred from the radium solution to the 
ionization chamber by means of a suitable de-emanation method 
(degasification). The use of this Ra calibration solution makes it possible 
to precisely determine the chamber factor K and to simplify the complex 
calculation. A d.c. voltage of 150 V is used as current source for the 
chamber voltage. 

Calculation of radon content 

The determination 
apparatus". Taking 

is 
into 

made as described under 
account the radon decay in 

"calibration 
the period 

of the 
between 
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sampling and measurement (see Table), calculation is performed using the 
following formula: 

Example 

neill :; M . K • V • Z • 1000 
ST • V4-

M :; 0.7& • 1O-12A in 100 ml of water (V4-) (measuring value) 
K :; 4-.65 
V = 1. 39 (Volume correction) 
ST :; 4-.6 (measurement time 30 minutes) (table) 
Z :; 100 :; 1.4-9 

67.5 

(Z :; Decay factor, the measurement was taken 52 hours after sampling. The 
radon decay can be seen from the table; in this case only 67.5 % of the 
original radon content is still present). 

ST values as allowance for the increase in current due to daughter products 

Measurement times in minutes 

2 
3 
4-
5 
6 
7 
8 
9 

10 
12 
14-
16 
18 
20 
30 
4-0 
50 
60 
75 
90 

105 
120 
150 
1&0 
210 
24-0 

ST-value 

3.31 
3.51 
3.67 
3.80 
3.90 
3.98 
4-.04-
4-.10 
4- .14-
4-.22 
4-.28 
4-.33 
4-.37 
4-.4-1 
4-.60 
4-.80 
5.00 
5.19 
5.4-1 
5.58 
5.73 
5.83 
5.94-
6.00 
6.01 
6.01 
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Example 

t 

Etot • 

52 hours, 
content = 

i.e. radon formed in time t as percentage of radium 
32.5 %, radon still present = 67.5 %; 

41.95 nCill; 

0.69 nCill; 

0.69 32.5 
100 0.224 nCi/1 (radon formed in 52 hours) 

Etot Etot. - ERa' = 41.95 - 0.224 = 41.726 nCi/l; 

ERn Et . 100 41.726 . 100 61.8 nCi/1 
67.5 67.5 

With the normal equipment configuration of the vibrating-capacitor electro­
meter, radium can only be determined if the amount of radon formed is in 
the nanocurie range. Smaller concentrations require special methods. 

The chamber factor K is calculated in accordance with the following formula: 

where: 

nCi 

K 
nCi ST 

M V 

Radon activity of calibration solution (V 4) 

Correction value for increase in current during measurement Reriod 
caused by short-lived daughter products of radon (218Po, 214Pb, 
214po). 
This correction value is taken from the ST table. The measurement 
period is the time span between the commencement of the transfer 
process and the taking of the reading + 5 min. As, in the first few 
minutes of the recommended transfer period of 15 minutes, the 
chamber does not contain all the activity, an empirical correction 
of 5 minutes is added. A measurement period of roughly 30 minutes 
following commencement of de-emanation (degasification) has proved 
advantageous. 

M Measured value, read off from the indicating instrument in pico­
amperes (1O-12A), minus the blank reading of the apparatus. 

V Volume correction for the air volume in the de-emanation vessel 
(degasification) (V 1) , in the tubes and pipes (V 2) and in the 
ionization chamber (V 3) , and for the solubility of the radon (see 
Table 'Distribution coefficient') at the measurement temperature 
in the amount of water used ( V 4)' The correction factor takes 
account of the partial amount of the activity effective in the 
ionization chamber, i.e. the ratio of the volume of the ionization 
chamber to the total volume. 

The volume correction is calculated as follows: 

V 
VI + V2 + V3 + ( • V4) 

V3 
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8 

Fig. 114. Degasification apparatus for water samples containing radon 
(schematic); 1) = Glass tube; 2) = Rubber blower (or diaphragm pump); 3) = 
Flexible tubing; 4) = Drying tube (with CaCI2); 5) = Lead for chamber 
voltage; 6)= Ionization chamber; 7) = De-emanation vessel with water con­
taining Rn (300 ml washing bottle); 8) = Vibrating-capacitor electrometer 

3.7.2.3 De-emanation of water sample (isolation of radon 222) 

Suitable methods of transferring the radon 222 into the ionization chamber 
in an approximately quantitative manner are the vacuum and the pumping 
method. With the first method the gas is drawn into a large-volume, evacu­
ated ionization chamber from a glass vessel filled with the water sample 
containing radon. This is done by attaching one connection of the glass 
vessel to the evacuated chamber, whilst the other connection - reaching 
down to the bottom of the glass vessel - supplies compressed air via an air 
compensator. When the connections are opened, the compressed air is drawn 
through the blunger vessel and the radon is thus transferred to the ioniza­
tion chamber. To ensure complete removal of the radon, the air must flow 
through the blunger vessel in finely distributed form. 

With the pumping method, a glass bottle (washing bottle or 1 litre flask 
with washing-bottle head) is connected - with the inclusion of a rubber 
blower or a diaphragm pump and a short drying tube with CaCl2 - to the 
ionization chamber in such a manner that the dry gas flow is routed into 
the chamber. For de-emanation (degasification) purposes, the air is pumped 
through the bottle for roughly 15 minutes. Experience has shown that 
extending this period does not produce better results. 

3.7.3 Measurement of 13--activity of water samples 

General 

There is no universal concentration process for measuring the radioactivity 
of water. The evaporation method has proven suitable for measuring 13-
radioactivity. Detecting the radioactivity of volatile radionuclides is 
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deliberately dispensed with in this process (for example, only 10 - 20 % of 
iodine 131 is recorded). 

If applicable, special measurement methods are to be used here; for example 
concentration precipitation using silver salts (3.2.2.1), with the silver 
chloride serving as non-isotopic carrier for the iodide and roughly 80 % of 
the radioactive 1-131 being precipitated as well. The iodine in this preci­
pitate can be determined for example by means of gamma spectrometry 
( Ji 0.36 MeV). 

The calibration of the measurement set-up is performed with natural potas­
sium containing 0.0119 % of the natural (3- -emitter, potassium 40. If the 
composition of the nuclide mixture (dissolved in water) to be analyzed is 
known, a preparation with a similar content can be used for calibration • 

. When employing evaporation, the most favourable recovery rate for (3- -emit­
ters in water, namely in the over 90 % range, is obtained if the water 
sample is acidified after the sample has been taken. 

If the water contains undissolved substances, either the total activity of 
the dry residue including the undissolved substances is to be established, 
or the water is to be filtered prior to the evaporation process. In the 
latter case, it is possible to make separate statements about the amount of 
(3- -emitters dissolved in the water or adsorbed on solids. Experience has 
shown that roughly 5 - 10 % of the (3--activity is adsorbed on the solids. 

Great significance is attached to the separate determination of 
active substances actually dissolved in the water or bonded to 
which accumulate in micro-organisms, especially bearing in 
question of accumulation in the food chain by way of fish. 

the radio­
solids, or 
mind the 

The person taking the sample must therefore know whether the water is to be 
filtered for on-site measurement of the (3- -activity in the event of turbidi­
ty. If filtration is to be effected, the residues on the filter are to be 
washed out 2 - 3 times with a few millilitres of distilled water. The 
washing water is to be added to the filtrate. The measured-out and, if 
applicable, filtered water samples are to be acidified on site with sulphur­
ic acid or nitric acid until a pH of between 1 and 2 is attained. 

The water sample prepared in the laboratory for evaporation is to be evapo­
rated, taking case to avoid boiling. Investigations have shown that if the 
water sample boils, radionuclide losses of between 20 and 30 % may occur. 
The most favourable method of evaporating the water is in platinum, quartz 
or glass dishes at a temperature of roughly 90 to 95°C. 

Method 

Take a measured-out water sample of between 1 and 2 litres which has been 
filtered on site if applicable and to which nitric or sulphuric acid has 
been added until a highly acidic reaction takes place (pH 1 - 2), and 
evaporate the water sample at between 90 and 95°C to dryness or until a 
moist salty mass is obtained. 

If nitric acid has been used for acidification, dry the dry residue for 
3 hours at 105°C in a drying cabinet. 

If sulphuric acid has been used for acidification, heat on a sand bath 
after evaporation of the water until the sulphuric-acid vapour disappears. 



459 

Perform calibration and a blank test in parallel. For this purpose, measure 
out corresponding amounts of distilled or deionized water as described for 
the water sample itself and add weighed-out amounts of potassium chloride, 
e.g. 0.2, 0.5 and 1 g, to the calibration samples. Effect acidification 
with the same amount and type of acid as used for the actual analysis and 
the treat these calibration samples in exactly the same way as the water 
samples to be analyzed. Determine the blank reading from the dry residue of 
the distilled or deionized water with the same quantity and type of acid as 
for the analytical sample (mixed and evaporated in the same way etc.). 

Following evaporation, transfer the residue of the water sample to be 
analyzed, the dry residue of the blank test and the dry residue of the 
calibration samples to counting dishes. If use is made of a large-surface 
counter, it is possible on the one hand to use a larger quantity of water 
(up to 5 litres) to increase the sensitivity, or on the other hand to use 
smaller quantities of saltier water for the analysis. 

If the salt content of the water to be analyzed is known, approximately the 
same amount of salts (generally dissolved calcium chloride and sodium 
chloride) can be added to the blank reading and to the calibration solu­
tions, since this makes the conditions as regards the weight per unit area 
of the counting dishes similar to those for the water samples to be 
analyzed. 

Prior to measurement, dry all preparations at 105°C. Once they have been 
dried, the preparations can be treated with a thin protective layer of 
collodion (collodion cotton dissolved in ethyl acetate) to prevent the 
re-absorption of moisture. 

Measure the calibration values, the analytical samples and the blank 
reading/background of the counter. 

On account of the statistical nature of radioactive decay it is advisable 
to perform each measurement three times. 

The measurement time can be extended to 60 minutes. Here again analogous 
conditions must be created as regards blank reading, calibration values and 
measurement sample. Compliance with the same measurement geometry is also 
to be ensured. 

Calculation 

The blank reading and thus also the background counting rate of the back­
ground are subtracted from the measurement rates for the 3 calibration 
samples and for the analytical sample. 

By definition, 28 13- -decays per second or 1 680 13- -decays per minute are 
taken as a basis (28 Bq/g of potassium) for 1 g of the natural isotopic 
mixture of potassium 40. 

The amount of potassium 40 is calculated and the theoretical decay rate 
determined on the basis of the weighed amount of potassium salt. The effi­
ciency of the counting set-up is calculated from the ratio of the theoreti­
cal decay rate to the measured pulse rates of the calibration samples. The 
mean value of the degree of efficiency is to be determined from the three 
individual measurements. 
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To calculate the gross B--activity of the water, the measured rate - minus 
the background rate - is corrected to take account of the degree of effi­
ciency of the counting set-up as determined by calibration. 

1 g of natural potassium/I corresponds to 0.76 . 10-3 Ilei/I, corresponding 
to 28 Bq/g 

1 mg of natural potassium/! corresponds to 0.76 . 10-6 Ilei/I, corresponding 
to 0.028 Bq/mg 

Gross B--activity can thus be calculated in accordance with following: 

M • 0.76 . 10-3 
K 

M . 0.76 . 10-6 
K 

M = Pulse rate of measured value of water sample, in terms of 1 litre of 
water taking into account the background. 

K = Mean pulse rate of the calibration taking account of the background, 
referenced to 1 g of potassium/lor 1 mg K/I. 

Net B--activity 

Quantitative determination of the potassium content of a water sample can 
be effected by way of flame emISSIOn, atomic absorption or precipitation as 
potassium tetraphenylborate (see Section 3.3.3). 

The net B--activity of the water is determined by subtracting the natural 
potassium 4-0 activity (0.0119 %) corresponding to the determined potassium 
content of the water. 

The measured values for gross B--activity or for net B--activity are given 
in either Bq/I or pei/I. 

If, following subtraction of the K-4-0 activity, these measured values are 
in excess of 30 pei/I, strontium 90 is to be determined (see also intro­
duction to 3.7). 

For measurement purposes, use can be made of all radioactive measurement 
facilities with suitable detectors, for example a Geiger counter, prefer­
ably in the form of a large-surface counter or proportional gas flow 
counter. 

3.7.3.1 Analysis of radioactive strontium and barium in water samples 

General 

If determination of the net 13- -activity reveals that a measured value of 
30 pCi/1 has been exceeded, a special analysis is to be performed to establish 
which nuclides have caused the radioactivity in the water. Of the radio­
active fission products, strontium 90 represents the greatest danger to the 
organism. It decays as a B--emitter with a half-life of approximately 28 
years. Yttrium 90, which is likewise a B--emitter with a half-life of 



461 

roughly 65 hours, is produced from strontium 90 in the course of the 13-
decay. 

The relatively short-lived strontium 89, which decays with a half-life of 
approximately 51 days to form yttrium 89, is also a 13- -emitter, but it is 
of less significance on account of its relatively short half-life. 

As regards water analysis, it should also be noted that barium isotopes may 
be present, in particular barium 140 which has a half-life of 12.8 days and 
is both a 13- -and a emi tter • 

The daughter product resulting from the 13- decay of barium 140 is lanthanum 
140 which, with a half-life of roughly 40 hours, becomes inactive Cer-140. 
Like barium 140, lanthanum 140 is both a 13--and a -emitter. 

In view of the fact that when the tolerance limit of 30 pCi/1 for an 
unknown nuclide mixtures is exceeded in the course of water analysis, it is 
primarily a question of testing for and determining strontium 90 on account 
of its long half-life and its biological activity on incorporation in the 
organism. Attention must be paid in the analysis to the disturbance caused 
by the radioactive alkaline earths, strontium 89 and barium 140, and their 
daughter products. 

Changes in the lime - carbon dioxide balance may cause calcium compounds to 
be precipitated from the water and strontium 90 to be entrained. For this 
reason, the water samples are to be acidified with nitric acid immediately 
after taking the sample. 

This also eliminates disturbances which may be caused by the precipitation 
of iron (III) hydroxide and the co-precipitation of strontium 90. 

For calibrating the entire process and the measurement configuration, use 
is made of distilled water which contains the same quantity of calcium in 
the form of calcium chloride per litre of water as the water sample to be 
analyzed and which also has a strontium 90 activity of, for example, 30 or 
50 pCi/I. As a double calibration sample, this preparation is subjected to 
the entire process. The results of the actual water analysis are calculated 
and expressed in terms of strontium 90 on the basis of the measured values 
obtained in relation to the doped strontium 90 activity. 

Method 

Measure out 2 litres of the water sample to be analyzed and acidify it with 
concentrated nitric acid immediately following sampling. The excess of acid 
should be between 0.5 and 1 ml HN03. 

The undissolved portion is separated from the water sample by means of 
membrane filtration, washed out and if applicable subjected separately to 
activity measurement in the test laboratory. 

Add known quantities of strontium and barium (roughly 20 - 30 mg of stronti­
um and approximately 10 - 20 mg of barium as chlorides) to the nitric-acid 
filtrate as inactive carriers. Then neutralize the sample with cold­
saturated sodium-carbonate solution and precipitate the alkaline earth 
carbonates from the hot solution with an excess of approximately 50 ml of 
cold-saturated sodium-carbonate solution. 
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To convert any precipitated alkaline earth sulphates, keep the precipitate 
with the surplus sodium-carbonate solution hot for approximately 10 minu­
tes. After cooling, filter off the precipitate of the alkaline earth 
carbonates and wash out with distilleg water containing sodium carbonate (1 
%). Using approximately 5 ml of 20 % nitric acid, dissolve the precipitate, 
which contains calcium carbonate, strontium carbonate and barium carbonate 
and possibly also iron hydroxide and manganese hydroxide, and add roughly 
140 - 150 ml of 100 % nitric acid to this solution. 

This leads to the precipitation of strontium and barium as nitrates, where­
as most of the calcium remains in the solution. After roughly 10 minutes 
draw off the cooled solution via a glass filtering crucible with a fine 
frit. 

Wash the nitrate precipitate of strontium and barium on the frit with 3 -
5 portions of 80 % nitric acid (l ml in each case) and then dissolve the 
precipitate in approximately 20 ml of water. Add approx. 5 mg of iron in 
the form of an iron (III) chloride solution as hold-back carrier for the 
rare earths (yttrium 90 and lanthanum 140 as daughter products of strontium 
90 and barium 140) and then precipitate the iron as iron (III) hydroxide 
with an approximately 10 % ammonium hydroxide solution (free from carbon 
dioxide), thus likewise bringing about precipitation of the rare earths. 
Filter off this precipitate and wash with 3 - 5 portions of distilled water 
(1 - 2 ml in each case). Add an excess of 10 % Na2C03 solution (approxi­
mately 3 - 10 ml) to the filtrate and then filter off the strontium and 
barium which are precipitated as carbonates. Wash the precipitate twice 
with 1 - 2 ml of washing water containing Na2C03 and then dissolve in 5 ml 
of 20 % nitric acid. Precipitate strontium and barium again as nitrates by 
adding approximately 140 - 150 ml of 100 % nitric acid and, following a 
cooling period of 10 minutes, filter again via a glass filtering crucible 
of corresponding fineness. Wash the nitrates three times with 80 % nitric 
acid (l ml in each case) and then dissolve in 20 ml of water. Precipitate 
the carbonates of strontium and barium again from this solution with 10 % 
sodium carbonate solution, filter and then dissolve in approximately 6 ml 
of 20 % hydrochloric acid. 

Precipitate the barium from this hydrochloric acid solution as barium 
chloride with ice cooling. Precipitate with 30 ml of diethyl ether and 90 ml 
of 36 % hydrochloric acid. Approximately 50 ml of ether-hydrochloric acid 
is used, the precipitated solution is cooled by placing it in an ice bath 
and the barium chloride is filtered off via a membrane filter. The precipi­
tate can be used to measure the barium. 

Evaporate the filtrate, which contains the strontium compounds and traces 
of residual barium, to approximately 10 ml, add between 10 and 20 mg of 
inactive barium as carrier and precipitate again with 50 ml of ether -
hydrochloric acid employing ice cooling. The precipitate of barium chloride 
is filtered off via a membrane filter and can also be used for barium 
measurement if applicable. 

Evaporate the filtrate of the second barium precipitate to roughly 5 ml and 
then dilute to approximately 25 ml with water. Precipitate strontium as 
strontium carbonate using 10 % sodium carbonate solution. Centrifuge off 
the strontium carbonate precipitate, pour off the mother liquor above it, 
cause the precipitate to swirl up with 10 % Na2C03 and centrifuge again. 
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Separate off, dry and weigh the strontium carbonate. Measure the activity 
of the preparation using an end-window counter or a methane flow counter. 
Bear in mind the formation of yttrium 90 as a daughter product of strontium 
90. Either perform a fresh hydroxide precipitation for purification purpos­
es or make allowance for the fact that in the first few hours following 
separation the apparent activity of strontium 90 increases by roughly I % 
per hour. 

Using precisely the same method, the calibration values are to prepared 
with known strontium 90 activities and a blank test is also to be perform­
ed. 

Generally speaking, the chemical yield for strontium is roughly 80 %. 

The strontium 90 content of the water sample examined is to be calculated 
on the basis of the calibration values with known strontium 90 activities 
and indicated in pCi/1 or in Bq/l. 

If the presence of strontium 89 is suspected, or if the tolerance limit for 
strontium 90 is exceeded, the strontium 89 content must be taken into 
account. This can be effected for example by separating the yttrium 90 
daughter nuclide formed from the strontium 90. With analytical and calibra­
tion solutions the yttrium 90 is separated from the strontium by way of 
precipitation with carbonate-free ammonium hydroxide following the addition 
of between roughly 5 and 10 mg of iron (III) solution as non-isotopic 
carrier. The hydroxides are washed out and prepared. The activity of the 
parent nuclide, strontium 90, and thus also the proportion of strontium 89 
in relation to the total measured value can be calculated from the measured 
yttrium 90 activity. 

Notes: 

Following measurement of the total activity, a piece of aluminium foil can 
also be placed on the measurement preparation (mixtures of strontium 89 and 
strontium 90). The 13- -radiation of strontium 90 in the preparation is not 
detected. This method is made feasible by the difference in the maximum 13-
energies of the two radionuclides (strontium 89: 1.46 MeV, strontium 90: 
0.61 MeV). The aluminium foil for covering the preparation should have a 
substance of roughly 100 mg/cm2• 

If strontium 89 is also to be detected, the calibration solutions are to be 
doped with a mixture of strontium 89 and strontium 90 and the analytical 
procedure is to be performed accordingly. 

The system strontium 90/yttrium 90 and strontium 89 can also be separated 
by means of paper chromatography or by way of liquid-liquid extraction. 

If the precipitates of barium in the form of barium chloride are dissolved 
in water, the barium can be precipitated as barium carbonate and likewise 
subjected to activity measurement. 

The chemical yield of the isolated strontium or barium component can be 
calculated on the basis of the amount of inactive carrier material added. 
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3.7.3.2 Rapid method of estimating strontium 90 content in water 

General 

Haberer and StUrzer describe a rapid method of estimating the strontium 90 
content in water using ion exchange papers. Highly acidic, Type SAE-2 
cation exchange papers as manufactured by Serva are employed. These papers 
contain roughly 4-5 - 50 % of the ion exchanger Amberlite IR-120 in Na+ 
form. The exchange capacity is given as roughly 0.5 - 1 mmol/filter for 7 cm 
circular filters (approximately 2 mmol/g). Several exchanger filters can 
be positioned one above the other in a nutsche. Recommended, for example, 
is a layer of 6 SAE-2 cation exchange papers with a diameter of 7 cm in a 
porcelain nutsche for water filtration. Between 100 ml and 1000 ml of water 
is used for the analysis. The amount of water to be employed is limited by 
the calcium and magnesium ions in the water. If use is made of 6 filters 
one above the other in the nutsche, there can be between 100 and 150 mg of 
calcium in the water used. 

Method 

Add 5 mg of strontium and 5 mg of barium in the form of strontium chloride 
and barium chloride dissolved in water to the filtered water as inactive 
carriers (analyze filtration residue separately for 13- . - activity). Then 
filter the water sample prepared in this manner by way of six cation 
exchange filters positioned one above the other. Wash the filters first 
with 150 ml of 5 % citric acid solution (pH 3.5) and then with 50 ml of 
water. Suction-dry the ion exchange filters and then draw through 200 ml of 
0.1 mol sodium chromate solution. 200 ml of this 0.1 mol sodium chromate 
contains 4- ml of glacial acetic acid, 8 ml of 25 % ammonium acetate solu­
tion and 2 ml of 0.1 mol strontium nitrate solution. Pour this elution 
solution for strontium onto the porcelain nutsche and allow the 200 ml to 
run through in a period of roughly 20 minutes without applying a vacuum. 
Once the 200 ml of reaction solution have passed through, add a further 50 ml. 
In this elution process it is mainly the strontium which is selectively 
dissolved, whereas the barium is retained on the cation exchange filter. 
Add ammonium carbonate solution to the eluate, heat it to 80°C and then 
filter the precipitated strontium carbonate. Wash the strontium carbonate 
on the filter with water containing ammonium carbonate, dry at 80°C and 
measure the 13- -activity on the filter. A yield of around 80 % can be expect­
ed for strontium 90 and strontium 89. Measurement of the strontium follow­
ing precipitation and filtration as a carbonate must take place as quickly 
as possible, so as to minimize the disturbance caused by the formation of 
yttrium activity as a strontium 90 daughter product. 

The measurement makes it possible to roughly estimate the sum total of 
strontium 90 and strontium 89 in the water sample. 

If this rapid method reveals the likelihood of 
radioactive strontium in the water, the water is 
the nitric-acid separation method described. 

disquieting amounts of 
to be re-analyzed using 

3.7.4- Other radionuclides in water (General analytical information) 

Some information on the chemical separation of other fission radionuclides 
is given below. 
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Iodine 131: Following oxidation using nitrite ions, iodine 131 can be 
separated as elementary iodine by means of distillation or extraction. The 
addition of inactive iodine as a carrier makes it possible to precipitate 
silver iodide as well. Measurement can be effected for example using gamma 
spectrometry. 

Caesium 137 with barium 137m: Following the addition of inactive caesium as 
isotopic carrier or of potassium as non-isotopic carrier, caesium can be 
precipitated and measured as caesium perchlorate or as caesium phenylborate 
(3.3.1t.5). The formation of barium 137m activity (2.6 minutes) can also be 
measured (gamma 0.62 MeV). 

It is also possible to precIpitate the barium with an inactive barium 
carrier as barium sulphate or barium chloride and to measure the drop in 
its activity. The separation of caesium and barium is also possible by 
means of cation exchangers and using fractionated elution. Evaluation on 
the basis of a y spectrum is another possibility. 

Cobalt 60 can be separated for example as caesium cobalt hexanitrite follow­
ing the addition of a carrier in the form of a slightly acidic solution or 
with ex. -nitroso-B-naphthol. If cebalt 60 is present, the y-spectrum shows 
y-lines at 1.17 and 1.33 MeV. 

Sulphur 
form a 
purified 
of anion 

35 can be precipitated as barium sulphate (following oxidation to 
sulphate and, where applicable, the addition of a carrier) and 

by means of reprecipitation. I Separation and concentration by means 
exchangers is also possible. 

Phosphorus 32 is likewise separated as phosphate by means of anion 
exchangers. Chemical precipitation with inactive phosphate as carrier can 
be effected as ammonium phosphorus molybdate, as ammonium magnesium phos­
phate and by co-precipitation with iron (III) hydroxide. 

If carbon lit is present, separation can be effected by combustion to form 
carbon dioxide. Depending on the type of bonding of the carbon, use can 
also be made of extraction with organic solvents of different polarity to 
effect separation and concentration. 

3.7.5 Measurement of radionuclides in water 
(Low-level method with advanced measurement technology) 

(By Rupprecht Maushart, from the Prof. Dr. Berthold Laboratory in 75lt7 
Wildbad, FRG) 

3.7.5.1 Radionuclide determination in water 

3.7.5.2 Total activity or individual nuclide determination? 

3.7.5.3 Criteria governing the selection of the detection method 

3.7.5.1t Modern measuring instruments for determining total activity? 

3.7 .5.5 Detection limit in theory and practice 

3.7.5.6 Notes on measurement 
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3.7.5.1 Radionuclide determination in water 

A) Taking stock of radioactivity 

The beginnings of radionuclide determination in water for reasons of 
radiation protection have their roots in the "zero level measurements" 
performed in the fifties which were aimed at taking stock of the radio­
activity primarily in the vicinity of planned nuclear power stations. On 
the basis of the above, Kiefer and Maushart in Karlsruhe created as 
early as 1958 the measurement prerequisites for the method of global 
determination of radioactivity in water which is still most frequently 
used today; namely the evaporation of the water sample and the measure­
ment of the residue with a large-surface proportional counter. 

In the years that followed the methods were refined and the measurement 
technique improved. Standardized, generally accepted and practised 
methods were soon available. 

B) Radioactive fallout 

The rapid developments in this period were not so much the result of the 
increasing use of radionuclides or the beginnings of nuclear energy, but 
rather they stemmed from the massive scale of nuclear weapons tests 
carried out above-ground in the fifties and sixties. The radioactivity 
liberated by these tests necessitated a wide range of measurements in 
the biosphere, on the one hand to research into the behaviour and spread 
of the radioactive fallout, and on the other hand to determine the 
resultant radiation hazard for human beings. Accordingly, the methods 
developed concentrated primarily on the detection of fission products. 

c) Today's new tasks and new measuring instruments 

Water analyses are still performed today with the aim of immlsslOn 
monitoring, but the significance of the measurement task has shifted 
considerably, towards emission measurement, i.e. towards the monitoring 
of users or producers of radioactive substances. Together with the more 
stringent requirements and other international recommendations regarding 
the detection sensitivity of measurement techniques, there has been a 
marked effect on the methods employed. New measurement instructions 
meeting these requirements have been available for some years. 

However, there have also been pronounced changes in the measurement 
technique itself. The introduction of microprocessor technology and 
improvements to detectors, above all in the case of low-level, large­
surface counters, has made measurement easier, more precise and more 
reliable. The state of the art will thus probably not change consider­
ably in the foreseeable future. 

Nevertheless, depending on the task involved, decisions on the extent to 
which a selective analysis of certain nuclides or groups of nuclides is 
necessary and possible still have to be taken on a case-to-case basis. 

3.7.5.2 Total activity or individual nuclide determination 

For many pollutants there are no binding figures for the maximum concentra­
tion in water. By way of contrast, there are precise, internationally 
recognized limit values (ICRP, 1985) for every single one of some 200 
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radionuclides. These limit values are derived from the so-called AAA 
figures (Annual Addition of Activity). These values may differ by up to 6 
powers of ten depending on the type of rays and the chemical composition of 
the radionuclides. 

Accordingly, if a definite hazard is to be assessed, i. e. if the exceeding 
of individual limit values is to be established, there is no further option 
but to carry out a selective radionuclide analysis when effecting measure­
ment. This analysis consists of a combination of radiochemistry and spectro­
metry and can be extremely involved. 

The more simple method of measuring total activity is thus generally 
preferred to the determination of individual nuclides. The decision as to 
whether the activity level is so high that a more in-depth analysis is 
required is taken on the basis of the results obtained from the total 
activity measurement (see Section 3.7.1.1). 

The term "total" activity measurement is, however, somewhat misleading. 
There is no method available which can cover all radionuclides equally. 
Even the total activity measurement displays a greater or lesser degree of 
selectivity, with the result that the selection of the method inevitably 
implies a decision as to which radionuclides are to be measured and which 
are not. 

Some idea of the orIgm of the possible 
prerequisi te. Some prime examples would be 
(iodine 131) , radionuclide laboratories in 
(H3) and nuclear power stations (Cs137, Sr90). 

activity in water is thus a 
nuclear medicine therapy units 

the pharmaceutical industry 

3.7.5.3 Criteria governing the selection of the detection method 

The choice of a suitable detection method for establishing the total activ­
ity of a water sample is determined by three factors of a differing nature. 

The required detection limit depends on whether direct measurement of the 
radiation from the volume of water without prior treatment of the sample is 
sufficient, or whether concentration of the radionuclides is required. 
Concentration will always be necessary for detecting the limit value of 0.1 
Bq/l. The possibilities offered by and the limitations of direct measure­
ment are discussed elsewhere. 

For concentration purposes, the method must be oriented towards the chemi­
cal constitution of the water sample and the nature of the radionuclides. 
Generally speaking, concentration is effected by way of evaporation until 
the dry residue is obtained. If, however, individual radionuclides, such as 
iodine isotopes, are present in volatile compounds, specific precipitation 
reactions are required beforehand. Unusual concentration methods may also 
be necessary on a case-to-case basis, for example H3 as H3H 10. 

Finally, the measuring instrument with which the activity is detected must 
be selected with a view to the type of rays and the radiation energy emit­
ted by the radionuclides. If the radionuclides to be detected are not 
known, this selection process is restrictive from the outset, unless differ­
ent measurement systems are used consecutively for the same sample. 

An overview of types of radiation, measurement methods and detection limits 
is given in the table in this part. 
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3.7.5.4 Modern measuring instruments for determining total activity? 

A) Special measuring instruments for the various types of rays 

Depending on the type of radiation emitted, at least three different 
types of measuring instruments will be required in order to be able to 
carry out total activity measurements for all radionuclides or radionu­
elide groups: 

A low-level dish measuring station with large-surface proportional 
counter for alpha and for virtually all beta emitters, a scintillation 
counter with sodium iodide crystal for gamma emitters and a liquid 
scintillation measuring station for tritium and several other low-energy 
beta or K -emi tters. 

The two scintillation measuring stations already represent a transition 
to spectroscopic nuclide analysis. In conjunction with a multi-channel 
analyzer, these measuring stations permit at least rough determination 
of the radiation energy. If, however, spectroscopic nuclide analysis is 
the main aim of the measurement, then two further measurement configura­
tions must be employed, namely a high-resolution gamma spectroscopy 
measuring station with GeLi or superpure germanium detector and an alpha 
spectroscopy measuring station with surface-junction semiconductor 
detector. The measuring stations for determining total activity are 
discussed below. 

B) Low-level measuring station with large-surface counter 

The so-called low-level counter for alpha and beta emitters is the most 
commonly used in water analysis. For determining total activity, such a 
system must be in a position to measure large sample quantities with the 
maximum possible sensitivity. A large-surface proportional counter with 
a very thin window (approx. 0.1 - 0.3 mg/cm2) and a measurement area of 
roughly 300 cm2 is a suitable detector. It permits the measurement of 
sample dishes with a diameter of 200 mm in which water samples can also 
be directly evaporated (Fig. 115). 

On the other hand, the effect of ambient radiation on the background of 
the measurement set-up must be reduced. This is effected by way of 
anticoincidence systems to eliminate the effect of cosmic radiation, 
lead shields to attenuate the ambient gamma radiation, and extensive use 
of electrolytic copper with a particularly low radioactivity level as 
detector material. Nowadays, beta background rates considerably below 10 
pulses per minute are achieved with modern low-level systems employing 
200 mm dishes. 

A counting-gas supply is necessary on account of the thin detector 
window. Between 1 and 2 litres of counting gas is required per hour. 
Non-combustible gas is currently replacing the previously used methane 
to an increasing extent. 

C) Single-nuclide analysis/multiple counter 

If a selective radiochemical separation of individual radionuclides is 
performed instead of determination of the total activity, smaller quanti­
ties of solids are involved and dishes with a diameter of 30 mm or 60 mm 
are sufficient. Measurement stations for such dishes have background 
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rates of 0.3 
detection limits. 

pulses per minute and achieve correspondingly low 

In recent years the automatic changers normally used with such systems 
have become the subject of increasing competition from multi-counter 
systems in which, for example, 10 dishes can be measured at once (Fig. 
116) • The throughput times for large numbers of samples can thus be 
considerably reduced. 

A further development is the use of hybrid systems which link the 
parallel measurement of several samples with an automatic changer for 
the sample trays. 

D) Gamma-emitter scintillation measuring station 

The second supplementary measurement system is a gamma scintillation 
measuring station with a sodium iodide (TO crystal. The sample to be 
measured can either be fitted into the well of the crystal as precipi­
tation residue in a test tube, or introduced directly as an untreated 
water sample in a ring beaker arranged around the crystal (Fig. 117). 

This scintillation measuring station is used primarily with beta/gamma 
and gamma-emlttmg radionuclides to obtain a rapid overview without 
sample preparation of the level and - by way of energy spectroscopy - of 
the type of activity. Direct measurement is however far less sensitive 
than the concentration method. With beta/gamma emitters, the scintilla­
tion measuring station thus only serves to supplement the low-level 
measurement system described above. 

On the other hand, such a measuring station is indispensable for pure 
gamma emitters. 

It is advisable to use a ring-beaker volume of approximately 1.5 litres 
and a crystal which is not smaller than 7.5 cm x 7.5 cm (3" x 3") in a 
1 00 mm thick lead shield, even if such a set-up is considerably more 
expensive than the frequently encountered 5 cm x 5 cm crystals with 0.4 
litre ring beaker. With medium-energy and high-energy gamma emitters the 
gain in terms of the detection limit is a factor of approximately three 
and, provided spectroscopy is used, the energy resolution is better. 

E) Tritium: Liquid-scintillation measuring station 

On account of its low maximum level of radiation energy (only 18 keY), 
tritium (H3 or T), a pure beta emitter, cannot be detected with the 
measurement set-ups described above. Moreover, in view of the fact that 
tritium is normally present in oxidized form as tritiated water (HTO), 
there is no possibility of concentration by way of evaporation or preci­
pitation on account of its volatility. 

Tritium is thus measured directly in the liquid by mixing with an organ­
ic scintillator and effecting measurement at the liquid-scintillation 
measuring station. Two factors may influence the measurement result: 
attenuation of the fluorescent light ("quench") due to coloration or 
chemical reactions, and superimposition by other radionuclides in the 
sample. Both effects can sometimes, but not always, be offset by way of 
measurement techniques. The only possibility then left open is to purify 
the water sample, for example by means of distillation. 
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For tritium measurements there is no practical alternative to the 
liquid-scintillation measuring station. On the other hand, this appara­
tus can also be used to measure all other beta emitters, as well as y­
emitters such as I 125. 

However, on account of the small sample quantity which can be used (5 -
10 mO, the detection limits obtained are poorer by a factor of 100 than 
those achieved with concentration. 

F) Evaluation electronics 

Nowadays, data evaluation systems feature a high level of user-friend­
liness thanks to the use of microprocessors and advanced electronics. 

Details are given by Maushart. The most important features of modern 
evaluation electronics are the automatic conversion of the results into 
absolute or specific activity units (Bq and Bq/g or Bq/l) and the 
independent resolution of gamma spectra into the individual nuclide 
components. This is made possible by prior storage of calibration and 
background data which are stored in so-called files or lists for the 
most widely varying measuring conditions. 

Furthermore, simultaneous, separate alpha/beta measurement with low­
level measurement systems and an indication of the fiducial limits of a 
measurement are now part of the equipment standard. 

3.7.5.5 Detection limit in theory and practice 

A) Definition of detection limit and recognition limit 

If, as is the case with measurement methods for determining activity in 
water, "detection limit" values are required or indicated, misunderstand­
ings can only be avoided by coming to prior agreement as to the meaning 
of this term. 

DIN 25482, Part (1985) stipulates that a strict distinction must 
be made between two different characteristic values which are frequently 
given the same name, namely "detection limit". 

The detection limit defined by the DIN standard is the characteristic 
value of a measurement process which decides whether the measurement 
process satisfies a specific requirement, such as the detection of 
0.1 Bq/l. 

On the other hand, the second characteristic value, called the "recog­
nition limit", is used to decide the value above which the measured 
pulse rate for a given individual measurement differs significantly from 
the background rate, i.e. it is used to decide whether the measurement 
sample is making a contribution or not. 

The reliability of the statement, i. e. the statistical error probabili­
ty, must of course also be indicated in both cases. The detection limit 
of a method defined in this manner can be calculated in accordance with 
the approximate formula 

2.3 
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where no is equal to the background rate measured over an extremely long 
period of time and t is equal to the measurement period for the sample. 
The factor of 2.3 recommended by DIN corresponds to a statistical error 
probability of 5 %. 

B) The detection limit for the evaporation method: a practical example 

In order to arrive at the limit activities in Bq/l from nlimit in pulses 
per unit of time, allowance must be made for the individual calibration 
data of the measurement. The following example of a typical total beta 
activity determination using a large-surface counter serves to illustra­
te this. 

A solid residue of 3 g remains when I litre of water is evaporated in 
the 200 mm diam. dish. The chosen calibration factor of the measurement 
set-up for medium beta energy (Tl204, 760 keVmax ) with this residual 
quantity was 0.28 pulses per second/decays per second. The background 
rate is 0.12 s-1 the counting time 1 h = 3600 s. nlimit is thus 
0.019 s-1 or, in line with the calibration factor 0.28, 0.068 decays per 
second per litre = 0.068 Bq/l. 

C) The detection limits: Theory and reality 

It should be noted that the detection limit calculated in this manner 
represents a theoretical value which is not always attained under real 
conditions. There are two main reasons for this: on the one hand, a 
typical calibration value has to be formulated which may be far from 
correct for unknown radionuclides and, on the other hand, the background 
counting rate is often far less constant than is assumed in the calcula­
tion. The causes of this inconsistency, which are described comprehen­
sively by Maushart, cannot be dealt with in detail here. 

3.7.5.6 Notes on measurement 

A) Constancy of background rate 

As has already become apparent from the example relating to the detec­
tion limit, two values play a crucial role when measuring the activity 
in a sample: the background rate and the calibration factor. 

The background rate is a characteristic value of the measurement set-up 
and ought to be constant on a long-term average. There are, however, 
factors which can lead to a change in the rate. The most common factor 
is the radioactive contamination of the detector by dust or vapours from 
the sample. The next most frequent cause is changes in the detector, 
such as a change of counting gas, contamination of the counting gas or 
internal contamination, and finally interference stemming from the 
electronics. Fluctuations in the background rate are also observed as a 
function of atmospheric pressure or the radon content of the ambient 
air. Thus, at least as regards the measurement of activity in the detec­
tion limit range, background measurements should always be taken between 
the sample measurements. To be absolutely certain, measurements should 
not be taken with empty sample dishes in the measurement position, but 
rather in the same way as the actual measuring samples. 

Modern systems store the last background value in each case automatical-
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ly and subsequently subtract it from the measured value. Such systems 
even compare the value with the previous value and indicate any statisti­
cally significant change. 

B) Optimization of calibration factor 

The calibration factor is not only a function of the detector - sample 
geometry and the efficiency of the counter for the respective type of 
emitter and radiation energy; it is influenced above all for alpha and 
beta measurements by the more or less uniform distribution of the 
residue in the counting dish. The calibration factor must therefore be 
determined under conditions which come as close as possible to those of 
the actual measurement. 

Furthermore, the calibration factor must be determined for various resi­
dual quantities in the dish. With a 200 mm diam. dish the difference for 
example in the calibration factor between 0 g residue and 3 g residue 
for C 14 with 158 keVmax is 3.2, whereas for Tl 204 with 760 keVmax • the 
difference is 1.3. 

These values have been available for a long time in tabular form. 
Nevertheless it is advisable to produce one's own calibration 
standards for the specific analytical conditions, as the surface struc­
ture, the residue material and the uniformity or otherwise of its 
distribution over the surface of the dish can influence the calibration 
factor. Here again, advanced electronics can be a valuable aid, as the 
calibration factors assigned to the various samples can then be stored 
and applied automatically to the calculation of the results. 

C) Realistic error appraisal 

The main uncertainty factor when measuring total activity nevertheless 
remains the unknown radiation energy which makes the choice of the 
correct calibration factor into an educated guess. 

The smaller the density of the residue per unit area, the smaller the 
error - hence the large dish diameters. Nevertheless the error is there 
and, despite all the progress which has been made in terms of equipment, 
it is still up to the judgement and experience of the expert concerned 
to give appropriate consideration to this error when stating the relia­
bility of his results. 

Note: 

Details of further, more specific literature are obtainable from R. Maushart 
at the Prof. Dr. Berthold Laboratory, Wildbad, FRG. 
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Measurement methods and detection limits for the various types of rays and radiation energy 

Type of radiation Typical Sample Treatment of sample Measurement method 
or nuclide group nuclides quantity and measuring 

instruments 

Alpha emitters Ra-226 At least Transfer of radio- Measurement of alpha 
Pu-239 1 litre active substance to or beta radiation 
Am-241 a 200 mm diam. sam- from solid residue 

Max. re- pIe dish by way of with a low-level, 
sidue precipitation or large-surface pro-
0.3 gil evaporation (as so- portional counter 

lid residue). Eva- for 200 mm diam. 
poration is prefer- sample dishes. For 

Pure beta C-14 At least red, but may cause precise evaluation, 
emitters P-32 1 litre loss 0 f readily the weight of the 

Emax. > 150 keY S-35 volatile compounds residue per unit 
Sr-90 Max. area and the radia-
Pm-147 residue tion energy must be 

3 gil known 

Beta/gamma Co-6O At least Transfer of solid Measurement of gamma 
emitters I~13l 1 litre residue from a pre- radiation of residue 

Cs-137 cipitation reaction in 3" x 3" well-type 
numerous Max. to a test tube; NaI scintillation 
fission residue need not be dry counter. Radiation 
products 10 gil energy can be deter-

mined by gamma spec-

/ troscopy 

Pure gamma cr-0 1. 5 ltrs None Measurement of gamma 
emitters Co-57 radiation directly 

Se-75 Solids from volume of water 
Tc-99m content with a 3" x 3" NaI 
1-125 insigni- scintillation count-

ficant er for ring beakers 
with a volume of 1.5 
litres. Radiation 
energy can be deter-
mined by gamma spec-
troscopy 

Pure beta H-3 5 - 10 Usually none; Measurement of soft 
emitters Ni-63 ml otherwise distilla- beta radiation di-

Emax. < 150 keY Pb-2l0 tion (H-3 only) or rectly from water at 
decolorization ne- liquid-scintillation 
cessary depending measuring station. 
on condition of Quench correction 
water normally necessary. 

For precise evalua-
tion the radiation 
energy must be known 

Detection 
limi t in 
Bq/l 

0.05 - 0.5; 
highly de-
pendent on 
residual 
quantity 

0.05 - 0.1 

0.05 - 0.1 

0.5 - 1 

5 - 10 
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Fig. 115. Low-level measuring station for simultaneous, separate measure­
ment of alpha and beta emitters directly in sample dishes with a diameter 
of 200 mm following evaporation of water sample. Microprocessor electronics 
with background subtraction and calculation in Bq/l 
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Fig. 116. Low-level measuring station for simultaneous measurement of 10 
alpha or beta emitters in sample dishes with a diameter of 60 mm following 
chemical separation of individual nuclides or nuclide groups from water 
sample 
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Fig. 117. Sodium iodide scintillation counter with ring- beaker arrangement 
for measurement of gamma emitters directly from the water sample 



4 Organic Parameters 

4.1 Overall organic parameters 

4.1.1 TOC/DOC (Total Organic Carbon/Dissolved Organic Carbon) 

Parameters such as biochemical oxygen demand (e.g. BOD5) and chemical 
oxygen demand (COD) cannot simply be converted into a figure for the total 
content of organic matter. For this reason, additional overall parameters 
have been introduced to establish the total content of organically bound 
carbon (TOC) and the content of dissolved organic carbon DOC. TOC and DOC 
are precisely defined by the amount of organically bound carbon they 
contain and can be measured relatively accurately using modern instrumental 
analysis. However, these two parameters only represent part of the total 
organic matter and cannot be stoichiometrically converted to give the total 
figure because the composition of the chemical combination is unknown. 

These methods can be used principally to measure concentrations in the 
range up to 10 mg/l and they produce a clear demarcation particularly in 
relation to COD. When measuring comparatively high TOC/DOC levels, for 
example in the case of sewage, the suspended matter is either homogenized 
(TOC) or separated by filtration (DOC). 

In order to determine TOC/DOC, the organic substances contained in the 
water sample are oxidized with UV rays or by wet-chemical means, or burnt 
at high temperature. The amount of carbon dioxide released can then be 
measured. Commercial apparatus often uses a non-dispersive C02 infrared 
analysis device. If a flame ionization detector (FID) is used for gas 
analysis, the C02 released must first be converted into methane in a cata­
lyst zone. Neither system of measurement is absolute, and so the equipment 
must be calibrated using standard solutions. 

A constant check on the accuracy of the TOC/DOC analysis is kept by taking 
measurements of potassium hydrogen phthalate (PHP) which can be used both 
as an external and an internal standard. Any matrix disturbances which 
occur when measuring the TOC/DOC can be investigated by means of dilution 
analysis. If filtration through a glass-fibre filter or membrane filter is 
necessary, ensure that the first fraction of a few ml is rejected. Redistil­
led water is used for diluting, since de-ionized water has proved less 
suitable. The dilution water can be treated for a period of time (hours) 
with a low-pressure UV lamp in order to reduce any traces of organic matter 
which may be present. 

Since most water samples contain inorganically bound as well as organically 
bound carbon (C02, HC03-, C032-), the former must be rer:noved by liberation 
before the TOC/DOC is determined. If volatile organrc substances are 
present, the TOC/DOC level can be calculated from the difference between 
the total carbon content and the inorganically bound carbon content. But 
where a large proportion of inorganically bound carbon is present, this 
method entails a wide spread of errors. 

W. Fresenius et al. (eds.), Water Analysis
© Springer-Verlag Berlin Heidelberg 1988



478 

These methods can be used with all types of water with TOC and DOC levels 
of approx. 0.1 mg/l to over I gIl. 

In the case of sewage with high TOC/DOC levels, methods and types of equip­
ment are usually different from those used for water with a low TOC/DOC 
content. 

Under certain circumstances dilution is necessary to bring the sample with­
in the measurement range of the method or equipment employed. 

Equipment 

Homogenization facilities, for example ultrasonic equipment, adequate for 
dealing with water samples containing suspended matter. 

100 ml measuring flasks, 10 ml bulb pipettes, 0.1 - 10 ml graduated pipet­
tes 

Only use chemicals of "reagent 
apparatus manufacturer regarding 
require pretreatment. 

Phthalate stock solution 1000 mg/l: 

purity". 
the use 

Follow the instructions of 
of other chemicals which 

the 
may 

Dissolve 2.125 g potassium hydrogen phthalate in approx. 700 ml water in 
a measuring flask with a nominal volume of 1000 ml; the solution is then 
topped up with water to the 1000 ml mark. It can be kept for approx. 4 
weeks at +4 °C. 

Phthalate standard solution IDa mg/l: 
Pipette 100 ml of the phthalate stock solution into a measuring flask 
with a nominal volume of 1000 ml and top up with water to the 1000 ml 
mark. This solution can be kept for approx. one week at +4 °C. 

Control solution for determining the content of inorganically bound carbon: 
1000 mg/l 

Dissolve 4.404 g sodium carbonate (dried for I hour at 255°C) in approx. 
500 ml water in a measuring flask with a nominal volume of 1000 ml. Then 
add 3.497 g sodium hydrogen carbonate (dried using silica gel) and top up 
the flask with water to the 1000 ml mark. The solution can be kept at +4 °C 
for approx. 4 weeks. 

Gases: Air, nitrogen, oxygen (free from C02 and organic impurities). 

Preliminary Treatment 

Put the samples into clean glass jars and, if they are not to be examined 
immediately, store in the refrigerator at +4 °C. 

All undissolved matter must be removed on sampling when determining the 
amount of dissolved organic carbon (DOC). Filtration through a membrane 
filter has not proved successful in practice since carbon particles may be 
released by the filter material. 

Glass-fibre filters which have first been washed with redistilled water are 
suitable for filtration. Alternatively, solid particles can be separated 
off by using a centrifuge for a sufficient period of time. 
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Method 

Calibration 

Calibration is necessary when comparative methods are used. Calibration 
curves can be drawn up by preparing calibration solutions from the phthalate 
stock solution or phthalate standard solution with suitable TOC/DOC concen­
trations so that the expected spread of measurements does not exceed the 
range of the apparatus or method used. If, for example, the TOC/DOC concen­
tration range is from 10 to 100 mg/l, the procedure to be followed is: 

Pipette 1.0 ml, 2.5 ml, 5.0 ml, 7.5 ml and 10.0 ml of the phthalate solution 
into five separate 100 ml measuring flasks and top them up to the 100 ml mark 
with water. Fill a sixth flask with plain water as a control. Analyze all the 
solutions, including the control, at least three times following the apparatus 
manufacturer's instructions. 

A system of co-ordinates is used in which the TOC/DOC concentrations of the 
individual calibration samples are entered on the abscissa. These concentra­
tions are calculated using the following equation: 

where: 

K = VK' s 
~ 

TOC/DOC mass concentration of the particular calibration sample in mg/l 
Volume of phthalate stock solution (or phthalate standard solution) 
used, in ml 
Maximum volume of the calibration sample, in this case V 0 = 100 ml 
TOC/DOC mass concentration of the phthalate stock solution (or phtha­
late standard solution) in mg/l. 

The values to be entered on the ordinate depend on the apparatus used and 
must be taken from the manufacturer's instructions. 

The compensating straight line for the series of measurement values obtained 
is then established. The reciprocal of the gradient of the straight line 
gives the factor f expressed in the unit required for the chosen method. 

Measurement 

Observe the manufacturer's instructions for the apparatus used. If neces­
sary, dilute the water sample so that the resulting concentration of organi­
cally bound carbon falls within the range of measurement of the apparatus. 

Before carrying out the TOC/DOC test, make sure that the prescribed perform­
ance checks are carried out with the apparatus at least as frequently as 
recommended by the manufacturer. The complete system should be regularly 
checked for leaks. 

The sort of measurement values obtained will depend on the TOC/DOC measur­
ing apparatus used, and these values must then be used to calculate the 
TOC/DOC level of the samples analyzed. The values may be obtained by inter­
mittent measurement, e.g. peak heights (only where the shape of the peak is 
independent of the matter being measured) or peak areas. With continuous 
TOC/DOC measurement the C02 concentration in the carrier gas stream is 
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recorded (e. g. as a line on a graphic recorder) for a particular water. The 
distance between this line and the datum line is proportional to the 
TOC/DOC concentration. 

4. 1 .2 Oxidizable Organic Substances 

General remarks 

In order to evaluate water, it is important to know the amount of oxidiz­
able organic substances it contains. This is determined either via the 
"total organic carbon (TOC)" or via the "dissolved organic carbon (DOC)" 
or, indirectly, via the quantity of oxygen which is needed to oxidize these 
chemically oxidizable organic substances as completely as possible. The 
total amount of needed to do this is termed the "chemical oxygen demand 
(COD)". 

The latter is determined by adding to a measured volume of water sample a 
known quantity of oxygen in the form of an oxidizing agent, which carries 
out oxidation by chemical means, and determining the amount of oxidizing 
agent consumed, the result being expressed in mg/l 02' Account has to be 
taken of the fact that oxidizable inorganic substances will also be oxidiz­
ed at the same time. The amount of oxygen consumed as a result of this must 
be taken into consideration in the evaluation. 

Potassium permanganate and potassium dichromate are the oxidizing agents 
most frequently used in determining the chemical oxygen demand of water. 
The chemical oxygen demand is defined as the mass of KMn04 or K2Cr207, 
recalculated in terms of oxygen, which is needed to oxidize under defined 
conditions the organic substances contained in the water. 

Summarizing, the following definition can be given: 

Oxidizability 

The amount of potassium permanganate consumed in the chemical oxidation of 
organic substances contained in water, this amount being quoted in "mg/l 
KMn04" as well as in "mg/l" as the corresponding oxygen equivalent. 

Chemical oxygen demand (COD) 

The amount of potassium dichromate consumed in the chemical oxidation of 
organic substances contained in water, the amount to be quoted in "mg/l" as 
the oxygen equivalent. 

Oxidizability and chemical oxygen demand, like biological oxygen demand, do 
not provide an exact figure for the total amount of organic substances in 
water. However, they are used as characteristic values, whose usefulness 
has been proved in practice, for the evaluation of the total organic substan­
ces contained in a sample of water. 

The oxidizability or the chemical oxygen demand is determined on untreated 
water, water which has been allowed to settle out or water which has been 
filtered, depending on the purpose of the investigation. The results should 
state under which of the above conditions the investigation was carried 
out. 
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4.1.2.1 Oxidizability 

General remarks 

Potassium permanganate has an oxidizing effect on many organic and a number 
of inorganic substances under acidic, neutral and alkaline conditions. 

Analysis is always carried out with an excess of potassium permanganate. Under 
acidic conditions, the permanganate ion is reduced to the manganese (II) ion: 

Mn04- + 5 e- + 8 H+ ___ Mn2+ + 4 H20 

The excess quantity of potassium permanganate is determined by titration with 
oxalic acid: 

Under alkaline conditions, the permanganate ion is only reduced to quadriva­
lent manganese, which precipitates as brown manganese (IV) oxide. 

Since, after acidification, both the manganese (IV) oxide and the excess per­
manganate ions are reduced by the oxalic acid to manganese (II) ions: 

the nature of the medium (acidic or alkaline) is not of significance in 
determining oxygen consumption. 

The method is suitable for determining the oxidizability of all water samples 
which have a potassium permanganate consumption of at least 1 mg/l (corre­
sponding to an oxygen equivalent of 0.25 mg/l 02). 

Since the purpose is to record only the oxidizable organic substances, the 
influence of the oxidizable inorganic substances has to be excluded as far 
as possible or the content of the latter must be determined separately. 

Chloride ions affect the analysis under acidic conditions if their concentra­
tion exceeds 300 mg/I. At higher CI- concentrations, the investigation must be 
carried out under alkaline conditions. 

Hydrogen sulphide, sulphide and nitrite ions can be removed when the analysis 
is carried out under acidic conditions by boiling out the sample with 5 ml of 
sulphuric acid (1.27 g/mn. When working in an alkaline medium, these substan­
ces as well as any ferrous ions must be determined separately and taken 
into account in calculating the results. 

If the sample contains volatile organic compounds, it should be cold when the 
potassium permanganate solution is added to it. This fact should be noted in 
the results. 

Equipment 

Erlenmayer flask 300 ml, with condenser 

Potassium permanganate solution, 0.02 mol/l 
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Potassium permanganate solution, 0.002 mol/I: 
This is prepared by diluting the 0.02 m potassium permanganate solution. 
The titre of the 0.002 m potassium permanganate solution only remains 
constant for a short time. It must be determined again every day before 
use. 

Oxalic acid solution 0.05 mol/l 

Oxalic acid solution 0.005 mol/I: 
100 ml 0.05 m oxalic acid solution is made up to I litre with freshly 
boiled water and 50 ml sulphuric acid (1.84 g/ml). This solution can be 
kept for 2 - 3 weeks. 

Sulphuric acid (1.27 g/ml): 
Gradually add 1 part by volume of sulphuric acid (1.84 g/ml) to 3 parts 
by volume of distilled water, stirring all the time. Add to the former 
while it is warm until there is a permanent slightly pink coloration. 

Sulphuric acid (l + 2): 
Gradually add 1 part by volume of sulphuric acid (1.84 g/ml) to 2 parts by 
volume of distilled water, stirring all the time. To this mixture, which 
should be at a temperature of approx. 40°C, add 0.002 m potassium permanga­
nate solution until there is a permanent slightly pink coloration. 

Sodium hydroxide solution (1.36 g/ml): 
Dissolve 330 g reagent-purity NaOH in 670 ml distilled water under cool 
condi tions. 

Diluting water: 
Add 0.002 m potassium permanganate solution to boiling distilled water which 
has been made acidic with sulphuric acid, until there is a permanent slight­
ly pink coloration. 

Method 

Preparation of the samples 

If there are coarsely dispersed materials in the sample and if these are also 
to be determined, the sample must be homogenized for 3 minutes, for example, 
in a mixer. 

If the oxidizability of the substances which are capable of settling out is 
not to be taken into account, the sample is to be allowed to settle out in an 
Imhoff funnel for two hours, and the water is then decanted off and analyzed. 

If only the oxidizability of the dissolved substances is to be determined, a 
filtered sample of the water is used. 

Determining oxidizability under acidic conditions 

5 ml sulphuric acid (1.27 g/mD is added to 100 ml of the sample in an Erlen­
meyer flask and the mixture is heated rapidly to boiling. 15.0 ml of 0.002 m 
potassium permanganate solution is added immediately to the boiling solution. 
After the condenser has been placed on top, the solution is kept boiling for 
exactly 10 minutes from the time at which boiling commenced. 

If, during the boiling process, the colour of the solution becomes brownish 
or if the coloration disappears altogether, the analysis must be repeated 
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with a smaller amount of the sample made up with dilution water to 100 ml. 
This diluting of the water sample is to be taken into account in the calcu­
lation. 

After boiling for 10 minutes, 15.0 ml of 0.005 m oxalic acid solution is 
added. If the solution does not become colourless immediately, it should be 
heated up again for a short time. The hot solution is then back-titrated with 
0.002 m potassium permanganate solution until a just visible pink coloration 
appears and remains for at least 30 seconds (value a). Between 5 and 12 ml of 
the potassium permanganate solution should be consumed for this. 

Determining oxidizability under alkaline conditions 

0.5 ml sodium hydroxide (1.36 g/ml) is added to 100 ml of the water sample 
and the mixture is heated rapidly to boiling. 15.0 ml of 0.002 m potassium 
permanganate solution is added to the boiling solution. After attaching the 
condenser (or a reflux condenser), the solution is kept boiling for ten 
minutes from the time it starts to boil again. 

After boiling for 10 minutes, 5.0 ml sulphuric acid (1.27 g/ml) and 15.0 ml 
0.005 m oxalic acid solution are added. If the solution does not become 
colourless immediately, it is heated up again for a short time. The hot 
solution is then back-titrated with 0.002 m potassium permanganate solution 
until a just visible pink coloration appears and remains for at least 30 
seconds (value a). Between 5 and 12 ml of the potassium permanganate solu­
tion should be consumed for this. 

Calculation 

The results are quoted as oxidizability (potassium permanganate consumption) in 
mg/l KMn04 and additionally in mg/l (oxygen equivalent) in a similar manner to 
the chemical oxygen demand. On the basis of the stoichiometric relationships 
whereby: 

ml 0.002 m KMn04 corresponds to 0.316 mg KMn04 and 
ml 0.002 m KMnOlj. corresponds to 0.08 mg oxygen, 

where: 

mg/l K M nO 4 = .0;:( a~) ---:~:.,-' ..;:3:..:;1.;:.6 

mg/l (oxygen equivalent) 
(a) • F • 80 

V 

a = Consumption of 0.002 m KMn04 solution in ml (sample) 
F Factor for the 0.002 m KMn04 solution 
V = Volume of the water. 

When oxidizable inorganic substances are present, the following corrections 
have to be taken into account: 

The following have to be deducted from the result: 

per mg/l Fe2+ 0.57 mg/l KMn04 or 0.14 mg/l (oxygen equivalent) 

1.37 mg/l KMn04 or 0.35 mg/l (oxygen equivalent) 
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per 1 mg/l 52- : 1.97 mg/l KMn04 or 0.50 mg/l (oxygen equivalent) 

Rounding off of the results 

KMn04 consumption (oxygen equivalent): 

up to 10 mg/l, round to 0.1 mg/l 
10 up to 100 mg/l, round to 1 mg/l 

100 up to 1000 mg/l, round to 10 mg/l 
over 1000 mg/l, round to 100 mg/l 

Example 

Oxidizability of the filtered sample in alkaline or acid solution: 19 mg/l 
KMn04,corresponding to 5.0 mg/l 02. 

4.1.2.2 Chemical oxygen demand (COD) 

General remarks 

Method with potassium dichromate 

Under hot, acidic conditions, potassium dichromate oxidizes practically all 
organic substances as well as a number of inorganic components and ions. 
The level of oxidation depends on the type and concentration of the organic 
materials, the concentration of the potassium dichromate and sulphuric 
acid, and the reaction temperature and time. For this reason it is impor­
tant that the conditions of the investigation are always strictly maintain­
ed. 

The analysis is carried out with an excess of potassium dichromate, whereby a 
part of the dichromate is reduced to the chromium (III) ion: 

Cr2072- + 6e- + 14 H+ __ 2 Cr3+ + 7 H20 

The excess of potassium dichromate ions is back-titrated against a ferrous 
solution using Ferroin as redox indicator: 

This method is suitable for determining chemical oxygen demand in all types 
of water and waste water which have a potassium dichromate consumption of 
over 40 mg/l when an 0.0415 m potassium dichromate solution is used, or a 
potassium dichromate consumption of 10 - 40 mg/l when an 0.0083 m potassium 
dichromate solution is used. In the latter case, the results are generally 
10 % lower than when using the 0.0415 m potassium dichromate solution. This 
shows that the results obtained when using different concentrations of the 
oxidizing agent cannot simply be compared with one another. 

Certain organic substances which may be present in the water, e.g. benzene 
or pyridine, are not completely oxidized by the method quoted above. For 
this reason the COD value only reaches the 100 % limit of the TOO value 
(total oxygen demand) in specially favourable cases and may be considerably 
below this limit in waters which have an unfavourable make-up. 

The method used to try and exclude the disturbances arising from the oxida­
tion of the chloride ions is to add mercuric sulphate. The mercuric chlor-
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ide which results is highly poisonous and must be made harmless in the 
proper manner (see note) in order to avoid subsequent contamination of the 
environment. Sulphur compounds which contain sulphur at an oxidation stage 
lower than +6 (sulphate sulphur) are oxidized almost completely to the 
sulphate level. Their influence can be calculated where it is possible to 
determine these compounds by means of a selective method. 

Reduced nitrogen (as in ammonium ions, amino compounds, amides, nitriles) 
normally retains its oxidation stage of -3; exceptions are possible. 

Oxidized nitrogen (as in nitrites, nitroso and nitro compounds) is almost 
completely oxidized to nitrate. 

Ferrous ions are oxidized completely to ferric ions. Their influence can be 
determined by means of a separate iron (II) analysis and taken into account 
in the calculations. 

Nevertheless, in spite of what has been said above, the fact remains that 
disturbing influences must be taken into account in determining the COD 
value. However, by adding silver sulphate as an oxidation catalyst, an 
average degree of oxidation of 95 - 98 % of the TOO value can be achieved 
with the majority of water samples which are not extremely heavily conta­
minated. 

The COD method given here represents an attempt to offer a rapid method for 
daily laboratory practice which can be carried out quickly with simple 
laboratory equipment and which leads to useful rates of breakdown and good 
reproducibility. 

It can be used between 15 and 200 mg/I COD and at Cl- ion contents of not 
more than 1000 mg/l. 

If the upper limits are exceeded, the sample has to be diluted. The degree 
of dilution must be taken into account in the calculation. 

Equipment 

Erlenmeyer flask, 300 ml with standard ground-in stopper (29 mm diam. /32 mm 
long) 

Reflux condenser with standard ground-in stopper (29 mm diam. /32 mm long) 

Heater 

Metering devices, resistant to the reagents employed 

Boiling chips 

Burette 50 ml 

Stopwatch 

Preparation water: dist. or redist. water with only traces of organic 
compounds. 

Mercuric sulphate solution: 
700 ml preparation water is added to 200 g mercuric sulphate and stirred 
for 15 minutes. Then 200 ml of diluted sulphuric acid, consisting of 100 ml 
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preparation water and 100 ml sulphuric acid (95 to 97 %), is added and 
the mixture is made up to 1 litre with preparation water. The mixture must 
remain colour less. 

Potassium dichromate solution (0.0166 mol/I, corresponding to 0.1 n): 
Approximately the required quantity of potassium dichromate is dried for 
2 h at 105 DC and then cooled in a desiccator. 4.9031 g of the substance 
is dissolved in preparation water in a 1000 ml volumetric flask and made 
up to 1000 ml with preparation water. This solution is stable. 

Silver sulphate solution: 
80 g silver sulphate is dissolved in I litre of 95 to 97 % sulphuric acid. 

Ferroin solution: 
1.485 g 1,10-phenanthroline and 0.695 g ferrous sulphate is dissolved in 
preparation water and made up to 100 ml. The solution is stable. 

Ferrous solution: 
Approx. 1 litre preparation water is made largely free of oxygen by boiling 
for 5 minutes followed by cooling. 20 ml of 95 to 97 % sulphuric acid is 
added to 500 ml of the above and the mixture is cooled down. 109 ammo­
nium ferrosulphate is dissolved in this and the solution is transferred 
to a 1000 ml volumetric flask. The solution is then made up to 1000 ml 
with preparation water which has been boiled off. 

Adjustment of the ferrous solution: 
10 .:+:. 0.02 ml 0.0166 m potassium dichromate solution is poured into a 300 ml 
Erlenmeyer flask. Then 100 ml preparation water and 40 ml of 95 to 97 % 
sulphur ic acid are added and the mixture is cooled to room temperature. 
After adding 2 to 3 drops of ferroin solution, the solution is titrated 
against the ferrous solution. The end-point is a change from blue-green to 
reddish brown and takes place within approx. 2 drops. 

Note: 

The end-point can also be determined using a suitable electrochemical method. 

Calculation of the factor: 

A NCr 
f 

where: 

f factor of the ferrous solution (must be determined at least once a 
day) 

A volume of the potassium dichromate solution used (10 ml) 
NCr molar concentration of potassium dichromate solution, e. g. 0.0166 molll 
B volume of the ferrous solution consumed in ml 
NFe molar concentration of the ferrous solution (l ml 0.0166 m potassium 

dichromate solution is equivalent to 5.5847 mg Fe) 

Procedure 

Measure out 5 ml mercury sulphate solution into the reaction flask. 

Add a measured 20 ml of the sample to be tested and mix carefully. 
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Measure out and add 10 ml of 0.0166 m potassium dichromate solution. 

Add 2 - 3 boiling chips. 

Connect the reaction flask to condenser (do not grease the ground joints). 

Add 40 ml of 95 to 97 % sulphuric acid through the condenser and mix together 
(observe safety rules). 

Heat to boiling and start the stopwatch when boiling commences. 

After boiling for 5 minutes, add 5 ml silver sulphate solution to the reaction 
flask through the condenser. 

Stop the boiling after a further 10 minutes. 

Allow to cool in air for 5 minutes. 

Carefully add 50 ml preparation water through the condenser, shaking all the 
time (to avoid delayed boiling). 

Remove the flask (rinsing off the ground joint with preparation water). 

Allow to cool down to room temperature in a water bath. 

Add 2 - 3 drops ferroin solution. 

Titrate with the ferrous solution to the end point (blue-green to reddish brown). 

The end point can also be determined by a sui table electro-chemical method. 

Blank test 

Carry out using 20 ml preparation water instead of the water sample to be 
investigated. 

Evaluation 

where: 

C 

D 

E 

° 2 

COD 

(C - D) mFe . fe .0 . 1000 
2 

E 
(mg/l) 

volume in ml of the ferrous solution consumed for titration of the blank 
test value. 
The arithmetic mean of at least two blank test results should be 
entered here. 
volume in ml of the ferrous solution consumed for titration of the 
water sample. 
volume of the test sample used (20 ml). 
equivalent weight of oxygen (= 8). 

mFe = Iml 0,0166 m K2Cr207 solution = 5,5847 mg Fe. 
fe Titer of the ferrous solution (daily control) 

This gives the following simplified evaluation formula: 

COD = (C - D) . fe . 10 (mg/l) 
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Calculation of the blank test value 

b = 100 . C mFe . fe • 100 (%) 
F . mCr 

b blank test value as a percentage of the quantity of oxidizing agent used. 
F volume of potassium dichromate solution used (10 ml). 
mCr = mol/litre K2Cr207 solution 

The blank test value b as a percentage of the quantity of oxidizing agent 
used permits a simple check to be made on the cleanliness of the devices 
used, the reagents and the preparation water. It must not exceed 10 %. 

Note: 

Elimination of Hg and Ag from the residual solutions of COD analysis. 
(Fresenius-Schneider) 

This method, which renders the Hg and Ag residues from the COD residual 
solutions to a large extent harmless, is based on the fact that alkaline 
thiosulphate solutions react with acidic solutions contammg mercury, 
silver sulphide and chromic hydroxide. The above mentioned compounds are 
separated off by filtration. 

Method 

After determining the chemical oxygen demand (COD), add 30 g sodium thiosul­
phate, followed by 300 ml of 30 % sodium hydroxide for every 500 ml of the 
collected reaction solutions containing mercury, silver and chromium ions. 
Mercury and silver are removed from the solution as sulphide while chromium 
is removed as chromic hydroxide. Hg2+ ions are no longer detectable in the 
filtrate of the remaining colourless liquid (by cold vapour atomic-absorp­
tion spectro-photometry; detection limit: 0.001 mg/l). The residual concen­
tration of silver is less than 0.1 mg Ag+ /1, while that of chromium (VI) is 
below 0.5 mg/l. 

4.1. 3 Biochemical oxygen demand (BOD) 

General 

The biochemical oxygen demand (BOOn) is the mass of dissolved molecular 
oxygen which is needed by microorganisms for the oxidation (and also con­
version) of organic substances in a sample (20°C) of water under defined 
conditions and within a defined period of time (index n in days or hours). 

In order to determine the BOD, the bacterial degradation process is allowed 
to proceed under controlled conditions in test flasks and the quantity of 
oxygen consumed is determined. The amount of dissolved molecular oxygen 
which is consumed for plain chemical oxygen processes - i.e. ones in which 
microorganisms are not involved and above all for inorganic substances in 
water - must be taken into account in determining BOD. It is assumed in 
general that these plain chemical oxidation processes will have proceeded 
to completion within 2 hours of taking the water sample. 

The biochemical oxygen demand, which is quoted in mg/l water and is often 
designated as the "oxygen consumption" within the period of investigation, 
serves as a unit for evaluating the influence of organic contamination on 
the level of oxygen in a particular water. It has to be remembered that the 
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biochemical breaking down or converting of organic substances proceeds via 
two stages which are not sharply separated from one another. In the first 
stage organic compounds are largely broken down to inorganic compounds. In 
the second stage, which is also designated the nitrification stage, the 
main process is the oxidizing of the ammonium created from the nitrous 
organic compounds to form nitrite and nitrate. However, this second stage 
does not usually start until after a particular period of time so that in 
determining BOD5 it is generally insignificant. In special cases it can be 
determined separately. 

However, only the oxygen consumption of the first stage of breaking down is 
desired for the BOD, and here nitrification is regarded as a disturbing 
effect. It will be clear from the above that the BOD in a defined, narrow 
sense is not a measure of the totality of the organic substances. It is not 
directly comparable with the chemical oxygen demand (COD) obtained using 
potassium dichromate or with the oxidizability obtained using potassium 
permanganate. After all, there are experimental values relating to waters 
of medium levels of contamination in which the oxidizability with potassium 
permanganate test gives 25 %, the BOD5 test 70 % and the COD under optimum 
conditions up to 98 % of the oxygen needed for the complete oxidation of 
the organic substances (W. Lei the). 

The magnitude of the BOD is influenced by many factors: nature and concen­
tration of the organic substances in the water to be broken down, nature, 
number and adaptation of the microorganisms, nature and quantity of nutri­
ents for the microorganisms, incubation time (period during which oxygen is 
consumed), temperature, effect of light and influencing of the biological 
and/or biochemical processes by substances having a toxic effect. 

An incubation time of 5 days (BOD5) has proved to be useful. Since the time 
bacterial processes require to start up varies, a shortening of this period 
could lead to incorrect values or ones having a low level of reproducibility. 
On the other hand, the reproducibility is also impaired if the period for 
the BOD analysis is too long, as the bacterial flora which bring about the 
breaking down process and which constitute the most important "reagent" 
cannot be defined in terms of quality and output. According to W. Leithe, 
the reproducibility (amount of variation arising with a number of analyses 
on the same sample), lies between 20 and 50 % of the value found, in particu­
lar when different workers or different laboratories are involved in the 
work. 

BOD5 is the quantity of dissolved molecular oxygen which is used by the 
microorganisms during an incubation period of 5 days in order to break down 
by oxidation the organic substances contained in the water at 20°C. The 
BOD2 may also be determined for surface waters, while incubation periods of 
24 hours, 10 or 20 days can be selected for particular purposes. 

Determining the BOD 5 is carried out on untreated water, water which has 
been allowed to settle out or water which has been filtered, depending on 
the purpose of the investigation. The results should make clear under which 
of these conditions the BOD 5 was determined. 

The BOD5 is determined using oxygen flasks. When making up the test sample, 
care must be taken to ensure that there are adequate quantities of oxygen, 
nutrients and suitable microorganisms for optimal breaking down of the 
organic substances. 
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The BOD can be determined in accordance with one of two different principles: 

1) The amount of a defined quantity of dissolved oxygen consumed is measured 
in a closed, calibrated vessel by determining the difference between 
the oxygen content of the sample at the beginning and at the end of 
incubation. The 02 is determined volumetrically or electrometrically. 

2) 02 is supplied continuously from the gas space to the water sample in a 
closed set-up. The consumption of 02 is followed during the incubation 
period manometrically (e.g. after Warburg) as the oxygen content in the 
gas space changes. 

The method employed in this standard method is based on principle 1. 

Determination of BOD5 after dilution 

General 

Substances which can be oxidized by oxygen without any help from microorganisms 
influence the results. This disturbing effect can be eliminated by stipulating 
that the start of the incubation period for the BOD5 should be 2 hours after 
dilution of the sample. 

Substances which act in a biologically inhibiting or toxic manner must be 
rendered inactive. If the elimination of such substances also brings about 
a significant alteration in the composition of the water sample, the BOD 5 
test will give incorrect results. 

Free chlorine is removed by addition of an equivalent quantity of sodium thio­
sulphate solution (l ml 0.01 m solution approx. 0.'+ m CI2). 

Water which reacts in a strongly acidic or alkaline manner is set to a pH of 
between 7 and 8. 

The sodium hydroxide contains sodium azide in order to eliminate the disturb­
ing effect caused by nitrite, some of which does not form until during the 
incubation period. In the case of water samples in which the breaking down 
of organic substances to form inorganic compounds (first decomposition 
stage) proceeds very rapidly, the second decomposition stage (designated as 
"nitrification") can set in during the first 5 days of the consumption 
process. Such nitrification can be suppressed to a large extent by the 
addition of 0.5 mg n-allylthiourea per litre of dilution water, as this 
inhibi ts oxidation of the N H,+ +. 

Additional bacteria have to be injected into samples of water which contain 
too few bacteria. This is carried out by adding domestic waste water which 
has been allowed to settle, biologically treated waste water or heavily 
contaminated river water. In each case the intrinsic BOD content of these 
additions must be taken into account. 

Diluting the water sample can lead to a shortage of the necessary nutrient 
salts. This effect can be avoided by adding solutions of nutrient salts. 

Equipment 

Oxygen flasks (glass); 110 - 130 ml or 250 - 300 ml with flasks and stoppers 
having the same number. 
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Measuring pipettes, 2 ml, calibrated in 0.1 ml. 

Dilution water: 
The dilution water is brought to 20°C and must be saturated with oxygen 
at this temperature. Its BOD5 may not be above 1 mg/l ("exhausted dilution 
water" containing no more biodegradable substances). It is either taken 
from the water serving as the receiving body of water or is made from 
distilled water to which nutrient salts have been added. Preparation: see 
below. 

Nutrient salt solutions: 

Solution 1: 
Dissolve 8.5 g KH2P04, 21.75 g K2HP04, 33.4 g Na2HP04 • 2 H20 and 1.7 g 
NH4CI in distilled water and make up to 1 litre. pH = 7.2. 

Solution 2: 
22.5 g MgS04 . 7 H20 in distilled water and make up to 1 litre. 

Solution 3: 
Dissolve 27.5 g CaCl2 in distilled water and make up to 1 litre. 

Solution 4: 
Dissolve 0.25 g FeCl3 in distilled water and make up to 1 litre. 

Preparation of the dilution water: 
The water used for this must be free of silver and copper ions «0.005 mgt!) 
and active chlorine. Add 1 ml of each of solutions 1,2,3 and 4 to I litre 
distilled water. The dilution water obtained in this way must be repeatedly 
aerated until it is exhausted and saturated with oxygen. It is then stored 
in the dark. 

Manganese (II) chloride solution: 
Dissolve 800 g MnCl2 • 4 H20 in 1 litre distilled water. 

Sodium hydroxide, containing KI/NaN 3: 
360 g NaOH (free of nitrite), 200 g KI {free of iodate} and 5 g NaN3 are 
dissolved carefully (protective glasses to be worn) in distilled water and 
made up to 1 litre. The solution is filtered through glass wool. 

Phosphoric acid (1.70 g/m!) 

Sodium thiosulphate solution, 0.01 m 

Zinc iodide starch solution: 
Triturate 4 g starch with a little distilled water and add the resulting 
paste to a boiling solution of 20 g zinc (II) chloride in 100 ml dist. 
water. Boil the mixture until it becomes clear, replacing the water that 
evaporates. After dilution, add 2 g zinc iodide make up to 1 litre with 
distilled water. Then filter and store in a brown bottle. 

Determining 80D5 

General remarks 

Where the water to be tested contains only a low level of germs, 0.3 ml of 
waste water which has been allowed to settle or 5 - 10 ml river water are 



492 

Table. Determining BOD 5 by dilution 

Oxidizability Expected ml water sample, which 
(02) BOD5 (02) must be diluted to 1000 ml 

mg/l mg/l ml 

up to 4- up to 10 250 and 150 
4- to 10 10 to 30 100 and 75 

10 to 15 20 to 50 50 and 4-0 
15 to 30 4-0 to 100 30 and 20 
30 to 60 80 to 200 15 and 10 
60 to 90 160 to 300 10 

added to each litre of the diluted sample. The inoculating liquid is added 
after approximately half the envisaged quantity of dilution water has been 
added to the sample. 

Depending on the BOD expected, two or more different dilutions must be 
prepared from the water sample (which has to be pretreated if necessary) 
and the dilution water and each of these must be inoculated. When testing 
domestic and municipal waste water for which the potassium permanganate 
consumption ("oxidizability") is known, work can be carried out in accord­
ance with the table. 

If the BOD5 is expected to be over 300 mg/l, dilute the sample 1 + 10 with 
dilution water and use the table appropriately 

Method 

The diluting is carried out in 500 ml or 1 litre volumetric flasks in the 
following way. The measuring flask is partially filled with dilution water. 
After adding the measured water sample, the flask is filled up to the mark 
and mixed. Three oxygen bottles are filled bubble-free from each dilution. 
Manganese (II) chloride solution and the sodium hydroxide containing 
KI/NaN3 are I added immediately to one of the three samples. The quantities 
of these reagent solutions added are in each case 0.5 ml when the small 
oxygen bottles (110 - 130 ml) are being used and 1.0 ml when the larger 
bottles (250 - 300 ml) are being used. All three bottles are then immediate­
ly closed, care being taken to ensure that there are no air bubbles. 

The sample to which the reagents have been added - hereafter designated 
sample (1) - is shaken well. The second and third samples are stored in the 
dark at 20°C during the incubation period (consumption of oxygen period). 
After the expiration of this time (5 days), the two above-mentioned reagent 
solutions are added to the water in bottles 2 and 3 in the same manner as 
described above. The contents of each of the bottles are then treated as 
follows (oxygen determination after Winkler, see also Chapter 1). 

The precipitate is dissolved by adding 2 ml phosphoric acid. The iodine 
released in this way is titrated against 0.01 m sodium thiosulphate. 
Towards the end of titration, 1 ml zinc iodide starch solution is added to 
the pale yellow coloured solution, and the resulting blue solution is 
titrated until it is colourless. The BOD of the dilution water is determin­
ed at the same time and taken into account in evaluation. 
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Only those samples whose oxygen consumption, excluding the consumption of 
the dilution water, is greater than 1 mg/l and whose residual oxygen 
content is at least 2 mg/l, are evaluated. 

1 ml 0.01 m sodium thio sulphate solution corresponds to 0.08 mg 02' Thus the 
oxygen content in the individual samples is calculated in accordance with 
the following equation: 

G 

where: 

a . f . 80 
V - VR 

a consumption of 0.01 m sodium thio sulphate solution, in ml 
f factor of the 0.01 m sodium thio sulphate solution 
V volume of the oxygen bottle in ml 
VR = quantities of reagent solutions added, in ml 
G = oxygen content, in mg 02/1 

Determining the 02 content before and after the incubation period can also 
be carried out electrometrically. Evaluation is carried out in a similar 
manner. 

Oxygen consumption in the dilutions is calculated from 

z (mg/l) 

where: 

Gl °2 content of sample 1 in mg/l 
G2 °2 content of sample 2 in mg/l 
G3 °2 content of sample 3 in mg/l 
Z °2 consumption in mg 02/1 

BOD5 
Va 

(Zp - Zv) + Zv (mg/l) 
Vb 

where: 

Va total volume after dilution, in ml 
V b volume of the undiluted sample, in ml 
Zp oxygen consumption of the dilution in 5 days, given in mg 02/1 
Zv oxygen consumption of the dilution water (or of the inoculated 

dilution water) in 5 days, given in mg 02/1 
BOD5= biochemical oxygen consumption of the water in 5 days, given in 

mg 02/1 

Rapid Methods 

General 

In addition to the dilution method, manometric methods (rapid methods which 
can also be carried out by semi-skilled personnel) are also employed for 
determining BOD5' In general the waste water sample to be analyzed is put 
into a vessel having an airspace which can be closed off from the athmo­
sphere. The water is kept in motion by stirring, vibrating or shaking so 
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that the entire sample is continuously supplied with oxygen from the air 
above it. In order to be able to measure the amount of oxygen consumed by 
determining the drop in pressure in the vessel, the C02 produced, insofar 
as this is not dissolved or bonded in the sample, must be removed from the 
enclosed airspace. This is done by absorption with alkalis, primarily· potas­
sium hydroxide. Since there is considerably more oxygen available in the 
enclosed airspace than in the dilution water, the range of expected BOD.') 
for which thIs method can be employed is much greater than with the difu-
tion method (irrespective of whether similarly diluted or undiluted starting 
formulations are used with the latter). 

The limits of this method can be pushed upwards by using devices with which 
measurement is carried out in accordance with the same principle but with 
which the drop in pressure only serves to control the feeding-in of pure 
oxygen to the enclosed airspace. The quantity of oxygen is then measured 
and registered in the latter. 

These devices have an advantage over the BOD5 dilution method in that the 
breaking-down processes can be followed and recorded continuously so that 
there are numerous opportunities for recording and recogmzmg various 
influences such as temperature, toxic effect of substances and deficiency 
of mineral salts as well as for investigating the effects of dilution and 
the adaptation of biocenoses to substrates. 

If the biochemical oxygen demand of the settleable solids is to be determin­
ed, it may in the case of primary sludge be calculated from the loss on 
ignition of the settleable solids. According to Imhoff, 30 g organic substan­
ces cause 20 g BOD5 in primary sludge. 

4. I .4 UV absorption 

General 

As a complement to the equally unspecific overall parameters for determin­
ing organic substances dissolved in water such as oxidizability with potas­
sium permanganate (COD) or also for organic dissolved carbon (TOe or DOC), 
measurement of UV absorption has become established as a rapid method for 
determining the spectral absorption coefficients and thus as an indirect 
way of measuring the level of dissolved organic materials. For this purpose 
spectral absorption is used at 254 nm (Sontheimer, Wagner). 

For this method care must be taken to ensure that the water sample is not 
cloudy since this can give erroneous results. Any cloudiness which may be 
present must therefore be eliminated by filtration, e.g. using a membrane 
filter with an average pore size of 0.45 11m, before determination is 
carried out. When comparative measurements are carried out, centrifuging 
can also be carried out before determination. 

It should be borne in mind that nitrate ions also show absorption in the UV 
range. / 

The further below 260 nm analysis is carried out, the stronger this influ­
ence will be. For this reason it is recommended that determination be 
carried out at the mercury line of 254 nm. The recording of an absorption 
spectrum can also be used to obtain further information. This method can be 
supplemented by determining absorption in the visible wavelength range at 
the mercury line of 436 nm. 
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Equipment 

Equipment for filtration via membrane filter and under vacuum. 

Spectrophotometer or filter photometer with which the 254 nm mercury line 
and also, if necessary, the 436 nm mercury line can be utilized for measure­
ment. 

Quartz cuvettes of 1 cm, 5 cm and 10 cm path length 

Method 

The water sample, which has been filtered through a membrane filter, is put 
into the quartz cuvette of the spectrophotometer and its spectral absorp­
tion measured. The decadic absorption coefficient is the quotient of the 
decadic absorption measured and the path length of the cuvetted. Normally 
extinction is used as a measure of absorption (see Chapter 2). 

Measured value 

When evaluating the results, the calculation of the spectral absorption 
coefficient is rounded to 0.1 m-l. The result should be accompanied by a 
statement as to whether the water sample was filtered and at what wave­
length the measurement was carried out. 

For example 

Spectral absorption coefficient 254 nm 1.5 m-l. 

Note: 

Where continuous checks are made on particular waters, statistical compara­
tive values can be obtained which permit speedy recognition of freak values 
resul ting from, for example, increased pollution with dissolved organic 
substances. 

If sufficient numbers of measured values are available for other overall 
parameters for dissolved materials, an attempt can be made to establish a 
correlation. If this is successful, the control measurement can be restric­
ted to determining the spectral absorption coefficient at 254 nm. 

4.1.5 Determination of organically bound halogens as overall parameters 
(EOX / AOX) 

Recent years have increasingly seen the emergence of methods of analysis in 
which group or overall parameters are determined. The level of extractable 
organic halogens (EOX) or adsorbable organic halogens (AOX) is such an 
overall parameter. What is understood by the content of extractable or 
adsorbable organic halogen compounds in a water sample is the volume­
related mass of chlorine, bromine and iodine found under the relevant 
conditions and quoted as EOX or AOX. 

To separate the organic halogen compounds from the matrix of the water or 
waste water, physico-chemical methods of separation are used, these being 
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based either on the solubility of the substances in organic solvents or on 
their adsorbability on active charcoal. As a result of the great variety of 
substances that can be contained in water and waste water, no single one of 
the methods used can fully record all the organic halogen compounds. For 
this reason different methods of concentrating such compounds must inevita­
bly lead to different results. 

A) Extractable organic halogen (EOX) 

When recording the EOX, the water sample is extracted with n-pentane and 
diisopropylether. Despite the influence of factors such as the pH and 
salt content of the water sample being investigated, it is necessary 
that the test conditions for carrying out the extraction are maintained 
exactly. The extracts obtained are then combusted using, for example, a 
W ickboldt apparatus, in which the solvent can be sucked in from an open 
vessel. In view of the relatively high volatility of the solvents and 
the occurrence of volatile halogen compounds, it is recommended that the 
apparatus be modified in order to exclude the possibility of errors 
arising as a result of evaporation. The modification suggested by Fischer 
and Rump is shown in Fig. 119. 

After combustion has been carried out in an oxygen-hydrogen flame, the 
inorganic mineralization products are determined as chloride ions. This 
can be carried out by a number of different methods, among which micro­
coulometry has been proved especially successful. 

Equipment 

Volumetric flasks 50 ml, 100 ml, 1000 ml 

Magnetic stirrer 

Pipettes 25 ml, 50 ml 

pH measuring device 

Wickbold combustion apparatus (combustion in an oxygen-hydrogen flame DIN 
51400 Part I) (Fig. 118) 

Microcoulometer with potentiometric indication 

Oxygen 

Hydrogen 

Acetone 

Distilled water (EOX content less than 20 Ilg/l) 

n-pentane 

Diisopropylether (store over NaOH) 

Sulphuric acid, 96 % 

Sodium hydroxide solution: 25 % 

Sodium sulphate (calcinated at 600°C) 
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Fig. 118. Wickbold apparatus, type 5; S5) = Suction burner; C) = Combus­
tion chamber with H2 02 flame followed by condenser; D) = Absorption 
receiver for washing out gases; H} = Stopcock to round flask for conden­
sate; S) = Feed stopcock for absorption liquid and rinsing liquid; 

Pentachlorophenol 

Halogen stock solution (100 mg/I CD: 
Weigh out 15 mg pentachlorophenol (C6CI50H) into a 100 ml volumetric 
flask. After adding approx. 50 ml n-pentane, make up the solution to 
the mark with diisopropylether. 

Fig. 119. Improved apparatus for EOX determination 
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Halogen standard solution (10 mg/l CO: 
Add 45 ml n-pentane to 10 ml of halogen stock solution in a 100-ml 
volumetric flask. Make up the solution to the mark with diisopropyl­
ether. The solution is stable for approx. 1 week. 

Chloride stock solution (l00 mg/l Cl-): 
Put 0.1648 g sodium chloride (dried at 180°C) into a 1 litre volu­
metric flask and make up to the mark with water. 

Chloride standard solution (l mg/l Cl-): 
Put 10 ml of chloride stock solution into a 1 litre volumetric flask 
and make up to the mark with water. 

Execution 

The tests should be carried out as soon as possible (within 2 days) 
after the samples have been taken. If this is not possible, the samples 
should be kept at 4 °C. All the tests are carried out in glass vessels. 

Put 20 g sodium sulphate and 950 ml of the water sample into a I litre 
volumetric flask. The pH is adjusted to between 6 and 8 with sulphuric 
acid or sodium hydroxide solution. 

Add 25 ml n-pentane to the water sample prepared in the above manner. 
Then seal the flask and stir the mixture on a magnetic stirrer at 
approx. 1100 rpm for 10 minutes. After the phases have separated, the 
extract is sucked off and transferred to a 50 ml volumetric flask. A 
further 25 ml diisopropylether is now added to the water sample remain­
ing in the 1 litre volumetric flask. The mixture is then stirred for a 
further 10 minutes and the extract transferred as above to the 50 ml 
volumetric flask. After making up to the mark, add between I and 4 g 
sodium sulphate depending on the moisture content of the solution. Then 
shake the mixture and allow the salt to settle out. 

An aliquot part of the extract, whose size depends on the expected 
content of organically bound halogens, is combusted in the Wickboldt 
apparatus, care being taken to ensure no solid sodium sulphate gets into 
the combustion chamber. After this, 2 ml of acetone or one of the extrac­
tion agents are combusted, and this process is repeated at least once. 
The resulting condensate is put into a 50 ml volumetric flask and made 
up to the mark. 

The coulometric measurement is carried out in this solution (which can 
be diluted if necessary). 

Two portions, each of 10 ml, of the standard halogen solution are used 
to check that the complete apparatus and the measuring device are func­
tioning correctly. The recovery rate of organically bound, extractable 
chlorine must be at least 90 % for each sample. Two blanks, consisting 
of distilled water, are tested in the same way. 

In order to improve the determination limit, the sample volume and the 
volumes of extract to be combusted and aqueous solution to be titrated 
can be selected freely according to the expected organic halogen 
content. These volumes are then taken into account in the evaluation. 
The 20 : 1 ratio of water volume to particular extraction volume must 
not be altered. As a further means of improving the determination limit, 
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the aqueous solution of the mineralization products can be restricted in 
a defined manner. 

Evaluation 

The mineralization products recorded by the coulometer are shown as 
chloride. Tne content of "extractable organic halogen compounds (EOX)" 
is calculated in [.Ig/I EOX and quoted as a chloride concentration. 

EOX([.Ig/l) 
f • elm 1 (n - no) 

where: 

f equivalence factor (here: 35.5 [.Ig/[.Ig-moI) 
e 1 extraction volume (ml) 
m 1 = total volume of the aqueous sample after mineralization 

(if necessary after boiling down by a defined amount) (ml) 
n number of micromoles chloride in the analysis sample 
no number of micromoles chloride in the blank 
u volume of the initial sample (litre) 
e2 extraction volume that is mineralized (mI) 
m2 = volume used for the coulometric titration (m!) 

B) Adsorbable organic halogens (AOX) (Sontheimer) 

It is preferable to use highly active, pulverized active charcoal for 
the determination of adsorbable organic halogen compounds. As a rule at 
least 90 % of all the organic material in a water sample is adsorbed 
during the adsorption process. Since organic compounds in the water 
sample which do not contain halogens are also adsorbed and since their 
adsorption competes with the adsorption of the halogen-containing 
compounds, the level of dissolved organic carbon compounds (DOC) should 
not exceed 10 mg/l DOC if possible. The sample must be diluted if neces­
sary. The chloride contained in the water sample is held in part on the 
active charcoal, but is then removed by elution with a nitrate solution. 
The charged active charcoal is then mineralized by being combusted in a 
stream of oxygen and the combustion products are then investigated by 
the appropriate method for the type of device being used. 

Equipment 

Combustion apparatus (tube furnace) 

Apparatus for the determination of chloride (e. g. microcoulometer) 

Filtration device consisting of 50 ml suction flask, 25 mm diameter suc­
tion filter 

Polycarbonate membrane filter 0.45 [.1m 

Erlenmeyer flask 250 ml 

Mechanical shaker 

pH measuring device 
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Active charcoal: 
Special active charcoal is used for determination. Not all active 
charcoals can be used, so that one has to rely on experience and the 
details quoted by the manufacturers. The blank value of the washed 
active charcoal must be less than 20 I1g chloride per g active charcoal. 

Nitric acid, 65 % 

Hydrochloric acid, 0.1 mol11 

Oxygen 

Nitrate stock solution: 
17 g sodium nitrate is dissolved in water, 2 ml of nitric acid added 
and the mixture made up to 1000 ml with water. 

Nitrate washing solution: 
50 ml of the nitrate stock solution is made up to 1 litre with water. 

Pentachlorophenol stock solution and pentachlorophenol standard solution: 
Solutions as described under EOX. 

Execution 

Five ml nitrate stock solution is added to 100 ml of the water sample in 
a 250 ml Erlenmeyer flask. The pH of the solution should be between 1 
and 3.5 if possible and nitric acid is added if it is too high. 50 mg 
pulverized active charcoal is now added. After having been shaken for at 
least one hour, the suspension is filtered off through an 0.45 11m 
membrane filter. In the case of chloride contents in excess of 1 gil, 
the filter cake is shaken for a further hour with 50 ml of the washing 
solution. After filtration, the moist filter cake together with the 
membrane filter are put into a quartz boat. 

The combustion temperature should be at least 950 °C and the boat should 
be carefully inserted into the furnace in such a way that no losses 
occur through spillage. The further course of the determination should 
be carried out in accordance with the operating instructions for the 
particular device being used. The halide-containing combustion gases 
pass into an absorber charged with sulphuric acid and then flow through 
the measuring device (e.g. a microcoulometer). The electrolyte and 
sulphuric acid must be replaced at regular intervals. 

For calibration, the appropriate pentachlorophenol solution is used 
instead of the water sample. A blank determination should also be 
carried out with 50 mg uncharged active charcoal and 50 ml nitrate wash­
ing solution. 

Evaluation 

The content of "adsorbable organic halogen compounds (AOX)" is calculated 
in "l1g/litre AOX" and quoted as a chloride concentration: 

AOX (l1g/l) = n - no M'n 
f • v 



where: 

Measured value 
Blank value 
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n 
no 
M 
f 
v 
n 

Molar mass of chlorine (35.5 . Ilglllg-moO 
Faraday constant (96.487 coulomb/moO 
Sample volume used (l i tre) 
Current efficiency of electrolysis. 

4.1.6 Cyanide 

4.1.6.1 General 

Water is sometimes contaminated with cyanide compounds contained in the 
discharge from factories of the electroplating industry, in the washings 
from gas works and from blast furnace gas cleaning, and in the waste from 
coking ovens, hardening shops and certain chemical production processes. 

The methods used for cyanide analysis must be suitable for these types of 
water. But they must also be sensitive enough to detect traces of cyanide 
occurring in concentrations of less than 0.05 mg/l in drinking water as a 
result of the contamination of surface water and ground water by discharged 
waste. 

When describing such methods, a distinction is made between the detection 
of "easily released cyanide" and "total cyanide". No clear-cut chemical 
definition exists of the term "easily released cyanide", for which the 
analogous terms "easily decomposed" and - in a medico-toxicological context 

"directly toxic" can be used. General experience indicates that the 
"easily released" and "immediately toxic" forms of cyanide are both character­
ized by the fact that hydrogen cyanide is easily split off in a slightly 
acid environment. 

If "easily released cyanide" is to be a useful concept in analytical chemis­
try, an agreed definition must be found. This parameter is termed "easily 
released cyanide" and covers cyanide ions which become separated and deter­
minable under precisely defined conditions. The term "total cyanide" , on 
the other hand, is used to describe all compounds which contain at least 
one cyano-group which may be split off as cyanide ions or hydrogen cyanide 
under certain unfavourable environmental water conditions. 

From the point of view of 
those compounds which in 
compounds - can release even 
the right conditions, such as 
in a highly acid environment. 

water analysis, "total cyanides" include all 
contrast to the "easily decomposed" cyanide 
very firmly bound (complexed) cyanide under 
those provided by decomposition distillation 

When analyzing sewage it is sometimes necessary to identify those cyanides 
or cyanide compounds which can be destroyed by technical means such as 
oxidation with chlorine or by catalytic methods and which can therefore be 
separated from the sewage. This group includes the simple cyanides (alkali 
cyanides) and cyanide complexes of zinc, cadmium, copper, silver and nickel, 
but not complexes of iron (II) and iron (III) , unless they are present in 
concentrations of over 1000 mg/l, 



502 

These "destructible cyanides" (also described imprecisely as "cyanides 
which can be destroyed by chlorine") are by definition not identical to 
"easily decomposed cyanides". It is necessary to identify them when assess­
ing the feasibility of, or need for, a decontamination plant to deal with 
this type of cyanide. 

4.1.6.2 Total cyanide 

General remarks 

To determine the level of total cyanide in a water sample, all compounds 
which contain cyano groups and which give off cyanide ions into the distil­
late under the stated test conditions (decomposition distillation within a 
highly acid environment) are detected: hydrocyanic acid, cyanide ions and 
cyanide complexes (Cd(CN)42-, Zn(CN)42-, Cu(CN),,3-, Ag(CN)43-, Ni(CN)42-, 
Fe(CN)64-, Fe(CN)63-. The cobalt complex Co(CN)63-, which is very difficult 
to destroy, can only be partially decomposed and therefore cannot be detec­
ted entirely. But this is of Ii ttle importance for analyzing the water's 
toxicity since, being difficult to destroy, the cobalt complex is only very 
slightly toxic. 

Under the distillation conditions used here some organic cyano compounds, 
e.g. cyanohydrins give off hydrogen cyanide and are detected as total 
cyanide. This does not, however, apply to the simple nitriles such as aceto­
nitrile and benzonitrile, nor to cyanate ions and thiocyanate ions or cyano­
gen chloride. 

Quantitative analysis is carried out 
mineral acid solution. The absorbed 
can then be subjected to: 

by means 
cyanide in 

of 
the 

1) spectrophotometric analysis with barbituric acid-pyridine 

distillation 
distillation 

from a 
receiver 

2) titration with silver nitrate using p-dimethylaminobenzylidene-rhodamine 
as an indicator. 

Distillation method 

The purpose of the distillation method is to release the total cyanide from 
the water sample under controlled conditions and to convert it into a form 
in which it can be measured using one of the methods described. This means 
the total cyanide which occurs in organic and inorganic cyanide compounds 
or complexes and which can be split up under the same conditions as those 
prevailing in the environment (temperature up to 30 oC, exposure to light, 
aeration, shift in pH, breakdown by microbes). The differentiation between 
"total cyanide" and "easily released cyanide" ("easily decomposed cyanide") 
results from the choice of decomposition conditions in the distillation 
flask. 

Hydrochloric acid is used to bring about a pH below 1 for the decomposition 
of the total cyanide (add 10 ml of 25 % hydrochloric acid solution to 100 ml 
of the sample). In this case all complex cyanides (with the exception of 
the only partially decomposable cobalt complex) are correctly detected in 
their entirety. 

Using air as the carrier gas, the cyanide is transferred as hydrogen 
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cyanide into the absorption vessel where it is absorbed in 1 m sodium 
hydroxide. 

Equipment 

Distillation apparatus (see Fig. 120): 
Three-necked flasks (250 to 1000 ml, depending on the volume of the water 
sample to be distilled) , reflux condenser, filling funnel, absorption 
vessel (with non-return arrangement), water jet pump. 

Flow meter for an airflow of 20 to 60 l/h 

Washing flask for pre-cleaning the air, 250 ml 

Measuring flask, 25 ml 

Hydrochloric acid, concentrated and 25 % solution 

Sodium hydroxide, 5 m and 1 m 

Tin(II)chloride solution: 
Dissolve 500 g SnCl2 • 2 H20 and 200 ml conc. hydrochloric acid with 
dist. water to make a total of 1 litre. 

Cadmium acetate solution: 
Dissolve 300 g Cd (CH 3COO) 2 . 2 H20 in 1 litre distilled water. 

Buffer solution, pH 5.4: 
Dissolve 60 g sodium hydroxide in approx. 500 ml distilled water and 
while the solution is still warm stir in 118 g reagent-purity succinic 
acid, C4H604. After cooling, top up to 1 litre with distilled water. 

2 

Fig. 120. Distillation Apparatus; 1) = Water jet pump; 2) Absorption 
vessel; 3) = Reflux condenser; 4) = 50 ml dropping funnel; 5) = Capillary 
tube for admitting air; 6) = 500 ml three-necked spherical flask 
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Phenolphthalein solution: 
Dissolve 1 g phenolphthalein in 100 ml ethanol. 

Area of use 

The distillation method of determining total cyanide content is suitable 
for levels of between 0.02 and 100 mg CN- /1, if 100 ml of water sample is 
used. If 500 ml sample is used, levels as low as 0.005 mg CN- /l can be 
detected. If the total cyanide content is around or above 100 mg CN- /1, the 
water sample must be diluted. 

It can be assumed that the samples received for analysis from water supply 
authorities will mostly be free of sulphide and thiocyanate and will not 
contain any oxidizing agents which would interfere with the analysis. How­
ever, with chlorinated or otherwise partly contaminated water, an excess of 
oxidizing agents is to be expected. Samples taken from this latter type of 
water must have an excess of reducing agents added to them immediately 
after sampling. For this purpose first add 5 ml of 5 m sodium hydroxide for 
every litre of the water sample (in order to avoid any loss of free hydro­
cyanic acid) and then 5 ml of an approx. 50 % solution of tin(II)chloride. 

Samples taken from water containing no oxidizing agents are first neutral­
ized against phenolphthalein by adding 1 m hydrochloric acid or 1 m sodium 
hydroxide, and then slightly alkalized by adding 1 ml of 1 m sodium 
hydroxide for every litre of the sample. 

Method 

After stabilizing the sample with sodium hydroxide solution and tin (II) 
chloride solution, pour 100 to 500 ml into the three-necked flask of the 
distillation apparatus. The volume of sample fluid used should be such that 
the expected absorption solution will contain approx. 2.5 - 50 [1g CN-. Pour 
10 ml of 1 m sodium hydroxide solution into the absorption vessel. Using a 
flow meter, adjust the velocity of the air drawn in by the water jet pump 
to 20 l/h. This air must first pass through a wash bottle containing 100 ml 
of 1 m sodium hydroxide solution before entering the flask. 

After adding 10 ml of 25 % hydrochloric acid solution for every 100 ml of 
the sample, switch on the heater and bring the contents of the flask to the 
boil for approx. 45 mins. (Reflux: approx. 1 to 2 drops per second). At the 
end of this time all decomposable cyanides have been transferred in the form 
of hydrogen cyanide via the carrier gas stream into the absorption vessel. 

End the distillation process. If the absorption solution is turbid or if it 
is suspected that any substances which would interfere with the analysis 
still remain, distil the absorption solution a second time. For this 
purpose transfer the contents of the absorption vessel into a second distil­
lation flask, into which 10 ml cadmium acetate solution and 40 ml buffer 
solution have first been poured. Rinse the absorption vessel with 40 ml 
distilled water and transfer this wash liquid to the flask as well. Then 
proceed as described for the first distillation. 

In order to measure the quantity of cyanide ions, transfer the contents of 
the absorption vessel (after the first or second distillation) into the 25 ml 
measuring flask, rinse three times with 3 ml dist. water on each occasion 
and then top the measuring flask up to the 25 ml mark with distilled water. 



4.1. 6.3 Spectrophotometric method of analysis using barbituric acid­
pyridine in the distillate 
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This method can be used after preliminary distillation to measure cyanide 
ion concentrations of between 0.005 and 0.05 mg CN- /l in surface water and 
sewage. In this range, which corresponds to a cyanide content of 2.5 to 25 !lg 
in 10 ml absorption solution (assuming that 500 ml of the water sample was 
used), Lambert's and Beer's laws are borne out. 

Where the total cyanide concentration in the water sample is higher, it is 
necessary to dilute the sample or use smaller quantities of sample, or to 
use volumetric determination techniques. 

Nearly all interfering substances, such as nitrogen-oxygen compounds, hydro­
gen sulphide, sulphur dioxide or sulphide, are virtually eliminated after 
the second distillation at the latest (see "Distillation Method") • If the 
distillate is still coloured even then, or if it contains organic compounds 
which together with the reagents used produce colouring, this method of 
cyanide analysis cannot be employed. 

Equipment 

Cuvettes, path length 1 cm to 5 cm 

Measuring flasks: 25 ml, 50 ml, 250 ml 

Hydrochloric acid (1.19 g/mI) 

Hydrochloric acid, 1 m 

Sodium hydroxide, 0.4 m 

Buffer solution, pH 5.4: see p. 503 

Chloramine T solution: 
Dissolve 1 g analytically pure chloramine T (sodium p- toluene-sulpho­
chloramide) in 100 ml distilled water. The solution can be kept for approx. 
1 week, but its effectiveness should be checked iodometrically. 

Barbituric acid-pyridine reagent: 
Put 3 g analytically pure barbituric acid into a 50 ml measuring flask. 
Swirl with a little distilled water and then add 15 ml freshly distilled 
pyridine (b.p. 115 - 118°C). Dilute with distilled water, shaking the 
flask constantly, until the barbituric acid is almost completely dis­
solved and then add 2.5 ml analytically pure hydrochloric acid (1.19 g/mI). 
Allow to cool to 20°C before topping up to the 50 ml mark with distilled 
water. The reagent can be kept in a brown glass flask for 1 day or for 
1 week in the refrigerator. 

Cyanide reference solution: 
Dissolve 25 mg analytically pure potassium cyanide in 1 litre of 0.4 m 
sodium hydroxide. 1 ml of this solution contains approx. 0.01 mg cyanide 
ions and its factor is determined by titration with 0.001 m silver nitrate 
solution (see "Volumetric Analysis using Silver Nitrate"). 
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Method 

Calibration 

Using a pipette transfer 2, 5, 10, 20 and 25 ml of cyanide reference solu­
tion into five 250 ml measuring flasks and top each one up to the 250 ml 
mark with 0.4 m sodium hydroxide. Transfer 10 ml from each flask to five 25 ml 
measuring flasks. To each of these add 1 m hydrochloric acid, buffer solu­
tion, chloramine T solution and barbituric acid-pyridine reagent, as describ­
ed under "Measurement". Then carry out photometric analysis, in which the 
measured values must lie on a straight line. Check the calibration curve 
from time to time. 

Measurement 

Transfer 10 ml of the absorption solution from the 25 ml measuring flask to 
another 25 ml measuring flask and add in turn exactly 2 ml buffer solution, 
4 ml 1 m hydrochloric acid and I ml chloramine T solution, shaking the 
flask constantly. Close the flask and leave to stand for at least 1 min. 
but not more than 5 min.. Now add 3 ml barbituric acid-pyridine reagent, top 
up to the 25 ml mark with distilled water and shake well. After 20 min. 
carry out photometric analysis at 578 nm using a reference solution which 
is prepared as follows: 

Put 10 ml 0.4 m sodium hydroxide, 2 ml buffer solution, 4 ml 1 m hydro­
chloric acid, 1 ml chloramine T solution and 3 ml barbituric acid-pyridine 
reagent into a 25 ml measuring flask, shaking constantly, and top up to the 
25 ml mark with distilled water. 

For the purpose of evaluation a blank value must be established by subject­
ing a blank sample to the entire analytical process, including distilla­
tion. Use distilled water instead of the water sample and again carry out 
photometric analysis against the reference solution. 

4.1. 6.4 Volumetric analysis using sHver nitrate 

The method can be used for all distillates (see "Distillation Method") 
which contain more than 0.05 mg CN-j this corresponds to a cyanide content 
in the water sample of over 0.1 mg/l, assuming that 500 ml of the sample 
was distilled. 

The preceding single or double distillation eliminates virtually all inter­
fering factors. 

Equipment 

Glass beakers, magnetic stirrer with magnetic bar 

Burette, 10 ml, or flask burette 

Silver nitrate solution, 0.001 m: 
The solution must be prepared freshly from 0.01 m silver nitrate solution 
each time it is used and its content checked. 

Indicator solution: 
Dissolve 20 mg p-dimethylaminobenzylidene-rhodamine, C12H12N20S2, in 100 ml 
analytically pure acetone. The solution can be kept in a dark bottle for 
at least 1 week. 
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Sodium hydroxide solution, 1 m 

Method 

Measurement 

The blank value is measured first, since the colour tone obtained is later 
used as a guide for the sample solution containing cyanide at the end of 
the titration process. Put 10 ml of 1 m sodium hydroxide solution into a 
glass beaker, add 20 ml distilled water and 0.1 ml indicator solution, then 
set the magnetic stirrer in motion. Immerse the tip of the burette in the 
distilled water solution and release enough silver nitrate solution to 
cause a change in colour from yellow to yellow-red or salmon-pink. The 
colouring only remains for a short time. 

In order to analyze the sample containing cyanide, transfer the absorption 
solution resulting from the distillation process (contained in a 25 ml 
measuring flask) into another glass beaker and add 0.1 ml indicator solu­
tion. Carry out titration in the same way as for the analysis of the blank 
value and until the same colouring is obtained. 

4.1.6.5 Easily Released Cyanide 

Separation of Easily Released Cyanide (Distillation Method) 

The purpose of separation is to expel that part of the cyanide contained in 
the water sample which can be released at room temperature and in a slight­
ly acid environment (pH 3.9 - 4.0) in the form of hydrogen cyanide in the 
air flow and to catch it in an alkaline absorption solution. The correct pH 
is obtained by adding potassium hydrogen phthalate buffer solution. The 
detection of iron-cyanide complexes is prevented by adding zinc sulphate, 
while the addition of zinc powder causes faster decomposition of the copper 
(II) -cyanide complexes. EDT A is added as a complex-building agent in order 
to largely prevent the catalytic-decomposing effect of heavy metal ions, in 
particular the copper ions. Cadmium sulphate checks any interference by 
sulphides or hydrogen sulphide. 

The method can be used with all types of water whose content of easily 
released cyanide does not exceed 50 mg CN- /1. If the cyanide content is 
higher than this, the water sample must be diluted. The method described 
for use with "total cyanide" (distillation method) also applies in virtual­
ly all respects to the method for separating easily released cyanide. 

Equipment 

Distillation apparatus, flow meter, wash bottle and 25 ml measuring flasks 
are the same as described in the section "Total Cyanide" (Distillation 
Method) • 

Hydrochloric acid, concentrated and 25 % solution 

Sodium hydroxide solution 5 m and 1 m 

Tin(II)chloride solution: 
Dissolve 500 g SnC12 . 2 H20 and 200 ml concentrated hydrochloric acid 
with distilled water to give a total of 1 litre. 
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Chloroform-phenolphthalein solution: 
Dissolve 0.3 g phenolphthalein in 900 ml ethanol and add 100 ml CHCI3' 

Zinc sulphate/cadmium sulphate solution: 
Dissolve 100 g ZnSO~ • 7 H20 and 100 g CdSO~ • 8 H20 with I litre distil­
led water. 

Buffer solution, pH ~: 
Dissolve 80 g analytically pure potassium hydrogen phthalate, C8H5KO~, in 
920 ml warm distilled water. 

EDT A solution: 
Dissolve 100 g of the disodium salt of analytically pure ethylenediamine 
tetra-acetic acid in 9~0 ml warmed up distilled water. 

Analytically pure zinc powder. 

Method 

Sample preparation 

When analyzing the water sample for easily released cyanide the method of 
treatment is particularly important right from the moment of sampling if 
the cyanide content is to be determined with accuracy. 

Therefore 5 ml of 5 m sodium hydroxide solution, 10 ml chloroform-phenol­
phthalein solution and 5 ml tin (II)chloride solution is added for each 
Ii tre of the water sample (after preliminary dilution in the case of sewage 
known to have a high cyanide content. If a red colouring results, this is 
removed by adding 1 m hydrochloric acid a drop at a time. If no red colour­
ing occurs, add 1 m sodium hydroxide solution until a slight suggestion of 
redness begins to appear. The coloured solutions should have a pH of 
approx. 8 measured by electrometric means or with indicator paper. 

Then add 10 ml zinc sulphate/cadmium sulphate solution and store in a cool, 
dark place. Carry out the analysis as soon as possible. 

Pour 10 ml of I m sodium hydroxide into the adsorption vessel and connect 
it to the reflux condenser. Set the air flow speed initially at 30 to 60 l/h 
and pour 10 ml zinc sulphate/cadmium sulphate solution, 10 ml EDT A solu­
tion, 50 ml buffer solution and 100 ml of the pre-treated water sample into 
the three-necked flask. If the con centra tion of easily released cyanide is 
expected to be less than 0.1 mg/I, a larger volume of sample water (up to 
500 mJ) can be used. However, the quantities of zinc, zinc sulphate/cadmium 
sulphate solution and buffer solution must also be correspondingly increased. 

Fit a pH electrode through the side nozzle so that it is immersed in the 
solution and add enough hydrochloric acid or sodium hydroxide solution 
through the filler nozzle to obtain a pH of 3.9 + 0.1. After removing the 
electrode, add approx. 0.3 g zinc powder through- the side nozzle and close 
the opening with a glass stopper. Connect the filler nozzle to the cleaning 
flask containing 1 ml 1 m sodium hydroxide and raise the air flow to 60 l/h. 

End this process after ~ hours and transfer the absorption solution into 
the 25 ml measuring flask. Rinse three times, using 3 ml dist. water on 
each occasion, and add these rinsing solutions to the measuring flask. Then 
top up to the mark with distilled water. 
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4.1.6.6 Spectrophotometric analysis using barbituric acid-pyridine 

The method of carrying out spectrophotometr ic measurement of "free cyanide" 
is identical in every respect with the procedure described in the section 
"Total Cyanide" .. !(4.1.6.3) 

When calculating the results take the calibrations as a basis and read off 
the values from the relevant calibration curve. Take blank tests and dilu­
tions into account. 

The results should be given to 0.01 mg/l for concentrations of less than 
1 mg/l, and to 0.1 mg/l in the case of higher concentrations. 

4.1.7 Detergents (surfactants) 

General Remarks 

Surface-active substances are known as detergents or surfactants. They are 
frequently used in cleansing agents, washing agents, cosmetics and also as 
auxiliary agents in industrial products. The field of applications is 
widespread. 

In a number of cleansing agents or technical products, not only anionic 
detergents are used but also other types such as cationic detergents, 
ampholytic detergents and nonionic detergents. 

The following methods are described below: 

4.1.7.1 Determination of total detergents (surfactants) for orientation 
purposes (ethanol extract of the dry residue). 

4.1.7.2 Photometric determination of anionic surfactants with methylene 
blue (MBAS). 

4.1.7.3 Potentiometric determination of nonionic surfactants. 

4.1.7.4 Cationic detergents (surfactants) after ion exchange. 

4.1.7.1 Determination of total detergents (surfactants) 

Most detergents (surfactants) are soluble in ethanol. The content of 
ethanol-soluble substances in the evaporation residue of a water sample 
therefore provides an indication of the scale on which these substances are 
present. It should be noted that other ethanol-soluble substances have a 
disturbing effect and that inorganic substances contained in the water may 
also pass into the ethanol extract. It is therefore advisable to re-extract 
the first extract with ethanol. 

Most detergents are substances which are sensitive to drying, so the drying 
time of the ethanol extract should be limited to 2 hours at 85°C. 

Equipment 

Ethanol, absolute 

Strainer 
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Pleated filter 

Platinum or glass dish 

Drying cabinet 

Analytical balance 

Desiccator 

Method 

Add approximately 50 ml of hot ethanol to the evaporation residue of I or 2 
litres water and use a glass rod to loosen and disperse any residues 
attached to the dish. After approximately 30 minutes on a boiling water 
bath, filter hot through a pleated filter into a glass dish. Then evaporate 
this first ethanol extract. Extract the residue once more with hot ethanol, 
and after filtration evaporate in a weighed dish (second extract). 

Dry the second extraction residue for 2 hours at 85°C, cool in the desicca­
tor and weigh. 

Convert the amount weighed to mg/l of water. This is used as a guide value 
for detergents (surfactants) in the water sample. 

4.1.7.2 Photometric determination of anionic detergents (surfactants) with 
methylene blue (Methylene blue active substances, MBAS) 

General remarks 

Methylene blue has the property of a cationic detergent and forms a colour­
ed complex with an ionic surfactant. This complex is extracted and photo­
metrically evaluated. 

The content of ionic substance should be between 0.1 and 1 .5 mg/l of 
sample. Water containing higher concentrations must be diluted accordingly. 

Equipment 

Photometer (650 nm) 

Cuvettes, 1, 2 and 5 em 

Separating funnel, volume approx. 250 ml 

Measuring flask, volume 50 ml 

Phosphate solution: 
Dissolve 12.52 g of Na2HPO,+ . 2H20 (Sorensen's buffering agent) in 500 ml 
of distilled water. Set the solution to pH 10 with 0.5 m sodium hydroxide 
solution and make up to 1 litre with distilled water. If the solution is 
to be stored for a long period, the pH must be checked and adjusted as 
necessary. 

Methy lene-blue solution, neutral: 
Dissolve 0.35 g of methylene blue in distilled water to 1 litre. The 
freshly prepared solution must be left to stand for 24 hours at 20 - 25°C 
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before the calibration curve is plotted or the measurement taken. If a 
new batch of methylene blue is used, the calibration curve must be 
replotted. 

Methylene-blue solution, acid: 
Dissolve 0.35 g of methylene blue in 500 ml of distilled water and add 
6.5 ml of H2S04 (1.84 giml). Dilute the solution to 1 litre with distil­
led water. The freshly prepared solution must be left to stand for at 
least 24 hours at 20 - 25 °C before the calibration curve is plotted or 
the measurement taken. If a new batch of methylene blue is used, the 
calibration curve must be replotted. 

Chloroform, reagent purity, freshly distilled 

Cotton wool filter 

Calibration substances: 
Sodium salt of dodecane-l-sulphonic acid or (e.g. 0.1 gilitre in 
distilled water) tetrapropylene benzene sulphonate (sodium salt) or 
sodium lauryl sulphate or another anionic surfactant. The results should 
state which substance was used for calibration. 

Method 

Filter turbid water and discard the first 100 ml of the filtrate. Take 100 ml 
of the filtered water in a separating funnel. 

If less than 100 ml of water is used, make up to 100 ml with distilled water. 

A blank test with 100 ml of distilled water must always be subjected to the 
entire procedure. 

Add 10 ml of alkaline phosphate solution, 5 ml of neutral methylene-blue 
solution and 15 ml of chloroform. Seal the separating funnel and shake 
evenly but thoroughly for approximately 1 minute. Allow the chloroform and 
the water layer to separate. The chloroform phase settles to the base of 
the separating funnel; drain the chloroform off into a second separating 
funnel containing 100 ml of distilled water and 5 ml of acid methylene-blue 
solution. Shake the second separating funnel for about 1 minute. After 
separation of the phases, filter the chloroform through a cotton wool 
filter moistened with chloroform into a 50-ml measuring flask. Repeat the 
entire procedure twice more, with extraction of the water sample in separat­
ing funnell, and separation and extraction in separating funnel 2, using 
10 ml of chloroform each time. No further phosphate solution or methylene-blue 
solution should be added. Rinse the cotton wool filter and top up the, measur­
ing flask with chloroform. 

The blue complex of the anionic detergent (surfactant) with methylene blue 
is in the chloroform solution. Measure the extinction of the chloroform 
phase in a photometer at 650 nm in cuvettes with 1, 2 or 5 cm path length 
against chloroform. Treat and measure a blank test with 100 ml of distilled 
water in exactly the same way (with a l-cm cuvette the measured value 
should be below 0.02). 

Evaluation 

Evaluate the extinction on the basis of a calibration curve, taking the 
blank test into account and the volume of water or degree of dilution used. 
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Give the results in mg/l. 

Since the various calibration 
the reference substance for 
content is given in mg/l. 

substances have different molecular weights, 
calibration should be specified when the 

Calibration or plotting of the calibration curve must be conducted in 
precisely the same way as the procedure described. Take suitable 
concentrations of calibration solution, make up to 100 ml with distilled 
water and proceed with the method. 

Note: 

If disturbances are detected, the detergents (surfactants) can be separated 
by blowing out and the anionic substances determined in the way described. 

4.1.7.3 Determination of nonionic detergents (surfactants) 

(By potentiometry after precipitation with KBiI4.) 

General remarks 

In the procedure described, Dragendorff's reagent, potassium iodide 
bismuthate KBiI4, forms a deeply orange-red-coloured adduct with many non­
ionic detergents (surfactants) from aqueous solutions. The adduct is filter­
ed off and dissolved, and the bismuth contained in the adduct is determined 
by potentiometric titration or by AAS or ICP. 

The following types of nonionic detergents can be determined with the aid 
of this method: 

Oxalkylated fatty acids, fatty alcohols, fatty amines, alkylphenols and 
fatty acid amides, and polythylene glycols and polypropylene glycols down 
to pentaethylene glycol and pentapropylene glycol. 

The content of nonionic detergents (surfactants) is ideally measured 
between 0.2 and 0.8 mg/l. 

Low-molecular alkylene glycols such as tetra-, tri- and di-alkylene glycol 
are no longer capable of precipitation. Protein and its breakdown products 
including the amino acids and other surface-active agents with cationic or 
anionic reactivity do not give a positive reaction unless ethylene oxide 
groups are present in the molecule. 

Anionic detergents have no disturbing effect in a range of concentration up 
to 5 mg/l. However, anionic and cationic detergents which display poly­
ethylene oxide functions in the molecule also form the adduct. Detergents 
of this type may be separated off by ion exchange. 

Equipment 

Ethyl acetate, reagent purity, freshly distilled 

Sodium hydrogen carbonate, NaHC03, reagent purity, 

1 % hydrochloric acid, prepared from concentrated reagent-purity hydrochlo­
ric acid with redistilled water 
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Methanol, reagent purity, freshly distilled, stored in glass bottles 

Bromocresol purple solution: 
Dissolve 0.1 g of bromocresol purple in 100 ml of freshly distilled 
reagent-purity methanol. 

Precipitating agent: 
The precipitating agent is a mixture of 2 parts by volume of Solution a) 
and 1 part by volume of Solution b). The mixture is to be kept in an 
amber flask in a dark place and may be stored for about 1 week. 

Solution a: 
Dissolve 1. 7 g of basic bismuth (III) nitrate (BION03 H20) (superpure 
quality) in 20 ml of reagent-purity glacial acetate acid and make up 
with redistilled water to 100 ml. Dissolve 65 g of reagent-purity potas­
sium iodide in about 200 ml of distilled water. Combine the two solutions 
in a 1000-ml measuring flask, add 200 ml of reagent-purity glacial acetic 
acid and make up to the mark with distilled water. 

Solution b: 
Dissolve 290 g of reagent-purity barium chloride (BaCI2 . 2 H20) in distil­
led water and make up to 1000 ml. 

Glacial acetic acid, 100 %, purest quality available 

Ammonium tartrate solution: 
Combine 12.4 g of reagent-purity tartaric acid and 18 ml of 25 % ammonium 
hydroxide solution, reagent purity, and make up to 1000 ml with distilled 
water. 

Ammonium hydroxide solution: 
1 %, prepared from 25 % ammonium hydroxide solution, reagent purity, by 
dilution with distilled water. 

Standard acetate buffer: 
Dilute or dissolve 120 ml of 100 % glacial acetic acid and 40 g of reagent­
purity hydroxide (separately) in distilled water and mix the solutions. 
Make up to 1000 mi. 

pyrrolidine dithiocarbamate solution (carbate solution): 
Dissolve 103.0 mg of pyrrolidine dithiocarboxylic acid, sodium salt, in 
distilled water, add 10 ml of reagent-purity n-amyl alcohol and 0.5 g of 
sodium hydrogen carbonate, and make up to 1000 ml with distilled water. 

Copper sulphate solution: 
Solution I: 
Make up 1.249 g of reagent-purity copper(II)sulphate (CuS04· 5 H20) 
and 50 ml of 0.5 m sulphuric acid to 1000 ml with distilled water. 
Solution II: 
Make up 50 ml of Solution I and 10 ml of 0.5 m sulphuric acid to 1000 ml 
with distilled water. 

Magnetic stirrer with magnetic bar (25 to 30 mm) 

Separa ting funnel, 250 ml 

Porous porcelain crucible, size 2 (upper diameter 40 mm, height 42 mm, 
porosity 2) 
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Fig. 121. I-litre apparatus 
after W ickbold (Dimensions in 
3) = Glass filter fr it 

for ~urlactant concentration 
mm); 1) = Ethyl acetate; 2) 

by blowing out, 
Water sample; 

2 suction bottles with adapter for filtering crucible (500 and 250 mn 
(suction systems) 

Round glass-fibre-paper filters, 27 mm diameter, fibre diameter 0.5 to 1.5 11m 

Polyethylene washing bottle, volume 500 ml, for 100 % glacial acetic acid 

Recording potentiometer with platinum/calomel measuring cell or platinum­
silver chloride measuring cell, measuring range 250 mV with automatic 
burette, volume 20 to 25 mI. Alternatively, a manual potentiometric appara­
tus. A potentiograph is recommended. 

Methanolic hydrochloric acid, 10 % 

AAS or ICP apparatus 

Method 

Isolation of detergents (surfactants) 

In order to concentrate the surfactants and separate off disturbing substan­
ces, approximately 1 litre of the water sample, filtered through a paper 
filter, is required. Dilute water samples having higher concentrations of 
nonionic detergents than 0.8 mg/I as appropriate. Neutralize acid and 
alkaline water samples. Dissolve 100 g of sodium chloride and 5 g of sodium 
hydrogen carbonate in the water sample of the dilution. Fill the 
surfactant-blowout device, see diagram 121, with water sample to the upper 
discharge cock. On top of this, carefully add a layer of 100 ml of ethyl 
acetate. Fill the frit washing bottle in the gas feed line to about 2/3 
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with ethyl acetate. Pass a current of gas (nitrogen or air) through the 
blowout apparatus at a rate of approximately 50 to 60 l/h. The flow should 
be set such that there is no turbulence at the phase boundary. The phases 
should remain clearly separate. Mixing of the phases, leading to emulsi­
fication, is thus avoided. Stop the gas flow after 5 minutes. 

Drain off the ethyl acetate phase into a 250-ml separating funnel. Return 
any water which accompanies the ethyl acetate to the blowout apparatus. 

Again add a layer of 100 ml of ethyl acetate to the surfactant-blowout 
device and feed through nitrogen or air for a further 5 minutes. Once again 
drain off the organic phase into the separating funnel. Discard the remain­
ing water in the separating funnel and filter the ethyl acetate phase 
through a pleated filter. Rinse the separating funnel and filter with about 
20 ml of ethyl acetate. Combine the ethyl acetate extracts and the washing 
solution in a 250-ml beaker. 

As a result of the procedure of blowing through gas, the detergents are 
concentrated at the surface of the aqueous phase and are taken up quantita­
tively in the ethyl acetate phase. 

Carefully evaporate the combined extracts in a 250-ml beaker on a water 
bath. A light current of air over the beaker accelerates the evaporation 
process and reduces the risk of sensitive detergents being converted as a 
result of heat treatment. 

Take up the evaporation residue in 5 ml of methanol, 40 ml of distilled 
water and 0.5 ml of 0.5 m sulphuric acid. Stir with a magnetic stirrer. 
Add 3 to 5 drops of bromocresol purple solution; the indicator should 
change to yellow. Add 30 ml of precipitating agent, and continue stirring. 
Cease stirring after 10 minutes and leave to stand for at least 5 minutes. 

If the water sample contains nonionic detergents, an orange-red precipitate 
will have formed. Filter off the precipitate through a porous porcelain 
crucible by suction with a water-jet pump. Rewash the beaker, magnetic rod 
and crucible thoroughly with 100 % glacial acetic acid; approximately 150 to 
200 ml should be used. Washing is performed more easily if a polyethylene 
washing bottle is used. It is not necessary to transfer the precipitate 
quantitatively from the beaker to the filter crucible since the beaker is 
later used to hold the solution of the precipitate. 

Mount the filter crucible with the washed precipitate on another suction 
system than that used for filtration. Dissolve the precipitate by adding 
hot ammonium tartrate solution in 3 portions of 10 ml each. Pour a further 
20 ml of ammonium tartrate solution into the precipitation beaker and dis­
solve any remnants of the precipitate. Use the ammonium tartrate solution 
from the suction system for rinsing and return the wash liquid to the pre­
cipitation beaker. The total volume of solution in the precipitation beaker 
should be between 150 and 200 mI. 

Add a few drops of bromocresol purple solution, stir with the magnetic 
stirrer and adjust with 1 % ammonium hydroxide solution until the colour of 
the indicator changes to violet. Then add 10 ml of standard acetate buffer, 
after which a pH value of 4.6 is established. Place the beaker on the potentio­
graph and immerse the electrodes in the solution. Conduct potentiometric 
titration with the pyrrolidine dithiocarbamate solution beyond the poten­
tial jump. The rate of titration should be set at 2 ml/min. and the paper 
feed at 2 cm/ml. 
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The intersection of the tangents of the two branches of the potential curve 
is taken as the end point of the titration. A levelling off of the poten­
tial jump may occasionally be observed; this phenomenon may be eliminated 
by careful polishing of the platinum electrode with emery. 

The bismuth forms a sparingly soluble metal complex with the pyrrolidine 
dithiocarbamate. The potentiometric method of titration is highly sensitive 
for small quantities of bismuth. An evaluable jump is still obtained with 
the standard solution. However, no explanation has yet been given as to why 
there is a potential jump at all. During potentiometric titration there is 
presumably a small quantity of a reversible oxidation product present, with 
the result that a measurable redox potential may be formed between the 
electrodes, which changes when the excesss dithiocarbamate appears in the 
solution as the equivalence point is exceeded. 

Blank test 

A blank test must be conducted using the same procedure as that described 
above. Take 5 ml of methanol and '+0 ml of distilled water for the blank 
test and then continue as described under "Method". Conduct filtration, 
dissolution and titration even if there is no visible precipitate. The 
consumption of pyrrolidine dithiocarbamate solution should be below 1 ml in 
the blank test; if this is not the case, the reagents used should be pre­
pared afresh. 

(The purity of the reagents can be checked by emission spectrum analysis of 
the evaporation residue. No appreciable heavy-metal components should be 
detected). 

Establishing the factor of the pyrrolidine dithiocarbamate solution: To 10 ml 
of copper sulphate calibration solution add 100 ml of distilled water and 
10 ml of standard acetate buffer solution. Titrate as described above. 

The factor is calculated thus: 

f lOla 
a consumption of pyrrolidine di thiocarbamate solution in ml 

The factor of the solution must be taken into account when evaluating the 
results of titration and those of the blank test. 

Evaluation 

Since there are many different types of nonionic detergents and the individ­
ual types may also have different ethylene oxide chain lengths, reference 
must be established to a standard substance with a known molecular weight; 
this is, of course, not necessary if it is known which non ionic surfactant 
is present in the water sample. 

Nonylphenol decaglycol ether, for example, may be used as the standard 
substance. A conversion factor of 5'+ has been determined empirically for 
this nonionic surfactant. 

The content of nonionic detergent (surfactant) in the water sample, in mg, 
is calculated according to the following formula: 

g = (b - c) • f . 0.05'+ 
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g Content of non ionic detergent (surfactant) of the water sample in mg, 
referred to nonylphenol decaglycol ether 

b Consumption, in ml, of pyrrolidine dithiocarbamate solution during titra­
tion of the precipitate of the solution under analysis 

c Consumption of pyrrolidine dithiocarbamate solution in ml during the 
blank test 

f Factor of the pyrrolidine dithiocarbamate 

The results are given in mg/I. A note should be made of which nonionic 
standard substance has been used for reference. 

An advantageous and highly sensitive method of determining the bismuth con­
tent is to use ICP-AES (Chapters 2 and 3) on a separate concentration. The 
result may then be referred to non ionic surfactant, taking into account the 
calibration substance etc. 

4.1.7.4 Cationic detergents (surfactants) after ion exchange 

In the determination of nonionic surfactants according to the method 
described above (4.1.7.3), cationic surfactants are also detected. The 
content of non ionic detergent as measured is consequently too high. In 
order to check this, a second series of tests as described in 4.1.7.3 may 
be carried out. In this second analysis, the evaporation residue of the 
ethyl acetate extract is dissolved in 20 ml of methanol. An exchanger 
column should be prepared, suitable for filling with 10 ml of cation 
exchanger in the H+ form. The particle size of the cation exchanger should 
be between 0.15 and 0.30 mm. The cation exchanger is again converted to the 
H+ form with methanolic hydrochloric acid (11 ml of hydrochloric acid 
(1.125 g/ml) made up to 100 ml with methanol) and rewashed with methanol 
until the discharge is no longer acid against methyl red. The flow rate is 
set at a fairly rapid drip. The methanolic solution of the evaporation 
residue of the ethyl acetate is then put through the cation exchanger 
column. About 50 ml of methanol is used for rewashing. 

Determination of the non ionic suriactants passing through the cation exchang­
er is performed exactly as described in Method 4.1.7.3. 

If there are reproducible differences 
of the nonionic surfactants without 
those subjected to cation exchange, 
also contains cationic substances 

between the results of determination 
cation exchange in comparison with 

this means the water under analysis 
in addition to nonionic detergents 

(surfactants). 

Direct determination of the cationic surfactants (detergents) 
only if considerable differences arise in the determination 
surfactants (detergents) with and without ion exchange. The 
bromophenol blue may be employed as a more semi-quantitative 
of cationic surfactants (detergents) in water. 

Equipment 

Photometer (416 nm) 

Calibration solution: 

is advisable 
of nonionic 

method using 
determination 

Cetyltrimethylammonium bromide (CT AB, molecular weight: 364.5) may be 
used as a cationic calibration surfactant. Dissolve 1 g of this substance 
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in distilled water and make up to 1 litre. This stock solution should be 
diluted in order to plot the calibration curve. Ten ml, for example, may 
be taken and diluted to 1000 ml with distilled water. One ml of this 
solution contains 0.01 mg of CT AB. Increasing quantities of this solution 
are used for preparation of the calibration curve according to the method 
described. 

Bromophenol blue solution: 
Dissolve O. 15 g of bromophenol blue in 200 ml of 0.0 I-m sodium hydroxide 
solution. W hen dissolved, add 42 ml of O.l-m hydrochloric acid (e. g. 
Merck, Darmstadt, FRG). 

Chloroform with approx. 1 % ethanol 

Buffer solution: 
Dissolve 21 g citric acid in 200 ml of I-m sodium hydroxide solution, and 
make up to 1 litre with distilled water. Take 309 ml of this solution and 
make up to 1 Ii tre with O. 1 m h ydrochlor ic acid. 

Method 

Pour 100 ml of water into a 250-ml glass separating funnel and add 10 ml of 
buffer solution, 5 ml of 0.1 m hydrochloric acid, 2 ml of bromophenol blue 
solution and 50 ml of chloroform. Shake for 3 minutes. After separating of 
the layers, pass the lower chloroform phase through a cotton wool filter 
moistened with chloroform. Discard the first 5 or 10 ml of the filtrate and 
subsequently measure the coloured solution against chloroform at 416 nm. 
Evaluate according to the calibration curve plotted. 

Round off the results to 0.1 mg/l and mention the fact that determination 
was carried out according to the semi-quantitative method with bromophenol 
blue. 

4.1.8 Determination of hydrocarbons (Oil and greaselike extractable substances) 

General 

Water, and in particular surface water and waste water, can be polluted by 
mineral, vegetable and animal oils and greases, waxes etc. These can arise 
on the one hand in very small quantities in the water in either dissolved 
or dispersed form but can also, on the other hand, be present as massive 
contamination in the form of a two-phase system. 

However, natural products such as humic materials may also be determined 
in part by extraction. 

The formation of emulsions is aided by the presence of surface-active 
materials (detergents or surfactants). 

Contamination with oil and greaselike substances affects the smell and 
taste of water and can cause technological problems. Such contamination can 
also lead to problems relating to health. 

Methods 

A variety of methods are known for the testing of samples of water for oils 
and greases. Four methods are mentioned here: 
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~.1.8.1 Gravimetric determination following extraction with n-hexane: 

Low-boiling substances are only recorded in part with this method; 
in addition errors can also arise as a result of the co-extraction 
of surface-active substances and in some cases natural waxes, humic 
mater ials etc. 

~.1.8.2 Determination of hydrocarbons by infrared intensity spectroscopy: 

Following extraction of the hydrocarbons with 1,1,2-trichlorotri­
fluoroethane, measurements are carried out in the wavelength range 
from 3.2 to 3.6 ~m. 

~.1.8.3 Measurement of UV fluorescence following separation by thin-layer 
chromatography: 

The fluorescence spectrum is recorded following extraction with 
carbon tetrachloride. This method can be considered as augmenting 
the infrared intensity spectroscopy method. 

4.1.8.~ Gas chromatography head-space analysis: 

In this method of investigation, volatile organic compounds (e.g. 
fuels, organic solvents), which go over into the gas phase after 
the vapour pressure has reached equilibrium, are removed in gaseous 
form and subjected to analysis by gas chromatography. 

4.1.8.1 Gravimetric determination following extraction with n-hexane 

General remarks 

By extracting a sample of water with n-hexane in the pH range usual for 
water, namely> pH 6, it is possible to detect the following main groups: 

Mineral oils and mineral greases 
Vegetable and animal oils and greases (triglycerides) 
Free fatty acids 

Other organic constituents, where these can be extracted with a non-polar 
solvent, e.g. certain surface-active substances (detergents, tens ides), 
waxes etc., are also recorded. 

The following are not recorded: 

Fatty acids which are present as fatty acid compounds (soaps). These can be 
recorded following extraction with n-hexane and acidification of the 
aqueous solution to a pH range of pH I to pH 2 by means of an additional 
extraction process. 

For this reason the pH of the water sample should always be quoted with the 
results of the analysis. 

The method can be used down to concentrations of some 0.1 mg/l depending on 
the size of the sample used; this can be between I litre and about 10 litres 
of water. 
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Readily volatile oils and greases, which evaporate during drying depending 
on their vapour pressure and the drying time, are not recorded. 

The extraction can be disturbed if emulsions are present. An emulsion can 
be broken down by being salted out (with sodium chloride or sodium 
sulphate). 

Taking of samples (see also Chapter 1) 

In addition to the instructions given in Chapter 1 on the taking of samples 
of water, full details of how to take samples are included here. 

Only glass bottles with ground glass stoppers should be used for the taking 
of water samples to determine oil and greaselike substances. 

These bottles, including the ground glass seat and stopper, are thoroughly 
cleaned as usual and are then extracted to exhaustion with n-hexane and 
dried. Add 50 ml n-hexane to bottles prepared in the above-mentioned way 
with a volume of up to 5 litres, or 100 ml n-hexane to bottles with a 
volume of up to 10 litres. At the place where the sample is to be taken, 
the stopper is removed, taking care not to touch the ground glass joints 
with the hands, and the water is poured into the bottle. The quantity of 
water can either be measured on the spot with a grease-free measuring 
cylinder or any desired quantity of water can be poured into the bottle 
containing the n-hexane and the water level marked. The quantity of water 
added can then be determined later in the laboratory with account being 
taken of the volume of the n-hexane. Finally it is also possible to weigh 
the sample bottles containing the n-hexane, and then weigh them again in 
the laboratory after the quantity of water has been added. 

When taking samples, it should be kept in mind that oil- and greaselike 
substances frequently accumulate at the surface of the water as a thin film 
and that where emulsions are present, separation of the phases may already 
have started. Finally it has to be taken into account that oil- and fatlike 
substances can accumulate in sediments as the result of adsorptive proces­
ses. Sampling must therefore be geared to the particular task specified and 
it is important to state whether the sample was taken from the surface or 
at a particular depth. Samples of sediment are to be removed in an analog­
ous manner but should be tested separately from the water. 

After the samples have been taken, the ground-glass stoppers should be 
secured in such a way that there is no chance of them opening during trans­
portation. 

Equipment 

Sampling bottle, glass with ground glass stopper, 5 or 10 litres 

Separating funnel, capacity approx. 1 litre 

Glass funnel, diameter approx. 7 cm 

Filter paper 

Water bath with thermostat, 80°C 

Drying cabinet, 80°C 
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Desiccator with silica gel 

Platinum or glass dishes, greasefree 

n-hexane, reagent purity 

Alcoholic potassium hydroxide, 0.1 m 

Sulphuric acid or hydrochloric acid, 2 m 

Burette 

Erlenmeyer flask with ground glass joint and stopper, 250 ml 

Reflux condenser 

Centrifuge 

Semimicro balance 

Procedure 

The pH of the water to be investigated is determined by electrometric means 
using a separate sample. 

Extraction is carried out in the sampling bottle by means of thorough 
shaking (1 minute). After the phases have separated, the aqueous phase is 
transferred with the aid of a siphon into a second glass sampling bottle 
which also contains 50 or 100 ml n-hexane. Here the second extraction is 
carried out. After the phases in this second bottle have separated, the 
water is siphoned off and discarded or is used for determining the soaps. 
The residues of the water sample and the hexane phases are now in both 
bottles. The contents of both sampling bottles are transferred to a grease­
free 1 litre separating funnel and both bottles are washed out with 2 
portions, each of 20 to 50 ml, of n-hexane. The total extraction solutions 
and the residual water are vigorously shaken (l minute) in the separating 
funnel and, after the phases are separated, the aqueous phase is run off. 
The n-hexane phase, which contains all the organic substances capable of 
being extracted at the pH in question, is transferred through a greasefree 
filter into a constant weight platinum or glass dish which has been previous­
ly weighed. When there is reason to expect that the amount to be subsequent­
ly weighed out will be more than 5 mg, constant weight glass dishes can 
also be used. 

The n-hexane in the platinum dish or glass dish is vaporized off on the 
water bath at a maximum of 80°C. Then the dish with the extractable sub­
stances is dried at 80 °C in the drying cabinet and is then weighed out on 
a semimicro balance after a definite cooling time in a desiccator. The 
precautions usual when working in the semi micro range are to be observed. 

The extract which has been weighed out can be processed further. It is 
possible to differentiate between mineral oils and greases on the one hand 
and triglycerides and/or fatty acids on the other hand by determining the 
content of saponifiable and non-saponifiable components. 

The saponifiable part can be investigated by gas chromatography following 
the formation of the methyl esters in order to determine which fatty acids 
are present. 
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The non-saponifiable part can be further investigated by means of infrared 
spectroscopy or UV fluorescence. This can give indications as to which 
types of hydrocarbons are present (paraffins or aromatic substances or 
mixtures of both). 

(See the appropriate section of this chapter for the methods of carrying 
out these additional analysis). 

If the fatty acids present as fatty acid compounds (soaps) in water are 
also to be recorded by this method, then the water samples extracted with 
n-hexane and the rinsing water (see method above) should not be discarded 
but collected in a sampling bottle and acidified with sulphuric acid or 
hydrochloric acid to a pH of 1 to 2. This process causes the soaps to be 
broken down and the fatty acids released. These should then be extracted 
with n-hexane and further processed in the same way as described above. 

When the quantities weighed out following direct extraction and following 
extraction after acidification are below mg, then the investigation 
should be repeated with a larger quantity of water. But experience has 
shown that 10 litres water should be regarded as the upper limit. 

Blanks are to be carried out with distilled water and the results taken 
into account. (The blanks must be tested in a fully analogous manner, i.e. 
the appropriate quantity of distilled H20 should be extracted with the 
appropriate quantity of n-hexane in a sampling bottle and the extract subject­
ed to the full series of analyses.) 

Evaluation 

The quantity of extractable substances weighed out, corrected for the blank 
value and taking account of the quantity of water used, is quoted in mg/l 
(the pH at which the extraction was carried out should be quoted and it 
should also be noted that the result was obtained using the n-hexane extrac­
tion method). 

If the fatty acid compounds have been recorded as well following extraction 
in acidic solution, then this should also be noted as an additional result. 

Appendix 1 to Method 4.1.8.1 (Extraction with n-hexane) 

Determination of the saponifiable and non-saponifiable parts 

For the separation of the saponifiable and non-saponifiable parts, ethanol 
is used to transfer the quantity weighed out from the platinum or glass 
dish into a glass flask with ground glass stopper. The part which is not 
soluble in ethanol should also be washed over into the flask. After the 
addition of alcoholic potassium hydroxide, the saponification is carried 
out by boiling with a reflux condenser. 

The contents of the flask are allowed to cool down and the ethanolic potas­
sium hydroxide is transferred into a separating funnel. The saponification 
flask is washed out with n-hexane (some 10 to 50 mO. These n-hexane 
portions are also transferred into the separating funnel and the extraction 
is then carried out by shaking the flask thoroughly. The ethanolic potas­
sium hydroxide is separated from the n-hexane phase and is then extracted 
again with n-hexane. The cleaned n-hexane extracts are transferred via a 
greasefree filter into a constant-weight platinum dish which has been previ-
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ously weighed, and are then further treated as described for the main 
process. 

The saponified parts in the ethanolic potassium hydroxide solution are set 
to pH 1 to 2 with sulphuric acid and then extracted twice with n-hexane. 
Both n-hexane extracts separated off in this way are filtered into a 
platinum dish which has been weighed and are then further processed in an 
analogous manner to that described for the main process. The following data 
are obtained from the quantities weighed out: 

1. Non-saponifiable mineral oils and greases. The result is quoted in mg/l. 

2. The fatty acids of the saponifiable parts. The result is quoted in mg/l. 

These two fractions can be further analyzed if necessary using GC, GC-MS, 
IR or UV analysis. 

Appendix 2 to Method 4.1.8.1 and to Appendix 1 

Infrared analysis 

When the non-saponifiable part is to be evaluated by means of infrared ana­
lysis, then this should always be carried out in accordance with Method 2 
of this section. 

In order to carry out infrared analysis on the quantity of non-saponifiable 
residue obtained, the latter is dissolved in n-hexane. The n-hexane solu­
tion is transferred into a greasefree burette. Some 300 mg potassium 
bromide is placed on a watchglass under the tap of the burette and the 
n-hexane solution with the non-saponifiable part dissolved in it is allowed 
to drip slowly onto the potassium bromide. At the same time the potassium 
bromide mixture is heated with an infrared lamp placed at a suitable 
distance, and the rate of the drops and the distance between the tip of the 
burette and the potassium bromide are selected in such a way that the n­
hexane evaporates soon after it has dropped down onto the potassium 
bromide. This method enables the complete n-hexane extract to be applied in 
a rapid and simple manner to the potassium bromide while the n-hexane is 
given the opportunity to evaporate off at the same time. The burette should 
then be washed out with a few millilitres of n-hexane and the latter should 
also be allowed to drop down and evaporate off in an analogous manner. 
After mixing, a potassium bromide pellet is made from the potassium bromide 
prepared in this way and this is used for the infrared analysis. It is 
important that the blank which has been obtained in a fully analogous 
manner is also investigated in a fully analogous manner and that this 
result is taken into account since the n-hexane itself can also cause the 
result to be influenced. 

Some relevant valuation bands are summarized below, for these non-saponi­
fiable, extractable substances of low volatility: 

a) Paraffins show the following characteristic absorption bands 
C-H stretching vibrations between 3.33 - 3.57 J1m (3000 - 2800 em-I) 
C-H bending vibrations CH2 and CH3 6.89 - 7.29 J1m (1450 - 1350 em-I) 
For long-chain paraffins with more than four CH2 elements: 
Skeletal vibrations at about 13.89 J1m (approx. 720 em-I) 

b) Double bonds are principally indicated by: 
C=C stretching vibration: 6.25 J1m (1600 em-I) 
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c) 

as a result of C-H stretching vibration: approx. 3.29 11m (3040 cm- l ) 

Aromatic substances show characteristic absorption bands 
C-H stretching vibrations between 3.23 - 3.33 (3100 - 3000 cm- l ) 
Vibrations of the aromatic skeleton at approx. 
6.18 11m (1600 cm- I) 
6.66 11m (1500 cm- l ) 
6.89 11m (1450 cm- l ) 

A ttention should be paid to the aromatic C-H bending vibrations in the 
range 11.1 - 15.4 11m (900 - 650 cm- l ). Their spectral position is character­
istic of the type of substitution and of any substituents present. 

Appendix 3 to Method 4.1.8.1 and Appendix 1 

Analysis by gas chromatography (see also Chapter 2) 

If the saponifiable part is to be investigated in terms of, for example, 
its fatty acid spectrum, esterification to the methyl esters is to be recom­
mended. For this the weighed out, saponifiable part is dissolved in some 50 
to 60 ml methanol containing some 10 % by weight of sulphuric acid. This 
solution is transferred into a glass flask and boiled with a reflux condens­
er for about 1 hour. This operation causes the fatty acids to be transformer 
into their methyl esters (the esterification can also be carried out with 
diazomethane). 

The methanolic solution is exhaustively extracted with n-hexane after 
having been allowed to cool down, and the n-hexane extract is then concen­
trated to a volume of some 5 ml by evaporation on a water bath at 80°C. 
This residual volume is transferred into a 10 ml graduated flask and made 
up to the mark at 20°C with n-hexane. Aliquot parts are removed using a 
microlitre syringe and analyzed by gas chromatography. For a packed column 
the following programme can be recommended. 

Column: 

Carrier gas: 

Injector: 

Glass column 2 m long, 1/8 inch with 10 % diethylene 
glycol succinate on Chromosorb 80 (80 to 100 mesh) 

Nitrogen (20 to 25 ml/min.) 

Temperature 210°C 

Column temperature: 190 °C 

Detector: Flame ionization detector (FID), 250°C 

Blank values are to be obtained in an analogous manner. The retention times 
are determined by calibration with mixtures of the methyl esters of, for 
example, palmitic acid, oleic acid and stearic acid (see also Chapter 2 and 
Section 4.2). 

4.1.8.2 Determination of hydrocarbons by infrared intensity spectroscopy 

General remarks (see also Chapter 2) 

The energy of most molecular vibrations lies in the infrared range of the 
electromagnetic spectrum. The characteristic vibrations of particular func-
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tional groups are to be found in defined regions of the IR range. The stretch­
ing vibrations of O-H, N-H and C-H are to be found in the range from 3.2 to 
3.6 I-lm. The stretching vibrations of CH-, CH2- and CH3-groups produce charac­
teristic absorption signals in the infrared spectral range between 3.57 I-lm 
and 3.23 I-lm (2800 to 3100 cm-1). Extraction agents such as 1,1,2-trichloro­
trifluoroethane do not possess significantly strong absorption bands in 
this spectral range, which means they hardly affect the quantitative determi­
nation at all. For this reason infrared spectroscopy can be used for quanti­
tative determinations. The Lambert-Bouguer-Beer law applies here too: 

kc,i,.it 

Ec,i,A 
ei,A . d . kc,i,A 

Extinction of the substance i at wavelength.it and concentration c 
Specific extinction of substance i at wavelength.it 
Concentration of substance i 
Thickness of the solution being irradiated in the cuvette (path 
length) 

= Constant for the arrangement of the device at wavelength.it ; the 
measurement and evaluation factors are covered by this constant. 

The quantitative determination of hydrocarbons in water and waste water 
with infrared intensity spectroscopy is technically a form of IR photometry 
with a large path length performed in the absence of water. For this reason 
the hydrocarbons have to be extracted before being determined. Quartz as 
the cuvette material (Infrasil cuvettes) is transparent in this wavelength 
range. As a result the extinction of hydrocarbons can be measured to a 
large extent without any interference between 3.6 and 3.2 I-lm. However, 
regardless of the particular arrangement selected, such extinction measure­
ments are always less accurate than wavelength measurements; this is a 
fundamental disadvantage of intensity measurements. 

Sampling 

The procedure is the same as for method It.1.8.1, except that 1, 1,2-trichloro­
trifluoroethane must be used instead of n-hexane. 

For this method of analysis, the level of hydrocarbons in the water should 
be over 0.01 mg/l or better still over 0.1 mg/l. 

The trichlorotrifluoroethane used for the extraction must be of a very high 
degree of purity. For this reason it is recommended that it be tested for 
purity in the quoted range before being used for IR spectroscopy. If it is 
found to be contaminated, it must be distilled via a column before being 
used. 

Other extractable substances such as triglycerides, fatty acids, surfactants 
etc. are also recorded at the same time, some completely, some only in part. 

If the trichlorotrifluoroethane-water-emulsion is reluctant to separate, 
the addition of a neutral salt (sodium chloride, sodium sulphate) can help. 

Incorrect adjustment of the spectrograph as well as measurements of very 
high or very low transmissions can falsify the results. 
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Equipment 

Infrared spectrophotometer, if necessary with Fourier transformation 

Quartz cuvettes (Infrasil) with path lengths varying from 0.2 to 5 cm 

Glass bottles, 1 litre or 2 litres (to be cleaned as for Method lj..1.8.n 

Separating funnel, 300 ml 

Agitator motor with folding blade agitator for 3000 to lj.000 rpm or turbo­
agitator 

Erlenmeyer flasks, 50 to 200 ml with ground glass stopper 

1,1,2-tr ichlorotrifluoroethane 

Florisil (Mg-Al-silicate) 60 to 100 mesh 

Sodium sulphate, anhydrous, reagent purity, extracted with trichlorotri­
fluoroethane and then roasted at approx. 600°C. 

Method 

The pH of the water to be investigated is determined electrometrically 
using a separate sample. 

The volume of the water sample added to the trichlorotrifluoroethane on the 
spot is marked; in addition it is either measured later or the quantity of 
water is determined as the difference in weight. The water sample together 
with the extraction agent is then stirred in the sampling bottle with an 
agitator for 30 seconds at between 3000 and lj.000 rpm; a turbo-agitator can 
also be used. Then the aqueous phase and the organic phase are allowed to 
separate. (This process can take up to several hours). 

Water is siphoned off from the upper phase until a residual volume of 
approx. 200 ml is left. The water that has been siphoned off is discarded. 
The remainder of the water phase and the organic phase are transferred to a 
separating funnel. The sampling bottle is washed out with a small quantity 
of trichlorotrifluoroethane and the solution obtained in this way is also 
added to the separating funnel. After the organic phase and the aqueous 
phase are separated, the trichlorotrifluoroethane is filtered off through 
sodium sulphate into an Erlenmeyer flask. The sodium sulphate is then wash­
ed off into the same Erlenmeyer flask with a little trichlorotrifluoro­
ethane. 

If the emulsion of organic extraction agent in water fails to break down 
after agitation in the sampling bottle, centrifuging must be carried out at 
6000 rpm. 

1 g Florisil is added to the filtered trichlorotrifluoroethane solution to 
separate off polar substances and the mixture is shaken well for 2 minutes. 
The Florisil is then allowed to settle out and the clear solution is made 
up to a definite volume. e.g. 50 mJ. 

Before the extinction measurement is carried out, the IR spectrophotometer 
must be accurately set. 
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Work is carried out with medium recorder speed, minimal damping and high 
resolution. The recorder should be fitted with a 0.25 mm cannula as its 
pen. The absorption curve of the cuvettes to be used for the measurement is 
checked against air in the range from 2.8 to 3.8 iJm (see IR spectrum 1). 

A sample of the trichlorotrifluoroethane to be used for the extraction is 
added to one of the cuvettes to be used for measurement of the extinction 
and checked for purity. 

After the trichlorotrifluoroethane has been checked for purity, one of the 
empty cuvettes to be used for the measurement of the transmission is brought 
into the measuring beam while another one is brought into the reference 
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Fig. 123. IR spectrum 2. Compensated spectrum; 2 empty quartz cuvettes 

beam. The cuvette in the measuring beam and the cuvette in the reference 
beam are then turned relative to one another around the vertical axis until 
optimum compensation has been reached (see IR spectrum 2). 

Finally the two cuvettes are filled with the trichlorotrifluoroethane as 
used for the extraction, the spectrum is set to 100 % transmission and the 
quality of compensation is checked. 

After these preparations, the trichlorotrifluoroethane extract is put into 
the cuvette in the measuring beam and the transmission is determined in the 
range from 3.2 to 3.6 IJm. 
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Carrying out the measurement 

First of all cuvettes with only a short path length, e.g. 0.2 cm, are used 
in the measuring beam and in the reference beam. If it is found during the 
measurement of the transmission spectrum that the path length is too short, 
cuvettes with '1:he next larger path length are used following the same 
methods for setting and adjustment as already described. This process is 
continued until the transmission spectrum obtained covers approx. 1/3 to 
2/3 of the complete transmission range. 

The scattering of the IR radiation increases with increasing path length of 
the solution being irradiated. If it is found that cuvettes with a path 
length in excess of 2 cm are necessary, a series of dilutions of trichloro­
trifluoroethane should be used for spectroscopy. In this way errors from 
the scattering of the IR radiation arising from the use of cuvettes with 
long path length can be avoided. 

Evaluation 

There is a relationship between the amount by which the transmission of the 
extraction agent is reduced as a result of the presence of the hydrocarbons 
in it and the concentration of these hydrocarbons in the water which it is 
desired to determine. This concentration can be determined by two evalua­
tion methods: 

1. The transmission of reference samples having known but different concen­
trations is determined and calibration curves are drawn. They provide 
information on the relationship between wavelength transmission and 
concentration. The concentration in the sample can then be determined 
with the aid of a series of curves obtained in this way. 

2. The measured transmission of the sample being investigated is put into 
an empirically determined formula and the desired concentration is 
obtained from this. 

Evaluation method is demanding and takes a lot of time because it 
requires a knowledge of the substances being extracted. Method 1 can be 
used directly in those cases where the contamination substance or mixture 
of substances is adequately known. However, the evaluation can also be 
carried out via the absorption of the CH2 bands at 3.45 11m. Here the 
setting is made using squalene (C30H62) and results must be related to 
squalene. 

Evaluation method 2 is less time consuming. It is valid in each case for 
just one class of substances and can be used for 2 groups of mineral oil 
products: 

a) "Motor gasolines with a high CH3-group content and an aromatic sub­
stance content of up to 25 % by volume", e.g. gasoline; 

b) "All other mineral oil products having a predominant proportion of CH2 
groups and an aromatic substance content of less than 10 % by volume", 
e.g. heating oil. 

Evaluation method 2 cannot be used for mineral oil products having a pre­
dominantly aromatic substance content because the extinction in the spec­
tral range of the aromatic substance CH stretching vibrations is too low. 
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Paraffinic hydrocarbons give a characteristic transmission minimum in the 
region of 3. 4 ~m, aroma tic hydrocarbons in the region of 3. 3 ~m and naph­
thenic hydrocarbons in the region of 3.4 to 3. 5 ~m. 

The method of evaluation in accordance with the semi-empirically obtained 
formulas for gasoline and heating oil are described below. 

Gy = ~ (1.1 . E1 + 0.12 . E2 + 0.19 E3) mg/l 
b • d 

where: 

Gy= 
a 
b 
d 
E1 
E2 = 
E3 = 

Content of extractable motor gasoline in the water sample 
Volume of the solvent used for the extraction in ml 
Volume of the water sample used in litres 
Path length used in the measurement in cm 
Extinction at 3030 cm- 1 (3.30 ~m); absorption of the aromatic CH 
Extinction at 2959 cm- 1 0.38 ~m); absorption of the CH3 groups 
Extinction at 2924 cm- 1 0.42 ~m); absorption of the CH2 groups 

The evaluation is explained using IR spectrum 3 (Fig.124) as an example. 

Evaluation of IR spectrum 3: 

GV = ~ (1.1 • El + 0.12E2 + 0.19E3) mg/l 
b • d 

1 1 100 log - og-
Tl 79 

0.102 

1 1 100 log - og-
T2 31 

0.509 

1 1 100 log - og-
T3 40 

0.398 

a 25 ml 
b 1.003 litres 
d 1 cm 

Gy 32.403· 0.249 8.1 mg/l gasoline 

groups 

result approx. 8 mg/l gasoline-type hydrocarbons following extraction 
and IR analysis. 

The following formula is used for the recording of heating oil: 

where: 

1.3 . a 
b • d 

(0.12 • E2 + 0.19 . E3) mg/l 

GM Content of extractable heating oil in the water sample 
a Volume of the solvent used for the extraction in ml 
b Volume of the water sample in litres 
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(\ 

-T2 

d Path length used in the measurement in em 
E2 Extinction at 2959 em-1 (3.38 J.1m); absorption of the CH 3 groups 
E3 Extinction at 2924- cm-1 (3.4-2 J.1m); absorption of the CH2 groups 

1.3 • a (0.12, E2 + 0.19 . E3) mg/l 
b . d 

log 100 
38 

0.4-20 

531 

2500 
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Fig. 125. IR spectrum 4. Heating oil in water 

a 25 ml 
b 0.274 litre 
d 1 cm 

1 log -
T3 

I 100 og-
22 

Gv = 127.737 . 0.175 = 22.4 mg/I heating oil 

2500 

0.658 

= result 22 mg/I heating-oil type hydrocarbons after extraction and IR 
analysis. 
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4.1.8.3 Determination of hydrocarbons (measurement of UV fluorescence) 

General remarks 

The method of ascending two-dimensional thin layer chromatography permits 
aromatic hydrocarbons to be separated from the other accompanying sub­
stances which are also present after extraction with, for example, carbon 
tetrachloride or trichlorotrifluoroethane. Volatile aromatic hydrocarbons 
are lost during the drying processes in the method. By selecting the excita­
tion wavelengths and the wavelengths for the measurement of the fluores­
cence, it can be arranged that aromatic hydrocarbons with more than four 
fused rings are not recorded in this method. 

Electrons are excited as a result of the high energy of UV radiation. In 
the longer wavelength range of UV light, electrons are excited out of n 
orbitals and in particular from n conjugated systems. The conjugations of 
double bonds and substitution by residues with free electron pairs in the 
exposition causes the absorption to be displaced to longer wavelengths. 
This can be demonstrated by using aromatic substances as an example: 

Benzene Absorption maxima at 184 nm, 203.5 nm and 254 nm 

Phenol Absorption maxima at 210.5 nm and 270 nm 

Naphthalene Absorption maximum at 215 nm 

Anthracene Absorption maximum at 265 nm 

Emission of the absorbed radiation is by 
Fluorescence is classified as being the 
within 10-5 seconds. Radiation which is 
after absorption is termed phosphorescence. 

fluorescence or phosphorescence. 
emission of longer wavelengths 

emitted more than 10-5 seconds 

Here fluorescence is used for the measurements. Fluorescence takes place 
over a relatively large range of wavelengths so that the fluorescence of 
different chemical compounds can be measured together by using a carefully 
selected wavelength. 

The separating of the aromatic hydrocarbons from the other compounds is 
carried out by means of two-dimensional thin layer chromatography using 
n-hexane and benzene as solvents. 

The water sample should contain between 1 and 5 mg/l of substances extrac­
table with carbon tetrachloride. A suitable volume of water is selected for 
the extraction. 

The n-hexane and benzene used as solvents should be of suitable purity for 
spectroscopy. If necessary, they should be distilled using a column. 

Equipment 

Same devices and chemicals as for Method 4.1.8.2 - Determination of hydro­
carbons using infrared intensity spectroscopy. 

In addition: 

Carbon tetrachloride 
n-hexane for spectroscopy 
Benzene for spectroscopy 

Caution! Observe safety regulations 
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Plates for thin layer chromatography 
UV fluorescence spectrophotometer 
Circulating air drying cabinet 60°C 
Microlitre syringe, 50 III 

Taking of samples: As recommended for Method 4.1.8.1 

Method 

The carbon tetrachloride and water are mixed with a high speed agitator or 
a turbo-agitator in the sampling bottle. Then the phases are allowed to 
separate. The aqueous phase is discarded. Working with a fume hood, the 
carbon tetrachloride extract is concentrated carefully by evaporation to 
approx. 5 ml on a water bath and is then brought to exact volume in a 5 ml 
graduated flask. 

The TLC plate is cleaned with chloroform and dried. Then 10 III amounts are 
taken approx. 5 times from the carbon tetrachloride solution and dropped on 
the plate at one point, the carbon tetrachloride being blown off with a 
hairdryer between the individual applications. The point should be at the 
left hand bottom end of the plate. 

After this has been done, the plate is placed in a chamber for ascending 
thin layer chromatography and developed with n-hexane as vehicle up to a 
10 cm solvent front. The plate is taken out and dried at 60°C in a circu­
lating air drying cabinet. After drying, the plate is developed in the same 
direction using benzene or toluene with a solvent front up to 8 cm and is 
then dried again in a circulating air drying cabinet. 

The n-hexane as a non-polar solvent first of all separates the paraffinic 
hydrocarbons from the other hydrocarbons. They migrate within the solvent 
front from bottom to top. The benzene or toluene brings primarily the aroma­
tic substances as a group to a height of 8 cm. The plate is now turned 
through 90°C and is first of all again developed with n-hexane up to 10 cm. 

The paraffinic hydrocarbons are now to be found at the top end of the solvent 
front. The aromatic hydrocarbons are separated in accordance with their 
polarity relative to the n-hexane, being distributed over the path of the 
solvent. 

Usually the degree of separation is still not quite adequate so that a 
fourth developing run is made in the second direction again using a mixture 
of 80 % n-hexane by volume and 20 % benzene or toluene by volume. The 
solvent front should reach 10 cm. Drying is then carried out again. 

The position of the substance groups is quoted in Rf units. The starting 
point is given the Rf value 0, the solvent front the Rf value 1. The start­
ing point of the second running direction is indicated by the blanks of the 
runs in the first dimension. 

After development in the second dimension, the paraffins are to be found 
just beneath the solvent front with an Rf value of approx. 0.95, the 
naphthenic hydrocarbons in a similar position with an Rf value of 0.9. The 
aromatic hydrocarbons are distributed having Rf values between 0.8 and 0.1. 
Strongly polar substances remain near the starting zone. 

The fluorescence measurement is carried out with a chromatogram UV fluores­
cence spectrophotometer. An analysis width of approx. 1 cm is recommended. 
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Two excitation wavelengths are used to excite the fluorescence: 

a) 313 nm 
b) 360 nm. 

The analyzer is set to 

a) 365 nm 
b) 445 nm. 

Identifica tion 

a) When the spectrophotometer is set with the exciter wavelength at 313 nm 
and the receiver wavelength at 360 nm, experience has shown that the 
I-ring and 2-ring and, to a small extent too, the 3-ring aromatic hydro­
carbons are recorded. Naphthenic and paraffinic hydrocarbons are not 
excited. Aromatic hydrocarbons with more than 4 fused rings are also 
not indicated either. 

b) When the exciter wavelength of 365 nm is combined with a fluorescence 
wavelength of 445 nm, the aromatic hydrocarbons, which are less polar 
relative to n-hexane, are recorded as well as reaction products result­
ing from the action of natural photochemical processes on oils and 
greases in water and other polar substances in the start region of the 
thin layer plate. 

Evaluation 

The strength of the fluorescence signals in relation to the Rf values can 
be used for the semi-quantitative estimation of the level of aromatic hydro­
carbons in the water sample. 

The following measures should be observed: 

A thin layer plate which has been previously cleaned with chloroform is 
developed using the same solvents but without application of the test solu­
tion. The method described above is followed. The developed plate is used 
to estimate the background fluorescence caused by the solvent itself. 

For calibration purposes, gasoline, heating oil, lubricating oil, hetero­
cyclic aromatic substances and also aromatic substances with fused rings 
are separated using the method described above. The test solution must be 
applied quantitatively, i.e. carbon tetrachloride solutions having a known 
content must be applied. 

Benzene and naphtalene derivatives show fluorescence maxima between Rf values 
of 0.6 and 0.9; they are found as the result of contamination from lubricat­
ing oils and middle distillates. 

Aromatic hydrocarbons of natural OrIgin are found to be between Rf values 
of 0.2 to 0.8. If only "biogenic contamination" is present, the range with 
Rf values > 0.8 remains free. 

4.1.8.4 For gas chromatography head-space analysis see Section 4.2.11 
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4.1.9 Phenol (phenol index) 

General remarks 

Phenols are aromatic compounds with one or more hydroxyl groups bonded 
directly to the benzene ring. Surface waters in general possess a natural 
phenol content, which lies in the region of a few [1g/1 and is made up of 
higher molecular weight compounds; these compounds can arise in the course 
of biological transformation (humification) of vegetable material (foliage, 
algae) in the ground and in the water. 

Anthropogenic phenols are often superimposed on this natural phenol level. 
They get into surface and ground water as a result of, for example, indus­
trial, domestic, or communal waste water having been inadequately cleaned. 

Phenols pollute untreated water that is to be turned into drinking water. 
Whereas phenol as such (C6H50H) can be detected by its smell or taste in 
water at levels of 0.01 to 0.1 mg/l, this effect is increased by one to two 
orders of magnitude to some [1g/1 as a result of the effect of chlorine 
during the purification of drinking water which causes the chlorine phenols, 
which have a more intense smell and taste, to be formed. Phenols are vola­
tile with steam to varying degrees; they dissolve in ethanol and diethyl 
ether and form phenolates with alkalis. As far as evaluation is concerned, 
it is important to classify phenols into those which are distillable with 
steam and those which are not. 

The group of phenols which are distillable with water vapour include 
phenol, the cresols, the xylenols, guaiacol, thymol, the main fraction of 
1,2-dihydroxybenzene and a small fraction of i-naphthol. Those which are 
not distillable with water vapour include 2-naphthol, hydroquinone, resor­
cinol, pyrogallol and phloroglucinol, and part of I-naphthol and of 
1,2-dihydroxybenzene. 

Methods 

(The first three methods as overall parameters) 

4.1.9.1 Phenol index, with p-nitroaniline and extraction, and also with 
additional steam distillation 

4.1.9.2 Phenol index, with 4-aminoantipyrine without extraction but with 
steam distillation 

4.1.9.3 Phenol index, with 4-aminoantipyrine after extraction with and 
without steam distillation 

4.1.9.4 Phenols, see Section 4.2 for the gas chromatography method 
(individual determination of the phenol-type substances) 

In the case of methods 4.1.9.1 4.1.9.3 the overall parameter (phenol 
index) is determined by photometry. Either p-nitroaniline or 4-amino-anti­
pyrine can be used; these give coloured coupling compounds which can be 
evaluated by photometry under the stated conditions. 



4.1. 9.1 Determination of phenol-type substances which are capable of 
coupling, in natural waters, with p-nitroaniline 

General 
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For extraction with n-butanol, the volume of the water or the distillate 
used is such that the concentration of phenols in the butanol extract is 
equivalent to a level of 0.001 to 0.4 mg/l phenol in the water sample. 

Equations for reaction: 

2 HCI + NaN02 --

02 N -<Q)-N = NCI + NaCI + 2 H20 

02 N-@--N=NCI+ @-OH-

02N---@- N = N -@--OH + HCI 

Interference arIsIng from sulphide or cyanide ions is eliminated by adding 
CuS04 or CoS04 solution. 

Equipment 

Photometer 

Cuvettes 

Distillation apparatus consisting of 500-ml round-bottom flask, spherical 
distilling head and descending Liebig condenser 

Separating funnel, 1 litre 

Measuring flask, 100 ml 

pH meter 

Phosphoric acid (1.70 g/ml) 

Copper (II)sulphate solution: 
Dissolve 10 g CuS04 . 5 H20 in 100 ml H20 

Cobalt (II) sulphate solution: 
Dissolve 10 g CoS04 • H20 in 100 ml H20 

p-nitroaniline solution: 
0.69 g p-nitroaniline is dissolved in 155 ml I m hydrochloric acid and 
made up to 1 litre with distilled water 

Sodium nitrite solution, saturated 

Sodium carbonate solution, 1 m 
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n-butanol 

Phenol stock solution: 
1.000 g reagent-purity phenol (freshly 
with distilled water. This solution is 
for calibration purposes. 

Method 

distilled) is made up to litre 
used to prepare suitable dilutions 

200 ml of the water sample (or an appropriately smaller volume which is 
then made up to 200 ml with distilled water) is treated with 30 ml 1 m 
sodium carbonate solution in a 500-ml separating funnel and the pH brought 
to approx. 11.5 (electrometric check) by (if necessary) adding 30 % sodium 
hydroxide drop by drop. After adding 20 ml diazotized p-nitroaniline solu­
tion (drops of saturated sodium nitrite solution are added to the p-nitro­
aniline solution until the latter becomes colourless), the mixture is 
allowed to stand for 20 min. and the coloured substance which has been 
formed is then extracted by shaking with 50 ml n-butanol. After a further 
10 min., the aqueous phase is separated off and the extinction of the 
butanol extract is measured against a blank test which is carried out in 
parallel. 

Calibration 

To produce the calibration curve, sui table dilutions of the phenol stock 
solution having phenol contents of 0.001 - 0.4 mg are prepared, these being 
made up in each case to 200 ml with distilled water. The standard solutions 
are then subjected to the same analysis process as described above for the 
water sample. 

Distilla tion 

200 ml of the water sample (or an appropriate smaller volume which is then 
made up to 200 ml with distilled water) is treated in the distillation 
apparatus with 1 ml CuS04 solution and/or CoS04 solution as necessary (in 
order to bind sulphide and/or cyanide). After adding 10 ml phosphoric acid 
(1. 70 g/mJ), the mixture is distilled into a flask containing 30 ml 1 m sodium 
carbonate solution until just 20 ml of the water sample remains in the distil­
la t ion flask. 

The rest of the method is as given above. 

Evaluation 

The phenol content is read off from the calibration curve against the 
measured extinction value from which the blank value has been subtracted. 
After taking into account the volume of water used, the content of phenols 
is then expressed in mg/I and stated as the phenol index measured in 
accordance with this method. 

4.1.9.2 Phenol index with 4-aminoantipyrine without extraction after steam 
distillation 

General 

Phenol-type substances, and also certain other 
coupling react with 4-aminoantipyrine, to produce 

compounds capable of 
in alkaline reaction 
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and under oxidizing conditions - antipyrine dyes which can be extracted 
with organic solvents, e.g. chloroform (~.1.9.3). Under particular 
conditions, these extracted colour complexes can be evaluated by photometry 
to yield information on phenol-type substances in water samples. In the 
case of the method described here, steam distillation is carried out at a 
pH of around ~ in a similar manner to that described for method ~.1.9.1, 

but without extraction of the colour complex. 

Care should be taken to ensure that chlorinated water is treated with 
ascorbic acid; all other possible causes of interference are eliminated by 
the distillation method described under method ~.1.9.1. 

Equipment 

As for method ~.1.9.1 plus ascorbic acid. 

Buffer solution pH 10: 
Dissolve 3~ g ammonium chloride and 200 g sodium potassium tartrate in 
approx. 700 ml distilled water, add 150 ml ammonium hydroxide solution 
(0.91 g/l) and make up to 1 litre. 

~-amino-antipyrine solution: 
Dissolve 2 g of ~-amino-2,3-dimethyl-1-phenyl-3-pyrazoline-5-one in 100 ml 
water. This solution must be freshly prepared every day. 

Potassium hexacyanoferrate (III) solution: 
8 g in 100 ml 

Procedure 

Distillation as for ~.1.9.1. The pH is set to 4 with phosphoric acid, and a 
water sample volume of 500 ml is recommended. 

Some ~OO ml is distilled over. This distillate is then treated with 20 ml 
of the buffer solution and made up to 500 ml. The pH (determined electro­
metrically) should then be 10 + 0.2. 

Three ml of the aminoantipyrine solution is now added, the mixture is 
shaken and finaJly 3 ml of the potassium hexacyanoferrate solution is 
added. After the mixture has been aJlowed to stand for 10 min., it is 
evaluated by photometry at 510 nm. A blank sample is tested in the same 
way. In addition it is recommended that aqueous solutions containing known 
amounts of phenol are subjected to the same process of analysis, i.e. 
induding distillation. 

~.1.9.3 Phenol index with ~-aminoantipyrine after extraction and also if 
necessary after distillation 

General remarks 

Where determination is to be preceded by distillation, the distillate 
described in ~.1.9.2 is used; otherwise the water sample, which should be 
investigated as soon as possible after the sample has been taken, is acidi­
fied to a pH of less than ~ and then 0.5 g of copper sulphate is added. The 
water sample to be investigated is transferred to a separating funnel; 20 ml 
of the buffer solution is added and finally the pH is checked electro-
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metrically; it should be 10 + 0.2. 3 ml of the aminoantipyrine solution and 
3 ml of the potassium peroxodisulphate solution (0.65 % in water) are 
added, the mixture is shaken and then allowed to stand for between 30 and 
60 min. in the dark. This solution is then extracted with 2 times 15 ml 
chloroform. The two chloroform extracts are purified and made up to 50 ml 
at 20°C. They are then measured at 460 nm. The photometer is set at 460 nm 
against chloroform. A blank sample is tested in the same way. It is also 
recommended that known quantities of phenol be added to the water sample 
being investigated after the admixture operation and that the retrieval 
rate then be determined using this method. This process yields information 
on possible interference. Evaluation is carried out using a previously 
prepared calibration curve and taking account of the quantity of water 
used, the dilutions, the extraction volume, the cuvette path length etc. 

When quoting phenol index figures, it should be observed that the determi­
nation limit with this method is around 2 [lg/l. 

4.1.9.4 Separation by gas chromatography of phenol-type substances 
including halogenated phenols (see Section 4.2) 

It is frequently observed in analytical practice that the phenol index as a 
total parameter gives positive measured values whereas the analysis for 
individual phenols using gas chromatography does not yield positive 
results. In such cases a check should always be made to see whether the gas 
chromatography program covers phenol-type substances capable of coupling -
or substances reacting as such - which can arise in nature or anthropo­
genically. It must also be noted that humic matter contains phenol-type 
groups, which means that discrepancies between the total parameter of the 
phenol index and the determination of individual phenols obtained by gas 
chromatography also appear possible for this reason, too. 

4.1.10 Nitrogen compounds 

General remarks 

The nitrogen contained in organic substances in water is converted to 
ammonium ions by Kjeldahl's decomposition method. The ammonium ions are 
distilled from alkaline solution as ammonia, collected in boric acid solu­
tion and determined acidimetrically or photometrically in the receiver. 
Ammonium ions originally contained in the sample are separated, identified 
and deducted, or separated off by distillation before carrying out the 
Kjeldahl decomposition. Nitrite and nitrate are volatilized by H2S04 in the 
K jeldahl decomposition process. 

The method is suitable for the determination of organically bonded nitrogen 
in concentrations greater than about 0.2 mg/l. Aromatic and heterocyclic 
compounds with N atoms in the ring are only partially detected. 

Total nitrogen 

The sum of nitrate nitrogen, nitrite nitrogen, and ammonium nitrogen and 
organically bonded nitrogen, each determined separately, is designated 
total nitrogen. Elemental nitrogen dissolved in the water is not contained 
in this total. 
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Calculation 

Determine separately the content of nitrate, nitrite and ammonium ions in 
the water, convert the results to mg/l N and add to the content of organi­
cally bonded nitrogen in mg/l N: 

Total nitrogen N mg/l = A • 0.23 + B • 0.30 + C • 0.89 + D 

A = Nitrate concentration in mg/l N03-
B = Nitrite concentration in mg/l N02-
C = Ammonium concentration in mg/l NH4+ 
D = Content of organically bonded nitrogen in the sample in mg/l N 

Conversion factors 

mg N NH4+ N02-
mg mg mg 

corresponds to 1.00 1.29 3.28 
" 0.78 1.00 2.55 
" 0.30 0.39 1.00 
" 0.23 0.29 0.74 

Equipment 

Distillation apparatus with receiver 

Sulphuric acid, conc., (1.84 g/ml) 

Sulphuric acid (1.27 g/ml): 
Carefully add 100 ml of conc. sulphuric acid to 300 ml of dist. water. 

Sodium sulphite solution: 
Na2S03, reagent purity, 5 % in dist. water 

Iron (III) chloride solution: 
FeCl3 • 6 H20, reagent purity, 10 % in dist. water 

Copper sulphate solution: 
CuS04 • 5 H20, reagent purity, 10 % in dist. water 

Potassium sulphate, K2S04, reagent purity 

W ieninger's selenium reaction mixture 

a) Merck, Art. No. 8030: 
97 % Na2S04 (anhydrous) 
1.5 % CuS04 • 5 H20 
1.5 % Selenium (elemental) 

b) or Art. No. 15 348: 
3 % CuS04 • 5 H20 
3 % Ti02 
94 % K2S04 (anhydrous) 

N03-
mg 

4.43 
3.44 
1.35 
1.00 
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Phenolphthalein solution: 
Dissolve 1 g phenolphthalein in 100 ml ethanol 

Boric acid solution: 
40 g of reagent-purity H3B03 diluted to 1 litre in ammonium-free water (1 ml 
of this solution absorbs about 2 mg of ammonium ions) 

Sodium hydroxide solution: 
NaOH 30 % in dist. water 

Reagents for acidimetric titration or photometric analysis of the ammonium­
ion content in the distillate: see "Acidimetric determination following 
distillation" or "Photometric determination as indophenol" in Section 3.3.5 
"Ammonium" . 

Method 

Filter and, if necessary to remove ammonium 
following alkalization. Transfer up to 500 
appropriate Kjeldahl flask. 

ions, 
ml 

distill the water sample 
of the sample to an 

Treat the sample with 10 ml of sulphuric acid, (1.27 g/ml), lO rl'l! of sodium 
sulphite solution and 5 drops of iron (IIOchloride solution, and evaporate 
to a volume of about 20 ml. When cool, add 10 ml of conc. sulphuric acid, 1 ml 
of copper sulphate solution and between 1 and 3 g of selenium reaction 
mixture. Heat the sample until white S03 vapour appears, then place a cooling 
bulb in position. Decomposition is complete when the solution is completely 
clear, which generally takes 20 - 30 minutes. If decomposition is difficult, 
for example in the case of waste waters, the boiling point of the sulphuric 
acid may be raised by adding 5 g of potassium sulphate to the reaction mixture. 

When the solution is cool, add 250 ml of distilled water, some boiling 
chips and a few drops of phenolphthalein solution. Add sodium hydroxide 
solution until a pink coloration appears and then immediately distill into 
a receiver containing about 50 ml of boric acid solution. The end of the 
condenser must dip into the boric acid solution. Continue until about 200 
ml of distillate has passed over. 

a) Titration. Treat the distillate with 5 drops of methyl red solution and 
titrate from yellow to red with 0.025 m H2S04' Boil up briefly to expel 
C02, allow to cool to room temperature and titrate again to the same 
shade of colour. For the blank test, carry out decomposition with 
ammonium-free distilled water and all the reagents in the same way, 
subsequently distill and titrate the distillate or measure photo­
metr ically according to b). 

b) Photometric determination. Transfer the distillate to a 200-ml measuring 
flask and make up to the mark with ammonium-free water. Determine 
aliquot parts according to the method described under "Photometric 
determination of ammonium as indophenol" (Section 3.3.5.1). 

Calculation 

Titration method 

1 ml of 0.025 m H2S04 is equivalent to 0.70 mg of N. The content of organi­
cally bonded nitrogen can be calculated according to the following 
formula: 
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(a - b) . F . 0.70 1.000 
-V- mgll Organically bonded nitrogen 1 

a Consumption of 0.025 m H2S04 in ml for the distillate of the sample 
b Consumption of 0.025 m H2S04 in ml for the blank 
F Factor of the 0.025 m H2S04 
V Volume of the water sample in ml 

Calculation 

Photometric determination 

Take the average of several individual measurements, deduct the blank 
reading and read off the content of ammonium ions from the calibration 
curve. Convert the result to nitrogen ("organically bonded nitrogen") by 
multiplying by 0.78 1. 

Up to 10 mg of Nil, the values should be rounded off to 0.1 mg/l. Above 10 mg 
of Nil round off to whole numbers. 

4.1.11 Organic Acids 

General remarks 

Organic acids frequently occur in polluted water, sometimes in considerable 
concentrations, e.g. in leakage water from rubbish tips, household and 
industrial sewage etc. They are formed in especially large quantities when 
"acid fermentation" of organic substances takes place under anaerobic 
conditions (stage preceding the methane phase in sludge and waste materi­
als). If the organic acids are not recorded separately for this type of 
polluted water, they can cause spurious results, e.g. when measuring the 
level of hydrogen carbonate, and in general can lead to an incorrect assess­
ment, e.g. when drawing up "ion balances". The method selected for the 
analysis of organic acids must always be stated in the report. 

4.1.11.1 Determination of organic acids which are volatile with steam 

General remarks 

Organic acids which are volatile with water vapour and whose low level of 
dissociation can be further suppressed by adding phosphoric acid, are 
distilled from the water sample and measured in the distillate by titration 
with sodium hydroxide solution against phenolphthalein. 

This method can be used with leakage water from rubbish tips and polluted 
surface water containing volatile fatty acids in concentrations of approx. 
0.1 mmol/l and above. Almost without exception carbon dioxide present in 
such water samples must be expelled from the distillate by boiling and 
using a back flow condenser before titration is carried out. If hydrogen 
sulphide is present in quantities large enough to be a problem, it must be 
combined by adding copper sulphate to the water sample. 

If NH4+ ions have not been previously separated off they should be 
determined separately, converted to N and deducted from the results of the 
measurement. 
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The influence of nitrates is eliminated by adding approx. 100 ml of amido­
sulphonic acid or urea to the sample. If the sample contains phenols which 
may be transferred into the distillate, titration should not be carried out 
against phenolphthalein, but instead against a mixed indicator (methylene 
blue/neutral red). 

Equipment 

Apparatus for steam distillation with receiver and flask with reflux condenser, 
boiling off C02 

Analytically pure phosphoric acid (1.70 g/mD 

Sodium hydroxide: 0.1 m 

Phenolphthalein 1 % solution in ethanol 

Mixed indicator: 
0.05 g methylene blue and 0.2 g neutral red are dissolved in 100 ml 70 % 
ethanol. 

Method 

Transfer 0.1 to 1 litre of the homogenized or filtered (depending on purpose 
of test) sample into the distillation flask, acidify with 5 ml phosphoric 
acid and distill with steam. If sludge is to be analyzed, first dilute the 
sample with sufficient distilled water to make it capable of distillation. 
Ensure that the volume in the flask remains virtually constant throughout 
the process. Stop distillation once the quantity of distillate has reached 
500 ml, then boil the latter for 10 min. using the reflux condenser, in 
order to expel any gases dissolved (e.g. C02). Leave to cool to room tempera­
ture, add 5 drops of phenolphthalein solution and titrate with 0.1 N sodium 
hydroxide solution until a permanent pink colour is reached. 

If phenols are present, titrate until the colour of the mixed indicator 
changes to bluish-green. 

Calculation 

1 ml 0.1 m NaOH corresponds to 0.1 mmol volatile organic acids. The quanti­
ty is calculated in mmol/I, taking into account the volume of the sample 
used. 

4.1.11.2 Quantitative analysis of organic acids after separation by column 
chromatography 

General remarks 

Organic acids are absorbed from an acidified aqueous solution by being 
passed through a chromatographic column of silica gel. After elution with a 
chloroform/butanol mixture, titration is carried out in the eluate itself 
with methanolic sodium hydroxide solution. This method is only recommended 
for dissolved organic acids after preliminary filtration of the water 
sample, where necessary. 

Dissolved organic acids in concentrations of 0.5 mmol! I and above can be 
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detected. Apart from organic acids, alkyl sulphates, alkylaryl sulphonates 
and other chemically related surface-active substances are absorbed by the 
silica gel column and are eluted with the organic mixture of solvents. 
However, these generally occur in such low concentrations that they can be 
ignored for the purpose of evaluation. In exceptional cases they have to be 
measured separately and taken into account in the calculation. 

Equipment 

Centrifuge 

Glass filter crucible for 20 g silica gel 

1000 ml shaking funnel 

Silica gel for chromatography, 50 - 200 mesh. To separate off any excessively 
fine material, elutriate the preparation with distilled water, let it 
settle for 15 min., and decant the excess water. Then dry in the drying 
oven at 100 - 105°C and store in the dessiccator. 

Chloroform/butanol mixture: 
Mix 300 ml analytically pure chloroform, 100 ml n-butanol and 80 ml of 
0.25 m sulphuric acid in the shaking funnel and once the phases have 
separated, allow the bottom, organic phase to run off through a folded 
filter into a dry flask. 

Thymol blue indicator solution: 
Dilute 80 mg thymol blue in 100 ml abs. methanol. 

Phenolphthalein indica tor solution: 
Dissolve 80 mg phenolphthalein in 100 ml abs. methanol. 

Concentrated, analytically pure sulphuric acid (= 1.84 g/ml). 

Methanolic sodium hydroxide solution, 0.02 m: 
Dilute 20 miLO m sodium hydroxide solution with abs. methanol to make 
1000 ml. The normality of the solution must be checked frequently, and 
absorption of C02 into the solution must be prevented. 

Method 

Filter or centrifuge the water sample and transfer 20 ml of the clear 
sample to a flask. Add a few drops of thymol blue indicator solution, then 
add concentrated sulphuric acid one drop at a time until the indicator 
colour changes (pH 1.0 - 1.2). 

Place a glass filter crucible on a suction flask, add 20 g silica gel, 
connect up to the water jet pump and tap the apparatus so that the silica 
gel settles uniformly. Then add 10 ml of the acidified water sample using a 
pipette to give a uniform distribution of the liquid over the entire 
surface of the silica gel layer. As soon as the latter has absorbed all the 
liquid, immediately elute in the water-jet vacuum with a total of 100 ml 
chloroform/butanol mixture added in stages. Stop elution as soon as the 
last of the mixture has been absorbed into the silica gel layer. 

Now transfer the eluate from the suction bottle into the titration vessel 
and drive off any C02 by briefly passing hydrogen into the vessel. Add a 
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few drops of the 
C02-free atmosphere 
the colour changes to 

phenolphthalein indicator solution and titrate in a 
using 0.02 m methanolic sodium hydroxide solution until 
pink. 

Carry out the same procedure with a blank solution of 10 ml distilled 
water. 

Calculation 

1 ml 0.02 m NaOH is equivalent to 0.02 mmol of organic acids whose quantity 
can thus be calculated in mmol/l, taking into account the sample volume 
used. 

Note: 

If the term "organic acids" is purposely modified to read "titratable organ­
ic substances" it is possible, in overall titration to pH 4.3 (m value; see 
Chapter 1), to take account of the latter when calculating the level of 
hydrogen carbonate ions. 

The sum of the titration value in mmol/l for total titration to pH 4.3 is 
calculated as mg hydrogen carbonate ions (a). 

The free dissolved carbon dioxide level is measured in the field (sampling 
location) by means of back titration (Chapter I) (b). 

In addition both the free and bound carbon dioxide are fixed with CaO or 
NaOH and the total carbonic acid level is determined in the laboratory by 
means of "gravimetric measurement after distillation" (as described in 
Section 3.2. "Total Carbon Dioxide") (c). 

If the value for free dissolved carbon dioxide as per (b) is subtracted 
from the result obtained as per (c) the remainder is part of the titration 
obtained as per (a), which can be classified with the hydrogen carbonate 
ions found to be present. The difference between the value (c) minus (b) 
and the value (a) (all in mmol/l) gives the level of "titratable organic 
substances", a category not defined in any greater detail. 

This method is also suitable for correcting the m-value measurement obtain­
ed, for example, with samples of sewage and leakage water from refuse tips 
containing unidentified organic substances which are otherwise incorrectly 
taken as "hydrogen carbonate ions". The latter error frequently causes 
discrepancies in the figures obtained for cation and anion equivalents in 
so-called full analyses. Using the method described above, this type of 
error can be identified and possibly reduced. 

It must be pointed out that this method of testing and calculation is only 
to be regarded as giving general information. It is, however, important to 
add that if large discrepancies occur between the levels of hydrogen carbon­
ate ions measured by direct titration and by subtracting the free C02 from 
the total carbon dioxide, this is in all probability attributable to the 
presence of other titratable substances. 

4.1.11.3 Analysis of organic acids using gas chromatography 

Gas chromatography is also suitable (as is HPLC) for separating volatile 
and non-volatile organic acids. There is no standard method and it should 
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be noted that each different type of water or sewage sample must be indi­
vidually prepared for this sort of testing. 

In the method described below, samples are first passed through an anion 
exchanger and then esterified before the GC analysis takes place. 

T est procedure 

For the exchange resin put 2 - 3 g XAD-4 into a glass column (12 cm . O.S cm) 
and pass 200 ml of the sample (waste water) or I - 4 litres (surface water) 
through the exchanger at a rate of 4 - 5 ml/min. 

Wash through with 25 ml diethyl ether, then with 25 ml methanol and finally 
again with 25 ml diethyl ether. 

Extract the sorbed anions with 20 ml diethyl ether saturated with HCI. 
Return this eluate to the column and wash through with ether-HCI. 

Boil this new eluate down until it is dry and use a stream of N2 to remove 
any last remaining liquid. Add 2 - 3 ml diazomethane until a constant 
yellow colour is obtained, then top up with diethyl ether to a defined 
volume. Inject an aliquot quantity of the resulting solution into a gas 
chromatograph. 

Example of test conditions: 

Type of column: 
e.g. 30 m SE 30 glass capillary tube 

Temperature of injector and F.I.D.: 275°C 

Gas 1 ml/min. Split: I : 25 

Oven: 50°C - 250°C 

Temperature program: 6 - 30°C/min. 

4.1.12 Isolation and measurement of humic substances* 

General remarks 

Over 50 % of dissolved organic carbon (DOC) in surface water is classified 
under the category of humic substances (HUS). These are relatively high­
molecular compounds with a complex structure which still remains to be 
clarified accurately. For this reason it is especially important to charac­
terize HUS by determining their physico-chemical properties. 

In order to characterize and quantify aquatic HUS spe"cifically, they must 
first of all be isolated. The method most widely used at present is sorp­
tion with synthetic resins at a low pH followed by elution with alkaline 
solution (i.e. at a high pH). Mantoura and Riley used amberlite on a poly­
styrene base (XAD-2) whilst Thurman and Malcolm used polyacrylamide 
(XAD-S). The method used by Frimmel and Niedermann on numerous bodies of 
water is shown in the chart below. 

* F. H. Frimmel 
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Chart 

Water sample 
(e.g. 20 litres) 

Filtration 
(0.45 ~m) 

Determination: 
1------'""1 DOC, UV-VIS etc. 

Acidification 
with HCI to 
pH = 2.0 ..:!.: 0.1 

Sorption 
XAD 

1-------...-1 Passage 

Washing 
10-2 molar HCI 
(4 bed volumes) 
redistilled water 
(2 bed volumes) 

Elution 
0.2 molar NaOH 

I---...J Cation exchanger 
H+-type 

Further 
character iza tion 
Structural des­
cription 

t----t Determination: 
DOC; UV-VIS etc. 

Freeze-drying 

Fig. 126. Sequence of steps for isolating and characterizing aquatic humic 
substances 
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Parameter Type of sample Method Units 

Elementary s Element relative % 
analysis 
(C, H, 0, N, S) 

DOC d DOC analyzer mg/l 

A (254 nm) d Spectrometer cm- l 

A (436 nm) d Spectrometer cm- l 

Fig. 127. Characterization of HUS (HA, FA) in either solid (s) or dissolved 
(d) form 

A further division into humic acids (HA) and fulvic acids (FA) can be made. 
According to the working definition, HAs are only soluble in an alkaline 
environment, whereas F As are soluble in both acidic and alkaline media. To 
differentiate between the two, add HCI to the alkaline eluate in the XAD 
column until pH 2.0 + 0.1 is reached. Filter off the precipitated HA 
through a 0.45 11m membrane, wash with approx. 10-2 molar HCI and, after 
drying, keep available for further analysis. Concentrate the acidic solu­
tion containing FA again in a small XAD column (approx. 10 cm long) and 
wash with redistilled water until the eluate is free of chloride. Then 
elute with 0.2 molar NaOH and, in order to avoid denaturation as far as 
possible, pass the eluate through a highly acidic ion exchanger (Lewatit S 
1080) and either analyze immediately or freeze-dry. 

Characterization of the HUS, HA or FA should be conducted following the 
criteria given in Fig. 127. 

The values obtained are especially informative if they are made comparable 
by being expressed in relation to 1 mg Corg . The resulting quantities A 
(254 nm)/mg DOC and A (436 nm)/mg DOC are also called specific UV absorp­
tion or specific yellowing. 

It is usual to determine further characteristic quantities in addition to 
the basic parameters. The interaction of HUS with metal ions can be 
described in terms of complexation capacity (CC), in relation to a refer­
ence metal, e.g. Cu (II). The available methods of determination are polaro­
graphy and fluorimetric investigation. 

Fractionation using various methods of separation (gel permeation chromato­
graphy; reversed-phase chromatography) allows conclusions to be drawn concern­
ing the molecular size and polarity of the substances contained in the HUS. 

4.1.13 Urochrome 

General remarks 

Urochromes are decomposition products of blood and bile pigments. They are 
contained in urine and faeces, and may find their way into ground and surface 
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face waters, for example via leaking liquid manure cisterns or 
natural fertilization of grassland and fields. Chemically, they 
constitute derivatives of porphyrine, though precise clarification 
chemical constitution has so far proved impossible. 

through 
probably 

of their 

The urochrome component in the form of a yellow urine pigment may be used 
in the detection of urine in swimming-bath waters. Since, however, the urea 
test is about 50 times more sensitive, the urochrome test is of no signifi­
cance in this connection. 

Urochrome determination is important as an indicator of faecal contamina­
tion of waters. Its primary application is in the hygienic monitoring of 
such waters or of waters which are used for bathing purposes. 

Urochrome is determined by adsorptive concentration with aluminium hydro­
xide and photometric determination in a solution containing formic acid. 
Since urochromes present no pressingly important problem with regard to 
water hygiene and water treatment, differentiation between urochrome A and 
urochrome B is unnecessary when determining urochrome in water. The result 
is influenced by the content of humic acids, which often accompany uro­
chromes; this may be taken into account by using a differential method. 

Colorimetric determination (hydroxide method) 

The urochromes dissolved in water are precipitated by copreclpltation with 
aluminium hydroxide. The precipitate is decanted or centrifuged off and 
dissolved in formic acid. After adding phosphoric acid to eliminate iron 
coloration, the urochrome content is determined by measurement of the 
extinction at 380 nm. If humic acids are present, a second extinction 
measurement is taken at 530 nm and taken into account in the calculation. 
Instead of calibration with a urochrome reference solution, the urochrome 
content is calculated by multiplying the "colour value" by an empirical 
factor. 

The method is suitable for the determination of urochromes in drinking 
water, surface water and ground water. The lack of specificity of this 
method dictates that the results should be used to evaluate waters only in 
combination with other chemical and microbiological data. 

Equipment 

Photometer with filters (380 nm and 530 nm) 

Cuvettes of suitable light path length 

Glass flask, volume 1000 ml 

Measuring flask, volume 50 ml 

Potassium aluminium sulphate solution 0.1 m: 
Dissolve 4.74 g KAJ(S04)2 . 12 H20 in dist. water to 100 ml 

Formic acid, 85 % 

Phosphoric acid, 85 % 

Ammonium hydroxide solution, 5 % (0.977 g/m!) 
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Phenolphthalein solution, I % in ethanol 

Procedure 

Take 500 ml of the water sample in the 1000 ml glass flask and treat with 
20 ml of 0.1 m potassium aluminium sulphate solution and two drops of 
phenolphthalein solution. Add about 2 - '+ ml of 5 % ammonium hydroxide 
solution dropwise, shaking constantly, until just past the point where the 
red coloration disappears (or leaving a slight pink coloration); if possib­
le, the pH should be 7.8. An excess of NH,+OH is to be avoided since this 
reduces the absorption of the urochrome. 

After about 30 minutes, half of the supernatant clear liquid may be siphon­
ed off. The remainder is centrifuged or left to stand overnight. Dissolve 
the precipitate, which should be isolated from the supernatant liquid as 
far as possible, with 5 ml of 85 % formic acid, add 0.5 ml of 85 % phos­
phoric acid and dilute to the mark in the 50-ml measuring flask with distill­
ed water at 20°C. 

After 30 minutes, measure the extinction of the clear formic acid-urochrome 
solution at 380 nm. First filter the solution if it is not completely 
clear. If humic acids can be expected to be present, conduct a second measure­
ment at 530 nm. 

Calculation 

Multiply the extinction value, measured at 380 nm, by the number of ml of 
solution for measurement (50 ml). Multiply the "colour value" obtained in 
this way by the empirical factor 1.9, established by gravimetric urochrome 
determination by H. O. Hettche. We therefore obtain 

mg/l urochrome = E380 . VF . 1.9 

E 380 = Extinction in l-cm cuvettes at 380 nm 
VF = Number of ml of formic acid colour solution 

To estimate the proportion of humic acid, take the logarithm of the extinc­
tion values of the measurements at 380 nm and 530 nm and multiply by 1000: 

log E380 • 1000 log E 530 . 1000 Q 

The "Q value" is 0.903 for pure urochrome solutions, and 0.573 for pure 
humic acid solutions. 

It may be concluded that no humic acid is present in the sample solution if 
the Q value is around 0.9 or above. Q values between 0.9 and 0.8 indicate a 
considerable portion of urochromes, mixed, however, with a more than negli­
gible quantity of humic acids. In the case of Q values of 0.6 and below, 
only humic acid is present. 
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4.2 Organic compounds 

4.2.1 Polycyclic Aromatic Hydrocarbons 

General remarks 

Among the harmful substances which can be detected in drinking water, poly­
cyclic aromatic hydrocarbons (PAH) are considered to be particularly impor­
tant because of their potential carcinogen;c properties. The circumstances 
in which these substances occur include the incomplete burning of organic 
material. They also appear in substantial concentrations in cigarette 
smoke, car exhaust fumes and other cases of pyrolysis. The following 
figures are given by Kunte and Borneff as a guideline for the level of 
selected polycyclic aromatic hydrocarbons in the water: 

Ground water 10 - 50 ng/l 

Slightly polluted surface water 50 - 250 ng/l 

Heavily polluted surface water up to 1000 ng/l 

Wastewater up to 100,000 ng/l 
(ng/l = Nanogram/l) 

A routine analysis of all compounds in this group of substances is scarcely 
practicable. However, methods of fluorescent spectrometry have proved use­
ful and comparatively simple for analyzing representative PAHs. These 
methods are used after enrichment and separation using thin-layer chromato­
graphy and after high pressure liquid chromatography. The 1986 German Drink­
ing Water Regulations lay down a maximum permissible level of 0.00025 mg/I 
(calculated as C) for total polycyclic aromatic hydrocarbons. The following 
substances are included (designated in accordance with IUPAC rules): 

fluoranthene, benzo( b }tluoranthene, benzo( k)fluoranthene, benzo(a) pyrene, benzo­
(ghi)perylene and indeno(1,2,3-cd)pyrene. 

The substances listed are not all equally carcinogenic. Fluoranthene, which 
can also occur naturally, must be regarded as scarcely if at all carcino­
genic, whereas benzo (a) pyrene is extremely so. 

4.2.1.1 Detection of polycyclic aromatic hydrocarbons using thin-layer 
chromatography 

Extraction of the water samples 

Two-litre wide-necked reagent bottles with conical shoulders (brown glass 
with ground glass stoppers) are used for the water sampling. After adding 
60 ml cyclohexane, the test sample is extracted for 5 minutes using a mixer 
such as the Ultra- Turrax. Alternatively it can be mechanically shaken for 
an hour. When the sample has stood for a sufficient length of time, the 
remaining cyclohexane solution is removed using a separator consisting of 
two ascending pipes. For relatively clean water, such as ground water, 2 to 
2.5 litres should be used, but with waste water and seepage water from refuse 
dumps 100 ml is sufficient. The latter quantity of water is diluted to 
approx. 2 litres and is then treated in the same way as the other types of 
water. With heavily polluted water, emulsions can easily form. In such 
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cases 100 ml water is evaporated in the rotary vaporizer at 40°C in the 
water-jet vacuum. The residue is extracted using cyclohexane and then 
sampling continues as described below. Under certain circumstances the 
emulsions which form can be dispersed using a centrifuge. 

Enrichment 

The extract is dried with sodium sulphate, then transferred to a 100 ml 
conical flask (brown glass) and concentrated to approx. 1 to 2 ml in the 
rotary vaporizer. The resulting solution can be transferred into a smaller 
conical flask and further concentrated. 

Preparatory Cleaning 

With ground water and drinking water, preparatory cleaning is only neces­
sary in rare cases, but with waste water and seepage water it is essential. 
The following procedure has given good results for cleaning and recovery: 

1 g Florisil (magnesium silicate) is put into a small 1.6-cm diam. brown 
glass column approx. 10 cm long. Cyclohexane is added for preliminary 
cleaning, and then 1 to 2 ml of the extract for analysis is added. A TLC 
measurement is then taken. If difficulties arise during the separation 
process, the quantity of the sample used in the TLC measurement may have to 
be varied. A further 3 ml cyclohexane is then added for secondary cleaning. 
Finally 4 elutions follow using 1 ml benzene cyclohexane mixture (1 + 1) 
each time. The combined samples are then reduced in the rotary vaporizer to 
between 100 and 200 III and the concentrate is transferred to a thin-layer 
plate. 

Thin-layer Chromatography 

Thin-layer chromatography (separations) can be made 
prepared in the laboratory or ready-prepared TLC 
reversed-phase material have also proved successful. 
preparing plates in the laboratory is as follows: 

using either plates 
plates. Plates with 
The procedure for 

To make 5 plates (20 cm x 20 cm), a mixture of 20 g aluminium oxide G 
(suitable for gas chromatography) and 10 g cetyl cellulose is thoroughly 
homogenized with 65 ml ethanol and then immediately spread on the plates in 
a layer 0.3 mm thick. Once they are dry on the surface, the plates are 
activated for 30 minutes in the drying cabinet at 11 0 to 130°C. They are 
then stored- in the desiccator until needed. 

A microlitre syringe is used to deposit a spot of the previously cleaned 
extract onto one corner of the plate. This initial spot should not be 
larger than 5 mm in diameter. The supply vessel is then rinsed twice with 
cyclohexane and the resulting liquid is also applied to the plate. 

The plates are developed in the first direction with n-hexane/benzene 
(176 : 24, v/v). After 30 minutes the plates are dried and developed at 90°C 
to the first direction using methanol/diethyl ether/water (80 : 80 : 20, v/v). 
The plates must be protected from light throughout the developing process, 
and are finally dried using an electric hair-dryer (cold). 

For reference and calibration chromatograms, suitable quantities of the 
standard solution are applied and developed in the appropriate way. 
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Evaluation 

The position of the spots and the colour of their fluorescence can be 
observed by stimulating with a UV lamp at 365 nm. Measurements are taken 
with a suitable densitometer. The peaks correspond to different intensities 
of fluorescence, and are proportional to the amounts of substance. The 
fluorescence wavelengths should be set as follows: 

fluoranthene 462 nm, benzo(b)fluoranthene 452 nm, benzo(k)fluoranthene 431 nm, 
benzo(a)pyrene 430 or 405 nm, benzo(ghi)perylene 419 or 407 nm, indeno-(l,2,3-cd)­
pyrene 500 nm. 

The surface area of the intensity curve is proportional to the amount of 
substance in a spot on the plate. The surface area is calculated either 
with an electronic integrator or using the normal formula height x width 
half way up. The mass concentration of the individual substance in the 
water is calculated using the following equation: 

M 
m . ab . Vc 

Vw . aa . ve 

M mass concentration of the individual substance 
m = mass of the individual substance on the reference plate 
ab surface area of the intensity curve for the individual substance on 

the sample plate 
v c volume of cyclohexane added for extraction 
aa surface area of the intensity curve for the individual substance on 

the reference plate 
Vw volume of extracted water sample 
ve volume of cyclohexane extract used. 

In order to 
carbons, the 
together. 

establish the 
concentrations 

Statement of Results 

total quantity of polycyclic aromatic 
of the 6 individual substances are 

hydro­
added 

For drinking water, the carbon content of the 6 polycyclic aromatics is 
calculated by multiplying their total quantity by 0.95. 

4.2.1.2 Determination Using High Pressure Liquid Chromatography 

For carrying out routine high pressure liquid chromatography separation, it 
is the reversed-phase method which is most suitable, and in particular 
using RP 8 or RP 18 columns. These materials are based on silica gel with a 
chemically bonded, non-polar stationary phase of differing polarity. 

The various commercially available ready-made columns do not always give 
the same separation results and so no general statement can be made about 
the success of separation. For elution, an approx. 85 : 15 (v/v) methanol! 
water mixture is used. Under these conditions it often proves impossible to 
separate benzo(b)fluoranthene and benzo(k)fluoranthene. Preliminary treat­
ment of the water samples is the same as described above. 
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'+.2.2 Determination of phenols in water (see also Section '+.1.9) 

General remarks 

Extraction of the water sample with n-hexane. Oerivatization with penta­
fluorobenzoyl chloride. GC measurement with double ECO and two capillary 
columns of different polarity. 

Equipment 

100 ml separating funnel 

100 ml glass flasks 

Funnel 

100 ml round-bottomed flask with I-ml tip 

Injection syringes: 100 Ill, 250 Ill, 500 111 

I-litre wide-necked reagent bottles with conical shoulders, with tilting 
pipettes: 10 ml, 20 ml, 50 ml 

GC with double ECO and 2 capillary columns of different polarity 

Plotter etc. 

Water, for example from Millipore superpure water analysis 

Na2S0,+ ignited at '+50 °C 

m NaOH 

m NaHC03 

Hexane, nanograde 

Oecane 

Pentafluorobenzoyl chloride (10 % solution in nanograde toluene) (e.g. Fluka, 
Art. No. 76733) 

Standard phenol solution: 
Approx. 5 Ilg/ml (see list below) in nanograde acetone 

Internal standard solution: 
2,3-dichlorophenol, approx. 5 Ilg/ml, in nanograde acetone 

Sample preparation 

Reference: 

Blank test: 

Sample: 

80 ml of superpure water + 100 111 of internal standard + 50 111 
of standard phenol solution 

80 ml of superpure water + 50 III of internal standard 

80 ml of water sample + 50 111 of internal standard 

Pour 80 ml of water into a 100-ml separating funnel, add 10 ml of 1 m NaOH 
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and 20 ml of n-hexane and shake for 2 minutes. Drain off the aqueous phase 
into a 100-ml glass flask; discard the organic phase. Return the aqueous 
phase into the separating funnel, and after the addition of 20 ml of 1 m 
NaOH, 20 ml of nanograde n-hexane and 200 III of pentafluorobenzoyl chloride 
solution, shake vigorously for 5 minutes. 

Subsequently discard the aqueous phase. Add 50 ml of 1 m NaOH to the organ­
ic phase and shake again for 1 minute. Discard the aqueous phase. Filter 
the organic phase through Na2S04 into a 100-ml round-bottomed flask with 
I-ml tip and carefully concentrate by evaporation at 40°C with 0.5 ml of 
decane as a keeper. 

Measurement 

Temperature program: Initial temperature 140°C, 10 minutes isothermal 
prerun, then heat to 280°C at 5°C/min., 10 min. 
isothermal tail run 

Split: 30 ml/min. 

Injection temperature: 280°C 

Detector temperature (ECD): 350°C 

Injection volume: 2 III 

Capillary columns: A column: 30 m DB 1 0.25 11m film thickness 
B column: 30 m DB 170 1 0.25 11m film thickness 

Evaluation 

Internal standard method 

Peak height evaluation 

Phenolic substances, by gas chromatography 

(Standard solution approx. 5 I1g/ml) 

Phenol 
2 -chlorophenol 
4-chlorophenol 
2,4-dichlorophenol 
3,5-dichlorophenol 
2 ,3,5 - tr ichlorophenol 
2,4,6-trichlorophenol 
2,3,4,6-tetrachlorophenol 
Pentachlorophenol 
o-cresol 
m-cresol 
p-cresol 
4 -chloro-m -cresol 
2,4-dimethyl phenol 
3,4-dimethyl phenol 
2,3,5-trimethyl phenol 
o-phenyl phenol 

Determina tion 
limit I1g/1 

0.5 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.5 
0.5 
0.5 
0.5 
0.1 
0.1 
0.1 
0.5 
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4.2.3 Determination of aromatic hydrocarbons, kerosene, heating oil, 
diesel oil or petrol (gasoline) etc. in water 

General remarks 

Extraction with pentane 

559 

GC measurement with double FlO on two capillary columns of different polarity 

Equipment 

100-ml measuring flask 

2-ml bulb pipette 

10-111 syringe 

Mechanical shaker 

Gas-chromatographic apparatus 

Standard solution: 
a) for petrol(gasoline): 

standard petrol solution (regular grade) 1 g/50 ml nanograde pentane 
b) for kerosene: standard kerosene solution, 1 g/50 ml nanograde pentane 
c) for fuel oil: standard fuel oil (extra-light heating oil) solution or 

diesel oil solution, 1 g/50 ml nanograde pentane 
d) aromatics: standard aromatics solution, approx. mg/ml in nanograde 

pentane 

Benzene 

Toluene 

Ethylbenzene 

o-xylene 

m-xylene 

p-xylene 

Internal standard solution of l-chloroheptane, 20 Ill/I in nanograde pentane 

Water, e.g. from a Millipore super pure water system 

Sample preparation 

Reference: 

Blank test: 

Sample: 

100 ml of superpure water + 10 III of appropriate standard 
solution + 2 ml of internal standard solution 

100 ml of superpure water + 2 ml of internal standard solu­
tion 

100 ml of water sample + 2 ml of internal standard solution 



560 

Procedure 

Fill a 100-ml glass flask with 100 ml of water sample, add 2 ml of internal 
standard solution (see "Sample preparation"), and shake for 30 minutes on 
the mechanical shaker. Transfer the organic phase to GC sampler flasks. 

Measuring conditions 

GC: 

Capillary columns: 
Column A: 
Column B: 

Temperature program: 

Injector temperature: 

Detector temperature(ECD): 

Injection volume: 

Carrier gas: 

Evaluation 

Internal standard solution 
Peak height evaluation 

e.g Varian 3700 

30 m~ OBI, film thickness 0.25 ~m 
30 m DB17, film thickness 0.25 ~m 

Initial temperature 40°C, 4 minutes isother­
mal prerun, heat to 300°C at 6°C/min.; 5 mi­
nutes isothermal tail run 

300°C 

330°C 

2 ~l 

Helium, 1.1 bar 
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~--------------=====================~a;~ 

~-----------------------------------==~~ 

m_~ ____________________________________ ~ 

Fig. 130. Super grade petrol 
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Fig. 131. Diesel fuel 
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4.2.4 Systematic determination of highly volatile halogenated hydrocarbons 
(HHC) in water samples using gas chromatography 

Stages of the determination process 

A Preparation of the samples 
B Calibration 
C Gas-chromatographic measurements and quantification of the individual 

components 
D Qualitative assignment of the compounds 

A) Preparation of the samples 

AI Samples with low loadings: 

Take the sample of water in a weighed 100-ml amber glass flask 
with ground-glass stopper. Determine the quantity of sample by 
weighing the sample flask before and afterwards. 

For extraction, take between 2 and 5 ml of the sample with a 
pipette, and add the same quantity of pentane and 5 ~l of internal 
standard. Subsequently shake for 5 minutes (mechanical shaker). 

Draw off the pentane solution into sample flasks. (It is general­
ly not necessary to use a phase separator.) 

All Samples with higher loadings: 

Reduce the ratio of aqueous sample to pentane so that the concen­
tration ranges of the compounds under analysis are within the range 
of the calibration curve. 

Prepare as for samples with low loadings 

AIII Analogous preparation etc. of a blank test with 100 ml of superpure 
water (e.g. Millipore). 

Equipment 

Microlitre syringes, 5, 10, 25, 50, 100 ~l 

Measuring flasks, 10, 20, 50, 100 ml 

Pasteur pipettes 

Pipettes, 2, 5, 10 ml 

Mechanical shaker 

Pentane (suitable for the analysis of highly volatile halogenated 
hydrocarbons) 

Polyethylene glycol 400 

Dichloromethane, superpure quality 

Carbon tetrachloride, superpure quality 
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1,1, I-trichlorethane, superpure quality 

Chloroform, superpure quality 

Trichloroethene, superpure quality 

Tetrachloroethene, superpure quality 

Bromodichloromethane, superpure quality 

Dibromochloromethane, superpure quality 

Bromoform, superpure quality 

I-bromo- 3-chloropropane, superpure quality 

Gas chromatograph with 2 ECDs and simultaneous splitter 

Two-channel intergrator, recorder 

Capillary column, 25 m, coated with OV 225 (DB 225) 

Capillary column, 25 m, coated with OV 210 (DB 210) 

or other capillary columns of equivalent separation efficiency. 

Internal standard solution: 
e.g. 5 [11 of a solution of 200 mg of I-bromo,..3-chloropropane in 50 ml 
of polyethylene glycol 400 

B) Calibration 

Weigh and mix thoroughly several grams of the pure substances to be 
determined (see equipment). 

Add aliquot masses between 50 and 500 mg of the mixture to between 10 
and 50 ml of polyethylene glycol 400 (PEG 400) (multi-component calibra­
tion solution). 

Internal standard solution: 
200 mg of I-bromo- 3-chloropropane in 50 ml of PEG 400 

Per calibration point: 
Add a set volume (e. g. 5 [11) of the multi-component calibration solu­
tion and of the internal standard solution to 100 ml of superpure water 
(100-ml amber glass flask with ground-glass joint). 

Multi-point calibration: 
Various aliquot volumes of the multi-component calibration solution 
provide different concentrations per 100 ml of superpure water. 

C) Gas-chromatographic measuring conditions 

Gas chromatograph: 

Columns: 

e.g Varian, Model 3700 

50 m capillary columns 
OV 225 OV 1 



Oven temperature: 

Injector: 

Detector: 

Carrier gas: 

Purge gas: 

Split: 

35°C, 5 min. isothermal 
35°C to 150°C - 6°C/min. 
possibly: 150°C, 20 min., 
isothermal 

e.g. Gerstel, FRG -
simultaneous splitter on 2 capillary columns 
Temperature: 150°C 

ECD, temperature: 300°C 

Helium 

Argon/methane 95 : 5 (v/v) 

e.g. Gerstel, approx. 1 : 10 
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General remarks on specific gas-chromatographic techniques for these 
halogenated hydrocarbons 

Fig. 135 shows the calibration curves of various highly volatile halo­
genated hydrocarbons in a very low concentration range. The calibration 
curves are linear, but do not all pass through zero (Fig. 135). If the 
concentration range is extended, the corresponding calibration curves 
are no longer linear, as shown in Fig. 136. This is particularly clear 
in the case of the compound 1,1, I-trichloroethane. The period of validi­
ty of the calibration curves measured for the calculation of substances 
in samples can be only a matter of days, depending on the operating 
state of the substance measured with the detector. Except for dichloro­
methane, the calibration curves in the higher and lower concentration 
ranges shown in Fig. 137 were all measured with the same detector within 
a few days. It can be seen that the calibration curves in the higher 
concentration range are generally not a direct extension of the calibra­
tion curves in the lower concentration range. This is particularly 
distinct in the case of the compounds carbon tetrachloride and 1,1,1-
trichloroethane. This means that the use of a measured calibration func­
tion to determine the contents of sample solutions is somewhat problem­
atical over a long period, and frequent control measurements are neces­
sary. 

D) Qualitative assignment of the compounds 

The measured signal of the compound must be present on 2 capillary 
columns of different polarity (with as great a polarity difference as 
possible) . 

Assignment is by comparison of retention (comparison of relative reten­
tions - the reference substance is the internal standard). Reproducibili­
ty: .:!:. 0.02 - 0.03 min. (applies to isothermal and programmed-temperature 
work) • 

If the relative retention times agree: identity of the substance is 
highly probable (criterion is sufficient for routine analyses). 

The identity of the substance may be considered as certain following 
confirmation by GC/MS analysis. 

For further examples see Figs. 134 -137 (Scholz-Betz-Rump 1984). 
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Fig. 134. Chromatograms of highly volatile halogenated hydrocarbons on two 
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4.2.5 Determination of nitroaromatics and higher-boiling halogenated 
compounds in water 

General remarks 

Extraction with toluene 

GC measurement with double ECD on two capillary columns of different polarity 

Equipment 

100-ml measuring flask 

Mechanical shaker 

2-ml pipette 

500 J.ll syringe 

25 J.lI syringe 

10 J.ll syringe 

GC with capillary columns, integrator or recorder 

Water, e.g. from a Millipore superpure water system 

Nanograde toluene 

5 tandard solutions: 
Nitroaromatics, approx. 0.1 - 6 J.lg/ml in nanograde acetone (Table A) 
Higher-boiling halogenated compounds, approx. 0.5 - 15 J.lg/ml in nanograde 
acetone (Table B) 

Internal standard solution: 1,1,2,2-tetrabromomethane, approx. 
nanograde acetone 

Table A 

List of selected nitroaromatics with determination limits in water 
(empirical): 

N i troaroma tics 

Nitrobenzene 
2-nitrotoluene 
3-nitrotoluene 
4-nitrotoluene 
l-chloro-2-nitrobenzene 
1-chloro-3-ni trobenzene 
l-chloro-4-ni trobenzene 
2-chloro-4-nitrotoluene 
4-chloro-2-ni trotoluene 
6-chloro-2-nitrotoluene 
l-chloro-2,4-dini trobenzene 
2,6-dinitrotoluene 
3,4-dinitrotoluene 

Determination limit J.lg/l 

10.0 
20.0 
20.0 
20.0 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

J.lg/ml in 
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Table B 

List of selected higher-boiling organohalogen compounds with determination 
limits in water (empirical): 

1,1,1,2-tetrachloroethane 
Hexachloroethane 
Hexachloro-l,3-butadiene 
1,2-dichlorobenzene 
1,4-dichlorobenzene 
1,2,3-tr ichlorobenzene 
1,2,4-trichlorobenzene 
1,3,5-tr ichlorobenzene 
1,2,3,4-tetrachlorobenzene 
1 ,2,3,5-tetr achlorobenzene 
Pentachlorobenzene 
2,4-dichlorotoluene 
2,6-dichlorotoluene 
3,4-dichlorotoluene 

Sample preparation 

Ilg/1 

1.0 
1.0 
1.0 

10.0 
10.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

15.0 
10.0 
15.0 

Reference 1: 100 ml of superpure water + 10 III of internal standard 
solution + 50 III of nitroaromatics mixture 

Reference 2: 100 ml of 
solution + 
mixture 

superpure 
50 III of 

water + 10 III of internal standard 
higher-boiling halogenated compounds 

Blank test: 100 ml of superpure water + 10 III of internal standard 
solution 

Sample: 100 ml of water + 10 III of internal standard solution 

Procedure 

Take 100 ml of water, reference solution and blank in separate 100-ml measur­
ing flasks and add 2 ml of nanograde toluene by pipette to each. Seal each 
measuring flask firmly and shake vigorously for 10 minutes. Draw off the 
organic phase with a Pasteur pipette and fill into Ge sampler flasks. 

Measuring conditions 

Temperature program: 

Injection temperature: 

Detector temperature: 

Split: 

Helium: 

Injection volume: 

Initial temperature 80 °e, 5 minutes isothermal 
prerun, heat to 280 °e at 5 °e/min., 5 minutes 
tail run (isothermal) 

280 °e 

350 °e 

30 ml/min. 

1.0 bar 
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Capillary columns 

Column A: 

Column B: 

Evaluation 

Internal-standard method 
Peak height evaluation 

30 m OBI (e.g. 0.25 11m film thickness) 

30 m DB 170 (e.g. 0.25 11m film thickness) 

A number of examples of chromatograms and measuring conditions are given 
in Figs. 138 - 141. 
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4.2.6 System of determination of organochlorine pesticides, 
organophosphorus pesticides and triazines in water 

General remarks 

579 

Extraction with dichloromethane from the water sample. GC measurement with 
double ECD and double TSD with two capillary columns of different polarity. 

Equipment 

1-1 separating funnel 

Funnel 

250-ml round-bottomed flask with I-ml tip (at lower end for concentration 
of extract) 

I-litre measuring cylinder 

500-ml Erlenmeyer flask with 50-ml tilting pipette 

I-ml pipettes 

Water, e.g. from Millipore superpure water system 

NaCI ignited at 450°C 

Nanograde toluene 

Nanograde dichloromethane 

Standard solutions: (See empirical list) 
Organochlorine pesticides, approx. 0.3 iJg/ml 
Organophosphorus pesticides, approx 0.3 iJg/ml 
Triazine, approx. 0.5 iJg/ml 
Chlordane, approx. 5 iJg/ml 
Arochlor 1254, approx. 5 iJg/ml 

Internal standard solutions: 
Hexabromobenzene, approx. 0.5 iJg/ml 
Bromophosmethyl, approx. 0.5 iJg/ml 

All standard solutions in nanograde acetone 

Gas-chromatographic apparatus 

Sample preparation 

Reference 1: 
1 litre of superpure water + 
each of standard solutions 
phorus pesticide and triazine 

Reference 2: 

1 ml of internal standard solution + 1 ml 
of organochlorine pesticide, organophos-

1 litre of superpure water + 1 ml each of internal standard solutions + 
1 ml each of arochlor 1254 + chlordane standard solutions 



580 

Blank test: 
1 litre of superpure water + 1 ml each of internal standard solutions 

Sample: 
1 litre of water + 1 ml each of internal standard solutions 

Procedure 

Take 1 litre of water (sample) in a I-litre separating funnel, add 30 g of 
NaCI and shake twice for 5 minutes, each time with 50 ml of nanograde 
dichloromethane. Transfer the organic phases via Na2S04 to a 250-ml round­
bottomed flask with I-ml tip; concentrate to 1 ml with 1 ml of toluene 
(water bath 40°C). 

Measuring conditions at the ECD (example): 

Temperature program: 

Split: 

Injector temperature: 

Detector temperature: 

Helium: 

Injection volume: 

Capillary columns: 

initial temperature 140°C, 10 minutes prerun 
(isothermal), heat to 270°C at 5°C/min., 15 
minutes tail run (isothermal) 

30 ml/min. 

280°C 

350 °C 

1.8 bar 

2 III 

Column A: OBI (e.g. from HP) 25 m, 0.171lm film 
thickness 
Column B: DB1701 (e.g. from HP) 25 m, 0.17 Ilm 
film thickness 

Measuring conditions for TSD (example): 

Temperature program: 

Split: 

Helium: 

Injector temperature: 

Detector temperature: 

Injection volume: 

Column 
H2 
A ttenua tion (example) 
Make up 

initial temperature 180°C, 6 minutes iso­
thermal prerun, heat to 270°C at 8°C/min.; 
5 minutes isothermal tail run 

15 ml/min. 

2 bar 

250 °C 

300 °C 

2 III 

A B 
60 m OBI 60 m DB1701 
1.2 bar 1.8 bar 
1 • 10-12 2 • 10-12 
250 scale 292 scale 
units units 



Evaluation 

Internal-standard method 
Peak height evaluation 

Empirical list 

Organochlorine pesticides 

Aldrin 
Chlordane 
Dieldrin 
Endrin 
Heptachlorepoxide 
p,p'-DDE 
p,p'-DDD 
p,p'-DDT 
Hexachlorobenzene 
Quintozene 

-HCH (lindane) 
- Endosulfan 

PCBs (Arochlor 1254) 

Organophosphoros pesticides 

Dimethoate 
Para thionmethy 1 
Parathion ethyl 
Bromophosethyl 
Diazinon 
Mevinphos 
Malathion 

Phenylurea herbicides 

Buturon 
Fenuron 
Linuron 
Methoxuron 

Triazine herbicides 

Atrazine 
Propazine 
Simazine 
Terbutryn 

Carbamate herbicides 

Carbetamide 
Chlorbufam 
Propham 

Phenoxyalkane carboxylic acid herbicides 

2,4-D 
2,4,5-T 
MCPA 

Determination limit Ilg/1 

0.05 
1.0 
0.05 
0.05 
0.05 
0.1 
0.1 
0.1 
0.05 
0.05 
0.05 
0.05 
1.0 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

0.5 
0.5 
0.5 
0.5 

0.1 
0.1 
0.1 
0.1 

0.5 
0.5 
0.5 

1.0 
1.0 
1.0 

581 



"'I
l 

a:a
' 

0
- """
 

!'l
 

rn
 

>< II
I 3 "0
 r0- o ,...,
 

II
I 

(
)
 

::J
" ., o 3 III
 

n­ o I)
Q

 ... II
I 3 ,...,

 
o .... "0

 
(J

) 
<n

 
n- n' 0:

 
(J

) 
<n

 

I.JV
 

10
00

. 

50
0.

 

6 
,2

 i 
1,

32
,0

 
26

 
4,1

 
56

 

B
 

60
 , 

8~
 

B2
 

10
1 , 

74
 

95
 

, 
, 

92
 

6~
 

BS
 

i '\
 

12
 

16
 

20
 

lI
B

 

13
4 

1,
42

 
, 

15
6 

I~
B 

18
6 

, 
24

 
28

 
32

 

S
am

pl
e:

 
~
C
-
p
e
s
t
i
c
i
d
e
s
 

D
B

17
01

 

N
o.

 
M

in
. 

A
re

a-
%

 
N

am
e 

60
 

1
1

.3
1

 
1

8
.4

 
HC

B 
74

 
13

.B
B

 
5

.6
5

 
q

u
in

to
ze

n
e 

B2
 

1
5

.0
6

 
8

.2
6

 
li

n
d

an
e 

8B
 

1
7

.0
4

 
1

1
.2

 
a
ld

ri
n

 
10

1 
2

0
.0

9
 

8
.1

6
 

h
ep

ta
ch

lo
re

p
o

x
id

e 
10

9 
2

0
.9

4
 

5
.6

2
 

a-
en

d
o

su
lf

an
 

11
5 

21
. 9

3 
6

.1
4

 
p,

p'
-D

D
E

 
U

8
 

22
.3

8 
6

.6
4

 
d

ie
ld

ri
n

 
12

2 
2

3
.1

5
 

5
.7

7
 

en
d

ri
n

 
13

4 
2

4
.8

8
 

5
.6

1
 

p,
p'

-D
D

D
 

13
9 

2
5

.5
2

 
3

.0
5

 
p,

p'
-D

D
T

 
14

2 
2

6
.6

4
 

6
.5

5
 

R
f:

he
xa

br
om

ob
en

ze
ne

 

%
-t

h
re

sh
o

ld
: 

1
.0

0
 %

 
17

6 
pe

ak
s 

o
u

t 
o

f 
18

B
 

(t
o

ta
l 

ar
ea

 p
er

ce
n

ta
g

e 
8

.9
8

 %
) 

a
re

 b
el

ow
 

th
re

sh
o

ld
. 

6 
pe

ak
s 

ha
d 

be
en

 
su

p
p

re
ss

ed
. 

(]
1

 
0

0
 

I\
) 



'T
J 

tfC
i' .... """
 

l-"
 

rn
 

X
 

II
I :3 '0
 r0- O
 ..., III
 

(
)
 

:r
 ... o :3

 
II

I .....
 

o I7
Q

 ..., II
I :3 .....

 
o ..., '0

 
(J

) '" ..... n' 0:
 

(J
) '" 

IW
 

5,2
 

80
0.

 

76
 

60
0.

 
' 

71
 

'la
o. 

ss
 

I?
S

 

88
 , 

85
 

20
0.

 
' 

9~
 

I?
I 

4 _h 
III 

2~
 

3?
 3
~ 

42
 

66
 

,I 
1,1

3 
1,

28
1,

35
 1

,3 

4 
8 

12
 

16
 

20
 

24
 

28
 

32
 

S
am

pl
e:

 
O

C
-p

es
ti

ci
d

es
 D

B5
 

N
o.

 
M

in
. 

A
re

a-
%

 
N

am
e 

52
 

1
0

.9
6

 
1

9
.1

 
HC

B 
55

 
1

2
.0

5
 

8
.2

6
 

li
n

d
an

e 
56

 
1

2
.3

0
 

6
.2

1
 

q
u

in
to

ze
n

e 
71

 
1

6
.5

4
 

1
0

.7
 

a
ld

ri
n

 
79

 
1

8
.3

9
 

7
.9

2
 

h
ep

ta
ch

lo
re

p
o

x
id

e 
85

 
1

9
.6

5
 

5
.7

6
 

a-
en

d
o

su
lf

an
 

87
 

2
0

.6
9

 
6

.0
3

 
p,

p'
-D

D
E

 
88

 
20

.8
0 

6
.8

4
 

d
ie

ld
ri

n
 

90
 

21
.5

2 
5

.3
1

 
en

d
ri

n
 

95
 

22
.4

1 
4

.8
9

 
p,

p'
-D

D
D

 
10

1 
2

3
.8

5
 

5
.0

8
 

p,
p'

-D
D

T
 

10
6 

2
5

.5
6

 
9

.5
1

 
R

f:
he

xa
br

om
ob

en
ze

ne
 

%
-t

h
re

sh
o

ld
: 

0
.5

0
 %

 
9 

12
3 

pe
ak

s 
o

u
t 

o
f 

13
5 

(t
o

ta
l 

ar
ea

 p
er

ce
n

ta
g

e 
4

.4
4

 %
) 

ar
e 

be
lo

w
 t

h
re

sh
o

ld
. 

5 
pe

ak
s 

ha
d 

be
en

 s
u

p
p

re
ss

ed
. 

c:n
 

0
0

 
(,

) 



'-+
'T

1 
.., 

-, 
-
'(

)
Q

 
il
l 

• 
N

 5'
 I

­
(j

) 
~
 

::
rf

" 
(j

) ., O
"r

n 
B:

~ 
0

.3
 

(
j)

'O
 

V
>

_
 

(j
) o .....
, 

il
l n ::r
 

.., o 3 ill
 ,..,.
 

o ()
Q

 .., il
l 3 .....
, 

o .., o .., ()
Q

 
ill

 
;:

l o '0
 

::r
 

o V
> 

'0
 

::r
 

o .., c V
> 

'0
 

(j
) 

V
> ,..,.

 n' 0:
 

(j
) 

V
> ill
 

;:
l a.
 

MV
 

60
, 

2 

55
. 

II 

4 , 

50
, 

III 
'I 

I 

45
. 

2 

I 1
20

50
59

, O
RT

 
2-

R
PR

-8
6 

09
.4

2.
48

 2(
 

11
 

6 
I 

l~
 

Ip 
19

 i 
II 

4 
6 

8 
10

 
12

 

S
am

pl
e:

 
O

PI
TZ

 D
B5

 
0

1
 

0
0

 
~
 

N
o.

 
M

in
. 

A
re

a-
%

 
N

am
e 

6 
3

.2
6

 
6

.5
7

 
m

ev
in

ph
os

 

1
1

 
6

.3
9

 
1

2
.0

 
d

im
et

h
o

at
e/

si
m

az
in

e 

12
 

6
.5

1
 

5
.3

2
 

a
tr

a
z
in

e
 

1
3

 
6

.6
1

 
5

.2
4

 
p

ro
p

az
in

e 

1
4

 
7

.2
5

 
7

.8
9

 
d

ia
zi

n
o

n
 

15
 

9
.0

4
 

9
.0

4
 

p
ar

at
h

io
n

m
et

h
y

l 

16
 

9
.8

3
 

3
.1

4
 

te
rb

u
tr

y
n

 

18
 

1
0

.3
1

 
4

.3
9

 
m

al
at

h
io

n
 

19
 

1
0

.8
1

 
7

.8
3

 
p

ar
at

h
io

n
et

h
y

1
 

20
 

1
1

.4
8

 
3

3
.8

 
R

f:
br

om
op

ho
sm

et
hy

l 

21
 

1
3

.1
1

 
4

.8
6

 
br

om
op

ho
se

th
yl

 

21
 

10
 p

ea
ks

 
ha

d 
be

en
 s

u
p

p
re

ss
ed

. 
, 

14
 



....
 '

TJ
 

.., 
.... 

..
..

 (
)Q

 
I»

 
• 

N
 5'
 ~
 

C
D
~
 

:
:
r
~
 

CD
 .., 0
"[

'T
l 

(i
. 

x 
..

..
 1

» 
0

..
3

 
C

D
-o

 
en

 
_ CD

 o .....
 

I»
 

n ::r
 

.., o 3 I»
 .... o ()

Q
 .., I»
 

3 .....
 

o .., o .., ()
Q

 
I»

 
::

l o -0
 

::r
 

o en
 

-0
 

::r
 

o .., C
 en
 

-:c
 

CD
 

en
 .... (i
. 0:
 

CD
 

en
 

I»
 

::
l 

0.
. 

MV
 

14
0 •

 

12
0.

 
4 , 

10
0.

 
11

 
' 

, 
ll
~ 

.
/
 2 

4 

I1
21

50
59

. O
RT

 
2-

R
PR

-8
6 

09
. 4

2.
 4

8 

14
 , 

I? 
I~

 
2,1

 
2~
 2S

 
2?

 
, 

\ 

6 
B

 
10

 

S
am

pl
e:

 
O

PI
TZ

 O
B

17
 

N
o.

 
M

in
. 

A
re

a-
%

 
N

am
e 

8 
2

.6
6

 
1

8
.7

 
m

ev
in

ph
os

 
14

 
5.

41
 

7
.6

4
 

d
ia

zi
n

o
n

 
15

 
6.

0B
 

4
.7

1
 

p
ro

p
az

in
e 

16
 

6
.2

2
 

4
.0

7
 

a
tr

a
z
in

e
 

17
 

6
.3

3
 

4
.4

0
 

si
m

az
in

e 
IB

 
7.

60
 

6
.5

3
 

di
m

et
ho

at
e 

20
 

B
.7

3 
3.

B
5 

te
rb

u
tr

y
n

 
21

 
9

.2
4

 
5.

B
7 

p
ar

at
h

io
n

m
et

h
y

l 
22

 
9

.7
3

 
5

.7
6

 
m

al
at

h
io

n
 

23
 

9.
B

7 
2

6
.1

 
R

f:
br

om
op

ho
sm

et
hy

l 
24

 
1

0
.6

7
 

6
.2

2
 

p
ar

at
h

io
n

et
h

y
l 

25
 

11
.1

2 
5

.4
2

 
br

om
op

ho
se

th
yl

 

26
 

27
 

, 
' 

%
-t

h
re

sh
o

ld
: 

0
.5

0
 %

 
3 

pe
ak

s 
o

u
t 

o
f 

15
 (

to
ta

l 
ar

ea
 p

er
ce

n
ta

g
e 

0
.6

5
 %

) 
a
re

 b
el

ow
 

th
re

sh
o

ld
. 

tT
l 

12
 

14
 

12
 p

ea
ks

 h
ad

 b
ee

n 
su

p
p

re
ss

ed
. 

0
0

 
tT

l 



586 

4.2.7 System for the determination of phenylurea and herbicidal carbamates 
in water 

General remarks 

Extraction with dichloromethane, HPCL measurement on RP-CI8 column and UV 
detection 

Equipment 

HPLC device with UV detector 

I-litre separating funnel 

Funnel 

250-ml round-bottomed flask with I-ml tip 

500-ml Erlenmeyer flask with 50-ml tilting pipette 

I-litre measuring cylinder 

I-ml pipettes 

Water, e.g. from Millipore superpure water system 

NaCI ignited at 450°C 

Nanograde dichloromethane 

Nanograde methanol 

Nanograde acetonitrile 

Standard solution: 
Phenylureas and herbicidal carbamates, approx. I Ilg/ml in nanograde methanol 
(see empirical list 4.2.6) 

Internal standard solution: 
Chlorpropham (CIPC), approx. I Ilg/ml in nanograde methanol 

Sample preparation 

Reference: 

Blank test: 

Sample: 

Procedure 

litre of superpure water + I ml of internal standard + I 
ml of standard solution of phenylurea and herbicidal carba­
mates 

litre of superpure water and I ml of internal standard 

1 litre of sample + 1 ml of internal standard 

Take I litre of water sample in a I-litre separating funnel, add 30 g of 
NaCI and shake twice for 5 minutes, each time with 50 ml of dichloro­
methane. Pass the organic phases through a filter with Na2S04 into a 250-ml 
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round-bottomed flask with l-ml tip, and carefully evaporate to dryness at 
40°C. Take up the residue with 1 ml of nanograde methanol and subsequently 
blow off with nitrogen to approx. 200 J.lI. 

Measuring conditions 

Column: 

Mobile phase: 

Flow: 

Injection volume: 

Evaluation 

Internal-standard method 
Peak height evaluation 

Latek 250 . 4 C18-2/5J.lm 

CH3CN/H20 (acetonitrile/water) 

1.5 ml/min. 

35 J.l1 

A = 235 nm 

40/60 (v/v) 

4.2.8 System for the determination of phenoxyalkane carboxylic acids in water 

General remarks 

Extraction in an acid medium with dichloromethane, HPLC measurement on 
RP-C18 column with UV detection. 

Equipment 

HPLC device with UV detector 

I-litre separating funnel 

Funnel 

250-ml round-bottomed flask with l-ml tip 

I-litre measuring cylinder 

l-ml pipettes 

500-ml Erlenmeyer flask with 50-ml tilting pipette 

Water, e.g. from Millipore superpure water system 

NaCI ignited at 450°C 

Na2S04 ignited at 450°C 

Nanograde dichloromethane 

Nanograde methanol 
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KCI, reagent purity 

2 ml HCI 

Tetrahydrofuran, reagent purity 

Standard solution: 
Phenoxyalkane carboxylic acids, approx. 1 0 ~g/ml in nanograde methanol 
(see empirical list, 4-.2.6) 

Internal standard solution: 
2,4-,5-trichlorophenoxypropionic acid, approx. 20 ~g/ml in nanograde methanol 

Sample preparation 

Reference: 

Blank test: 

Sample: 

Procedure 

litre of superpure water + ml of internal standard 
solution + I ml of standard phenoxyalkane carboxylic acid 
solution 

litre of superpure water + 
solution 

ml of internal standard 

1 litre of sample + 1 ml of internal standard solution 

Take I litre of water in a I-litre separating funnel, add 30 g of NaCI and 
acidify to pH 3 with 2 m H2S04-. Then shake twice for 5 minutes, each time 
with 50 ml of nanograde dichloromethane. Filter the organic phases through 
Na2S04- into a 250-ml round-bottomed flask with I-ml tip and carefully 
evaporate to dryness at 4-0 °C. Take up the residue with 1 ml of nanograde 
methanol and blow off with nitrogen to approx. 200 ~l. 

Measuring conditions 

Column: 

Mobile phase: 

Flow: 

Injection volume: 

Evaluation 

Internal-standard method 
Peak-height evaluation 

Latek 250 • 4- C18-2,5 ~m 

0.75 g of KCI + 900 ml of H20 + 1200 ml of 
CH30H + 10 ml of tetrahydrofuran + 2 m HCl to 
pH 3 

1.3 ml/min. 

35 ~l 

y = 280 nm 



589 

4.2.9 Determination of pesticides in water by gas chromatography according 
to the methods of the Deutsche Forschungsgemeinschaft 
(German Research Society GRS) 

General remarks 

Gas chromatography plays a dominant role compared to other methods in the 
detection and determination of very small quantities of residues of crop 
protection products in water. The necessity for the analysis of residues of 
crop protection products arises from the increasing use of pesticides, 
which then occur in toxic concentrations, usually in production waste 
waters, leading to the pollution of receiving waters and other bodies of 
water. Sudden epidemics of fish mortality in the waters of highly indus­
trialized countries have resulted. It should also be noted that while 
natural waters are welcome, "cheap" means of transporting waste, they also 
provide raw water for drinking water supplies. The testing of pesticide 
residues therefore deserves a place alongside the analysis of other pollu­
tants within the framework of general drinking-water analysis. The methods 
of analysis described below originate primarily from the collection of 
methods for the analysis of residues of pesticides by the Deutsche Forschungs­
gemeinschaft (GRS). 

Notes on the collection and preparation of samples 

Water samples should generally be taken in quantities of 1 or 2 litres, or 
occasionally up to 20 litres in several glass bottles with ground-glass 
stoppers. Before use, the bottles should be carefully cleaned with a mix­
ture of concentrated sulphuric acid and concentrated nitric acid (l + 1), 
then with distilled water and finally with an organic solvent (e.g. 
acetone), and dried at 200°C in a drying cabinet. 

Bottles or canisters made of polyethylene or aluminium may not be used for 
collecting samples, since uncontrollable substance losses may occur as a 
result of diffusion or adsorption processes. As a general rule, the water 
samples are examined in an unfiltered state in order to detect the substan­
ces adsorbed on suspended material. It may be advisable to process the 
filter residue separately when examining waters with high loadings of undis­
solved substances. In contrast to most organochlorine compounds, the organo­
phosphorus insecticides are frequently highly unstable in water. For this 
reason, the water sample should be treated at the sampling point with 
n-hexane for the analysis of halogenated organic compounds or with 30 ml of 
dichloromethane per litre of sample for the analysis of organophosphorus 
compounds, The sample should then be stored in a cool and dark place. 

After thorough shaking, the extract is separated at the latest within 12 
hours. Organophosphorus insecticides may be determined directly by gas 
chromatography in the dichloromethane extract. If necessary, primary treat­
ment may be carried out with florisil or silica gel; in the latter case, 
prefractionation is possible at the same time. The hexane extract is used 
for the test for organohalogen compounds. 

Organohalogen compounds 

Equipment 

Separating funnels, 5000 to 250 ml 
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Shaking cylinders (mixing cylinders) or test tubes, graduated, with stop­
pers, 30 - 50 ml 

Vacuum evaporator (if necessary, without condensor) or 

Kuderna-Danish evaporator 

Chromatographic columns, 12 mm diam., height 15 cm, 

Glass frit 5 mm diam., height 30 cm 

Mechanical shaker with attachment in which the separating funnel can be 
inserted such that its discharge tube points diagonally upwards 

Ultra Turrax (e.g. Jahnke and Kunkel, FRG) 

Gas chromatograph with suitable detectors. Packed separating columns or 
capillary columns 

Extreme purity of the solvents is a prerequISIte for the detection of very 
small residues of insecticides. Purification is by distillation through a 
Snyder column. Discard the first 10 % of the distillate, and continue distil­
lation until about 20 % of the original volume remains in the distillation 
flask. Test the purity of the distillate by preparing an aliquot portion 
after 100 : I concentration in a Kuderna-Danish evaporator and checking 
that there are no measurable interfering peaks after injection into the gas 
chromatograph. If such peaks do appear, repeat the purification process. 
ECD-pure solvents are obtained by boiling hexane which has been pre­
purified by distillation, with finely dispersed sodium in the reflux. 

To prepare the sodium suspension, hea t sodium disks under kerosene in 
ground-glass-stoppered flasks until they are seen to melt (120°C, caution 
when working with an oil bath), immediately seal the flasks and shake 
vigorously. 

Dichloromethane 

Purified toluene 

Purified n-hexane 

Purified isooctane 

Florisil deactivated with 8 % water 

Silica gel for adsorption, activity level 1 (e.g. Woelm, FRG; Alcoa, USA) 

Sodium sulphate, anhydrous, heated for at least 2 hours at 4-00 - 500°C 

Silica gel 

Argon 

Helium 
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Procedure 

A) General method 

Take a maximum of 4 litres of water sample in a 5-1itre separating 
funnel. On the mechanical shaker, make successive additions of 15, 10 
and 10 ml of n-hexane (with one litre of sample or less) or of 25, 15 
and 15 ml of n-hexane (with 3 to 4 litres of sample), shaking for 3 
minutes each time. Leave to stand for 5 minutes to allow the phases to 
separate (l0 - 15 minutes after the third shaking), transfer most of the 
aqueous phase to a second 5-litre separating funnel and drain off the 
n-hexane with the remaining water into a 250-ml separating funnel. Rinse 
out the first large funnel each time, particularly following the third 
extraction, with pure water using a washing bottle. Collect the rinsing 
water in the 250-ml funnel. In this funnel, separate off the water, dry 
the hexane phase with sodium sulphate and transfer through the neck of 
the vessel into a graduated container (mixing cylinder, or if evapora­
tion takes place, a large test tube) and rerinse twice with a few ml of 
n-hexane. The extract in each case (25 ml or 50 mj) may be analyzed by 
gas chromatography immediately afterwards. 

B) Processing of small volumes of samples (i00 to 150 mI) 

Add 10 ml of n-hexane to the unfiltered water sample in a wide-necked 
bottle with conical shoulder and homogenize for 2 minutes with, for 
example, an ultrastirrer. In order to accelerate the subsequent phase 
separation, transfer the sample to a centrifuge beaker and centrifuge 
for 15 minutes at 9000 rpm. Then separate the aqueous phase in a 250-ml 
separating funnel, collecting the water once more in the wide-necked 
bottle as it drains off. Repeat extraction, centrifugation and phase 
separation with a further 10 ml of n-hexane, using the same apparatus. 
Dry the fully separated n-hexane phase while still in the separating 
funnel with sodium sulphate and transfer through the neck of the vessel 
into a graduated tapered flask, rinsing twice with a few ml of n-hexane. 

C) Processing of larger volumes of samples (l to 20 litres) 

Add 100 ml of n-hexane to the unfiltered 'water sample in one or more 
wide-necked bottles with conical shoulders, as appropriate to the quanti­
ty of sample, and homogenize for 15 minutes as above. Allow to stand for 
2 hours, by which time the phases are separated to the extent that the 
solvent can be siphoned off and transferred to a 1000-ml separating 
funnel. Return any aqueous phase in the separating funnel to the wide­
necked bottle. Transfer the n-hexane phase through the neck of the separat­
ing funnel into a 300-ml tapered flask through a glass funnel with 
Na2S04. Proceed with a second extraction in the same way, using the same 
apparatus. If the water sample contains perceptible quantities of suspend­
ed matter, relatively persistent gels may form at the phase boundary 
layer, which then remain after separation of the aqueous and hexane 
phases. The remaining hexane can be isolated from the gels by shaking 
after the addition of sodium sulphate or by stirring up the gel with 
sodium sulphate. (For the analysis of organophosphorus compounds the 
treatment is the same, using dichloromethane.) 

Extract purification when using n-hexane for the analysis of halogenated 
compounds 

Purification of the extract is necessary if traces are to be detected or if 
the water samples have a high content of accompanying substances. 



592 

Concentrate the extract in a rotary evaporator or in a Kuderna-Danish 
evaporator to approx. 1 ml (without an air flow). Inject the extract into a 
chromatographic column of 12 mm diameter and 15 cm height, which has previous­
ly been packed to half height with n-hexane, then to a height of 7 cm with 
florisil and above that 1 cm of hexane-toluene mixture 1 : 1, maintaining a 
drop rate of 1 to 2 drops/second (3 to 5 ml/min). For the separation of 
non-polar interfering substances (in particular polychlorinated biphenyls 
(PCBs» and for preseparation, it is advisable to use a silica gel column 
instead of or in addition to the above: 

For this purpose pack a chromatographic column of 5 mm diameter and 30 cm 
length to a height of 10 cm with silica gel and activate for approximately 
15 hours at 110°C. Adjust the raw extract to a set volume and then inject 
1 ml into the column, previously rinsed with 15 ml of isooctane (prefrac­
tionation). Elution is with isooctane and toluene in various mixture ratios. 

Apply 15 ml of isooctane-toluene 95 5 (fraction I), then 
isooctane-toluene 70:30 (fraction II) and subsequently 10 ml 
toluene (fraction III). The fractions obtained are divided as follows: 

1 ml of prefraction, containing the main proportion of impurities 
Fraction I: containing aldrin, DOE and DDT, heptachlor and PCB, 
Fraction II: containing lindane and other HCH isomers, 
Fraction III: containing dieldrin a - and B-endosulfan and methoxychlor. 

10 ml of 
of pure 

The runoffs, which contain the active substances, should again be concen­
trated by evaporation to an appropriate volume in order to achieve high 
detection sensitivity. 

Gas-chromatographic measurement 

Use a gas chromatograph with packed or capillary columns and an electron 
capture detector. The following stationary phases are recommended: one 
non-polar (e.g. Dow 11, SE 30, OV 1) and one weakly polar (e.g. QR-I, 
XE-60, OV-225) or a mixed phase. 

Carrier gas: 

Temperatures: 

After- purified nitrogen (through molecular sieve 5 A), 
additionally dried 

Injection block 200 to 220°C 
Column oven 185 to 195°C 
Detector oven 190 to 205 °C 

Any gas chromatograph which fulfils the above conditions may be used for 
gas-chromatographic determination of pesticides. 

Compare the chromatogram obtained with external standards. In a standard 
solution, which may conveniently be prepared with toluene or hexane, the 
following active substances (in picograms per Ill) give approximately the 
same peak heights: lindane and other HCH isomers 30, heptachlor 30, HCB 40, 
aldrin 40, heptachlorepoxide 80, dieldrin 80, a -endosulfan 100, DEE 120, 
B-endosulfan 200, DOD 250, DDT 500, methoxychlor 500. The peak area is used 
as the basis for evaluation. 

Information on the sensitivity of the determination of various pesticides 
on the basis of peak heights can only serve as a guide. The peak areas are 
used for actual evaluation, and are compared with corresponding standard 
substances for calibration. Calibration must be performed every day. 
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The following minimUm quantities can be detected from a 4-litre sample with­
out extract purification (in ng/l): 

Aldrin, HCH, heptachlor 10 - 5, DOD, DDT, methoxychlor 200 - 100, the other 
organochlorine insecticides 40 - 20. 

Depending on the method used, and the quantity and type of active substance, 
the yields are between 80 and 100 %. 

Blank tests must be conducted according to the same method using superpure 
water, and their results taken into account. 

For calibration, the compounds to be tested should be added to water 
samples ( e. g. in acetonic solu tion) , and the samples processed in the same 
way as other samples and the extracts used for calibration. 

In order to be certain that no substances are present which may influence 
the pesticide determination, it is necessary to test the purity of the 
reagents before use. This is required in order to utilize the lower gas­
chromatographic detection limit when analyzing concentrated water extracts. 

Note: 

The water solubility of certain active substances is of the following order 
of magnitude: (in J.1g/l) 

Aldrin 50, dieldrin 200, PP-, DDT 5, heptachlor 50, endosulfan ( + isomers) 
500, endrin 250, hexachlorocyclo-hexane ( + -isomers) 10000, methoxychlor 100. 

4.2.10 Organophosphorus pesticides, thiophosphoric acid esters, chlorinated 
hydrocarbons and triazine herbicides 

General remarks 

If the aim is also to detect organophosphorus insecticides, the water is 
extracted with dichloromethane instead of hexane. The following is a descrip­
tion of the method of the Deutsche Forschungsgemeinschaft used for food­
stuffs of vegetable origin, but which may also be applied to water. The 
separation of interfering substances is achieved with an active charcoal -
silica gel column. The retained active substances are eluted with a mixture 
of dichloromethane-toluene-acetone, the eluate is evaporated off and the 
residue picked up with toluene. This solution is subjected to gas-chromato­
graphic determination, using an electron capture detector and phosphorus 
detector. 

Equipment 

Funnel with flat perforated bottom 

Beakers, 1000 ml, 50 ml 

Separating funnels, 1000 ml and 5000 ml (ground-glass stoppers) 

Chromatographic tubes with fritted glass filter plate and stopcock, length 
40 cm, diameter 2.5 cm 
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Vacuum rotary evaporator 

Gas chromatograph with electron capture detector ECD and specific phos­
phorus detector (flame ionization detector AFID) 

Packed or capillary columns 

Acetone, chemically pure, distilled in rotary evaporator at 40°C 

Toluene, superpure quality, additionally distilled in fractionating attachment 

Dichloromethane, superpure quality 

Elution mixture: 
1000 ml of dichloromethane, 200 ml of toluene, 200 ml of acetone 
Sodium chloride solution, saturated 
Sodium chloride, reagent purity 
Sodium sulphate, anhydrous, heated for at least 2 hours at 400 to 500°C 

Active charcoal, reagent purity, e.g. Merck No. 2186, Chemviron etc. 

Celite 545, e.g. C. Roth, Karlsruhe, FRG 

Silica gel for column chromatography, 0.05 to 0.2 mm, e. g. Merck No. 7734 

Qualitative round filter, diameter 11 cm 

Argon/methane 

Helium 

Air, synthetic 

Hydrogen 

Procedure 

Take up to a maximum of 4 litres of unfiltered water sample in a 5-litre 
separating funnel. Extract on a mechanical shaker, successively adding 25, 
15 and 15 ml of dichloromethane, 3 minutes each time. Wash the combined 
dichloromethane extracts with 250 ml of distilled water and 25 ml of satu­
rated solution of common salt, drain off the dichloromethane and dry for 30 
minutes with 109 of ignited sodium sulphate. Filter the dried extract 
through a fluted filter. Rinse the vessel and filter with 30 ml of dichloro­
methane in three portions. Evaporate the filtrate and the rinse to about 2 ml 
in the rotary evaporator and remove the remainder of the solvent by turning 
the tilted flask, held in the hand. Take up the residue in 10 ml of dichloro­
methane. 

Preparation of the purification column 

Wash 5 g of silica gel with 15 ml of elution mixture into a column contain­
ing dichloromethane to a height of 1 cm. Discard the supernatant liquid. 
Thoroughly mix a further 15 g of silica gel and 1 g of active charcoal in a 
50 ml beaker and slowly mix with 35 ml of elution mixture. Stirring constant­
ly, pour the charcoal-silica gel mixture into the column over the silica 
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gel substructure via a funnel, initially pouring slowly then all at once. 
Leave the stopcock of the column open. Liquid which has passed through is 
used to rinse the pouring vessel. Drain off the elution mixture down to 
2 cm above the edge of the packing and coat the packing in small portions 
with a total of 5 g of sodium sulphate. Prewash the column with 50 ml of 
eluting agent. The column is now ready for operation. 

Purification of the extract 

Feed the residue taken up in 10 ml of dichloromethane quantitatively into 
the prepared column, rinsing with dichloromethane. Collect any liquid 
passing through at this stage and the later eluate in a 250 ml round­
bottomed flask. Use 140 ml of elution mixture for elution of the column. 
Concentrate the eluate to approximately 2 ml in the rotary evaporator and 
remove the remaining solvent by turning the tilted flask, held in the hand. 
Remaining traces of dichloromethane lead to undesirable broadening of the 
solvent peak in the ECD and may be eliminated by repeating evaporation. 
Take up the residue in 10 ml of toluene and transfer to a graduated ground­
glass tube. The residue is now ready for gas chromatography. In routine 
cases, doses of 2 ~l should be injected to determine the organophosphorus 
compounds and the thiophosphoric acid esters. The measurements may also be 
conducted with a 2-column gas chromatograph with a phosphorus detector and 
an electron capture detector if a test is also to be carried out for 
chlorinated hydrocarbons. 

Chlorinated hydrocarbons 

Detector: 
Column: 

Carrier gas: 
Purge gas: 
Temperature: 

Injection block: 

Thiophosphoric acid esters 

Detector: 
Column: 

Carrier gas: 
Fuel gases: 
Hydrogen: 
Air: 
Temperatures 

Injection block 

Equipment 

Rotary evaporator 

ECD 
183 cm/6.35 mm glass column with 3.8 % 5E-30 
on Diatoport 5-80 to 100 mesh, or capillary 
column 
Helium 
Argon/methane, 50 ml per minute 
Oven 210°C (isothermal) 
ECD 300 ° - 380°C 
230 °C 

AFID 
183 cm/6.35 mm glass column with 2 % F51265 
on Chromosorb W A W DMC5, 60 to 80 mesh or 
capillary column 
Helium 

Approx. 40 ml per minute 
380 ml per minute 
Oven 210°C (isothermal) 
AFID 220°C 
230 °C 

Chromatographic tube, diameter 18 mm, length at least 200 mm 
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Gas chromatograph with a detector specific to each of nitrogen, chlorine 
and sulphur 

Packed or capillary columns 

Microinjection syringes, 10 and 50 III 

Ethanol, distilled or nanograde 

Ether, distilled or nanograde (diethylether) 

Toluene, distilled or nanograde 

Chloroform, distilled or nanograde 

n-hexane, distilled or nanograde 

Active-substance standard solution: 
10 Ilg/ml of each in hexane - ethanol 1 : 1 

Aluminium oxide, e.g. Woelm or Alcoa 200, basic, activity level V (19 % 
water addition) 

Nitrogen, after-purified 

Helium 

Hydrogen, after-purified 

Oxygen, after-purified 

Extraction 

Extract the water sample (500 ml, pH 6 - 9) twice, each time with one tenth 
of its volume, with chloroform. Drain off the chloroform via a wad of 
cotton wool and evaporate in the rotary evaporator at a water-bath tempera­
ture of 40 °C (use fume hood). 

Pack a chromatographic tube with n-hexane and trickle in aluminium oxide, 
activity level V, to a height of 7 cm. Drain off the hexane to the height 
of the aluminium oxide. Dissolve the residue in the rotary evaporator in 
5 ml of toluene, feed the solution onto the column and allow to seep in. 
Rewash the flask twice, each time with 5 ml of n-hexane, feed this solution 
successively onto the column with 80 ml of n-hexane and discard these lirst 
runnings. Then elute with 75 ml of a mixture of n-hexane/ ether 2. 1. 
Collect the eluate and evaporate in the rotary evaporator at a water-bath 
temperature of 40 °C. 

Gas-chromatographic measurement 

First prepare a general chromatogram with a selective alkali flame ioniza­
tion detector using a carbowax 20 M column. This column separates all 
listed triazine herbicides with the exception of the two pairs terbuthyl­
azine/isobumetone and simazine/terbutryn. If peaks appear at the points at 
which terbuthylazine, isobumetone, terbutryn and simazine are to be expec­
ted according to the standard chromatogram, re-inject the sample using a 
flame-photometric detector with 5 filter. If peaks then appear at the same 
points, they may be evaluated quantitatively. Calculate the content of 
methoxtriazine by taking the difference. 
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The analysis may also be performed using capillary columns in the device. 

Calibration 

Commencing with a standard at the detection limit, inject a calibration 
series of 4 points up to the quantity corresponding to the maximum triazine 
content in the samples under analysis. For example: detection limit 20 
nanograms; maximum quantity of triazine injected with one sample 400 nano­
grams; calibration series 20, 50, 150 and 400 nanograms. Peak height or 
peak area is used as the measure. 

Yield 

If active substances are added to untreated water samples, in a range 
between 0.05 and 1 ppm 80 to 120 % of the added active substances are 
regained. Prepare a double logarithm calibration curve from the standard 
injections, either graphically or using an electronic computer. Take the 
quantities, in nanograms, corresponding to the peak heights of the sample 
from the calibration curve. Calculate the content of active substance 
referred to the water sample in mg/l or Ilg/1, based on the injected sample 
aliquot. 

Note: 

Column chromatographic purification of water samples is in many cases 
unnecessary; instead, it is enough to dissolve the residue from dichloro­
methane or chloroform extraction with hexane/ethanol and to inject it 
directly. As an alternative to a nitrogen-selective alkali flame ionization 
detector a nitrogen-specific conductivity detector after Coulson may also 
be used. 

Appendix to 4.2.9 and 4.2.10 

The test for triazine herbicides is based on the gas-chromatographic detec­
tion of undecomposed active substances with the assistance of various 
molecule-specific detectors. This method combines high sensitivity and good 
selectivity. The active substances which may be determined using this 
method are listed in the table below. 

Name 

Ametryne 

Atratone 

Atrazine 

Desmetryne 

Isobumetone 

M ethoprotryne 

Prometone 

Prometryne 

Chemical notation 

2- M ethy 1 thio- 4 -ethy 1-amino- 6-isopropy lamino-s- tr iazine 

2- Methoxy -4 -ethy lamino- 6 - isopropy lamino-s- tr iazine 

2- Chloro- 4 -ethy lamino- 6- isopropy lamino- s- tr iazine 

2- M ethyl thio-4 -methy lamino- 6-isopropy lamino- s- tr iazine 

2-Methoxy-4-sec. buty lamino-6-ethylamino-s- tr iazine 

2 - Methy 1 thio- 4-isopropy lamino- 6- 'Y~ methoxypropy lamino­
s-triazine 

2- M ethoxy - 4,6 -bis- isopropy lamino-s- tr iazine 

2- M ethyl thio- 4, 6-bis- isopropy lamino-s- triazine 
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Propazine 2-Chloro-4, 6-bis-isopropylamino-s-triazine 

Simazine 2-Chloro-4 ,6-bis-ethy lamino-s-triazine 

Terbuthylazine 2-Chloro-4-ethylamino-6-tert.butylamino-s-triazine 

Terbutryne 2-M ethyl thio-4-ethy lamino-6-tert.buty lamino-s-tr iazine 

4.2.11 Gas chromatography head-space analysis 

General remarks (see also Section 2.13) 

The sampler must describe the results of his odour tests at the sampling 
point. Select the size of flask according to odour intensity. 

Method A: GC with packed columns 

Fill 3 glass flasks of equal volumes of the water under investigation. If 
possible, a further 3 flasks should be filled with the untreated water in 
addition, as blank tests or for calibration purposes. 

Examples of quantities per flask 

250-ml flasks: 200 ml of water 
500-ml flasks: 450 ml of water 
I-Ii tre flasks: 950 ml of water 
2-litre flasks: 1900 ml of water 

N.B.: The glass flasks must be absolutely odour-free. 

For each analysis, the same size of flask is to be used for the various 
samples under analysis and for the blank or calibration readings. 

For the samples under analysis, the heads pace equilibrium is established 
at, for example, 20°C, 30 °C or 50°C. The water sample may either be 
shaken by hand and then headspace equilibrium is established at various 
temperatures, or a mechanical shaker may be used for a defined period, 
following which headspace equilibrium is established at the specified 
temperature. Next withdraw various volumes of gas (l to 5 mJ) with a gas 
syringe through the septum from the gas space of the flask, and inject into 
a gas-chromatograph. 

Equipment 

Glass flasks, from 0.25 to approx. 2 litres 

Ground-glass attachment with septum, to fit glass flasks 

Gas syringes, 0.5 to 10 ml 

Gas chromatograph with accessories and various packed columns 

Flame ionization detector (FID) 

Drying cabinet 

Mechanical shaker 
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Columns 

a) Non-polar column with SE 30 on Varoport (l00 mesh) 2-m steel column, 
diameter 1/8 inch 

b) Non-polar separation column, 3 % Apiezon M on Chromosorb W-AWS, 80 - 100 
mesh 
2-m glass column or 2-m steel column, 1/8 inch 

c) Polar column, Carbowax 20M on Chromosorb G-DMCS, 80-100 mesh, 
2-m steel column, 1/8 inch 

d) Polar column, 10 % phthalic acid -bis- (-3,3,5-trimethylcyclohexyJ)-ester 
or Chromosorb W -A W, 80 - 100 mesh, 2-m steel column, 1/8 inch 

e) Polar column with silver nitrate on diethylene glycol on Chromosorb R, 
NA W, 60 - 80 mesh, 
2-m steel column, 1/8 inch 

f) Polar column, nitrile silicone oil XE 60 on kieselguhr 60 - 100 mesh, 
2-m steel colum, 1/8 inch 

g) Capillary columns, see Method B. 

Carrier gas: Nitrogen or helium, 20 ml/min. 

Injector temperature: 250°C 

Detector (flame ionization detector) 250 °C 

It is suggested that a temperature programme is used in which the tempera­
ture of the various columns is raised to maximum temperature at a rate of 
10°C per minute, beginning at 70°C. 

Following each gas chromatographic analysis, the column and equipment used 
should be thoroughly baked out. It is recommended that the gas space of at 
least two sample flasks is examined. If calibrations are carried out accord­
ing to the admixture method, the same water, but unpolluted, should if 
possible be charged with known quantities of the suspected volatile organic 
substances and subjected to further analysis in the same way. This makes it 
possible to draw quantitative conclusions as well concerning the concen­
tration of certain volatile organic compounds in the water. 

Method B. Example of a head-space analysis using capillary columns 

(Determination of diisopropyl ether (DiPE) in water) 
(Can be used similarly for other substances or mixtures) 

General remarks 

The water sample is thermostatically conditioned until equilibrium is 
established in the head-space. A gas sample from the head-space is then 
injected into the gas chromatograph. 
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Equipment 

5-ml septum bottles with beaded caps or head-space bottles of different volume 

Closure tool 

2-ml bulb pipette 

IO-!.I1 syringe 

Head-space sampler, eg DANI SPT 3750 

Gas chromatography unit 

Capillary columns etc 

Standard solution: 
Dissolve approx. 50 mg of diisopropyl ether in 50 ml of polyethylene 
glycol 400. 

Water, e.g. from a Millipore super pure water system 

Preparation of sample 

Reference: 

Blank test: 

Sample: 

Admixture: 

Example: 

Conditioning 

e.g. 2 ml superpure water + 1 !.II standard solution 

2 ml superpure water 

2 ml sample, or some other volume (if necessary diluted, if 
the concentration to be expected in the vapour phase is 
very high) 

e.g. 2 ml sample + standard solution (the amount of stand­
ard solution added should be based on the concentration of 
DiPE expected in the sample). 

DiPE concentration in sample = 1 mg/l 
Additional quantity of DiPE in admixture 
standard solution (for example) 

1 - 2 !.II of 

Pipette 2 ml of sample into a 5-ml septum bottle and seal with a beaded 
cap. Condition the samples, calibration and blank tests for at least 30 min. 
at 90°C, thereby establishing head-space equilibrium. 

Measuring conditions 

50 m Carbowax 400, capillary columns 

Temperatures: T· 1 

Is 
TO 

200°C 

30°C 
290°C 

Admission pressure 
split 15 ml/min. 

2.8 bar helium, 



Injection methods: 

Evaluation 
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1. Manual: Inject 0.5 ml of gas phase with a 
gas syringe conditioned to 90°C. 

2. Injection using P.E. HS-6' semi-automatic 
system 

3. Injection using DANI SPT 3750 Autosampler 

The results are obtained by direct comparison of the DiPE peak areas for 
the sample and the calibration. The augmentation of the sample by admixture 
is necessary as a qualitative check. 

DiPE peak areaS ample • Conc.Calibration (mg/J) 

DiPE peak areaCalibration 
ConcentrationSample 

Theoretical result: 0.14- mg/l 

Example of GC conditions: 50 m CP sil-5 CB 1.0 ~m 
Ti = 220°C 
T s = 4-0 °C, 6 min. I 6°/min. I 24-0 °C 
TD = 300°C FID 
I bar helium, split 30 ml/min. 
AT = 2 • 10-12 
GC 34-00 Varian 
Injector volume 1 00 ~l manual 

CHflIU(El A IHJECT 22-91-36 ~~;27:S8 

PO S" 

--
Fig. 14-6 a. Example of chromatogram of head-space analysis (practical work) 
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MV 
1 , 

10. 

5. 

~~~~~~~~~~~=;~~~~~.~~ 
O. 4 O. 8 1. 2 1. 6 2. 0 2. 4 2. 8 3. 2 3. 6 4. 0 4. 4 4. 8 

Fig. 146 b. Example of chromatogram of head-space analysis (practical work); 
1) = Vinyl chloride 
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Fig. 147. Mixture of organic solvents Tetrahydrofurane, Acetone, Dichloro­
methane, Methyl ethyl ketone, ethylacetate, butyl-acetate, Benzene, Isobu­
tyl, methyl ketone, Toluene, ethylbenzene, m+p-xylene, o-xylene 
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4.2.12 Determination of plasticizers in water 

General remarks 

Plasticizers may enter waste water from the production of plastics and may 
also enter bottled water from seals. 

Extraction of the water with n-hexane 
GC analysis with double FlO and two capillary columns of different polarity 

Equipment 

I-litre separating funnel 

I-litre measuring cylinder 

500-ml Erlenmeyer flask with 50 ml tilting pipette 

100-ml beakers 

IO-r.1I syringe 

100-ml round-bottomed flask with I-ml tip 

GC with double FlO and two capillary separation columns of different polarity 

Recorder etc. 

Water, e.g. from a Millipore superpure water system 

Nanograde hexane 

Nanograde toluene 

Standard plasticizer solution: 
e.g. approx. 10 jJg DOP 1m! in nanograde acetone (see empirical list) 

Internal standard solution: 
Docosane, approx. I mg/ml in nanograde hexane 

Sample preparation 

Reference: 

Blank test: 

Sample: 

Procedure 

litre of superpure water + 10 jJl of internal standard 
+ 10 ml of standard plasticizer solution 

litre of superpure water + 10 [.II of internal standard 

litre of water sample + 10 [.II of internal standard 

Take I litre of water in a I-litre separating funnel and shake with 50 ml 
of nanograde hexane for 5 minutes. Discard the aqueous phase. Transfer the 
organic phase to a IOO-ml beaker, subsequently decant into a lOO-ml round­
bottomed flask with I-ml tip and evaporate in a water bath at 40°C with 
1 ml of toluene as a keeper. 
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Measurement 

Temperature program: 

Injector temperature: 

Detector temperature (FID): 

Split: 

Helium: 

Injection volume: 

Capillary columns: 

Evaluation 

Internal-standard method 
Peak height evaluation 

Empirical list of 
plasticizers in water 

Initial temperature 200°C, heat to 280 °C at 
5°C/min., 2 min. isothermal tail run 

280°C 

330 °C 

20 mJ/min. 

1.45 bar 

2 ~l 

A column: 30 m DB5, film thickness 0.25 ~m 
B column: 30 m DB1701, film thickness 0.25 ~m 

Empirical determination 
limi t in mg/ I 

Di-(2-ethylhexyI)-phthalate (DOP) 
(Dioctylphthalate) 

0.001 

Dibutylphthalate (DBP) 

Di-(2-ethylhexyI)-adipate (DOA) 

Dibutylsebacate (DBS) 

Tricresylphosphate (TCP) 

0.001 

0.001 

0.001 

0.001 
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4.2.13 Determination of antioxidants in water 

General remarks 

Antioxidants occur only rarely in water. 
Extraction with dichloromethane. 

Silylation 

607 

GC measurement with double FID on two capillary columns of different 
polarity 

Equipment 

100-ml separating funnel 

500-ml Erlenmeyer flask with 5-ml tilting pipette 

Syringes, 200 [11, 500 [11 

Pipettes: 1 ml, 2 ml, 5 ml, 10 ml 

5-ml septum flasks with beaded cap 

Gas-chromatographic apparatus 

Water, e.g. from a Millipore superpure water system 

2 m HCI 

Nanograde dichloromethane 

Trimethy lchlorosilane (T M CS) 

M SHFBA (N-M ethy I-N-trimethylsily l-heptafluorobutyramide) 

Pyridine, reagent purity 

Standard antioxidant solution: 
Approx. 1 mg/ml in nanograde acetone (propylgallate = 2 mg/J) 

Antioxidants (empirical list) 

2,6-Di-tert.-butyl-p-cresol 
3-tert.-B uty 1-4-hydroxy -anisole 
Propy Igallate 
Octylgallate 
Dodecylgallate 

Determination limit 
in mg/I 

0.05 
0.05 
0.2 
0.05 
0.05 

Internal standard solution, 2,3,4,6-tetrachlorophenol, approx. 
nanograde acetone 

Sample preparation 

mg/ml in 

Reference: 100 ml of superpure water + 500 [11 of internal standard + 
200 [11 of standard antioxidant solution 
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Blank test: 100 ml of superpure water + 500 III of internal standard 

Sample: 100 ml of water + 500 III of internal standard 

Procedure 

Take 100 ml of sample in 100-ml separating funnel and acidify with 2 ml of 
2 m HCl. Shake for 5 minutes with 5 ml of nanograde dichloromethane. Drain 
off the organic phase into a 5-ml septum flask and blow off with nitrogen 
until dry. Add 1 ml of reagent solution to the residue, seal the flask with 
the beaded cap and heat in a drying cabinet at 100°C for 45 minutes. 

Reagent solution: Pyridine/TMCS/MSHFBA = 2/5/10 (v/v/v) 

Measuring conditions 

Temperature program: 

Carrier gas: 

Split: 

Injector temperature: 

Detector temperature: 

Injection volume: 

Capillary columns: 

Evaluation 

Internal standard solution 
Peak height evaluation 

Initial temperature 180°C, 4 minutes isothermal 
prerun, heat to 290°C at 8°C/min., 3 minutes 
isothermal tail run 

Helium l. 5 bar 

20 ml/min. 

280°C 

330 °C 

Column A: 30 m DB5, film thickness 0.25 11m 
Column B: 30 m DB1701, film thickness 0.25 11m 
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4.2.14 Enzymatic determination of urea 

Fundamentals 

Urea in aqueous solutions is broken down quantitatively into ammonium in 
the neutral range (pH at approximately 7) by the enzyme "urease". The reac­
tion can be represented by the following equation: 

NH2 
)CO + 2 H20 urease.. 2 NH4+ + C032-

NH2 

NH4+ is then subsequently determined analytically. The determination limit 
and accuracy are not dependent on the enzymatic transformation but on the 
analytical detectability of the ammonium formed. 

It is advisable to carry out the process of determination photometrically, 
employing Berthelot's colour reaction. This reaction is based on the forma­
tion of the indole dye indophenol blue. Firstly, hypochlorite is used to 
convert NH4 + into chloramine under alkaline conditions. 

+ NH4 + NaOH _____ NH3 + Na+ + H20 

NH3 + NaOCI --- NH2Cl + NaOH 

NH4 + + NaOCl----- NH2Cl + Na+ + H20 

Chloramine reacts with phenolate in the presence of sodium nitroprusside as 
catalyst and in several reaction steps forms the dye indophenol blue, which 
is yellow in the non-dissociated and blue in the dissociated state. This 
reaction can be represented by the following empirical formula: 

2 C6H5'0Na + NH2Cl + 2 NaOCI ___ O·C6H4·N·C6H4·0Na + 3 NaCI + 2 H20 
(indophenol blue) 

Conducting the process for the enzymatic determination of urea 

Quantity of sample: 
Twice 2 ml water 

Equipment 

Photometer 

Urease solution: 
2 mg/ml urease + 50 mmol/l phosphate buffer, pH 6.5 

Phenol solution: 
106 mmol/l phenol + 0.17 mmol/l sodium nitroprusside 

Alkaline sodium hypochlorite solution: 
11 mmol/l sodium hypochlorite in 0.125 m sodium hydroxide solution 

Urea standard: 
0.5 mmol/l urea (= 30 mg/l) 

Demineralized water 
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The reagents mentioned above can be acquired ready-prepared as a complete 
test set, for example from Boehringer Mannheim GmbH, Mannheim, FRG. It is 
imperative that attention be paid to the printed expiry dates. 

Process of Analysis 

The following batches should be prepared: 

Sample: 

Sample blank 
reading: 

Standard: 

Standard blank 
reading: 

Urease blank 
reading: 

2 ml of the water to be analyzed + 0.1 ml urease solution 

2 ml of the water to be analyzed + 0.1 ml demineralized water 

0.2 ml urea standard + 1.8 ml demineralized water + 0.1 ml 
urease solution 

0.2 ml urea standard + 1. 9 ml demineralized water 

0.1 ml urease solution + 12 ml demineralized water 

All batches are cultivated for 15 minutes at 37°C after thorough mixing. 
Subsequently, 5 ml phenol solution and 5 ml sodium hypochlorite solution 
are added to batches 1 to 4 which are then mixed well. All batches - includ­
ing batch 5 - are then cultivated for a further 30 minutes at 37°C. 

Depending on the urea content or the original ammonium content, the culti­
vated batches are coloured different shades of blue. For evaluation, the 
extinctions are now measured at a wavelength of 546 nm in cuvettes with a 
path length of 4 mm. The intensity of the colour of indophenol blue formed 
is constant for several hours at room temperature. 

Batch 5 must be uncoloured and display no extinction, with demineralized 
water and urease solution of perfect quality. The same applies to the stand­
ard blank reading (batch Ij.). If blue colorations are displayed in batches Ij. 

and 5, the reagents are contaminated and should as far as possible not be 
used. Blue coloration in batch Ij. indicates that ammonium ions are present 
in the urea solution. If the standard solution cannot be produced to be 
free of ammonium, the extinction of the standard blank reading must be 
subtracted from the extinction of the standard. This corrected standard 
value is then included in the calculation of the urea content. 

Calculation 

The urea contained in the water to be analyzed is calculated as follows 
from the extinction measurements E: 

(
ESamPle 

EStandard 
Interference 

ESample blank reading) . 6 / - - mg 1 urea 
EStandard 

Heavy metal ions, in particular copper, inhibit enzyme activity in the 
urease. In the case of waters containing heavy metals, e.g. bathing water 
treated with copper, add 0.1 % EDT A (ethylene diamine tetraacetic acid) to 
complex the metal ions. 
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In waters contaInIng chlorine, urea may be destroyed; chlorine is therefore 
removed from the water at the time of sampling by adding sodium thiosulphate. 

The sequence of operations in enzymatic determination of urea is summarized 
in outline in the following pipetting chart. 

Solutions Sample Sample 
blank 
reading 

Demineralized 0.1 ml 
water 

Urease solution 0.1 ml 

Sample solut ion 2.0 ml 2.0 ml 

Standard solution 

Mix. 
Seal reaction vessels. 
Cultivate for 15 min. 

Phenol solution 5.0 ml 5.0 ml 

H ypochlor i te 
solution 5.0 ml 5.0 ml 

Mix immediately. 
Cultivate for 30 min 
Measure extinction. 

Standard 

1.8 ml 

0.1 ml 

0.2 ml 

at 37°C 

5.0 ml 

5.0 ml 

at +37 0c. 

Once per 
series 

Standard Urease 
blank blank 
reading reading 

1.9 ml 12.0 ml 

0.1 ml 

0.2 ml 

5.0 ml 

5.0 ml 

Once per 
solution used. 
Measurement 
against demin­
eralized water 
A E must be 
equal to O. 



5 Biological Analysis 

5.1 Significance of biological and ecological investigations when 
evaluating the quality of flowing water 

When evaluating the quality of water which is flowing, it is essential to 
carry out a biological analysis as well as to determine the hydrographic, 
microbiological, chemical, physical and toxicological state of the water. 
Unless all forms of life have been made impossible for particular reasons, 
all waters represent habitats for organisms which differ to a greater or 
lesser extent depending on the overall state of the water. The particular 
biocenosis and the population density of the organisms are dependent on the 
condi tions of the water as well as on external factors such as water move­
ments, velocity, etc. 

When biological and ecological conditions of a specific water are known, 
quite definite deductions can be made with regard to its state as well as 
changes in position and time. 

According to the literature, the biological methods for analyzing water can 
be classified in two groups: 

Ecological Methods 
and 

Physiological Methods 

The "system of animal and vegetable saprobes" by Kolkwitz and Marsson 
(which has been revised several times) serves as the basis for biological 
and ecological analysis aimed at determining the degree of organic contami­
nation of water or the stage of self-cleaning this water has reached. In 
this system there are four levels of saprobidity. 

Special biological knowledge is necessary to be able to carry out the appro­
priate investigations and thus to be able to correctly classify the trophic 
level and degree of saprobidity of a section of water. When employing the 
biological method, it is essential that the species of organisms present at 
the particular locality are identified and determined accurately and that 
account is taken of the number of species, the individual density of each 
species and the particular ecological valency, i. e. the proven dependence 
on one particular state of the milieu. In the case of the saprobic system 
listed below, one must consider the limitations on the distribution of 
individual organisms to particular areas of the earth. This applies partic­
ularly to the macroorganisms. 

Polysaprobic zone (ps-Z) 

Sections of water with extremely high levels of organic contamination and 
in which ample quantities of nutrients for microorganisms are to be found, 
are classified in this level. Bacteria can develop en masse. The number of 
types is small, the density of individual types is often high. Decomposers, 

W. Fresenius et al. (eds.), Water Analysis
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which are capable of splitting any organic materials present into simpler 
compounds, dominate; producers are almost completely absent. Organisms with 
high oxygen requirements are not present. Macroorganisms are not found. 

alpha-mesosaprobic zone (ams-Z) 

This level relates to a section of water with high organic contamination. In 
addition to numerous types of microorganisms, macroorganisms are frequently 
found in this zone. Decomposers still dominate, but producers and animal 
consumers are increasing. The total number of types is greater than in the 
polysaprobic zone. 

beta-mesosaprobic zone (bms-Z) 

This consists of a section of water with moderate organic loading. Such a 
section of water offers most organisms ideal conditions for survival. In 
these zones one finds a large increase in the number of producers and con­
sumers as well as in the number of different species with, at the same 
time, a large decrease in the number of decomposers. The biocenoses are 
characterized by high fixity and presence of species. 

Oligosaprobic zone (os-Z) 

This term describes a section of water in which the water is hardly organi­
cally loaded at all and in which macroorganisms clearly dominate. In these 
zones, it is primarily producers which occur while, at the same time, there 
is a decrease in the number of consumers. The number of species is large 
and the density of the individuals in each species is generally small. 

5.1. 1 Significance of worm eggs in waste water, sewage sludge, surface 
water, swimming-pool water, drinking water and process water 

Waste water, above all in its untreated state, is to be regarded as a 
special source of danger for the transmission and propagation of worm para­
sites among human beings and animals. This is because the eggs and larvae 
of various worm parasites (helminthes) are passed into waste water along 
with the faeces of human beings and domestic animals. The level of worm 
eggs can vary from day to day and with the time of day depending on the 
quantity and composition of the waste water. 

The introduction of untreated or inadequately treated waste water into 
rivers, lakes, ponds and areas of the sea can lead to transmission and 
propagation of these parasite eggs. In order to monitor the destruction or 
the retention of worm eggs in a sewage treatment plant, it is necessary to 
determine the worm egg content before and after the treatment of the water. 
In many cases during the treatment of waste water, the worm eggs pass into 
the sewage sludge and survive the putrefaction process so that a danger of 
infection also exists if the sewage sludge is used as a fertilizer in agri­
culture. 

Proven sources of danger for the transmission of worm eggs are therefore 
fruits and vegetables which have been fertilized with untreated waste water 
or with faecal matter. In addition, water for irrigation purposes should 
always be analyzed for worm eggs before being used. In this connection too, 
the watering or spraying of fruit, vegetables and other cultures with 
surface water which contains waste water or untreated or inadequately treated 
waste water must be rejected. 
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Furthermore, there is always the possibility of worm eggs being transmitted 
in swimming-pools. 

In the case of waterworks, and especially ones which are fed with surface 
water, it is advisable to carry out monitoring for parasite eggs in addi­
tion to the usual chemical, physical and bacteriological analyses, as well 
as, where necessary, testing for any pathogenic germs and viruses. (See 
also section 5.2) 

5.1.2 A clear classification of water quality was published in 1985 by the 
West German organization "Uinderarbeitsgemeinschaft Wasser" - LA WA -
(Water Study Group of the German Federal States) 

A) Quality of flowing waters 

Quality grade I: 

Unpolluted to very slightly polluted 

Stretches of water with pure water which is low in nutrients and always 
virtually saturated with oxygen; low bacterial content; moderately dense 
colonization, mainly by algae, mosses, turbellarians and insect larvae; 
if cool in summer, spawning ground for Salmonidae. 

Quality grade I - II: 
Slightly polluted 

Stretches of water with slight supply of organic or inorganic nutrients 
without appreciable oxygen consumption; dense colonization, usually with 
great variety of species; if cool in summer, water for Salmonidae. 

Quality grade II: 
Moderately polluted 

Stretches of water with moderate pollution and oxygen supply; very great 
variety of species and density of individuals of algae, snails, small 
crustaceans, insect larvae; aquatic plant stands cover considerable areas; 
high-yield fish water. 

Quality grade II - III: 
Critically polluted 

Stretches of water in which the pollution load of organic, oxygen­
consuming substances produces a critical state; fish mortality possible 
as a result of shortage of oxygen; decline in the number of species of 
macroorganisms; certain species show tendency to mass development; algae 
frequently form considerable stands covering large areas. Usually still 
high-yield fish water. 

Quality grade III: 
Heavily polluted 

Stretches of water with heavy organic, oxygen-consuming pollution and 
usually low oxygen content; local deposits of digested sludge; filamen­
tous sewage bacteria and sessile ciliates in colonies covering large 
areas exceed the extent of algae and higher plant life; only a few macro­
organisms of types not sensitive to oxygen shortage, such as sponges, 
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leeches, water-lice, are present, sometimes in massive quantities, low 
fish-yields; periodic fish mortality must be expected. 

Quality grade III - IV: 
Very heavy polluted 

Stretches of water with substantially restricted living conditions as a 
result of very heavy pollution with organic, oxygen-consuming substances, 
often aggravated by toxic influences; turbidity due to suspended efflu­
ent matter; extensive deposits of digested sludge, densely colonized by 
blood worms (Chironomus larvae) or sludge worms (Tubificidae); decline in 
filamentous sewage bacteria; fish not present to any permanent extent 
and then only on a locally restricted basis. 

Quality grade IV: 
Excessively polluted 

Stretches of water with excessive pollution as a result of organic, 
oxygen-consuming effluent; putrefaction processes predominate; over long 
periods oxygen is present in very low concentrations or totally absent; 
colonization primarily by bacteria, flagellates and free-living ciliates; 
fish absent; biological depopulation in the presence of heavy toxic load. 

B) Criteria for assessing the quality grades of flowing waters 

In addition to the characteristic features listed for the quality grades 
under A) above, further identification criteria are provided below, 
including those relating to specialized techniques of biological status 
analyses (eg saprobic index, doublets/triplets) and also characteristic 
chemical values. 

Quality grade I: 
Unpolluted to very slightly polluted 

This quality grade generally comprises headwater areas and only very 
slightly polluted upper reaches of flowing waters which are cool in 
summer. The water is clear and low in nutrients, the bed usually stony, 
gravelly or sandy; if sludge occurs it is of a mineral character. 
Stretches which are cool in summer are spawning grounds for Salmonidae. 

Moderately dense colonization, especially by red algae (Batracho­
spermum), diatoms (Meridion, Diatoma hiemale, Achnanthes minutissima), 
mosses, turbellarians, stone fly larvae, caddis fly larvae and beetles. 

The saprobic index is less than 1.5. 

Reliable classification is possible if even only one of the following 
species is present: Polycelis felina, Crenobia alpina, Elmis latreillei, 
Esolus angustatus, Leuctra (nigra and related species), Agapetus. The 02 
content is close to (approx. 95 to 105% of) saturation level and not 
less than 8 mg/l. The five-day biochemical oxygen demand (BOD 5) is usual­
ly around 1.0 mg/l. NH4-N is present in traces, if at all. 

Quality grade I - II: 
Slightly polluted 

This group comprises slightly polluted flowing water, usually upper 
reaches. The water is still clear, the nutrient content low. 
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Stretches which are cool in summer are waters for Salmonidae. Character­
istic fish: bullhead (Cottus gobio). 

Dense colonization especially by algae (Ulothrix), mosses, Spermatophyta 
(Berula, Callitrich), turbellarians, stone-fly, may-fly and caddis-fly 
larvae, and beetles (Elminthidae, Hydraenidae). 

The saprobic index is between 1.5 and 1.8. 

Reliable classification 
species are present: 
Perla marginata, Silo, 
Oreodytes rivalis. 

is possible if more than one of the following 
Dugesia gonocephala, Amphinemura, Brachyptera, 

Hydraena belgica, H. gracilis, Limnius perrisi, 

The 02 content is still high (as a rule over 8 mg/l) but frequently 
there is already a detectable deficit (02 content approx. 85 to 95 % of 
saturation). BOD5 is generally between 1.0 and 2.0 mg/l. NH4-N is only 
present in small concentrations (averaging 0.1 mg/O. 

Quality grade II: 
Moderately polluted 

This group comprises stretches of water with moderate pollution due to 
organic substances and their decomposition products. At times of heavy 
algal development there is appreciable turbidity. The bed is stony, 
gravelly, sandy or sludgy; even if the undersides of stones are blacken­
ed as a result of bacterial formation of iron sulphide, there is not yet 
any formation of digested sludge. High-yield fish waters. 

Very dense colonization by 
covering considerable areas), 
all groups and their larvae. 

algae 
snails, 

(all groups), Spermatophyta (often 
small crustaceans and insects of 

The saprobic index is between 1.8 and 2.3. 

Reliable classification on the basis of individual abundant species is 
only possible in comparatively rare cases, for example Anabolia, A thrip­
sodes, A therix, Oulimnius tuberculatus and Orectochilus villosus; usual­
ly such classifications is only safe if certain pairs of species 
(doublets) are present. Examples of significant doublets include: Poly­
centropus flavomaculatus with Ecdyonurus venosus or with Riolus cupreus 
or with Hydropsyche or with Rhyacophila or with Baetis; Ranunculus flui­
tans with Ancylus or with Rhyacophila; Navicula gracilis with Dendro­
coelum lacteum or with Elmis maugei (sensu lato) or with Bithynia tent a­
culata; Rhycophila with Hydropsyche; Gammarus roeseli with Glossiphonia 
complanata (typica). 

The 02 content displays substantial fluctuations (deficit to supersatu­
ration) as a result of sewage pollution and algal development, but is 
high enough for no fish mortality to occur, ie it is always over 6 mg/l. 
BOD5 is frequently from 2 to 6 mg/l. NH4-H is frequently below 0.3 mg/l. 

Quality grade II - III: 
Critically polluted 

As a result of the considerable pollution load of organic substances, 
the water is always slightly turbid; digested sludge may occur locally. 
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Usually still high-yield fish water (without high-class fish). 

Dense colonization by algae and Spermatophyta (Potamogeton, Nuphar), 
sponges, bryozoa, small crustaceans, snails, shellfish, leeches and 
insect larvae (with the exception of stone-flies). Usually colonial mass 
development of several species. Sewage fungi are often visible to the 
naked eye - albeit not on a massive scale as yet. Greatest variety of 
species of ciliates. 

The saprobic index is between 2.3 and 2.7. 

Reliable classification on the basis of individual abundant species is 
hardly ever possible (with the exception of Potamanthus luteus, for 
example). Examples of significant pairs of species include Helobdella 
stagnalis with Rivulogammarus pulex or with Planaria torva or with Potamo­
geton natans or with Radix peregra or with Dendrocoelum lacteum; Erpob­
della octoculata with Navicula rhynchocephala; Bithynia tentaculata with 
Nitzschia pale a; Fontinalis antipyretica with Stentor roeseli; and Campa­
nella umbellaria with Vorticella campanula; and also the triplet Gamma­
rus pUlex with Asellus and Cladophora. 

The 02 content often drops to half the saturation level. Frequently BOD2 
(two-day biochemical oxygen demand) is 2 to 5 mg/l and BOD5 between 5 
and 10 mg/l. NH4-N is frequently below 1 mg/l. 

Quality grade III: 
Heavily polluted 

The water is turbid as a result of sewage outfall. Stony to sandy bed is 
generally blackened by iron sulphide. Where the current is weak, digest­
ed sludge is deposited. Fish-yields low; periodic fish mortality due to 
lack of oxygen is to be expected. 

Colonization by macroscopic organisms displays little variety of 
species, but there is mass growth of certain types (water-lice, leeches, 
sponges). Colonies of sessile ciliates (Carchesium, Vorticella) and 
sewage bacteria (Sphaerotilus) covering considerable areas are conspic­
uous: algae and Spermatophyta, by contrast, diminish sharply in import­
ance. 

The saprobic index is between 2.7 and 3.2. 

Reliable classification on the basis of individual abundant species is 
never possible; even significant doublets are rare: Chironomus thummi 
with Helobdella stagnalis; Gomphonema olivaceum with Tubificidae; Erpob­
della octoculata with Tetrahymena pyriformis. Triplets of highly abund­
ant species are often reliable indicators, for example: Erpobdella octo­
culata with Tubificidae and Rotaria rotatoria; Chironomus thummi with 
ErpobdeUa octoculata and Carchesium polypinum. 

02 is still always present, but drops at times to levels around 2 mg/l. 
BOD2 is frequently 4 to 7 mg/l and BOD5 7 to 13 mg/l. NH4-N is usually 
in excess of 0.5 mg/l and not infrequently reaches several milligrams 
per litre. 
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Quality grade III - IV: 
Very heavily polluted 

The water is turbid as a result of sewage outfall and the bed is usually 
covered in sludge (digested sludge). Fish are only encountered locally 
and then not on any permanent basis. 

Colonization almost exclusively by microorganisms, especially ciliates, 
flagellates and bacteria. The only macroorganisms still present are 
bloodworms (Chironomus larvae) and sludge worms, but these often occur 
in massive quantities. 

The saprobic index is between 3.2 and 3.5. 

The only significant doublets are those of microorganisms, for example: 
Colpidium colpoda with Beggiatoa; Nitzschia palea with Stigeoclonium; 
Paramecium trichium with Navicula accommoda. 

The 02 content is sometimes less than 1 mg/I and as a rule does not exceed 
a few milligrams per litre. B002 is frequently 5 to 10 mg/I and B005 10 
to 20 mg/1. The concentration of NH4-N is usually several milligrams per 
litre. 

Even if the chemical situation is otherwise favourable, toxic influences 
may be the cause of serious depletion of the biocenosis. 

Quality grade IV: 
Excessively polluted 

The water is highly turbid as a result of sewage outfall and the bed is 
usually characterized by thick deposits of digested sludge. In many cases 
the water smells of hydrogen sulphide. Fish are absent. 

Colonization almost 
the ciliates, only a 
massive quantities. 

exclusively 
few free 

The saprobic index is over 3.5. 

by bacteria, fungi and flagellates; of 
swimming species are present, often in 

Only a very small number of doublets are significant, for example: Para­
mecium caudatum with Zoogloea; Colpidium campylum with Paramecium tri­
chium or with Fusarium or with Stigeoclonium. Mass development of Colpi­
dium campylum in the absence of other ciliates is also significant. 

Such stretches of water are so heavily polluted by inputs of organic 
effluent that the 02 content of the water is either very low or totally 
non-existent. Putrefaction processes predominate. B002 is usually in 
excess of 8 mg/l and BOD5 over 15 mg/I. The concentration of NH4-N is 
usually several milligrams per litre. Where toxic pollution is heavy, 
biological depopUlation can occur. 

Classification of the quality of flowing water 

The classification of flowing water quality is summarized in the table 
below. It is important to note that if this table is used blindly, incor­
rect classification of water quality may result. In particular, it can 
occur that the chemical characteristics, saprobic stages and saprobic 
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indices assigned to the individual quality grades in the table do not 
agree, in which case it will not always be possible to draw reliable 
conclusions about chemical concentrations on the basis of biological 
findings and vice versa. 

Quality 
grade 

I - II 

II 

II - III 

III 

III - IV 

IV 

Degree of 
organic 
pollution 

Unpolluted 
to very 
slightly 
polluted 

Slightly 
polluted 

Saprobic 
stage 

Oligo­
saprobic 

Transitio­
nal from 
oligosapro­
bic to beta­
mesosaprobic 

Saprobic 
index 

1.0 - 1.5 

1.5 - 1.8 

Moderately Betameso- 1.8 - 2.3 
polluted saprobic 

Critically 
polluted 

Heavily 
polluted 

Very 
heavily 
polluted 

Excessive­
ly polluted 

Borderline 
between 
beta- and 
alpha-meso­
saprobic 

2.3 - 2.7 

Alphameso- 2.7 - 3.2 
saprobic 

Transitional 3.2 - 3.5 
from alpha­
mesosaprobic 
to polysaprobic 

Polysaprobic 3.5 - 4.0 

Chemical parameters 
BOD5a NH4-Na 02 minimaab 
(mg/l) (mg/l) (mg/D 

1-2 

2-6 

5-10 

7-13 

10-20 

15 

traces 

around 
0.1 

0.3 

0.5 to 
several 
mg/l 

several 
mg/l 

several 
mg/l 

8 

8 

6 

2 

2 

2 

a The chemical data given in this table are intended merely as a guide to 
concentrations frequently encountered. 

b The fast-flowing mountain and upland streams the oxygen mInima for the 
quaJi ty grades II to IV are frequently higher than the figures quoted in 
the table. 
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5.2 Microbiological water analysis 

5.2. I General remarks 

Water is not an especially good culture medium for microorganisms. Neverthe­
less, microorganisms can live and increase in water and be transmitted by 
water. Of particular significance is waste water which usually contains a 
high level of germs, especially pathogens which can then find their way in­
to surface and/or underground water and thus be transmitted by the water. 

The main risk is from drinking infected drinking water. For this reason 
drinking water must be free from pathogens. 

Three measures are necessary in order to fulfil this basic requirement: 

1. Hygienically safe collecting, transporting, storing and distribution of 
the water to the consumers. 

2. Protecting the ground water in the tapping zone and catchment area from 
influences which are detrimental to health and which reduce the quality 
of the water (marking and maintaining protection zones). 

3. Where the untreated water is infected, measures must be taken at the 
purification stage to eliminate the germs, e. g. by the use of filters 
through which bacteria cannot pass or by means of chemical disinfectants 
approved for the treatment of water (chlorine gas, hypochlorite 
compounds, chlorine dioxide, ozone, silver preparations). 

Microbiological analysis of water is used to monitor the microbiological 
quality and safety of water used as drinking water, process water, water 
for swimming pools and in other relevant areas. In general, such analysis 
includes determining the total number of germs capable of multiplying 
(total colony count) as well as detecting special types of germ which are 
considered indicators as to the possible presence of hygienically unaccept­
able contamination or even pathogenic germs. 

5.2.2 Microorganisms in water 

Microorganisms are minute organisms which are invisible to the naked eye 
and frequently consist of just one single cell. The cell of a bacterium 
measures, as a rule, only 1 to 2 11m (one to two thousandth of a mm); it can 
have a spherical, rodlike, hook-shaped or screwlike form. Bacteria are the 
most important microorganisms in water microbiology. Considerably smaller 
than bacteria are viruses, which are of significance for waste water and 
surface waters in which they may be present to a more or less numerous 
extent. Viruses can be pathogens and can also be transmitted to human 
beings. Virological analyses of water are time-consuming and often trouble­
some and are not carried out in the usual microbiological analyses of 
water. For this reason, they will not be discussed here. 

Yeasts and moulds occur only rarely in ground water, so that they only play 
a subordinate role in drinking water microbiology. They are frequently 
detected together with bacteria when analyses are being carried out with 
cultures. In special cases, however, separate analyses should be carried 
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out to detect these microorganisms. If necessary, these should be carried 
out with larger quantities of water. 

Algae can also be considered as belonging to the group of microorganisms 
living in water. However, they can generally only be detected and counted 
by microscopic means. They will therefore only be included here as belong­
ing to the group of microorganisms to be found in water and will not be 
treated further in this text. The same applies to the single-cell animal 
organisms known as protozoa. 

Bacteria are just visible under an optical microscope with thousandfold 
magnification, especially if the cells have been dyed by a suitable method. 
If necessary, they can be counted under the microscope by the direct method. 

5.2.3 Direct counting of germs 

A counting chamber can be used to determine the number of bacterial cells 
in water. In such a chamber, the number of bacterial cells in a particular, 
small quantity of water (e.g. a cube with 0.1 mm sides = 0.001 mm3) can be 
counted under a microscope. Each bacterial cell determined in such a cube 
represents 106 germs in 1 ml. Thus, in order to determine a bacterial count 
at all with this method, the germ content of the water must be very high. 
This direct counting method cannot be used for water containing low levels 
of germs. 

A second possible method for the direct determination of the number of 
bacteria in water would be to filter a definite quantity of water through a 
fine membrane filter (pore size 0.2 or 0.,+5 lIm), on which a grid has been 
marked. The bacteria are dyed on the filter with suitable dyes, the filter 
is illuminated, and the bacteria are counted under a microscope. This 
method certainly allows the bacteria in large quantities of water contain­
ing low levels of germs to be concentrated. However, the accuracy of count­
ing is relatively low, resulting in a relatively high error rate. Similar­
ly, it is also impossible to distinguish between living and dead bacterial 
cells with this method. 

Direct methods of counting germs are very time-consuming and inexact and 
are therefore as a rule not employed in microbiological water analyses. 

5.2.'+ Indirect methods of counting germs 

The indirect method of determining the germ level has been used since the 
first beginnings of microbiological water analysis. In this method, a defi­
nite quantity of water is added to a sterile culture medium, which is then 
incubated under definite conditions. After the incubation period, the colo­
nies which have formed are counted and quoted in the analysis report as the 
bacterial count. It is assumed that each colony can be related to a bacte­
rial cell which was originally present in the water and therefore one also 
speaks of the number of colony-forming units in the water being analyzed. 
However, colony-forming units may be both individual bacterial cells and 
small accumulations of cells which were present in the water prior to the 
incubation process. 

In the case of the indirect method of determining the number of germs, only 
those germs which have developed into colonies under the conditions employed 
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are detected. Comparison of the results from the direct and indirect 
methods of determining the numbers of germs shows that the indirect method 
falls a long way short of detecting all the microorganisms which are actual­
ly present. Nevertheless, when the analytical conditions are always kept 
the same, the indirect method yields useful results and permits sufficient­
ly reliable statements to be made about the germ content of a particular 
water sample. 

Standard value 

In satisfactory ground water the colony number will not exceed the standard 
value of 100 per ml at an incubation temperature of 20°C. In the case of 
disinfected drinking water, the colony number should be less than 20 per ml 
after completion of the treatment processes. 

The bacterial count is defined as the number of colonies visible under 6 to 
8-fold magnification which form in pour-plate cultures with nutrient-rich, 
peptonic culture mediums (l % meat extract, 1 % peptone) from 1 ml of the 
water being analyzed after incubation at 20 .:!:. 2 °C for 44 .:!:. 4 hours. 

5.2.5 Indicator germs 

Drinking water and process water must not contain living pathogens such as 
salmonella, shigella, cholera vibrios and other organisms capable of causing 
epidemics. Since, however, the presence of pathogens which are capable of 
causing epidemics cannot always be detected even when large quantities of 
water are used, and since these pathogens can only be detected with diffi­
culty on cultures, the approach adopted is to analyze water for bacteria 
whose number and identity can be more easily determined in cultures and 
which have the same natural habitat as these pathogens. The most important 
examples of such bacteria are the intestinal bacteria because these, like 
the pathogens which inhabit the intestine, are ex:creted, albeit in much 
greater numbers than the latter. Thus the presence of these bacteria in 
water indicates that faecal contamination is present so that the presence 
of pathogens from the intestinal tract cannot be ruled out. 

The germs generally used to indicate faecal contamination in water are 
Escherichia coli, faecal streptococci and sulphite-reducing, anaerobic, 
spore-forming organisms. In addition, the coliform bacteria and Pseudomonas 
aeruginosa are used as indicator germs to determine whether water stocks 
have been contaminated to a hygienically significant degree. 

Escherichia coli 

Escherichia coli normally lives in intestinal tracts and, in particular, in 
the large intestine of human beings and warm-blooded animals. Outside the 
intestinal tract, it can only live for a short time in water and in the 
ground and therefore indicates relatively fresh faecal contamination. Thus, 
when Escherichia coli is present in water, one also has to reckon on the 
presence of pathogenic intestinal bacteria such as Salmonella, Shigella and 
cholera vibrios. Escherichia coli is easy to cultivate on culture mediums 
and can, by reason of its metabolic characteristics in the so-called 
"coloured series", be identified relatively easily by checking its bio­
chemical characteristics. As a rule Escherichia coli is not itself a patho­
gen. However, rare cases are known of enteropathogenic Escherichia coli 
types, which can cause diarrhoeal illnesses in babies and small children. 
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If the enteropathogenicity of coliform strains which have been detected is 
of interest from a clinical point of view, the serological analyses neces­
sary to permit an exact determination of type must be carried out in a 
laboratory equipped for this purpose. 

The rule for satisfactory drinking water is that Escherichia coli must not 
be detectable in 100 ml of drinking water. 

(For mineral water in Europe, there must be no Escherichia coli in 250 mi.) 

Faecal streptococci 

Here we are talking about gram-posItIVe streptococci, which are classified 
as belonging to serological group D. The normal habitat of these germs, 
which are also called enterococci, is the intestinal tract of human beings 
and warm-blooded animals. Thus their presence in water also indicates 
faecal contamination. In addition, they are frequently more resistant to 
environmental influences than Escherichia coli. 

The principal representatives of 
Streptococcus faecium, can also 
aerobic conditions and can be 
simple methods of analysis. 

Rule: 

this group, Streptococcus faecalis and 
be detected easily using cultures under 
identified more exactly with relatively 

Faecal streptococci must not be detectable in 100 ml of drinking water or 
250 ml of mineral water. 

Sulphite-reducing, spore-forming Anaerobes 

The spore-forming organisms of the genus Clostridium live in the intestinal 
tract of human beings and warm-blooded animals. However, they also remain 
capable of reproducing outside the intestinal tract in water and in the 
ground for a long time, in particular when they are in their sporulated 
state. Their presence in water may therefore have been brought about by 
faecal contamination which occurred a long time before, because they are 
considerably more resistant than Escherichia coli and faecal streptococci 
and, in unfavourable situations, can outlive the latter many times over. Of 
particular importance in this group is Clostridium perfringens, which 
counts as a facultative pathogen and the cause of gaseous gangrene. For the 
purpose of analysis, these microorganisms must be cultivated under anaerob­
ic conditions. Cultivation should only be carried out in laboratories 
having appropriately trained personnel, so that no danger to health can be 
caused by the laboratory work. In operating water works, consideration has 
to be given to the fact that clostridium spores are very resistant and are 
frequently not killed by the chlorination treatment usually used in disin­
fecting water. 

Rule: 

There should not be more than sulphite-reducing, spore-forming anaerobe 
in 20 ml of drinking water. They must not be detectable at all in 50 ml of 
mineral water. 

Coliform bacteria 

A significant characteristic of coliform bacteria, which belong to the 
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family of enterobacteria, is their ability to cause lactose to ferment with 
the formation of gas and acid. The types in question here are Enterobacter, 
Klebsiella and Citrobacter. They are frequently to be found in waste water, 
surface water, cultivated ground and other substrates and also live in the 
intestinal tract of warm-blooded animals. 

They can also multiply outside the intestinal tract and are indicator germs 
for hygienically significant impairment of water quality, since they are 
not present in clean ground water. The designation "coliform" shows that 
these germs possess morphological and biochemical similarities to Escheri­
chia coli. For this reason, colonies suspected of containing coliform 
bacteria should always be exactly identified. 

Rule: 

Coliform bacteria should not be detectable in 100 ml of drinking water. In 
the case of mineral water, they must not be present in 250 mI. 

Pseudomonas aeruginosa 

Pseudomonas aeruginosa rates as a problem germ from a sanitary point of 
view and is frequently to be found in waste water and surface water conta­
minated with waste water. It is classified as a facultative pathogen, since 
it infects wounds and causes the formation of pus. It can cause inflamma­
tions in the human ear, for example, which are known as otitis. In addi­
tion, this bacterium can become a problem germ not only in human and veteri­
nary medicine, the food sector and the manufacture of cosmetic and pharma­
ceutical products, but also, above all, in the swimming pool sector. Pseudo­
monas aeruginosa is not to be found in clean ground water and spring water 
and when found in such water is an indicator of contamination caused by 
waste water or contamination caused by human beings. This germ has the 
ability to survive for a long time in water and often shows a high resist­
ance to disinfectants. It can also adapt to higher water temperatures and 
colonize tanks and pipelines having a temperature of around 50°C. 

Rule: 

Pseudomonas aeruginosa should not be detectable in 100 ml drinking water. 
There must be no Pseudomonas aeruginosa present in 250 ml mineral water. 

Other hygienically significant germs 

Proteus vulgaris is frequently to be found as a putrefactive agent in 
rotting food and stagnant water as well as on organic substances which are 
in a state of decomposition. It can also occur in the intestinal tracts of 
warm-blooded animals and in the urinary passage of human beings. It spreads 
on the surface of the culture medium of plate cultures and spoils in this 
way the course of the culture analysis, in particular when identifying 
Escherichia coli and coliform bacteria. In such cases it is necessary to 
form cleaning passages on the culture medium by the addition of a wetting 
agent, since the spreading of the proteus bacteria is prevented by wetting 
agents. 

Serratia marcescens, which is to be found in surface water and layers of 
earth near the surface, indicates that the ground water has been influenced 
by surface water. However, these bacteria can also cause the spoilage of 
food and, like Pseudomonas aeruginosa, have been found to be a cause of 
hospital cross-infection. 
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Aeromonades are frequent inhabitants of the intestinal tract of cold­
blooded animals and are almost always to be found in surface waters and in 
waste water. These bacteria are to be found relatively rarely in the intes­
tinal contents of human beings and warm-blooded animals. Some represent­
atives of the aeromonas genus can also cause lactose to ferment at 37 DC 
and can, in certain circumstances, simulate the presence of coliform 
bacteria. 

The presence of flavobacteria, achromobacter types and the apathogenic 
representatives of the genus Pseudomonas indicate water from layers of soil 
near the surface. 

5.2.6 General requirements for microbiological work 

Risks both for the analyst as well as for the environment are associated 
with work on microorganisms which are inevitably pathogenic. In order to 
prevent infection, this work must only be carried out by experts with the 
appropriate special knowledge, observing the necessary precautions. In many 
countries precise legal regulations exist for work on pathogens. 

Work on germs which are not inevitably pathogenic also requires trained 
personnel as well as rooms and equipment which are suitably equipped for 
microbiological work. 

An important requirement for proper microbiological work is the avoidance 
of secondary infections both in the handling of the sample material prior 
to actual analysis and in the analysis itself. 

Sterilization of apparatus 

Where glass or metal equipment which can be used several times 
instead of commercially available sterile disposable plastic 
then the former must be carefully cleaned and sterilized each 
it is used. 

Cleaning 

is employed 
equipment, 

time before 

All apparatus must be mechanically cleaned using cleaning agents, brushes, 
etc. They should be rinsed first with clean tap water, to which under 
certain circumstances I % hydrochloric acid has been added, and then with 
distilled or demineralized water. In order to prevent infection in the 
course of the rinsing process, vessels and equipment containing germs 
should be autoclaved at approx. 120 DC for 30 minutes before the cleaning 
process. 

Drying and sterilization 

After cleaning, the devices are first dried and then sterilized for 2 hours 
at 180 DC to 200 DC in a hot-air sterilizer, remembering to allow for the 
warming up time. Glass vessels which have been sealed with cotton wool or 
cellulose should be heated for 2 hours at 160 DC so that the plugging 
material is not caused to go too brown. In the case of bottles with glass 
stoppers, a strip of filter paper approx. 6 cm long and 1 cm wide is laid 
between the ground surfaces prior to sterilization. This strip is then not 
removed until the flask is filled when the sample is taken. After sterili­
zation, the glass stopper and neck of the flask are carefully protected 
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against secondary infection with the aid of sterile aluminium foil. Where 
pipettes are sterilized in metal tins, care must be taken that the air 
holes in the tins are open during the sterilization process and are then 
immediately closed after sterilization when the tins have cooled down to 60°C. 

In order to avoid the glass breaking, the door of a hot-air sterilizer 
should not be opened after sterilization until the temperature has dropped 
to 60 °C. It is recommended that the effectiveness of a sterilizer should 
be checked at regular intervals using either melting point or colour indicat­
ors or by carrying out a bacteriological check using packets of spores 
which contain the thermoresistant spores Bacillus subtilis or Bacillus 
stearothermophilus. The indicators that are used should be placed at differ­
ent points in the sterilizer both inside and outside the objects to be 
sterilized in order to verify the uniformity of sterilizing effectiveness 
inside the ster ilizer. 

The baking of platinum needles and eyes, etc. as well as the immersing of 
pincers, scissors, spatulas, etc. in alcohol followed by flaming can be 
regarded as fast sterilization methods in microbiological work. Care must 
be taken that the heat is allowed to act for long enough to kill all the 
micro-organisms which might be on the item in question. 

In addition care should be taken that items of equipment which have been 
treated in the above-mentioned way are allowed to cool down sufficiently 
before being used in the course of an analysis so that any microorganisms 
that may be present are not damaged by heat. 

Sterilization of culture media 

The most reliable method for the sterilization of culture media and culture 
solutions has proved to be that of treatment with superheated steam in an 
autoclave (superheated steam sterilizer) at 121°C, which corresponds to 1 
bar over atmospheric pressure, for 20 to 30 minutes. The operating condi­
tions quoted by the manufacturer must be observed when using an autoclave. 

Thermally labile culture media whose composition and properties are impair­
ed by heating at high temperatures should be fractionally sterilized in 
circulating steam in a steam autoclave. This process is also described as 
tyndaUizing. 

Sterilization in stages 

The culture medium is heated up in circulating steam at 100°C for a steri­
lizing time of 30 minutes on three consecutive days. Between the individual 
heating periods, the culture medium is incubated at about 25°C. When the 
culture medium is heated up to 100°C, the vegetative cells are killed. 
Spores of bacteria and moulds, however, survive a single treatment at 100 °C. 
This is why the intermediate periods of incubation are introduced. Vegeta­
tive forms develop from the steam-resistant spores and these are then 
killed by the subsequent heating period. The heat treatment is carried out 
three times to increase the reliability of the process. 

5.2.7 Taking and transporting water samples for microbiological investigations 

Secondary infection or 
cy of the entire 

technical errors in sampling can falsify the accura­
micro-biological investigation; it is therefore of 



630 

decisive importance that sampling should be carried out expertly. 

As a rule, sterile glass-stoppered bottles with a capacity of 250 to 500 ml 
are used for sampling. These are sterilized in the laboratory and safeguard­
ed against secondary infection with aluminium foil. Bottles used for 
sampling chlorinated water must be treated with sodium thiosulfate before 
sterilization. A 250 ml bottle should be charged with 0.25 ml of a solution 
of 0.01 m sodium thiosulfate and a 500 ml bottle with 0.5 ml of the same 
solution in order to bind immediately any chlorine or chloramine which may 
be present in water. 

The sampler should first convince himself at the sampling location of the 
suitability of the proposed sampling point. If he finds the sampling point 
suitable in principle, he should take care that the water can be sampled 
without negative influences. Taps must be initially cleansed mechanically 
and rinsed so as to be free of particles where necessary. The tap should 
subsequently be flamed until it is completely dry and a hissing noise is 
clearly discernible when opened. After flaming, the water should be allowed 
to flow for 5 to 10 minutes without changing the position of the cock 
during this time. It is advisable to measure the water temperature during 
the period of flow and not to take the sample until a constant temperature 
has been achieved. In the case of wells with manual pumps, the pump must be 
operated evenly for approximately 10 minutes before sampling. The 
discharged water may not be allowed to flow back into the inside of the 
well or infiltrate the direct vicinity of the well. 

Water can be taken from dug wells and water containers with the aid of a 
sterile sampling advice. The sample should be taken from approximately 30 cm 
below the surface of the water. If no sampling device is available, a 
sample can be taken by immersing the sample bottle in the water with the 
aid of sterilized crucible tongs and slowly moving the bottle through the 
water approximately 20 to 30 cm below the water surface with the opening 
pointing diagonally upwards. Care must be taken that germs do not enter the 
sampling bottle from the hands of the sampler. 

The aluminium foil should be removed before filling the bottle; the strips 
of filter paper remaining from sterilization should be carefully shaken out 
when opening the bottle, and the water then allowed to flow into the 
bottle. Any contamination from touching the bottle opening or the stopper 
with fingers, from breathing, from contact with clothing or with the water 
outlet, etc., should be avoided. 

After filling the bottle, this should be sealed immediately and the bottle 
neck protected with the aluminium foil. 

Transport and storage of the sample 

In order to prevent changes in the microbiological quality of the water, 
the filled sampling bottles must be transported in boxes insulated against 
heat. W here necessary, they should be cooled in the case of high outside 
temperatures. The sampling bottles should also not be subjected to direct 
sunlight for any length of time because germs could then be killed by UV 
radiation. 

The samples taken should be examined immediately after arrival at the 
laboratory. If this is not possible in exceptional circumstances, the 
samples should be stored in a refrigerator at +4 °C. The period of storage 
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should nevertheless be kept to a minimum. If the time span between sampling 
and investigation is too long, the bacteriological test will have to be 
carried out on site. A record should be made in the examining report of any 
considerable intervals between sampling and examination. 

5.2.8 Performing the microbiological analysis of the water 

5.2.8. 1 Determining the total colony counts 

In order to determine the colony count, 1 ml of water in each case is pipet­
ted into a sterile Petri culture dish and mixed with sterile nutrient gela­
tine or sterile nutrient agar. Nutrient gelatine is liquefied in a water 
bath at 35 °e and cooled to about 30 °e before pouring into the culture 
dish. Nutrient agar is liquefied in boiling water and cooled to 46 0 + 2 °e 
before use. Before liquefying, a visual inspection should be carried -out to 
check whether the nutrient medium contained in the tube is free of seconda­
ry infection, i.e. there are no indications of stored colonies of bacteria. 
10 ml of the liquefied nutrient medium are added free of air bubbles to the 
pipetted water in the culture dish. Secondary infection from bumping or 
from water droplets on the outside of the nutrient medium glass should be 
avoided when filling the nutrient medium into the culture dish. Before 
pouring the nutrient medium, the tube edge should be flamed. Immediately 
after pouring, the nutrient medium and the water are mixed well by careful­
ly swirling the culture dish sealed with a lid, using a motion in the shape 
of a "figure 8". The prepared culture must then be allowed to solidify in a 
horizontal position. 

Nutrient gelatine solidifies at temperatures below 25 °e and cooling is 
therefore necessary in certain circumstances. 

Note: 

If high counts are expected in the water to be examined, it is advisable to 
prepare series of dilutions with sterile water and then to test the dilu-
tion stages I 100, 1 : 1000, etc. 

The culture with the solidified layer of nutrient medium is incubated at 
the prescribed temperature in the incubator or incubating chamber, whereby 
a maximum of 4 to 6 plates should be stacked one above the other. Plates 
and nutrient agar medium should be turned over after solidification and 
incubated with the layer of nutrient medium upwards in order to avoid pre­
cipitation of condensed water, particularly at higher incubation tempera­
tures. 

After the prescribed incubation period has elapsed, the visible colonies 
are counted with the aid of a magnifying glass with 6x to 8x magnification. 
In order to facilitate counting, a WolfhUgel counting plate or any other 
suitable counting device can be used. Only cultures with a count not exceed­
ing 300/ml should be used to determine the count. If dilution series were 
prepared of contaminated waters, those plates should be counted on which 
between 30 and 300 colonies have grown. If more than 1/4 of the surface of 
the nutrient medium is overgrown with spreading colonies, the plate should 
be discarded. 

Gelatine cultures can only be incubated at 20 0 2:. 2 °e, as they liquefy at 
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higher temperatures. Liquefication of gelatine is also possible as a result 
of microorganisms with proteolytic enzymes. It is therefore recommended 
that an agar culture be prepared in addition to gelatine cultures, in which 
the germ yield is as a rule higher than in agar cultures, so that figures 
for the numbers of germs can still be given even when gelatine liquefiers 
are present. Gelatine liquefiers frequently occur in surface water. The 
figures obtained from dilution series should be multiplied according to the 
stage of dilution. 

Rule: 

If the colony count determined lies above 100, the figures are rounded down 
to complete tens, in the case of values over 1000 to complete hundreds, etc. 

It is usual to indicate the nutrient media used and the length and tempera­
ture of incubation in the analysis report. 

The membrane filter process and the dip slide process are unofficial 
methods of determining the colony count. 

In the membrane filter process, larger quantities of water can be pressed 
or sucked through a sterile membrane filter inserted in the sterile filter­
ing device. The filter is then stretched free of bubbles on the surface of 
the soldified nutrient medium in a Petri culture dish and the culture thus 
prepared then incubated. The nutrient substances in the medium migrate 
through the layer of the membrane filter to the germs on its upper surface 

2 

3 

5 

6 

7 

Fig. 152. Suction membrane filtration unit of 
stainless steel; 1) Lid with handle; 2) = 
Silicone seal for the lid; 3) = Funnel-shaped 
upper section, capacity 500 ml; 4) = Clip (is 
secured to the funnel-shaped upper section and 
locks into the metal pins on the lower part 
when the unit is coupled together); 5) = Metal 
fr it (the membrane filter disc is placed on 
this); 6) = Teflon ring between frit and lower 
section; 7) = Lower section with tap (when 
filtering, the spout of the lower section 
extends through the hole in the plug into the 
suction flask) 
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so that they can form colonies there. It is important in this context that 
the surface of the filter does not remain excessively damp because other­
wise the germs float away in the residual water and no countable individual 
colonies are formed. In general, fewer germs are recorded by the membrane 
filter method than by the pour-plate method which is officially prescribed 
in many cases. 

Instead of the nutrient agar in Petri culture dishes, cardboard culture 
discs may also be used. The manufacturers of cardboard culture discs have 
incorporated soluble nutrient substances into the cardboard disc and steri­
lized them. The analyst must moisten the cardboard culture disc with 
sterile water according to the manufacturer's instructions and then place 
the filter disc on the cardboard, also making sure that there are no air 
bubbles. 

The dip slide process is based on the membrane filter method. It uses 
commercially available test kits, comprising a nutrient medium carrier in 
which the medium part is inserted in a beaker. This beaker serves as dipper 
for taking the water sample and also protects the nutrient medium part from 
secondary infection and from drying out during the incubation period. 

The medium carrier can be held by a grip on the non-sterile part and its 
sterile nutrient medium part projects into the beaker. The surface of the 
medium part is designed as a membrane filter layer, and when the medium 
part is immersed in the water to be examined in the full beaker, the inside 
of the medium part sucks water through the medium layer. In this way, the 
germs present in the water which has been sucked through the medium layer 
remain adhering to the surface of the filter layer. It is important to 
observe strictly the period for which the medium part is immersed in the 
beaker part completely filled with the water to be examined, as prescribed 
by the manufacturer. Only if this is done can it be guaranteed that the 
colony count determined later can really be referred to 1 ml water. After 
the prescribed exposure time, the medium part is removed from the water to 
be examined, the beaker is emptied and then slipped over the medium part 
and pressed down. The usual period of incubation and the determining 
process for the colony count can then follow after the prescribed incuba­
tion period. 

Colony counts can also be made using the surface method. In this 0.1 to 0.3 ml 
water is spread out on the surface of the solidified, sterile agar culture 
medium in the petri dish with the aid of a sterile spatula (Drigalski spatula). 
However, this method also results in certain differences from the pour­
plate method. 

5.2.8.2 Detection of Escherichia coli and coliform bacteria 

The cultivation of these germs is carried out in one process. Two methods 
can be employed: 

Liquid enrichment with lactose-peptone solution 

Membrane-filter method using endoagar or endo-nutrient cardboard disks 

Liquid enrichment method 

Where the only question to be decided is whether or not Escherichia coli 
and/or coliform bacteria are present in 100 ml water, it is sufficient to 
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mix 100 ml of the water being analyzed with 100 ml lactose-peptone solution 
of double concentration. After an incubation period of 20 2:. '+ hours at 37 °C, 
an examination is made to see whether acid and gas are being formed or not. 
If they are not being formed, the composition of the water in terms of its 
levels of Escherichia coli and coliform bacteria meets the drinking water 
requirements and the analysis can be stopped. If, however, it is establish­
ed that the lactose is fermenting with the formation of gas and acid, one 
has to establish whether the germs causing this are Escherichia coli or 
coliform bacteria, or whether the germs do not belong to the group of coli­
forms. For this, a small quantity of the lactose-peptone solution, which 
has become turbid as a result of the growth of germs, is removed with 
a sterile platinum loop and fractionated on the endoagar (fractionated means 
that the spreading is not carried out with the loop over the entire endo 
plate but that instead just one single strip of germs is applied to the 
surface of the culture medium at the edge of the Petri dish.) 

With the second loop, part of the material is now spread out on a third of 
the culture medium surface at right angles to the first. Then the dish is 
turned through a further 20 0 and part of the material is applied with a 
third sterile loop to the part of the culture medium surface which has not 
yet been coated. It is possible in this way to obtain individual colonies, 
which can then be identified in the so-called "colour series". 

Moist, dark red colonies with a gold, iridescent metallic sheen can be 
suspected of being Escherichia coli. Coliform bacteria grow as moist, red 
colonies with a continuous or discontinuous metallic sheen, with or without 
the formation of slime. 

Generally speaking, colour series work today is carried out using the pre­
pared systems or kits which are commercially available, such as API, Entero­
tube, Titertek, etc. These consist of prepared culture medium systems which 
are inoculated with the cell material from one single colony and then incu­
bated. Handling and incubation must be carried out in accordance with the 
manufacturer's instructions. Evaluation is frequently carried out by 
determining a number code on the basis of positive or negative metabolic 
reactions which take place with the individual culture mediums used. After 
determining the number code, one can read off the type of germ the suspect 
colony consists of in the catalogue supplied. 

When such prepared or ready-to-use systems are not available, the identifi­
cation culture mediums must be prepared in accordance with the recipes 
given in the section on culture media. These are then inoculated and evaluat­
ed in accordance with the characteristics obtained. 

Determining biochemical characteristics 

F or the c;:olour series, the culture media listed below are inoculated and 
incubated at the stated temperatures for 20 2:. '+ hours: 

If the colony which was injected onto the identifying culture medium was a 
pure culture, then only colonies which are typical for the particular 
nutrient agar plate will grow. These colonies will have a uniform appear­
ance and will not show any formation of pigment. If different types of 
colony are present, then the colony which was transferred must have 
consisted of a mixed colony of different types of germs. Such mixed 
colonies cannot be used for differentiating between different types of 
germs. Further subcultures must be started on the endoagar. When a pure 



Culture 
Medium 

Nutrient agar plate 

Simmons citrate agar 
(sloping culture) 

Koser citrate medium 

Glucose-peptone broth 
Culture A) 
Culture B) 

Lactose-peptone broth 

Mannitol-neutral red 
broth 

Kligler urea agar 

Tryptophane-tryptone 
broth 

Buffered nutrient broth 

Nutrient gelatine 
(stab culture) 

Incubation 
Temperature 

37 DC 

37 DC 

37 DC 

37 DC 

44 DC 

44 DC 

44 DC 

37 DC 

37 DC 

37 DC 

20 - 22 DC 

Positive 
Reaction 

Exlusively uniform, 
typical colonies 

Growth with colour 
change from green to 
blue 

Turbidity as the result 
of bacterial growth 

Turbidity, gas formation, 
colour indicator changes 
from purple to yellow 

Turbidity, gas formation, 
colour change from purple 
to yellow 

Negative 
Reaction 

Morphologically 
different colonies 
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No growth, no altera­
tion in colour 

No growth, clear, no 
turbidity 

No growth, no gas for-
mation, no colour change 

No growth, no gas for-
mation, no colour change 

Turbidity, gas formation, No growth, no gas for­
colour change from red to mation, no colour change 
yellow 

Sloping surface: 
colour change from red to 
yellow as a result of 
acid formation 
Stab: gas formation, 
colour change to black as 
a result of H2S formation, 
NH4 formation as a result 
of decomposition of urea 

Growth with turbidity, red 
coloration when indole 
reagent is added 

No gas formation, 
no colour change 
as a result of 
acid formation, 
no turning black as 
a result of H2S, no 
NH4 formation 

No growth, no red 
coloration with 
indole reagent 

Divide solution into 2 sterile test tubes: 

a) Methylene red test 

Colour change from yellow 
to red 

b) Voges-Proskauer reaction 

Indicator remains 
yellow 

(Addition of potassium hydroxide and creatine) 

Red colouration after 
I - 2 minutes 

No colour formation 
after 2 minutes 

Liquefaction in the region No liquefaction 
of the stab 
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Biochemical characteristics of Escherichia Coli and Coliform Bacteria 

Glucose 
fermentation 

at 37 °C 
at 44 °C 

Lactose 
fermentation 

at 44 °C 

Mannitol 
fermentation 

at 44 °C 

Citrate 
decomposi tion 

Indole 
formation 

Methyl red 
test 

Voges-Proskauer 
reaction 

Urea 
decomposi tion 

H2S formation 

Gelatine 
liquefaction 

+ = positive 
= negative 

Escherichia Entero- Klebsiella 
Coli bacter 

+ + + 
+ +/- +/-

+ +/- +/-

+ +/- +/-

+ + 

+ 

+ 

+ + 

+/- + 

+/- = various strains behave in different ways 

Citro-
bacter 

+ 
+/-

+/-

+/-

+ 

+/-

+ 

+/-

+/-

culture is obtained, the cytochromoxidase reaction is carried out on the 
nutrient agar plate. Here 2 to 3 drops of Nadi reagent are dropped onto the 
colonies with the aid of a dropping bottle. In the case of a positive reac­
tion, the colonies turn blue-violet within 1 to 2 minutes. No colour change 
takes place in the case of a negative reaction. 

When the cytochromoxidase reaction is positive, Escherichia coli and coli­
form bacteria are not present. 

When the cytochromoxidase reaction is negative, the colour series which has 
been prepared is evaluated in accordance with the table above. 
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Important 

Escherichia coli grows at 44 °C, fermenting glucose, lactose and mannitol 
with the formation of gas. It forms indole and has a positive methyl red 
test, while the Voges-Proskauer reaction, decomposition of urea and the 
hydrogen sulphide formation tests are negative. Citrate is not decomposed. 

Coliform bacteria frequently do not grow at 44 °C but do at 37 °C. All 
coliform bacteria can cause citrate to decompose. It is possible to differen­
tiate between the different coliform bacteria on the basis of the H2S forma­
tion, urea decomposition, indole formation, methyl-red reaction and Voges­
Proskauer reaction tests. 

Coli titre 

The liquid concentration method can be arranged in a more differentiated 
manner by preparing cultures not only with 100 ml of water but also with 10 ml, 
1 ml, 0.1 ml, etc. In this way one can determine the smallest quantity of 
water in which Escherichia coli or coliform bacteria are still detectable. 

The coli titre gives the smallest quantity of water in which at least one 
Escherichia coli or coliform bacterium capable of multiplication is present. 

The following is then stated in the analysis report: 

Escherichia coli is detectable in ... mi. 

Coliform bacteria (possibly with details of the type) are detectable in 
... mi. 

One inserts in this text the smallest quantity of water gIVing a positive 
result in the coli titre test; the presence of Escherichia coli and/or 
coliform bacteria must also be confirmed by the colour series. If it is 
certain that Escherichia coli and coliform bacteria are not present in 100 ml 
of water, the following is stated: 

Escherichia coli and coliform bacteria are not detectable in 100 ml of water. 

Membrane-filter method 

To detect Escherichia coli and coliform bacteria in 100 ml of water and in 
larger quantities of water, the sample to be analyzed is filtered under 
sterile conditions through a membrane-filter with a pore width of 0.45 ~m 
in a membrane-filter device. The membrane filter is then incubated in 
single-strength lactose-peptone solution at 37 °C. The same method is used 
as for the liquid concentration method. Alternatively the membrane-filter 
disk is placed onto endoagar or onto an endonutrient cardboard disk (taking 
care to avoid air bubbles) and is then incubated at 37 °C ~ 1 °C for 20 ~ 4 
hours. The final diagnosis is carried out by checking the suspect colonies 
which have formed with the aid of the colour series. 

The membrane-filter method is not suitable for turbid water samples because 
such water frequently blocks the filters or the build-up of foreign substan­
ces on the filters causing the growth of the germs to be disturbed. 
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5.2.8.3 Detection of faecal streptococci 

Faecal streptococci are able to grow in the presence of sodium azide 
(NaN3), while many other types of bacteria are inhibited or killed by 
azide. Thus, by using culture mediums containing azide, it is possible to 
increase the number of faecal streptococci while, at the same time, sup­
pressing the growth of other germs. 

Liquid enrichment 

The quantity (l00 ml or 250 ml) of water to be analyzed is mixed with 
double-strength azide-dextrose broth and incubated at 37 ° .:!:. 1 °C for at 
least 20 .:!:. /j. hours. The incubation time can also be extended to /j./j. .:!:. /j. 
hours if it is suspected that insufficient enrichment will have taken place 
after just one day's incubation. After incubation, the enriched culture is 
spread onto blood agar (nutrient agar with the addition of approx. 1 % of 
defibrinated sheep's blood). Faecal streptococci are capable of haemolysis 
and grow in blood agar into colonies which are surrounded with a yellow 
ring. Such colonies must be subsequently identified more accurately. 

Membrane-filter method 

The quantity of water to be tested is filtered through a membrane filter 
with a pore size of 0./j.5 11m. The membrane filter is placed on a special 
culture medium, which contains triphenyl-tetrazoliumchloride and sodium 
azide. The suspect colonies are counted after an incubation time of 20 .:!:. /j. 
hours or /j./j. .:!:. /j. hours at 37° .:!:. 1°C. Faecal streptococci grow in red or 
red-brown colonies which, after they have been counted, are differentiated 
further to permit final diagnosis. 

Diagnosis 

a) Gram staining 

Faecal streptococci are gram-positive oval to lance-shaped diplococci or 
short-chain streptococci. 

b) Analysis with cultures 

Faecal streptococci must grow both in a nutrient broth whose pH has been 
set to 9.6, as well as in a nutrient broth which contains 6.5 % common 
salt (normal nutrient groth contains 0.5 % common salt). Incubation 
temperature in both cases: 37° .:!:. 1°C; incubation time: 20 .:!:. /j. hours. In 
addition, faecal streptococci are capable of causing Aesculin to decom­
pose to Aesculetin. Aesculin broth is injected and incubated at /j./j. .:!:. /j. 
hours at 37°C. Aesculin has decomposed when there is a colour change 
from yellow-brown to olive-green to black after the addition of a fresh­
ly prepared, 7 % aqueous solution of ferric chloride (FeCI3)' 

If necessary, determination of the exact type can be carried out with 
the diagnosis strips (e.g. API-Strep) which are commercially available, 
or in accordance with the following table. 

c) Serological analysis 

The majority of the streptococci possess group-specific antigens which 
can be extracted and determined with the appropriate antiserum. If strepto-



Extracts from Hahn and Tolle 

Growth at 45 °c 

Growth with 6.5 % 
sodium chloride 

Bile 40 % 

Litmus milk 

Reduction of 
potassium tellurite 

Splitting of: 

Arginine 
Mannitol 
Lactose 
Glycerine 
Gelatine 
Starch 

Streptococcus 
faecalis 
var faecal is 

positive 

positive 

positive 

reduction and 
coagulation 

positive 

positive 
positive 
positive 
positive 
negative 
negative 

Streptococcus 
faecium 

positive 

positive 

positive 

reduction and 
coagulation 

negative 

positive 
positive 
positive 
negative 
negative 
negative 
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cocci colonies are present, it is therefore possible to determine in a 
rapid microscopic slide test whether these colonies belong to Lancefield 
group A, B, C, D, F, or G. Faecal streptococci belong to Lancefield 
group D. 

The serological test can be carried out with the commercially available 
test kits in accordance with the instructions supplied. 

5.2.8.4 Detection of sulphite-reducing, spore-forming anaerobes 

Liquid enrichment 

20 to 50 ml of water is mixed with the same quantity of a double-strength 
dextrose-iron-citrate-sodium-sulphite medium and added to a sterile glass 
flask with a groundglass stopper, taking care not to introduce air bubbles. 
If necessary, the flask must be topped up with single-strength medium. If 
the groundglass stopper is not an absolutely tight fit, the neck of the 
flask can be dipped in hot paraffin wax and covered with a paraffin wax 
layer. This is necessary because the incubation must take place under anaero­
bic conditions (attention: do not grease the groundglass stopper in order 
to make it tight, because the grease may contain anaerobic, sulphite­
reducing spore-forming agents). 

The culture is incubated for up to 44 .:!:. 4 hours at 37 0 .:!:. 1 °C. A positive 
reaction is indicated by the liquid culture medium turning black. 
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Membrane-filter method 

The water to be analyzed is filtered through a membrane filter. The filter 
disk is placed with the side containing the layer downwards onto a dextrose/ 
iron sulphate/sodium sUlphite agar. Incubation is carried out for up to ~~ 
.±. ~ hours at 37 0 .±. 1 °C in an anaerobic pot. Other methods common in micro­
biology for ana~robic cultivation of germs (Fortner culture, Pyrogallol 
culture) can also be employed if such a pot is not available. Alternatively 
the membrane-filter disk which has been laid on the culture medium can 
simply be covered over again with dextrose/iron citrate/sodium sulphite 
agar. The thickness of the culture medium covering layer should be at least 
5 mm. 

Fortner culture 

Instead of the lid of the Petri dish, a second Petri dish is placed on top 
of the first. This second dish contains a nutrient medium layer which has 
been intensively inoculated with Serratia marcescens; these bacteria 
consume oxygen rapidly. The two dish halves are joined to one another in an 
airtight manner (using several layers of adhesive tape, insulating tape or 
plasticine), The Serratia germs, which multiply rapidly, consume practical­
ly all the oxygen in the system leaving only very small residual quantities 
and thus create conditions which are very largely anaerobic. This means 
that even anaerobic germs are provided with the most favourable environment 
and can grow into colonies capable of being counted. 

Pyrogallol culture 

Approx. 5 g pyrogallol is thoroughly moistened with 8 to 10 ml of a 10 % 
solution of sodium carbonate (Na2C03) in the lower part of a Petri dish. 
The dish with the membrane-filter culture to be analyzed is immediately 
placed on top and the two dish halves are sealed to one another in an air­
tight manner. Pyrogallol binds the oxygen present in the system. Care must 
be taken that the culture medium layer with the membrane filter is not 
wetted by the liquid in the lower dish part as a result of careless hand­
ling. 

The cultures are incubated at 37 0 .±. 1 °C and evaluated after not longer 
than ~~ .±. ~ hours. Black colonies, which can if necessary be counted and 
related to the quantity of water used, are positive. 

5.2.8.5 Detection of Pseudomonas aeruginosa 

Liquid enrichment 

100 ml or 250 ml of the water to be analyzed is mixed with double-strength 
malachite-green broth and incubated for up to ~~ .±. ~ hours at 37 0 .±. 1°C. 
The subcultures are then placed on a suitable selective culture medium or 
on endoagar and the colonies formed after an incubation time of 20 .±. ~ 
hours at 37°C are analyzed in terms of their ability to form fluorescin 
and pyocyanin. For this, the suspect colonies are inoculated onto culture 
mediums A and B (after King) and incubated for ~~ .±. ~ hours at 37°C. In 
addition, a check should be carried out as to whether ammonia is formed 
from acetamide. For this purpose a solution of ammonium-free acetamide is 
injected and checked with Nessler's reagent for the presence of ammonia 
after an incubation time of 20 .±. ~ hours at 37°C. 
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Membrane-filter method 

The quantity of water to be analyzed is filtered through a membrane filter. 
The membrane filter with the layer side upwards is placed on malachite­
green agar or cetrimide agar, taking care not to include air bubbles. Incu­
bation is carried out at 37 0 2:. I °C, and the evaluations are carried out 
after 20 2:. I.j. hours and I.j.I.j. 2:. I.j. hours. Colonies showing a blue-green pigment 
are suspect. In addition the cultures possess a characteristic sweet­
aromatic smell. The acetamide decomposition test and the tests for the 
formation of f1uorescin and pyocyanin are used for the final diagnosis. 

5.2.&.6 Occurrence, significance and detection of sulphate-reducing bacteria 

Sulphate-reducing bacteria are to be found in the ground and in so-called 
reduced waters (waters with a redox potential in the negative mY range). 

In the absence of oxygen, they reduce sulphate to sulphide. As a result of 
this capability, they play an important role in, amongst other things, the 
recovery of mineral oil. In an anaerobic environment, they form consider­
able quantities of hydrogen sulphide, which leads to significant changes in 
the biocenosis of surface waters as a result of its poisonous effect on 
other microorganisms. The sulphate-reducing bacteria are to be regarded as 
noxious as far as supplies of drinking water and process water are concern­
ed, because the hydrogen sulphide they form produces an unacceptable smell 
in the water and the activities of these bacteria in pipelines give rise to 
biological corrosion. 

The two most important sulphate-reducing bacterial genera are Desulfovibrio 
and Desulfotomaculum. 

Genus Desulfovibrio 

This consists of gram-negative rods or spirally-curved rods with a half 
turn and polar flagella. Pleomorphic forms can occur frequently. Growth 
takes place strictly anaerobically, the optimum temperature being I.j.I.j. °C. 
Gelatine is not liquefied, nitrates are not reduced and as a rule hydro­
genase is present. No growth takes place in a strongly acid environment 
(the pH must not fall below 5.0). The most well-known representative of 
this genus is Desulfovibrio desulfuricans. 

Desulfotomaculum 

The genus is represented exclusively by the type Desulfotomaculum nigrifi­
cans, a gram-negative, peritrichally flagellated rod with rounded corners. 
The cells are straight to slightly curved. It grows in a temperature range 
from 1.j.5° to 70 °C, the optimum temperature being around 55 °C. It can, how­
ever, . become acclimatized to temperature ranges around 37 °C by a process 
of adaptation. Desulfotomaculum nigrificans is fundamentally to be regarded 
as thermophilic. 

Detection of sulphate-reducing bacteria 

For detection and/or quantitative determination, 1 to 
graduated quantities thereof are filtered through a 
grid. The filter is then placed with the coated side 
culture medium, taking care to avoid air bubbles. It 

2 litres of water or 
membrane-filter with 
down on the special 

is then covered over 
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with about 5 mm of the same culture medium. Two cultures are always pre­
pared in the same way, one culture being incubated at 28 0 to 30 °C, the 
other at 55 °C, in both cases under anaerobic conditions. 

The cultures are examined after 2 days and 4 - 5 days incubation. In the 
case of a negative result, the incubation time should be extended to 10 to 
14 days in order to be quite certain. The sulphate-reducing bacteria appear 
as black colonies as a result of the formation of ferrous sulphite. 

The same principle is used for cultivation in liquid culture media. Here 
the same selective media but without the addition of agar are sterilized in 
glass-stoppered, 50 ml flasks. The membrane filter with the germs isolated 
from the water to be analyzed is rolled up and put into the culture medium 
in such a way that it can be closed without there being any air bubbles. 
Care must be taken that the glass stopper is an absolutely tight fit. 

5.2.8.7 Autotrophic microorganisms in water 

In terms of obtaining drinking and process water, it is not only sapro­
phytic bacteria which are of significance. In addition the so-called iron 
and manganese bacteria and sulphur bacteria can be of special importance as 
autotrophic bacteria. 
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Iron and manganese bacteria 

Iron and manganese bacteria live primarily in waters containing iron and 
manganese. They oxidize bivalent iron and manganese compounds in these 
waters to higher levels of oxidation. For this purpose these bacteria need 
oxygen, albeit only in very small quantities. 

As a rule metallic iron is not attacked directly but, instead, only ferrous 
ions are utilised and for this their concentration must lie between 0.2 and 
12 mg/l. Cultures stop growing when the iron concentration is more than 14-
mg/l. A redox potential of at least + 10 mV is necessary for the large 
scale development of iron and manganese bacteria in water. There is a rela­
tionship between the pH and the necessary redox potential. The following 
graph shows the growth field. 

In practice, iron and manganese bacteria are only of significance when they 
develop in large quantities, in which case they can lead to the ferric 
incrustation of springs and wells and the blocking of pipes. This biologi­
cal ferric incrustation occurs in springs and wells when the following 
precondi tions exist: 

1. Presence of iron and manganese bacteria. 

2. Presence of ferrous ions or manganese (II) ions in the necessary concen­
trations. 

3. Redox potential and pH in the growth field for iron and manganese bacte­
ria. 

4-. Increased flow velocity of the water relative to the natural conditions 
underground. 

Biological ferric incrustation in springs and wells can only be combatted 
with difficulty. Certain success can be achieved by chlorinating the spring 
or well at high levels at regular intervals. The chlorine levels for this 
should be between 50 and 100 mg/l. 

To establish the presence of iron and manganese bacteria, microscope slides 
are attached at intervals of 2 to 3 m to a suitable line with a weight at 
the end. The line is then hung in the centre of the well and left there for 
4- weeks. The microscope slides are then removed and examined under the 
microscope for the presence of iron and manganese bacteria. 

Microscopic detection (Daubner staining technique) 

The sample material to be analyzed is filtered onto a membrane filter. The 
membrane-filter disk is then dr ied and laid on filter paper which has been 
saturated with a 3 % solution of potassium hexacyanoferrate (yellow potas­
sium ferrocyanide =:: K4-Fe(CN)6 . 3 H20). After 15 minutes, the filter is 
transferred to a filter paper saturated with 5 % hydrochloric acid and, 
after completion of the oxidation, is dried again. The membrane-filter disk 
is then laid for 30 minutes on a filter paper which has been soaked with 
carbolic erythrosine. After a further drying process, the membrane filter 
can be lightened with cedar oil and examined under the microscope. The 
bacteria which have been caught are stained red, the caps and threads of 
the iron bacteria blue. 
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For waterworks practice, the following iron and manganese bacteria are of 
significance as causing problems: 

1. Gallionella ferruginea (Genus Gallionella Ehrenberg) 

These iron bacteria show a characteristic morphological structure and 
can be detected easily under the microscope. The bacterial cell of 
Gallionella ferruginea is kidney or bean shaped. It has a length of 1.5 11m 
and a diameter of 0.5 to 0.6 11m. It is attached to a long, flat, spiral­
ly wound stem. The front of the cell is convex, the back concave. Ferric 
hydroxide is deposited on the concave side of the cell and, together 
with organic material, forms the strip which is wound in the form of a 
screw and which can be seen well under the microscope. The strips divide 
when the bacterial cell mUltiplies by transverse division. Since, how­
ever, these strips are very fragile, one can usually only find fragments 
of them during microscopic examination. Gallionella ferruginea is micro­
aerophilic and prefers neutral waters which contain low levels of nutri­
ent and have only low levels of organic substances. This bacterium is 
only capable of precipitating iron and cannot utilize manganese. The 
deposits formed by Gallionella ferruginea have a conspicuously light 
ochre colour. 

Gallionella minor is morphologically similar. However, its strips are 
somewhat wider than those of Gallionella ferruginea. 

2. Leptothrix ochracea (Genus Leptothrix) 

Leptothrix ochracea belongs to the group of sheath bacteria. The cylin­
drical individual cells of these are lined up in rows one after the 
other and are surrounded by a gelatinous sheath of varying thickness, so 
that a filament appears to be of different lengths. The sheaths are 
coloured ochre-yellow to dark-brown as a result of the inclusion of iron 
or manganese compounds. W hen the sheaths become thicker and thicker as a 
result of the iron and manganese deposits, the bacteria can wander out­
wards and form new sheaths. Thus, under the microscope, there are always 
numerous empty sheaths to be observed as well as the living filaments. 
Leptothrix ochracea is facultatively autotrophic and can also utilize 
organic substances. The filaments are never branched or attached. 

3. Crenothrix polyspora (Genus Crenothrix Cohn) 

This type is also a sheath bacterium, in which the individual cells are 
connected to one another to make filaments of different lengths and lie 
in a gelatinous sheath. The length and the width of the cells vary. In 
general, the sheath is thinner and colourless in the upper, younger 
part, while in the older, basal part, it is often thickened and coloured 
brown as a result of iron or manganese deposits. Individual bacterial 
cells or cell groups can emerge from the sheath and form new filaments. 
Crenothrix polyspora, which is also known as "spring thread", form 
unbranched but attached filaments. It is also facultatively autotrophic 
so that it can grow well in still and flowing waters regardless of the 
ferrous iron concentration, provided organic substances are present. It 
is generally not possible to cultivate it in pure cultures. 

4. Genus siderocapsa 

The generally coccoid, but occasionally rod shaped cells of the bacteria 
belonging to this genus are imbedded in more or less clearly formed 
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capsule-like sheaths and can occur individually or in small or large 
accumulations. According to present knowledge, Siderocapsa types are not 
capable of precipitating iron but do oxidize manganese. In contrast to 
the previously named types, detection of these bacteria under the micro­
scope is very difficult. It is usually only possible by microscopic 
evaluation after enrichment of a culture. 

5. Ferrobacillus ferrooxidans 

This representative of the genus Thiobacillus also belongs in the wider 
sense of the word to the group of iron bacteria. It grows in a strongly 
acid environment at pH values from about 2.5 to 1t.1t and dies in a short 
time in the neutral range. In the case of Ferrobacillus, the so-called 
mineralization products are deposited freely in the medium. This type of 
germ plays only a subordinate role in waterworks operations, since the 
strongly acid conditions needed for growth do not as a rule prevail in 
waterworks. 

Cultivation of cultures of iron and manganese bacteria belonging to the 
genera Gallionella, Leptothrix, Siderocapsa and Ferrobacillus can be 
carried out when suitable culture mediums are used, the composition of 
which is given in the section on culture mediums. 

The following diagrams serve as an aid to microscopic differentiation of 
iron and manganese bacteria. 
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Fig, 154 - 157. Iron bacteria; 1) = Crenothrix polyspora, "spring filament": 
Filaments several mm long, at the bottom 1.5 - 5 flm, at the top 6 - 9 flm 
thick with sheaths. Short cells are deposited in sheaths. In the course of 
multiplication, the cells of the threads simply emerge from the sheaths or 
they first decompose to form smaller spherules (spores). Iron is deposited 
in the form of Fe2+ salts. Rust formation as a result of these salts oxi­
dizing and forming oxides. Oligosaprobic. In springs and water pipes; 2) = 
Clonotrix fusca, branched iron and manganese bacterium: Clear, pronounced, 
heavily encrusted sheaths, in which iron and manganese are stored; old she­
aths up to 24 flm thick; otherwise the filaments are 5 - 7 flm thick at the 
base, narrowing down to 2 flm approaching the top. Cells 2 flm thick. Floc­
cules of a few millimetres in length with a brown to black appearance. In 
springs and water towers. Often in the company of Crenothrix; 3) = Gallio­
nella ferruginea, "twisted iron bacterium": Forms very thin, only 1 flm thick 
solid filaments, these are dichotomously branched, the two parts being 
wound around each other. The size of the kidney or coccus-shaped cells at 
the ends of the branches is only about 0.5 - 1.2 flm. Generally contains 
hydrated ferric oxide. Oligosaprobic. In springs and wells containing iron. 
4) = Leptothrix ochracea, "common iron bacterium": Sheath when young thin 
and only slightly coloured; thickens later and becomes yellow to brown as a 
result of iron or manganese deposits. Cells without sheath only 1 flm thick. 
Eggshaped gonidia. In ground water and ditches. 

5.2.8.8 Sulphur Bacteria 

Of the sulphur bacteria, which oxidize hydrogen sulphide, the genera 
Beggiatoa and Thiothrix are of significance for drinking water and process 
water supplies. 
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Figs. 158 - 160. 1) = Beggiatoa alba ("White Sulphur Bacteria"): These are 
fair ly long filaments, up to 5 iJm thick, composed of individual cells, 
approx. 3 iJm thick. They are unbranched and may either be attached or move 
by means of sliding or oscillating movements. They do not have a clearly 
defined sheath. They are often packed with grains of sulphur, which refract 
light considerably. These release carbon disulphide when the sample is 
dried. Multiplication through decomposition into smaller filament pieces. 
When it occurs en masse, Beggiatoa, which can be recognized macroscopical­
ly, frequently covers objects (mud, leaves, etc.) like a white veil, which 
can be easily torn when touched. The white colour comes from the sulphur. 
The transverse walls in the filaments usually only appear after the sulphur 
has been removed by natural or artificial means; 2) = Thiothrix nivea ("White 
Sulphur Filament"): Similar to Beggiatoa, but non-mobile, 1.5 2.4 iJm 
thick. Usually heavily filled with sulphur grains. Forms white coatings, 
similar to Beggiatoa. a -mesosaprobic. 3) = Chromatium okenii ("Red Sulphur 
Bacteria, Little Sulphur Barrels"): Some 8 iJm long and 5 iJm thick, flagel­
lated, roundish cells which move fairly rapidly (the movements cease for a 
while when the viewing field is suddenly darkened). Red in colour, usually 
containing a distinct concentration of sulphur grains. The organism is to 
be found in plankton, often in company with species of Oscillatoria and 
other similar species. Often forms red spot-like structures, or colours all 
the water red in uncleaned water. Polysaprobic to mesosaprobic. 

The best-known representative of the genus Beggiatoa is Beggiatoa alba. 
This bacterium is a colourless, unbranched, gram-negative filament bacteri­
um. The filaments have a diameter of 2.5 to 5 iJm and are composed of cell 
segments having a length of more than 3 iJm. Beggiatoa alba can move freely 
by means of sliding, crawling movements. In the presence of hydrogen 
sulphide, grains of sulphur are deposited inside the cell. When a shortage 
of hydrogen sulphide occurs, these grains are further oxidized to form 
sulphuric acid. The sulphuric acid reacts with the carbonates in the 
surrounding medium, producing a rearrangement of these carbonates to form 
sulphates accompanied by carbon dioxide. The presence of Beggiatoa alba in 
water counts as a biological indicator of the presence of hydrogen sulphide 
in ground water and surface water. 

Thiothrix types 

These sulphur bacteria form colourless filaments. In contrast to the Thio­
rhodaceae, which like high hydrogen sulphide levels, the Thiothrix types 
prefer habitats with hydrogen sulphide concentrations below 4 mg/l. 
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Spherical sulphur bacteria 

In addition to the filament-shaped sulphur bacteria, there are coccoid 
forms, which as a rule form reddish pigments. The most well-known represen­
tative of these sulphur bacteria is Chromatium okenii, also known as "red 
sulphur bacterium", and Lamprocystis roseo-perslclna. The latter is often 
to be found on water plants and forms a pink-coloured covering when it 
develops en masse. 

The pH, redox potential, light and ox}gen conditions as well as tempera­
ture, presence of organic and inorganic substances and the movement of the 
water, all play a role in the mass development of sulphur bacteria. In 
water supply systems, sulphur bacteria can cause or favour corrosion and 
its occurrence always indicates the presence of hydrogen sulphide in the 
system. Mass development of sulphur bacteria is always undesirable, even if 
sulphur bacteria themselves do not play a particular role in epidemic­
hygiene terms. 

The genus ThiobaciHus is of significance in terms of corrosion. Thio­
bacillus thiooxidans is capable of oxidizing sulphur and sulphur compounds 
to form sulphuric acid. This can bring about localised concentrations of 
sulphuric acid, which attack metals and acid-sensitive materials substan­
tially. In waterworks operations, the growth of Thiobacillus thiooxidans is 
rare because it prefers a strongly acid environment (ideal pH between 2.0 
and 3.5), which as a rule is not present in water supply systems. Thio­
bacillus thiooxidans is closely related to Ferrobacillus ferrooxidans; both 
are gram-negative short rods and require strictly autotrophic conditions. 

Detection of sulphur bacteria 

Sulphur bacteria are generally detected by means of microscopic investiga­
tion. Their cell forms are shown in the following diagram. They can be 
cultivated in special culture mediums, the composition of which is given in 
the section on culture mediums. 

5.2.8.9 Distribution of worm parasites 

The spectrum of zooparasites involved here varies from country to country 
and from climatic region to climatic region. 

The following table by Jawetz, Melnick and Adelberg provides information on 
the occurrence of a variety of worm parasites. 

In this connection special mention should be made of the disease bilharzia. 
In 'the case of bilharzia, the human being is infected by the free cercaria 
penetrating directly into the human skin. The human being can be infected 
by standing or bathing in water or by drinking infected water. 

Further details for the identification of tapeworms, threadworms_ and trema­
todes can be taken from L. Hallmann's tables (Klinische Chemie und Mikros­
kopie 1980, p. ~88 to ~97) which are reproduced below. 



Species 

Cestoda or tape­
worms (Taeniasis, 
Diphyllobothria­
sis): Taenia 
saginata (cattle 
tapeworm) 

Taenia solium 
(pork tapeworm): 

D iphy 1I0bothr ium 
latum (fish tape­
worm): 

Trematodes: 
Leaches (Schis­
tosomiasis) 
Schistosoma man­
soni (intestinal): 

Schistosoma 
haematobium 
(urinary passage, 
sometimes intes­
tinal): 

Schistosoma 
japonicum 
(intestinal): 

Intestinal flukes 
Fasciolopsis buski 
(large intestinal 
fluke): 

Heterophyes 
heterophyes (small 
intestinal fluke) 
and Metagonimus 
yokogawai: 

Liver fluke 
Clonorchis sinen­
sis (East Asian 
or oriental liver 
fluke): 

Lung fluke 
(Paragonimiasis) 
Paragonimus 
westermani 

Occurrence 

Worldwide 

Worldwide 

Worldwide, 
temperate zones 

Africa-Arabia 
South America 

Africa-Europe 
Middle East 
West Indies 

China, Japan 
the Philippines 

China-Indonesia 

Egypt 
Far East and 
Japan 

Far East 

Worldwide 
especially 
Far East 

Intermediate 
host 

Cattle, camels 

Swine 

From crustaceans 
to fish 

Snails 

Snails 

Snails 

Snails; 
Metacercaria on 
edible water 
plants 

Snails and fish 

From snails to 
fish 

From snails to 
various crust­
aceans 
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Final host 
apart from 
human beings 

Dogs, cats 
and carni­
vores 

Hardly any 

Hardly any 

Many, but 
only human 
beings 
significant 

Swine, dogs 

Dogs, cats 
and carni­
vores 

Dogs, cats 

Dogs, cats 
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Tapeworms = Cestodes 

Parasite Worm 

Taenis soHum 
Pork tapeworm 

Taenia saginata 
Cattle tapeworm 

Diphyllobothrium 
latum 
Bothriocephalus 
latus 
Pike (fish) 
tapeworm 
Wide tapeworm 

Hymenolepis 
nans 
Dwarf tapeworm 

Length 

2 - 3 m 

occassionally 
longer up to 
B m 

4 - 10 m 

2 - B m 
occasionally 
up to 20 m 

10- 25 mm 
long 
0.55 - 0.9 mm 
wide 

Segments 

Mature seg­
ments: pump­
kin pip 
shape 

Head 

Spherical, 
1 mm dia. 
4 suckers 
and a dou­
ble ring 
of teeth 
with 25 to 
50 hooks 

Mature seg- Pear shap­
ments: pump- ed, 1 to 
kin pip 2 mm dia., 

Uterus after 
Lightening 
with Dilute 
Acetic Acid 

Treelike branching 
on each side, each 
with 7 - 10 thick 
branches 

Abundant brsnching 
(20 - 30) on both 
sides, but narrow 

shape, but 
wider than 
T. solium 

4 round, and dichotomous 
hemispheri-
cal suckers, 
without ring 
of hooks 

Wide, very 2 - 5 mm Rosette shaped, 
short long, in the middle of 

almond each segment. 
shaped, two Uterus opening 
shallow is the lower geni-
elongated tal opening. 
suction de-
pressions, 
one ventral 
and one 
dorsal 

Wide, very Spherical Not branched 
short up to 3 mm 

dia. Ros-
tellum with 
single ring 
of hooks. 
Hooks 14 -
lB ILm long 

Sexual 
Opening 

Irregularly 
alternating 
right or left 
at the side 

Irregularly 
alternating 
right or left 
at the side 

Medial on the 
stomach side 

Unilateral 



final Host Intermediate Eggs or embryophores 
Host 

Detection, 

Human 
beings 

Human 
beings 

Human 
beings, 
dogs, 
cats, 
faxes 

Human 
beings, 
possibly 
dogs, 
rodents 

Swine, occa­
sionally 
human beings 

Size 

Roundish, 
approx. 
31 - 50 J.UII 

in dia­
meter 

Appearance Colour of 
embryonic 
skin 

Like "spheri- Yellowish to 
cal bubbles". light brown 
Radially strip-
ed shells; less 
transparent 
than T. sagi-
nata. Embryo 
with 3 pairs of 
hooksa) less 
clearly reco-
gnizable 

Cattle, Egg shaped Oval to egg- Dark brown 
rarely human 30 - 40 ~m shaped. Thick 
beings long skinned. Skin 

Two interme­
diate hosts: 
1. very small 

crabs 
2. various 

fish 

20 - 30 ~m radially strip-
wide ed. Inside, 6 

embryonic small 
hooksa more 
clearly reco­
gnizable than 
with T. solium 

68 - 71 ~m Ellipsoidal Pale yellow-
dia. with small cap ish to 
45 - 54 J.UII on the upper yellow-brown 

pole. Yolk 
cells and a 
still un-
cleaved germ 
cell. - Simil-
arity to eggs 
of the large 
liver fluke 

Secondary 
findings 

Detection in stool: 
mature proglotti­
des. Eggs only 
occasionally when 
the proglottides 
decompose in the 
intestine. Charcot­
Leyden crystals 
frequent. 

Detection in stool: 
mature proglotti­
des. Eggs only in 
the case of the 
decomposition of 
the proglottides in 
the intestine. 
Charcot-Leyden 
crystals frequent. 

Detection in stool: 
tapeworm eggs. The 
tapeworm segments 
usually decompose 
in the intestine -
in the blood oft­
ten severe anaemia 
of the pernicious 
type. 

Insects, e.g. Outer Longitudinally Very transpa- Occurrence: cystic-
fleas, but membrane elliptical rent, matt eroid in the small 
not inevit- 45 - 60 ~m eggs with 2 pink to intestine villi of 
able to thin membranes, colourless human beings, later 

34 - 45 ~m between which 
Inner liquid and con-
membrane voluted threads 
29 - 30 J.UII spread out. 

also as tapeworm. 
Also autoinfection. 
Rare, sometimes 
present in large 
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Tapeworms = Cestodes (cant.) 

Parasite 

Hymenolepis 
nana (cont.) 

Dipylidium 
caninum 
Taenia cucume-
rina 
Cucumber seed 
tapeworm 

Echinococcus 
Cysticus 
Dog tapeworm 

Echinococcus 
alveolaris 

Length Segments 

15 - 40 cm Stretched in 
long length, look 
2 - 3 mm like "cucum-
wide ber seeds". 

Immature 
segments 
reddish. 
Mature seg-
ments con-
tain indi-
vidual, 
roundish 
sacs, which 
contain eggs 

2 - 5 mm 3 Proglo-
ttides 

1.9 - 2.5 mm 3 - 5 Pro­
glottides 

Worm 

Head 

Small Ros-
tellum with 
4 rings of 
hooks. 
Hooks have 
rose thorn 
shape, 5-
15 ~m 

Ring of 
hooks 
4 suckers 

Double 
ring of 
hooks 
4 suckers 

Uterus after 
lightening 
with Dilute 
Acetic Acid 

Not branched 

Not branched 

Sexual 
Opening 

Immature seg-
ments, on 
each side two 
opposed 
genitalpori 

Alternately 
right or left 
at the side 

From: L. Hallmann (1980), Klinische Chemie und Mikroskopie, 11th edition, Published by: 
Verlag Georg Thieme, Stuttgart-New York 



final Host Intermediate Eggs or embryophores 
Host 

Hymenolepis 
nana (cont.) 

Dogs, cats Insects, 
rarely e.g. fleas 
human 
beings 

Dogs Sheep, 

Size Appearance 

Threads (3 - 4) 
are attached 
like tufts to 
the two poles 
of the inner 
membrane. 
6 clear embryo­
nic hooks. 

25 - 40 ~m Spherical, 
in diameter embryonic 

skin, thin, 
hyaline, not 
radially 
striped, 
embryonic 
hooks reco­
gnizable 

32 - 36 ~m Rather egg-
cattle, dia. shaped to oval, 

foxes, 
dogs, 
domestic 
cats 

swine,goats, 21 - 30 ~m thick skinned 
horses, 
human beings 

field mice, 
human beings 

(similar to 
Taenia saginata 
eggs). Inside, 
likewise 3 
pairs of small 
hooks. 

Colour of 
embryonic 
skin 

Pale brick 
red 

Detection, 

Secondary 
findings 

numbers, primarily 
in children, also 
autoinfection. 
Detection in stool: 
eggs transparent, 
difficult to 
recognize. 

Occurrence: tape­
worms in the in­
testine of domestic 
dogs, cats and also 
children (from 
swallowing infected 
fleas). Detection 
in stool: Proglot­
tides. Occasionally 
also as packets of 
8 - 15 eggs sur­
rounded by a sac­
like membrane 

a These 3 embryo pairs of small hooks have nothing to do with the small hooks which form 
later at the head of the tapeworms. 
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Round (Thread) Worms = Nematodes 

Paraaite 

Enterobius (Oxyuris) 
vermicularis, 
Threadworm 
Pinworm 
Seatworm 

Ascaris 
lumbricoides 
Eelworm 

Trichuris trichiura 
Trichocephalus 
dis par 
Whipworm 

Ancylostoma 
duodenale 

Necator 
americanus 
Hookworm 

Strongyloides 
atercoralis 
Dwarf thread 
worm 

Filariasis Group 
Trichinella spiralis 

Trichinae 

Worm 

Size in mm 

(J 2 - 3 
dia. 
0.2 

<j? 9 - 12 
dia. 
0.5 

(J 140 - 200 
dia. 
3.2 - 4 

<j? 200 - 400 
dia. 
5 - 6 

(J and <j? 
30 - ~O 

dia. 
1 

d 8-11 
<j? 10 - 18 

Appearance 

Whitish, almost 
colourless, round­
ish, maggot shaped 

Grey-pink or 
yellowish-pink, 
roundish, like an 
earthworm, thick 
as a pencil 

Roundish, like a 
maggot head whip­
shaped and thin. 
In the case of 
thicker, spirally 
r oIled in with 
Spiculum; in the 
case of <j? curved 
like a scythe 
Reddish white, 
thread shaped; 
slightly thinner 
at the front; 
mouth capsule with 
teeth which are 
bell-shaped in d. 
pointed in <j? 

Rhabditiform Larva similar to 
larva the larva of hook-
200 - 300: worms: three-part 
14 - 16 11m 
Filariform 
larva 
double 
length 

oesophagus, club­
shaped front 
section; post­
median constric­
tion followed by 
short bUlb. Short, 
wide mouth cavity 

Eggs 

Size in J.UII 

50 - 60 
dia. 
30 - 32 

45 - 78 
dia. 
35 - 60 
Unfertilized 
eggs, see 
note (last 
column) 

50 - 55 
dia. 
22 - 25 

60 
dia. 
30 - 40 

60 - 80 
to 
40 - 45 

These consist of Nematodes which live as parasites 
primarily in the blood or tissue. 



Eggs 

Appearance 

Oval, asymmetrical, seen from 
above: with one flat and one 
rounded side. Shell thin, 
double contoured. Contents 
fine-grained, with nucleus and 
all stages of development from 
yolk up to developed, tadpole­
shaped embryo. 
Oval with undulating egg-white 
sac or without sac but with 
thin, smooth, double-contoured 
skin. Large round nucleus in 
the centre with numerous 
refractive lecithin granules. 
No yolk cleavage. Occasionally 
also unfertilized eggs (see 
remarks in last column). 

Lemon-shaped. Skin double­
contoured, with a light­
coloured slimy plug at each 
pole. In stool generally un­
cleaved, granular mass in 
interior. 

Skin thin, smooth, single­
contoured, in fresh stool 
usually 4 - 8 cleavage globu­
les, in older stool more cells 
or even mobile larvae. 

Ellipsoidal, surrounded by 
fragile envelope similar to 
hookworm eggs, but morula and 
larval stages even in fresh 
stool. 

Colour 

Transparent, 
almost colourless 

a) with egg-white sac: 
brownish-yellow 
to colouring by 
bile pigment 

b) without sac: 
colourless 

Yellowish-brown 

Colourless, 
diphanous, highly 
refractive. 

Colourless, 
diaphanous 

due 

From: L. Hallman (1980), Klinische Chemie und Mikroskopie; 
Publ. by: Verlag Georg Thieme; Stuttgart-New York 

DetectioR in stool; 
secondary findings 

Detection: worms in stool; 
detection of eggs using adhe­
sive tape method is better. 
Charcot-Leyden crystals 
frequent. 

Detection: eggs (after enrich­
ment if necessary). Ocassion­
al worm in stool. Charcot­
Leyden crystals frequent. 
N.B. The eggs are very resist­
ant to drying out (risk of 
infection). Remarks: Unfertil­
ized eggs are more elongated, 
88 - 94 : 39 - 60 ~m. Their 
interior is filled with 
numerous highly refractive 
droplets. Egg-white sac is 
lost if exposed to hydro­
chloric acid (Telemann 
enrichment technigue). 
Detection: Virtually only 
worm eggs, best detected 
after enrichment. Anaemia 
only in cases of severe in­
festation with worms. 
Charcot-Leyden crystals rare. 

Detection: eggs in untreated 
preparation; if negative: 
enrichment. In blood: anaemia 
of the post-haemorrhagic 
type. Remarks: epidemics 
formerly common in mining 
operations. 

Detection: eggs rare; but 
highly mobile rhabditiform 
larvae (which emerge within 
the intestinal tract, unlike 
hookworm). Charcot-Leyden 
crystals always present. 
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a b c 

d e 

Fig. 161 a-e. Eggs of Nematodes (Threadworms) and Cestodes (Tapeworms). 
Magnification approx. 400 fold; a = Egg with protein sheath in view; b = 
The same at the optical centre; c - d = Eggs without sheaths; e = Unferti­
lized egg (rare) 

Fig. 162. Eggs of Enterobius (Oxyuris) vermicularis (threadworm) in differ­
ent stages of development 

Fig. 163. Egg of Trichuris trichiura Trichocephalus dispar (whipworm) 
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Fig. 164 a-c. a = Egg of Taenia saginata (cattle tapeworm); b = Egg of 
Taenia solium (swine tapeworm); c = Egg of Hymenolepis nana (dwarf tapeworm) 

Fig. 165. Eggs of Diphyllobothrium latum (fish or pike tapeworm) in differ­
ent stages of development 

a b c d e 

Fig. 166 a-e. Eggs of Ancylostoma duodenale (hookworm) in different 
stages of development. In practical terms only stages a and b are detect­
able in fresh (!) stool. - The egg of Necator americanus is somewhat longer 
(70 : 40 ~m), but has the same appearance. 

From. Lothar Hallmann, 
Klinische Chemie und Mikroskopie 
11 th edition, 1980 
Publ. by: Verlag Georg Thieme, 

Stuttgart - New York 
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5.2.9 Preparation of culture solutions and culture media 

General 

For colony counts in the microbiological analysis of water, both culture 
media having a gelatine base and culture media with an agar base are used. 
In addition, liquid culture solutions are used as enrichment media and, in 
the case of the "colour series", for differentiating between different 
entero bacteria. 

Gelatine and agar-agar are nutrient carriers. They bring about the solidi­
fication of the culture medium. This enables the germs which are present 
to be held fixed and isolated from one another, so that when they multiply 
accumulations of daughter cells and hence colonies come into being. Gela­
tine is a commercially available protein of high molecular weight. Gela­
tine culture media become liquid at temperatures above 25°C, so that they 
can only be incubated at temperatures below 25 °C. It is usual to carry out 
the incubation at between 20°C and 22 °C. Agar-agar is a polysaccharide 
ester of sulphuric acid and is obtained from certain seaweeds (red algae). 
Agar-agar is also available commercially. Agar culture media liquefy at 
temperatures of approx. 100°C; they solidify again when the temperature 
falls below 45°C. When agar culture media have solidified they can be 
incubated at temperatures above 45 °C. 

In the case of gelatine culture media, consideration should be given to 
the fact that certain bacteria and moulds form enzymes which break down 
protein and are able to cause the culture medium to liquefy by breaking 
down the gelatine. Proteolitic bacteria (primarily Pseudomonas types) live 
particularly in surface water, so . that· the increased occurrence of bacteria 
able to liquefy gelatine in samples of water from great depths can indicate 
influence by surface water. 

Of considerable significance for the subsequent growth of germs in a 
culture medium is the maintenance of an optimum pH. For this reason it is 
necessary that the pH is regulated when the culture medium is being pre­
pared. To lower a value which is too high, I m-HCl is used; to raise a 
value which is too low, 10 % soda solution (Na2C03) or 1 m NaOH. 

The following instructions apply to culture media used for the microbiolo­
gical analysis of water: 

Recipes 

Nutrient gelatine: (Recipe 1) 

Composition 

Meat extract 
Peptone 
Sodium chloride (NaCI) 
Gelatine 

109 
109 
5 g 

120 - 150 g 

(At warm times of the year, the gelatine content must be somewhat higher 
than at cooler times of the year). 

Demineralized water 1000 ml 
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Preparation 

1000 ml demineralized water is poured over the above-mentioned quantities 
of meat extract, peptone, sodium chloride and gelatine in a 2-litre Erlen­
meyer flask. The gelatine is allowed to swell for 1 hour at about 25°C. It 
is then dissolved on a hot-water bath at about 50 °C. Excessive heating 
before the pH is set should be avoided, since gelatine reacts as a rule in 
an acid manner, so that protein coagulates at high temperatures. After the 
gelatine has dissolved, the culture medium is set to a pH of 7.2. To clear 
the solution, the whites of 2 hens' eggs, which have been beaten to a foam, 
are added. 

After mixing well, the solution is heated in a steam bath to 100°C for 30 
- 4-5 minutes, and the coagulated egg white sinks to the bottom. The clear 
culture medium is poured through a previously moistened folded filter in a 
hot-water filter funnel or in a steam bath. The first amounts of the 
filtrate passing through are refiltered again and this is repeated until 
the media comes out clear. Nutrient gelatine should be completely clear and 
possess a yellow colour. 10 ml of the filtered culture medium is put into 
each test tube. Each test tube is closed with a plug of cotton wool or 
cellulose or with a metal cap and is then sterilized in a steam bath (3 
times 20 minutes with intervals of 24- hours between each sterilizing 
process). 

In the case of nutrient gelatine, too long a period of heating must be 
avoided since otherwise the gelatine will lose its ability to solidify. 

Nutrient agar: (Recipe 2) 

Composition 

Meat extract 
Peptone 
Sodium chloride (NaCO 
Agar-agar 
Demineralized water 

Preparation 

10 g 
10 g 
5 g 

30 g 
1000 ml 

1000 ml of demineralized water is poured over the above-mentioned quanti­
ties of meat extra-ct, peptone, sodium chloride and agar-agar in a 2-litre 
Erlenmeyer flask. The mixture is allowed to swell at about 25°C and is 
then dissolved by heating in a steam bath. The pH is set to between 7.2 and 
7.5 by the careful addition of soda solution or sodium hydroxide (NaOH) to 
the hot and liquid culture medium. If the culture medium is turbid, it is 
cleared with egg white using the same method as for nutrient gelatine. 10 ml 
of the liquid cui ture medium is then put into each test tube and these are 
closed with cotton wool or cellulose plugs or with metal caps. Sterili­
zation is carried out either in an autoclave for 15 minutes at 121°C or by 
sterilization in a steam bath (3 times 30 minutes with intervals of 24-
hours between each sterilizing process). 

Nutrient agar melts at 100 °C and solidifies at 4-5 °C. Thus nutrient agar 
can also be used for the cultivation of thermotolerant or thermophilic 
microoganisms. 
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Special Forms 

a) Surfactant-agar (to prevent spreading in the case of proteus bacteria) 

10 ml of 10 % aqueous anionic surfactant solution is added to 1000 ml 
nutrient agar. After sterilization, the agar is poured out into Petri 
dishes as soon as it has cooled down to '+'+ °C. 

bI) Blood agar (for the examination of haemolytic properties) 

10 ml of sterile, defibrinated sheep's blood (or another type of 
blood) is added to 1000 ml culture medium after the latter has been 
sterilized and allowed to cool down to '+6 °C. The culture medium is 
then poured out into plates. 

b2) For the cultivation of enterococci, the culture medium can be made 
selective as a blood-azide agar by adding 0.3 gil sodium azide. 

c) Nutrient broth 

The composition of nutrient broth is the same as for nutrient agar 
except that it does not contain agar-agar. Once again, the pH is set to 
between 7.2 and 7.5. Filtration is necessary if there is turbidity. 
Sterilization is carried out in an autoclave (15 minutes at 121 °C). 

Lactose-peptone broth: (Recipe 3) 

Composition 

Peptone 
Sodium chloride (NaCl) 
Lactose 
Demineralized water 
Bromocresol purple indicator 
(Stock solution) 

2 ml of the above is used for Recipe 3. 

Preparation 

20 g 
10 g 
20 g 

1000 ml 
(dissolve 1 g 
purple in 100 
ralized water) 

bromocresol 
ml demine-

The given quantities of peptone and sodium chloride are dissolved in 1000 ml 
demineralized water by heating in a steam bath. After a dwell time in the 
steam bath of about 1 hour, the prescribed quantity of lactose is added and 
the mixture is heated for a further 20 minutes. The pH is set to 7 by the 
addition of soda solution or sodium hydroxide solution and 2 ml of the 
above-mentioned bromocresol purple indicator solution is added. Quantities 
of 100 ml or 10 ml of this solution, which is designated double-strength, 
is poured into the culture vessels for determining the coli titre in accord­
ance with the liquid enrichment method and is then sterilized in an auto­
clave for 20 minutes at 121 °C. 

To prepare the single-strength lactose-peptone broth, the nutrient broth 
described above is diluted with the same volume of demineralized water 
prior to the addition of the bromocresol purple indicator. The pH is then 
set and the indicator solution added. Test-tubes are then each filled with 
10 ml of this solution; a Durham tube is added to each test tube and the 
test tubes are then sterilized in an autoclave for 30 minutes at 121 °C. 
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Durham tubes are approx. 4 - 5 cm long, similar to test tubes, with a dia­
meter of 6 - 8 mm. One Durham tube is put into each test tube with its 
opening pointing downwards. During sterilization, the air in the Durham 
test tube escapes so that it is completely filled with liquid after the 
sterilization process. If the inoculated solution forms gas later during 
incubation, the gas collects in the Durham test tube. 

Endoagar (Lactose-fuchsin-sulphite agar): (Recipe 4) 

Composition 

Nutrient agar 
Lactose 
Concentrated, alcoholic 
fuchsin solution 

10 % sodium sulphite 
solution 

Preparation 

1000 ml 
15 g 
5 ml (dissolve 10 g 

diamond fuchsin in 90 ml 
ethanol) 
approx. 25 ml (dissolve 10 g 
Na2S03 7 H20 sodium 
sulphi te in 90 ml demine­
ralized water) 

The above-mentioned quantities of lactose and fuchsin solution are added to 
1000 ml nutrient agar (Recipe 2), which is in a 2000 ml Erlenmeyer flask 
and which has been liquefied by heating on a steam bath. The mixture is 
thoroughly mixed and the culture medium acquires an intense red colour. The 
culture medium is then decolorized by the addition of sodium sulphite solu­
tion. The sodium sulphite solution must be added very carefully, until the 
hot culture medium is still a weak pink colour (in general about 25 ml 
sodium sulphite solution will be needed for this). The culture medium will 
then be almost colourless when cold. This fact should be tested by pouring 
part of the culture medium into a test tube and allowing it to solidify by 
cooling it under a stream of water. 

The endoagar prepared in this way contains 3 % agar and is suitable for 
streaking subcultures. The culture medium is sensitive to light and must be 
kept cool and in the dark. 

For starting endoagar cultures with membrane filters, a lower level of 
agar-agar is desirable in order to allow better diffusion of the nutrient 
and indicator. Thus, for the preparation of endoagar for membrane-filter 
cultures, one starts from a nutrient agar that contains only 1 % agar-agar 
(lOg in 1 litre). Thus an appropriate nutrient agar has to prepared before 
this special endoagar is prepared. The endoagar with 1 % agar-agar is not 
suitable for streaking subcultures, because this culture medium is very 
soft so that the surface of the solidified culture medium is easily damaged 
when touched by the platinum loop or needle. 

The endoagar culture medium is not poured into test tubes. Instead it is 
sterilized in stages (3 times 20 minutes with intervals of 24 hours between 
each stage) in an Erlenmeyer flask and is then poured directly from this 
flask into sterile Petri dishes. The pouring out operation must be carried 
out in a room that can be blacked out, so that the culture medium can be 
allowed to solidify in the Petri dishes in the dark. If such a room is not 
available, the pour plates must be covered with a material through which 
light cannot pass (e.g. several layers of cellulose) while the pour plates 
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are solidifying. The endoagar is kept cool and in the dark until it is 
needed. Prior to use, the pour plates are predried at 37°C in the incuba­
tor. For this, both parts of the Petri dish (lower part with culture medium 
and lid) are placed in the incubator at 37°C for some 30 minutes with 
their insides facing down. 

Culture media of the "Colour Series" 

Glucose-peptone broth: (Recipe 5) 

This culture medium is prepared in exactly the same way as the preparation 
of the lactose-peptone broth (Recipe 3), the only difference being that 
glucose is used instead of lactose (same quantity). 

Since only the "single-strength" medium is used, the double-strength medium 
must first be diluted with the same volume of demineralized water. 5 ml of 
the diluted medium is poured into test tubes. After the addition of Durham 
tubes, this is sterilized in an autoclave at 121°C for 20 minutes. 

Tryptophane-tryptone broth: (Recipe 6) 

Composition 

Tryptone 
DL-Tryptophane 
Sodium chloride 
Demineralized water 

Preparation 

10 g 
1 g 
5 g 

1000 ml 

The stated quantities of the above-mentioned components are dissolved in 
1000 ml demineralized water in an Erlenmeyer flask by heating in a steam 
bath. The pH is set to 7.2 + 0.1 by the addition of sodium hydroxide and 
the broth is then filtered through a folded filter. 5 ml of the filtered 
culture medium is placed in test tubes which are then sterilized in an 
autoclave for 20 minutes at 121°C. 

Buffered nutrient broth: (Recipe 7) 

Composition 

Peptone 
Glucose 
Dipotassium hydrogen phosphate (K2HP04) 
Demineralized water 

Preparation 

11 g 
5 g 
5 g 

900 ml 

The components listed above are heated in a flask for 20 minutes in a steam 
bath, filtered, cooled down and then made up to 1000 ml with demineralized 
water. 10 ml quantities of the broth are poured into test tubes and then 
sterilized in stages (3 times 20 minutes) on a steam bath. 

Koser citrate medium: (Recipe 8) 

Composition 

Sodium chloride (NaCO 5 g 



Magnesium sulphate (MgS04 • 7 H20) 
Ammonium phosphate (NH4)3P04 
Dipotassium hydrogen phosphate (K2HP04) 
Trisodium citrate 
Demineralized water 

Preparation 
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0.2 g 
1 g 
1 g 
0.277 g 

1000 ml 

The constituents listed above are dissolved in water by warming and the pH 
is set to 6.8. 5 ml quantities of this solution are poured into test tubes 
and sterilized in an autoclave for 20 minutes at 121 °C. 

Simmons citrate agar: (Recipe 9) 

Composition 

Magnesium sulphate (MgS04 . 7 H20) 
Sodium ammonium hydrogen phosphate 
(NaNH4HP04 • 4 H20) 
Ammonium dihydrogen phosphate 
(NH4H2P04) 
Trisodium citrate 
Sodium chloride (NaCO 
Agar-agar 
Bromothymol blue indicator solution 

Demineralized water 

Preparation of the indicator solution 

0.2 g 

0.8 g 

0.2 g 
2 g 
5 g 

15 g 
40 ml of the solution 
prepared as described 
below 

1000 ml 

1 g bromo thymol blue is dissolved in 25 ml of 1 m sodium hydroxide and this 
solution is then made up to 500 ml with demineralized water. 

Preparation of the culture medium 

The stated quantities of salts and agar-agar are heated in 1000 ml of 
demineralized water in a steam bath until they have dissolved completely. 
While it is still hot, the pH of the solution is set to 6.9 + 0.1 and 40 ml 
of the indicator solution is then added. After mixing thoroughly, 6.5 ml 
quantities of this solution are poured into test tubes, which are steri­
lized in an autoclave for 20 minutes at 121 °C. Before the culture medium 
solidifies, the test tubes are placed at an angle to the vertical, so that 
there will be an angled surface in the test tube. However, about 3 cm of 
the test tube should still be completely filled. 

Kligler urea agar: (Recipe 10) 

Composition 

Meat extract 
Peptone 
Sodium chloride 
Lactose 
Glucose 
Ferrous sulphate (FeS04 • 7 H20) 
Sodium sulphite (Na2S03 . 7 H20) 
Sodium thiosulphate (Na2S203 . 5 H20) 

3 g 
20 g 
5 g 

10 g 
10 g 
0.2 g 
0.8 g 
0.125 g 
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Urea 
Agar-agar 
Phenol red 
Demineralized water 

Preparation 

20 g 
20 g 

0.025 g 
1000 ml 

The stated quantities of meat extract, peptone, sodium chloride and agar­
agar are dissolved in 1000 ml demineralized water and filtered. The stated 
quantities of lactose, glucose, ferrous sulphate, sodium sulphite and 
sodium thiosulphate are added to the hot filtered solution. After these 
components have dissolved, the pH is set to 7.4. Then the stated quantities 
of phenol red and urea are added and dissolved. 6.5 ml quantities of the 
culture medium are put into test tubes. These are then sterilized in stages' 
(3 times 20 minutes with intervals of 24 hours between each sterilization 
process). After the third sterilization process, the test tubes are placed 
at an angle as already described for Simmons citrate agar (Recipe 9). 

Mannitol-neutral red broth (after Bulin): (Recipe 11) 

Composition 

Meat extract 
Peptone 
Sodium chloride (NaCl) 
Mannitol 
0.1 % neutral red solution 

Demineralized water 

Preparation 

10 g 
25 g 
15 g 
30 g 
20 ml (0.1 g neutral red 
dissolved in 100 ml 
demineralized water) 

1000 ml 

The stated quantItIes of meat extract, peptone and common salt are dissolv­
ed in 350 ml demineralized water, warming gently, and filtered. The 
filtrate is then made up to 1000 ml with demineralized water. The stated 
quantity of mannitol is then added to this solution and dissolved by vigor­
ous shaking. The pH is then set to 7.0. 20 ml of the 0.1 % neutral red 
solution is now added. After mixing thoroughly, 10 ml quantities of the 
solution are put into test tubes. A Durham tube is placed in each test 
tube. The test tubes are then sterilized in stages (3 times 20 minutes with 
24 hours between each sterilizing process). 

Selective culture mediums for the detection of Enterococci 

Burkwell Hartmann culture medium: (Recipe 12 a) 

Composition 

Soya peptone 5 g 
Yeast extract 5 g 
Trypticase 15 g 
Potassium dihydrogen phosphate 
(KH2P04) 4 g 
Sodium azide (NaN3) 0.4 g 
Triphenyl tetrazolium chloride 
(TTC) 0.1 g 



Tween 80 

Sodium carbonate 
Agar-agar 
Demineralized water 

Preparation 
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0.5 g Tween 80 = poly­
oxyethylene sorbitane­
mono-oleate 
2.0 g 

15 g 
1000 ml 

The stated quantities of soya peptone, yeast extract, trypticase, potassium 
dihydrogen phosphate, Tween 80 and agar-agar are dissolved in the demineral­
ized water by heating. The stated quantity of sodium carbonate is then 
added. As a result of the buffer effect of the sodium carbonate, it is not 
necessary to set the pH. The solution is sterilized by being heated in an 
autoclave for 20 minutes at 121°C. The culture medium is then cooled down 
to lj.6 °C. Then 10 ml of a 1 % sterile-filtered aqueous solution of TTC and 
lj. ml of 10 % sterile-filtered aqueous solution of sodium azide solution are 
added. After mixing well, the culture medium is poured out into sterile 
Petri dishes. 

Slanetz + Bartley culture medium: (Recipe 12 b) 

Composition 

Tryptose 
Yeast extract 
Glucose 
Disodium hydrogen phosphate 
(Na2HPOlj. . 2 H20) 
Sodium azide (NaN 3) 
Triphenyl tetrazolium chloride (TTC) 
Agar-agar 
Demineralized water 

Preparation 

20 g 
5 g 
lj. g 

lj. g 
O.lj. g 
0.1 g 

10 g 
1000 ml 

The specified quantities with the exception of sodium azide and TTC are 
dissolved in the stated quantity of water by careful heating to boiling 
point. Then, after cooling to lj.6 °C, 10 ml of l' % sterile-filtered aqueous 
solution of TTC and lj. ml of 10 % sterile-filtered aqueous sodium azide solu­
tion are added. No further sterilization is carried out. The culture media 
are poured immediately into sterile Petri dishes and allowed to solidify on 
a horizontal base. This culture medium is particularly suitable for water 
analyses using the membrane-filter method. However, it can only be kept for 
a limited time. 

Azide dextrose broth: (Recipe 12 c) 

Composition (double-strength) 

Tryptone 
Meat extract 
Dextrose (glucose) 
Sodium chloride (NaCl) 
Sodium azide (NaN 3) 
Demineralized water 

30 g 
10 g 
15 g 
15 g 

O.lj. g 
1000 ml 
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Preparation 

The stated components with the exception of sodium azide are dissolved in 
the demineralized water by heating. After being allowed to cool down, the 
solution is filtered through a folded filter and 4 ml of 10 % sterile­
filtered aqueous solution of sodium azide is added. The pH is set to 7.2. 
The necessary quantities are poured into the appropriate culture vessels 
and sterilization is carried out in an autoclave for 15 minutes at 121 DC. 

A single-strength solution is obtained by diluting the double-strength 
solution with an equal quantity of demineralized water prior to· the sterili­
zation stage. 

Aesculin bile broth: (Recipe 13) 

Composition 

Peptone 
Meat extract 
Ox bile 
Aesculin 
Demineralized water 

Preparation 

5 g 
3 g 

40 g 
1 g 

1000 ml 

The stated quantities of the components are dissolved in the demineralized 
water and the pH is set to 6.6. 5 ml quantities of this solution are then 
poured into test tubes which are then sterilized in an autoclave for 15 
minutes at 121 DC. 

The growth of enterococci can be optimized by the addition of 3 % - 5 % of 
horse serum. 

Special culture medium for the detection of Clostridium perfringens 

Sulphite polymixine sulfadiazine agar (Angelotti SPS agar): (Recipe 14) 

Composition 

Tryptone 
Yeast extract 
Ferrous citrate 
Sodium sulphite (Na2S03) 
Sodium thioglycolate 
Tween 80 
Sodium sulfadiazine 
Polymyxine-B sulphate 
Agar-agar 
Demineralized water 

Preparation 

15 g 
10 g 
0.5 g 
0.5 g 
0.1 g 
0.05 g 
0.12 g 
0.01 g 

15 g 
1000 ml 

The stated quantities of the components listed above are suspended in 1000 ml 
demineralized water and dissolved by heating to boiling point. The pH is 
then set to 7.0 and the culture medium is put into small bottles for 
storage. These are then sterilized in an autoclave for 15 minutes at 121°C. 
For use, the agar in the storage bottles is dissolved and then poured into 
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sterile Petri dishes. Incubation is carried out under anaerobic conditions. 

Selective agar for the detection of Pseudomonas aeruginosa 

Malachite green broth (double-strength): (Recipe 15 a) 

Composition 

Peptone 
Meat extract 
Malachi te green solution 

Demineralized water 

Preparation 

15 g 
9 g 
4 ml (0.75 g malachite 

green dissolved in 
100 ml demineral­
ized water) 

1000 ml 

Peptone and meat extract are dissolved in water by heating. The pH is then 
set to between 7.3 and 7.4 and the malachite green is added. 

100 ml quantities of this solution are put into 250 ml Erlenmeyer flasks or 
250 ml quantities are put into 750 ml Erlenmeyer flasks. The flasks are 
plugged with cotton wool or cellulose and are then sterilized in an auto­
clave for 20 minutes at 121°C. 

Ma1chite green agar: (Recipe 15 b) 

Composition 

Peptone 
Meat extract 
Malachite green solution 

Agar-agar 
Demineralized water 

Preparation 

7.5 
4.5 
4 

15 
1000 

g 
g 
ml (composi tion as 

for Recipe 15 a) 
g 
ml 

The peptone, meat extract and agar-agar are allowed to swell for 15 minutes 
and are then dissolved by warming to 20°C - 25 °C. The pH is the set to 
7.3 - 7.4 and the malachite green solution is added. The solution is then 
sterilized in an autoclave for 15 minutes at 121°C. After being allowed to 
cool down to 46°C, the solution is poured out into sterile Petri dishes. 

Cetrimide agar: (Recipe 16) 

Composition 

Peptone 
Magnesium chloride (MgCI2) 
Potassium sulphate (K2S04) 
N -cety 1-N, N, N-tr imethy 1-
ammonium bromide 
Agar-agar 
Glycerine, bidistilled 
Demineralized water 

20 g 
1.4 g 

10 g 

0.5 g 
13.6 g 
10 ml 

1000 ml 



674 

Preparation 

The stated quantities of the components with the exception of the glycerine 
are placed in a glass flask with 1000 ml demineralized water and distrib­
uted by vigorous shaking. The components are allowed to swell for between 
15 and 30 minutes at 20°C - 25 DC, during which time the nutrient mixture 
is allowed to stand. 10 ml of bidistilled glycerine is then added to the 
solution, which is heated to boiling with frequent swirling. The pH is then 
set to between 7.3 and 7.4. The selective agar is either put into test 
tubes (10 ml in each test tube) which are then sterilized in an autoclave 
for 15 minutes at 121°C, or the entire quantity of the culture medium is 
sterilized in the flask and then the culture medium is poured out into 
sterile Petri dishes before it solidifies. 

Medium King A for the detection of pyocyanine: (Recipe 17 a) 

Composition 

Peptone 
Glycerine, bidistilled 
Potassium sulphate, anhydrous (K2S04) 
Magnesium chloride, anhydrous (MgCI2) 
Agar-agar 
Demineralized water 

Preparation 

20 g 
10 ml 
10 g 

1.4 g 
15 g 

1000 ml 

The stated quantities of the components are dissolved in the water by heat­
ing in a steam bath. The pH is then set to 7.2. The culture medium is either 
sterilized in stages (heating three times for 20 minutes in a steam bath 
with intervals of 24 hours between each heating process) or in an autoclave 
for 20 minutes at 121°C. The culture medium is then poured out into Petri 
dishes. 

Medium King B for the detection of fluorescein: (Recipe 17 b) 

Composi tion 

Peptone 20 g 
Glycerine, bidistilled 10 ml 
Dipotassium hydrogen phosphate, 
anhydrous (K2HP04) 1.5 g 
Magnesium sulphate 
(MgS04 • 7 H2O) 1.5 g 
Yeast extract 10 g 
Saccharose 50 g 
Agar-agar 15 g 
Demineralized water 1000 ml 

Preparation 

The stated quantities of the components listed above are dissolved in the 
demineralized water by heating in a steam bath. The pH is then set to 7.2. 
The culture medium is then either sterilized in stages (heating three times 
for 20 minutes in a steam bath with an interval of 24 hours between each 
heating process), or sterilized by autoclaving for 20 minutes at 121°C. 
The culture medium is then poured into sterile Petri dishes. 



Acetamide culture broth: (Recipe 18) 

Composition 

Solution A: 
Dipotassium hydrogen phosphate 
(K 2HPOlj), anhydrous 
Magnesium sulphate 
(MgSOq. • 7 H20) 
Acetamide (CH 3CONH2) 
Sodium chloride (NaC!) 
Demineralized water 

Solution B: 
Sodium molybdate (Na2MoOq. . 2 H20) 
Ferrous sulphate (FeSOq. • 7 H20) 
Demineralized water 

Preparation 
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1.0 g 

0.2 g 
2.0 g 
0.2 g 

900 ml 

0.5 g 
0.05 g 

100 ml 

The pH of solution A is set to 7.0. 1 ml of solution B is added to solution 
A, which is then made up to 1000 ml with demineralized water. 5 ml quanti­
ties of the broth are put into test tubes. Sterilization is then carried 
out in an autoclave for 20 minutes at 121 °C. 

Culture media for the cultivation of iron bacteria 

a) Lieske nutrient fluid: (Recipe 19) 

Composition 

Ammonium sulphate (NHq.)2S0q. 
Potassium chloride (KC!) 
Magnesium sulphate (MgSOq. . 7 H20) 
Dipotassium hydrogen phosphate (K2HPOq.) 
Calcium nitrat~ (Ca(N03)2 . 4- H20) 
Demineralized water 

1.5 g 
0.05 g 
0.05 g 
0.05 g 
0.01 g 

1000 ml 

Iron fillings or freshly precipitated ferrous sulphide (FeS) 

Vitamin mixture: 

Aneurin (Bl) 
Riboflavin 
Calcium salt of pantothenic acid 
Pyridoxin 
p-aminobenzoic acid 
Biotin 
Nicotinic acid 
Folic acid 
Vitamin B12 

Trace-element mixture 

Zinc sulphate (ZnSOq. • 7 H20) 
Calcium chloride (CaCI2 . 6 H20) 
Molybdenum trioxide (Mo03) 

0.2 ~g 
0.2 ~g 
0.2 ~g 
0.2 ~g 
0.6 ~g 
0.002 ~g 
0.0q. ~g 

0.2 ~g 
traces 

q..q. mg 
1.0 mg 
3.0 mg 
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Barium carbonate (BaC03) 
Cobalt nitrate (Co(N03)2 • 6 H20) 
Boric acid (H 3B03) 
Potassium iodide (KI) 
Aluminium sUlphate (Al2(S04)3 6 H20) 
Potassium silicate (K4Si04) 

15.0 mg 
2.5 mg 

56.0 mg 
1.3 mg 

250 mg 
traces 

The stated quantities of the above salts are dissolved in 1000 ml of 
demineralized water. 

Preparation 

The stated quantities of the components of the culture medium are first 
of all dissolved in the demineralized water without the addition of the 
vitamin and trace element mixtures. The medium is then poured into a 100 ml 
flask and sterilized in an autoclave for 15 minutes at 121°C. Before 
inoculation, the vitamin mixture and 1 ml of the sterile-filtered trace 
element mixture are added, as are also 2 - 3 g of iron filings or a 
small quantity of freshly precipitated ferrous sulphide. 

Lieske nutrient fluid is especially suitable for the cultivation of 
Gallionela ferruginea. The inoculated culture is incubated at 6 - 10°C. 
After some days, the culture medium is examined with a magnifying glass 
to see whether light brown floccules have formed. The evaluation is then 
carried out by analyzing the floccules that have formed under the 
microscope. 

b) Silvermann/Lundgren nutrient fluid: (Recipe 20) 

Composition 

Ammonium sulphate (NH4)2S04 
Dipotassium hydrogen phosphate (K2HP04) 
Potassium chloride (KCD 
Magnesium sulphate (MgS04 • 7 H20) 
Calcium nitrate (Ca(N03)2 . 4 H20) 
Ferrous sulphate (FeS04 . 7 H20) 
0,05 m sulphuric acid 
Demineralized water 

Preparation 

3.0 g 
0.5 g 
0.1 g 
0.5 g 
0.01 g 

52 g 
1.0 ml 

1000 ml 

1 ml of the 0,05 m sulphuric acid is added to 300 ml demineralized 
water. The stated quantity of ferrous sulphate is added to this acidi­
fied water. The other salts listed are dissolved in the remaining quanti­
ty (700 mI) of demineralized water. Then the two solutions are combined 
and mixed well together. 8 - 10 ml quantities of this nutrient fluid are 
put into test tubes, which are then sterilized in an autoclave for 10 
minutes at 121°C. The Silvermann/Lundgren nutrient fluid is especially 
suitable for the cultivation of Ferrobacillus ferro-oxidans. The growth 
of the bacteria can be intensified if the culture which has been started 
is aerated during the incubation period. 

c) Special culture medium according to Winogradsky: (Recipe 21) 

Composition 

Ammonium nitrate (NH4N03) 0.5 g 



Sodium nitrate (NaN03) 
Dipotassium hydrogen phosphate (K2HPO,+) 
Magnesium sulphate (MgSO,+ • 7 H20) 
Calcium chloride (CaC12 • 6 H20) 
Ferric ammonium citrate 
(commercial quality) 
Agar-agar 
Demineralized water 

Preparation 
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0.5 g 
0.5 g 
0.5 g 
0.2 g 

10 g 

15 - 20 g 
1000 ml 

The stated quantities of the components are dissolved in 1000 ml of 
demineralized water by heating. The solution is filtered while hot. 8 -
10 ml quantities of the culture medium are poured into test tubes, which 
are then closed with cotton wool or cellulose plugs. The test tubes are 
then sterilized in an autoclave for 15 minutes at 121°C. 

For the cultivation of iron bacteria, the culture medium is liquefied in 
the normal way by heating and is then poured out into sterile Petri dish­
es. This recipe can also be used to give a liquid culture medium instead 
of a solid culture medium by leaving out the agar. 

Special culture media for the detection of sulphate-reducing bacteria 

a) Culture medium according to Sokolova/Sorokin: (Recipe 22) 

Composition 

Dipotassium hydrogen phosphate (K 2HPO,+) 
Disodium hydrogen phosphate (Na2HPO,+) 
Sodium sulphate (Na2S0,+ • 10 H20) 
Magnesium sulphate (MgSO,+ . 7 H20) 
Ammonium sulphate (NH,+)2S0,+ 
Sodium or calcium lactate 
Agar-agar 
Tap water 
Demineralized water 
Ferrous sulphate solution 

Preparation 

0.5 g 
0.3 g 
0.5 g 
0.1 g 
0.2 g 
2.0 g 

15 g 
50 ml 

950 ml 
0.1 % 

The tap water and demineralized water are mixed. The other components 
listed above are dissolved in this mixture. Sterilization is carried out 
in an autoclave for 15 minutes at 121°C. Then the ferrous sulphate 
solution is added carefully until the culture medium turns dark. 15 ml 
quantities of the culture medium are poured into test tubes. 

b) Culture medium according to Fresenius: (Recipe 23) 

Composition 

Components A: 
Sodium lactate 
Ammonium chloride (NH,+Cl) 
Dipotassium hydrogen phosphate (K2HPO,+) 
Ferrous sulphate (FeS04 7 H20 ) 
Sodium sulphite (Na2S03 • 7 H20) 
Peptone 

5 g 
1 g 
0.5 g 
0.3 g 
1 g 
5 g 
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Demineralized water 

Components B: 
Sodium lactate (50 % solution) 
Dipotassium hydrogen phosphate (K2HP04) 
Asparagine 
Ferrous sulphate (FeS04 . 7 H20) 
Sodium sUlphite (Na2S03 • 7 H20) 
Sodium thiosulphate (Na2S203 . 5 H20) 
Peptone 
Demineralized water 

Preparation 

1000 

5.4 
0.67 
1.34 
0.3 
0.67 
0.34 
5 

1000 

ml 

ml 
g 
g 
g 
g 
g 
g 
ml 

The two component groups are prepared separately, the stated quantities 
of the named components being dissolved in the demineralized water in 
each case. The two component group solutions are then each set to a pH 
of 7.3 to 7.5. 50 ml quantities of component group A solution are then 
put into 100 ml flasks with tightly sealing glass stoppers. The same 
procedure is repeated with the component group B solution. Both sets of 
flasks are then sterilized in an autoclave for 15 minutes at 121 °C. 

When starting liquid cultures for the detection of sulphate-reducing 
bacteria, a component group A flask is first inoculated and the flask is 
then filled up with component group B without any air bubbles. When 
larger quantities of water are being analyzed, membrane filtration is 
carried out. The membrane-filter disk is then rolled up and put into the 
flask with component group A. 

The culture medium can also be used as a solid culture medium if 2 % 
agar (20 g agar-agar to 1000 ml culture liquid) is added to the compo­
nents. In addition, 2 % (20 g/l) sodium chloride (NaCl) can be added 
for halophilic strains. 

c) LS agar according to Baars (lactate-sulphate agar): (Recipe 24) 

Composition 

Sodium lactate (50 % solution) 
Ammonium chloride (NH4Cl) 
Calcium chloride (CaCI2 • 6 H20) 
Dipotassium hydrogen phosphate (K2HP04) 
Ferrous sulphate (FeS04 . 7 H20) 
Magnesium sulphate (MgS04 . 7 H20) 
Sodium sulphate (Na2S04 . 10 H20) 
Demineralized water 

Preparation 

7.5 ml 
I g 
0.1 g 
0.5 g 
3 mg 
1.5 g 
3.4 g 

1000 ml 

The above components are dissolved in demineralized water. The pH is set 
to 7.5 by the addition of I or 2 m NaOH. Then 50 ml or 100 ml quantities 
of this solution are put into small flasks and sterilized for 15 minutes 
at 121 °C. When used as a solid culture medium, 2 % (20 g/Iitre) agar­
agar is added to this culture medium. 



d) YLS agar according to Starkey: (Recipe 25) 
(Yeast-extract-lactate-sulphate agar) 
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This culture medium has the same composition as the LS agar according to 
Baars. The only difference is that 1.0 g yeast extract is added to 1000 
ml of the liquid nutrient solution. The addition is carried out after 
the other components have been dissolved in the demineralized water and 
immediately before the pH is set. 

This culture medium too can be used as a solid culture medium if 2 % (20 
g/litre) agar-agar is added. 

e) GPS agar according to Starkey: (Recipe 26) 
(Glucose-peptone-sulphate agar) 

Composition 

Glucose 
Peptone, tryptically digested 
Calcium chloride (CaC12 • 6 H20) 
Dipotassium hydrogen phosphate (K2HP04) 
Magnesium sulphate (MgS04 • 7 H20) 
Sodium sulphate (Na2S04 • 10 H20) 
Ferrous sulphate (FeS04 • 7 H20) 
Demineralized water 

Preparation 

10 g 
5 g 
0.1 g 
0.5 g 
1.5 g 
3.4 g 
3 mg 

1000 ml 

The peptone and the inorganic salts are dissolved in the demineralized 
water and the pH set to between 7.3 and 7.5. The stated quantity of 
glucose is now added. After the glucose has dissolved, 50 ml quantities 
of this medium are poured into 100 ml glass flasks, which are then steril­
ized in an autoclave for 15 minutes at 121°C. This culture medium too 
can be used as a solid culture medium by the addition of 2 % (20 g/l) 
agar-agar. 

Special culture medium for the cultivation of sulphur bacteria 

a) Beggiatoa culture medium according to Scotten/Stokes: (Recipe 27) 

Composition 

Calcium chloride (CaC12 • 6 H20) 
Dipotassium hydrogen phosphate (K2HP04) 
Magnesium sulphate (MgS04 • 7 H20) 
Yeast extract 
Meat extract 
Peptone 
Demineralized water 

Preparation 

0.2 g 
0.5 g 
0.5 g 
1.0 g 
1.0 g 
1.0 g 

1000 ml 

The individual components are dissolved in water by heating. The medium 
is autoclaved for 20 minutes at 121°C. Separately, a vitamin mixture 
is prepared and germs are removed from it by means of membrane filtration. 
0.4 ml of this vitamin mixture is added to 100 ml of the culture medium. 
The concentrations of the various vitamins per 1 ml of demineralized 
water are as follows: 
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b) 

Pantothenic acid 25 iJg 
Nicotinic acid 100 iJg 
Biotine 0.5 iJg 
p-aminobenzoic acid 10 iJg 
Riboflavin 100 iJg 
Thiamine 100 iJg 
Pyridoxin 100 iJg 
Inositol 500 iJg 
Vitamin B 12 100 iJg 
Folic acid 1 iJg 

Beggiatoa culture medium according to Cataldi: (Recipe 28) 

109 of dried hay is boiled for 10 minutes in 250 ml demineralized 
water. The water is then poured off, a fresh quantity is added and the 
hay is again boiled for 10 minutes. This procedure is repeated a third 
time. Then the hay is dried at 37°C and cut into approx. 1 cm lengths. 
8 g of this pretreated hay is put into a 150 ml Erlenmeyer flask with 
100 ml of tap water or, better still, with the water which is to be 
analyzed itself. To this mixture 0.5 g sodium sulphide (Na2S) is added. 
The culture medium prepared in this way is sterilized in an autoclave 
for 15 minutes at 121°C. 

c) Nutrient broth according to Starkey: (Recipe 29) 

Composition 

Ammonium sulphate (NH4)2S04 
Potassium dihydrogen phosphate (KH2P04) 
Magnesium sulphate (MgS04 • 7 H20) 
Calcium chloride (CaC12 . 6 H20) 
Ferric sulphate (Fe2(S04)3 • 9 H20) 
Sulphur, amorphous 
Demineralized water 

0.3 
3.5 
0.5 
0.25 
0.01 

10 
1000 

mg/l 
g 
g 
g 
g 
g 
ml 

5 g sodium thiosulphate (Na2S203 . 5 H20) can also be used instead of 
the amorphous sulphur. 

Preparation 

The stated components are dissolved in the demineralized water and the 
pH is set to 7.5. For the cultivation of Thiobacterium thiooxidans, the 
pH is set to 3 with the aid of 0.5 m sulphuric acid. The culture medium 
is sterilized in an autoclave for 15 minutes at 121°C. 

5.2.10 Prepared culture media 

The specialist trade also supplies dry culture media in powder form, which 
contain all the components which are necessary for the cultivation of micro­
organisms on the particular culture medium. In accordance with the recipes 
which are given, a definite quantity of the powder must be weighed out. A 
specified quantity of demineralized water, tap water or the water which is 
to be analyzed is then poured over this powder. This is then generally 
dissolved with heating and the pH is set to the desired value. After the 
solution has been put into test tubes or flasks, it is sterilized either in 
an autoclave or by sterilization in stages in a steam bath. It is always to 
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be recommended that the pH is set or that it is checked. Some manufacturers 
also offer the prepared culture medium to the trade in the form of tablets. 
Each tablet is related to a definite quantity of water, so that the 
weighing-out process is not necessary. 

In addition to numerous, often small manufacturers of dry culture media, 
the following manufacturers are known around the world: 

Difco (Difco Laboratories, Detroit, Michigan/USA) 

Oxoid (Oxoid Limited, London S.E.1, England or Oxoid Deutschland GmbH, 
lj.230 Wesel, FRG) 

Merck (E. Merck AG, 6100 Darmstadt, FRG) 

Nutrient cardboard disks are supplied by: 

Sartorius GmbH, 3lj.00 Gottingen, FRG 
(with subsidiaries in USA, France, United Kingdom, the Netherlands, 
Austria). 

Millipore GmbH, HauptstraBe, 6236 Eschborn, FRG 

5.2.11 Detection reagents for biochemical reactions 

Indole reagent (according to Kovacs): (Recipe 30) 

Composition 

p-dimethyl aminobenzaldehyde 
Amyl alcohol 
Hydrochloric acid (HC!), 0.18 g/mJ) 

Preparation 

5 g 
75 ml 
25 m1 

The p-dimethyl aminobenzaldehyde is dissolved in the amyl alcohol by warm­
ing in a water bath for 5 minutes at 60 °C. After the solution has been 
cooled down, the specified quantity of hydrochloric acid is added, stirring 
all the time. This gives the solution a red colour. This lasts about 6 to 7 
hours and the solution then turns yellow. The reagent is ready to use when 
the solution has taken on the yellow shade. 

Carrying out the reaction 

5 to 10 drops of the reagent are added and mixed in by swirling the 
tryptophane-tryptone broth (Recipe 6), which has been inoculated and incubat­
ed for 20 + lj. hours. If indole is present (positive reaction), a pink to 
red coloured-ring will form on the surface of the liquid culture after 1 to 
2 minutes. In the case of a negative reaction, a yellow-brown ,ring will 
form. 

Nadi reagent for the detection of cytochromoxidase: (Recipe}O 

Composition 

Alpha-naphthol (1) 
Ethanol, '95 % 

1 g 
100 ml 
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N, N-dimethy I-p-pheny lene 
diammonium dichloride 
Demineralized water 

Preparation 

1 g 
100 ml 

The specified quantity of alpha-naphthol (1) is dissolved in the specified 
quantity of ethanol, the stated quantity of dimethyl-p-phenylene diammonium 
dichloride is dissolved in the stated quantity of demineralized water. Both 
solutions are light-sensitive; they must not be warmed either. It is there­
fore recommended that not too large quantities of the two solutions are 
mixed together. The reagent can be kept as a mixture for a short time (some 
days) in a refrigerator. The naphthol solution can no longer be used if it 
is coloured red, and the dimethyl p-phenylene diammonium dichloride solu­
tion cannot be used if it has taken on a violet to brown colour. 

Reagent for the methyl red reaction: (Recipe 32) 

40 mg of solid methyl red is dissolved in 100 ml of 60 % ethanol. 

Carrying out the reaction 

A few drops of the methyl red reagent are added to the buffered nutrient 
broth of the "colour series" in which growth has taken place. In a positive 
case, a red coloration occurs when the reagent is added, in a negative case 
a permanent, yellowish coloration takes place. 

Gram staining 

Certainly the most important method for differentiating between micro­
organisms is the gram-staining method. A distinction is made between gram­
positive and gram-negative bacteria. When the stained preparation is examin­
ed under the microscope, gram-positive bacteria appear as cells which have 
been stained blue-violet, while gram-negative bacteria appear as cells 
which have been stained magenta red. 

Preparation of the colour solutions 

Stock solutions are prepared from the two basic aniline dyes, aniline 
violet and diamond fuchsine, by pouring over the dyes 9 times their weight 
of ethanol. The mixtures are allowed to stand for approx. 1 week at approx. 
20°C with frequent intermittent shaking. The mixtures are then filtered to 
remove the parts which have not dissolved. Stock solutions must be kept 
cool and in the dark. 

The following dyestuff solutions are used for the gram-staining test: 

1. Phenolic aniline violet (10 ml of aniline-violet stock solution, ml 
of liquefied phenol, 100 ml of demineralized water) 

2. Phenolic fuchsine (l0 ml of fuchsine stock solution, 5 ml of liquefied 
phenol, 100 ml of demineralized water) 

3. Lugol iodine solution (2 g potassium iodide, 1 g iodine, 300 ml demine­
ralized water) 
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Carrying out of the gram staining 

1 drop of the bacterial suspension to be investigated is applied to a dry, 
grease-free microscope slide, thinly and evenly distributed and allowed to 
dry in the air. The air-dried preparation is heat-fixed by heating it in 
the oxidizing flame of a bunsen burner. For this, the microscope slide is 
drawn three times slowly through the flame with the aid of a pair of 
pincers with the layer side upwards. After allowing the microscope slide to 
cool down, it is placed with the layer side upwards on a colour bench. This 
consists of 2 horizontal metal strips laid parallel to one another, on 
which the microscope slide can be placed and under which a collecting dish 
is placed for the quantities of dyestuff which flow off. The phenolic 
aniline violet dyestuff solution is now applied drop by drop to the heat­
fixed bacterial suspension, the dyestuff solution being filtered through a 
paper filter. After allowing the dyestuff solution to act for 3 minutes, it 
is poured off and rinsed away with a little Lugol iodine solution. Immediate­
ly thereafter, Lugol iodine solution is applied to the microscope slide and 
allowed to act for 1.5 minutes. This solution too is then poured off and 
the preparation is then rinsed by dripping ethanol onto it until no more 
clouds of colour are visible (maximum 1.5 minutes). The preparation is then 
rinsed off with distilled water and the phenolic fuchsine colour solution 
is applied with filtration to give the contrast coloration. The phenolic 
fuchsine colour solution should be allowed to act for 30 seconds. After 
this, the colour solution is rinsed off with water and the preparation is 
dried by placing a filter paper on it. The preparation is then examined 
under the microscope with oil immersion. The immersion oil is applied direct­
ly to the stained preparation; it is not necessary to use a cover glass. 

5.2.12 Work sheets for microbiological water analysis 

5.2. 12. 1 Sheet 1 - Taking and handling samples 

Apparatus 

1. Sterilized glass bottles 250 ml, 500 ml(if required 1 litre, 2 litres, 
5 litres) containing sodium thiosulphate (0.5 - 5 ml 0.1 m) for de­
chlorination, if the water contains chlorine. 

2. Chlorine meter 

3. Thermometer 

4. Blow lamp or "Camping GAZ" burner for flaming taps 

5. Crucible tongs and scoop device for taking samples 

6. Adhesive labels, notebook, writing implements 

Taking the sample 

Before taking the sample, check whether the sampling point is suitable. 

1. Has the water for analysis been correctly located? 

2. Has the water stagnated in the pipes before sampling? 
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3. Are there any filters, dosing devices, storage tanks, boilers or other 
installations before the sampling point? 

4. Are the pipes made from a material which has an oligo-dynamic effect 
(copper, lead, zinc), with the result that changes in bacterial content 
occur? 

5. Are any other factors present which can have an effect on the microbio­
logy of the water? 

6. In the case of drawn water: does the 
spring-intercepting structure present any 
special features in the catchment area? 

Sampling from the tap 

construction of the well or 
problems, and are there any 

1. The tap is cleaned mechanically, hoses, strainers, aerators, etc. are 
removed. 

2. The tap is briefly turned on full several times in order to rinse away 
any particles. 

3. The tap is heated with a flame so that when turned on a hissing noise is 
heard. 

4. The tap is allowed to run for 5 - 10 minutes with a steady stream (until 
the temperature is constant) and the sample is taken. The sterilized 
bottle is carefully opened, the sterilization strip is shaken off and 
the bottle filled with water (approx. 4/5 full, so that an air space is 
left). Secondary infections from contact with objects or hands, cough­
ing, etc. must be avoided. Close the bottle immediately. 

5. The bottle is labelled. The tap is returned its original state. 

Sampling from hand pumps 

1. Check the condition of the hand pump! Ensure that work has not been 
carried out on the pump immediately before sampling and that the pump has 
not been filled with water from a different source for priming purposes. 

2. Pump the water for approx. 10 minutes and ensure that the pumped water 
does not flow back or seep away in the immediate vicinity of the well. 

3. Take the sample in the same fashion as described for taps. 

Scoop samples 

Scoop samples are taken 20 - 30 cm below the water surface either with a 
sampling device or with a sterilized bottle and flamed crucible tongs. 
Ensure that no secondary infection is passed to the water from the sampler. 
When sampling with crucible tongs, the mouth of the bottle is held upwards 
at an angle and the bottle is moved slowly through the water with the mouth 
pointing forwards. In flowing water, samples should be taken in midstream 
wherever possible, not less than 1 m from the bank and without stirring up 
sediment. 
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Sample handling 

Once taken and appropriately labelled, the sample is protected from sun­
light and taken to the laboratory in insulated transportation cases, and if 
necessary under refrigeration. It is essential to keep the sample cool if 
it cannot be analyzed within 3 hours. It can be stored in the refrigerator 
at + 4 °C, for not more than 30 hours. Long delays between sampling and 
analysis must be recorded in the analysis report. 

Special considerations 

A) When testing for suspected pathogenic germs, samples from taps and pumps 
should be taken once before letting the water run and a second time 
after it has run for 10 minutes. At least 5 litres water must be taken. 

B) If water is taken for chemical analyses at the same time, microbiologi­
cal samples are taken first in the case of scoop sampling, but last in 
the case of sampling from taps and pumps. 

5.2.12.2 Sheet 2 - Determining the colony count 

Apparatus and materials 

1. Sterilized Petri dishes (plate diameter 90 mm) 

2. Sterilized pipettes, 1 ml capacity (if necessary plugged with cotton wool) 

3. Burner for flaming 

4. 10 ml sterilized culture media in test tubes 

5. Writing implement for labelling the plates 

6. Membrane-filter unit complete with suction device (water-jet pump, elec­
tric pump) 

7. Vacuum hose, Wulff bottle 

8. Sterilized membrane filters, to fit the filter unit, pore size 0.45 11m 
or 0.6 11m with mesh screen 

9. Forceps 

10. Incubators for the required incubation temperatures (generally 20 °C -
22 °C, 28 ° - 30 °C, 37 OC), equipped with calibrated thermometers for 
temperature control 

11. Colony counter or Wolfhtigel counting plate with magnifying glass, magni­
fication 6 - 8x 

12. Laboratory journal or analysis report sheets. 

Sample preparation 

1. Check the label on the sample. Are there any comments from the sampler 
which must be taken into account for the analysis? 
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2. Label the Petri dishes for the analysis so that they can be uniquely re­
lated to the results when the sample is being evaluated. Other project 
workers will thus be able to carry out the evaluation and collation of 
results for the sample (label the plates with precise information!). 

3. Shake the sample bottle well before opening, so that the germs are as 
evenly distributed throughout the sample as possible. 

4. Thoroughly flame the neck and mouth of the bottle immediately after 
opening, taking care that the glass does not crack or break. 

A) Pour-plate method 

1 ml water from the sample bottle is transferred to each of at least 3 
Petri dishes using a pipette. If the water has a very high microbiologi­
cal content, it is first diluted to make a decimal dilution series, and 
at least 3 Petri dishes are prepared from each stage as described. Then 
10 ml of the liquefied culture medium cooled to 45°C is added after 
first flaming the mouth of the test tube. For this purpose the lid of 
the Petri dish is raised but not completely removed. The culture medium 
and water are mixed by circular movements of the dish, then the dish is 
stood on a horizontal surface and the layer of culture medium is left to 
set. The plates are later stacked not more than 10 high in the incubator. 

B) Membrane-filter method 

The prepared and sterilized membrane-filter unit is connected to the 
suction device and fitted with a sterilized membrane-filter disk. The 
machine is not under suction during this procedure. The coated side of 
the filter disk with the mesh screen faces upward. The funnel is put in 
place and firmly locked with the bayonet locking device. The water to 
be analyzed is poured into the funnel and is drawn through the filter. 
Approx. 5 seconds later the suction is stopped and the funnel removed. 
The filter disk is placed on the set culture medium in the Petri dish 
using forceps which have been flamed and then cooled. The filter disk 
must have been flamed and then cooled. The filter disk must have the 
mesh-screen side upward and there must be no air bubbles. The culture 
medium must be dried in advance and show no visible signs of moisture on 
the surface. On the other hand it must not have dried out. 

The membrane-filter method is only suitable for water with a very low 
germ content and no turbidity or sediment. 

Incubation 

The cultures are grown in incubators pre-heated to the required tempera­
tures - gelatine culture media at 20 - 22°C only. The incubation times 
specified must be observed. 

Evaluation 

When the incubation time has elapsed, the magnifying glass is used to count 
the colonies which have grown. The WolfhUgel counting plate, or some other 
counting device, can be used for this purpose. If the number of colonies on 
the plate is over 100, they are counted on zones and multiplied by the 
appropriate number (area of the Petri dish = 56 cm2). 

Example: 8 zones of 1 cm2 each counted . 7 = colony count. 
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When counting zones, care must be taken to check that the growth of colo­
nies is spread evenly over the plate and that the zones counted are similar­
ly evenly spread over the surface and so are representative. 

Statement of results 

The number of colonies counted is entered in the laboratory journal or 
analysis report, stating the culture medium used, the cultivation tempera­
ture and time, and the quantity of water analyzed. With dilution series the 
result has to be mUltiplied by the number of dilution stages. 

Example: number of colonies on 1 ml (culture agar at 20 °C after 44 .:!:. 4 
hours) = 85. 

5.2.12.3 Sheet 3 - Detection of Escherichia coli and coliform bacteria 

Apparatus and materials 

A) Titre method 

1. Graduated pipettes, 10 ml and 1 ml 
2. Sterile lactose-peptone broth in suitable vessels, double-strength for 

100 ml and 10 ml water (broth 0, single-strength for 1 ml and 0.1 ml 
water (broth II) with Durham tubes (see Recipe 3) 

3. Incubator 37 °C and 44 °C 

B) Membrane-filter method 

1. Complete membrane-filter unit; as working sheet 2 
2. Sterile membrane filters, pore size 0.6 11m 
3. Endo-agar in Petri dishes (see Recipe 4) 
4. Forceps and pipettes, 100 ml 

C) Germ differentiation 

1. Platinum loop, platinum needle, burner for flaming and annealing 
2. Endo-agar for cleaning passages or for producing individual colonies 

(see Recipe 4) 
3. Culture media of the "Multicoloured Series" or normal commercially 

available identification systems (see Recipe 5) 
4. Detection reagents for oxidases and indole (see Recipe 30) 
5. Writing implements for labelling the cultures 

Analysis procedure 

A) Titration method 

The cultures are labelled to correspond to the sample: 

200 ml vessel 
25 ml vessel 

1 test tube 
2 test tubes 

with 
with 
with 
with 

100 ml broth I 
10 ml broth I 
10 ml broth II and Durham tubes 
10 ml broth II and Durham tubes 

After checking the labelS, the appropriate amount of water (100 ml, 10 
ml, 1 ml, 0.1 ml) is poured into the culture vessels from the sample 
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bottle. All the vessels must be carefully flamed on opening, and secon­
dary infections must be avoided. 

Once filled and properly closed, the nutritive vessels are incubated at 
37°C. After 20 .:!:. 4 hours, or at the latest after 44 .:!:. 4 hours incuba­
tion, the results are evaluated. The findings are positive if the 
culture medium displays a yellow colouring, turbidity and gas formation. 
These cultures are smeared onto en do-agar with the platinum loop or 
needle for further identification. These sub-cultures are incubated for 
approx. 24 hours at 37°C. 

The result is negative if none of the treated culture displays any 
colour change, turbidity or gas formation. In the latter case an entry 
must be made in the laboratory ledger or analysis report: Escherichia 
coli and coliform bacteria cannot be detected in 100 ml. 

B) Membrane..,filter method 

The analysis is conducted in the way described in work sheet 2. The 
membrane-filter disk is laid on en do-agar , taking care to avoid air 
bubbles, and the culture is incubated for 20.:!:. 4 hours at 37°C. 

After incubation, suspected colonies (red, with fuchsine lustre, usually 
with dark patches on the underside of the filter disk) are counted and 
more closely identified. 

C) Identification 

With suspected colonies, the oxidase reaction is tested with Nadi 
reagent. Colonies which react positively (blue-violet colouring after 1 
- 2 minutes) are not coliform bacteria and no further identification is 
necessary. 

Colonies which react negatively (no colour change) must be suspected of 
containing coliform bacteria, since Enterobacteriaceae do not form cyto­
chrome oxidase. 

Cell material from the suspect, oxidase-negative colonies is injected 
into the culture media of the "Coloured Series" using the platinum 
needle. The injected cultures are incubated at 37°C or 44 °C and evalu­
ated after 20 .:!:. 4 hours. 

Commercially available identification systems can be used instead of 
"Coloured Series" prepared in the laboratory. 

Important features: 

E. coli 

Growth at 44°C + 
Indole formation + 
Methyl-red test + 
Voges-Proskauer reaction 
Citrate break-down 
H2S formation 
Mobility d 

+ = positive; negative; 

Citro­
bacter 

d 

+ 

+ 
+ 
+ 

Entero­
bacter 

d 

+ 
+ 

+ 

Klebsiella 

d 
d 

+ 
+ 

d variable behaviour 
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Statement of results 

With the titre method, one states the smallest amount of water in which 
Escherichia coli and coliform bacteria were detected, e.g. 

Escher ichia coli detected in 10 ml 
coliform bacteria detected in 0.1 ml 

With the membrane-filter method, the number of colonies in relation to the 
amount of water used is recorded, e.g.: 

in 100 ml water 6 colonies of Escherichia coli 
8 colonies of coliform bacteria 

5.2.12.4 Sheet 4 - Detection of faecal streptococci Pseudomonas aeruginosa 
and sulphite-reducing Clostridia 

Growing and identification of Pseudomonas aeruginosa and sulphite-reducing, 
spore-forming anaerobes (Clostridia) should only be carried out by persons 
with appropriate training. 

Apparatus and materials 

1. Complete membrane-filter unit; as work sheet 2 

2. Culture medial 

Liquid (in suitable culture flasks) 

Faecal streptococci 
Azide-dextrose broth 
a) Double-strength 
b) Single-strength 

Pseudomonas aeruginosa 
Malachite green medium 
a) Double-strength 
b) Single-strength 

Clostridia 

Solid (in Petri dishes) 

Tetrazolium-sodium 
azide agar 

Cetrimide agar 

SPS agar 

3. Pipettes, 100 ml and 50 ml, sterilized membrane filter, pore size 0.6 
j..lm, forceps, burner for flaming, writing instruments 

4. Anaerobic jar with accessories (for growing Clostridia) 

5. Culture media used for identification 
Faecal streptococci: 
Aesculin bile broth, 7 % ferrous chloride solution 
Nutrient broth with pH = 9.6 
Nutrient broth with 6.5 % common salt (NaCI) 

1 Other suitable culture media can also be used instead of those named above. 
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Pseudomonas aeruginosa: 
King F medium, King P medium, Acetamide culture broth 

Clostridia: 
Commercially available identification systems (if more specific iden­
tification is required at all) 

Analysis procedure 

A) Qualitative analyses 

1. Liquid enrichment 

The double-strength culture solution sui table for the species of germ 
under examination is sterilized and put into culture vessels 
(bottles, Erlenmeyer flasks). These vessels must also be able to hold 
the same quantity of the substance being investigated (water from the 
sample flask). The required quantity of water is removed from the 
sample flask under sterile conditions and mixed with the culture 
medium in the culture vessel. It is then incubated for 20 :: '+ hours 
or '+'+ :: '+ hours at 37°C. If turbidity occurs in the cultures owing 
to the growth of germs, these must be more closely identified. 

2. Membrane filter enrichment method 

The quantity of water to be examined (250 ml or 100 ml) is filtered 
through the membrane filter under sterile conditions. The filter disk 
is then put into 50 ml sterile, single-strength culture medium, and 
incubated at 37°C. Evaluation follows after 20 :: '+ hours or '+'+ :: '+ 
hours. If turbidity occurs owing to the growth of germs, these must 
be more closely identified. 

B) Quantitative analysis 

The quantity of water to be examined (250 ml, 100 ml, 50 ml or 20 ml) is 
filtered through a membrane filter under sterile conditions. Then the 
filter disk is laid onto the appropriate solid special medium and the 
culture is incubated at 37°C for 20 :: '+ hours or '+'+ :: '+ hours. 

For detecting 
condi tions in 
tions. 

Clostridia, cultures 
the anaerobic jar, 

must be 
following 

incubated under anaerobic 
the manufacturer's instruc-

Suspected colonies are counted and more closely identified after the in­
cubation time is ended. 

Identification 

When carrying out liquid enrichments, the cultures with bacterial turbidity 
are smeared onto the appropriate special media using a platinum loop or 
platinum needle. The subcultures are then incubated for 20 :: '+ hours at 
37°C, and suspect colonies are further identified. 

In the case of suspect colonies, cell material is removed with the platinum 
needle and transferred to the identification media listed in Sheet 5 under 
"Apparatus and Materials". The injected cultures ar~ incubated at 37°C and 
evaluated after 20 :: '+ hours. 



Evaluation 

Faecal streptococci 

These grow with a sodium chloride content of 6.5 % and with pH 
break down aesculin. 

Pseudomonas aeruginosa 

forms fluorescein and pyocyanin and produces ammonia from acetamide. 

Clostridia 
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9.6. They 

Under anaerobic conditions sulphite is reduced to hydrogen sulphide, which 
causes black colouring of the medium with iron ions as a result of FeS or 
FeS2· 

Statement of results 

When carrying out liquid enrichments, it must be reported whether the 
species of germ looked for was present in the water examined. 

Example: 
Faecal streptococci are not detectable in 100 mi. 

When making the quantitative analysis, the number of positive colonies is 
given in relation to the quantity of water examined. 

Example: 
27 faecal streptococci were detected in 100 ml. 

5.2.12.5 Sheet 5 - Cleaning with sterilization 

Apparatus and materials 

1. Sink with hot and cold taps or apparatus washing machine. 

2. Bottle brushes of various sizes, scrapers, scratchers, handbrush. 

3. 2 - 3 buckets, approx. 10 litre capacity, rubbish containers, towels, 
plastic bowls. 

4. Commercially available cleaning agents, disinfectants, hydrochloric acid. 

5. Distilled or demineralized water. 

6. Drying cabinet, hot-air sterilization cabinet heatable to 200°C. 

7. Steam bath; autoclave 

Cleaning 

New glass apparatus is treated with hydrochloric acid and rinsed twice, 
first with alkaline cleaning agents, then with demineralized water. 

Used glass apparatus is first heat-sterilized or left overnight 
fectant solution. The apparatus is then mechanically cleaned, 

in a disin­
rinsed off 
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with tap water and treated with acid and alkaline cleaning agents. 

It is important to carry out 
water in order to remove any 
would inhibit growth. 

Drying 

adequate final rinsing with demineralized 
remaining traces of cleaning agents which 

After the cleaned apparatus has drained, it is dried for 1 hour in the 
drying cabinet at 100°C. Vessels with covers and bottles with glass stop­
pers are left open. Care must be taken to ensure that parts which belong 
together e.g. bottles and stoppers (unless all of standard size) are not 
confused, so that they fit together and are germ-tight. 

The ventilation openings of the drying cabinet are left open during drying 
so that the water vapour which is formed can escape. 

A t the end of the drying time, the heater is switched off and the door 
opened to produce a rapid exchange of hot, damp atmosphere in the cabinet. 
This prevents condensation moisture on the dried apparatus. 

After cooling to approx. 40 °C, the dried apparatus can be removed from the 
cabinet. 

Sterilization 

A) Sterilization in the hot-air cabinet 

The dried apparatus is sterilized in the hot-air cabinet for 2 hours at 
180°C. Flasks, test tubes, etc. are first closed with cotton wool or 
cellulose plugs or caps, and for bottles with glass stoppers the steri­
lizing strip is inserted and the stopper is loosely fitted. Pipettes are 
sterilized in sterilizing boxes made of tin. The ventilation holes must 
be left open during sterilization. 

When sterilization is complete, the cabinet heater is switched off and 
the door left closed. When the interior temperature has fallen to 60°C, 
the sterile apparatus is taken out, stoppers are pushed in and the venti­
lation holes of the sterilizing boxes are closed. 

B) Sterilization in the steam bath 

Sterilization takes place in freely flowing steam which is not under 
pressure. The steam bath must be used in accordance with the manufac­
turer's instructions. Care must be taken to ensure that the steam bath 
always contains a sufficient quantity of water. If water with a signi­
ficant calcium content is used, the steam bath must be de limed at 
regular intervals. 

The steam bath is usually used for sterilizing sensitive culture media 
containing sugar by means of so-called "fractionated sterilization". The 
substance to be sterilized is heated to 100°C for 30 minutes on each of 
3 consecutive days. It is kept at room temperature for 24 hours between 
the sterilizations. 

Agar and gelatine media are also filtered in the steam bath to prevent 
the medium setting during filtration. 
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C) Sterilization in the hot-steam sterilizer (Autoclave) 

The autoclave must always be used in accordance with the manufacturer's 
operating instructions. Demineralized water is recommended, and care 
must be taken to ensure that the machine always contains sufficient 
water. Sterilization is usually at 121°C (l bar gauge), and lasts for 
20 - 30 minutes. The autoclave must be correctly ventilated during heat­
ing, and this can best be done using the method described in the operat­
ing instructions. After sterilization, the pressure inside the autoclave 
must be carefully reduced. If the pressure is released too rapidly, the 
vessels may shatter or their tops (stoppers, caps) may fly off. 

The autoclave must only be opened once the excess pressure has been 
released completely and the pressure inside the autoclave has been equal­
ized with the air pressure outside. 

Checking the sterilizers 

As with all technical equipment, malfunctions can occur with sterilizers. 
These must be immediately recognized and remedied. Temperature control is 
the most important precaution, and every sterilizer must be equipped with 
a thermometer in an easily visible position. It is recommended (especially 
with autoclaves) that the temperature actually reached inside the steri­
lizer be checked at least once a day, by putting a maximum thermometer in 
the machine during operation. 

Sterilizers should be biologically 
preferably quarterly. For this 
subtilis, Bac. stearothermophilus) 
ist dealers. 

5.3 Biological toxicity tests 

5.3.1 Bacterial inhibiting tests 

tested at least every 
purpose use packets of 
or spore strips available 

6 months, or 
spores (Bac. 

from special-

Minimum requirements and limits which often have no toxicological basis are 
used for evaluating the harmful effects of chemical substances on the bio­
cenosis of water and sewage, and in considering unfavourable after-effects. 
However, even with adequate knowledge of the effects of individual substan­
ces on microorganisms, it is not always possible to apply laboratory 
results to the complex conditions which exist in areas of water or in 
sewage treatment plants. Analyses of toxic substances and inhibitors in 
sewage have been concerned primarily with establishing upper limits of 
toxic effects on selected microorganisms such as pseudomonads and blue 
algae. For this purpose the toxicity of substances is often determined 
individually, which means that synergistic effects (which have an additive 
and multiplicative effect) have not been investigated. The findings there­
fore often have little bearing on the practical assessment of sewage. The 
following factors play a part in determining toxicity: 

pH, incubation temperature, concentration of the active substance, quantity 
of the substrate added, type of substrate, duration of exposure, adsorption 
characteristics of the active substance and the inoculated material. Where­
as pH, incubation temperature, concentration of the active substance and 
quantity of the substrate added can be laid down by convention, the choice 
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of type of substrate gives rise to difficulties. If sewage is used partly 
or exclusively as the substrate, the measurement results will vary accord­
ing to the source of sewage. Using a single defined substrate, such as 
glucose or peptone, does not solve the problem because the development of 
the biocenosis can be significantly different from that of the sewage. 
Besides, with certain active substances the toxicity measurements are also 
affected by the amount of substrate. The choice of duration of exposure 
also makes a great difference to the inhibiting effects, since time­
dependent changes in the biocenosis often provoke non-linear inhibiting 
effects. 

Adsorption and the inoculated material are two factors which have a great 
influence on the toxic effects of substances. If activated sludge is used 
as the inoculum in large quantities, the question arises whether toxicity 
can be correctly determined at all using this method. Depending on the con­
dition of the sludge (e.g. age or pollution), the adsorptive effects may be 
modified to the extent that it is scarcely possible to achieve standardized 
conditions. 

5.3.1.1 Respirometric measurements 

A frequently used parameter for determining the toxicity of household and 
industrial sewage and of chemicals which affect the environment, is the 
change in rate of gas metabolism by microorganisms. Two basic variants are 
possible: 

- Measurement of the respiration rate of a sludge-water suspension in a 
system (duration of measurement e.g. 15 minutes). With this method adap­
tations of the mixed bacteria population used are not taken into account. 

- Measurement of the respiration rate in the closed system over a longer 
period of time (e.g. 5 days) and using small quantities of sewage as the 
inoculum. 

This method is usually used as a direct method of establishing the bio­
chemical oxygen demand (BOD). In spite of all reservations, the first 
method is the only practicable one for protecting sewage-treatment plants 
from sudden increases in load, since it provides information rapidly. If 
toxicity measurements are taken on the basis that they are largely unaffec­
ted by adsorption, changes in the test biocenosis with time must be taken 
into account. In this case incubation times of 5 days or more may be neces­
sary to permit summarization of the kinetics of reactions which depend on 
decay products of biochemical decomposition. Normal BOD analysis deals only 
with metabolism which is influenced by substrate, but respirometric measure­
ments of toxicity also take into account the respiration of endogenous 
bacteria and the respiration of protozoa. 

The oxygen demand of microorganisms is reduced by the presence of toxic or 
inhibiting substances. The reduction serves as a means of measuring inhibit­
ing effects, and for this purpose reference cultures must be prepared 
concurrently to which the substance under examination is not added. 

All respirometric measurements can be made with simple, barometric BOD 
measuring instruments. 
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Equipment 

Apparatus for respirometric measurements 

Beakers 

Pipettes 

Dilution water: 
1 ml samples of the solutions A, B, C and D are each diluted to 1000 ml 
immediately before use. 

A: 8.5 g KH2P04, 21.75 g K2HP04, 33.4 g Na2HP04 • 2 H20, 2.5 g NH4CL -
dissolved in 1000 ml demineralized water; pH should be 7.2. 

B: 22.5 g MgS04 • 7 H20 - dissolved in 1000 ml demineralized water. 

C: 27.5 g CaCl2 • 2 H20 - dissolved in 1000 ml demineralized water. 

D: 0.25 g FeCl2 • 6 H20 - dissolved in 1000 ml demineralized water. 

Inoculation solution: 
Discharge from a domestic-sewage treatment plant; addition of 10 drops to 
the trial culture. 

% Peptone solution: 
Dissolved in demineralized water. 

Sewage: 
Coarsely filtered sewage is used from the pre-sedimentation discharge of 
the relevant sewage-treatment plant. 

Method 

A known quantity of the substrate (sewage, peptone, sewage + peptone) is 
taken. The volume is adjusted by the addition of dilution water so that the 
range of measurement is fully utilized. A 500 ml sample bottle is filled. 
The pH is checked and, if necessary, adjusted to pH 7 using 0.5 m H2S04 and 
1 m NaOH. 4 drops of 45 % potassium hydroxide solution are put into the 
plastic insert. The sealing surfaces are smeared with high-viscosity sili­
cone grease and then screwed up. Readings are taken 4 to 5 times daily and 
the experiment lasts 5 or more days. No nitrification inhibitors are added. 

Evaluation 

Graphs are drawn from the results obtained; the area underneath the BOD 
curve is proportional to the amount of oxygen. The area representing a 
preparation of the sewage under examination plus peptone additive is 
compared with the area for a pure peptone solution. In this way any inhibi­
tion of respiration can be recognized. The comparison is usually carried 
out using a basic computer program, the individual measurement points being 
joined to make a single curve which enables the area below the curve to be 
numerically integrated. The following diagram makes this clear. The indi­
vidual curves for the decomposition of sewage and peptone are depicted as 
well as the cumulative curve for the sewage plus peptone. The difference 
between the curve which is theoretically to be expected and the actual BOD 
decomposition curve is given by the area of broken lines representing 
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inhibiting effects. This area can be integrated and used as a measure of 
toxic inhibition. 

5.3.1.2 Test using Pseudomonas f1uorescens 

Dissolved toxic substances contained in sewage inhibit the ability of the 
bacterium Pseudomonas fluorescens to produce organic acids from glucose. 

Inhibition of acid production can be quantitatively determined by measuring 
the pH. For this purpose the pH and acid consumption of the sewage must be 
adjusted to match the corresponding values for the receiving water before 
testing begins. 

The ratio of volume of sewage to total volume of reCeIVing water plus 
sewage must then be found for the level of dilution which produces the 
smallest deviation from the pH of the receiving water sample by the end of 
the test period. This ratio provides a measure of the biological damage 
caused by a particular toxic sewage. 

The method can be used with all types of industrial effluent. 

Equipment 

Incubator, steam bath, vibrator, pressure-filtering device for membrane 
filters, membrane-filters pore size 0.2 11m (1 11m = 0.001 mm), photometer 
with nephelometer attachment, filter Hg 4-36 nm, cuvettes (path length 10 mm), 
electric pH gauge, culture tubes with caps, Erlenmeyer flasks (300 mO, 
graduated pipettes (l mO, graduated pipettes (10 mO, measuring cylinders 
(l00 mO, glass beads (diameter approx. 2 mm), inoculation loop, aqueous 
sodium hydroxide, hydrochloric acid. 

Culture media 

Medium for parent and preliminary cultures: 

1.060 g Sodium nitrate, NaN03, reagent purity 



0.600 g Anhydrous di-potassium hydrogen phosphate, K2HP04' 
0.300 g Potassium hydrogen phosphate, KH2P04, reagent purity 
0.200 g Magnesium sulphate, MgS04 . 7 H20, reagent purity 

10.000 g D(+)-glucose 
18.000 g Bacto-agar (Difco) 

1.5 ml Trace element solution 
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Glucose and nutrient salts are dissolved separately in 500 ml redistilled 
water, sterilized for 30 minutes in steam bath and the separate solutions 
combined after cooling. 

Trace element solution (given in grams per litre of redistilled water): 

0.055 AI2(S04)3 • 18 H20 
0.028 KI 
0.028 KBr 
0.055 Ti02 
0.028 SnCl2 • 2 H20 
0.028 LiCI 
0.389 MnCl2 . 4 H20 
0.614 H3B03 
0.055 ZnS04 . 7 H20 
0.055 CuS04 . 5 H20 
0.059 NiS04 • 6 H20 
0.055 Co(N03)2 • 6 H20 

The culture tubes are each filled with 6 ml of the prepared culture medium 
and then subjected to fractional sterilization (three times 30 minutes). The 
medium is then left to set in a slanting position. 

Stock solution I: 
20.000 g D(+)-glucose 
4.240 g NaN03 
2.400 g Anhydrous K2HP04 
1.200 g KH2P04 
and 30 ml trace element solution 

are dissolved in 1000 ml sterile redistilled water. 

Stock solution II: 
0.200 g FeS04 • 7 H20 
4.000 g MgSOlj. • 7 H20 

are dissolved in 1000 ml sterile redistilled water. 

NaCI solution: 
0.500 g NaCI are dissolved in 1000 ml bidistilled water. The solution is 
sterilized for 30 minutes in the steam bath. 

Working instructions 

Parent cultures of a test strain of Pseudomonas (suggested: American Type 
Culture Collection - A TCC -, Rockville, USA, culture No. 13525) are kept in 
slanting agar culture tubes on the culture medium for parent and preliminary 
cultures. Further supplies of the test strain are grown by preparing new 
parent cultures at intervals of one week. The inoculated parent cultures 
are incubated for 20 2. 4 hours at 25°C and then kept in stock. 

Preliminary cultures are prepared as required from pa.rent cultures on the 
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medium described above in slanting agar culture tubes, and incubated for 20 
~ 4 hours at 25 °C. The cell material is then washed away with sterile NaCl 
solution. The level of turbidity of the bacterial suspension is determined 
by photoelectric measurement of the transmission ratio of the monochromatic 
test beam Hg 436 nm. This measured value is used to adjust (by diluting 
with sterile NaCl solution) the final level of turbidity of the bacterial 
suspension for a path length of 10 mm to the transmission factor T = 37 % 
of the monochromatic test beam Hg 436 nm (nm = nanometre). 

Before preparing the test cultures, the sewage for analysis is neutralized. 
This involves choosing the concentration of acid or lye which will permit 
the smallest possible volume to be added. The sewage is then filtered 
through a membrane filter (pore size 0.2 11m) by means of a pressure-filter 
machine. 

The sewage prepared in the way described above is used to make up four 
parallel series of dilutions in 300 ml Erlenmeyer flasks closed with 
cotton-wool-filled plastic caps. The dilutions each contain (by volume) one 
part of sewage to 2, 4, 8, 16, 32, 64, then 100, 200, 400, etc. parts of 
diluent. When preparing the series of dilutions, 20 ml less of redistilled 
water than corresponds to the theoretical dilution ratio of sewage in 
redistilled water is added to each test flask. Accordingly, each test flask 
first receives 80 ml liquid. 

Each test flask in the three series of sewage dilutions which are to be 
inoculated is then topped up to the set level of 100 mi. This means adding 
to each flask 5 ml of stock solution I, 5 ml of stock solution II and 10 ml 
of the prepared bacterial suspension from the preliminary culture which has 
a known adjusted transmission factor (T -. 37 %). The initial level of 
turbidity of the test cultures after injection - for a path length of 10 mm -
corresponds to a transmission factor of T = 89 % of the monochromatic test 
beam (Hg 436 nm). 

Each test flask in the one sewage dilution series not injected is also 
topped up to the set level of 100 ml. Each flask receives 5 ml of stock 
solution I, 5 ml of stock solution II and 10 ml of NaCI solution. 

A t the same time control cultures are prepared in order to examine the 
standard biological reaction of the test organisms in the test medium when 
the latter is free of sewage. For this purpose 80 ml redistilled water, 5 ml 
of stock solution I, 5 ml of stock solution II and 10 ml of the prepared 
bacterial suspension from the preliminary culture which has a known adjust­
ed transmission factor (T = 37 %) are put into each of five Erlenmeyer 
flasks. 

All sewage dilution series and control cultures are kept at 25 °C for 16 
hours. Then 1 ml hydrochloric acid (1.125 g/mJ) and glass beads are added 
before they are shaken for 30 minutes in a vibrator at approx. 250 rotary 
oscillations per minute. The transmission factor of the monochromatic test 
beam (Hg 436 nm) is measured in the control cultures and the sewage dilu­
tion series for a path length of 10 mm. 

Colouring may occur in the sewage dilution series or chemico-physical 
turbidity may appear after acidification. In this case the analogous concen­
tration levels of the uninjected dilution series are utilized as nephelo­
metric blank values for measuring the turbidity of the inoculated dilution 
series. 
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Evaluation 

The lowest sewage dilution level whose average transmission factor is not 
above the average transmission factor of the control cultures at the end of 
the test period, is regarded as non-toxic. The dilution factor in question 
is stated in the results. 

5.3.2. Fish test for sewage 

When investigating the toxic effect of sewage on organisms, it is always 
necessary to make a compromise between obtaining as many useful results as 
possible and the feasibility of tests in practice. 

One of the problems of ecotoxicology is deciding whether an observed change 
is ecologically significant. Past experience shows that biotic systems have 
the ability to adapt to changed conditions and to regenerate to a certain 
extent. Only irreversible changes can be unequivocally attributed to toxi­
cological factors. For this reason, attention must be given primarily to 
persistent and/or irreversible effects when conducting tests with organ­
isms. 

The aim of toxicological experiments is to establish the relationship 
between dose and effect. With organisms which do not live in water, ana­
lysis of the substance in question can, for example, be conducted by 
administering it orally. However, this is not possible in aquatic ecotoxi­
cology, since here the substance is in the water. This is the reason for 
measuring the effects of the concentration. In fish tests, the physico­
chemical behaviour of the substances contained in the water, such as vola­
tility and solubility, is particularly important with regard to effect on 
the test organisms. The dissolved substances can also be influenced by 
other factors such as oxidation, hydrolysis, adsorption, etc., before they 
have an effect on the organisms. Frequently, however, the substances con­
tained in sewage are not known, and so one has to proceed without this 
advance information. In such cases the relationships between dose and 
effect cannot be established, and the test is instead purely empirical. 

In general fish tests can be conducted in three different ways: 

static testing, for which the water being examined remains in the treat­
ment tank for the entire duration of the tests 

semi-static testing, in which the test medium is renewed periodically 

flow testing, in which the test medium comes into contact with the test 
organisms at a constant level of concentration. 

In the Federal Republic of Germany a test is performed in accordance with 
DIN 38412, Part 20, using the golden orfe (Leuciscus idus), but it has not 
been possible to establish any world-wide uniformity in the use of fish 
species. For the purpose of legislation relating to chemicals the zebra 
fish (Brachydanio rerio) is favoured in many countries but if we wish to 
compare findings acquired using different species of fish, new standard 
procedures must be developed both for the static method and for the semi­
static and flow methods. The reason is that the static method can only be 
used for substances which remain stable for the duration of experiments 
lasting 48 to 96 hours. The semi-static method is used primarily for substan-
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ces which do not change in the space of 24 hours. The flow method, which is 
also the most expensive, has to be used for unstable substances in order to 
guarantee that at least 80 % of the substance is constantly present in the 
system. 

The following description is of the test used in the Federal Republic of 
Germany with the golden orfe. 

In order to determine the toxic effect of the sewage, the sample is diluted 
with diluting water in integral volume ratios. After the tests are complet­
ed, the toxic effect of the sewage on fish is indicated by applying a dilu­
tion factor GF' The dilution factor G indicates the ratio of one part by 
volume of sewage to the total volume of the test water produced by adding 
diluting water to the sewage. 

Example: 
1 part sewage + 4 parts diluting water; G = 5 

The lowest value of G for the test water in which all the fish survive is 
called dilution factor GF. 

Equipment 

Aquariums, capacity 10 lit res 

Graduated pipettes 

Bulb pipettes 

Measuring flasks 

Measuring cylinders 

Erlenmeyer flasks 250 ml 

Glass beakers 250 ml 

Aeration stones 

Thermometers 

Oxygen meter 

pH meter with electrodes 

De-ionized water. 

0.5 molll calcium chloride solution: 
109.55 g CaCl2 • 6 H20 is dissolved in de-ionized water; the solution is 
made up to 1 litre with de-ionized water. 1 ml of the solution contains 
0.5 mmol calcium ions, equivalent to 20 mg Ca2+/I. 

0.5 mol/l magnesium SUlphate solution: 
123.25 g MgS04 • 7 H20, pure, crystallized, is dissolved in de-ionized 
water; the solution is made up to I litre with de-ionized water. 1 ml of 
the solution contains 0.5 mmol magnesium ions, equivalent to 12 mg Mg2+/I. 

0.1 mol/l sodium hydrogen carbonate solution: 
8.401 g NaHC03, superpure, is dissolved in de-ionized water; the solution 
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is made up to 1 litre with de-ionized water. 1 ml of the solution added 
to 1 litre water increases the acid capacity CA 4.3 of the water by 0.1 
mmol/l. 

mol/l hydrochloric acid: 
1 ml of this solution added to 1 litre water reduces the acid capacity C A 
4.3 of the water by 1 mmol/l. 

Diluting water consisting of chlorine-free drinking water: 
For diluting the sewage sample, chlorine-free drinking water with a con­
centration of calcium ions of (2.2 .:!:. 0.4) mmol/l (equivalent to 88 .:!:. 16 
mg Ca2+/l) and of magnesium ions (0.5 .:!:. 0.1) mmol/l (equivalent to 12 .:!:. 2 
mg Mg2+ /l) can be used. (The mol ratio of calcium ions to magnesium ions 
should be approx. 4 : 1). 

Synthetic dilution water: 
22 ml calcium chloride solution, 5 ml magnesium sulphate solution and 5.0 ml 
sodium hydrogen carbonate solution are diluted with de-ionized water to 
make a volume of 5 litres. The diluted water is aerated until the pH 
remains constant. 

Test fish and their treatment 

The golden orfe (Leuciscus idus (L,), golden variety = golden orfe) is used 
as the test fish. They should have an overall length of 5 to 8 cm and a 
corpulence factor K of 0.8 to 1.1 g/cm3• Only healthy fish may be used. 

The corpulence factor K is calculated using the following equation: 

100 m / 3 K = --13- (g cm ) 

in which: 

K = corpulence factor, in g/cm3 
m = live weight of fish, in g 
1 = length of fish, measured from tip of mouth to end of caudal fin, in cm. 

The test fish are not sexually mature and so cannot be distinguished as 
male or female. The sex of the fish is therefore not taken into account in 
this experiment. 

The fish are kept in aerated, chlorine-free drinking water, preferably 
flowing, at 10° to 20 °C. Not more than 5 fishes should be kept in 1 litre 
water. If standing water is used, it must be adequately circulated and 
filtered, and frequently replaced. 

The fish should be fed with a suitable dry food (e.g. dry food for fry, 
grain-size 0) for as long as they are kept in tanks. 

If the temperature of the tank water is below 18 °C, an adaptation period of 
at least 28 hours at 20°C must be allowed. 

The fish should be kept for at least 1 week; the mortality rate thereafter 
does not usually exceed 1 % per week. 
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Procedure 

The aquarium is filled with 5 litres test water. The pH of the test water 
is adjusted to pH = 7.0 2. 0.2 by adding hydrochloric acid or sodium hydro­
xide. 5 golden odes are then placed in each tank. No more food is given to 
the fish during the test. 

The temperature of the test water is (20 2. 1) °C. During the experiment the 
oxygen concentration in the test water must be maintained at not less than 
lj. mg/l 02' This is possible without aeration in many cases for the whole 
duration of the experiment. The experiment lasts lj.8 hours. A fish is regard­
ed as being dead if no spontaneous movement can be detected even when 
touched. 

A control test using 5 litres diluting water is made in the same way. If 
one or more fish die in the control test, the experiment cannot be regarded 
as valid. 

Fish which have survived the test must not be used a second time. 

Evaluation 

The lowest dilution factor GF of the test water in which all fish survive 
is taken as the result of the experiment. 

Dilution factors are only given in whole numbers. 



6 Evaluation of Analysis Data 

6.1 Introduction to statistical evaluation 

The quality of an analysis result is the basis for the overall evaluation 
of analytical data. Accuracy - approximation to the true value, which is a 
theoretical, unknown quantity - is therefore of prime importance. Correct­
ness, i.e. the difference between the set value and the average value of 
the analysis results for a concentration level, can be verified using 
round-robin experiments and recovery experiments. 

Accuracy is determined not only by correctness, but also by precision: 
systematic errors affect correctness and random errors affect precision. 

Random errors can be revealed by repeating the analysis under the same 
conditions or by comparing analyses made at different times under different 
circumstances (i.e. technicians, apparatus, laboratories). 

Systematic errors may be constant throughout the range of application and 
are only discovered by comparing with a different method of analysis. Pro­
portional systematic errors are independent of concentration and can only 
be revealed by recovery experiments. A detailed description of the terms 
used and their statistical formulation is given by Massart et ai, Elsevier 
1978. 

fig. 168 shows the dispersion of test results caused by random and system­
a tic errors. An interesting point to observe is the overall error affecting 
an analysis result. There are various definitions of what should be classed 
as part of the overall error, e.g. the systematic error (resulting from the 
method) plus the standard deviation resulting from repeat experiments in 
the laboratory. 

Errors can also arise in the evaluation of analysis results if a substance 
not present in the sample is erroneously identified (error Type 1), or vice 
versa i.e. a substance which is present is not identified (error Type 2). 

Other sources of errors can arise from inexpert use of statistical methods. 
For example the use of statistical tests based on the assumption of normal 
distribution can lead to significant errors if the popUlation from which 
the random sample was taken is not based on normal distribution. 

Fig. 169 shows the problem of time-dependent data when statistical data are 
presented in a simplified form. Examples a and b in Fig. 169 are based on the 
same empirical frequency distribution. Their statistical parameters (arith­
metical mean, median, geometrical mean, standard deviation) are therefore 
identical. However, they conceal an essential piece of information, namely 
the time dependence factor. 

W. Fresenius et al. (eds.), Water Analysis
© Springer-Verlag Berlin Heidelberg 1988
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@G' • 1 . 
high proportion of random errors 
no systematic errors 

@3 
low proportion of random errors 
high proportion of systematic 
errors 

low proportion of random errors 
no systematic errors 

high proportion of random errors 
high proportion of systematic 
errors 

Fig. 168. Systematic and random errors (Kirchmer) 
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a, b concentration dependant on time 

c empir. distribution 

d cumulative frequentcy 

Fig. 169 a-d. Problems in the statistical presentation of time-dependent 
data on water quality 
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6.2 Applications of statistical methods in water analysis 

The following pages describe selected statistical methods suitable for 
tackling individual problems arising from routine analysis with the aim of 
being able to evaluate and compare test results. 

6.2.1 Calibration 

Every analytical method is based on instructions for working, measuring, 
calibration and evaluation. Whereas working and measuring instructions are 
given in each individual method or in the corresponding standard method, 
instructions for calibration and evaluation apply to all methods of analy­
sis that are capable of being calibrated. The latter instructions should be 
drafted so as to enable analytical results based on them to be more easily 
compared. A description is given of how a calibration function is establish­
ed from given standard concentrations (xi) and measured information values 
(Yi), which can then be used for converting information values (Yi) from 
future analyses into concentrations. On the basis of these characteristic 
data it is possible to state the degree of sensitivity and preCIsIOn of 
particular analytical methods. A comparison can then be made with the 
characteristic data of standardized analytical methods in order to provide 
a basis for judging the quality of the analysis results. 

It is necessary to differentiate between establishing and familiarizing 
oneself with new methods of analysis, and establishing a calibration func­
tion in routine analysis. 

6.2.2 Calibration when using new methods of analysis 

When preparing a method of analysis, extensive calibration should be 
carried out which will enable parameters to be given for the method in 
question. By using linear regression analysis, for example, a calibration 
curve can be expressed as a function. The linear calibration function is as 
follows: 

y ao + alx 

However, it may only be used if: 

- the measured information values (Yi) are normally distributed throughout 
every standard concentration (xi), and 

- all calibration samples are independent of each other. 

The latter condition means that standard solutions must be taken not from a 
previous step in the analysis but from separate ones. Alternatively, if 
this is not possible, independent dilutions from a single parent solution 
must be prepared. Dilutions made in succession lead to systematic errors. 

In addition steps must be taken to ensure: 

- the homogeneity of the variances, and 

- the linearity of the functioll in the working range (linearity test). 
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In the preparation and familiarization stages of a new analytical method, 
DIN 38402 recommends that the information values Yi be established for N = 10 
calibration samples. In so doing, the intervals of the individual concentra­
tion levels should be equidistant, and so equally distributed over the 
working range. In order to verify that the variance of the information 
values Yi is independent of the concentration, a statistical test of the 
homogeneity of the variance can be used. For this purpose one analyses n = 10 
standard samples of the lowest (Yj 1) and n = 10 standard samples of the 
highest concentration level (Yj,l 0)' ' 

The variances S 12 and S 1 02 are calculated as follows: 

5~:: ~ (Xi.1-Y/ 
n1-1 

With the mean value: 

910 = £ y; 10 J=1 J. 

n10 

The homogeneity of the variances is checked using the F-test, for which the 
test quantity PG is determined by 

PG:: ~~ mit 5~0 > 5~ 
1 

or 
2 

Pr..= ~2 't 2 2 ':::1 ml 51 > 5 10 
5 10 

and is compared with the value in the F-table. 

If PG < F (f 1, f2' 95 %), then the difference of the variances is random. 
If PG > F (fl, f2' 95 %), then the difference is significant and the work­
ing range must be narrowed down until the difference between the variances 
is random. 

Apart from homogeneity of the 
mentioned, is also a precondition 
as a calibration function. 

variance, the linearity 
for being able to use 

test, as already 
linear regression 

For this purpose, it is necessary to test whether the function expressed by 
10 equidistant calibration samples can be better adapted to a linear (Ya) 
or a quadratic calibration function (Yb). 

Calculation of the residual dispersion Sya 

Calculation of the residual dispersion Syb 

From this follows the difference DS2 of the variances, calculated from: 

DS2 = (N - 2) . Syi - (N - 3) . Syb 



If the calculated test quantity PG 

PG = 
DS2 
Syb2 
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is smaller than the F-value (F-test) given in the table, linearity can be 
assumed to exist. 

If PG > F, then the working range must be narrowed down until PG < F, i.e. 
linearity is assured. 

If the conditions for linear regression as a calibration function now 
exist, the procedural parameters can be determined. These include: 

- the residual standard deviation (Sy): 

This is the standard deviation of the differences between the information 
values and the values of the associated calibration curve, and therefore 
also a precision measurement for calibration. 

- the sensitivity of a method is reflected in the gradient of the calibra­
tion function: 

~ (>j-(oo+O,Xj ))2 

N-2 

- the standard deviation of the method (Sxo): 

This is the quotient of the residual standard deviation (Sy) and the 
sensitivity (al) of the analytical method (gradient of the calibration 
function) and is a measure of the quality of the analytical method in the 
working range under consideration. 

The ordinate intercept can be interpreted as a calculated blank value. 

An unknown concentration x is calculated from the measured information 
value as follows: 

x = yl - ao 
al 

This calculation is, however, affected by an error, which results from the 
uncertainty in the determination of the information value- y and the uncer­
tainty of the calibration function. Therefore, for every calculated concen­
tration x, there is a confidence interval ie, which includes the true infor­
mation value y. 
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y 

x 

Fig. 170. Confidence range VB (x) surrounding an analysis value 

This confidence range is calculated using the following approximation equa­
tion: 

X1.2 = x±VB (X) 

X1•2 = 9-00 ± ~·t 
01 01 

n = number of parallel analyses of a concentration level 
x analysis result calculated using the calibration function 

The true analysis value is therefore enclosed by the confidence range VB 
(x) with a confidence level given by Student'S t-factor. 

N.B.: The confidence range VB (x) is to a large extent governed by the 
number of parallel conditions n, the resulting information value y, and the 
procedural parameters Sy (residual standard deviation) and al (sensitivity). 

The quality of the analytical method therefore increases as sensitivity 
rises and residual dispersion falls. 

6.2.3 Calibration in routine analysis 

The previous section described how the conditions for postulating a linear 
regression function as a calibration function are checked, and how the 
parameters of an analytical method are determined. In routine analysis, the 
scientist now has the task of proving that the procedural characteristic 
data which he has obtained are not significantly different from the pre­
scribed data. For this purpose the information values (Yi) and the procedur­
al standard deviation Sxo(R) are determined from 10 equally spaced concen­
tration levels (xi). 
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A simple variance test (F test) shows whether the procedural standard devia­
tion sxo (R) determined in routine analysis differs significantly from the 
procedural standard deviation sxo prescribed in the standard. 

If the first calibration function appears non-linear, the simplest solution 
is to attempt to position the working range so that the calibration func­
tion is linear within the working range. 

If this is not possible, parameters of the calibration function ao ' a 1 and 
a2 can be determined according to the rules of polynomial approximation of 
the 2nd degree: 

The residual standard deviation Sy is calculated as follows: 

Sy = ~ (y; - (00 +0, X, +02X~))2 
1=1 I I 

N-3 

Only the sensitivity in the middle of the working range can be given as a 
procedural parameter (x): 

E = al + 2a2x 

The procedural standard deviation (sxo) in this case is: 

Sy 
sxo = E 

The confidence range encompassing an analysis value is c'alculated from: 

(A, Sy·t 
VB X = ( 2 AJ 

0, + 02X 

If there is a non-linear concentration of analysis data, this is usually 
caused by additional factors. If it is possible to establish what these 
factors are, they can be included in the calibration function, e. g. in the 
form 

Then, however, deviations in the form of partial sensitivities should be 
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given only for the individual factors. A detailed 
procedure is given in D. L. Massart, A. Dijkstra, L. 
and Optimization of Laboratory Methods and Analytical 
Scientific Publishing Company, Amsterdam - Oxford - New 
dence range can no longer be derived in the simple form. 

6.2.4 Detection limit and determination limit 

description of this 
Kaufman: Evaluation 
Procedures; Elsevier 
York 1978. A confi-

Detection and determination limits should not be established from the 
dispersion of the blank tests, but from calibration experiments (l ,5). This 
gives the definition of the detection limit (XN) as the smallest quantity 
or concentration of a substance which can be qualitatively detected or 
quantitatively estimated by a single analysis with the required statistical 
certainty (level of significance ex = 5 %). This definition therefore repre­
sents the upper confidence-range limit of a concentration Xc whose lower 
confidence-range limit is concentration zero. The determination limit (XB) 
represents the smallest quantity or concentration of a substance which can 
be quantitatively determined by a single analysis with the required certain­
ty (ex = 5 %). 

For all concentrations falling below the detection limit, the risk of errone­
ously identifying a substance not present in a sample is greater than 50 %. 

Actual presence of the substance cannot therefore be distinguished from 
zero with sufficient statistical certainty. 

Analysis results between the detection limit XN and the determination limit 
XB can only be distinguished qualitatively from zero. The statistical risk 
of error resulting in a substance which is present not being identified 
will only be 5 % or less when the analysis results lie on or above the 
determination limit. 

In draft DIN norm 1983 two procedures are suggested for establishing the 
detection and determination limits. The following requirements apply joint­
ly to both: 

- independent calibration-standard solutions 

Fig. 171. Distribution of blank and analysis values; 1 ) 
2) = Blank-value distribution; 3) = Analysis-value distribution 

Frequency; 
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XN XB 
Fig. 172. Detection limit and determination limit (XN, XB), establishing 
the subsidiary value Xc 

- linear calibration function 
- homogenous variances 

a) Statistical procedure 

The standard deviation of the calibration curve to be determined from a 
known calibration curve is used with the concentration value x = 0 as a 
subsidiary quantity. 

1 -2 
_ + 1 + .,..p.X __ -=-
N ~(X. _xJ2 

i=1 I 

The necessary values are determined from 10 equidistant calibration 
solutions with the concentrations 

Xl So 
x2 2so 
xI0 10so 

b) Dynamic procedure 

This must be used if no values in the proximity of the blank value can 
be established with the analytical methods employed. The aim is to 
measure standard calibration solutions of ever decreasing concentrations 
until the calculated test quantity xp corresponds approximately to the 
lowest calibration concentration of the lowest selected working range. 
If this aim is achieved, then 

The detection limit is calculated using 

XN=2.~ 
b 
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The confidence range of a concentration Yc corresponds to 

1 +1 + (O-id 
N N ( _)2 :::E x-x 

1=1 i 

The following applies to the determination limit: 

where 

and 

Xc = VBx (x 

Yh- O ~ 
XB = b + b 

1-+1+ %_9)2 

Yh = a +2· VBy (x=xcl 

N .... 2N ( _)2 u:::E X·-X 
1=1 I 

1.. + 1 + (xc-5()2 
N N ( _ 2 

:::E X.-X) 
1=1 I 

0) extrapolated confidence range of the concentration x = 0 

Calculation examples are given in draft DIN norm 1983. 

6.2.5 Blank values 

The dispersion of blank values can give indications of random and system­
atic deviations, e.g. in order to 

- uncover carry-over errors 

- describe the influence of reagents and individual workers 

- detect drift caused by apparatus, etc. 

For this reason blank values should be analyzed both before and after a 
series of analyses. They can be experimentally determined from separately 
conducted multiple analyses. The mean blank value is subtracted from the 
information value Yi and this corrected information value gives the concen­
tration. 

Another possibility for determining the blank value consists in extrapolat­
ing the calibration curve. There the blank value is already recorded by the 
ordinate intercept ao (UBA research report 10205114, 1982, Verlag Chemie, 
Weinheim, FRG). 
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6.2.6 Standard addition 

Matrix effects influence the correctness of a determined value. They can 
take the form of constant, systematic errors or of proportional errors 
which are dependent on concentration. The latter can be detected by volume­
increment experiments. 

For example, iron causes proportional errors when determining the mtrIte 
content in water. The procedure described in the following paragraphs is 
taken from, where it is described in detail. It only applies to the linear 
range and the incremental concentrations must be chosen accordingly. 

Furthermore, it is recommended that 4 equidistant incremental concentra­
tions be used, whose maximum concentration corresponds to that of the 
original sample. 

Example 

Concentration of the original sample: 8 mg/l 
xl 2 mg/l 
x2 = 4 mg/l 
x3 6 mg/l 
x4 8 mg/l 

The incremental volume should be as small as possible in comparison to the 
sample volume and should be taken in aliquot steps. 

Example 

Incremental volume VS 
Incremental volume 2 . VS 

Concentration xAl 
Concentration xA2 

In this way the additional volume VS changes, but the total volume remains 
constant and is topped up with a solvent (e.g. distilled water) if necessary. 

The sample volume and incremental volume are thoroughly analyzed following 
the method laid down. The calibration function and the confidence range are 
calculated from the 5 pairs of values obtained. The blank value YB corre­
sponds to the axis intercept ao of the calibration function. A line is 
drawn through YB parallel to the abscissa, and this line gives the required 
value x at the intersection with the extrapolated calibration function. It 
also gives its confidence bands. 

6.2.7. Matrix effects 

Water samples, in particular sewage samples, always display matrix effects 
to a greater or lesser extent. A measure for assessing these effects statis­
tically is provided by the recovery rate. For this purpose thE: original 
sample (concentration ao) plus 9 incremental volume samples are analyzed 
and a linear calibration function is created: 

Xg = ao + alxA 

The recovery rate WFR is given by: 

WFR Xg - ao • 100 % 
xA 
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Fig. 173. Determining the sample content and the associated confidence 
range by means of volume-increment experiments 

The different types of variance analyses offer another possibilty for reveal­
ing matrix effects. 

Multivariate approaches are based on the fact that various possible factors 
are detected quantitatively in all samples. Using the data matrix so obtain­
ed, it is possible to identify the factors controlling the analysis 
results, since the peripheral information which accompanies a measuring 
result is regarded as of equal value for calculation purposes. 

If the factors which cause the matrix dependence are known, they can be 
described as a function, e.g. in the form of a multiple linear regression. 
An introduction to this can be found in D. L. Massart et al. 

6.2.8 Comparison of analytical methods 

For both methods (A, B), a calibration should be carried out in matrix-free 
solution over a defined working range, in order to be able to establish the 
procedural characteristic data (sxoA, sxoB) and also the determination 
limits. 

The F - test is used to check whether the two procedural standard deviations 
differ significantly from each other: 

PG =~::~ J 
They differ if the test quantity PG is greater than the comparative value 
listed in the table for the F distribution (P = 99 %). 

If the influence of matrices is to be examined, 10 parallel analyses should 
be made from 3 real samples with different concentration levels. This 
should be done for both methods for the matrix-free calibration function 
and for the calibration function of the standard addition, making a total 
of 4 series. 

The multiple analyses are checked for mavericks using the Grubbs technique. 
The homogeneity of the variances is also tested. Finally, the mean values 
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Fig. 174. Orthogonal regression for comparing analytical methods 
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of the 4 series of analyses are compared two at a time using the mean­
value-t-test. If the test quantity so calculated is greater than or equal 
to the value given in the table, this means that there are systematic 
differences between the mean values. 

A further possible method of comparison consists in subjecting 30 pairs of 
values, obtained from double analyses by means of both methods, to a linear 
orthogonal regression. For this purpose the compensating straight line is 
assessed so as to minimize the deviations from the measuring point in the 
horizontal and vertical directions. 

Systematic errors are present if the straight line of the calibration func­
tion does not cut the system of co-ordinates at the origin, i.e. ao f. 0 
(constant systematic deviation) and the gradient does not equal I i.e. 
(al :f. 1). 

The differences t-test can be used to discover whether the two methods 
differ significantly from each other: 

0= XAi - XBi 

-L~X.-.1.~X. 
Py = N i=1 J1.1 N i=1 BI 

N 2 1 N 2 
~D. --·{~D·l 
i=1 I N i=1 I 

{N-1)·N {mit f=N-1l 

If the test quantity PG is greater than or equal to t (f, P 
the two methods differ significantly from each other. 

99 %), then 

The statistical tests described so far (t-test, F-test) are classified as 
parametric tests and require a normally distributed population. If this 
does not exist, non-parametric tests should be used instead, i.e. tests 
which are not dependent on distribution. 

These include: the Wilcoxon test, the Kruskal- Wallis test or the Kolmogoroff­
Smirnov test. 

Variance analyses can be used instead of the orthogonal regression for 
comparing methods. 
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A typical example of the sort of question which should be asked when conduct­
ing univariate variance analysis is: do the two methods to be compared 
differ significantly from each other in respect of their share of systemat­
ic errors-assuming that the random deviations are of equal size? 

Bivariate and multivariate variance analyses permit several test series and 
alternative sequences of samples to be compared for significant differences 
between the series. It is also possible to investigate whether, for 
example, the difference between the series is attributable to the sequence 
in which the samples were made (D. L. Massart et al). 

6 ~2. 9 Optimizing analytical methods 

Questions frequently arise, especially during the development phase of 
analytical methods, about how to optimize parameters, such as reaction 
time, concentration of reagents, etc. and how to optimize analysis proce­
dure, e.g. extraction method, choice of reagent, etc. Questions constantly 
crop up, e. g. "What effect do pH and EDT A level have on the extraction of a 
metal ion by means of a chelating agent?" - or "What significance do pH and 
redox potential have in the desorption of heavy metals from sands?" 

Parametric tests (t-test, F-test) are not really adequate for answering the 
sort of question mentioned above, since they require a standard distribu­
tion of the popUlation and can only compare 2 components with each other at 
anyone time. A better solution is offered above all by variance analyses 
or factorial experiment planning and evaluation. 

Alternatively one can fall back on methods used in operations research, 
such as the simple or revised Simplex method, the Uniplex method, etc. A 
more detailed description with practical examples and suggestions for 
further reading is given in (D. L. Massart et al). 

6.3 Quality control 

Analysis results must be reliable and comparable. This requires both inter­
nal quality control conducted in the laboratory, and also external quality 
control of analysis results in order to be able to make comparisons with 
other laboratories. 

6.3.1 Internal quality control 

The quality of an analytical method can be expressed by the procedural 
characteristic data (sxy, Sy, ao , a I), as already explained in Section 6.2.1. 

On this basis various analytical methods can be compared with each other 
(see Section 6.2.8). For example, when a method is used for the first time 
in a laboratory, the results (in the form of parameters) can be assessed in 
comparison with the parameters of the person who devised the method. 

If this method is used by various workers in the same laboratory, it is 
possible to judge whether there is a significant difference between the 
resul ts they achieve. 

Internal quality control should aim to document the reliability of analyti­
cal methods. This can be achieved by first adopting a familiarization phase 
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with the purpose of being able to adhere to the characteristic data of the 
prescribed analytical method. When there is no longer any significant differ­
ence between the results achieved in the laboratory and the prescribed 
characteristic data, it can be assumed that the method has been mastered. 

The next step should be to investigate whether over a period of time, e.g. 
1 week or 1 month, and with various workers involved, the analysis results 
deviate from given standards. Calibration solutions, blank samples (real or 
incremental) or real samples can be used as standards. 

The analysis results are entered on so-called "control cards" or "quality 
regulation cards" after each investigation. In this way routine errors may 
be revealed by time discrepancies, trends and regular fluctuations. 

There are different types of control card, such as 

- the mean value control card 

- the standard deviation card 

- range card 

- the recovery rate card 

- the drift card, etc. 

Graphs can be used to give a clear picture of the point at which newly 
obtained analysis values overstep the tolerable levels of discrepancies and 
an "out-of-control situation" arises. It is a prerequisite for this deci­
sion that limit values must be laid down, beyond which the "out-of-control 
situation" is held to exist. A preliminary training phase is necessary in 
order to have an idea of the proportion of tolerable random errors, which 
as a rule affect all methods. The level of precision to be maintained is 
established during this familiarization phase. 

The calibration standard, for example, can be monitored using quality regu­
lation cards. Ageing of the reagents then causes the analysis results to 
drift until they go out of control. 

Variances, differences, ranges of multiple analyses can also be monitored, 
as can blank values or recovery rates. In all cases an acceptable tolerance 

-:"~~~f~ 
I I \-CS - -------------------,--------------

'fiS ---- --------- -----'!'. ---------------- --1 
, • i •••• , 0' 

Fig. 175. Mean-value control card (quality regulation card) 



718 

range (precision) forms the basis of the monitoring. This tolerance range 
is calculated during a preliminary phase by means of analytical investiga­
tion and various statistical methods. Checks are then made during routine 
analyses to see whether the tolerance range is being kept to. 

The quality regulation cards enable a laboratory to determine how precisely 
it is working and how reliable its analysis results are. 

6.3.2 External quality control 

Internal quality control should be conducted to establish whether analysis 
results are precise. But to prove whether they are correct is only possible 
in the long run by means of a round-robin test, in which the results are 
compared with those of other laboratories. 

Only the evaluation of round-robin tests can reveal systematic discrepancies 
in the results of individual laboratories. The original research conducted 
by these laboratories, for example, can lead to inexact description of the 
different steps in the analysis method. In this case corrective measures 
could be instigated, which would allow correctness limits to be established 
at a later date. 

The planning, organization and evaluation of round-robin tests are covered 
by DIN or ISO standards. 

Apart from the description mentioned above, a supplementary analysis of 
significant differences, e. g. between laboratories, between different 
methods and within separate series of analyses carried out by different 
laboratories, is given by D. L. Massart et al. Here multivariate variance 
analysis is used to clarify whether quantifiable factors influence the re­
sults of the co-operative test, and if so which factors these are. 

6.4 Data evaluation 

In the following pages further statistical methods of evaluation are set 
out, which permit temporal and spatial fluctuations of substances contained 
in water to be described and analyzed. 

In contrast to chemical analysis , in which standardization is already well 
advanced, statistical methods used for evaluating water quality data are, 
with few exceptions, not standardized but mostly a matter of tradition. The 
basis of all statistical evaluations should be an investigation plan which 
encompasses formulation of problems, data acquisition and an evaluation 
strategy. When drawing up plans for random sampling, all information which 
is already available about possible fluctuations of the system under exami­
nation should be taken into account. 

The requirement for statistical independence demands that two areas of data 
evaluation be kept separate from each other. 

- The area of analysis in order to guarantee individual measured values 

- The evaluation of analytical data already obtained. 

In the first case the total volume of the sample under examination can be 
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designated as the population, from which several random samples are taken 
for analysis, which are independent of each other. As a rule dispersion of 
the results follows a normal distribution, if there are no temporal or 
peripheral effects which cause possible discrepancies. 

If, on the other hand, various time-dependent and/or location-dependent 
data are collected, the task of describing the popUlation represented by 
these data can be more problematical. With surface water all substances 
contained can be defined as belonging to the parent population, but the 
relationship of the substances to each other the matrix composition 
depends on external factors such as water runoff or sewage discharge, etc. 
As a model, it could be assumed that a "stratified" population has to be 
dealt with. 

The need for sampling to be representative and for the individual random 
samples to be independent, e. g. in all correlation calculations, must not 
be overlooked. It is necessary to check whether a measurement being made is 
influenced by the size of the previous measurement. This applies in parti­
cular when taking continuous measurements of temperature, oxygen or discharge 
values. These so-called "autocorrelated" measured values can lead to over­
interpretation, if they are evaluated using statistical methods which do 
not take the temporal and spatial sequence of the measured values into 
account. 

The aim of more detailed statistical evaluation is to build up a body of 
information which can be used to describe individual measured quantities 
and to understand how they are related to each other. Depending on the 
number of measured quantities under consideration, it is possible to distin­
guish between univariate, bivariate and multivariate time-dependent or 
non-time-dependent statistical evaluation. 

6.4.1. Univariate statistical evaluation 

The empirical distribution of measured values can be described in terms of 

- positional measurements e.g. arithmetical mean, median, mode 

dispersion measurements, e.g. variance, standard deviation, variation 
coefficient, etc. 

As a rule the substances contained in water are not symmetrically distribut­
ed since, as already mentioned, they consist of various "strata" of a popu­
lation, Which are not always equally represented. Time-dependent fluctua­
tions in a univariate, time-dependent approach entail a loss of informa­
tion, since the temporal dynamics cannot be adequately described. 

6.4.2 Bivariate statistical evaluation 

Trends and fluctuations can have different causes. These can be simply 
understood through their relationship to other water quality parameters by 
means of correlation calculation. The correlation coefficient r is a stand­
ardized measure of the linear correlation between two randomly distributed 
characters x and y (e. g. water quality parameters) The correlation coeffi­
cient r always lies between -1 and +1. Where r = 0 there is no interrela­
tionship. Since the number of random samples has a very significant effect 
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on the degree of correlation, the significance of the correlation should 
always be tested and examined on the basis of the relevant table values. 
The correlation calculation requires standard distribution of the popula­
tions of both variables x and y. Furthermore, the samples should be random­
ly independent, i.e. the quantity of the previous x value must not influ­
ence the following x value (no autocorrelation). It is clear from the 
method of calculating the correlation coefficient r that the variables are 
compared in pairs and that the time aspect is not taken into account. 

i (X. -x)(y; -9) 
r = i=1 I I 

i(x.-x)· fly; -9) 
1=1 I i=1 I 

n = number of measured values 
xi = i-th measured value of the variable A, i = 1.2, •.• , n 
Yi = i-th measured value of the variable B, i = 1.2, ••• , n 

Extreme values make a great difference to correlation coefficients. The 
linear interrelationship between two variables can be described function­
ally by a straight-line regression curve. However, this type of description 
does not always lead to satisfactory results, because deviations from the 
straight line are frequently large. But precisely these deviating measure­
ments can provide interesting clues for investigating what exterior peri­
pheral conditions obtained during the sampling and how the concentration of 
the remaining substances in the water was distributed in these measurement 
results. The multivariate statistical methods described below are helpful 
in this respect. 

6.4.3 Multivariate statistical investigations 

If the pair of values x and y do not fit satisfactorily on a linear or 
non-linear regression line, this is a fundamental indication that other 
influencing factors are involved. The basis of all multivariate statistical 
methods is a data matrix which not only deals with all directly relevant 
variables, such as the concentrations of different substances contained in 
the water, but also uses possible indirect influencing factors, such as 
weather, run-off, quantity of sewage, etc. as additional variables. Such 
data are usually been recorded at every sampling. 

Interrelationships or dependences between different substances in the water 
and their presumed influencing factors are analyzed on the basis of corre­
lations or absolute distance measurements. They are further structured 
according to the method used, categorized or described as functional 
interrelation-ships. 

6.4.3.1 Principal component analysis 

This involves describing linear interrelationships on the -basis of correla­
tion calculations and co-variance calculations. Groups are formed such that 
within each group the variables belonging thereto are highly correlated, 
but between the groups of individual variables there is no linear interrela­
tionship. 
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Fig. 176 shows how the feed to sewage treatment plants can be characterized 
by co-ordinating individual variables. Principal component analysis of 
sewage from a residential area indicates that the substances contained 
originate essentially from diffuse sources. Sewage from an industrial area 
shows a clear correlation of heavy metals with other heavy metals, turbidi­
ty and content of solid matter. This means it is probable that heavy metals 
are predominantly bound to solid particles. 

The diagram depicts the correlation of variables with different principal 
components (factors), expressed as principal component load. As has already 
been mentioned, variables that are correlated with one principal component 
are independent of variables that are co-ordinated with other principal 
components. If a sharp division is not possible, the variable with the 
smaller principal component load appears in two or more principal components. 

6.4.3.2 Cluster analyses 

This group of statistical methods permits variables (substances contained 
in the water and additional quantifiable influences) to be grouped accord­
ing to their degree of similarity. The individual methods differ from each 
other in the criteria of similarity applied, e.g. absolute or relative 
differences or correlation coefficients. They can be used for categoriza­
tion and classification, etc. in the same way as principal component 
analyses. 

Standard distribution of the variables is taken as the basis for both 
statistical groups of methods. Transformations and standardization of 
variables may therefore become necessary, and this makes interpretation 
more difficult. Practical examples of these methods are widely published. 
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Fig. 176. Example: Comparison of feeds to 2 sewage treatment plants; 1) = 
Principal components; 2) = Load; 3) = Parameters; 4) Residental area; 5) 
= Industrial area; 6) = Electrical conductivity; 7) = Turbidity; 8) = Sus­
pended matter 
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6.4.3.3 Multidimensional discriminatory analysis 

With this method a linear compilation of independent variables - the dis­
criminant function - is made, which is characteristic of optimum differen­
tiation in given groups. The division into groups can be made subjectively 
or on the basis of a cluster analysis. 

Using the discriminant function, it is possible to work out for individual 
samples separation values which determine which group these results belong 
to. Fig. 177 shows how a preliminary approximate structural analysis of the 
relationship between water quality parameters can be used to assign a water 
sample to given water types. Three different groundwaters and subterranean 
waters were analyzed for 10, 25 and 30 variables. In this example, the 
variables sulphate and boric acid proved the most useful for separation 
purposes. 

6.5 Time-series analyses 

Time-series analyses are distinguished from all evaluation methods so far 
discussed in that they take account of the temporal sequence of the obser­
vations. In contrast to the previously described methods, it is assumed in 
this case that dependences will exist. On the other hand, sophisticated 
time-sequence analyses impose substantially stricter conditions as regards 
the data itself: 

- the observations must be made at equal intervals 

- missing observation values must be estimated, thus raising the question 
of the method of interpolation 

- under certain circumstances data must be adjusted every working day. 

The aim of time-series analysis of water quality data is to discover 
whether a trend exists and, if so, whether there are fluctuations around 
this trend or periodical fluctuations, and how great a part is played by 
random influences. In addition, by juxtaposing the temporal order of two 
water-quality parameters the aim is to provide a scale for comparing the 
para-meters. The examples (Fig. 178) is intended to show the results of a 
bivariate analysis. The extra information that can be gained from this type 
of analysis can be summarized as follows: 

- A cycle of 59 weeks (equivalent to approximately 1 year) for temperature 
and oxygen is revealed by mathematical analysis. There is a seasonal 
fluctuation of 3 to 4 months, but this is somewhat shorter for oxygen and 
nitrite. The phase displacement by -3.1 is confirmed in the negative 
correlation. 

- Nitrite only coincides with the other variables of the first principal 
components in respect of the yearly cycle. It displays additional periodi­
city in the 6 to 8 week range. 

- Water delivery and phosphate are affected not only by the yearly cycle, 
but also by the summer high-water in the half-yearly cycle. In contrast 
to the yearly rhythm, the half-yearly cycle in the case of ammonium is 
closely connected with a stochastic 2.5-month cycle. 
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Fig. 177. Discriminatory analysis; assignment of a water sample to three 
specified water types (A, B, C) as applied to groundwater and subterranean 
water; 1) = Discriminant function: T = 0.007 CS04 + CHB02; 2) = Centre 3, 
2, 1; 3) = Type A, B, C; 4) = Condition of the water in uni-dimensional dis­
crimination field 
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Fig 178. Analysis Surface Water Ruhr Villigst 1976 - 1982; 1) = W. tempera­
ture; 2) = Ammonium; 3) = Oxygen; 4) = Nitrate; 5) = Phosphate; 6) = Nitrite; 
7) = Periodicity in months; 8) = Frequency (1/14 days); 9) = Ammonium/phos­
phate; 10) = Nitrite/phosphate; 11) = Log spectrum; 12) = Coherence phase 
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6.6 Technical advice 

All the statistical methods described in this chapter are available from a 
wide range of manufacturers and other suppliers as computer programs. The 
multivariate statistical methods and the time-series analyses require 
office-oriented data processing technology, if a large quantity of measure­
ment results and variables are involved. The methods mentioned here are 
currently offered in the English language by extensive computer program 
libraries. They are accompanied by a continuous scientific back-up and 
technical program maintenance service. The programs available include BMDP, 
SPSS, SAS, IMSL, NAG and CLUST AN. The ARTHUR and SIMCA programs are special­
ly designed for chemical analysis applications. Descriptions are given in 
Kowalski, Anal. Chem. 1980 and 1982. 

Seemingly objective evaluation strategies can nevertheless produce spurious 
results if the restrictions set out in the method are not observed or if 
the evaluation is not carried out in a way which is adequate for the problem. 

6.7 Assessment of water analysis findings 

How the findings of physico-chemical, chemical and microbiological water 
analysis, and where appropriate the question of biological indicators, are 
to be assessed and weighted, depends on the use to which the water is to be 
put or on its relative importance in the environment. For example: whether 
it is untreated water for purification to obtain drinking water, whether it 
is wastewater or water from flowing or standing bodies of water. Many 
countries have their own rules regarding quality specifications for water 
that is to be supplied as drinking water or treated to obtain drinking 
water, some of them in the form of statutory provisions. On a worldwide 
scale the World Health Organization's Guidelines for Drinking-Water Quality 
are important, as set out, for example, in Volume 1: Recommendations, 
Geneva 1984-. This English-language compilation of guidelines on drinking­
water quality is a fundamental work which deserves close attention. 

Wherever an assessment of water for drinking purposes is required, water 
analysts are urgently recommended to make use of the WHO booklet. The basic 
requirements are summarized in 5 tables which are reproduced below. 



6.7.1 WHO-Guidelines for drinking water quality (1984) 

Table 1. Microbiological and biological quaH ty 

Organism Unit 

I. Microbiological quality 

A. Piped water supplies 

A.l Treated water entering the distribution system 

faecal coli forms number/IOO ml 

coliform organisms number/l 00 ml 

A.2 Untreated water entering the distribution system 

faecal coliforms 
coliform organisms 

coliform organisms 

A.3 Water in the distribution system 

faecal coli forms 
coliform organisms 

coliform organisms 

B. Unpiped water supplies 

faecal coli forms 
coliform organisms 

number/IOO ml 
number/IOO ml 

number/l 00 ml 

number/IOO ml 
number/IOO ml 

number/IOO ml 

number/IOO ml 
number/IOO ml 

Guideline 
value 

o 

o 

o 
o 

3 

o 
o 

3 

o 
10 
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Remarks 

turbidity < I NTU; for disin­
fection with chlorine, pH 
preferably < 8.0; free chlor­
ine residual 0.2 - 0.5 
mg/litre following 30 minutes 
(minimum) contact 

in 98 r. of samples examined 
throughout the year - in the 
case of large supplies when 
sufficient samples are 
examined 

in an occasional sample, but 
not in consecutive samples 

in 95 r. of samples examined 
throughout the year - in the 
case of large supplies when 
sufficient samples are 
examined 

in an occasional sample, but 
not in consecutive samples 

should not occur repeatedly; 
if occurrence is frequent and 
if sanitary protection cannot 
be improved, an alternative 
source must be found if pos­
sible 
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Table 1. Microbiological and biological quality (cont.) 

Organism 

C. Bottled drinking-water 

faecal coli forms 

coliform organisms 

D. Emergency water supplies 

faecal coliforms 
coliform organisms 

Enteroviruses 

II. Biological quality 

protozoa (pathogenic) 
helminths (pathogenic) 
free-living organisms 

(algae, others) 

Unit 

number/l 00 ml 

number/l 00 ml 

number/lOO ml 
number/l 00 ml 

Guideline 
value 

o 

o 

o 
o 

Remarks 

source should be free from 
faecal contamination 

advise public to boil water in 
case of failure to meet 
guideline values 

no guideline value set 

no guideline value set 
no guideline value set 
no guideline value set 

Table 2. Inorganic constituents of health significance 

Constituent Unit Guideline value Remarks 

arsenic mg/l 0.05 
asbestos no guideline value set 
barium no guideline value set 
beryllium no guideline value set 
cadmium mg/l 0.005 
chromium mg/l 0.05 
cyanide mg/l 0.1 
fluoride mg/l 1.5 natural or deliberately added; 

local or climatic conditions 
may necessitate adaptation 

hardness no health-related 
guideline value set 

lead mg/l 0.05 
mercury mg/l 0.001 
nickel no guideline value set 
nitrate mg/l(N) 10 
nitrite no guideline value set 
selenium mg/l 0.01 
silver no guideline value set 
sodium no guideline value set 



Table 3. Organic constituents of health significance 

Constituent Unit Guideline value 

aldrin and dieldrin I1g/1 0.03 
benzene I1g/1 lOa 
benzo[a]pyrene I1g/1 O.Ola 
carbon tetrachloride 1J.9/1 3a 
chlordane I1g/1 0.3 
chlorobenzenes I1g/1 no health-related 

guideline value set 

chloroform 1J.9/1 30a 

chlorophenols I1g/1 no health-related 
guideline value set 

2,4-0 I1g/1 100c 
DDT I1g/1 1 
1,2-dichloroethane I1g/1 lOa 
l,l-dichloroethened I1g/1 0.3a 
heptachlor and 

heptachlor epoxide I1g/1 0.1 
hexachlorobenzene I1g/1 O.01a 
gamma-HCH (lindane) I1g/1 3 
methoxychlor I1g/1 30 
pentachlorophenol I1g/1 10 
tetrachloroethened I1g/1 lOa 
trichloroethened I1g/1 30a 
2,4,6-trichlorophenol I1g/1 10a,c 

trihalomethanes no guideline value set 

Remarks 

tentative guideline valueb 

odour threshold 
concentration between 
0.1 and 3 I1g/1 
disinfection efficiency 
must not be compromised 
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when controlling chloroform 
content 
odour threshold 
concentration 0.1 I1g/1 

tentative guideline valueb 
tentative guideline valueb 
odour threshold concentration 
0.1 I1g/1 
see chloroform 

a These guideline values were computed from a conservative hypothetical mathematical model 
which cannot be experimentally verified and values should therefore be interpreted 
differently. Uncertainties involved may amount to two orders of magnitude (i.e. from 0.1 to 
10 times the number). 

b When the available carcinogenicity data did not support a guideline value, but the compounds 
were judged to be of importance in drinking-water and guidance was considered essential, a 
tentative guideline value was set on the basis of the available health-related data. 

c May be detectable by taste and odour at lower concentrations. 
d These compounds were previously known as l,l-dichloroethylene, tetrachloroethylene, and 

trichloroethylene, respectively. 



728 

Table 4. Aesthetic quality 

Constituent or 
characteristic 

aluminium 
chloride 
chlorobenzenes and 

chlorophenols 
colour 

copper 
detergents 

hardness 

hydrogen sulfide 

iron 
manganese 
oxygen - dissolved 
pH 
sodium 
solids - total dissolved 
sulfate 
taste and odour 

temperature 
turbidity 

zinc 

Unit 

mg/l 
mg/l 

true colour 
units (TCU) 
mg/l 

mg/l 
mg/l 

mg/l 
mg/l 
mg/l 

nephelometric 
turbidity 
units (NTU) 

mg/l 

Table 5. Radioactive constituents 

Constituent or 
chsracteristic 

gross alpha activity 
gross beta activity 

Unit 

Bq/l 
Bq/l 

Guideline value 

0.2 
250 

Remarks 

no guideline value set these compounds may sffect 
taste and odour 

15 

1.0 
no guideline value set there should not be any 

foaming or taste snd odour 
problems 

500 

not detectable by 
consumers 

0.3 
0.1 

no guideline value set 
6.5-8.5 
200 

1000 
400 

inoffensive to most 
consumers 
no guideline value set 

5 

5.0 

Guideline value 

0.1 
1 

preferably < 1 for disin­
fection efficiency 

Remarks 

a) If the levels are ex­
ceeded more detailed rsdio­
nuclide analysis msy be 
necessary. 

b) Higher levels do not 
necessarily imply that the 
water is unsuitable for 
human comsumption 
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The significance of the Guidelines is described as follows: 

Introduction 

Consumer perception of drinking-water quality 

In assessing the quality of drinking-water, the consumer relies completely 
upon his senses. Water constituents may affect the appearance, smell, or 
the taste of the water and the consumer will evaluate the quality and the 
acceptability essentially on these criteria. Water that is highly turbid, 
highly coloured, or has an objectionable taste will be regarded as danger­
ous and will be rejected for drinking purposes. However, we can no longer 
rely entirely upon our senses in the matter of quality judgement. The 
absence of any adverse sensory effects does not guarantee the safety of 
water for drinking. 

The primary aim of the Guidelines for drinking-water quality is the protec­
tion of public health and thus the elimination, or reduction to a minImum 
of constituents of water that are known to be hazardous to the health and 
wellbeing of the community. 

Priorities as regards water quality 

The relative priorities assigned to the many substances for which guideline 
values are given later in this book will depend on local circumstances. 
Some guideline values, e.g., for colour and pH, are not related directly to 
health, but have been applied widely and successfully over many years to 
ensure the wholesomeness of water. 

The microbiological quality of drinking-water is of the greatest importance, 
however, and must never be compromised in order to provide aesthetically 
pleasing and acceptable water. 

A higher quality may be required for some special purposes, such as renal 
dialysis. 

When a guideline value is exceeded this should be a signal: (i) to investi­
gate the cause, with a view to taking remedial action; (ij) to consult with 
authorities responsible for public health for advice. 

Although the guideline values describe a quality of water that is accepta­
ble for lifelong consumption, the establishment of these guidelines should 
not be regarded as implying that the quality of drinking-water may be 
degraded to the recommended level. Indeed, a continuous effort should be 
made to maintain drinking-water quality at the highest possible level. 

The guideline values specified have been derived to safeguard health on the 
basis of lifelong consumption. Short-term exposures to higher levels of 
chemical constituents, such as might occur following accidental contamina­
tion, may be tolerated but need to be assessed case by case, taking into 
account, for example, the acute toxicity of the substance involved. 

Short-term deviations above the guideline values do not necessarily mean 
that the water is unsuitable for consumption. The amount by which, and the 
period for which, any guideline value can be exceeded without affecting 
public health depends on the specific substance involved. 

It is recommended that, when a guideline value is exceeded, the surveil-
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lance agency (usually the authority responsible for public health) should 
be consulted for advice on suitable action, taking into account the intake 
of the substance from sources other than drinking-water (for chemical 
constituents), the likelihood of adverse effects, the practicability of 
remedial measures, and similar factors. 

In developing national drinking-water standards based on the these guide­
lines, it will be .necessary to take account of a variety of local geographic­
al, socioeconomic, dietary, and industrial conditions. This may lead to 
national standards that differ appreciably from the guideline values. 

In the case of radioactive substances, the term guideline value is used in 
the sense of "reference level" as defined by the International Commission 
on Radiological Protection (ICRP). 

In arriving at the guideline values for various substances in water, the 
total intake from air, food and water for each substance is taken into 
consideration, as far as possible from the information available; it is 
assumed that the daily per capita consumption of water is 2 lit res. 

For the majority of the substances for which guideline values are proposed, 
the toxic effect in man is predicted from studies with laboratory animals. 
The accuracy and reliability of a quantitative prediction of toxicity in 
man from animal experimentation depend upon a number of factors, e.g., 
choice of animal species, design of the experiment and, not least, extra­
polation methods. However, for most of the organic compounds considered, 
the difference in chemical pathogenesis between animals and man is mainly 
quantitative, although qualitative differences also exist. 

Data on the toxicity of chemicals are obtained from experiments in which 
the adverse effect occurs at considerably higher dosages than would be 
experienced in man. When extrapolating from such animal data to man, there­
fore, a safety factor must be introduced to provide for the unknown factors 
involved. The current doubts concerning both the biological and the mathe­
matical reliability of methods of extrapolating from high doses to low 
doses necessitate the use of somewhat arbitrary safety factors, such as 
reduction by a factor of 100 or 1000. 

These uncertainties arise from the nature of the toxic effects and the 
quality of the toxicological information. Other considerations are the size 
and type of the population to be protected, and thus under certain condi­
tions safety factors (or uncertainty factors) as high as 1000 may be neces­
sary. 

However, assessment of the health risk to the population involves more than 
routine application of safety factors, and it must be emphasized that strict­
ly speaking the extrapolation from animal experimentation applies only to 
the conditions of the particular experiment. 

The existing methods of extrapolation from animal data to man deal with 
exposures to single substances, whereas in the human environment a large 
number of hazardous chemicals and other factors may interact. In the 
special case of substances possessing carcinogenic properties, this book 
illustrates the rationale of using a risk factor in arriving at the 
proposed guideline value. Owing to the considerable uncertainties in the 
available evidence, the proposed guideline values are in many cases deliber­
ately cautious in character and therefore must not be interpreted as standards. 
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A judgement about safety - or what is an acceptable risk level in particu­
lar circumstances - is a matter in which society as a whole has a role to 
play. The final judgement as to whether the benefit from adopting any of 
these proposed guidelines does or does not justify the risk is for each 
country to decide. What must be re-emphasized is that the guideline values 
proposed are not strict standards that must be adhered to, but are subject 
to a wide range of flexibility and are provided essentially in an endeavour 
to protect public health and enable a judgement to be made regarding the 
provision of drinking-water of acceptable quality. 

Table 6. Inorganic constituents of potential health significance 

Guideline 
Constituent values set 

aluminium 
antimony 
arsenic 
asbestos 
barium 
beryllium 
boron 
cadmium 
chromium 
cobalt 
copper 
cyanide 
ferrocyanide 
fluoride 
hardness 

(calcium and 
magnesium) 

iron 
lead 
lithium 
magnesium 
manganese 
mercury 
molybdenum 
nickel 
nitrate 
nitrite 
selenium 
silver 
sodium 
tellurium 
thallium 
thiocyanate 
tin 
titanium 
tungsten 
uranium 
vanadium 
zinc 

x 

x 
x 

x 

x 

x 

x 

x 

x 

Background 
document 
drafted 

x 
x 
x 
x 

x 
x 

x 

x 

x 

x 

x 

x 
x 

x 
x 
x 

Referred for 
consideration of 
aesthetic and 
organoleptic 
aspects 

x 

x 

x 
x 

x 
x 

x 

x 

No action 
required 

x 

x 

x 

x 

x 

x 

x 

x 
x 
x 
x 
x 
x 
x 
x 
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Table 7. Guideline values for health-related inorganic constituents 

Constituent 

arsenic 
cadmium 
chromium 
cyanide 
fluoride 
lead 
mercury 
nitrate (as N) 
selenium 

Guideline value 
(mg/litre) 

0.05 
0.005 
0.05 
0.1 
1.5a 
0.05 
0.001 

10.00 
0.01 

a Guideline value may vary depending upon climatic conditions and water 
consumption 

Table 8. Groups of organic compounds of potential health significance 

Detailed 
exam ina tion No further 

Contaminant required action requireda 

1. Source contaminants 
humic substances x 
chlor ina ted alkanes and alkenes x 
nitrosamines x 
polynuclear aromatic hydrocarbons (PAH)b x 
nitrilotriacetic acid (NT A) x 
phenols x 
synthetic detergents x 
pesticidesb x 
polychlorinated biphenylS (PCB) x 
phthalate esters 
petroleum oils, including gasoline x 
chlorobenzenes x 
chlorinated phenols x 
benzene and alkylaromatics x 
carbon tetrachloride x 

2. Introduced during treatment 
carbon tetrachloride x 
acrylamide x 
trihalomethanes x 

3. Introduced during distribution 
vinyl chloride monomer x 
polynuclear aromatic hydrocarbons (PAH)b x 

a Substances did not comply with criteria enumerated on the previous page 
b Mentioned in International standards for drinking water. 



Table 9. Organic compounds for which no guideline value is recommended 

Chlorinated alkanes and alkenes: 
dichloromethane 
1,1, I-trichloroethane 
1,2-dichloroethene 
vinyl chloride 

Pesticides: 
alpha-HCH 
beta-HCH 
triazine herbicides 

Chlorobenzenes: 
chlorobenzene 
1,2-dichlorobenzene 
1,4-dichlorobenzene 
trichlorobenzenes 

Chlorinated phenols: 
2-chlorophenol 
4-chlorophenol 
2,4-dichlorophenol 
2,6-dichlorophenol 
2,4,5-trichlorophenol 

Others: 
trihalomethanes other 
than chloroform 

Table 10. Guideline values for health-related organic contaminants 
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Contaminant Guideline value 
(Ilg/Jitre) 

aldrin and dieldrin 
benzene 
benzo[a]pyrenea 
chlordane (total isomers) 
chloroforma,d 
2,4-D 
DDT (total isomers) 
1,2-dichloroethanea 
l,l-dichloroethenea,e 
heptachlor and heptachlor epoxide 
hexachlorobenzenea 
gamma-HCH (lindane) 
methoxychlor 
pentachlorophenol 
2,4,6-trichlorophenola,b 

0.03 
10 
0.01 
0.3 

30 
100 

1 
10 
0.3 
0.1 
0.01 c 
3 

30 
10 
10 

a The guideline values for these substances were computed from a conser­
vative, hypothetical, mathematical model that cannot be experimentally 
verified and therefore should be interpreted differently. Uncertainties 
involved are considerable and a variation of about two orders of magni­
tude (i.e. from 0.1 to 10 times the number) could exist. 

b The threshold taste and odour value for this compound is 0.1 g/litre. 
c Since the F AO/WHO conditional AD! of 0.0006 mg/kg body weight has been 

withdrawn, this value was derived from the linear multi-stage extrapo­
lation model for a cancer risk of less than 1 in 100,000 for a lifetime 
of exposure. 

d The microbiological quality of drinking-water sl;louJd not be compromised 
by efforts to control the concentration of chloroform. 

e Previously known as l,l-dichloroethylene 
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Table 11. Organic substances for which tentative guideline values are re­
commended 

Contaminant 

carbon tetrachloride 
tetrachloroethene a 
trichloroethenea 

Tentative guideline value 
Ilg/litre 

3 
10 
30 

a Previously known as tetrachloroethylene and trichloroethylene, respecti­
vely 

Table 12. Guideline values and ADIs for certain pesticides 

Compound or group of isomers 

DDT (total isomers) 
aldrin and dieldrin 
chlordane (total isomers) 
hexachlorobenzene 
heptachlor and heptachlor epoxide 
gamma-HCH (lindane) 
methoxychlor 
2,4-0 

Guideline value 
(Ilg/litre) 

1 
0.03 
0.3 
O.Ola 
0.1 
3 

30 
100 

ADI (mg/kg 
body weight) 

0.005 
0.0001 
0.001 

0.0005 
0.01 
0.1 
0.3 

a Since the FAO/WHO conditional ADI of 0.0006 mg/kg body weight has been 
withdrawn, this value was derived from the linear multi-stage extrapola­
tion model for a cancer risk of less than 1 in 100,000 for a lifetime of 
exposure. 



6.7.2 Directive of the Council of the European Communities on the quality 
of water for human consumption 
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As an example of comprehensive specifications for drinking water, the 
European Communities' requirements, which have to be translated into nation­
al legislation by the individual member states of the EEC, are reproduced 
below (from the Official Journal of the European Communities, No. L 229 of 
July 15, 1980). 
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List of Parameters 

Table A. Organoleptic Parameters 

Parameters 

1 Colour 

2 Turbidity 

3 Odour 

4 Taste 

Expression 
of the 
resultsa 

mg/l Pt/Co scale 

mg/l SiOZ 
Jackson units 

Dilution number 

Dilution number 

Guide level 
(GL) 

1 

1 

0.4 

o 

o 

Maximum admis­
sible concen­
tration (MAC) 

20 

10 
4 

2 at 12 DC 
3 at 25 DC 

2 at 12 DC 
3 at 25 DC 

Comments 

Replaced in certain circum­
stances by a transparency 
test, with a Secchi disc 
reading in meters: 
GL: 6 m 
MAC: 2 m 

- To be related to the taste 
tests 

- To be related to the odour 
tests 

a If, on the basis of Directive 71/354/[[C as last amended, a Member State uses in its natio­
nal legislation, adopted in accordance with this Directive, units of measurement other than 
these indicated here, the values thus indicated must have the same degree of preciSion. 

Table B. Physico-Chemical Parameters (in relation to the water's natural structure) 

Expression 
Parameters of the 

results 

5 Temperature DC 

6 Hydrogen ion pH unit 
concentration 

7 Conductivity ~ cm-l 

at 20 DC 

Guide level 
(GL) 

12 

6.5 i pH 
< 8.5 

400 

Maximum admis­
sible concen­
tration (MAC) 

25 

Comments 

- The water should not be 
aggressive 

- The pH values do not apply to 
water in closed containers 

- Maximum admissible value: 9.5 

- Corresponding to the 
mineralization of the water 

- Corresponding relativity 
values in ohms/em: 2500 
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Table B. Physico-Chemical Parameters (in relation to the water's natural structure) (cont.) 

Expression 
Parameters of the Guide level 

results (GL) 

8 Chlorides Cl mg/l 25 

9 Sulphates S04 mg/l 25 

10 Silica Si02 mg/l 

11 Calcium Ca mg/l 100 

12 Magnesium Mg mg/l 30 

13 Sodium Na mg/l 20 

Maximum admis-
sible concen-
tration (MAC) 

250 

50 

175 
(as from 1984 
and with a per­
centile of 90) 

150 
(as from 1987 
and with a per­
centile of 80) 

(these percent­
iles should be 
calculated over 
a reference 
period of three 
years) 

The WHO (Guide­
lines 1984): 
At present there 
is insufficient 
evidence to 
justify a guide­
line value for 
sodium in water 
based on health­
risk considera­
tions. 

Comments 

- Approximate concentration 
above which effects might 
occur: 200 mg/1. 

- The values of this parameter 
take account of the recom­
mendations of a WHO working 
party (The Hague, May 1978) 
on the progressive reduction 
of the current total daily 
salt intake to 6 g. 

- As from 1st January 1984 
the Commission will submit 
to the Council reports on 
trends in the total daily 
intake of salt per popula­
tion. 

- In these reports the Commis­
sion will examine to what 
extent the 120 mg/l MAC sug­
gested by the WHO working 
party is necessary to 
achieve a satisfactory total 
salt intake level, and, if 
appropriate, will suggest a 
new salt MAC value to the 
Council and a deadline for 
compliance with that value. 

Before 1 January 1984 the 
Commission will submit to 
the Council a report on whe­
ther the reference period of 
three years for calculating 
these percentiles is scien­
tifically well founded. 
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Table B. Physico-Chemical Parameters (in relation to the water's natural structure) (cont.) 

Expression 
Parameters of the 

results 

14 Potassium K mg/l 

15 Aluminium Al mg/l 

16 Total hardness 

17 Dry residues mg/l after 
drying at 180 DC 

18 Dissolved " O2 saturation " 
oxygen 

19 Free carbon C02 mg/l 
dioxide 

Guide level 
(Gl) 

10 

0.05 

Maximum admis­
sible concen­
tration (MAC) 

12 

0.2 

1500 

Comments 

- See Table F. 

Saturation value > 75 % ex­
cept for underground water. 

- The water should not be 
aggressive 

Table C. Parameters concerning substances undesirable in excessive amountsa 

Parameters 

20 Nitrates 

21 Nitrites 

22 Ammonium 

23 Kjeldahl 
Nitrogen 
(excluding N 
in N02 and 
N03) 

24 (K Mn 04) 
Oxidizability 

a Certain of these 

Expression 
of the 
resultsa 

N03 mg/l 

N0 2 mg/l 

NH4 mg/l 

N mg/l 

02 mg/l 

Guide level 
(GL) 

25 

0.05 

2 

Maximum admis­
sible concen­
tration (MAC) 

50 

0.1 

0.5 

1 

5 

substances may even be toxic when present in 

Comments 

Measured when heated in acid 
medium 

very substantial quantities. 
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Table C. Parameters concerning substances undesirable in excessive amountsa (cant.) 

Parameters 
Expression 
of the 
resultss 

25 Total organic C mg/l 
carbon 
(TOC) 

26 Hydrogen 
sulphide 

27 Substances 
extractable 
in chloro-
form 

28 Dissolved or 
emulsified 
hydrocarbons 
(after 
extraction by 
petroleum 
ether); 
Mineral oils 

29 Phenols 
(phenol index) 

30 Boron 

31 Sur factants 
(reacting 
with methylene 
blue) 

32 Other 
organochlorine 
compounds not 
covered by 
parameter 
No 55 

S I1g/1 

mg/l dry 
residue 

I1g/l 

C6H50H I1g/l 

I1g/1 (lauryl 
sulphate) 

1J.g/1 

Guide level 
(GL) 

0.1 

1000 

1 

Maximum admis­
sible concen­
tration (MAC) 

undetect­
able organ­
oleptically 

10 

Comments 

The reason for any increase 
in the usual concentration 
must be investigated 

0.5 - Excluding natural phenols 

200 

which do not react to 
chlorine 

- Haloform concentrations must 
be as low as possible. 

a Certain of these substances may even be toxic when present in very substantial quantities. 
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Table C. Parameters concerning substances undesirable in excessive amountsa (cont.) 

Parameters 

33 Iron 

34 Manganese 

35 Copper 

36 Zinc 

37 Phosphorus 

38 Fluoride 

Expression 
of the 
resultsa 

Fe J.1g/1 

Mn J.1g/1 

Cu J.1g/1 

Zn J.1g/1 

F J.1g/1 
8 - 12 °C 

25 - 30 °C 

Guide level 
(GL) 

Maximum admis­
sible concen­
tration (MAC) 

50 

20 

100 
- at outlets of 

pumping and/or 
treatment works 
and their sub­
stations 

3000 
- after the water 

has been stand­
ing for 12 hours 
in the piping 
and at the point 
where the water 
is made avail­
able to the con­
sumer 

100 

- at outlets of 
pumping and/or 
treatment works 
and their sub­
stations 

5000 
- after the water 

has been stand­
ing for 12 hours 
in the piping 
and at the point 
where the water 
is made avail­
able to the con-
sumer 

400 

200 

50 

5000 

1500 
700 

Comments 

- Above 3000 J.1g/1 astringent 
taste, discoloration + 

corrosion may occur. 

- Above 5000 J.1g/1 astringent 
taste, opalescence and sand­
like deposits may occur. 

MAC varies according to 
average temperature in 
geographical area concerned. 

a Certain of these substances may even be toxic when present in very substantial quantities. 
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Table C. Parameters concerning substances undesirable in excessive amountsa (cont.) 

Parameters 

39 Cobalt 

40 Suspended 
solids 

41 Residual 
Chlorine 

42 Barium 

43 Silver 

Expression 
of the 
resultsa 

Co ~gll 

Cl ~g/l 

Ba ~g/l 

Ag ~g/l 

Maximum admis­
Guide level sible concen-

(GL) tration (MAC) 

None 

100 

10 

Comments 

If, exceptionallY, silver is 
used non-systematically to pro­
cess the water, a MAC value of 
80 ~g/l may be authorized. 

a Certain of these substances may even be tooxic when present in very substantial quantities. 

Table D. Parameters concerning toxic substances 

Parameters 

44 Arsenic 

45 Beryllium 

46 Cadmium 

47 Cyanides 

48 Chromium 

49 Mercury 

50 Nickel 

Expression 
of the 
results 

As ~g/l 

Be ~g/l 

Cd ~g/l 

eN ~g/l 

Cr ~g/l 

Hg ~g/l 

Ni ~g/l 

Guide level 
(GL) 

Maximum admis­
sible concen­
tration (MAC) 

50 

5 

50 

50 

I 

50 

Comments 
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Table D. Parameters concerning toxic substances (cont.) 

Parameters 

51 lead 

52 Antimony 

53 Selenium 

54 Vanadium 

Expression 
of the 
results 

Pb 1l9/l 

Sb 1l9/l 

Se 1l9/l 

V 1l9/l 

55 Pesticides and 1l9/l 
related products 

Guide level 
(Gl) 

Maximum admis­
sible concen­
tration (MAC) 

50 
(in running 

water) 

10 

10 

- substances 0.1 
considered 
separately 

- total 

56 Polycyclic 1l9/l 
aromatic 
hydrocarbons 

0.5 

0.2 

Comments 

Where lead pipes are present, 
the lead content should not 
exceed 50 1l9/l in a sample 
taken after flushing. If the 
sample is taken either di-
rectly or after flushing and 
the lead content either fre-
quently or to an appreciable 
extent exceeds 100 1l9/l, 
suitable measures must be 
taken to reduce the exposure 
to lead on the part of the 
consumer. 

"Pesticides and related 
products" means: 

- insecticides: 
- persistent organochlorine 

compounds 
- organophosphorus compounds 
- carbamates 

- herbicides 
- fungicides 
- PCBs and PCTs 

- reference substances: 
- fluoranthene/benzo 3,4 
- fluoranthene/benzo 11,12 
- fluoranthene/benzo 3,4 
- pyrene/benzo 1,12 
- perylene/indeno 

(1,2,3-cd) pyrene 
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Table E. Microbiological parameters 

Maximum admissible concentration (MAC) 
Parameters 

Results: 
volume of the 
sample in ml 

Guide leyel ____________________ _ 

57 Total 
coli formsa 

58 Faecal 
coli forms 

59 Faecal 
streptococci 

60 Sulphite-
reducing 
Clostridia 

(GL) 

100 

100 

100 

20 

Membrane filter 
method 

o 

o 

o 

Multiple tube 
method (MPN) 

MPN < 1 

MPN < 1 

MPN < 1 

MPN < 1 

Water intended for human consumption should not contain pathogenic organisms. 

If it is necessary to supplement the microbiological analysis of water intended for human con­
sumption, the samples should be examined not only for the bacteria referred to in Table E but 
also for pathogens including: 

- salmonella, 
- pathogenic staphylococci, 
- faecal bacteriophages, 
_ entero-viruses; 

not should such water contain: 

_ parasites, 
- algae 
- other organisms such as animalcules. 

a Provided a sufficient number of samples is examined (95 % consistent results). 
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Table E. Microbiological parameters (cant.) 

Parameters 

61 Total bacteria 
counts for wa-
ter supplied 
for human 
consumption 

62 Total bacteria 
counts for wa-
ter in closed 
containers 

37 DC 

22 DC 

37 DC 

22 DC 

Results: 
size of the 
sample 
(in ml) 

1 

1 

1 

1 

Guide level 
(Gl) 

lOa,b 

100a,b 

5 

20 

Maximum 
admissible 
concentration 
(MAC) 

20 

100 

Comments 

On their own responsibi-
lity and where parameters 
57, 58, 59 und 60 are 
complied with, and where 
the pathogen organisms 
given on page 22 are ab-
sent, Member States may 
process water for their 
internal use the total 
bacteria count of which 
exceeds the MAC values 
laid down for parameter 
62. 

MAC values should be mea­
sured within 12 hours of 
being put into closed 
containers with the sam­
ple water being kept at a 
constant temperature dur­
ing that 12-hour period. 

a For disinfected water the corresponding values should be considerably lower at the point 
where it leaves the processing plant. 

b If, during successive sampling, any of these values is consistently exceeded a check should 
be carried out. 



Table f. Minimum required concentration for softened water intended for human consumption 

Parameters 

1 Total hardness 

2 Hydrogen ion 
concentration 

3 Alkalinity 

4 Dissolved 
oxygen 

Expression 
of the 
results 

mg/l Ca 

pH 

mg/l HC03 

Minimum required 
concentration 
(softened water) 

60 

30 

Comments 

Calcium or equivalent cations. 

The water should 
not be aggressive 
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NB: - The prov1s1ons for hardness, hydrogen ion concentration, dissolved oxygen and calcium 
also apply to desalinated water. 

- If, owing to its excessive natural hardness, the water is softened in accordance with 
Table F before being supplied for consumption, its sodium content may, in exceptional 
cases, be higher than the values given in the "Maximum admissible concentration" column. 
However, an effort must be made to keep the sodium content at as Iowa level as possible 
and the essential requirements for the protection of public health may not be disregar­
ded. 

Table of correspondence between the various units of water hardness measurement 

french English German Milligrams Millimoles 
degree degree degree of Ca of Ca 

french degree 1 0.70 0.56 4.008 0.1 

English degree 1.43 1 0.80 5.73 0.143 

German degree 1.79 1.25 1 7.17 0.179 

Milligrams of Ca 0.25 0.175 0.140 1 0.025 

Millimoles of Ca 10 7 5.6 40.08 1 
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Patterna and frequency of Standard'Analyses 

A. Table of standard pattern analyses (parameters to be considered in monitoring) 

Standard 
analyses 

Parametera 
to be considered 

A Organoleptic 
parameters 

B Physico-
chemical 
parameters 

C Undesirable 
parameters 

D Toxic 
parametersd 

E Micro­
biological 
parameters 

Minimum 
monitoring 
(C 1) 

_ odoura 
_ tastea 

- conductivity 
or other phy-
sicochemical 
parameter 

- residual 
chlorinec 

- total coli forms 
or total counts 
at 22 DC and 
37 DC 

- faecal coli forms 

Current Periodic Occasional 
monitoring monitoring monitoring 
(C 2) (C 3) in special 

situations 
or in case 
of accidents 
(C 4) 

- odour The competent national 
- taste authorities of the 
- turbidity Member States will de-

(appearance) termine the para-
meterse according to 
circumstances, taking 

- temperatureb account of all factors 
- conductivity or which might have an 

other physico- adverse affect on the 
chemical para- quality of drinking 
meter water supplied to con-

- pH sumers. 
- residual chlorinec 

- nitrates 
- nitrites 
- ammonia 

- total coli forms 
- faecal coli forms 
- total counts at 

22 DC and 37 DC 

Note: An initial analysis, to be carried out before a source is exploited, should be added. 
The parameters to be considered would be the current monitoring analyses plus inter 
alia various toxic or undesirable substances presumed present. The list would be drawn 
up by the competent national authorities. 

a Qualitative assessment 
b Except for water supplied in containers 
c Or other disinfectants and only in the case of treatment 
d These parameters will be determined by the competent national authority, taking account of 

all factors which might affect the quality of drinking water supplied to users and which 
could enable the ionic balance of the constituents to be assessed. 

e The component national authority may use parameters other than those mentioned in Annex I to 
this Directive. 
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B. Table of minimum frequency of standard analysesC 

Volume of water Population Analysis C 1 Analysis C 2 Analysis C 3 Analysis C 4 
produced or concerned 
distributed (assuming 
in m3/day 200 l/day Number of sam- Number of sam- Number of sam-

per person) pIes per year pIes per year pIes per year 

100 500 a a a Frequency 
1 000 5 000 a a a to be deter-
2 000 10 000 12 3 a mined by the 

10 000 50 000 60 6 1 competent 
20 000 100 000 120 12 2 national 
30 000 150 000 180 18 3 authorities 
60 000 300 000 360b 36 6 as the 

100 000 500 000 360b 60 10 situation 
200 000 1 000 000 360b 120b 20b requires 

1 000 000 5 000 000 360b 120b 20b 

a Frequency left to the discretion of the competent national authorities. However, water 
intended for the food-manufacturing industries must be monitored at least once a year. 

b The competent health authorities should endeavour to increase this frequency as far a·s their 
resources allow. 

c (1) In the case of water which must be disinfected, microbiological analysis should be twice 
as frequent. 

(2) Where analyses are very frequent, it is advisable to take samples at the most regular 
intervals possible. 

(3) Where the values of the results obtained from samples taken during the preceding years 
are constant and signi ficantly better than the limits laid d.own in Annex I, and where 
no factor likely to cause a deterioration in the quality of the water has been 
discovered, the minimum frequencies of the analyses referred to above may be reduced: 

- for surface waters, by a factor of 2 with the exception of the frequencies laid down 
for microbiological analyses; 

- for ground waters, by a factor of 4, but without prejudice to the provisions of point 
(1) above. 
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Reference methods of analysis 

A. Organoleptic parameters 

Colour Photometric method calibrated on the Pt/co scale. 

2 Turbidity Silica method - Formazine test - Secchi's method. 

3 Odour Successive dilutions, tested at 12 °C or 25 °C. 

'+ Taste Successive dilutions, tested at 12 °C or 25 °C. 

B. Physico-chemical parameters 

5 Temperature 

6 Hydrogen ion 
concentration 

7 Conductivity 

8 Chlorides 

9 Sulphates 

10 Silica 

11 Calcium 

12 Magnesium 

13 Sodium 

1'+ Potassium 

15 Aluminium 

16 Total hardness 

17 Dry residue 

18 Dissolved oxygen 

19 Free carbon dioxide 

Thermometry. 

Electrometry. 

Electrometry. 

Titrimetry - Mohr's method. 

Gravimetry - complexometry - spectrophotometry. 

Absorption spectrophotometry. 

Atomic absorption - complexometry. 

Atomic absorption. 

A tomic absorption. 

Atomic absorption. 

Atomic absorption - absorption spectrophotometry. 

Complexometry. 

Dessication at 180 °C and weighing. 

Winkler's method - Specific electrode method. 

Acidimetry. 
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C. Parameters concerning undesirable substances 

20 Nitrates 

21 Nitrites 

22 Ammonium 

23 Kjeldahl Nitrogen 

24 Oxidizabili ty 

25 Total organic carbon 
(TOC) 

26 Hydrogen sulphide 

27 Substances extractable 
in chloroform 

28 Hydrocarbons 
dissolved or in 
emulsion); Mineral 
oils 

29 Phenols (phenol index) 

30 Boron 

31 Surfactants (reacting 
with methylene blue) 

32 Other organo-chlorine 
compounds 

33 Iron 

34 Manganese 

35 Copper 

36 Zinc 

37 Phosphorus 

38 Fluoride 

39 Cobalt 

Absorption spectrophotometry - Specific electrode 
method. 

Absorption spectrophotometry. 

Absorption spectrophotometry. 

Oxidation with Titrimetry or Absorption spectro­
photometry. 

Boiling for 10 minutes with KMn04 in acid medium. 

Absorption spectrophotometry. 

Liquid/liquid extraction using purified chloro­
form at neutral pH, weighing the residue. 

Infra-red absorption spectrophotometry. 

Absorption spectrophotometry, paranitroaniline 
method and 4-aminoantipyrine method. 

Atomic absorption - Absorption spectrophotometry. 

Absorption spectrophotometry with methylene blue 

Gas-phase or liquid-phase chromatography after 
extraction by appropriate solvents and purifica­
tion - Identification of the constituents of mix­
tures if necessary. Quantitative determination. 

Atomic absorption - Absorption spectrophotometry. 

Atomic absorption - Absorption spectrophotometry. 

Atomic absorption - Absorption spectrophotometry. 

Atomic absorption - Absorption spectrophotometry. 

Absorption spectrophotometry. 

Absorption spectrophotometry - Specific electrode 
method. 
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C. Parameters concerning undesirable substances (cont. ) 

40 Suspended solids 

41 Residual chlorine 

42 Barium 

Method of filtration on to [.I 0.45 porous membrane 
or centrifuging (for at least 15 minutes with an 
average acceleration of 2,800 to 3,200 g) dried 
at 105 °C and weighed. 

Titrimetry - Absorption spectrophotometry. 

A tomic absorption. 

D. Parameters concerning toxic substances 

43 Silver 

44 Arsenic 

45 Beryllium 

46 Cadmium 

47 Cyanides 

48 Chromium 

49 Mercury 

50 Nickel 

51 Lead 

52 Antimony 

53 Selenium 

54 Vanadium 

55 Pesticides and 
related products 

56 Polycyclic aromatic 
hydrocarbons 

Atomic absorption. 

Absorption spectrophotometry - Atomic absorption. 

A tomic absorption. 

Absorption spectrophotometry. 

Atomic absorption - Absorption spectrophotometry. 

A tomic absorption. 

A tomic absorption. 

A tomic absorption. 

Absorption spectrophotometry. 

A tomic absorption. 

See method 32. 

Measurement of intensity of fluorescence ultra­
violet after extraction using hexane - gas-phase 
chromatography or measurement -in ultraviolet aft­
er thin layer chromatography - Comparative measu­
rements against a mixture of six standard sub­
stances of the same concentration a 

a Standard substances to be considered: fluoranthene/benzo-3, 4-fluoranthene/ 
benzo-11 , 12-fluoranthene/benzo-3, 4-pyrene/benzo-1, 12-perylene and indeno 
(1,2,3-cd)pyrene. 
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E. Microbiological parameters 

57b Total coliforms 
5gb Fecal coliforms 

59b Fecal 
streptococci 

60b Sulphite-reducing 
Clostrida 

61/ 62b Total counts 

Additional tests 

Salmonella 

Pathogenic 
staphylococci 

Fecal bacteriophages 
Enteroviruses 

Protozoa 

Animalcules 
(worms - larvae) 

Fermentation in multiple tubes. Subculturing of 
the posltlve tubes on a confirmation medium. 
Count according to MPN (most probable number) 

or 
Membrane filtration and culture on an appropriate 
medium such as Tergitol lactose agar, endo agar, 
0.4 % Teepol broth, subculturing and identifica­
tion of the suspect colonies -
Incubation temperature for total coliforms: 37°C 
Incubation temperature for fecal coliforms: 44°C 

Sodium azide method (Litsky). Count according to 
MPN -
Membrane filtration and culture on an appropriate 
medium. 

A spore count, after heating the sample to gO °C by: 

- seeding in a medium with glucose, sulphite and 
iron, counting the black-halo colonies; 

- membrane filtration, deposition of the inverted 
filter on a medium with glucose, sulphite and 
iron covered with agar, count of black colonies; 
distribution in tubes of differential reinfor­
ced clostridial medium (DRCM), subculturing of 
the black tubes in a medium of litmus-treated 
milk, count according to MPN. 

Inoculation by placing in nutritive agar. 

- Concentration by membrane filtration. Inoculation 
on a pre-enriched medium. Enrichment, subcultur­
ing on isolating agar. Identification. 

- Membrane filtration and culture on a specific medium 
(e.g. Chapman's hypersaline medium). Test for patho­
genic characteristics. 

- Guelin's process. 
Concentration by filtration, flocculation or centri­
fuging, and identification. 
Concentration by filtration on a membrane, micro­
scopic examination, test for pathogenicity. 

- Concentration by filtration on a membrane. Micro­
scopic examination. Test for pathogenicity. 

F. Minimum required concentration 

Alkalinity Acidimetry with Methyl orange. 
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6.7.3 Federal Republic of Germany: Recommendation on halogenated hydrocarbons 

In the Federal Republic of Germany, volatile halogenated hydrocarbons in 
ground water and drinking water are covered by a recommendation issued by 
the Federal Health Ministry (Federal Health Gazette 25 No. 3 of March 
1982). This proposes a maximum concentration of 25 Ilg/1 as a mean annual 
value for the total of the following four compounds: 

Chloroform (CHCI3) 
Monobromo dichloromethane (CHBrCI2) 
Dibromo monochloromethane (CHBr2Cl) 
Bromoform (CHBr3)' 

A mean annual value of 25 Ilg/1 is also set for the following volatile halo­
genated organic solvents in drinking water: 

Trichloroethy lene (C2HCI3) 
Tetrachloroethylene (C2CI~) 
1,1,I-trichloroethane (C2H3CI3) 
Dichloromethane (CH2CI2)' 

6.7 • ~ Treatment of surface water to obtain drinking water 

As early as 1975 the European Community issued a directive on quality 
requirements for surface waters used for drinking-water supplies in the 
member countries. These requirements are reproduced below. 

Definition of the standard methods of treatment for transforming surface 
water of categories AI, A2 and A3 into drinking water 

Category Ai 

Simple physical treatment and disinfection, e.g. rapid filtration and 
disinfection. 

Category A2 

Normal physical treatment, 
chlor ina tion, coagula tion, 
tion (final chlorination). 

Category A3 

chemical treatment and disinfection, 
flocculation, decantation, filtration, 

e.g. pre­
disinfec-

Intensive physical and chemical treatment, extended treatment and disinfec­
tion e.g. chlorination to break-point, coagulation, flocculation, decanta­
tion, filtration, adsorption (activated carbon), disinfection (ozone, final 
chlorination). 
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It is nevertheless important to take a critical approach to the require­
ments outlined in the above tables prepared by the European Community for 
drinking water. This applies, for example, to cases where the available 
drinking water exceeds certain parameters, such as those for sulphate, 
sodium, potassium, dry matter and fluoride. In our opinion, exceeding these 
permissible maximum concentrations is perfectly tolerable if the condition 
of the water is otherwise acceptable and above all if there are no reserva­
tions from a microbiological point of view. The decision will depend on 
local conditions and on the possible uses to which the water supply can be 
put. The data quoted for example in the EEC Directive on drinking water 
should not therefore be indiscriminately applied to all other conditions in 
all other countries. From a purely technical point of view, it should also 
be noted that there is cause for criticism of certain methods. This is 
true, for example, of the permissible upper limit value for phenols which 
is to be determined using the so-called phenol index and which is given as 
0.5 Ilg/1 except for natural phenols which do not react with chlorine. This 
requirement is impossible to satisfy from the outset, since the maximum 
permissible concentration of 0.5 Ilg/1 cannot be determined using the so­
called phenol index, as the sensitivity of this method must be put at 
around 2 Ilg/1 given an extremely good method of working. Moreover, there is 
no way of telling how natural phenols which do not react with chlorine are 
then to be distinguished at such concentration levels. As regards Item 27 
involving substances which can be extracted with chloroform, the standard 
value of 0.1 mg/l (determined by way of the dry matter) is only valid for 
substances with a higher boiling point and can only be verified to a 
certain degree if at least 5 or 10 Iitres of water is used for analysis. 
The analytical method used to determine so-called Kjeldahl nitrogen (Item 
23) would also appear to be highly problematical. When all is said and 
done, the opinion has been expressed in certain quarters that there is no 
objection to exceeding a barium content of for example 100 Ilg/I. The WHO 
Guidelines for Drinking Water Quality indicate for example that no definite 
influence can be established even at 10 mg/I. As regards Item 55 concerning 
pesticides and the like, it would also appear more or less impossible to 
realize the maximum permissible concentration of 0.1 Ilg/1 for all conceiv­
able pesticides. This not only applies to the analytical aspect, but also 
takes account of the wide range of substances which may be used and which 
may not be available as reference substances in a laboratory. These criti­
cal remarks indicate that analysts must view such methods with a certain 
amount of caution and should always choose the method which appears most 
favourable under the given circumstances. 

This means, however, that a great deal of expert knowledge is required of 
evaluation or supervisory bodies when it comes to assessing the values 
determined by the analyst. The WHO Guideiines and the recommendations out­
lined in the Drinking Water Directive issued by the Council of the European 
Community on Drinking Water should aid this assessment. This expert know­
ledge of the assessing bodies is however always called for, in order to be 
able to achieve the primary aim of any analysis, namely that of providing 
users - under the given local conditions - with a standard of drinking 
water which does not pose health problems. Particularly stringent compli­
ance with microbiological demands is required here. With the results of 
certain chemical analyses it is possible to consider tolerating values in 
excess of those listed in the above Standards. Under such circumstances it 
may be that individual decisions cannot be taken, but rather that a working 
party must establish whether or not water which exceeds the standard values 
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can still be used as drinking water. This question is relatively easy to 
answer in areas where modern water treatment plants are available, but 
extremely complicated in regions in which the water may have to be used 
with a minimum of treatment, as otherwise no water would be available at 
all. Similar considerations must be applied as regards the demands to be 
made of the quality of surface water used to obtain drinking water. Here 
again an attempt must be made to employ the treatment stages, and where 
necessary to utilize even simple and primitive treatment methods, whilst 
bearing in mind the absolute priority of providing the population with 
usable water. Although assessments of course vary greatly from country to 
country, we would mention as an example a study conducted by Dr. Samia al 
Azharia Jahn of the GTZ entitled "Traditional Water Purification in Tropic­
al Developing Countries" (GTZ 1981, 6236 Eschborn 1, FRG). 

6.7.5 Waste water 

Similar considerations apply to the assessment of waste water. As an exam­
ple of the limiting conditions applying to waste water constituents and the 
requirements placed on waste water in industrial nations, the following 
list outlines the stipulations made for example in the Federal Republic of 
Germany: 

6.7.5.1 Stipulations applying to the discharge of industrial sewage 

Sewage (examples): 

1. Physical parameters 

1.1 Temperature 
1.2 pH 
1.3 pH (cyan. sewage) 

2. Sett1able solids 

Sludge-like substances and solids from 
industrial sewage treatment plants 
(e.g. neutralizing and detoxification 
plants) 

3. Organic substances and solvents 

3.1 Organic solvents 
3.2 Halogenated hydrocarbons calculated as 

organically bonded chlorine 
3.3 Phenols (total) 
3.1J. Mineral oils/fats 

Non-saponifiable substances extractable with 
petroleum ether 

3.5 Organic oils/fats 
Saponifiable substances extractable with 
petroleum ether 

IJ.. Inorganic substances (dissolved) 

1J..1 Cyanides (total) 

max. 35°C 
6.5 - 9.0 
8.0 - 9.0 

1 ml/l 
after 2 hours settling 
period in a settling glass 

10 mg/l 

5 mg/l 
20 mg/l 

20 mg/l 

50 mg/l 

mg/l 
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1t.2 Cyanides which can be decomposed by 
chlorine 0.2 mg/l 

1t.3 Sulphates 1t00 mg/l 

5. Inorganic substances (total) 

5.1 Arsenic 0.1 mg/l 
5.2 Lead 2.0 mg/l 
5.3 Cadmium (if necessary, separate 

treatment of sewage containing 
mg/l cadmium is required). 0.5 

5.1t Chromium 2.0 mg/l 
5.5 Chromium VI 0.2 mg/l 
5.6 Iron 20 mg/l 
5.7 Copper 2.0 mg/l 
5.8 Nickel 3.0 mg/l 
5.9 Mercury (if necessary, separate 

treatment of sewage containing mercury 
is required.) 0.05 mg/l 

5.10 Silver 0.5 mg/l 
5.11 Zinc 5.0 mg/l 
5.12 Tin 3.0 mg/l 

6.7.6 Requirements to be satisfied by bathing waters 

Finally, reference is made to a recommendation of the European Community 
dated 1975, which is concerned with the quality of bathing waters. Its 
requirements are summarized below: 

This Directive deals with the quality requirements to be satisfied by bath­
ing waters with the exception of water for therapeutical purposes and water 
for swimming pools. 

Within the meaning of this Directive, the following definitions apply: 

a) "Bathing waters" refers to those flowing or standing inland waters or 
parts thereof and seawater in which bathing 

is expressly permitted by the competent authorities in a particular 
Member State or 

is not prohibited and in which large numbers of people tend to go 
bathing; 

b) "Bathing area" refers to the location at which the above water is to be 
found; 

c) "Bathing season" refers to the period in which a major influx of 
bathers can be expected taking into account local customs, any local 
bathing regulations and weather conditions. 

Within the scope of the checks performed, the bathing waters are considered 
to comply with the relevant parameters if the samples taken at the sampling 
point with the frequency stipulated in the Appendix are found to conform 
with the values of the parameters for the respective water quality 
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in 95 % of cases in respect of parameters coinciding with those given in 
Column I of the Appendix, and 

in 90 % of cases in respect of all other parameters, with the exception 
of the parameters "total coliform bacteria" and "faecal coliform bacte­
ria" where the percentage of samples may be 80 %, 

and provided that in the case of the 5 %, 10 % or 20 % respectively of 
samples which do not conform 

the measured values do not deviate by more than 50 % from the value 
of the parameters concerned, with the exception of the microbiologi­
cal parameters, the pH value and the dissolved oxygen; and 

consecutive water samples taken in a statistically meaningful time 
sequence do not deviate from the parameters concerned. 

Samples are to be taken at those points where on average the greatest 
numbers of bathers per day are recorded. Samples are preferably to be taken 
30 cm beneath the water's surface; this does not however apply to mineral 
oil samples which are taken on the surface. Sampling is to begin two weeks 
prior to the start of the bathing season. 

In the case of flowing water the upstream conditions, and in the case of 
standing inland waters or seawater the conditions in the surrounding area, 
are to be closely investigated on site at regular intervals, in order to 
determine the geographical and topographical conditions, the amount and 
nature of all polluting and possibly polluting substances introduced into 
the water and their significance in relation to the distance from the bath­
ing area. 

Should testing of the water by the authorities or sampling and sample ana­
lysis reveal that substances which could reduce the quality of the water 
used for swimming are being introduced into the water, or if this is suspec­
ted, additional samples are to be taken. Additional samples are also to 
be taken if a drop in the quality of the water is suspected elsewhere. 

The analytical procedures (reference methods) for the 
question are indicated in the Appendix. Laboratories using 
must make sure that the results obtained are equivalent to 
with the results indicated in the Appendix. 

Deviations from this Directive are permitted 

parameters in 
other methods 
or comparable 

a) For certain parameters marked with an (0) in the Appendix in the case of 
unusual metereological or geographical conditions; 

b) If the bathing waters are subject to natural enrichment with certain 
substances over and above the limit values established in the Appendix. 

Natural enrichment is taken to be the process in which a certain volume of 
water absorbs certain substances contained in the soil without human inter­
vention. 
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6.7.7 Substances used for treating drinking water 

An excerpt from the German Drinking Water Treatment Order (draft of January 
1985) is enclosed as an example of substances which can be added to dr ink­
ing water during treatment. 
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6.7.8 

To sum up: as far as the assessment of water analysis findings is concern­
ed, the reader's attention is once again drawn to the mathematical part of 
this Chapter (Section 6.0, which permits conclusions to be drawn about the 
reliability of the individual results obtained. 

If the results are suitably reliable, or even if they are only of general 
information value, the above extracts from WHO, EEC and West German guide­
lines may serve as a useful guide in arriving at a more detailed assessment 
of water quality. 

The final assessment, however, should always depend on the expert knowledge 
of the person making the assessment, and the application of such knowledge 
to the individual local situation. Where necessary, decisions may have to 
be taken by a committee of experts, but the deciding factor must always be 
the interest of man and animals, and also of the environment. 

For example, where decisions have to be taken in emergencies or as a result 
of disasters, it is better to disinfect drinking water by heating it or 
using chemicals (and ignoring the chemical parameters etc.) than to die of 
thirst. 

It is to be hoped, therefore, that those entrusted with the task of assess­
ing water quality will see every new situation as a fresh challenge to 
their expert training and critical faculties. 

1) Natural mineral waters see official Journal of the European Communities No L 229/1 from 
30.08.80 "Council Directive of 15 July 1980 on the approximation of the laws of the Member 
States relating to the exploitation and marketing of natural mineral waters." (EC, Brussel's, 
Belgium) 

2) Verordnung Ober naWrliches Mineralwasser, FRG 1984 (German law of natural mineral water 
1984, available: Verband Deutscher Mineralbrunnen e.V., Kennedyallee 28, D-5300 Bonn 2, 
FRG. 



7 Subject Index 

AAS (see Atomic absorption spectrometry) 103 
Absorption 90 
Absorption spectrophotometer 93 
Acetamide culture broth 675 
Accuracy 703 
Acid-base consumption (p and m values) 57 
Acids, carboxylic (see Carboxylic acids) 
-, organic (see Organic acids) 
AES (see Atomic emission spectrometry) 
Aesculin bile broth 672 
AFID (see Alkali flame ionization detector> 
Alpha activity (see also Radioactivity) 444, 445-447 
Aluminium 328-333 

, determination by graphite tube method 330-331 
-, direct determination by AAS 329-330 
-, ICP-AES 313-323, 329 
-, spectrophotometric determination 331-333 
Ammonia (see Ammonium) 287-292 
Ammonium 287-292 
-, acidimetric determination 290-292 
-, photometric determination 287-290 
Anaerobes, sulphite reducing, spore-forming, detection of 639-640 
Analysis, biological 615-702 
-, cluster 721 
-, ecological 615 
-, electrochemical (see Electrochemical analysis) 74 
-, emission spectrum 10 1-1 02 
-, enzymatic 194 
-, local 28-70 
-, microbiological (see Microbiological analysis) 623-664 
-, multidimensional discriminatory 722, 723 
-, principal component 720-721 
-, radiochemical 181-193 
-, sewage 5 
-, statistical (see Statistical methods) 705-723 
-, theoretical introduction to methods 71 
-, time-series 722, 723 
-, volumetric 74 
-, x-ray fluorescence 102 
Analyis data, evaluation of 703-777 
Analytical methods, comparison of 714-716 
- ,-, optimization of 716 
Angelottic SPS agar 672 
Anioni detergents (see Detergents) 
Anions 211-264 
-, cross sensitivity of 265 
-, ion chromatography of seven 254 
Anion separation 177-181 
-,-, analysis of rain 180-181 
- , -, iodide analysis using electrochemical detector 180 
- ,-, using borate gluconate eluent 179 
- ,-, using potassium benzoate eluent 178 
- ,-, using potassium hydroxide eluent 179 
-, -, using potassium phthalate eluent 178 



780 

Antimony 340-345 
-, concentration by coprecipitation 342-343 
-, determination by hydride AAS 340-342 
-, ICP-AES 313-323, 340 

, spectrophotometric determination 342-345 
Antioxidants 607-610 
-, chromatogram, examples of 609, 610 
-, determination of 607-610 
-, empirical list 607 
AOX (see halogens, organically bound) 
Apparatus, drying of 692 
-, sterilization of 691-693 
Appearance 24 
Aromatic and other hydrocarbons 559-564 

, chromatogram, examples of 561-564 
, diesel fuel 562 

, -, gasoline 561 
, -, kerosene 563 
, -, other aromatics 564 
, determination by GC 559-564 

Arsenic 333-340 
-, determination by hydride AAS 333-336 
-, iodometric determination of arsenic (III) 338-340 
-, separating arsenic (III) and arsenic (V) 340 
-, spectrophotometric determination of total arsenic 336-338 
Arsine generator 337 
Assessment of findings 724 
A tomic absorption spectrometry 103-11 0 
- - -, using graphite furnace technique 108 
A tomic emission spectrometry 103 
- - -, with inductively coupled plasma excitation (ICP-AES) 110 
- - -, -, applications 314-316 
- - -, -, interference 323 
A TR (see Infrared spectroscopy) 125 
Automation 138 
Autotrophic microorganisms 642-648 
- -, iron and manganese bacteria 643-646 
- -, sulphur bacteria 646-648 
Azide dextrose broth 671 

Baars LS agar 678 
Bacteria, coliform 633-637 

, iron 642-646 
-, manganese 642-646 
-, sulphate-reducing 641-642 
-, sulphite-reducing 629-640 
-, sulphur 646-648 
Bacterial inhibiting tests 693-699 
Barium 301-301 
-, determination with graphite tube technique 303 
-, direct determination by AAS 301 

, enrichment 301-303 
, ICP-AES 303, 313-323 
, radioactive 460-463 

Bathing water 759-765 
, quality requirements for 759-765 

- -, sampling of 18-19 



Beer's law 91 
Beggiatoa culture medium (Cataldi) 680 
Beggiatoa culture medium (Scotten/Stokes) 679 
Bequerel 183 
Beryllium 345-349 
-, concentration of 346-347 
-, determination by graphite tube method 347 
-, direct determination by AAS 345-346 
-, spectrophotometr ic determination 347-349 
Beta activity (see also Radioactivity) 445, 457-464 
Biochemical oxygen demand (BOD) 488-494 
- - -, determination after dilution 490-491 
- - -, determination, general 491-493 
- - -, determination, rapid methods 493-494 
Biochemical reactions, 

, detection reagents for 681-683 
, ,indole reagent (Kovacs) 681 

- -, -, Nadi reagent 681 
- -, -, reagent for methyl red reaction 682 
- -, gram staining 682-683 
Biological analysis 615-702 
- -, classification of water quality 617-622 

, ecological methods 615 
- -, flowing water 617-622 
- -, physiological methods 615 
- -, significance of worm eggs 616-617 
Biological assessment 66 
Biological toxicity tests 693-702 
Bivariate statistical evaluation 719-720 
Blank values (statistical methods) 712 
BOD (see Biochemical oxygen demand) 
Boron 420-428 
-, compounds 420-428 
-, determination by AAS after extraction 427-428 
-, extraction 427-428 

, ICP-AES 313-323, 428 
, spectrophotometric determination with azomethine-H 423-425 

-, - - with 1,I'-dianthrimide 421-423 
-, volumetric determination after distillation 425-427 
Bottles 9-10 
-, labelling of 10 

, material 9-10 
-, -, glass 9 

, -, plastic 10 
-, sampling, for residual activity 16-17 
Bromide 223-226, 264-273 
-, bromide and iodide, consecutive iodometric determination of 223-226 
-, ion chromatography 226, 264-273 
Buffer solutions 34 
Buffered nutrient broth 668 
Burkwell Hartmann culture medium 670 

Cadmium 354-358 
-, determination by graphite tube method 355-356 
-, direct determination by AAS 355 
-, ICP-AES 313-323, 358 
-, spectrophotometric determination 356-358 

781 



782 

Caesium 281-285, 286-287 
, determination by flame photometry 281-284 

-, determination with rubidium by AAS 284 
-, direct determination by AAS 286 
Calcium 293-298 

, chelatometric determination 294-298 
, determination of calcium ions and magnesium ions 294-298 
, direct determination of calcium and magnesium ions by AAS 294 
, ICP-AES 298, 313-323 

Calcium carbonate saturation 59 
Calibration 107 

, conductivity meters 38 
-, for new methods 705-708 
-, for routine analysis 708-710 
Capacity term 150-151 
Carbamates, herbicidal 586-587 
Carbonate (see Carbonic acid) 
Carbon dioxide 25, 57, 255-264, 438-443 

, acidimetric determination 439-442 
, aggessive 25 
, back titration 442-443 
, direct titration 439-441 

- -, free dissolved 57, 438-443 
, gas diffusion method 441-442 

- -, titrimetric determination on site 57 
, total (see also Total carbon dioxide) 255-264 

Carbonic acid, hydrogen carbonate and carbonate 247-255 
acid consumption (alkalinity) 249-250 

- -, acid and base consumption (p and m value) 57, 250-254 
acidimetric determination of carbonate ions and hydrogen 
carbonate 251-253 

- -, base consumption 254-255 
, corrosive 58 
, determination of m value (electrometric) 252 
, determination of m value (visual) 253 
, determination of negative m value (electrometric) 254 
, determination of negative m value (visual) 254 
, determination of negative p value (electrometric) 252 

determination of negative p value (visual) 252 
, determination of p value (electrometric) 254 
, determination of p value (visual) 254 

Carboxy lic acids, phenoxy lalkane 582, 587-588 
Cataldi beggiatoa culture medium 680 
Cation exchangers 73 
Cationic detergents (see Detergents) 
Cations 274 
Cestodes 649, 650-653, 662-663 
Cetrimide agar 673 
Chemical analyses, sampling for 15 
Chemical oxygen demand (COD) 484-488 
Chloride 217-223, 264-273 
-, gravimetric determination 218-219 
-, ion chromatorgraphy determination 223, 264-273 
-, volumetric determination with electro metric indication 219-221 
-, - - with visual indication 221-223 
Chlorinated hydrocarbons 593-598 
- -, calibration curves of 569-571 



Chlorine 49 
-, combined available 50 
-, free available 50 
-, reagents for colorimetric testing 50 
-, total 50 
Chlorine dioxide 51 

, determination after blowing out 54 
- -, determination (at pH 2.5) 54 
- -, determination (at pH 7) 53 
- -, photometric determination using chlorophenol red 56 
Chlorite 51 
-, determination (at pH 2.5) 55 
-, indirect determination via chlorine dioxide 55 
Chromatograph, ion (see Ion chromatography) 
Chromatography 127 

adsorption 171 
-, column 128 
-, gas (see Gas chromatography) 128, 134-165 
-, gas-liquid 134 
-, gas-solid 134 
-, GC heads pace analysis (see Gas chromatography) 

, GC-MS 128-133 
, high-performance liquid 128, 168-172 
, ion 128, 172-181, 264-273 
, ion-exchange 172 

-, liquid 128 
-, paper 128 
-, phases 134 

, -, mobile 134 
, -, stationary 134 

-, reverse-phase 169 
-, support 134 
-, techniques 127-133 
-, theory of 138 
-, thin-layer 128 
Chromium 359-366 
-, determination by graphite tube method 361-362 
-, determination of hexavalent chromium 364-365 
-, direct determination by AAS 359 
-, ICP-AES 313-323, 366 

, photometric determination of total chromium 362-364 
-, total chromium 360-361 
Cleaning of apparatus, by sterilization 691-693 
Clostridia 689-691 
Cluster analysis 721 
Cobalt 368-371 
-, determination by graphite tube method 371 
-, direct determination by flame AAS 370-371 
-, ICP-AES 313-323, 371 
-, radioactive 465 
-, spectrophotometric determination 368-370 
COD (see Chemical oxygen demand) 
Coliform bacteria 633-637 
- -, biochemical characteristics 634-637 
- -, detection of 633-637 
Colony count 685-687 
- -, determination of 631-633 

783 



784 

- -, -, dip slide process 633 
- -, -, membrane filtration process 632 
Colouring 30 
Column efficiency 143-144 
Comparison of analytical methods 714-716 
Compounds, organic (see Organic compounds) 
Concentration processes 71-74 

, adsorption 73 
, coprecipitation 73 
, distillation 72 
, evaporation 71 

- -, extraction 73 
, ion exchange 73 
, precipitation 72 

Conversion table ("water hardness") 210, 745 
Copper 371-375 
-, determination by graphite tube method 372-373 
-, direct determination by flame AAS 372 
-, ICP-AES 313-323, 375 
-, spectrophotometric determination 373-375 
Correctness 703 
Corrosive carbonic acid 58 
Cross sensitivity of anions 265 
Culture media 664-681 

, agar-agar 664 
, colour series 668-670 
, for cultivation of iron bacteria 675 
, for cultivation of sulphur bacteria 679 
, for detection of sulphate-reducing bacteria 677 
, gelatine 664 
, individual (see also individual entries) 66#-680 
, preparation of (see also individual entries) 664-680 

prepared in powder or tablet form 680-681 
- -, selective, for detection of Clostridium perfringens 672 

, -, for detection of Enterococci 670 
, -, for detection of Pseudomonas aeruginosa 673 
, sterlization of 629 
, sterilization in stages 629 

Culture solutions (see Culture media and individual entries) 
Cumulative determination of dissoved substances with cation 
exchangers 202-204 
Curie 183 
Cyanide 501-509 

, easily released 507-509 
-, - -, spectrophotometric analysis 509 
-, general 501-502 
-, total 502-504 
-, -, distillation method 502-504 
-, spectrophotometric analysis 505-506 
-, volumetric analysis 506-507 

Data evaluation 703-777 
, bivariate analysis 719-720 

- -, multivariate analysis (see also Multivariate) 720-723 
- -, univariate analysis 719 
Dead time 141 
De-emanation of water sample 457 



Deemter (see van Deemter equation) 147-148 
Delayed substance interchange 146-147 
Density 197-199 
-, pycnometric process 197-198 
Depth of visibility 24 
Detection 
- of autotrophic microorganisms 642-648 
- of coliform bacteria 633-637 
- of Escherichia coli 633-637 
- of faecal streptococci 638-639 
- of iron and managanese bacteria 642-646 
- of Pseudomonas aeruginosa 640-641 
- of sulphate-reducing bacteria 641-642 
- of sulphite-reducing Clostridia 689-691 
- of sulphite-reducing, spore-forming anaerobes 639-640 
- of sulphur bacteria 648 
- reagents for biochemical reactions 681-683 
Detectors 153-166 
-, alkali flame ionization 156 
-, characterstic parameters 163-166 
-, electron capture 153-155 
-, flame ionization 153 

, flame photometric 157-158 
-, for radiochemical analysis (see Radiochemical analysis) 

, linearity 163-165 
, linear range 163-165 
, mass- selective 159 
, microcoulometric 158 

-, noise level of in GC 165 
-, selectivity 163 
-, sensitivity 165 
-, theoretical considerations 159-166 

, thermal conductivity 158 
-, thermionic specific 156-157 
Detergents 509-518 
-, anionic, photometric determination 510-512 
-, apparatus for concentration by blowing out 514 

, cationic, determination after ion exchange 517-518 
, nonionic, potentiometric determination 512-517 

-, total, determination 509-510 
Detoxification of residual mercury solutions 313 
Diesel oil, determination of 559-560, 562 
Diffusion, longitudinal 144-145 
-, transverse 146 
Directive, EEC, on quality of water (see EEC Directive) 
Disssolved substances, cumulative determination of 202-204 
Dissolved organic carbon 477-480 
Distillation apparatus for total carbon dioxide 261 
- -, for fluor ide 213 
- -, for hydrogen sulphide 207 
DOC (see Dissolved organic carbon) 
Drinking water 725-758 

, additives remaining in treated drinking water 767-771 
, additives removed again during treatment 772-773 
, obtained from surface water 752-756 
, quality 725-758 
, substances used for treating 766 

785 



786 

treatment with chlorine tablets 776 
, usage conditions for ion exchangers or sacrificial anodes 771J.-775 
, WHO-Guidelines 725-735 

ECD (see Electron capture detector) 
Ecological analysis 615 
Eddy diffusion I1J.5-11J.6 
EEC Directive on quality of water for human consumption 735-751 
Efficiency term 151-152 
Electrical conductivity 35-39 
- -, electrometric measurement on site 21J., 35-39 
- -, temperature correction factors for 37 
Electrochemical analysis 71J.-88 

coulometry 75, 76-79 
, ion-sensitive electrodes 82-81J. 
, polarography 81J.-89 
, potentiometry 75, 79-82 
, voltammetry 75 

Electrodes 71J. 
, crystalline 83 
, ion-sensitive 75 
, non-crystalline 83 

redox 75 , 
Electrometric measurement on site 33 
Electron capture detector 153-155 
Element stock solutions, preparation of 321J. 
Eluents for IC, with suppressor 175-176, 267 
- -, without suppressor 177, 268 
Elution fluids for extraction of wastes 61J. 

, dilute seepage water 61J. 
- -, rain water 61J. 
- -, seepage water 61J. 
Emergency decisions 777 
Emission spectrum analysis 101-102 
Endoagar 667 
Environmental influences on water resource 8 
Enzymatic analysis 191J. 
Enzymatic determination of urea 611-613 
EOX (see Halogens, organically bound) 
Errors 703-701J. 
-, random 703 
-, sources of 703 
-, systematic 703 
Escherichia coli 633-637 
- -, biochemical characteristics 631J.-637 
- -, detection of 633-637 
European Community (EEC) 735, 752 
- -, directive on quality (see Quality) 735, 752 
- -, standard methods of treatment 752 
Evaluation of analysis data 703-777 

, statistical methods for 703 
, bivariate statistical evaluation 719-720 

-, - -, multivariate statistical evaluation 720-723 
, - -, univariate statistical evaluation 719 

Evaporation resiude 199, 201 
Exchanger column 203 



Extinction 91 
-, coefficient, molar 92-93 

FA (see Fulvic acids) 
Faecal streptococci, detection of 638-639 
Federal Republic of Germany, recommendations on halogenated 
hydrocarbons 752 
FES (see Flame emission spectrophotometry) 
FlO (see Flame ionization detector) 
Filterable substances, determination of 201 
Final assessment 777 
Fish cultivation, water for 21 
Fish test for sewage 699-702 
Flame ionization detector (FID) 153 
Flame emission spectrophotometry 98 
Flame photometric detector (FPD) 157-158 
Flowing water, quality of 617-622 
Flukes 649, 656-661 
Fluorescence spectrometry 115-117 
Fluorimetry 115 
Fluoride 211-217, 264-273 
-, determination with ion-sensitive electrode 215-217 
-, ion chromatography determination 217, 264-273 
-, separation and concentration by steam distillation 214 
-, spectrophotometric determination 211-215 
FPD (see Flame photometric detector) 
Free dissoved carbon dioxide 57 
Fresenius culture medium 677 
Fulvic acids (FA) 549 
Furnace method (see Graphite tube technique) 

Gas analyses, sampling for 15 
Gas chromatography 128, 134-165 

, analysis of gases 432-443 
, apparatus 135-137 
, capillary columns 139 
, carrier gas 134 
, compensated system with two packed columns 435 
, detectors (see also Detectors) 152-159 
, determination of sample concentrations 137 
, headspace analy~s 166-168, 598-602 

identification of sample components 137 
, mass spectrometry 128 
, mobile phase 134 
, packed columns 139 
, partition isotherms 142-143 

principles 134-135 
sensitivity 138 

, separation process 140-141 
speed of analysis 138 

, stationary phase 134 
, theory 138-139 

Gas diffusion method 441-442 
Gaseous substances 432-443 
- -, carbon dioxide (see also Carbon dioxide ) 438-443 
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, GC analysis 435-438 
, sampling 433 
, transport of samples 433 

Gases, radioactive inert 16 
Gasoline (petrol), determination of 559-561 
-, IR spectrum 531 
GC (see Gas chromatography) 
Geiger counter 189 
Geology and hydrogeology 6-7 
Germanium 366-368 
-, determination by emission spectrography 366-367 
-, determination by graphite tube AAS 367-368 
Germs, direct counting 624 
-, indicator 625-628 
-, indirect counting methods 624-625 
Glucose-peptone broth 668 
GPS agar (Starkey) 679 
Gram staining 682-683 
Graphite tube technique 108-109 
Ground water 2 
- -, sampling 17 
Guidelines, WHO (see Quality) 

HA (see Humic acids) 
Halogenated compounds, higher-boiling 572-578 
- -, chromatogram, examples of 577-578 
- -, determination of 572-578 
Halogenated hydrocarbons 752 
- -, chlorinated hydrocarbons 593-598 

, highly volatile (HHC) 565-571 
-, calibration curves 569-571 
-, chromatograms, examples of 568 

, -, determination by GC 565-571 
, recommedations on 752 

Halogens organically bound 495-501 
-, AOX 499-501 
-, EOX 496-499 
Hardness 210 
-, carbonate 210 
-, con-carbonate 210 
-, total 210 
-, units, conversion of 210,745 
Headspace analysis (GC) 166-168, 598-602 
- -, chromatogram, examples of 601, 602 
- -, with capillary columns 167, 599-600 
- -, with packed columns 167, 598-599 
Heating oil, determination of 532, 559-560 
Heavy metals 26 
Height amsl 24 
Herbicidal carbamates 586-587 
Herbicides 581, 584-598 
-, carbamate 586-587 
-, chromatogram, examples of 584, 585 
-, phenoxyalkane carboxylic acid 582, 587-588 
-, pheny1urea 586-587 
-, triazine 593-598 
-, -, list of 581 



HHC (see Halogenated hydrocarbons) 
High-performance liquid chromatography 168-172 
Higher-boiling halogenated compounds (see also Halogenated 
compounds) 572-578 
Highly volatile halogenated hydrocarbons (see Halogenated 
hydrocarbons) 
HPLC (see High-performance liquid chromatography) 128, 168-172 
Humic acids 549 
Humic substances 547-549 
- -, aquatic 548 
- -, fulvic acids (FA) 549 
- -, humic acids (HA) 549 
- -, isolation and measurement 547-549 
HUS (see Humic substances) 547-549 
Hydrocarbons 518-535 
-, aromatic 559-564 
-, chlorinated 593-598 
-, determination by infrared intensity spectroscopy 524-533 
-, gas chromatography head-space analysis 535, 598-602 
-, gravimetric determination after extraction 519-524 

, - -, determination of saponifiable and non-saponifiable parts 522-523 
-, - -, gas chromatography 524 
-, - -, infrared analysis 523-524 
-, halogenated 752 
-, highly volatile halogenated (HHC) 565-571 

, UV fluorescence after separation by TLC 533-535 
Hydrogen carbonate (see Carbonic acid) 
Hydrogen-ion activity (see pH) 
Hydrogeology 6-7 
Hydrologic cycle 2 
Hygienic considerations 8 

ICP-AES 110-115, 313-323 
-, application range, lower limits of 322 
-, applications of 314-316 
-, measurement 319-321 
-, -, according to standard calibration method 319 
-, -, using internal standard 319-320 
-, potential spectral interference sources 323 
Ignition, loss on 199, 201 
-, residue 199, 210 
Imhoff cone 61-62 
Indicator germs 625-628 
Inductively coupled plasma (see ICP- AES) 
Industrial sewage, stipulations for in FRG 758-759 
Industrial waste 21 
Industrial water 19-21 
Infrared spectroscopy 117 

, attenuated total reflection (ATR) technique 125 
- -, evaluation of IR spectrum 120 
- -, mul tiple internal reflection (MIR) technique 125 
Infrared spectrum, evaluation of 120-123 
- -, gasoline in water 531 
- -, heating oil in water 532 
Inorganic parameters 195-476 
- -, total 195-210 
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Inorganic substances in water 26 
Inversion voltammetry 402 
Iodide analysis 223-226, 264-273 
Ion chromatography 172-181 

, anion separation 177-181 
, of seven anions (Br, CI, F, N02, N03, P04, S04) 264-273 

interference factors 265-266 
, with suppressor 173-176 
, -, eluents for 175-176, 267 
, without suppressor 176-177 
, -, eluents for 177, 268 

Ionization chamber 188 
Ion-sensitive electrodes 75 
IR (see Infrared) 
Iron 303-309 
-, determination by graphite tube method 305 
-, direct determination by AAS 304-305 
-, ICP-AES 309, 313-323 

spectrophotometric determination of iron (II) ions 305-306 
-, spectrophotometric determination of total iron 307-309 
Iron bacteria 642-646 
- -, detection of 643 
- -, microscopic differentiation 645-646 
Irrigation water 19 

Jar test 195 

Kerosene, determination of 559-560, 563 
King A medium, for pyocyanine 674 
King B medium, for fluorescein 674 
Kligler urea agar 669 
Koster citrate medium 668 

Lactate-sulphate (LS) agar 678 
Lactose-fuchsin-sulphite agar (endoagar) 667 
Lactose-peptone broth 666 
Lambert-Beer Law 91-94 
Lambert's law 91 
Lead 349-354 
-, concentration method 353-354 
-, determination by graphite tube method 354 
-, direct determination by AAS 352-353 
-, ICP-AES 313-323, 354 

, spectrophotometric determination 350-352 
Lieske nutrient fluid 675 
Light absorption, measurable variables of 90 
Lime solvent power 59 
Linearity 163-165 
Linear range 163-165 
Liquid phase, efficiency of 149-150 
- -, selectivity of 149-150 
Lithium 274-276 
-, determination by flame photometry 274-275 
-, determination with graphite tube technique 276 
-, direct determination by AAS 275-276 



Local analyses, 28-70 
, biological assessment 66-70 

carbon dioxide 57 
, chlorine 49-51 

chlorine dioxide and chlorite 51-57 
, colouring 30-31 
, corrosive carbonic acid 58-61 
, electrical conductivity 35-39 
, oxygen 42-46 
, ozone 42-46 
, p- and m- values 57-58 
, pH 32-35 
, redox potential 39-42 
, sensory 28-30 

settleable substances 61-62 
, sludge 62-66 
, temperature 32 
, transparency 31 

- -, turbidity 31 
, wastes and sludge 62-66 

Local inspection and sampling 5 
Local investigations 5-6 
Longitudinal diffusion in mobile phase 144 
Loss on ignition 199,201 

Magnesium 292-298, 313-323 
, complexometric analysis 293, 294-298 

-, direct determination by AAS 293 
-, ICP-AES 293, 313-323 
Malachite green broth (double strength) 613 
Malachite green agar 673 
Manganese 309-313, 313-323 

, determination by graphite tube method 310 
, detoxification of residual mercury solutions 313 
, direct determination by AAS 309 

ICP-AES 313-323 
, spectrophotometric determination as permanganate 310-313 

Mannitol-neutral red broth (after Bulin) 670 
Mass spectrometer 128 
Matrix effects 713-714 
Measurable variables of light absorption (spectrophotometry) 90-91 
-, absorption 90 

, extinction 91 
-, flame emission 98-101 

transmission 90 , 
Membrane filtration unit, suction 632 
Mercury 385 
-, decomposition of organically or complex bonded 387-388 

, determination by AAS with cold vapour method 386-388 
, detoxification of residual solutions 313 
, elimination from residual solutions of COD analysis 488 

-, ions 386-388 
-, -, cold vapour method 386 
-, -, reduction to metallic mercury 386 
-, pressure decomposition 387 
-, wet decomposition 388 
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Metal-sheathed counter 189 
Methane flow counter 190 
Methylene blue 205-210 
Microbiological analyses 623-66~ 

, direct counting of germs 62~ 
, cleaning 628 
, drying 628-629 

- -, general requirements 628-629 
, indicator germs 625-628 

, anaerobes, sulphite-reducing, spore-forming 626 
Coliform bacteria 626-627 

- -, -, Escherichia coli 625-626 
- -, -, faecal streptococci 626 

, Pseudomonas aeruginosa 627 
- -, -, other Hygienically significant germs 627 -628 

, indirect germ counting methods 62~-625 
, microorganisms in water 623-62~ 
, performing counts 631-633 
, sampling for 629-631 

sterilization 628-629 
, total colony counts 685-687 
, work sheets 683-693 

, cleaning with sterilization 691-693 
detection of Escherichia coli and coliform bacteria 687-689 

, detection of faecal streptococci 689-691 
, detection of Pseudomonas aeruginosa 689-691 

, -, detection of sulphite-reducing Clostridia 689-691 
, determining colony count 685-687 

, ,taking and handling samples 683-685 
Microcoulometric detector 158 
Microorganisms, autotrophic 6~2-6~8 
MIR (see Infrared spectroscopy) 
Molar extinction coefficient 92-93 
Molecular sieve ~37 
Molybdenum 375-379, 313-323 
-, direct determination by flame AAS 378-379 
-, extractive concentration 379 

, ICP-AES 313-323, 379 
-, spectrophotometric determination 375-378 
Multidimensional discriminatory analysis 722,723 
Multiple-path effect 1~5-1~6 
Multivariate statistical analysis 720-723 

, cluster analyses 721 
- - -, multidimensional discriminatory analysis 722,723 
- - -, principal component analysis 720-721 
m-value 57 

, determination of (electrometric) 252 
-, determination of (visual) 253 
-, determination of negative (electrometric) 25~ 
-, determination of negative (visual) 25~ 

Nematodes 65~-655, 622 
Nickel 380-385, 313-323 

, concentration method 38~-385 
-, determination by graphite tube method 385 



-, direct determination by flame AAS 383-384 
-, ICP-AES 313-323, 385 
-, spectrophotometric determination 380-383 
Nitrate 229-233, 264-273 
- determination after reductive distillation 231-233 
-, ion chromatography 233, 264-273 
-, photometric determination 230-231 
-, spectrophotometric analysis 229-230 
Nitrite 226-229, 264-293 
-, ion chromatography 229, 264-273 
-, spectrophotometric analysis 226-229 
Nitroaromatics 572-578 
-, chromatogram, examples of 575,576 
-, determination of 572-578 
Nitrogen compounds 540-543 
- -, total nitrogen 540-543 
Noise level in CI 165 
Nonionic detergents (see Detergents) 
Number of theoretical plates 148 
Nutrient agar 665 
Nutrient broth (Starkey) 680 
Nutrient gelatine 664 

Odour, chemical 28 
-, general 28 
-, threshold value 29 
Optimizing analytical methods 716 
Organic acids 543-547 
- -, analysis using GC 546-547 
- -, determination of volatile organic acids 543-544 
- -, quantitative analysis after separation 544-546 
Organically bound halogens 495-501 
- - -, adsorbable organic halogens (AOX) 499-501 
- - -, determination of AOX/EOX as overall parameters 495-496 
- - -, extractable organic halogens (EOX) 496-499 
Organic compounds 552-613 

, antioxidants 607-610 
aromatic hydrocarbons (kerosene, heating oil, gasoline etc) 559-564 

, chlorinated hydrocarbons 593-598 
, herbicides (see also Herbicides) 581, 584-598 
, -, carbamate 586-587 
, -, phenoxyalkane carboxylic acid 582, 587-588 
, -, phenylurea 586-587 
, higher-boiling halogenated compounds 572-578 
, highly volatile halogenated hydrocarbons 565-571 
, nitroaromatics 572-578 
, pesticides 579-583 

, empirical list 581 
- -, -, organochlorine 579-583 

, -, organosphosphorus 579-583 
, phenols 536-540 

plasticizers 603-606 
, polycyJic aromatic hydrocarbons 552-554 
, thiophosphoric acid esters 593-598 
, triazines 579-583, 593-598 
, urea 611-613 
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Organic parameters 477-613 
, dissolved organic carbon 477-480 
, overall (total parameters 477-551 
, oxidizable organic substances 480-488 
, total organic carbon 477-551 

Organic substances 27 
- -, oxidizable 480-488 
Organochlorine pesticides (see Pesticides) 579-583 
Organoleptic parameters 736 
Organophosphorus pesticides (see Pesticides) 579-583, 593-598 
Orthophosphate 240-243 
Overall organic parameters 477-551 

-, biochemical oxygen demand 488-494 
, determination after dilution 490-491 

, -, determination, general 491-493 
, -, determination, rapid methods 493-494 
, chemical oxygen demand 484-488 
, dissoved organic carbon 477-480 
, organically bound halogens (AOX/EOX)495-501 
, -, adsorbable organic halogens (AOX) 499-501 
, -, extractable organic halogens (EOX) 496-499 
, oxidizable organic substances 480-488 
, total organic carbon 477-551 

- - -, UV adsorption 494-495 
Oxidizability 480, 481-484 
-, determination under acidic conditions 482-483 
-, determination under alkaline conditions 483-484 
Oxidizable organic substances 480-488 

, chemical oxygen demand 480, 484-488 
- - -, elimination of Hg and Ag from residual solutions 488 
- - -, oxidizability 480, 481-484 
Oxygen 42 

, dissolved 44 
, -, titrimetric determination of 44 

electrometric determination on site 42 
, measuring cell, polarographic 42 

Ozone 46 
, quantitative determination 47 

KI method 47 
, OPO method 48 
, indigo trisulphonate method 48 

Parasites, worm 648-663 
Partition isotherms 142 
Peak area 136 
Peak broadening 141, 143-147 
Peak shape 141 
Pesticides 579-593 

, chromatogram, examples of 582, 583 
, determination by GC using OFG methods 589-593 

, general 589 
, collection and preparation of samples 589 
, GC measurement 592 

-, -, organohalogen compounds 589-593 
, empirical list 581 

-, organochlorine 579-583 
-, organophosphorus 579-583 



Petrol (see Gasoline) 
pH (hydrogen-ion activity) 32 

buffer solutions 34 , 
-, colorimetric measurement 35 
-, electrometric measurement on site 33 
Phenols 536-540 

, chromatogram, examples of 557, 558 
-, determination of phenols by GC 555-558 
-, determination of phenol-type substances capable of coupling with 
p-nitroaniline 537-538 

, halogenated 540 
phenol index with extraction 539-540 

, phenol index without extraction 538-539 
, separation of phenol-type substances by GC 540 

Phenoxyalkane carboxylic acids 582, 587-588 
Phenylurea 586-587 
Phosphate 239-247, 264-273, 313-323 

, ICP-AES 247, 313-323 
, ion chromatography 247, 264-273 

orthophosphate 240-243 
, -, spectrophotometric determination as molybdophosphate complex 240-243 
, sum of orthophosphate and hydrolyzable phosphorus compounds 243-245 
, -, spectrophotometric determination after hydrolysis 244-245 

Phosphorus 245-247 
, compounds, hydrolyzable 245 

-, total 245-247 
-, spectrophotometric determination 245-247 
Photometer, photoelectric 94-95 
-, turbidi ty 196 
Photometry (see also Spectrophotometry) 89 
Physicochemical analyses, sampling for 14 
Plasticizers 603-606 
-, chromatogram, examples of 605-606 
-, determination of 603-606 
Polarographic oxygen-measuring cell 42 
Pollution, degrees of 617-622 
-, investigation of wastes and sludges 62 
Polycylic aromatic hydrocarbons 552-554 
- - -, detection by TLC 552-554 
- - -, determination by HPLC 554 
Potassium 280-281, 313-323 

, determination by flame photometry 280 
-, direct determination by AAS 280-281 
-, ICP-AES 281, 313-323 
Precision 703 
Preparation of culture media (see Culture media and individual entries) 
- of element stock solutions 324 
Pressure, barometric 24 
Principal component analysis 720-721 
Pseudomonas aeruginosa, detection of 640-641 
Pseudomonas fluorescens, tests with 696-699 
p-value 57 

, determination 
-, determination 
-, determination 
-, determination 
Pycnometer 197 

of (electrometr ic) 254 
of (visual) 254 
of negative (electrometric) 
of negative (visual) 252 

P ycnometr ic process 197 -199 

252 
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Quality control 716-718 
, control cards 717 

-, external 718 
-, internal 716-718 
Quality, bathing water, requirements for 759-765 
-, classification of 617-622 

, criteria for assessing grades 618-621 
, drinking water (see Drinking water) 
, EEe directive 735-751 

-, flowing water 617-622 
-, requirements, critical approach to 757-758 

, requirements for separation columns 270-271 
-, stipulations for industrial sewage in FRG 758-759 
-, surface water used for drinking-water supplies (EEe Directive) 752-756 
-, waste water 758-759 
-, water for human consumption (EEe Directive) 735-751 
-, WHO-Guidelines 725 

Radiation, protection against 187 
-, types of 181-182 
Radioactive decay 183-184 
- -, rate of 183 
Radioactive barium 460-463 
-, cobalt 465 
-, strontium 460-464 
-, rapid estimation method 464 
Radioactivity (see also Radionuclides) 27, 444-476 
-, alpha activity 444, 445-457 
-, - -, measurement of 445-457 

, beta activity 445, 457-464 
, - -, measurement of 457 

-, criteria for selection of detection method 467 
-, detection limits in theory and practice 470-471, 473 
-, - - for evaporation method 471 
-, detectors (see also Radiochemical analysis) 187-193 
-, gamma activity 445 
-, measurements 444-476 
-, -, constancy of background rate 471-472 
-, -, general duidelines 444-445 
-, -, notes on 185, 471-472 
-, -, optimization of calibration factor 472 
-, -, realistic error appraisal 472 
-, measuring instruments 468-470 
-, ,evaluation electronics 470 
-, - -, liquid-scintillation measuring station 469-470 
-, - -, low-level dish measuring station w. large surface 

counter 468, 474, 475 
-, ,scintiUation counter for gamma emitters 469, 476 
- , ,single-nuclide analysis/multiple counter 468-469 
-, ,special instruments for various radiation types 468 
-, preparations for measurement 185 
-, recognition limit 470 
-, residual activity 450 
-, safety regulations 186-187 
-, units of measurement 183 



Radiochemical analysis 181-193 
detectors 187 

- -, -, Geiger counter 187,189 
, ionization chamber 187, 188 
, metal-sheathed counter 189 
, methane flow counter 187, 190, 191 
, proportional counter 187 
, scintillation counter 191, 192 
, self-quenched counter 190 

, measuring equipment 468-470 
, protection against radiation 187 

- -, radiation types 181-182 
, safety regulations 186-187 

Radionuclides, analysis 182-193 
,barium-137 460-463 

caesium -13 7 465 
,carbon-14 465 
, cobalt-60 465 
, decay 183-184 
, detection limits 473 
, determination 185, 466 
, enrichment of 184-185 

, adsorption 185 
, chromatographic separation methods 184-185 

-, -, distillation 185 
-, -, electrodeposition 185 

, electrolysis 185 
-, -, electrophoresis 185 
-, -, evaporation 184 

, extraction 184 
-, -, gravimetric processes 184 

, ion exchange 185 
, separation by changing valency of ions 185 
, separation of radioactive gases 185 
, sublimation 185 

-, individual determination 466-467 
,iodine-129 444 
,iodine-131 465 

lead-210 444 
, measurement in water 465-476 

-, -, low-level method 465-476 
, measuring instruments (see Radioactivity) 468-470 

-, phosphorus-32 465 
-, polonium-210 444 
-, radon-220 444 

,radon-222 444, 447 
-, selection of detection method 467 

, short-lived 25, 27 
,strontium-89 444 

-, strontium-90 444, 460-464 
-, sulphur-35 465 

, thorium 444 
, total activity 466-467, 473 

-, tritium 444 
Radium-226, measurement of 452-457 
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Radon-222 447-457 
-, decay 453 
-, de-emanation of water sample 457 
-, direct measurement of 447-452 
-, production of by radium 453 
Rain, analysis of 179-181 
Redox potential, electrometric measurement 39 
Recommendations on halogenated hydrocarbons (FRG) 752 
Reference methods of analysis 748-751 
Residual activity 450 
- -, sampling bottle for 16-17 
Residue, evaporation 199, 201 
-, ignition 199,201 
-, total 199 
Resolution 170-171 
Resolution equation 150-152 
Respirometric measurements 694-696 
Response 141, 159, 160, 165 
Retention 169-171 
Retention time 136 
Reverse phase 169, 171-172 
Roundworms 654-655 
Rubidium 281-287 
- and caesium 281-287 
- -, determination by AAS 284-285 
- -, determination by flame photometry 281-284 
-, determination by flame photometry 281-284 
-, direct determination by AAS 285-286 
Ruttner sampling bottle 11,12 

Salt water, sampling 18 
Samples, preservation of 25-28 
-, storage of 630 
-, taking and handling 630 
-, transport of 630 
Sampling, bathing water 18-19 
- bottle for residual activity 16-17 
-, continuous 11 
-, equipment 12 
-, flow-proportional 11 
-, for chemical analyses 15 
-, for fish cultivation 21 
-, for gas analyses 15 
-, for microbiological analyses 14, 629-631 
-, for physicochemical analyses 14 
-, ground water 17 
-, industrial water 19-21 
-, in practice 14-17 
-, irrigation water 19 
-, local investigations 14, 24-25 
-, radioactive inert gases 16 
-, salt water 18 
-, sludge 23-24 
-, special instructions 17-24 
-, surface water 17 



, techniques 8, 10-13 
, time-proportional 11 

-, waste water 21-23 
Saprobic index 618-622 

, stage 622 
, system 615 

-, -, alpha-mesosaprobic zone 616 
, -, oligosaprobic zone 616 
, -, polysaprobic zone 615 

Scintillation counters 191, 192 
Scotten/Stokes beggiatoa culture medium 679 
Selectivity factor 170 
- - of liquid phase 149 
Selectivity term 151 
Self-quenched counter 188, 190 
Selenium 388-393 
-, determination by hydride AAS technique 389-391 
-, spectrophotometric determination 391-393 
Sensitivity 138 
Sensory examination on site 28 
Separating column, 141, 270 
- -, quality requirements 270-271 
Separation mechanisms 171-172 

, adsorption chromatography 171 
- -, ion-exchange chromatography 172 
- -, reverse-phase chromatography 171 
Separation process 140 
Settleable substances 61, 201 
- -, determination of 202 
Sewage, analyses of 5 
-, fish test for 699-702 
-, industrial, stipUlations for in FRG 758-759 
Sieve, molecular 437 
Silicic acid 428-432 
- -, gravimetric analysis 431-432 
- -, spectrophotometric analysis 428-430 
Silver 393-399 

, determination by graphite tube method 396 
, direct determination by atomic absorption flame analysis 393-396 
, elimination from residual solutions of COD analysis 488 
, ICP-AES 313-323, 399 
, spectrophotometric determination 396-399 

Silver mann/Lundgren nutrient fluid 676 
Simmons cit rage agar 669 
Site inspections, for biological assessment 66 
Slanetz + Bartley culture medium 671 
Sludge, investigation of 62 
-, sampling of 23-24 
Sodium 276-279 

, direct determination by AAS 279 
-, flame photometry 277-279 
-, ICP-AES 279, 313-323 
Sokolova/Sorokin culture medium 677 
Spectrometry, atomic absorption 103-11 0 

atomic emission 103 
, fluorescence 115-117 
, infrared 117-126 
, X-ray fluorescence 102 
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Spectrophotometer, absorption 93 
-, atomic absorption 104 
-, photoelectric 94 
Spectrophotometry 89-98 
-, evaluation 95-98 
-, measurable variables of light absorption 90-91 
Spectroscopy, infrared 117 
Speed of analysis 138 
Spore-forming anaerobes 639-640 
Standard addition 713 
Standard analyses (EEC Directive on water for human consumption) 746-747 
- -, minimum frequency (table) 747 
- -, patterns and frequency 746 
- -, standard pattern analysis (table) 746 
Starkey GPS agar 679 
Starkey nutrient broth 680 
Starkey YLS agar 679 
Statistical methods, applications of 705-716 

, assessment of findings 724 
bivariate analysis 719-720 

, blank values 712 
, calibration 705 
, calibration for new methods 705-708 
, calibration for routine analysis 708-710 
, comparison of analytical methods 714-716 
, data evaluation 703-704, 718-722 
, detection limit 710-712 
, determination limit 710-712 
, matrix effects 713-714 

- -, multivariate analysis (see also Multivariate) 720-723 
, optimizing analytical methods 716 
, quality control (see Quality control) 716-718 
, standard addition 713 
, technical advice 724 
, time-series analyses 722, 723 
, univariate analysis 719 

Sterilization 691-693 
-, autoclave 693 
-, culture media 629 
-, hot-air cabinet 692 
-, in stages 629 
-, of apparatus 629 
-, steam bath 692 
Stirrer, multiple 195 
Streptococci, faecal 638-639 
Strontium 298-300 
-, determination by flame photometry 299-300 
-, direct determination by AAS 298-299 

, ICP-AES 300, 313-323 
-, radioactive (strontium-90) 298, 460-464 
-, -, rapid estimation method 464 
Suction membrane filtration unit 632 
Sulphate 237-239, 264-273 
-, gravimetric determination 237-238 
-, ion chromatography 239, 264-273 
-, nephelometric determination 238-239 
Sulphate-reducing bacteria 641-642 



Sulphide, polarographic determination of 236-237 
Suphide sulphur 204-205 
- -, iodometric determination 234-236 
- -, spectrophotometric analysis as methylene blue 205-210 
Sulphite 233-237 
-, gravimetric determination 234-236 
-, iodometric determination 233-234 
-, polarographic determination (incl. sulphide and thiosulphate) 236-237 
Sulphite polymixine sulfadiazine (SPS) agar 672 
Sulphite-reducing anaerobes 639-640 
Sulphur bacteria 646-648 

, detection of 648 
- -, microscopic differentiation 647 
- -, spherical 648 
Support (see Chromatography) 134 
Surface water 2, 17, 752-756 
- -, sampling 17 
- -, treatment of 752-756 
Surfactants (see Detergents) 

Tapeworms 649, 650-653, 662-663 
Taste, test on site 29 
TCD (see Thermal conductivity detector) 
Technical advice on statistical methods 724 
Technical information on water resource 7 
Techniques of water sampling 10-13 
Temperature, correction factors for electrical conductivity 37 
-, of air 32 
-, of water 32 
Test fish, treatment of 701-702 
Tests, biological toxicity 693-702 
-, bacterial inhibiting 693-699 
-, fish tests for sewage 699-702 
-, using Pseudomonas fluorescens 696-699 
Thallium 399-403 
-, direct determination by AAS 401 
-, determination by graphite tube method 401-402 
-, determination by inversion voltammetry 402 
-, determination by x-ray fluorescence analysis 403 
Theoretical introduction to selected analysis methods 71-194 
Theoretical plates, number of 148 
Thermal conductivity detector (TCD) 158 
Thermionic specific detector (TSD) 156-157 
Thin-layer chromatography 128 
Thiophosphoric acid esters 593-598 
Threadworms 654-655, 662 
Time-series analysis 722, 723 
Tin 416-420 
-, determination by AAS hydride technique 419-420 
-, direct determination by AAS 418-419 
-, turbidimetric determination 416-418 
Titanium 403-406 
-, ICP-AES 313-323, 406 
-, photometric determination 403-406 
TLC (see Thin-layer chromatography) 
TOC (see Total organic carbon) 

801 



802 

Total carbon dioxide 255-264 
, calculation from p and m values 256 
, distillation apparatus 261 

gravimetric determination after distillation 260-264 
, volumetric determination after distillation 257-260 

Total detergents (see also Detergents) 509-510 
Total dissolved and undissolved substances, determination of 199-204 
Total nitrogen 540-543 
Total organic carbon 477-551 
Total parameters, inorganic 195-210 
- -, organic 477-551 
Total residue 199 
Toxicity tests, biological 693-702 

, bacterial inhibiting 693-699 
, -, respirometric measurements 694-696 
, -, test using Pseudomonas fluorescens 696-699 
, fish test for sewage 699-702 
, -, test fish and their treatment 701-702 

Trace detection of elements by emission spectrography survey analsis 
325-328 
Trace precipitation 325-327 
Trace substances (inorganic) 325-420 

, concentration by extraction 327-328 
- -, concentration by trace precipitation 325-327 
- -, detection in parallel by emission spectrography 325-328 
Transparency 31 
Transporting samples 630 
Transverse diffusion 146 
Treatment of drinking water with chlorine tablets 776 
- of surface water to obtain drinking water 752-756 
- of test fish 701-702 
Trematodes 649, 656-661 
Triazines (see Herbicides) 579-583, 593-598 
Tryptophane-tryptone broth 668 
TSD (see Thermionic specific detector) 
Turbidity 31 

, measurements 195-197 
-, photometer 196 

Ultraviolet (see UV) 
Undissociated substances 420-432 
- -, boron compounds (see Boron) 421-428 
- -, silicic acid (see Silicic acid) 428-432 
Undissolved substances 199, 201-202 
Univariate statistical evaluation 719 
Uranium 406-409 
-, fluorimetric determination 407-409 
Urea, enzymatic determination of 550-551 
Urochrome 549-551 
-, colorimetrie determination 550-551 
UV absorption 494-495 

Vanadium 409-411 
-, determination by graphite tube method 411 
-, direct determination by AAS 409-410 



-, extractive concentration 410-411 
-, ICP-AES 313-323, 411 
van Deemter equation 147-148 
Visibility, depth of 24 
Volatile halogenated hydrocarbons 752 
Volumetric analysis 74 

Waste, industrial 21 
Waste products, analysis of 63 
- -, investigation of 62 
Waste water 758-759 
- -, discharge of industrial sewage 758-759 
Water analyses (see also Analysis) 3-5 
Water for human consumption (EEC Directive) 735-751 

, parameters 736-751 
microbiological 743-744 

, minimum required concentrations for softened water 745 
organoleptic 736 

, physico-chemical 736-738 
, substances undesirable in excessive amounts 738-741 
, toxic substances 741-742 

reference methods of analysis 748-751 
microbiological parameters 751 

, minimum required concentration 751 
, organoleptic parameters 748 

parameters concerning toxic substances 750 
, parameters concerning undesirable substances 749-750 
, physicochemical parameters 748 

, standard analyses 746-747 
, minimum frequency (table) 747 

, -, patterns and frequency 746 
, -, standard pattern analyses (table) 746 

Water management 3 
Water quality (see Quality) 
Water resource 1-3 
Whipworm 662 
WHO-Guidelines for drinking water quality 725 
-, aesthetic 728 
-, biological 725 
-, guideline values and ADIs for certain pesticides 734 
-, guideline values for chemical constituents 735 
-, guideline values for health-related inorganic constituents 732 
-, guideline values for health-related organic contaminants 733 
-, guideline values for physical characteristics 735 
-, inorganic constituents of health significance 726 
-, inorganic constituents of potential health significance 731 
-, microbiological 725 
-, organic constituents of health significance 727 
-, organic compounds for which no guideline value is recommended 733 
-, organic compounds for which tentative guideline values recommended 734 
-, organic compounds of potential health significance 732 
-, priorities 729-731 
-, radioactive constituents 728 
-, significance 729 
W ickbold apparatus 49.6, 497 
Winogradsky special culture medium 676 

803 



804 

Work sheets 683-693 
, cleaning by sterilization 691-693 
, colony count 685-687 
, detection of E. Coli and co~iforms 687-689 
, detection of faecal streptococci etc. 689-691 
, samples 683-685 

Worm eggs, illustrations 662-663 
- -, significance of 616-617 
Worm parasites 648-663 

, cestodes 649, 650-653, 662-663 
, flukes 649, 656-661 
, nematodes 654-655, 662 
, occurrence of 648, 649 
, roundworms 654-655 
, tapeworms 649, 650-653, 662-663 
, threadworms 654-655, 662 
, trematodes 649, 656-661 
, whipworm 662 

X-ray fluorescence analysis 102-103 

Yeast extract-lactate-sulphate (YLS) agar (Starkey) 679 

Zinc 412-416 
-, determination by graphite tube method 415 
-, direct determination by AAS 415 
-, ICP-AES 313-323, 416 
-, spectrophotometric determination 412-415 
Zirconium 420 
-, ICP-AES 313-323, 420 


