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GENERAL WATER CHEMISTRY 

 

Water is the essence of life. Without water, human beings cannot live 

for more than a few days. It plays a vital role in nearly every function 

of the body. Access to safe water is a fundamental human need and, 

therefore, the strategies for water quality assessment are developed. 

Water bodies can be fully characterized by the three major 

components: hydrology, physico-chemistry and biology. A complete 

assessment of water quality is based on appropriate monitoring of 

these components. 

 

1- Hydrodynamic features 

The hydrological cycle is the inland freshwaters which appear in the 

form of rivers, lakes or groundwaters. These are closely inter-

connected and may influence each other directly or through 

intermediate stages. Each of the three principal types of water body 

has different hydrodynamic properties. 

 

2- Physical and chemical properties 

Each freshwater body has an individual pattern of physical and 

chemical characterization which determined by the climatic, 

geomorphological and geochemical conditions prevailing for each 

water body. 

 

3- Biological characteristics 

The development of biota (flora and fauna) in surface waters is 

governed by a variety of environmental conditions which determine 

the selection of species as well as the physiological performance of 

individual organisms. 
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The methods employed to measure the selected variables depend on 

access to equipment and reagents, availability of technical staff and 

their degree of expertise, and the level of accuracy required. 
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PHYSICAL AND CHEMICAL WATER 

CHARACTERISTICS 

 

I- Hydrological variables 

Determining the hydrological regime of a water body is an important 

aspect of a water quality assessment. Discharge measurements, for 

example, are necessary for mass flow or mass balance calculations 

and as inputs for water quality models. 

 

I-1-Velocity 

The velocity (sometimes referred to as the flow rate) of a water body 

can significantly affect its ability to assimilate and transport 

pollutants. Water velocity can vary within a day, as well as from day 

to day and season to season, depending on hydrometeorological 

influences and the nature of the catchment area. It is important, 

therefore, to record the time when measurements are taken and 

every attempt should be made to measure velocity at the same sites 

as other water quality samples are collected. Velocity is determined 

(in m s-1) with current meters or tracers, such as dyes. 

Measurements are usually averaged over a period of 1-2 minutes. 

 

I-2-Discharge 

The discharge is the volume flowing for a given period of time. For 

rivers, it is usually expressed as m3 s-1 or m3 a-1. The amount of 

suspended and dissolved matter in a water body depends on the 

discharge and is a product of the concentration and the discharge. 

Substances introduced artificially into a water body, such as trace 

elements and organic matter, tend to occur at decreasing 

concentrations with increasing river discharge. If a pollutant is 
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introduced into a river at a constant rate, the concentration in the 

receiving water can be estimated from the quantity input divided by 

the river discharge. Sedimentation and resuspension can, however, 

affect this simple relationship. 

 

I-3-Water level 

Measurement of water level is important to determine the 

hydrological regime of lakes, reservoirs and groundwaters and the 

interaction between groundwaters and surface waters. Measurement 

of water level is necessary for mass flow calculations in lakes and 

groundwaters and must be measured at the time and place of water 

sampling.  

 

I-4-Suspended matter dynamics 

Suspended particulate matter consists of material originating from 

the surface of the catchment area, eroded from river banks or lake 

shores and resuspended from the bed of the water body. 

Measurement of suspended matter transport is particularly 

important where it is responsible for pollutant transport and in such 

cases its measurements should be undertaken frequently. Suspended 

matter concentrations should be measured along with the other 

hydrological variables. In rivers of uniform cross-section, a single 

sample point may be adequate, whereas for other rivers, multiple 

points or multiple depths, integrated sampling is necessary. Such 

samples should be taken at the same points as water velocity 

measurements and other water quality samples.  

 

II-General variables 

II-1-Temperature 

Water bodies undergo temperature variations along with normal 

climatic fluctuations. These variations occur seasonally and, in some 

water bodies, over periods of 24 hours. Lakes and reservoirs may 



 WWM-gtzبرنامج أداره المياه والصرف الصحى                                                     الصفات الطبيعيه والكيميائيه للمركبات غير العضويه  للمياه            

 

- 5-  

 

also exhibit vertical stratification of temperature within the water 

column. The temperature of surface waters is influenced by latitude, 

altitude, season, time of day, air circulation, cloud cover and the flow 

and depth of the water body. In turn, temperature affects physical, 

chemical and biological processes in water bodies and, therefore, the 

concentration of many variables. As water temperature increases, the 

rate of chemical reactions generally increases together with the 

evaporation and volatilisation of substances from the water. 

Increased temperature also decreases the solubility of gases in water, 

such as O2, CO2, N2, CH4 and others. The metabolic rate of aquatic 

organisms is also related to temperature, and in warm waters, 

respiration rates increase leading to increased oxygen consumption 

and increased decomposition of organic matter. Growth rates also 

increase (this is most noticeable for bacteria and phytoplankton 

which double their populations in very short time periods) leading to 

increased water turbidity, macrophyte growth and algal blooms, 

when nutrient conditions are suitable. Temperature should be 

measured in situ, using a thermometer or thermistor. Some meters 

designed to measure oxygen or conductivity can also measure 

temperature.  

 

II-2-Colour 

The colour and the turbidity of water determine the depth to which 

light is transmitted. This, in turn, controls the amount of primary 

productivity that is possible by controlling the rate of photosynthesis 

of the algae present. Apparent colour is caused by coloured 

particulates and the refraction and reflection of light on suspended 

particulates. Colour can be measured by the comparison of water 

samples with a series of dilutions of potassium chloroplatinate and 

crystalline cobaltous chloride. The units are called platinum-cobalt 

units based on 1 mg l-1 Pt. Natural waters can range from < 5 in very 

clear waters to 300 units in dark peaty waters.  



 WWM-gtzبرنامج أداره المياه والصرف الصحى                                                     الصفات الطبيعيه والكيميائيه للمركبات غير العضويه  للمياه            

 

- 6-  

 

 

II-3-Odour 

Water odour is usually the result of labile, volatile organic 

compounds and may be produced by phytoplankton and aquatic 

plants or decaying organic matter. Industrial and human wastes can 

also create odors, either directly or as a result of stimulating 

biological activity. Organic compounds, inorganic chemicals, oil and 

gas can all impart odour to water although an odour does not 

automatically indicate the presence of harmful substances. Odour can 

be measured in terms of the greatest dilution of a sample, or the 

number of times a sample has to be halved with odour-free water, 

that yields the least definitely perceptible odour. The former method 

is known as the Threshold Odour Number (TON) and the latter 

method as the Odour Intensity Index (OII). Both methods suffer from 

the subjective variability of different human judges. 

 

II-4-Residue and total suspended solids 

The term “residue” applies to the substances remaining after 

evaporation of a water sample and its subsequent drying in an oven 

at a given temperature. It is approximately equivalent to the total 

content of dissolved and suspended matter in the water since half of 

the bicarbonate (the dominant anion in most waters) is transformed 

into CO2 during this process. The term “solids” is widely used for the 

majority of compounds which are present in natural waters and 

remain in a solid state after evaporation (some organic compounds 

will remain in a liquid state after the water has evaporated). Total 

suspended solids (TSS) and total dissolved solids (TDS) correspond 

to non-filterable and filterable residue, respectively. “Fixed solids” 

and “volatile solids” correspond to the remainder after oven-drying, 

and to the loss after oven-drying at a given temperature, respectively. 

The latter two determinations are now less frequently carried out. 

Residue determination is based on gravimetric measurement after 
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following the appropriate procedures, i.e. filtration, evaporation, 

drying and ignition. The results of residue determination depend on 

the precise details of these procedures. Total suspended solids are 

the solids retained on a standard filter (usually a glass fibre “GF/C” 

grade) and dried to a constant weight at 105° C (Bartram and 

Ballance, 1996). 

 

II-5-Suspended matter, turbidity and transparency 

The type and concentration of suspended matter controls the 

turbidity and transparency of the water. Suspended matter consists 

of silt, clay, fine particles of organic and inorganic matter, soluble 

organic compounds, plankton and other microscopic organisms. 

Turbidity results from the scattering and absorption of incident light 

by the particles, and the transparency is the limit of visibility in the 

water. Both can vary seasonally according to biological activity in the 

water column and surface run-off carrying soil particles. At a given 

river station turbidity can often be related to TSS. Transparency can 

be measured to indicate the level of biological activity. It is 

determined by lowering a circular disc, called a Secchi disc, on a 

calibrated cable into the water until it just disappears. The depth at 

which it disappears, and just reappears, is recorded as the depth of 

transparency. A Secchi disc is usually 20-30 cm in diameter (although 

the result is not affected by the disc diameter), and colored white or 

with black and white sectors. Turbidity should be measured in the 

field but, if necessary, samples can be stored in the dark for not more 

than 24 hours. Settling during storage, and changes in pH leading to 

precipitation, can affect the results during storage. The most reliable 

method of determination uses nephelometry (light scattering by 

suspended particles) by means of a turbidity meter which gives 

values in Nephelometric Turbidity Units (NTU).  

 



 WWM-gtzبرنامج أداره المياه والصرف الصحى                                                     الصفات الطبيعيه والكيميائيه للمركبات غير العضويه  للمياه            

 

- 8-  

 

II-6-Conductivity 

Conductivity, or specific conductance, is a measure of the ability of 

water to conduct an electric current. It is sensitive to variations in 

dissolved solids, mostly mineral salts. The degrees to which these 

dissociate into ions, the amount of electrical charge on each ion, ion 

mobility and the temperature of the solution all have an influence on 

conductivity. Conductivity is expressed as microsiemens per 

centimeter (μS cm-1) and, for a given water body, is related to the 

concentrations of total dissolved solids and major ions (see Figure 

10.14). Total dissolved solids (in mg l-1) may be obtained by 

multiplying the conductance by a factor which is commonly between 

0.55 and 0.75. This factor must be determined for each water body, 

but remains approximately constant provided the ionic proportions 

of the water body remain stable. The multiplication factor is close to 

0.67 for waters in which sodium and chloride dominate, and higher 

for waters containing high concentrations of sulphate.  

 

II-7-pH, acidity and alkalinity 

The pH is an important variable in water quality assessment as it 

influences many biological and chemical processes within a water 

body and all processes associated with water supply and treatment. 

When measuring the effects of an effluent discharge, it can be used to 

help determine the extent of the effluent plume in the water body. 

The pH is a measure of the acid balance of a solution and is defined as 

the negative of the logarithm to the base 10 of the hydrogen ion 

concentration. The pH scale runs from 0 to 14 (i.e. very acidic to very 

alkaline), with pH 7 representing a neutral condition. At a given 

temperature, pH (or the hydrogen ion activity) indicates the intensity 

of the acidic or basic character of a solution and is controlled by the 

dissolved chemical compounds and biochemical processes in the 

solution. In unpolluted waters, pH is principally controlled by the 

balance between the carbon dioxide, carbonate and bicarbonate ions 
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as well as other natural compounds such as humic and fulvic acids. 

The natural acid-base balance of a water body can be affected by 

industrial effluents and atmospheric deposition of acid-forming 

substances. Acidity and alkalinity are the base- and acid-neutralising 

capacities (ANC) of water and are usually expressed as mmol l-1. 

When the water has no buffering capacity they are inter-related with 

pH. However, as most natural waters contain weak acids and bases, 

acidity and alkalinity are usually determined as well as pH. The 

acidity of water is controlled by strong mineral acids, weak acids 

such as carbonic, humic and fulvic, and hydrolising salts of metals 

(e.g. iron, aluminium), as well as by strong acids. It is determined by 

titration with a strong base, up to pH 4 (free acidity) or to pH 8.3 

(total acidity). The alkalinity of water is controlled by the sum of the 

titratable bases. It is mostly taken as an indication of the 

concentration of carbonate, bicarbonate and hydroxide, but may 

include contributions from borate, phosphates, silicates and other 

basic compounds. Waters of low alkalinity (< 24 ml l-1 as CaCO3) 

have a low buffering capacity and can, therefore, be susceptible to 

alterations in pH, for example from atmospheric, acidic deposition. 

Alkalinity is determined by titration. The amount of strong acid 

needed to lower the pH of a sample to 8.3 gives the free alkalinity, 

and to pH 4 gives the total alkalinity. Ideally, pH should be 

determined in situ, or immediately after the sample is taken, as so 

many natural factors can influence it. Accurate measurement of pH is 

usually undertaken electrometrically with a glass electrode, many of 

which are suitable for field use and for continuous measurement and 

recording. A rough indication of pH can be obtained colorimetrically 

with indicator dyes. As pH is temperature dependent, the water 

temperature must also be measured in order to determine accurately 

the pH. If field measurement is not possible, samples must be 

transported to the laboratory in completely full, tightly Stoppard 

bottles with no preservatives added. 
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II-8-Redox potential 

The redox potential (Eh) characterizes the oxidation-reduction state 

of natural waters. Ions of the same element but different oxidation 

states form the redox-system which is characterized by a certain 

value. Organic compounds can also form redox-systems. The co-

existence of a number of such systems leads to an equilibrium which 

determines the redox-state of the water and is, in turn, characterized 

by the Eh value. Oxygen, iron and sulphur, as well as some organic 

systems are the most influential in determining Eh. For example, Eh 

values increase and may reach + 700 mV when dissolved oxygen 

concentrations increase. The presence of hydrogen sulphide is 

usually associated with a sharp decrease in Eh (down to - 100 mV or 

more) and is evidence of reducing conditions. The Eh may vary in 

natural waters from - 500 mV to + 700 mV. Surface waters and 

groundwaters containing dissolved oxygen are usually characterized 

by a range of Eh values between + 100 mV and + 500 mV. The Eh of 

mineral waters connected with oil deposits is significantly lower than 

zero and may even reach the limit value of - 500 mV. Redox potential 

is determined potentiometrically and may be measured in situ in the 

field. Considerable difficulty has been experienced by many workers 

in obtaining reliable Eh measurements. Therefore, the results and 

interpretation of any Eh measurements should be treated with 

caution. As Eh depends on the gas content of the water it can be very 

variable when the water is in contact with air. Therefore, 

determination of Eh should be made immediately after sampling 

whenever in situ determination is not possible, and for groundwater 

it is recommended that Eh is measured “in-line” in the flowing 

discharge of a pump. 
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II-9-Dissolved oxygen 

Oxygen is essential to all forms of aquatic life, including those 

organisms responsible for the self-purification processes in natural 

waters. The oxygen content of natural waters varies with 

temperature, salinity, turbulence, the photosynthetic activity of algae 

and plants, and atmospheric pressure. The solubility of oxygen 

decreases as temperature and salinity increase. Dissolved oxygen can 

also be expressed in terms of percentage saturation, and levels less 

than 80 per cent saturation in drinking water can usually be detected 

by consumers as a result of poor odour and taste. Determination of 

DO concentrations is a fundamental part of a water quality 

assessment since oxygen is involved in, or influences, nearly all 

chemical and biological processes within water bodies. 

Concentrations below 5 mg l-1 may adversely affect the functioning 

and survival of biological communities and below 2 mg l-1 may lead 

to the death of most fish. The measurement of DO can be used to 

indicate the degree of pollution by organic matter, the destruction of 

organic substances and the level of self-purification of the water. Its 

determination is also used in the measurement of biochemical 

oxygen demand (BOD). There are two principal methods for 

determination of dissolved oxygen. The older, titration method (often 

called the Winkler method) involves the chemical fixation of the 

oxygen in a water sample collected in an air-tight bottle. Fixation is 

carried out in the field and the analysis, by titration, is carried out in 

the laboratory. The method is time consuming but can give a high 

degree of precision and accuracy. It is suitable for most kinds of 

water and enables samples to be taken and stored. The alternative 

membrane electrode, or oxygen probe, method is quick and can be 

used in situ or for continuous monitoring, although a high degree of 

accuracy may be difficult to maintain. Samples taken for analysis by 

titration must be taken with great care to ensure no air bubbles are 

trapped in the bottle, which must be filled to overflowing and 
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Stoppard. The necessary reagents must be added for oxygen fixation 

immediately the sample is taken and the bottles must be protected 

from sunlight until the determination is carried out, which should be 

as soon as possible. Regardless of the analytical method, the water 

temperature must be measured at the time of sampling. 

 

II-10-Carbon dioxide 

Carbon dioxide (CO2) is highly soluble in water and atmospheric CO2 

is absorbed at the air-water interface. In addition, CO2 is produced 

within water bodies by the respiration of aquatic biota, during 

aerobic and anaerobic heterotrophic decomposition of suspended 

and sedimented organic matter. Carbon dioxide dissolved in natural 

water is part of an equilibrium involving bicarbonate and carbonate 

ions. The concentrations of these forms are dependent to some 

extent on the pH. Free CO2 is that component in gaseous equilibrium 

with the atmosphere, whereas total CO2 is the sum of all inorganic 

forms of carbon dioxide, i.e. CO2, H2CO3, HCO3 – and CO3 2-. Both CO2 

and HCO3 - can be incorporated into organic carbon by autotrophic 

organisms. Free CO2 comprises the concentrations of CO2 plus H2CO3, 

although the latter carbonate form is minimal in most surface waters 

as they rarely exceed pH 9. At high concentrations of free carbonic 

acid (pH 4.5 or lower), water becomes corrosive to metals and 

concrete as a result of the formation of soluble bicarbonates. The 

ability to affect the calcium carbonate component of concrete has led 

to the term aggressive carbonic acid or aggressive CO2, which is also 

termed free CO2. Determination of free CO2 is usually by titration 

methods and total CO2 by calculation from pH and alkalinity 

estimates. The latter method is subject to some interference and can 

be rather inaccurate. 
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II-11-Hardness 

The hardness of natural waters depends mainly on the presence of 

dissolved calcium and magnesium salts. The total content of these 

salts is known as general hardness, which can be further divided into 

carbonate hardness (determined by concentrations of calcium and 

magnesium hydrocarbonates), and non-carbonate hardness 

(determined by calcium and magnesium salts of strong acids). 

Hydrocarbonates are transformed during the boiling of water into 

carbonates, which usually precipitate. Therefore, carbonate hardness 

is also known as temporary or removed, whereas the hardness 

remaining in the water after boiling is called constant. Depending on 

the indicator used, either general hardness (using eriochrome black 

T) or calcium hardness (using murexide) can be determined. 

Magnesium hardness is calculated from the difference between the 

two determinations. Carbonate hardness is determined by acidbase 

titration. Hardness may also be determined from the sum of the 

divalent ions analysed individually (e.g. by atomic absorption 

spectrophotometry). 

 

III-Nutrients 

III-1-Nitrogen compounds 

Nitrogen is essential for living organisms as an important constituent 

of proteins, including genetic material. Plants and micro-organisms 

convert inorganic nitrogen to organic forms. In the environment, 

inorganic nitrogen occurs in a range of oxidation states as nitrate 

(NO3 -) and nitrite (NO2 -), the ammonium ion (NH4+) and molecular 

nitrogen (N2). It undergoes biological and non-biological 

transformations in the environment as part of the nitrogen cycle.  
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III-1.A.-Ammonia 

Ammonia occurs naturally in water bodies arising from the 

breakdown of nitrogenous organic and inorganic matter in soil and 

water, excretion by biota, reduction of the nitrogen gas in water by 

micro-organisms and from gas exchange with the atmosphere. It is 

also discharged into water bodies by some industrial processes (e.g. 

ammonia based pulp and paper production) and also as a component 

of municipal or community waste. At certain pH levels, high 

concentrations of ammonia (NH3) are toxic to aquatic life and, 

therefore, detrimental to the ecological balance of water bodies. 

Samples intended for the detection of ammonia should be analyzed 

within 24 hours. If this is not possible the sample can be deep frozen 

or preserved with 0.8 ml of sulphuric acid (H2SO4) for each liter of 

sample and then stored at 4° C. Prior to analysis any acid used as a 

preservative should be neutralised. There are many methods 

available for measuring ammonia ions. The simplest, which are 

suitable for waters with little or no pollution, are colorimetric 

methods using Nessler’s reagent or the phenate method. For high 

concentrations of ammonia, such as occur in wastewaters, a 

distillation and titration method is more appropriate. Total ammonia 

nitrogen is also determined as part of the Kjeldahl method. 

 

III-1.B.-Nitrate and nitrite 

The nitrate ion (NO3-) is the common form of combined nitrogen 

found in natural waters. It may be biochemically reduced to nitrite 

(NO2-) by denitrification processes, usually under anaerobic 

conditions. The nitrite ion is rapidly oxidized to nitrate. Natural 

sources of nitrate to surface waters include igneous rocks, land 

drainage and plant and animal debris. Nitrate is an essential nutrient 

for aquatic plants and seasonal fluctuations can be caused by plant 

growth and decay. Nitrate occurs naturally in groundwaters as a 

result of soil leaching but in areas of high nitrogen fertiliser 
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application it may reach very high concentrations (~500 mg l-1 NO3-

N). Nitrite concentrations in freshwaters are usually very low, 0.001 

mg l-1 NO2-N, and rarely higher than 1 mg l-1 NO2-N. High nitrite 

concentrations are generally indicative of industrial effluents and are 

often associated with unsatisfactory microbiological quality of water. 

Determination of nitrate plus nitrite in surface waters gives a general 

indication of the nutrient status and level of organic pollution. 

Samples taken for the determination of nitrate and/or nitrite should 

be collected in glass or polyethylene bottles and filtered and analyzed 

immediately. If this is not possible, 2-4 ml of chloroform per liter can 

be added to the sample to retard bacterial decomposition. The 

sample can be cooled and then stored at 3-4°C. Nitrite concentrations 

can be determined using spectrophotometric methods.  

 

III-1.C. Organic nitrogen  

Organic nitrogen consists mainly of protein substances (e.g. amino 

acids, nucleic acids and urine) and the product of their biochemical 

transformations (e.g. humic acids and fulvic acids). Organic nitrogen 

is naturally subject to the seasonal fluctuations of the biological 

community because it is mainly formed in water by phytoplankton 

and bacteria, and cycled within the food chain. Increased 

concentrations of organic nitrogen could indicate pollution of a water 

body. Organic nitrogen is usually determined using the Kjeldahl 

method which gives total ammonia nitrogen plus total organic 

nitrogen (Kjeldahl N).  

 

III-2-Phosphorus compounds 

Phosphorus is an essential nutrient for living organisms and exists in 

water bodies as both dissolved and particulate species. It is generally 

the limiting nutrient for algal growth and, therefore, controls the 

primary productivity of a water body. Artificial increases in 

concentrations due to human activities are the principal cause of 
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eutrophication. In natural waters and in wastewaters, phosphorus 

occurs mostly as dissolved orthophosphates and polyphosphates, 

and organically bound phosphates. Natural sources of phosphorus 

are mainly the weathering of phosphorus-bearing rocks and the 

decomposition of organic matter. Domestic waste-waters 

(particularly those containing detergents), industrial effluents and 

fertiliser run-off contribute to elevated levels in surface waters. As 

phosphorus is an essential component of the biological cycle in water 

bodies, it is often included in basic water quality surveys or 

background monitoring programmes. High concentrations of 

phosphates can indicate the presence of pollution and are largely 

responsible for eutrophic conditions. Phosphorus concentrations are 

usually determined as orthophosphates, total inorganic phosphate or 

total phosphorus (organically combined phosphorus and all 

phosphates). The dissolved forms of phosphorus are measured after 

filtering the sample through a pre-washed 0.45 μm pore diameter 

membrane filter.  

 

IV-Organic matter 

Most freshwaters contain organic matter which can be measured as 

total organic carbon (TOC). For comparative purposes an indication 

of the amount of organic matter present can be obtained by 

measuring related properties, principally the biochemical oxygen 

demand (BOD) or the chemical oxygen demand (COD). The COD 

usually includes all, or most, of the BOD as well as some other 

chemical demands. In most samples, COD > BOD > TOC. However, in 

some situations this relationship may not be true, such as when the 

sample contains toxic substances.  

 

IV-1-Total organic carbon 

Organic carbon in freshwaters arises from living material (directly 

from plant photosynthesis or indirectly from terrestrial organic 
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matter) and also as a constituent of many waste materials and 

effluents. Consequently, the total organic matter in the water can be a 

useful indication of the degree of pollution. Total organic carbon is 

determined without filtration of the sample. Samples for TOC 

determination should be stored in dark glass bottles, with minimum 

exposure to light or air, at 3-4° C for no more than seven days prior to 

analysis. Alternatively, samples can be acidified with sulphuric acid 

to pH 2 or less.  

 

IV-2-Chemical oxygen demand 

The chemical oxygen demand (COD) is a measure of the oxygen 

equivalent of the organic matter in a water sample that is susceptible 

to oxidation by a strong chemical oxidant, such as dichromate. The 

COD is widely used as a measure of the susceptibility to oxidation of 

the organic and inorganic materials present in water bodies and in 

the effluents from sewage and industrial plants. 

  

IV-3-Biochemical oxygen demand 

The biochemical oxygen demand (BOD) is an approximate measure 

of the amount of biochemically degradable organic matter present in 

a water sample. It is defined by the amount of oxygen required for 

the aerobic micro-organisms present in the sample to oxidise the 

organic matter to a stable inorganic form.  

 

IV-4-Humic and fulvic acids 

Organic matter arising from living organisms makes an important 

contribution to the natural quality of surface waters. The 

composition of this organic matter is extremely diverse. Natural 

organic compounds are not usually toxic, but exert major controlling 

effects on the hydrochemical and biochemical processes in a water 

body. Some natural organic compounds significantly affect the 

quality of water for certain uses, especially those which depend on 
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organoleptic properties (taste and smell). During chlorination for 

drinking water disinfection, humic and fulvic acids act as precursor 

substances in the formation of tribalomethanes such as chloroform.  

 

V-Major ions 

Major ions (Ca2+, Mg2+, Na+, K+, Cl-, SO42-, HCO3-) are naturally very 

variable in surface and groundwaters due to local geological, climatic 

and geographical conditions (see Tables 6.2, 6.3 and 9.4). 

 

V-1-Sodium 

All natural waters contain some sodium since sodium salts are highly 

water soluble and it is one of the most abundant elements on earth. It 

is found in the ionic form (Na+), and in plant and animal matter (it is 

an essential element for living organisms). Increased concentrations 

in surface waters may arise from sewage and industrial effluents and 

from the use of salts on roads to control snow and ice.  

 

V-2-Potassium 

Potassium (as K+) is found in low concentrations in natural waters 

since rocks which contain potassium are relatively resistant to 

weathering. However, potassium salts are widely used in industry 

and in fertilizers for agriculture and enter freshwaters with industrial 

discharges and run-off from agricultural land. Potassium is usually 

found in the ionic form and the salts are highly soluble. It is readily 

incorporated into mineral structures and accumulated by aquatic 

biota as it is an essential nutritional element.  

 

V-3-Calcium 

Calcium is present in all waters as Ca2+ and is readily dissolved from 

rocks rich in calcium minerals, particularly as carbonates and 

sulphates, especially limestone and gypsum. The cation is abundant 

in surface and groundwaters. The salts of calcium, together with 
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those of magnesium, are responsible for the hardness of water. 

Industrial, as well as water and wastewater treatment, processes also 

contribute calcium to surface waters. Acidic rainwater can increase 

the leaching of calcium from soils. Calcium compounds are stable in 

water when carbon dioxide is present, but calcium concentrations 

can fall when calcium carbonate precipitates due to increased water 

temperature, photosynthetic activity or loss of carbon dioxide due to 

increases in pressure. Calcium is an essential element for all 

organisms and is incorporated into the shells of many aquatic 

invertebrates, as well as the bones of vertebrates.  

 

V-4-Magnesium 

Magnesium is common in natural waters as Mg2+, and along with 

calcium, is a main contributor to water hardness. Magnesium arises 

principally from the weathering of rocks containing ferromagnesium 

minerals and from some carbonate rocks.  

 

V-5-Carbonates and bicarbonates 

The presence of carbonates (CO32-) and bicarbonates (HCO3-) 

influences the hardness and alkalinity of water. The inorganic carbon 

component (CO2) arises from the atmosphere and biological 

respiration. The weathering of rocks contributes carbonate and 

bicarbonate salts. In areas of noncarbonated rocks, the HCO3- and 

CO32- originate entirely from the atmosphere and soil CO2, whereas in 

areas of carbonate rocks, the rock itself contributes approximately 50 

per cent of the carbonate and bicarbonate present. The relative 

amounts of carbonates, bicarbonates and carbonic acid in pure water 

are related to the pH.  
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V-6-Chloride 

Most chlorine occurs as chloride (Cl-) in solution. It enters surface 

waters with the atmospheric deposition of oceanic aerosols, with the 

weathering of some sedimentary rocks (mostly rock salt deposits) 

and from industrial and sewage effluents, and agricultural and road 

run-off. High concentrations of chloride can make waters unpalatable 

and, therefore, unfit for drinking or livestock watering.  

 

V-7-Sulphate 

Sulphate is naturally present in surface waters as SO42-. It arises from 

the atmospheric deposition of oceanic aerosols and the leaching of 

sulphur compounds, either sulphate minerals such as gypsum or 

sulphide minerals such as pyrite, from sedimentary rocks. It is the 

stable, oxidized form of sulphur and is readily soluble in water (with 

the exception of lead, barium and strontium sulphates which 

precipitate). Industrial discharges and atmospheric precipitation can 

also add significant amounts of sulphate to surface waters. Sulphate 

can be used as an oxygen source by bacteria which convert it to 

hydrogen sulphide (H2S, HS-) under anaerobic conditions.  

 

VI- Other inorganic variables 

VI-1-Sulphide 

Sulphide enters groundwaters as a result of the decomposition of 

sulphurous minerals and from volcanic gases. Sulphide formation in 

surface waters is principally through anaerobic, bacterial decay of 

organic substances in bottom sediments and stratified lakes and 

reservoirs. Traces of sulphide ion occur in unpolluted bottom 

sediments from the decay of vegetation, but the presence of high 

concentrations often indicates the occurrence of sewage or industrial 

wastes. Under aerobic conditions, the sulphide ion converts rapidly 

to sulphur and sulphate ions.  
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VI-2- Silica 

Silica is widespread and always present in surface and groundwaters. 

It exists in water in dissolved, suspended and colloidal states. 

Dissolved forms are represented mostly by silicic acid, products of its 

dissociation and association, and organosilicon compounds. Reactive 

silicon (principally silicic acid but usually recorded as dissolved silica 

(SiO2) or sometimes as silicate (H4SiO4)) mainly arises from chemical 

weathering of siliceous minerals. Silica may be discharged into water 

bodies with wastewaters from industries using siliceous compounds 

in their processes such as potteries, glass works and abrasive 

manufacture. Silica is also an essential element for certain aquatic 

plants (principally diatoms).  

 

VI-3- Fluoride 

Fluoride originates from the weathering of fluoride-containing 

minerals and enters surface waters with run-off and groundwaters 

through direct contact. Liquid and gas emissions from certain 

industrial processes (such as metal-and chemical-based 

manufacturing) can also contribute fluoride ions (F-) to water bodies.  

 

VI-4- Boron 

Boron is a natural component of freshwaters arising from the 

weathering of rocks, soil leaching, volcanic action and other natural 

processes. Industries and municipal wastewaters also contribute 

boron to surface waters. In addition, agricultural run-off may contain 

boron, particularly in areas where it is used to improve crop yields or 

as a pesticide. Boric acid, which does not readily dissociate, is the 

predominant species in freshwaters.  

 

VI-5-Cyanide 

Compounds of cyanide enter freshwaters with wastewaters from 

industries such as the electroplating industry. Cyanides occur in 
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waters in ionic form or as weakly dissociated hydrocyanic acid. In 

addition, they may occur as complex compounds with metals. The 

toxicity of cyanides depends on their speciation; some ionic forms 

and hydrocyanic acid are highly toxic. The toxicity of complex 

compounds of cyanide depends on their stability. Weak complexes 

formed with metals such as zinc, lead and cadmium are extremely 

toxic. Copper complexes are less toxic, and cobalt and ferrous 

complexes are only weak toxicants.  

 

VII-Metals 

The ability of a water body to support aquatic life, as well as its 

suitability for other uses, depends on many trace elements. Some 

metals, such as Mn, Zn and Cu, when present in trace concentrations 

are important for the physiological functions of living tissue and 

regulate many biochemical processes. The same metals, however, 

discharged into natural waters at increased concentrations in 

sewage, industrial effluents or from mining operations can have 

severe toxicological effects on humans and the aquatic ecosystem. 

Water pollution by heavy metals as a result of human activities is 

causing serious ecological problems in many parts of the world. 

Generally, trace amounts of metals are always present in freshwaters 

from the weathering of rocks and soils. In addition, particularly in 

developed countries, industrial wastewater discharges and mining 

are major sources of metals in freshwaters. The toxicity of metals in 

water depends on the degree of oxidation of a given metal ion 

together with the forms in which it occurs. Metals in natural waters 

can exist in truly dissolved, colloidal and suspended forms. The 

proportion of these forms varies for different metals and for different 

water bodies. Consequently, the toxicity and sedimentation potential 

of metals change, depending on their forms. 

The assessment of metal pollution is an important aspect of most 

water quality assessment programmes. The Global Environment 
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Monitoring System (GEMS) programme GEMS/WATER includes ten 

metals: Al, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Zn. Arsenic and Se (which are 

not strictly metals) are also included. The United States 

Environmental Protection Agency (US EPA) considers eight trace 

elements as high priority: As, Cd, Cu, Cr, Pb, Hg, Ni and Zn. Most other 

countries include the same metals in their priority lists. However, 

other highly toxic metals such as Be, Tl, V, Sb, Mo should also be 

monitored where they are likely to occur. The absence of iron and 

manganese in some priority lists results from their frequent 

classification as major elements. 

 

VIII-Organic contaminants 

VIII-1-General principles 

Many thousands of individual organic compounds enter water bodies 

as a result of human activities. These compounds have significantly 

different physical, chemical and toxicological properties. Monitoring 

every individual compound is not feasible. However, it is possible to 

select priority organic pollutants based on their prevalence, toxicity 

and other properties.  

 

VIII-2-Mineral oil and petroleum products 

Mineral oil and petroleum products are major pollutants responsible 

for ecological damage especially in inland surface waters. At present, 

more than 800 individual compounds have been identified in mineral 

oils. Among them are low- and highmolecular weight aliphatic, 

aromatic and naphthenic hydrocarbons (or petroleum products), 

high-molecular unsaturated heterocyclic compounds (resins and 

asphaltenes) as well as numerous oxygen, nitrogen and sulphur 

compounds.  
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VIII-3-Phenols 

Phenols are an important group of pollutants which enter water 

bodies in the waste discharges of many different industries. They are 

also formed naturally during the metabolism of aquatic organisms, 

biochemical decay and transformation of organic matter, in the water 

column and in bottom sediments. Phenols are aromatic compounds 

with one or few hydroxy groups. They are easily biochemically, 

photochemically or chemically oxidised. As a result, they have 

detrimental effects on the quality and ecological condition of water 

bodies through direct effects on living organisms and the significant 

alteration of biogeneous elements and dissolved gases, principally 

oxygen.  

 

VIII-4-Pesticides 

Pesticides are chemical compounds toxic to certain living organisms, 

from bacteria and fungi up to higher plants and even mammals. Most 

pesticides are compounds which do not occur naturally in the 

environment and, therefore, detectable concentrations indicate 

pollution. There are approximately 10,000 different pesticides 

currently available. The most widely used are insecticides (for 

extermination of insects), herbicides (for extermination of weeds and 

other undesirable plants) and fungicides (for preventing fungal 

diseases). The mode of action of a pesticide is determined by its 

chemical structure. These structures are similar for the related 

compounds which comprise separate classes of pesticides such as the 

organochlorine pesticides, organophosphorus pesticides, the 

carbamate pesticides, the triazine herbicides and chlorphenolic acids. 

 

VIII-4.A.-Organochlorine pesticides. 

Environmental levels of organochlorine pesticides tend to be higher 

than other pesticides because of their widespread and prolonged use, 

combined with their great chemical stability. Organochlorine 
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pesticides are chlorine derivatives of polynuclear hydrocarbons (e.g. 

DDT), cycloparaffins (e.g. hexachlorocyclohexane (HCH)), compounds 

of the diene series (e.g. heptachlor) and aliphatic carbonic acids (e.g. 

propanide). Most of the compounds are hydrophobic (insoluble in 

water) but highly soluble in hydrocarbons and fats. They have the 

ability to accumulate in biological tissues, reaching much higher 

concentrations in certain aquatic biota than in the surrounding water 

and sediments  

 

VIII-4.B.-Organophosphorus pesticides  

Organophosphorus pesticides are complex esters of phosphoric, 

thiophosphoric and other phosphorus acids. They are widely applied 

as insecticides, acaricides and defoliants. Their relatively low 

chemical and biochemical stability is an advantage because many 

decompose in the environment within a month. Organophosphorus 

pesticides, like organochlorine pesticides, are readily adsorbed onto 

suspended matter. Photolysis, as well as hydrolitic, oxidation and 

enzyme decay processes are the principal mechanisms of decay, 

resulting in detoxification.  

 

VIII-5-Surfactants 

Synthetic surfactants are compounds belonging to different chemical 

classes but containing a weak-polar hydrophobic radical (e.g. alkyl or 

alkylaryl) and one or more polar groups. They can be classified into 

anionic (negatively charged), cationic (positively charged) and 

nonionic (non-ionising). Anionic surfactants are the most widely 

produced and used, usually as detergents. Surfactants enter water 

bodies with industrial and household wastewaters. Atmospheric 

inputs (originating from atmospheric discharges from surfactant-

producing plants) in the form of precipitation are also significant. 

Surfactants can exist in surface waters in the dissolved or adsorbed 

states, as well as in the surface film of water bodies, because they 
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have a pronounced ability to concentrate at the air-water or water-

sediment interface. Although surfactants are not highly toxic, they 

can affect aquatic biota.  
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WATER AS A SOLVENT 

 

 Pure water is virtually colorless and has no taste or smell. But the 

hidden qualities of water make it a most interesting subject.  

 Water's chemical description is H2O that is one atom of oxygen 

bound to two atoms of hydrogen. The hydrogen atoms are 

"attached" to one side of the oxygen atom, resulting in a water 

molecule having a positive charge on the side where the hydrogen 

atoms are and a negative charge on the other side, where the 

oxygen atom is. Since opposite electrical charges attract, water 

molecules tend to attract each other, making water kind of 

"sticky". The side with the hydrogen atoms (positive charge) 

attracts the oxygen side (negative charge) of a different water 

molecule. 

 

    

 

 Water is called the "universal solvent" because it dissolves more 

substances than any other liquid. This means that wherever water 
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goes, either through the ground or through our bodies, it takes 

along valuable chemicals, minerals, and nutrients.  

 Pure water has a neutral pH of 7, which is neither acidic nor basic.  

 Water is unique in that it is the only natural substance that is 

found in all three states -- liquid, solid (ice), and gas (steam). 

 Water has a high specific heat index. This means that water can 

absorb a lot of heat before it begins to get hot. This is why water is 

valuable to industries and in your car's radiator as a coolant. The 

high specific heat index of water also helps regulate the rate at 

which air changes temperature, which is why the temperature 

change between seasons is gradual rather than sudden, especially 

near the oceans.  

 Water has a very high surface tension. In other words, water is 

sticky and elastic, and tends to clump together in drops rather 

than spread out in a thin film. Surface tension is responsible for 

capillary action, which allows water (and its dissolved substances) 

to move through the roots of plants and through the tiny blood 

vessels in our bodies.  

 

http://ga.water.usgs.gov/edu/phdiagram.html
http://ga.water.usgs.gov/edu/dictionary.html#A
http://ga.water.usgs.gov/edu/dictionary.html#B
http://ga.water.usgs.gov/edu/capillaryaction.html
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CHEMICAL WATER ANALYSIS 

 

When placed in water, inorganic compounds dissociate into 

electrically charged atoms and radicals referred to as ions. This 

breakdown of substances into their constituent ions is called 

ionization. 

 

pH and chemical reactions 

Water (H2O) dissociates to only a slight degree yielding a positive 

hydrogen ion and a negative one hydroxyl ion 

H2O  H+ + OH-  

Since the logarithm of 1 over 10-7 is 7, the pH at neutrality is 7. When 

an acid is added to water, the hydrogen ion concentration increases 

resulting in a lower pH number. Conversely, when an alkaline 

substance is added, the OH- ions unit with the free H+, lowering the 

hydrogen ion concentration causing a higher pH. 

 

Acid range Basic range 

0   7   14 

 

Acid-base Reactions (neutralization) 

Sulfuric acid added to water dissociates into hydrogen ions (H+) and 

sulfate ions (SO4-) resulting in an acid solution. A basic solution is 

formed by adding an alkali such as NaOH to water. If both an acid and 

a base are put in the same water, the H+ ions combine with the OH- 

ions to form water and if equivalent amounts are added, they 

neutralize each other forming as salt in solution as following: 

H2SO4 + 2NaOH = 2H2O + Na2SO4 
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Oxidation and Reduction Reactions 

Oxidation is the addition of oxygen or removal of electron and 

reduction is the removal of oxygen or addition of electron: 

4Fe + 3O2 = 2Fe2O3 

The iron is oxidized from Fe to Fe+++ while the oxygen is reduced 

from O to O-. 

 

Precipitation Reactions 

Water is a solvent for most inorganic compounds. Some solids, such 

as sodium chloride, dissolve readily while others, such as iron, ionize 

very slowly. Solid calcium carbonate the common scale found in 

water pipes, dissociates to calcium and carbonate ions to a degree 

depending on pH of the water. Water low in calcium ions (soft water) 

tends to dissolve calcium carbonate scale, whereas the hard water 

tends to precipitate calcium carbonate on the inside of the pipe. 

Lime-soda softening involves removal of calcium and magnesium 

ions from solution by precipitation reactions. In this processes, lime 

slurry Ca(OH)2 is applied to the hard water raising the pH and 

supplying additional calcium ions. This results in precipitation of the 

calcium as calcium carbonate which then can be settled and filtered 

from the water. Chemical precipitation is also used in the removal of 

other undesirable ions from solution, such as iron and manganese. 

 

CaO + Ca(HCO3)2  =  2COCO3  + H2O 

 

Gas Solubility and Alkalinity 

Most gases are either soluble in water to some degree or react 

chemically with water. An exception is methane gas (CH4), commonly 

referred to as illuminating gas, which does not interact with water to 

a measurable extent. 

Carbon dioxide although only about 0.03 percent of atmospheric air, 

plays a major role in water chemistry, since it reacts readily with 
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water, forming bicarbonate and carbonate radicals. CO2 may be 

absorbed from the air or may be produced by bacterial 

decomposition of organic matter in the water. Once in solution it 

reacts to form carbonic acid: 

 

CO2 + H2O      H2CO3      H+ + HCO3-      H+ + CO3- 
        pH 4.5         pH 8.3 

 

When the pH of the water is greater than 4.5, carbonic acid ionizes to 

form bicarbonate which, in turn, is transformed to the carbonate 

radical if the pH is above approximately 8.3. Carbon dioxide is very 

aggressive and leads to corrosion of water pipes; therefore, water 

supplies with low pH are frequently neutralized with a base to 

reduce pope corrosion. On the other hand, alkaline waters with CO3- 

ions are hard and form scale by precipitation of CaCO3. Water 

treatment practice to lower the pH or soften such water may be 

advantageous. 

 

The bicarbonate-carbonate character of the water can be analyzed by 

slowly adding acid solution to a sample and reading resultant 

changes in pH. This process called titration is used to measure the 

alkalinity of water. Acidity is measured by titrating with a strong 

basic solution. If two samples of pure water (pH 7) are titrated with 

sulfuric acid and sodium hydroxide solutions, respectively, the 

composite titrations curve as following: 
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 Curve a) is a very small initial addition of either titrant results 

in significant changes in pH, since addition or withdrawal of 
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hydrogen ions is reflected immediately in changing pH 

readings.  

 Curve b) is a titration curve of the water containing a high 

initial concentration of carbonate ions prepared by adding 

sodium carbonate to distilled water. When acid is added, the 

majority of the hydrogen ions from acid combine with the 

carbonate ions to form bicarbonate. The excess hydrogen ions 

lower the pH gradually until at pH 8.3 all carbonate radicals 

have been converted to bicarbonate. Additional hydrogen ions 

reduce the bicarbonate to carbonic acid below pH 4.5. Stirring 

of the sample at this time results in release of carbon dioxide 

gas formed from the original carbonates. 

 Curve c) is the reverse titration of curve b where the addition 

of a strong base results in conversion of carbonic acid to 

bicarbonate and in turn to carbonate. 

 Curve d) is a typical titration curve of relatively hard well 

water having an initial pH of 7.8. Inflections of the curve near 

pH values 4.5 and 8.3 indicating that the primary buffer is the 

bicarbonate-carbonate system.  

 

Alkalinity of a water is a measure of its capacity to neutralize acids 

in other words to absorb hydrogen ions without significant pH 

change. 
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 If the pH of sample is less than 8.3, the alkalinity is in the form 

of bicarbonate. 

 If the sample have pH greater than 8.3, the alkalinity containing 

carbonate and bicarbonate. 

 If the milliliters of phenolphythaline titrant equal the milliliters 

of methyl orange titrant the alkalinity is in the form of 

carbonate. 

 Any alkalinity in access of this amount is due to hydroxide. 

 

Calcium carbonate saturation 

Calcium carbonate (CaCO3) saturation indices commonly are used to 

evaluate the scale-form and the scale-dissolving tendencies of water. 

Assessing these tendencies is useful in corrosion control programs 

and in preventing CaCO3 scaling in piping and equipment such as 

industrial heat exchanges or domestic water heaters.  
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Waters oversaturated with respect to CaCO3 tend to precipitate 

CaCO3. Waters undersaturated with respect to CaCO3 tend to dissolve 

CaCO3.  

There are two general categories of CaCO3 saturation indices:1- 

indices that determine whether a water has a tendency to precipitate 

CaCO3 or to dissolve CaCO3 -2- indices that estimate the quantity of 

CaCO3 that can be precipitated from an oversaturated water. Waters 

with positive indices traditionally have been assumed to be 

protective while waters with negative indices have been assumed to 

be not protective or corrosive.   
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POLLUTION SOURCES AND TYPES 

 

The need to monitor environmental changes and test for toxic effects 

is due to vast number of chemicals as well as large amounts of 

nutrients that are released daily into the environmental and 

transported via rivers and lakes into the estuarine and marine 

environment. Sooner or later most of these compounds are dissolved 

in the water and transferred into the waterbody. 

 

Major Sources of Pollution 

Point sources: are the discharges of pollutants at specific locations 

through industrial facilities pipelines or sewers into the surface 

water. Examples of point sources are: factories, sewage treatment 

plants, underground mines, oil wells, oil tankers and agriculture.  

 

 

 

Nonpoint sources: are sources that cannot be traced to a single 

site of discharge. Examples of nonpoint sources are: acid deposition 
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from the air, traffic, pollutants that are spread through rivers, 

pollutants that enter the water through groundwater, picks up an 

array of contaminants including oil and sand roadways, agricultural 

chemicals from farmland, nutrients and toxic materials from urban 

and suburban areas. It is hard to control because the perpetrators 

cannot be traced. In fact, the Environmental Protection Agency (EPA) 

has estimated that this type of pollution is now the single largest 

cause of the deterioration of our nation's water quality. 

 

Types of Pollution 

There are four major types of water pollution, namely chemical 

pollution and thermal pollution: 

1- Chemical pollution: is the introduction of toxic substances 

into an ecosystem. Examples are acid rain and contamination by 

pesticides. 

Chemical pollutants can be divided into non-persistent 

(biodegradable) and persistent (degrade slowly). 

 

Persistent pollutants: is the most rapidly growing type of pollution 

and includes substances that degrade very slowly or cannot be 

broken down at all; they may remain in the aquatic environment for 

years or longer periods of time. Persistent pollutants include some 

pesticides {e. g. 1,1,1-trichloro-2,2-bie(p-chlorophenyl)ethane (DDT), 

dieldrin}, some leachate components from landfill sites, petroleum 

and petroleum products, polychlorinated biphenyls (PCBs), dioxins, 

polyaromatic hydrocarbons (PAHs), radionuclides, metals such as 

lead, mercury, cadmium. The damage they cause is either irreversible 

or reparable only over decades or centuries. 

 

Non persistent pollutants: (biodegradable) include domestic 

wastewater and some industrial wastes. These compounds can be 

broken down by chemical reactions or by natural bacteria into 
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simple, non-polluting substances such as carbon dioxide and 

nitrogen. In addition, chemical pollution includes the pollution due 

fertilizer inflow which leads to oversupplying of an ecosystem with 

nutrients. 

 

2- Thermal pollution: is caused by varying temperatures above 

the normal condition. An example is water that is heated by a power 

plant. 

 

Pollution can occur naturally, but most includes some sort of human 

involvement, and though the environment and wildlife usually pay 

the price, people can also become ill and even die from water 

pollution. Prevention of water pollution is extremely important. 

 



 WWM-gtzبرنامج أداره المياه والصرف الصحى                                                     الصفات الطبيعيه والكيميائيه للمركبات غير العضويه  للمياه            

 

- 39-  

 

 

COMMON WATER POLLUTANTS 

 

1- Oxygen consuming matter:  

Organic contaminants are man-made chemicals. It includes a wide 

range of substances, all of which contain carbon. The common types 

of industrial organic substances found in water are petroleum 

products, solvents, pesticides, and PCBs. These contaminants are 

generally very persistent in the environment and tend to be passed 

through the food chain and concentrated in top predators and may 

accumulate in fish, shellfish, and wildlife to levels that pose a risk to 

human health and the environment. 

 

2- Inorganic salts: 

It is considered as serious water pollutant especially heavy metals 

(such as mercury, lead, and cadmium) may originate from industrial 

discharge, runoff from city streets, mining activities, leachate from 

landfills and a variety of other sources. Metals cannot be broken 

down into less harmful components as they are non-biodegradable. 

Organisms need metals (in low concentrations) as they are essential 

for their health and are usually essential components of enzymes. 

 

3- Pathogens: 

Pathogens are disease-causing microorganisms such as certain 

waterborne bacteria, viruses and protozoans that come from the 

fecal waste of humans and animals due to these pathogens bathing 

beaches are closed and boil water alerts are issued when testing 

reveals significant pathogen levels. These organisms can enter 

waterways through a number of routs, including inadequately 
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treated sewage, storm water drains, septic systems, runoff from 

livestock pens and boats that dump sewage. 

 

4- Radioactive isotopes: 

Different kinds of radiation can do different kinds of damage, because 

the energy is imparted into tissues in different ways. Excessive levels 

could cause radiation sickness or bone disease. 

 

5- Sediment: 

Sand, dirt and gravel eroded by runoff usually ends up in stream 

beds, ponds, or lakes where they can alter stream flow and decrease 

the availability of healthy aquatic habitat. Poorly protected 

construction sites, agricultural fields, roadways and suburban 

gardens can be major sources of sediment. 

 

6- Water warming: 

Power plants generate electricity is certainly the most important type 

of physical pollution. It needs cool water to start with, and they 

generally release warmer water back to the environment. The 

temperature of the released water can affect downstream habitats. It 

can promote algae blooms, threatening certain species of fish and 

otherwise disturbing the chemistry of the receiving water body. 

Temperature also can affect the ability of water to hold oxygen as 

well as the ability of organisms to resist certain pollutants. 

 

7- Nutrient pollution: 

Nutrients are compounds that stimulate plant growth, like nitrogen 

and phosphorous. Under normal conditions, nutrients are beneficial 

and necessary, but in high concentrations, they can become an 

environmental threat. The level of nutrients such as nitrates and 

phosphorous in freshwater ecosystems is a problem worldwide. 
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Excess nutrients (phosphorus and nitrogen) running off the land and 

reaching surface waters can cause massive algal blooms, the decay of 

which can create odors and use up most of the dissolved oxygen 

which can result in fish kills. 
 

8- Salts: 

Freshwaters may become unfit for aquatic life and some human uses 

when they become contaminated by salts. Sources of salinity include 

irrigation runoff, brine used in oil extraction, road deicing operations, 

and the intrusion of sea water into ground and surface waters in 

coastal areas. Acidity problems are of concern in areas with many 

abandoned mines (acid mine drainage) and areas susceptible to acid 

rain. Changes in acidity can alter the toxicity of other chemicals in 

water and can render lakes and streams unfit for aquatic life. 
 

9- Acidic contaminants: 

Common causes for acidic surface water are acid rainfall due to 

atmospheric carbon dioxide and other airborne pollutants, runoff 

from mining spoils, and decomposition of plant materials. Acidic 

ground water can also be caused by the above factors but is mostly 

controlled naturally by the equilibrium relationship with 

surrounding minerals. Lack of CaCO3 (calcium carbonate), commonly 

called limestone, in the bedrock and soil, can cause acidic water. If 

plumbing is installed using different metals (copper, steel, brass, zinc 

and various alloys) corrosion will occur. 
 

10- Oil pollution: 

Spills are uncontrolled releases of any product including crude oil, 

chemicals or waste caused by equipment failure, operating mishaps, 

human error or intentional damage to facilities. The probles of point 

oil spills remain a serious concern. By point oil spills reference is 

made to occasions when a significant amount of a chemical 
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(hydrocarbons) has entered in ecosystem at a point and effects of 

contamination are expected in a well defined more or less local area. 
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FATE OF POLLUTANTS IN  

THE ECOSYSTEM 

 

Pollutants can exist in water in different states. They can be dissolved 

or they can be in suspension, which means that they exist in the form 

of droplets or particles. All states of pollutants can travel great 

distances through water in many different ways. Particulate matter 

may fall to the bottom of streams and lakes or rise to the surface, 

depending on its density. This means that it mostly remains on the 

same locations when the water does not flow very fast. In rivers, 

pollutants usually travel great distances. The distance they travel 

depends upon the stability and physical state of the pollutant and the 

speed of flow of the river. Pollutants can travel farthest when they 

are in solution in a river that is fast flowing.  

 

 

CClleeaann  ZZoonnee  

CClleeaann  ZZoonnee  



 WWM-gtzبرنامج أداره المياه والصرف الصحى                                                     الصفات الطبيعيه والكيميائيه للمركبات غير العضويه  للمياه            

 

- 44-  

 

 

The concentrations on one site are then generally low, but the 

pollutant can be detected on many more sites than when it would not 

have been so easily transported. In lakes and oceans pollutants are 

transported through currents. There are many currents in the oceans, 

which are wind-driven. This enables a pollutant to travel from one 

continent to another. We usually count on the ability of the oceans to 

reduce pollutants in concentration, the so-called "self-cleaning 

ability" of oceans. But this does not always work, because the 

movement of the currents in the oceans is not uniform. This causes 

inshore waters to often have substantially higher levels of pollution 

than the open ecosystem. When persistent pollutants accumulate in 

fish or sea birds they cannot only become a toxic danger to aquatic 

food chains, they can also travel great distances within these animals 

and end up in the food chains of non-polluted areas. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 الثانى الملحق

Annex 2 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 WWM-gtzبرنامج أداره المياه والصرف الصحى                                                     الصفات الطبيعيه والكيميائيه للمركبات غير العضويه  للمياه            

 

- 1-  

 

  

PHYSICO-CHEMICAL CHARACTERISTICS 

OF FRESHWATER 

 

Physical Characteristics of Water  

 

Temperature 

Temperature readings are used in the calculation of various forms of 

alkalinity, in studies of saturation and stability with respect to 

calcium carbonate, in the calculation of salinity, and in general 

laboratory operations. In limnological studies, water temperatures as 

a function of depth often are required. Elevated temperatures 

resulting from discharges of heated water may have significant 

ecological impact. Identification of source of water supply, such as 

deep wells, often is possible by temperature measurements such as 

alone.  

 

Color 

Color in water may result from the presence of natural metallic ions 

(iron and manganese), plankton, weeds and industrial wastes. Color 

is determined by visual comparison of the sample with known 

concentrations of colored solutions. The platinum-cobalt method of 

measuring color is the standard method, the unit of color being that 

produced by 1 mg platinum/L in the form of the chloroplatinate ion. 

The platinum-cobalt method is useful for measuring color of potable 

water and of water in which color is due to naturally occurring. 
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Turbidity 

Turbidity in water is caused by suspended and colloidal matter such 

as clay, silt, finely divided organic and inorganic matter, and plankton 

and other microscopic organisms. Turbidity is an expression of the 

optical property that cause light to be scattered and absorbed rather 

than transmitted with no change in direction or flux level through the 

sample. 

 

Odor  

Odor, like taste, depends on contact of a stimulating substance with 

the appropriate human receptor cell. Odor is recognized as a quality 

factor affecting acceptability of drinking water (and foods prepared 

with it), tainting of fish and other aquatic organisms, and esthetics of 

recreational waters.  Some substances such as certain inorganic salts 

produce taste without odor and are evaluated by taste testing. The 

human nose is the practical odor-testing device used in this method. 

Odor tests are performed to provide qualitative descriptions and 

approximate quantitative measurements of odor intensity. 

 

Taste 

Taste refers only to gustatory sensations called bitter, salty, sour, and 

sweet that result from chemical stimulation of sensory nerve endings 

located in the papillae of the tongue and soft palate. Taste refers to a 

method of sensory analysis in which samples are taken into the 

mouth but the result evolutions pertain to flavor. 

 

Conductivity 

Conductivity is a measure of the ability of an aqueous solution to 

carry an electric current. This ability depends on the presence of ions 

on their total concentration, mobility and valence. Solutions of most 
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inorganic compounds are relatively good conductors. Conversely, 

molecules of organic compounds that do not dissociate in aqueous 

solution conduct a current very poorly. 

Conductivity unit is µmho/cm  

                        1µS/cm = 1 µmho/cm 

Estimate total dissolved solids (mg/L) in a sample by multiplying 

conductivity (in µmho/cm) by an empirical factor. This factor may 

vary from 0.55 to 0.9 depending on the soluble components of the 

water and on the temperature of measurement. Relatively high 

factors may be required for saline or boiler waters, whereas lower 

factors may apply where considerable hydroxide or free acid is 

present. 
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Chemical Characteristics of Water  

pH 

Measurement of pH is one of the most important and frequently used 

tests in water chemistry. Practically every phase of water supply and 

wastewater treatment is pH dependent. pH is used in alkalinity and 

carbon dioxide measurements and many other acid-base equilibria. 

At a given temperature the intensity of the acidic or basic character 

of a solution is indicated by pH or hydrogen ion activity. 

pH is defined as negative log of hydrogen ion. 
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Solids 

Solids refer to matter suspended or dissolved in water or 

wastewater. Waters with high dissolved solids generally are of 

inferior palatability and may induce an unfavorable physiological 

reaction in the transient consumer.  

Waters high in suspended solids may be esthetically unsatisfactory 

for such purposes as bathing. 

"Total Solids" is the term applied to the material residue left in the 

vessel after evaporation of a sample and its subsequent drying in an 

oven at a defined temperature. 

"Total Suspended Solids" is the portion of total solids retained by a 

filter. 

"Total Dissolved Solids" is the portion that passes through the filter. 

 

Total Solids (Total Residue): Dried at 103-105°C 

A well mixed sample is evaporated in a weighed dish and dried to 

constant weight in an oven at 103 to 105°C. The increase in weight 

over that of the empty dish represents the total solids.  

 

Total Suspended Solids Dried at 103-105°C 

A well mixed sample is filtered through a weighed standard glass-

fiber filter and the residue retained on the filter is dried to a constant 

weight at 103-105°C. The increase in weight of the filter represents 

the total suspended solids.  

** If the suspended material clogs the filter and prolongs filtration, it 

may be necessary to increase the diameter of the filter or decrease 

the sample volume. 
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Total Dissolved Solids 

A well – mixed sample is filtered through a 0.45µm membrane filter 

paper and the filtrate is evaporated to dryness in a weighed dish and 

dried to constant weight at 180ºC (120ºC). The increase in dish 

weight represents the total dissolved solids. This procedure may be 

used for drying at other temperatures.  
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Alkalinity  

The classification ascribes the entire alkalinity to bicarbonate, 

carbonate and hydroxide and assumes the absence of other (weak) 

inorganic or organic acids such as silicic, phosphoric and boric acids. 

So, the alkalinity of many surface waters is primarily a function of 

carbonate, bicarbonate and hydroxide content it is taken as an 

indication of the concentration of these constituents. 

Hydroxyl ions present in a sample as a result of dissociation or 

hydrolysis of solutes react with additions of standard acid. Alkalinity 

thus depends on the end-point pH used. 

Phenolphthalein alkalinity is the term traditionally used for the 

quantity measured by titration to pH 8.3.  

Methyl red indicator may be used for pH 4.5. 

 

Reagents 

1- Sodium carbonate solution (0.02N) dry 3 to 5 gm primary 

standard Na2CO3 at 250°C for 4 h and cool in a desiccator. Weigh 1gm 

transfer to a 1L volumetric flask. (do not keep longer than 1 week) 

2- Standard sulfuric acid or hydrochloric acid (0.02N) 

(inside front cover of APHA) 

Standardize by titration of 0.02N Na2CO3 

                      1ml = 1 mg NaCO3  

according to the pH of the sample added the appropriate reagent 

(phph. or Mo.) to 50ml sample volume and titrate to the end point 

disappeared the violet color in case of phph. Indicator 

faint orange color in case of Mo. indicator  

Alkalinity, mg CaCO3/L = ml of titrant X 1000 ml of sample 

Carbonate (CO3 2-) alkalinity is present when phenolphthalein 

alkalinity is not zero but is less than total alkalinity. 

Hydroxide (OH-) alkalinity is present if phenolphthalein alkalinity is 

more than half the total alkalinity. 
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Bicarbonate (HCO3-) alkalinity is present when phenolphthalein 

alkalinity is less than half the total alkalinity.  

 

Types of alkalinity according to pH 

  1- pH 11.0 → 9.4: OH alk. & CO3 alk. 

              No HCO3 alk. 

  2- pH 9.4  → 8.3: CO3 alk. & HCO3 alk. 

              No OH alk. 

  3- pH 8.3 → 4.6: HCO3 alk.  

              No CO3 alk., No OH alk. 

   4- pH 4.6 → 3.0 

          Mineral acids 
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Forms of Alkalinity 

 

 

 

At pH 8.3: 
a- OH = 2P – T       & CO3 = 2(T – P) 

b- CO3 = 2P = T 

c- CO3 + 2P           & HCO3 = T – 2P 

d- HCO3 = T 
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Hardness 
Water hardness was understood to be a measure of the capacity of 

water to precipitate soap. Soap is precipitated mainly by the calcium 

and magnesium ions present. 

Total hardness is defined as the sum of the calcium and magnesium 

concentrations, both expressed as calcium carbonate in milligrams 

per liter. 

When hardness numerically is greater than the sum of carbonate and 

bicarbonate alkalinity, that amount of hardness equivalent to the 

total alkalinity is called "carbonate hardness"; the amount of 

hardness in excess of this is called "noncarbonate hardness".   

Ethylenediaminetetraacetic acid and its sodium salts (EDTA) form a 

chelated soluble complex when added to a solution of certain metal 

cations. 

The sharpness of the end point increase with increasing pH. 

However, the pH cannot be increased indefinitely because of the 

danger of precipitating CaCO3 and Mg(OH)2 and the dye changes 

color at high pH. The specified pH of 10. 

 

Interference: 

Some metal ions interfere by causing fading end points. Reduce this 

interference by adding certain inhibitors before titration. 

Suspended or colloidal organic matter may interfere with the end 

point. Eliminate this interference by evaporating the sample to 

dryness on a steam bath and heating in a muffle furnace at 550°C 

until the organic matter is completely oxidized. Dissolve the residue 

in 20ml 1N hydrochloric acid (HCl), neutralize to pH 7 with 1N NaOH 

and make up to 50ml with distilled water; cool to room temperature 

and continue according to the general procedure. 
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Reagents 

1- Buffer solution: dissolve 16.9g ammonium chloride NH4Cl in 143 

ml conc. Ammonium hydroxide NH4OH and dilute to 250ml with 

distilled water. Store in a plastic or borosilicate glass container for no 

longer than 1 month. Stopper tightly to prevent loss of ammonia. 

Discard buffer when 1 or 2 ml added to the sample fails to produce a 

pH of 10 at the titration end point.   

2- Eriochrome Black T: can be in dry powder form if care is taken to 

avoid excess indicator. 

3- Standard EDTA titrant: 0.01M weight 3.723 gm disodium 

ethylenediaminetetraacetate dehydrate, dissolve in distilled water, 

and dilute to 1L. Standardize against standard calcium solution. 

4- Standard calcium solution: weight 1gm anhydrous CaCO3 into a 

500ml Erlenmeyer flask. Add a little at a time 1+1 HCl until all CaCO3 

has dissolved. Add 200ml distilled water and boil for a few minutes 

to expel CO2. Cool, add few drops of methyl red indicator, and adjust 

to the intermediate orange color by adding 3N NH3OH or 1+1 HCl as 

required. Transfer quantitatively and dilute to 1L with distilled 

water. 

                         1ml = 1mg CaCO3 

Procedure 

 Added to the sample 1ml of buffer solution to give a pH of 10, and 

then added dry powder indicator. Add EDTA titrant slowly with 

continuous stirring, until the end point where the solution normally 

is blue. 

Total hardness mg CaCO3/L = ml of titrant X 1000 / ml of sample 
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Calcium hardness 

The most common forms of calcium are calcium carbonate and 

calcium –magnesium carbonate. Calcium carbonate solubility is 

controoed by pH and dissolved CO2. Hardness is based on the 

concentration of calcium and magnesium salts, and often is used as a 

measure of potable water quality. The presence of calcium in water 

supplies results from passage over deposits of limestone, dolomite, 

gypsum, and gypsiferous shale.  

When EDTA is added to water containing both calcium and 

magnesium it combines first with the calcium. Calcium can be 

determined directly, with EDTA when the pH is made sufficiently 

high that the magnesium is largely precipitated as the hydroxide and 

an indicator is used that combines with calcium only. 

 

Reagents 

1- Sodium hydroxide NaOH, 1N 

2- indicator: Murexide (ammonium purpurat) was the first indicator 

available for detecting the calcium end point. This indicator changes 

from pink to purple at the end point. 

3- Standard EDTA titrant 

 

Procedure 

To the appropriate sample volume add 2ml NaOH to produce a pH 12 

To 13. Stir, and then add dry powder of the indicator then titrate with 

EDTA to the proper end point. 

Calcium hardness as mg CaCO3/L  

= ml of titrant X 1000/ ml of sample 
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Chloride 

Chloride in the form of chloride (Cl-) ion is one of the major inorganic 

anions in water and wastewater. The salty taste produced by choride 

concentration is variable and dependent on the chemical composition 

of water. High chloride content may harm metallic pipes and 

structures as well as growing plants. 

In a neutral or slightly alkaline solution potassium chromate can 

indicate the end point of the silver nitrate titration of chloride. Sliver 

chloride is precipitated quantitatively before red silver chromate is 

formed. 

Reagents 

1- Potassium chromate indicator solution: dissolve 50 g K2CrO4 in a 

little distilled water. Add AgNO3 solution until a definite red 

precipitate is formed. Let stand 12 h, filter and dilute to 1L with 

distilled water. 

2- Standard silver nitrate titrant: 0.028M: dissolve 4.79g AgNO3 in 

distilled water and dilute to 1L Standardize against NaCl. 

                     1 ml = 1 mg Cl- 

                ** Store in a brown bottle. 

3- Standard sodium chloride: 0.028M: dissolve 1.648 g NaCl (dried at 

140ºC) in distilled water and dilute to 1L. 

                    1 ml = 1 mgCl- 

Procedure 

Add 2-3 drops of chromate indicator to appropriate volume of 

sample and directly titrate sample with standard AgNO3 titrant to a 

pinkish yellow end point. 

mg Cl-/L = ml of titrant X 1000 / ml of sample 
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Sulfate 

Sulfate (SO42-) is widely distributed in nature and may be present in 

natural waters in concentrations ranging from a few to several 

thousand milligrams/liter.  

Sulfate ion (SO42-) is precipitated acid medium with barium chloride 

(BaCl2) so as to form barium sulfate (BaSO4) crystals of uniform size.  

 

Reagents 

1- Buffer solution: mix 30 ml conc. HCl + 300 ml distilled water + 100 

ml 95% ethyl or isopropyl alcohol + 75 gm NaCl. Add 50 ml glycerol 

with that solution. 

2- Barium chloride crystals: BaCl2. 

3- Standard sulfate solution: dilute 10.4 ml standard 0.02N H2SO4 

titrant specified in alkalinity to 100 ml with distilled water. 

                          1 ml = 100µg SO42-   

Procedure 

Measure 100 ml sample or a suitable portion made up to 100 ml, into 

a 250 ml Erlenmeyer flask. Add 5 ml of the buffer solution and mix in 

stirring apparatus. While stirring, add a spoonful of BaCl2 crystals 

and begin timing immediately. Stir for 1 min. at a constant speed. 

After stirring period has ended, pour solution into absorption cell of 

photometer and measure turbidity at 420nm through 5min. 

For sulfate standard curve: prepare a series of standard sulfate 

solution concentration and proceed as the sample determination.     
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Dissolved Silica 

Silicon does not occur free in nature, but rather as free silica (SiO2) in 

coarsely crystalline and microcrystalline varieties of quartz, the 

major component of sand and sandstone. 

In the presence of magnesium, it can form scale deposits in boilers 

and in steam turbines.  

It is considered a nonessential trace element for most plants, but 

essential for most animals. Chronic exposure to silica dust can be 

toxic. 

Ammonium molybdate at pH approximately 1.2 reacts with silica and 

any phosphate present to produce heteropoly acids. Oxalic acid is 

added to destroy the molybdophosphoric acid but not the 

molybdosilicic acid. The intensity of the yellow color is proportional 

to the concentration of molybdate-reactive silica. 

 

Reagent  

1- Ammonium molybdate solution: dissolve 10 g (NH4)6Mo7O24.4H2O 

in distilled water with the aid of stirring and gentle warming and 

dilute to 100 ml. Filter if necessary. 

2- Hydrochloric acid solution: 1 + 1, mix equal volumes of conc. HCl 

and distilled water. 

3- Oxalic acid solution: dissolve 10 g C2H2O4.2H2O in distilled water 

and dilute to 100 ml. 

4- Borax solution: dissolve 10 g sodium borate decahydrate 

Na2B4O7.10H2O in water and dilute to 1 L. 

5- Potassium chromate solution: dissolve 0.63 g potassium chromate 

K2CrO4 in water and dilute to 1L. 

 

Procedure 

To 50 ml sample add in rapid succession 1.0 ml of 1+1 HCl and 2.0 ml 

of ammonium molybdate reagent. Mix thoroughly and let stand for 5 

to 10 min. Add 2.0 ml oxalic acid solution and mix thoroughly. Read 
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color after 2 min but before 15 min, measuring time from addition of 

oxalic acid. 

Preparation the Standard Curve of Silica 

For determination of silica standard curve, make a set of permanent 

artificial color, using K2CrO4 and borax solution. Mix liquid volumes 

specified as in the table below and read absorbance at 420 nm 

against distilled water (Blank). 

 

        mg SiO2/L = µg SiO2 (in 55 ml final volume)/ ml of sample 

 

Values in 

silica  

 

µg 

Potassium chromate 

solution  

ml 

Borax solution  

 

ml 

Water  

 

ml 

0.0 0.0 25 30 

100 1.0 25 29 

200 2.0 25 28 

400 4.0 25 26 

500 5.0 25 25 

750 7.5 25 22 

1000 10.0 25 20 
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Nitrogen 

In water and wastewater the forms of nitrogen of greatest interest 

are, in order of decreasing oxidation state, nitrate, nitrite, ammonia 

and organic nitrogen.  

Organic nitrogen includes such natural materials as proteins and 

peptides, nucleic acids and urea and numerous synthetic organic 

materials. 

Nitrate generally occurs in trace quantities in surface water but may 

attain high levels in some groundwater. In excessive amounts it 

contributes to the illness known as methemoglobinemia in infants. It 

is essential nutrient for many photosynthetic autotrophs and in some 

cases has been identified as the growth-limiting nutrient. 

Nitrite is an intermediate oxidation state of nitrogen, both in the 

oxidation of ammonia to nitrate and in the reduction of nitrate. 

Nitrous acid, which is formed from nitrite in acidic solution, can react 

with secondary amines to form nitrosamines many of which are 

known to be carcinogens. 

Ammonia is present naturally in surface and wastewater. Its 

concentration generally is low in groundwater because it adsorbs to 

soil particles and clays and is not leached readily from soils. 

Ammonia concentrations in water vary from less than 10µg ammonia 

N/L, in some natural surface and ground waters to more than 

30mg/L in some wastewaters.  

 

Ammonia 

The two major factors that influence selection of the method to 

determine ammonia are concentration and presence of interference. 

Most reliable results are obtained on fresh samples. If samples are to 

be analyzed within 24h of collection, refrigerate unacidified or 

preserve samples by acidifying to pH<2 and storing at 4°C. 

Phenate Method  
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An intensely blue compound, indophenol, is formed by the reaction of 

ammonia, hypochlorite, and phenol catalyzed by sodium 

nitroprusside. 

 

Reagents 

1- Phenol solution: mix 11.1 ml liquefied phenol (≥89%) with 95% 

v/v ethyl alcohol to a final volume of 100 ml. 

                       ** Prepare weekly 

2- Sodium nitroprusside: 0.5% w/v: dissolve 0.5 g sodium 

nitroprusside in 100 ml deionized water.  

                      **Store in amber bottle for up to 1 month. 

3- Alkaline citrate: dissolve 200 g trisodium citrate and 10 g sodium 

hydroxide in deionized water. Dilute to 1L.  

4- Sodium hypochlorite: commercial solution, about 5%. This 

solution slowly decomposes once the seal on the bottle cap is broken. 

Replace about every 2 months. 

5- Oxidizing solution: mix 100 ml alkaline citrate solution with 25 ml 

sodium hypochlorite.  

                             **Prepare fresh daily. 

6- Stock ammonium solution: dissolve 3.819 g anhydrous NH4Cl 

(dried at 100°C) in water, and dilute to 1L  

                           1 ml = 1.22 mg NH3 

         Standard ammonium solution: prepare a calibration curve in a 

range appropriate for the concentrations of the samples. 

Procedure 

To a 25 ml sample in a 50 ml Erlenmeyer flask, add with thorough 

mixing after each addition, 1 ml phenol solution, 1 ml sodium 

nitroprusside solution, and 2.5 ml oxidizing solution. Cover samples 

with plastic wrap or paraffin wrapper film. Let color develop at room 

temperature (22 to 27°C) in subdued light for at least 1 h. Color is 

stable for 24 h. Measure absorbance at 640 nm. 

 



 WWM-gtzبرنامج أداره المياه والصرف الصحى                                                     الصفات الطبيعيه والكيميائيه للمركبات غير العضويه  للمياه            

 

- 19-  

 

Nitrogen (Nitrite) 

Nitrite (NO2-) is determined through formation of a reddish purple 

azo dye produced at pH 2 to 2.5 by coupling diazotized sulfanilamide 

with N-(1-naphthyl)-ethylenediamine dihydrochloride.  

 

Reagents 

1- Sulfanilic acid: dissolve 0.6 g in 70 ml hot distilled water, cool, add 

20 ml conc. HCl, dilute to 100 ml. 

2- α- naphthylamine hydrochloride: dissolve 0.6 g α- naphthylamine 

hydrochloride in 1 ml conc HCl and distilled water and dilute to 100 

ml. 

3- Sodium acetate solution: dissolve 16.4 g NaC2H3O2 or 27.2 g 

NaC2H3O2.3H2O in distilled water and dilute to 100 ml. 

4- Stock Sodium nitrite solution: dissolve 0.493 g NaNO2 in 1L 

distilled water. 

        Standard sodium nitrite solution: dilute 100 ml stock NaNO2 

solution to 1L, and then dilute 50 ml of this solution to 1L. 

                          1 ml = 1.6 µg NO2 

Procedure 

To 50 ml sample add 1 ml of sulfanilic acid reagent. Mix, the pH 

should be about 1.4. After 3 min add 1 ml α- naphthylamine 

hydrochloride reagent and 1 ml sodium acetate solution and mix will. 

Measure the reddish-purple color after 10 min at 520 nm. 

 

Nitrogen (Nitrate) 

Determination of nitrate (NO3-) is difficult because of the relatively 

complex procedures required the high probability that interfering 

constituents will be present, and the limited concentration ranges of 

the various techniques. 
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Reagent 

1- Sodium salicylate solution: dissolve 0.5 g sodium salicylate in 100 

ml distilled water. 

                      *** must be freshly prepared 

2- Sodium hydroxide + potassium :sodium tartarate solution: 

dissolve 400 g NaOH + 60 g potassium : sodium tartarate in distilled 

water, cool and complete to 1000 ml  with distilled water 

                                      *** preserve in polyethylene bottle 

3- Stock sodium nitrate solution: dissolve 0.6071 g NaNO3 in 1L 

distilled water. 

                       1 ml = 100 µg NO3 

Standard sodium nitrate solution: dilute 100 ml of stock nitrate to 1L 

with distilled water. 

                        1 ml = 10µg NO3 

 

Procedure 

To 50 ml of the sample add 1 ml sodium salicylate and evaporate in 

water bath until complete dryness. Add 2 ml conc. H2SO4, leave 2 min. 

and then add 15 ml distilled water. Cool and then add 15 ml NaOH 

mixture. Leave to cool completely and the complete to 50 ml with 

distilled water. Measure absorbance at 420 nm. 
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Phosphorus 

Phosphorus occurs in natural waters and in wastewater almost solely 

as phosphates. These are classified as orthophosphates and 

organically bound phosphates. 

Larger quantities of phosphates may be added when the water is 

used for laundering or other cleaning. Phosphates are used 

extensively in the treatment of boiler waters. Orthophosphates 

applied as fertilizers are carried into surface waters. Organic 

phosphates are formed primarily by biological processes.  

Phosphorus is essential to the growth of organisms and can be the 

nutrient that limits the primary productivity of a body of water. In 

instances where phosphate is a growth – limiting nutrient, the 

discharge of raw or treated wastewater, agricultural drainage, or 

certain industrial wastes to that water may stimulate the growth of 

photosynthetic aquatic micro and macroorganisms in nuisance 

quantities.  

Phosphates also occur in bottom sediments and in biological sledges 

both as precipitated inorganic forms and incorporated into organic 

compounds. 

Acid hydrolysis at boiling-water temperature converts dissolved and 

particulate condensed phosphates to dissolved orthophosphates. 

Molybdophosphoric acid is formed and reduced by stannous chloride 

to intensely colored molybdenum blue. 

Reagents 

1- Ammonium molybdate reagent: dissolve 25 g (NH4)6Mo7O24.4H2O 

in 175 distilled water. Add 77.5 ml conc. H2SO4, slowly while stirring 

to 400 ml distilled water. Cool and add molybdate solution to the acid 

solution and dilute to 1L. 

2- Stannous chloride solution: dissolve 2.5 g of SnCl2.2H2O in 100 ml 

glycerol. 

3- Sulfuric acid solution: add 310 ml conc. H2SO4 to 600 ml distilled 

water, cool and dilute to 1L. 
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Procedure: 

1- Add 1 ml acid solution to 50 ml sample 

2- Add 0.4 g of potassium persulfate  

3- Boil gently for 30 min 

4- Cool and complete the volume of solution to 50 ml 

5- Add 2 ml ammonium molybdate and mix 

6- Add 3 drops of stannous chloride 

7- Read the absorbance at 650 WL 

Stock Phosphate Solution: dissolve 0.7164 g of potassium dihydrogen 

phosphate in distilled water and complete to 1L.  

Standard phosphate solution: from the above solution take 100 ml 

and dilute to 1L: 

                    1 ml = 0.33 mg/L P 

To prepare standard phosphate curve make a series of 

concentrations from standard phosphate solution and add the 

reagent (1 ml sulfuric acid solution + 2 ml molybdate solution + 

3drops of stannous chloride), read the absorbance as the sample and 

plot the curve. 
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Iron 

Iron occurs in the minerals hematite, magnetite, taconite and pyrite. 

It is widely used in steel and in other alloys. 

Elevated iron levels in water can cause stains in plumbing, laundry 

and cooking utensils and can impart objectionable tastes and colors 

to foods. 

Iron is brought into solution reduced to the ferrous state by boiling 

with acid and hydroxylamine and treated with 1,10-phenanthroline 

at pH 3.2 to 3.3. Three molecules of phenanthroline chelate each 

atom of ferrous iron to form an orange-red complex. 

Reagents 

1- Hydrochloric acid: HCl conc. 

2- Hydroxylamine solution: dissolve 10 g NH2OH.HCl in 100 ml water. 

3- Ammonium acetate buffer solution: dissolve 250 g NH4C2H3O2 in 

150 ml water. Add 700 ml conc. (glacial) acetic acid. 

4- Sodium acetate solution: dissolve 200 g NaC2H3O2.3H2O in 800 ml 

water. 

5- Phenanthroline solution: dissolve 100 mg 1,10-phenanthroline 

monohydrate C12H8N2.H2O in 100 ml water. Discard the solution if it 

darkens. 

6- Potassium permanganate: 0.1M: dissolve 0.316 KMnO4 in reagent 

water and dilute to 100ml. 

7- Stock iron solution:   

If ferrous ammonium sulfate (is preferred) slowly add 20 ml conc 

H2SO4 to 50 ml water and dissolve 1.404 g Fe(NH4)2(SO4).6H2O. Add 

0.1M potassium permanganate KMnO4 dropwise until a faint pink 

color persists. Dilute to 1000 ml with water and mix 

                              1 ml = 200 µg Fe 

Standard iron solution: 

**The standard iron solutions are not stable, prepare daily as needed 

by diluting the stock solution. 
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Pipet 50 ml stock solution into a 1000 ml volumetric flask and dilute 

to mark with water  

                           1 ml = 10 µg Fe 

 

Procedure 

Total iron: mix sample thoroughly and measure 100 ml into a 250 ml 

Erlenmeyer flask. Add 2 ml conc HCl and 1 ml NH2OH.HCl solution. 

Add a few glass beads and heat to boiling. To insure dissolution of all 

the iron, continue boiling until volume is reduced to 15 to 20 ml. Cool 

to room temperature and transfer to a 100 ml volumetric flask. Add 

10 ml NH4C2H3O2 buffer solution and 4 ml phenanthroline solution 

and dilute to mark with water. Mix thoroughly and allow for 10 min 

to color development. Read at 510 nm. 

Standard curve preparation: 

Prepare a series of dilution from standard iron solution in a 100 ml 

volumetric flask. Add 1 ml NH2OH.HCl solution, 10 ml phenanthroline 

solution and 10 ml Na2C2H3O2. Dilute to 100 ml with water, mix 

thoroughly and let stand for a minimum of 10 min. Measure 

absorbance at 510 nm. 
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Manganese 

Manganese is associated with iron minerals and occurs in nodules in 

ocean, freshwater and soils. Manganese is used in steel alloys, 

batteries and food additives. Upon exposure to air or other oxidants, 

groundwater containing manganese usually will precipitate black 

MnO2. It is considered an essential trace element for plants and 

animals. 

Persulfate oxidation of soluble manganous compounds to form 

permanganate is carried out in the presence of silver nitrate. The 

resulting color is stable for at least 24 h if excess persulfate is present 

and organic matter is absent. 

The persulfate procedure can be used for potable water with trace to 

small amounts of organic matter if the period of heating is increased 

after more persulfate has been added. 

Reagents 

1- Special reagent: dissolve 75 g HgSO4 in 400 ml conc. HNO3 and 200 

ml distilled water. Add 200 ml 85% phosphoric acid (H3PO4) and 35 

mg silver nitrate (AgNO3). Dilute the cooled solution to 1L. 

2- Ammonium persulfate: (NH4)2S2O8 solid 

3- Standard manganese solution: prepare a 0.1N potassium 

permanganate (KMnO4) solution by dissolving 3.2 g KMnO4 in 

distilled water and making up to 1L. Age for several weeks in sunlight 

or heat for several hours near the boiling point, then filter through a 

fine fritted-glass filter crucible and standardize against sodium 

oxalate as follows: 

Weight 100 mg of Na2C2O4 and transfer to 400 ml beakers. Add 100 

ml distilled water and stir to dissolve. Add 10 ml 1+1 H2SO4 and heat 

rapidly to 90 to 95 ºC. Titrate rapidly with the KMnO4 solution to be 

standardized, while stirring to a slight pink end-point color that 

persists for at least 1 min. ** Do not let temperature fall below 85ºC, 

if necessary warm beaker contents during titration. 100 mg Na2C2O4 
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will consume about 15 ml permanganate solution. Run a blank on 

distilled water and H2SO4. 

   

             Normality of KMnO4= g Na2C2O4 (A-B) X 0.067 

Calculate volume of this solution necessary to prepare 1L of solution 

so that, 

1 ml = 50µg Mn as follows: Ml KMnO4 = 4.55N KMnO4 

To this volume add 2 to 3 ml conc H2SO4 and NaHSO3 solution drop 

wise, with stirring, until the permanganate color disappears. Boil to 

remove excess SO2, cool and dilute to 1000 ml with distilled water. 

4- Hydrogen peroxide: H2O2 30% 

5- Sulfuris acid H2SO4: conc. & 1+1 dilution 

6- Sodium oxalate: Na2C2O4 

7- Sodium bisulfite: dissolve 10 g NaHSO3 in 100 ml distilled water. 

 

Procedure 

To a suitable sample portion add 5 ml special reagent and 1 drop 

H2O2. Concentrate to 90 ml by boiling. Add 1 g (NH4)2S2O8, bring to a 

boil, and boil for 1 min. Remove from heat source, and then cool. 

Dilute to 100 ml and mix and read the absorbance at 525 nm. 

Prepare standard curve of Mn by treating various amounts of 

standard Mn solution in the same way. 
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Fluoride 

A Fluoride concentration of approximately 1 mg/L in drinking water 

effectively reduces dental caries without harmful effects on health. 

Fluoride 

May occur naturally in water or it may be added in controlled 

amounts. Some fluorosis may occur when the fluoride level exceeds 

the recommendation limits. Maintenance of an optimal fluoride 

concentration is essential in maintaining effectiveness and safety of 

the fluoridation procedure. 

The SPADNS colorimetric method is based on the reaction between 

fluoride and a zirconium –dye lake. Fluoride reacts with the dye lake, 

dissociating a portion of it into a colorless complex anion (ZrF6 2-), 

and the dye. As the amount of fluoride increases, the color produced 

becomes progressively lighter. 

Reagents  

1- Standard fluoride solution: dissolve 221 mg anhydrous sodium 

fluoride NaF, in distilled water and dilute to 1L 

                       1 ml = 100 µg F- 

Dilute 100 ml stock fluoride solution to 1L with distilled water 

                        1 ml = 10 µg F- 

2- SPADNS solution: dissolve 958 mg SPADNS, sodium 2-

(parasulfophenylazo)-1,8-dihydroxy-3,6-naphthalene disulfonate, 

also called 4,5-dihydroxy-3-(parasulfophenylazo)-2,7-

naphthalenedisulfonic acid trisodium salt, in distilled water and 

dilute to 500 ml. **This solution is stable for at least 1 year if 

protected from direct sunlight. 

3- Zirconyl-acid reagent: dissolve 133 mg zirconyl chloride 

octahydrate ZrOCl2.8H2O in about 25 ml distlled water. Add 350 ml 

conc. HCl and dilute to 500 ml with distilled water. 

4- Acid zirconyl-SPADNS reagent: mix equal volumes of SPADNS 

solution and zirconyl-acid reagent. The combined reagent is stable 

for at least 2 years. 



 WWM-gtzبرنامج أداره المياه والصرف الصحى                                                     الصفات الطبيعيه والكيميائيه للمركبات غير العضويه  للمياه            

 

- 28-  

 

5- Reference solution: add 10 ml SPADNS solution to 100 ml distilled 

water. Dilute 7 ml conc. HCl to 10 ml and add to the diluted SPADNS 

solution. The resulting solution, used for setting the instrument 

reference point (zero) **is stable for at least 1 year. 

Procedure 

1- Preparation of standard curve: prepare fluoride standards in the 

range of 0 to 1.4 mg F-/L by diluting appropriate quantities of 

standard fluoride solution to 50 ml with distilled water. Pipet 5 ml 

each of SPADNS solution and zirconyl-acid reagent or 10 ml mixed 

acid-zirconyl- SPADNS reagent, to each standard and mix well. Set 

photometer to zero absorbance with the reference solution and 

obtain absorbance readings at 570nm. 

2- Sample treatment: use a 50 ml sample or a portion diluted to 50 ml 

with distilled water. Add 5 ml each of SPADNS solution and zirconyl-

acid reagent, or 10 ml acid-SPADNS reagent; mix well and read 

absorbance. 
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Oxidant Demand/Requirement 

Oxidants are added to water and wastewater primarily for 

disinfectant. Oxidant demand refers to the difference between the 

added oxidant dose and the residual concentration measured after a 

prescribed contact time at a given pH and temperature. Oxidant 

requirement refers to the oxidant dose required to achieve a given 

oxidant residual at a prescribed contact time, pH and temperature. 

Chlorine will liberate free iodine from potassium iodide (KI) 

solutions at pH 8 or less. The liberated iodine is titrated with a 

standard sodium thiosulfate solution (Na2S2O3) with starch as 

indicator. Titrate at pH 3 to 4 because the reaction is not 

stoichiometric at neutral pH due to partial oxidation of thiosulfate to 

sulfate.  

Reagents 

1- Chlorine-demand free water 

2- Acetic acid, conc (glacial) 

3- Potassium iodide KI crystal  

4- Starch indicator: to 5 g starch add a little cold water. Poured into 1 

L of boiling distilled water, stir and let settle overnight. Use clear 

supernatant. 

5- Potassium dichromate solution: 0.025N, dissolve 1.225g 

potassium dichromate K2Cr2O7 in 1 L distilled water. 

6- Standard sodium thiosulfate solution: 0.025N dissolve 6.205g 

Na2S2O3.5H2O in 1L freshly boiled distilled water and standardize 

against potassium dichromate. 

To 80 ml distilled water, add 1 ml conc. H2SO4, 10 ml K2Cr2O7 and 1g 

KI. Kep in dark for 5 min and then titrate with sodium thiosulfate 

titrant until faint yellow color. Add 1 ml starch indicator and 

complete titration until blue color disappear. 

Chlorine Determination 

In 250 ml conical flask with quick feet stopper, add 100 ml free 

chlorine distilled water, add 2 ml conc. H2SO4 + 1 g KI + 0.5 ml 
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chlorine water. Put in the dark for 5 min and then titrate with sodium 

thiosulfate titrant until the pale yellow color. Add 1 ml stash solution 

and continue in titration until the blue color disappears. 

mg Cl2/L = ml of titrant X0.9 (MW of Cl XN  

of sodium thiosulfate titrant)/ ml of sample 
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Chlorine (Residual) 

The chlorination of water supplies and polluted waters serves 

primarily to destroy or deactivate disease-producing 

microorganisms. A secondary benefit in treating drinking water.  

Chlorination may produce adverse effects. Potentially carcinogenic 

chloroorganic compounds such as chloroform may be formed.  

Chlorine applied to water in its molecular or hypochlorite form 

initially undergoes hydrolysis to form free chlorine consisting of 

aqueous molecular chlorine, hypchlorous acid and hypochlorite ion. 

The presence and concentrations of the combined forms depend on 

pH, temperature, initial chlorine to nitrogen ratio, absolute chlorine 

demand and reaction time. Both free and combined chlorine may be 

present at the same time. 

 

Reagents 

1- Phosphate buffer solution: dissolve 24 g anhydrous Na2HPO4 and 

46 g anhydrous KH2PO4 in distilled water. Combine with 100 ml 

distilled water in which 800 mg EDTA-disodium salt have been 

dissolved, then dilute to 1 L. 

2- N,N-diethyl-p-phenylenediamine (DPD) indicator solution: 

dissolve 1 g DPD oxalate, or 1.5 g DPD sulfate pentahydrate, or 1.1 g 

anhydrous DPD sulfate in chlorine – free distilled water containing 8 

ml 1+3 H2SO4 and 200 mg EDTA-disodium salt. Make up to 1 L, store 

in a brown glass-stoppered bottle in the dark and discard when 

discolored. 

 

Procedure 

Develop color by first placing 5 ml phosphate buffer solution and 5 

ml DPD indicator reagent in flask and then adding 100 ml sample and 

read absorbance immediately at 515nm. 
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Residual Chlorine Standard Curve: 

Prepare a stock solution containing 891 mg KMnO4/1000 ml. Dilute 

10 ml stock solution to 100 ml with distilled water in a volumetric 

flask.  

When 1 ml of this solution is diluted to 100 ml, chlorine equivalent of 

1mg/L will be produced in the DPD reaction 

Prepare a series of KMnO4 standards covering the chlorine 

equivalent range of 0.05 to 4mg/L, and proceed as the sample.  

a- Free chlorine: read the color immediatly 

b- Monochloramine: continue by adding one very small crystal of KI 

(about 0.1mg) and mix. Read the color immediately. 

c- Dichloramine: continue by adding several crystals of KI (about 

0.1g) and mix to dissolve. Let stand about 2 min and read color.  
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Aluminum  

Aluminum occurs in the earth's crust in combination with silicon and 

oxygen to form feldspars, micas and clay minerals. Aluminum 

potassium sulfate (alum) is used in water-treatment processes to 

flocculate suspended particles, but it may leave a residue of 

aluminum in the finished water. 

Aluminum is nonessential for plants and animals. Concentrations 

exceeding 1.5mg/L constitute a toxicity hazard in the marine 

environment and levels below 200µg/L present a minimal risk.  

The possibility of a link between elevated aluminum levels in brain 

tissues and Alzheimer's disease has been raised. 

With Eriochrome cyanine R dye, dilute aluminum solutions buffered 

to a pH of 6 produce a red to pink complex that exhibits maximum 

absorption at 535nm. The intensity of the developed color is 

influnced by the aluminum concentration, reaction time, 

temperature, pH, alkalinity and concentration of other ions in the 

sample. To compensate for color and turbidity, the aluminum in one 

portion of sample is complexed with EDTA to provide a blank. The 

interference of iron and manganese, two elements commonly found 

in water when aluminum is present is eliminated by adding ascorbic 

acid. 

Reagents 

1- Stock aluminum solution: Dissolve 8.791 g aluminum sulphate 

AlK(SO4)2.12H2O in water to 1000 ml. Dilute 10ml stock aluminum 

solution to 1000 ml with water: 

                                  1ml = 5µg Al           (prepare daily) 

2- Sulfuric acid, H2SO4: 0.02N 

3- Ascorbic acid solution: dissolve 0.1g ascorbic acid in water and 

make up to 100ml in volumetric flask (prepare fresh daily). 

4- Buffer reagent: dissolve 136g sodium acetate NaC2H3O2.3H2O in 

water, add 40 ml 1 N acetic acid, and dilute to 1 L. 

                         (1N acetic acid) 
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5- Stock dye solution: dissolve 300mg Eriochrome cyanine R dye in 

about 50 ml water. Adjust pH from about 9 to about 209 with 1+1 

acetic acid. Dilute with water to 100 ml. (Stock solutions have 

excellent stability and can be kept for at least a year). 

     ***Working dye solution: dilute 10ml of stock dye solution to 

100ml in a volumetric flask with water. Working solutions are stable 

for at least 6 months. 

6- Methyl orange indicator solution:  

7- EDTA (disodium salt): 0.01 M, dissolve 3.7 g in water, and dilute to 1L. 

Procedure 

1- Preparation of calibration curve: 

a- Prepare a series of aluminum standard from 0 to 7 µg (0 to 280 

µg/L based on a 25 ml sample) by accurately measuring the 

calculated volumes into 50ml volumetric flasks. Add water to a total 

volume of approximately 25 ml. 

b- Add 1 ml 0.02N H2SO4 to each standard and mix. Add 1 ml ascorbic 

acid solution and mix. Add 10 ml buffer solution and mix. Add 5ml 

working dye reagent and mix. Immediately make up to 50ml with 

distilled water. Mix and let stand for 5 to 10 min. The color begins to 

fade after 15 min. Read on wavelength of 535nm. 

2- Sample treatment: 

a- Place 25 ml sample or a portion diluted to 25 ml in volumetric 

flask, add a few drops of methyl orange indicator and titrate with 

0.02N H2SO4 to a faint pink color. Record reading and discard sample.  

b- To two similar samples at room temperature add the same amount 

of 0.02N H2SO4 used in the titration and 1 ml in excess. 

c- To one sample add 1 ml EDTA solution. This will serve as a blank. 

To both samples add 1 ml ascorbic acid, 10 ml buffer reagent and 5 

ml working dye reagent (continue as in calibration curve).  

d- After 5 to 10 min contact time read aluminum concentration from 

the curve. 

mg Al/L = µg Al (in 50 ml final volume) ml sample 
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Oxygen (Dissolved) 

Dissolved oxygen (DO) levels in natural and wastewater depend on 

the physical, chemical and biochemical activities in the water body. 

The analysis for DO is a key test in water pollution and waste 

treatment process control. 

The iodometric test is the most précis and reliable titrimetric 

procedure for DO analysis. It is based on the addition of divalent 

manganese solution followed by strong alkali, to the sample in a glass 

stoppered bottle. DO rapidly oxidize an equivalent amount of the 

dispersed divalent manganous hydroxide precipitate to hydroxides of 

higher valency states. In the presence of iodide ions in an acidic 

solution, the oxidized manganese reverts to the divalent state, with 

the liberation of iodine equivalent to the original DO content. The 

iodine is then titrated with a standard solution of thiosulfate. The 

titration end point can be detected visually, with a starch indicator. 

Samples collection must be very carefully. Methods of sampling are 

dependent on source to be sampled and a certain extent, on method 

of analysis. Do not let sample remain in contact with air gaseous 

content. 

 

Reagents  

1- Manganous sulfate solution: dissolve 480 g MnSO4.4H2O or 400 g 

MnSO4.2H2O or 364 g MnSO4.H2O in distilled water and dilute to 1L. 

                      ** preserve in dark bottle. 

2- Alkali-iodide-azide reagent: dissolve 500 g NaOH (or 700 g KOH) 

and 135 g NaI (or 150 g KI) in distilled water and dilute to 1L. Add 10 

g NaNO2 dissolved in 40 ml distilled water. 

3- Sulfuric acid H2SO4 conc. 

4- Standard sodium thiosulfate titrant, 0.025N:  dissolve 6.205 g 

Na2S2O3.5H2O in 1L freshly boiled distilled water and standardize 

against potassium dichromate. 
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To 80 ml distilled water, add 1 ml conc. H2SO4, 10 ml K2Cr2O7 and 1 g 

KI. Kep in dark for 5 min and then titrate with sodium thiosulfate 

titrant until faint yellow color. Add 1 ml starch indicator and 

complete titration until blue color disappear. 

Procedure 

1- To the sample collected in a 250 to 300 ml bottle, add 2 ml MnSO4 

solution followed by 2 ml alkali-iodide-azide reagent. 

2- Stopper carefully to exclude air bubbles and mix by inverting 

bottle a few times. When precipitate has settled sufficiently to leave 

clear superante above the manganese hydroxide floc, add 2 ml conc 

H2SO4.  

3- Restopper and mix by inverting several times until dissolution is 

complete.  

4- Titrate a volume corresponding to 200 ml original sample; titrate 

with 0.025 M Na2S2O3 solution to a pale straw color. Add a few drops 

of starch solution and continue titration to first disappearance of blue 

color.   

 

 

 

 

 

 

 

 

 

 

 

 



 WWM-gtzبرنامج أداره المياه والصرف الصحى                                                     الصفات الطبيعيه والكيميائيه للمركبات غير العضويه  للمياه            

 

- 37-  

 

Documentation and Evaluation of Data 

 
The role of the analytical laboratory is to produce measurement – 

based information that is technically valid, legally defensible, and of 

known quality. Quality assurance is aimed at optimizing the 

reliability of the measurement process. All measurements contain 

error, which may be systematic or random. Determination of the 

systematic and random error components of an analytical method 

uniquely defines the analytical performance of that method. 

 

Measurement Uncertainty 

Even with the fullest possible extent of correction, every 

measurement has error that is ultimately unknown and unknowable. 

The description of this unknown error is measurement uncertainty. 

 

Method Detection Level 

Detection levels are controversial, principally because of inadequate 

definition and confusion of terms. Frequently, the instrumental 

detection level is used for the method detection level and vice versa. 

Whatever term is used, most analysts agree that the smallest amount 

that can be detected above the noise in a procedure and within a 

stated confidence level is the detection level.  

 

Data Quality Objectives 

Data quality objectives are systematic planning tools based on the 

scientific method. They are used to develop data collection designs 

and to establish specific criteria for the quality of data to be collected. 

The process helps planners identify decision-making points for data 

collection activities, to determine the decisions to be made based on 

the data collected, and to identify the criteria to be used for making 

each decision. 
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Checking Correctness of Analyses 

For checking correctness of analyses are applicable specifically to 

water samples for which relatively complete analyses are made. 

These include pH, conductivity, total dissolved solids (TDS), and 

major anionic and cationic constituents that are indications of 

general water quality. 

 

1- Anion-Cation Balance 

2- Measured TDS = Calculated TDS 

3- Measured EC = Calculated EC 

4- Measured EC and Ion sums 

5- Calculated TDS to EC 

6- Calculated TDS to EC Ratio 

 

Method Development and Evaluation 

Method development is the set of experimental procedures devised 

for measuring a known amount of a constituent in various matrices, 

in the case of chemical analysis or known characteristics of various 

matrices. 

Method Validation 

Whether an entirely new method is developed by accepted research 

procedures or an existing method is modified to meet special 

reuirements, validation by a three step process is required: 

1- Single – Operator Characteristics 

2- Analysis of Unknown Samples 

3- Method Ruggedness 

 

Collaborative Testing 

Once a new or modified method has been developed and validated it 

is appropriate to determine whether the method should be made a 

standard method. The procedure to convert a method to standard 
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status is the collaborative test. In this test, different laboratories use 

the standard operating procedure to analyze a select number of 

samples to determine the method's bias and precision as would occur 

in normal practice. 
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 (الصفبح الطتيؼيج والكيهيبئيج الغير ػضويج لمهيبي) خطج الخدريس تبلدورث الخدريتيج  :يبثبو

 

 أُداف اهدّرث .1

 يّظّؽبح اهدّرث .2

 يدث اهدّرث .3

 اهترٌبيج اهزيٌٓ هودّرث .4

 



 (الصفبح الطتيؼيج والكيهيبئيج الغير ػضويج لمهيبي) ى الترىبهج الخدريتيلىظرث ػبهج ع: أولا

 لخدريتيجا ثالهدف الؼبن لمدور .1

هخلدير ينٌّبح ّخرنيزاح اهيّاد ّيً  خختبراحاتجري في معامل التحاليل المختلفة 

اهخٓ خجرْ تِب اخختبراح فدص جّدث اهييبث  ( اهشرة ييبٍ يؾبيل )خوم اهيؾبيل  ظيً 

هيؾرفج ينٌّبخِب ّعتيؾخِب كتل اهدخّل اهٓ يدعبح اهيؾبهجج  . ّضلاديخِب هولاشخخداى 

ّخعبتق ٌّؽيج اهييبث يؼ  ُب  هوخدلق يً ضلاديج ؽيويج اهيؾبهججّنذهم تؾد يؾبهجح

.  دّهيجاهيؾبيير اهيدويج ّال

 تبهيؾبيل اهفرؽيج تيدبفغج كٌب ّخزّيدُى تيب يخؾوقرفؼ نفبءث اهؾيويً ّخِدف اهدّرث اهٓ 

تدراشج ّاهخدرية ؽوٓ اهخدبهيل اهيخخوفج هييبٍ اهشرة ّاهعرق اهيؾخيدث يً اهجِبح 

ّظؼ اهيّاضفبح اهليبشيج هييبٍ اهشرة، ّخشيل ُذٍ اهخدريتبح اهخدرية ؽوٓ  اهيٌّع تِب

اهليبشبح اهيخخوفج ّاهخٓ يً خلاهِب يينً اهّكّف ؽوٓ ٌّؽيج اهييبٍ ّخدديد يّاضفبخِب 

يً ديد درجج اهلوّيج ّؽشر اهيبء ّخدديد خرنيز تؾط اهينٌّبح يذل اهدديد 

ّشيخى اشخؾراط اهعرق اهيخخوفج  .ث اهييبٍّاهيٌجٌيز ّاهخٓ هِب خأذير يتبشر ؽوٓ جّد

اهيينً اختبؽِب ّاهّضّل فٓ اهٌِبيج إهٓ أٌشة اهعرق اهيينً اختبؽِب هخّديد عرق 

  .اخختبر اهييبٍ ؽوٓ يشخّْ اهيؾبيل اهفرؽيج
 

 الهجهوػج الهسخهدفج .2

، ّاهيٌّع هييبٍ اهشرة ّاهضرف اهضدٓ  كٌبهشرنج اهؾبيويً تبهيؾبيل اهفرؽيج اهخبتؾج 

 .ُى اهخدبهيل اهخبضج تييبٍ اهشرةة

 

 ػدد الهخدرتيو .3

الصفبح الطتيؼيج والكيهيبئيج الغير ػضويج  دّرثؽدد اهيخدرتيً اهيلدر هدظّر يتوغ 

يدعبح اهييبٍ ، ّيخى خلشييِى اهٓ ذلاد ل ىايً يؼيخدرة   40 – 35 يب تيً لمهيبي

  .يجيّؽبح



 هىهجيج الخدرية .4

ؽدث اشس ينًّ اهِدف اهرئيشٓ يٌِب خّضيل  ؽوٓ ثخؾخيد يٌِجيج اهخدرية تبهدّر

أذٌبء  يًنذهم ظيبً اهيشبرنج اهفؾبهج يً اهيخدرةيشر هويخدرة ّاهيؾوّيج تشِّهج ّ

اهخدرية يّظّؽبح اهدّرث ّايل هيدخّيبح ّاهخأند يً اهفِى اهمّجوشبح اهخدرية 

.  اهؾيوٓ ّاهشخضٓ ؽوٓ اهيّظّؽبح اهخٓ شخخٌبّهِب اهدّرث

: اهيٌِجيج اهيختؾج فييب يوٓيينً خوخيص ّ ُذا

 اهيؾوّيبح أدددخّضيل تِدف  ذا اهخترث ةاهخٓ يوليِب اهيدر: الهحبضراح 

ؽوٓ ضّرث ٌغريج ّؽيويج ّاهخأند يً اهخعتيق اهؾيوٓ تعريلج ضديدج ّؽوٓ 

ييب يينٌَ يً خلاشٓ الأخعبء اهخٓ يً اهيينً أً خوؾة دّرا أشبس يً اهفِى 

 .اهشرةتٌّؽيج ييبٍ يِب ّاهخٓ خِخى فٓ ضدج اهٌخبئج اهخٓ يخدضل ؽل

  الشرائحPower point : اهخٓ خؾرط أذٌبء اهشرح لإتراز اهٌلبع اهرئيشيج هنل

 .هظيبً ّخذتيح اهيؾوّيج هدْ اهيخدرةيّظّػ فٓ خشوشل يٌعلٓ ّ

 اهيٌبكشبح خخيخ ُذث ّ ّيديرُب اهيدرة أّ اهيدبظر :الهىبقشبح الهفخوحج

إٌَ لأشئوج ّ اهدضّل ؽوٓ يؾوّيبح جديدث نيب خّجتَ اّ اهفرضج هختبدل الأراء

 إهٓ اهيخدرتيً ةيً اهيدر ث اهؾيويج ّاهٌغريجاهختريخى يً خلاهِب ٌلل اهيؾبرف ّ

 .ّاضلاح هيفبُيى اهغير ضديدج أّ غير دديذج هدْ اهيخدرتيً

 ؽرط اهيشبنل اهؾيويج اهخٓ يّاجِِب ُّٓ خفيد فٓ  :دراسج الحبلاح الواقؼيج

تبلاشوّة  اهيخدرتًّ أّ اهخٓ شّف يّاجٌِِّب فٓ ؽيوِى ّ أشبهية اهخغوة ؽويِب

 .اهؾويٓ اهضديخ

 تبشخخداى اهعرق شيخبح تضّرث فرديج هنل يخدرة ْ ّاهذ :الؼهمي الخدرية

 اهيخدرة هويؾوّيبح يخ يًحّاهخعتيق اهصهظيبً اهفِى اهخبى  اهليبشيج اهدديذج

 .ُباهخٓ خى خدريس اهعرق اهؾيويجّ



 اهيخدرة اهيراجؼ يخى إؽعبء  :الهراجغ الؼمهيج و الكوداح و الهواصفبح

 إهيِب هزيبدث اهخؾيق فٓ اهيجبل هرجّػ اهؾوييج اهخٓ أؽخيد ؽويِب ّاهخٓ يينً ا

  في ىهبيج الدورث يخن خقيين الحبضريو هو خلال اخختبر خحريرى في هواد

. الدورث
 

 خدريةهسبػداح ال .5

  جِبز ؽرط اهشرائخ (Power Point Projector) 

  شتّرث ّركيجأشتّرث تيظبء ّ 

 شبشبح ؽرط. 

   

 هكبو الخدرية و طريقج الجموس تجمسبح الخدرية .6

 اهنيتيّخر يجوس اهيخدرتًّ ّفٓ يّاجِخِى اهيدبظر فٓ اهيٌخضف ّؽوٓ يييٌَ جِبز

تّرث اهتيظبء أّ ّشبشج اهؾرط ّؽوٓ يشبرٍ اهس Power Pointهؾرط اهشرائخ 

اهشتّرث اهّركيج ّينًّ ّظؼ نل يً شبشج اهؾرط ّاهشتّرث تديد يشيخ تشِّهج 

.  اهرؤيج هجييؼ اهيخدرتيً

 

 يخرا هخشخّؽة اهيخدرتيً 7×  5ّخلدر اهيشبدج اهيعوّتج هلبؽج اهخدرية تيب لا يلل ؽً 

ّيوزى . رتيًّاهيدرة هخشيخ تشِّهج درنج اهيدرة ّإينبٌيج ّضّهج لأيبنً جوّس اهيخد

. أً خخّفر تبهلبؽج الإظبءث اهلازيج ّاهخِّيج اهنبفيج ّالأجِزث اهضّخيج اهيٌبشتج



 

ريتيج  الخد ثخطج الخدريس تبلدور: ثبىيب
الصفبح الطتيؼيج والكيهيبئيج الغير ػضويج لمهيبي دورث 

جهيمج حسيو ػمي . د.أ:            هحبضرال

 

أهداف الدورث  (1

 : يخى خدريتِى ؽوٓ شبرنيً شّفتٌِبيج اهدّرث فئً اهى

 أٌّاػ اهليبشبح اهنيييبئيج اهيشخخديج فٓ اهخدويلاح اهغير ؽظّيج هويبء 

  اهخؾرف ؽوٓ جِبز اهيعيبف اهوٌّٓ ّنيفيج اؽدادٍ هوؾيل 

  هوخفبؽلاح اهنيييبئيج اهوٌّيجاهيٌدٌيبح اهليبشيج نيفيج أؽداد 

  كيبس كوّيج اهيبء      

  ٓشر اهنبهشيّى ّؽشر اهيبغٌشيّى ّاهخداخلاح اهيؤذرث فٓ ّػ هويبءكيبس اهؾشر اهنو

 .ؽيويج اهخلدير

 اهيّاد -عريلج كيبس اهيّاد اهضوتج فٓ اهيبء ّاهخٓ خشيل نل يً الأيلاح اهذائتج اهنويج

 اهيّاد اهؾبهلج ّاهخٓ خؤذر ؽوٓ جّدث ييبٍ اهشرة –اهضوتج 

 اهفّشفبح: ْ خشيل نل يًاهعرق اهخويويج هليبس خرنيز يشتتبح اهخوّد فٓ اهيبء ّاهح- 

 الأيٌّيب -اهٌيخريح-اهٌخراح

 عرق كيبس اهدديد ّاهيٌجٌيز فٓ اهيبء 

 عرق كيبس أيلاح اهنوّريد ّاهنتريخبح فٓ اهيبء 

  ٓ(اهعريلج اهؾيبريج ّاهعريلج اهوٌّيج)عرق كيبس خرنيز اهنوّر ّاهنوّر اهدر اهيختل 

 يج ّاهنيييبئيج هوييبٍخلييى اهٌخبئج اهيخدضل ؽويِب يً اهخدويلاح اهعتيؼ  

 نخبتج اهخلبرير ّاهخؾويق ؽوٓ اهٌخبئج اهيخدضل ؽويِب .



 

هوضوػبح الدورث  (2

 اهيلديج ّشرح اهِدف يً اهدّرث. 
 عرق اهليبشبح اهنيييبئيج  

 الأدّاح ّالأجِزث اهيشخخديج فٓ اهخدويلاح اهعتيؾيج ّاهنيييبئيج هويبء  

 اهيٌدٌيبح اهليبشيج ّعرق أؽدادُب 

 اهلوّيج -الأس اهِيدرّديٌٓ: تيؾيج ّاهنيييبئيج هويبء ّاهخٓ خشيل نل يًاهضفبح اهع- 

 -اهفّشفبح -الأيٌّيب -اهٌيخريح -اهٌخراح -ؽشر اهنبهشيّى ّاهيبغٌشيّى -اهؾشر اهنوٓ

  اهنتريح -اهنوّريد -اهيٌجٌيز -اهدديد

 عرق كيبس ّخلدير اهنوّر 

 عرق خلدير اهيّاد اهضوتج ّاهذائتج 

  ّاهخؾويق ؽوٓ اهٌخئجأؽداد اهخلبرير 

 

هدث الدورث  (3

ضتبدب  اهخبشؾجأيبى يخّاضوج ّ يتدأ اهؾيل يّييب يً اهشبؽج  ذيبٌيجخشخغرق اهدّرث يدث 

شبؽج هخٌبّل ف صًيخخووِب  يّييب شبؽبح شتؾجتؾد اهغِر، أْ يدث  اهراتؾجدخٓ اهشبؽج 

. اهيشرّتبح ّاهغداء
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 البروبنج الزنوي للدورة

 
الشرائح النحجوى النوضوع الجوقيث الجلشت اليوم 

اليوم الأول 

 أشخلتبل وخشجيل الهشبركيو في الدورث  الخشجيل 

جمشج الأفخخبح 
الخؼبرف  9-11.30

الهلدهج والهدف هو الدورث 
أهن الضفبح  –هلدهج ػبهج ػو دورث الهيبي في الطتيؼج 

الكيهيبئيج لمهيبي 
 2&  1ركن  همف

(ppt 1-19& 1-13)  

12.30 – 2.30 
 

2.30-4 

الهبء كهذية جيد 
 

ػهمي 

الخكبفإ  –الهبء كهذية جيد  –الرواتط الكيهيبئيج لمهيبي 
وحشبة الأوزاو الذريج لمؼىبضر  

هراجؼج الكيهبويبح الهطموتج وخجهيز هخطمتبح الجزء 
الؼهمي هو كيهبويبح وأجهزث 

 اليوم الخبوي 

9- 11.30 
 

12- 2.30 
 

2.30- 4 

 الضفبح الطتيؼيج والكيهيبئيج لمهيبي
 
الضفبح الطتيؼيج والكيهيبئيج لمهيبي 

 
ػهمي 

الضفبح الطتيؼيج والطتوغرافيج الخي خإذر ػمي جودث 
 الضفبح الطتيؼيج لمهيبي -الهيبي

 (ػشر الهبء –اللمويج )الضفبح الكيهيبئيج لمهيبي 
 

ح الخبضج تبلخحميلاح هلدهج ػبهج ػو الأجهزث والكيهبويب
 -الطريلج الموىيج -الطريلج الوزىيج -الكيهيبئيج لمهبء 

الطريلج الؼيبريج 

 3همف ركن 
(ppt: 1-28) 

 
 
 

 01همف ركن 
(ppt: 1-13) 
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الشرائح النحجوى النوضوع الجوقيث الجلشت اليوم 

اليوم 
الخبلح 

 

9- 11.30 
 

12 2.30 
 
2.30- 4 

هيبي الضفبح الطتيؼيج والكيهيبئيج لل
 

الضفبح الطتيؼيج والكيهيبئيج لمهيبي 
 

ػهمي 

الهغذيبح  (الكتريح –أهلاح الكموريد )الضفبح الكيهيبئيج لمهيبي 
الهؼبدو الذليمج   – (الفوشفبح –هجهوػج الىيخروجيو )

أيوىبح الؼىبضر الرئيشيج الهوجودث  -الهحخوى الؼضوى لمهيبي
أهلاح غير ػضويج  -الهموذبح الؼضويج -تبلهيبي

خحضير الهحبليل الؼيبريج 

 3همف ركن 
(ppt: 1-28) 
 
 

 01همف ركن 
(ppt: 1-13) 

اليوم 
الرابع 

 

9- 11.30 
 

12- 2.30 
 

2.30- 4 

الأخزاو الكيهيبئي لمهيبي 
 
 
 

ػهمي 

خؤذير ذبىي أكشيد  –خواجد الكرتوو الغير ػضوى في الطتيؼج 
ح أهلاح الكرتوىب –الكرتوو ػمي الأخزاو الكيهيبئي لمهيبي 

والتيكرتوىبح في الهيبي 
 

خؼييو اللمويج في الهبء 

  6، 5، 4همف ركن 
(ppt: 1-12, 1-
10, 1-12) 
 

 03همف ركن 
(ppt: 1-24) 

اليوم 
 الخبنس

 
 

 

9- 11.30 
 
 

12- 2.30 
 
 

2.30- 4 

هشتتبح ظبهرث الخآكل في الهيبي 
 
 

هضبدر خمود الهيبي 
 
 

ػهمي  

خؤذير   –رث الخآكل هشتتبح ظبي –خآكل هواشير شتكج الخوزيغ 
–حشبة هؼبهل الخآكل  -ظبهرث الخآكل ػمي جودث هيبي الشرة 

الخغمة ػمي ظبهرث خآكل شتكج الخوزيغ 
أىواع  -هىبطق الخمود في الهشطحبح الهبئيج –هضبدر الخمود 

 -هموذبح ىوويج-هموذبح غير ػضويج-هموذبح ػضويج)الهموذبح 
 (الخمود تبلهغذيبح

خلدير أهلاح الكموريد 

  7همف ركن 
(ppt: 1-16) 

 

 

  8همف ركن 
(ppt: 1-13) 

 

 

 04همف ركن 
(ppt: 1-14) 
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اليوم 
 الشبدس 

9- 11.30 
12- 2.30 

 
 
 

2.30- 4 

وحجن حتيتبح  –طرق خلدير الشتج 
الرهل 

 
 
 

ػهمي 

الخواص الطتيؼيج والكيهيبئيج الواجة خوافرهب في أهلاح الشتج 
طركج خؼييو الهواد الغير كبتمج لمذوتبو  -يبيالهشخخدهج في خىليج الن

 -طريلج خؼييو أكشيدى الألوهىيون والحديد في الشتج -في الهبء
طريلج خلدير حجن حتيتبح الرهل الهشخخدن في الهرشحبح 

جهبز هز الرهبل  -الرهميج
الطريلج الموىيج والطريلج الؼيبريج لخلدير الكمور والكمور الحر 

  9همف ركن 
(ppt: 1-10) 

 

 

 

 

 

 07همف ركن 
(ppt:1-27) 

اليوم 
الشببع 

 
9- 4 
(11.30-12 

 (اشخراحج

 -أػداد الهىحىيبح الليبشيج
وخحضير الهحبليل الؼيبريج 

أشخخدان جهبز الهطيبف  -طرق أػداد وخجهيز الهحبليل الليبشيج
خحضير وضتط الهحبليل  -أػداد الهىحىيبح الليبشيج -الموىي

الؼيبريج 

 01همف ركن 
(ppt: 1-13) 

اليوم 
الخبنه 

 
9- 4 (11.30 

– 12 
 (اشخراحج

 
الضفبح الطتيؼيج والكيهيبئيج لمهيبي 

 
 

 -الرائحج -الطؼن -الموو)طرق كيبس الضفبح الطتيؼيج لمهيبي 
 (الخوضيل الكهرتي -درجج الحرارث

الهواد الضمتج وطرق خلديرهب في الهبء 

 02همف ركن 
(ppt: 1-13 ) 

اليوم 
 الجبشع 

9 – 4 
(11.30-12 

 (اشخراحج
الضفبح الطتيؼيج والكيهيبئيج لمهيبي 

ػشر -الؼشر الكمي)خؼييو ػشر الهبء  –الأس الهيدروجيىي 
طرق  حشبة ػىضرى الكبلشيون  (ػشر الهبغىشيون –الكبلشيون 

والهبغخشيون، خلدير أهلاح الكتريخبح 

 03همف ركن 
 (ppt: 1-24) 

اليوم 
العبشر 

 
9 – 4 
(11.30-12 

 (اشخراحج
 الضفبح الطتيؼيج والكيهيبئيج لمهيبي

 -الأهوىيب -الىيخريح –الىخراح : الطريلج الموىيج لليبس كل هو
الفوشفبح 

  05همف ركن 
(ppt: 1-21) 
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اليوم 
الحبدى 
عشر 

 
9 – 4 
(11.30-12 

 (اشخراحج
الضفبح الطتيؼيج والكيهيبئيج لمهيبي 

-يزالهىجو –الحديد : الطريلج الموىيج لليبس خركيز كل هو
الألوهىيون 

 06همف ركن 
(ppt: 1-21) 

 07همف ركن 
(ppt: 1-27) 

اليوم 
الخبوي 
عشر 

 

9-11.30 
 

12-2.30 
2.30-4 

رضد الىخبئج والخؼميق ػميهب 
         

خدرية ػهمي  

وكخبتج الخلبرير لؼيىبح الهيبي تؼد  –طريلج الخؼميق ػمي الىخبئج 
الخحميل 

كخبتج الخؼميق ػميهب كيبن الهخدرتيو تخحميل ػيىج هجهولج و
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ATOMIC STRUCTURE
 Each atom of  an 

element is composed of  a 

nucleus surrounded by 

electrons in various 

orbitals

Nucleus - a central

concentration of  mass

consisting of  protons and 

neutrons
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ATOMIC STRUCTURE

 Electrons – negatively charged 

particles of  relatively low mass

 Protons - positively charged particles 

of  relatively high mass

Neutrons - particles with no charge

but mass similar to that of  protons
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CHEMICAL BONDING
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LABORATORY 

REPORT
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• Oxidation = Loss of e-, hence higher

charge

• Reduction = gain of e-, hence lower

charge

• Redox: transfer of e- (simultaneous

oxidation and reduction)
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HYDROLOGICAL VARIABLES

Determining the hydrological regime of  a 

water body is an important aspect of  a 

water quality assessment. Discharge 

measurements, for example, are necessary 

for mass flow or mass balance calculations 

and as inputs for water quality models

26.04.2010 Seite 36Seite 36

1-Velocity 

Sometimes referred to as the flow rate of  

a water body can significantly affect its 

ability to assimilate and transport 

pollutants. Water velocity can vary within 

a day, as well as from day to day and 

season
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2-Discharge

Is the volume flowing for a given period of  

time. For rivers, it is usually expressed as 

m3 s-1 or m3 a-1. The amount of  suspended 

and dissolved matter in a water body 

depends on the discharge and is a product 

of  the concentration and the discharge 

26.04.2010 Seite 38Seite 38

3-Water level

Measurement of  water level is 

necessary for mass flow calculations 

in lakes and groundwater and must 

be measured at the time and place of  

water sampling 
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4- Suspended matter dynamics

Suspended particulate matter consists 

of  material originating from the surface 

of  the catchment area, eroded from river 

banks or lake shores and resuspended 

from the bed of  the water body

26.04.2010 Seite 40Seite 40

GENERAL VARIABLES

Water bodies undergo temperature 

variations along with normal climatic 

fluctuations. These variations occur 

seasonally and, in some water bodies, over 

periods of  24 hours. Temperature affects 

physical, chemical and biological processes 

in water bodies and, therefore, the 

concentration of  many variables 

1-Temperature
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2-Colour

Apparent colour is caused by 

coloured particulates and the 

refraction and reflection of  light on 

suspended particulates

26.04.2010 Seite 42Seite 42

3-Odour

Water odour is usually the result of  

labile, volatile organic compounds and 

may be produced by phytoplankton 

and aquatic plants or decaying 

organic matter. Industrial and human 

wastes can also create odours, either 

directly or as a result of  stimulating 

biological activity
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4-Residue and total suspended solids

The term “residue” applies to the substances 

remaining after evaporation of  a water sample 

and its subsequent drying in an oven at a 

given temperature 

Total suspended solids (TSS) = non-filterable 

Total dissolved solids (TDS) = filterable 

residue

26.04.2010 Seite 44Seite 44

5-Suspended matter, turbidity and 

transparency

The type and concentration of  suspended 

matter controls the turbidity and 

transparency of  the water. Suspended 

matter consists of  silt, clay, fine particles 

of  organic and inorganic matter, soluble 

organic compounds, plankton and other 

microscopic organisms 
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6-Conductivity

Specific conductance, is a measure 

of  the ability of  water to conduct an 

electric current. It is sensitive to 

variations in dissolved solids, mostly 

mineral salts

26.04.2010 Seite 46Seite 46

7-pH, acidity and alkalinity

The pH is an important variable in water 

quality assessment as it influences many 

biological and chemical processes within a 

water body and all processes associated 

with water supply and treatment. pH is 

principally controlled by the balance 

between the carbon dioxide, carbonate and 

bicarbonate ions as well as other natural 

compounds such as humic and fulvic acids  
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8-Redox potential

The redox potential (Eh) characteristics the 

oxidation-reduction state of  natural waters. 

Ions of  the same element but different 

oxidation states form the redox-system 

which is characterised by a certain value
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9-Dissolved oxygen

Oxygen is essential to all forms of  

aquatic life, including those organisms 

responsible for the self-purification 

processes in natural waters. The oxygen 

content of  natural waters varies with 

temperature, salinity, turbulence, the 

photosynthetic activity of  algae and 

plants, and atmospheric pressure

26.04.2010 Seite 50Seite 50

10-Carbon dioxide

Carbon dioxide (CO2) is highly soluble in water and 

atmospheric CO2 is absorbed at the air-water 

interface. In addition, CO2 is produced within water 

bodies by the respiration of  aquatic biota, during 

aerobic and anaerobic heterotrophic decomposition 

of  suspended and sedimented organic matter. Carbon 

dioxide dissolved in natural water is part of  an 

equilibrium involving bicarbonate and carbonate ions
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11-Hardness
The hardness of  natural waters depends mainly on 

the presence of  dissolved calcium and magnesium 

salts. The total content of  these salts is known as 

general hardness, which can be further divided into 

carbonate hardness (determined by concentrations 

of  calcium and magnesium hydrocarbonates), and 

non-carbonate hardness (determined by calcium 

and magnesium salts of  strong acids)

26.04.2010 Seite 52Seite 52

NUTRIENTS

Nitrogen is essential for living organisms 

as an important constituent of  proteins, 

including genetic material. Plants and 

micro-organisms convert inorganic 

nitrogen to organic forms

1-Nitrogen compounds

a. Ammonia b. Nitrite

c. Nitrate d. Organic nitrogen
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2-Phosphorus compounds

Phosphorus is an essential nutrient for living 

organisms and exists in water bodies as both 

dissolved and particulate species. It is 

generally the limiting nutrient for algal 

growth and, therefore, controls the primary 

productivity of  a water body.

Natural sources of  phosphorus are mainly 

the weathering of  phosphorus-bearing rocks 

and the decomposition of  organic matter 

26.04.2010 Seite 54Seite 54

ORGANIC MATTER

Total organic carbon (TOC)

Chemical oxygen demand (COD)

Biochemical oxygen demand (BOD)

Humic and fulvic acids
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MAJOR IONS

Sodium

Potassium

Calcium

Magnesium

 Carbonates and 

bicarbonates 

 Chloride

 Sulphate 

26.04.2010 Seite 56Seite 56

OTHER INORGANIC VARIABLES

Sulphide

Silica

Fluoride

Boron

Cyanide
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METALS

The ability of  a water body to support 

aquatic life, as well as its suitability for 

other uses, depends on many trace 

elements. Some metals, such as Mn, Zn 

and Cu, when present in trace 

concentrations are important for the 

physiological functions of  living tissue 

and regulate many biochemical processes

26.04.2010 Seite 58Seite 58

Global Environment Monitoring 

System (GEMS): Al, Cd, Cr, Cu, Fe, Hg, 

Mn, Ni, Pb, Zn

Environmental Protection Agency (US 

EPA): As, Cd, Cu, Cr, Pb, Hg, Ni and 

Zn 
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ORGANIC CONTAMINANTS

Mineral oil and petroleum products

Phenols acids

Pesticides

(Organ chlorine, Organ phosphorus)

Surfactants
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Carbonate Equilibria

Time-30 seconds
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Pressure & Temperature 
Dependency of Dissolved CO²
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Carbonate Equilibria

Time Constant~10³ Seconds
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DIC Species as a function of  PH

26.04.2010 Seite 90Seite 90

DIC Species as a function of  PH
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Pco2 and Temperature Dependency of 

Calcite Solubility

26.04.2010 Seite 94Seite 94

Prof. Gamila H. Ali 
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What is corrosion?

 Thinning of  pipe walls 

 Formation of  a precipitate 

on pipe walls

26.04.2010 Seite 96Seite 96

 Corrosion leads to two different kinds of  

problems:

• Failure of  a pipe

• Water quality changes (aesthetic and 

health)

 Economics-investment in buried infrastructure

• Greater than the cost of  the treatment 

plant
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FAILURE OF PIPES

 Impact on carrying capacity of a pipe

• Thinning of pipe

 Pipe leakage

 Catastrophic pipe failure

• Formation of precipitate

 Loss of hydraulic capacity
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 Economic impact

• Early replacement of piping

• Increased pumping costs
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WATER QUALITY CHANGES

 Potential to remove metals (copper, lead 

and iron) from pipes in distribution system 

• Health concerns – toxic properties of  

metals such as lead

• Regulatory compliance 
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 Staining of  laundry and plumping fixture 

• Aesthetic objectives 

• Red/brown from iron, blue/green from 

copper

 Creates areas for microorganisms to live 
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FACTORS IMPACTING 
CORROSION

 Dissolved oxygen

 pH: acidic or caustic nature of water

 Alkalinity: capacity of water to neutralize

an acid, expressed as mg/L of CaCO3
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Calcium concentration

 Suspended solids and organic matter

 Free chlorine residual

 Temperature
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MEASURE OF WATER’S POTENTIAL 
FOR CORROSION

 Calculation using a corrosiveness index

• Based on pH, alkalinity and calcium

 Aggressive Index

 Ryznar Index

 CCPP (CaCO3 precipitation potential)

 Langelier Saturation Index (LSI)
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CORROSION 

CHEMISTRY IS VERY 

COMPLEX
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CORROSIVENESS INDEX

 Langelier Saturation Index (LSI) most 
commonly used  

• Estimates the theoretical tendency of  
water  to form a protective coating of  
CaCO3 on pipe wall

 Under saturated water is corrosive 
(negative LSI)

 Over saturated water will deposit CaCO3 

(positive LSI)
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 LSI can be interpreted as the pH change 

required to bring the water to equilibrium

 Indicator (not an absolute measurement) 

of  the potential corrosion or deposits

 Recommended LSI range +0.5 to -0.5
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FACTORS AFFECTING LSI

 LSI will increase in value if   

• Calcium hardness is increased 

• pH is increased 

• Alkalinity is increased 

• Temperature is increased

 A change in pH has greatest impact on LSI
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MITIGATING CORROSION 

Use only pipe and materials that can 

withstand corrosive water 

• PVC, stainless steel, lined steel

• Replace existing pipes/plumping 

materials
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Adjusting the water chemistry to make the 

water non-corrosive 

• Change pH and alkalinity of  water

 Added a chemical to line the pipe 

• Corrosion inhibitor
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ADJUSTING THE WATER 

CHEMISTRY 

 Alter the water quality such that chemical 

reactions between the water supply and 

pipe material favor the formation of  a 

protective layer on the interior of  the pipe 

walls
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 Adjust the pH and alkalinity of  the water 

to make it non-aggressive and stable   

• Increase pH (ideally >8.5)

• Increase alkalinity to 30-40 mg/L as 

CaCO3
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 Various chemicals can be used

• Increase alkalinity and pH differently

• Chemical form varies

 Poorly buffered waters (low alkalinity and

pH) may require a compination of chemicals
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Prof. Gamila H. Ali 
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Chemical, biological or physical 

change in water quality has a 

harmful effect on living organisms 

or that makes water unsuitable for 

desired uses 
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Aquatic Life mainly, divided into three 

Sections

1- Plankton 2- Invertebrates 3- Fish
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Pollutions Zones and Recovery of 

Ecosystem 
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NONPOINT 

SOURCES

Urban streets

Suburban 
development

Wastewater 
treatment 
plant

Rural homes

Cropland

Factory

Animal feedlot

POINT

SOURCES
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Examples: Animal manure and

plant debris that can be decomposed by 

aerobic 

(oxygen-requiring) bacteria

This causes fish and other 

forms of  oxygen-consuming 

aquatic life to die.

OXYGEN-DEMANDING 

WASTES


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ORGANIC CHEMICALS

Examples of organic waste: 

 Pesticides 

 Plastics 

 Cleaning solvents

 Detergents
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Water
0.000002 ppm

Phytoplankton
0.0025 ppm

Zooplankton
0.123 ppm

Rainbow smelt
1.04 ppm

Lake trout
4.83 ppm

Biomagnifications of  

PCBS in aquatic food 

chain in the Great lakes 

ORGANIC CHEMICALS
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Sources:  offshore wells, tankers, pipelines and 

storage tanks

OIL SPILLS

Effects:  death of

organisms, loss of animal

insulation and buoyancy,

smothering



Significant economic

impacts


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Examples: Compounds of 

toxic metals such as lead 

(Pb), arsenic (As), 

Mercury (Hg) and 

selenium (Se) 

INORGANIC CHEMICALS
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Examples: Water-soluble 
compounds containing 
nitrate, phosphate, and 
ammonium .

NUTRIENTS

Effects: Can cause
excessive growth of
algae and other aquatic
plants, which die, decay,
deplete water of  dissolved
oxygen, and kill fish.


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Examples: Radioactive isotopes of iodine, 

radon, uranium, cesium, and thorium

Harmful Effects: 

Genetic mutations

Birth defects 

RADIOACTIVE MATERIALS





http://65.54.172.250/cgi-bin/linkrd?_lang=EN&lah=26ee398b3b8125ffffa69e209cc8b1d5&lat=1058560884&hm___action=http%3a%2f%2fimages%2egoogle%2ecom%2fimgres%3fimgurl%3dwww%2esun%2ecom%2fproducts%2dn%2dsolutions%2fedu%2fnewsletter%2fissue3%2fimages%2fdna%2egif%26amp%3bimgrefurl%3dhttp%3a%2f%2fwww%2esun%2ecom%2fproducts%2dn%2dsolutions%2fedu%2fnewsletter%2fissue3%2fstory3%2ehtml%26amp%3bh%3d199%26amp%3bw%3d200%26amp%3bprev%3d%2fimages%253Fq%253DDNA%252B%2526start%253D80%2526svnum%253D10%2526hl%253Den%2526lr%253D%2526ie%253DUTF%2d8%2526oe%253DUTF%2d8%2526sa%253DN
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Examples: Soil, Silt

Harmful Effects: 

Cloud water and reduce photosynthesis

Disrupt aquatic food webs

Carry pesticides, bacteria, and other

harmful substances

SEDIMENT






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Sediment

Plankton Fish

Pollutants

Water

Invertebrates
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خًُهخ زغٍُ ػهٍ/ د.أ

طشق رمذَش انشجخ 

وزدى زجُجبد انشيم
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وانكًُُبئُخ انطجُؼُخ خىاص

لا رضَذ َغجخ انًىاد انغُش لبثهخ نهزوثبٌ فً انًبء ػٍ  -1

0.5%

%  15.3لا رمم َغجخ أكغُذ الأنىيُُىو ػٍ  -2

%0.9لا رضَذ َغجخ انسذَذَك ػٍ  -3

خضء فً انًهُىٌ 50لا َضَذ انضسَُخ ػٍ  -4

طشَمخ رمذَش انشجخ
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 ًخى يٍ انؼُُخ ورىضغ فً كأط يٍ انضخبج20َىصٌ زىان.

  ًيههً يٍ انًبء انًمطش انغبخٍ ورمهت نجضغ دلبئك200رزاة فً زىان

  (انغبثك وصَهب) 4رششر خلال وسق انزششُر سلى

  إنً أٌ َثجذ انىصٌ ° و105َدفف وسق انزششُر ػُذ دسخخ زشاسح

  رسغت انُغجخ انًئىَخ نهًىاد انغُش لبثهخ نهزوثبٌ فً انًبء:

و/X 100 1و= انُغجخ انًئىَخ 

انىصٌ انًزجمً فً وسلخ انزششُر=  1و :زُث أٌ

وصٌ انؼُُخ ثبندشاو= و       

1- طشَمخ رؼٍُُ انًىاد انغُش لبثهخ نهزوثبٌ فً انًبء



66

26.04.2010 Seite 131Seite 131

  ًَُمم َبرح انزششُر يٍ انؼًهُخ انغبثمخ ثؼذ أٌ َجشد نذسخخ زشاسح انغشفخ إن

نزش ثى ركًم ثبنًبء انًمطش إنً انؼلايخ1لُُزخ لُهظ عؼزهب 

  يههً ورخفف 400يههً يٍ انؼُُخ ورىضغ فً كأط يٍ انضخبج عؼخ 25َؤخز

خى يٍ 5يههً ثى َضبف انُه زىانً 200ثبنًبء انًمطش نُظجر زدًهب زىانً 

كهىسَذ انُشبدس

  يههً يٍ زًض 2َمهت انًسهىل خُذاً ززً الإراثخ وثؼذ رنك َضبف

انهُذسوكهىسَك انًشكض وأسثغ َمظ يٍ زًض انُُزشَك انًشكض وَغهً انًسهىل 

ثجظء نجضغ دلبئك ورنك لأكغذح انسذَذ ثى َضبف َمطزبٌ يٍ دنُم أزًش انًُثُم

:طشَمخ رؼٍُُ أكغُذ الأنىيُُىو وانسذَذ -2 

26.04.2010 Seite 132Seite 132

 رذسَدُبً يغ  1:1َضبف يسهىل هُذسوكغُذ انُشبدس انًخفف ثُغجخ

انزمهُت انًغزًش إنً أٌ َجذأ انشاعت فً انظهىس وَغزًش فً إضبفخ 

انُشبدس َمطخ َمطخ ززً َظهش انهىٌ الأطفش

  رغهً يسزىَبد انكأط نًذح دلُمخ وازذح َزسىل خلانهب انهىٌ الأطفش

إنً انهىٌ الأزًش انىسدي وَششر انًسهىل فىساً ثأعزؼًبل وسق 

يغ يذاويخ ( 41وسق وارًبٌ سلى )انزششُر يٍ انُىع عشَغ انزششُر 

يٍ كهىسَذ انُشبدس % 2غغم انشاعت ػهً وسق انزششُر ثًسهىل 

انغبخٍ إنً أٌ َزى انزخهض رًبيبً يٍ انكجشَزبد يٍ َبرح انزششُر 

(َدت يشاػبح ػذو صَبدح يذح انغهً أو انزأخُش فً ثذء ػًهُخ انزششُر)
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زشاسره دسخخ فشٌ فً ساعت يٍ ػهُهب ثًب انزششُر وسلخ ردفف  

 وسلخ زشق رًبو ثؼذ رُمم ثى أولا انؼبدي انههت ثأعزؼًبل ورسشق °و100

 إنً انجىرمخ رُمم ثى .°و1000 زىانً زشاسره دسخخ فشٌ إنً انزششُر

رجشد ززً انًدفف

 ٌَثجذ أٌ إنً انؼًهُخ ركشاس يغ وانًدفف انفشٌ إنً ورؼبد انجىرمخ رىص 

انىصٌ

 انؼلالخ يٍ الأكغُذٍَ نهزٍَ انًئىَخ انُغجخ رسغت:

1و = انًئىَخ انُغجخ X 100/و X 25/100  

انًزكىٌ انشاعت وصٌ = 1و :أٌ زُث

      ثبندشايبد انؼُُخ وصٌ = و

26.04.2010 Seite 134Seite 134

ثئعزخذاو طشَمخ

Phenanthroline Method (APHA)

3- طشَمخ رؼٍُُ أكغُذ انسذَذ
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ػُبسٌ 1 ثًسهىل خُذاً  ورغُغم انشيم يٍ يُبعجخ كًُخ رؤُخز 

انهُذسوكهىسَك زًض يٍ

 يٍ انزخهض َزى ززٍ يشاد ػذح ثبنًبء خُذاً  انشيم َغُغم 

سائمبً  انًبء وَظجر انشىائت خًُغ

 105 دسخخ ػهٍ خُذاً  انشيم َدُففºو

 انًُبخم يٍ يدًىػخ اخزُبس َزى (Sieves) ٍَزشاوذ أٌ ػه 

Pore) فزسبرهب زدى size) ورىضغ يى، 0.8 إنٍ يى2 ثٍُ يب 

 الأطغش ثى لأػهٍ الأكجش َكىٌ ثسُث انجؼض ثؼضهب فىق

انشيبل هضاص خهبص ػهٍ لأعفم فبلأطغش

طشَمخ رمذَش زدى زجُجبد انشيم

26.04.2010 Seite 136Seite 136
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 (خى 500 زىانٍ) يؼهىو وصٌ َؤُخز انشيم خفبف رًبو ثؼذ 

 رشغُم َزى ثى (اندهبص فٍ يُخم أػهٍ) يُخم أول فٍ وَىُضغ

 انزأكذ ززٍ (ق 20-10) يُبعجخ صيُُخ فزشح انهضاص اندهبص

انًُبخم خًُغ إنٍ انشيم يشوس يٍ

 زذٌ، ػهٍ يُخم كم فٍ انًسدىصح انشيم كًُخ وصٌ َزى 

 يئىَخ كُغجخ يُخم كم فٍ انًسدىص انشيم وصٌ زغبة وَزى

  نهشيم الأونٍ انىصٌ يٍ
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سيٖوج حشًٖ ؽوٕ/ د.أ
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يلديَ
خخؾرط اهيٖبٍ اهشعحٖج اهٕ اهؾدٖد يً يضبدر اهخوّد 

ييب . ٌخٖسج اهضرف اهحٕ، ّاهزراؽٕ، ّاهضٌبؽٕ
ٖؤدٔ اهٕ خغٖر فٕ اهخّاص اهعتٖؾٖج ّاهنٖيٖبئٖج 

ّاهتّٖهّسٖج هويٖبٍ، نيب ٖؤدٔ اهٕ اظبفج ؽّايل غٖر 
يرغّة فِٖب تبهٌشتج هوحٖبٍ اهتّٖهّسٖج اهيّسّدث تِب، 

ّنذهم تبهٌشتج هويشخفٖدًٖ يً ُذٍ اهيٖبٍ

Physical Characteristics
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ضّر خوّد اهيٖبٍ
  ًاهخوّد تبهتنخٖرٖب ّاهفٖرّشبح ّغٖرُب ي

اهنبئٌبح اهيشتتج هلأيراط
  ٕاهخوّد تبهيّاد اهؾظّٖج اهلبتوج هوخحول ّاهخ

خيخص الأنشسًٖ يً اهيبء
ّٖؤدٔ ٌلص الأنشسًٖ اهيذاة فٕ اهيبء إهٕ اهخحول 

اهلاُّائٕ هويّاد اهؾظّٖج ّاهخٕ ٌٖخز ؽٌِب خنًّٖ 
اهغبزاح اهظبرث يذل نترخٖد اهِٖدرّسًٖ ّذبٌٕ 

أنشٖد اهنرتًّ ّغبز اهيٖذبً

Physical Characteristics
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عرق الإخختبر اهنٖيٖبئٖج
 اهعرٖلج اهّزٌٖج
 اهعرٖلج اهحسيٖج
 اهعرٖلج اهفٖزّٖنٖيٖبئٖج

Physical Characteristics
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اهعرٖلج اهّزٌٖج
 Gravimetric Method

يً أيذوج . ّخؾخيد ُذٍ اهعرٖلج ؽوٕ خلدٖر ّزً اهؾٌٖج
شحّيبح ( TSS)ذهم اهيّاد اهضوتج اهؾبهلج 

(Oil & Grease)ّزٖزح 

Physical Characteristics
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اهعرٖلج اهحسيٖج
Volumetric Method

:اهخبهٖج اهيؾبدهج خعتٖق ؽوٕ اهعرٖلج ُذٍ ّخؾخيد
V1 C1 = V2 C2

اهخرنٖز يؾوّى اهيحوّل حسى =V1 :أً حٖد
Volume of solution of known concentration

C1= اهيحوّل خرنٖز
Concentration of known concentration 

V2= خرنٖزٍ خؾًٖٖ اهيراد اهيحوّل حسى
Volume of solution of unknown concentration

C2= اهيسِّل اهيحوّل خرنٖز
Concentration of unknown concentration 

Physical Characteristics
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اهعرٖلج اهفٖزّنٖيٖبئٖج  
Physicochemical  

   خؾخيد فنرث اشخخداى الأسِزث اهخحوٖوٖج ؽوٓ اهضفبح
اهعتٖؾٖج ّاهنٖيٖبئٖج هوؾٌضر أّ اهيرنة

   خٌلشى ُذٍ اهعرٖلج إهٓ ؽدث أٌّاػ ختؾبً هٌّػ اهخفبؽلاح
:اهنٖيٖبئٖج إهٓ

خفبؽلاح نٖيٖبئٖج هِب هًّ ييٖز ّتذهم خشخخدى أسِزث  -1
 UV/Visible Spectrophotometerاهيعٖبف اهوٌّٓ 

خفبؽلاح نٖيٖبئٖج هٖس هِب هًّ ييٖز ّخشخخدى أسِزث  -2
  Atomic Absorptionالأيخضبص اهذرْ 

Physical Characteristics
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   Turbidimeterسِبز كٖبس اهؾنبرث  -3
خفبؽلاح خؾخيد ؽوٓ أشخخداى أسِزث اهنرّيبخّسراف   -4

Chromatographic Analysis    ّخؾخيد ُذٍ اهعرٖلج
ؽوٓ فضل اهؾٖخج إهٓ ينٌّبخِب الأشبشٖج تأشخخداى ّشعًٖ  

ذبتح ّّشع يخحرم ّيً أيذوج الأسِزث اهيشخخديج ُٓ  
   Gasسِبز اهنرّيبخّسرافٓ اهغبزْ 

Chromatography   ّسِبز اهنرّيبخّسرافٓ اهشبئل
Liquid-Liquid Chromatography    ًّّٖسِبز الأ

 Ion Chromatographyاهنرّيبخّسرافٓ 

Physical Characteristics
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عرق أخذ اهؾٌٖبح
خخخوف عرق سيؼ ؽٌٖبح اهيٖبٍ هفحضِب نٖيٖبئٖبً 

ّتنخرّٖهّسٖبً ختؾبً هٌّػ اهيضدر ّختؾبً هوضفج 
ّفٓ حبهج شحة ؽدث  . اهخحوٖوٖج اهيراد خلدٖرُب

ؽٌٖبح يً يٖبٍ اهشرة فٓ ٌفس اهّكح ّيً ٌفس 
اهيضدر فئٌَ ٖتدأ أّلا تشحة اهؾٌٖبح اهلازيج  
هوفحص اهتنخرّٖهّسٓ، ّٖخٌبشة ؽدد اهؾٌٖبح 

اهيسيّؾج يً ينبً يب يؼ ؽدد اهشنبً اهلبعًٌٖ 
  هِذٍ اهيٌعلج

Physical Characteristics
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Physical Characteristics

عدد السكاو
الحد الأقصي لمفجرة 
بيو عهميجي أخذ 

العيىاث

الحد الأدىي لعدد  
العيىاث لبهأخوذة هو 

الشبكت
شهر واحد20000إلي حد 

عيىت واحدة لكل 
ىسهت شهرياً 5000

أسبوعاو50000-20001هو 
أربعت أيان100000-50001هو 

عيىت واحدة لكل يوهيا100000ًأكثر هو 
ىسهت شهرياً 10000
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عرق أخذ اهؾٌٖبح هوفحص اهتنخرّٖهّسٓ
  يووٓ أّ أنذر يضٌّؽج يً اهزسبر 300خشخخدى زسبسبح شؾج

ّخؾلى زسبسبح خسيٖؼ ؽٌٖبح اهيٖبٍ . اهيخؾبدل يغعبث تشدادث يحنيج
ى هيدث شبؽج أّ داخل 160ºداخل فرً خؾلٖى ؽٌد درسج حرارث 

أّ )ٖظبف يحوّل ذّٖنترٖخبح اهضّدّٖى . دكٖلج 20أّخّنلاف هيدث 
ّذهم ؽٌد خسيٖؼ اهؾٌٖبح اهخٓ خحخّْ ؽوٓ نوّر( نرٖشخبلاح

  ؽٌد خسيٖؼ ؽٌٖج اهيٖبٍ ٖسة خٌغٖف ّخؾلٖى يضدر اهيٖبٍ تبشخخداى
كعٌج يتووج تبهنحّل اهيٖذٖوٓ ذى خحرق اهلعٌج ّٖيرر اهوِة حّل 

دكبئق ذى خيلأ اهزسبسج  3-2يضدر اهؾٌٖج ذى خخرم اهيٖبٍ سبرٖج هيدث 
تبهؾٌٖج

 خٌلل اهؾٌٖج فّراً إهٓ اهيؾيل داخل ذلاسج حفغ اهؾٌٖبح، : ٌلل اهؾٌٖبح
ّنذهم لاتد يً إسراء اهفحص اهتنخرّٖهّسٓ فٓ خلال شح شبؽبح يً 

أخذ اهؾٌٖج

Physical Characteristics
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  عرق أخذ اهؾٌٖبح هوخحوٖل اهنٖيٖبئٓ
 زسبسبح اخذ اهؾٌٖج شؾج هخر ّاحد ؽوٓ الاكل يضٌّؽج : الاسِزث

يً اهزسبر اهيخؾبدل اهشفبف خلرٖتبً ّذاح غعبء زسبسٓ يشٌفر
 خغشل اهزسبسج ذلاد يراح ؽوٓ الاكل تيٖبث اهؾٌٖج كتل : اهعرٖلج

ٖسة ارشبل اهؾٌٖج اهٓ اهيخختر فّراً ّلا ٖسّز : يوئِب ٌلل اهؾٌٖبح
شبؽج 72تأْ حبل خبخٖر اهخحوٖل اهنٖيٖبئٓ انذر يً 

 ٖسة اً ٖرفق خلرٖر اخذ اهؾٌٖج تسيٖؼ ؽٌٖبح : خلرٖر اخذ اهؾٌٖج
اهيٖبث اهيعوّة فحضِب تنخرّٖهّسٖب ّخحوٖوِب نٖٖيبئٖب ؽوٓ اً 

:ٖحخّْ ؽوٓ اهخفبضٖل الاخٖج
اشى ّؽٌّاً عبهة اهفحص ( أ)
اشى ّؽٌّاً اهيبهم اّ اهيشئّل ؽً يّرد اهيٖبٍ اذا نبً غٖر ( ة)

(أ)اهشخص اهيذنّر فٓ 

Physical Characteristics
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رّخٌٖٓ اّ غٖر ذهم –شتة اهفحص ( ر)
يً الاٌبتٖة اّ اهتئر اّ اهٌٖتّػ اّ اهّادْ–يضدر اهؾٌٖج ( د)
اْ ؽٌّاً اهيّكؼ  -ينبً اخذ اهؾٌٖج تبهظتع ( ُـ)
ُل خى يؾبهسج اهيٖبث تبْ عرٖلج اّ خى خرشٖحِب اّ خى نوّرخِب ( ّ)
خبرٖخ ّشبؽج اخذ اهؾٌٖج ( ز)
ُل اهضٌتّر يخضل يتبشرث تبهشتنج اهرئٖشٖج اّ يرنة ؽوٓ ( ش)

ضِرٖز خخزًٖ ؟فٓ خلال شح شبؽبح يً أخذ اهؾٌٖج

Physical Characteristics
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Temperature
 Used in the calculation of various forms of alkalinity,
in studies of saturation and stability with respect to
calcium carbonate, in the calculation of salinity, and in
general laboratory operations
 In immunological studies, water temperatures as a
function of depth often are required
 Elevated temperatures resulting from discharges of
heated water may have significant ecological impact
 Identification of source of water supply, such as deep
wells, often is possible by temperature measurements
such as alone

Physical Characteristics
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Color
 Color in water may result from the presence of 
natural metallic ions (iron and manganese), 
plankton, weeds and industrial wastes
 Color is determined by visual comparison of the 
sample with known concentrations of colored 
solutions
 The platinum-cobalt method of measuring color 
is the standard method, the unit of color being that 
produced by 1 mg platinum/L in the form of the 
chloroplatinate ion
 The platinum-cobalt method is useful for 
measuring color of potable water and of water in 
which color is due to naturally occurring 
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Turbidity
 Turbidity in water is caused by suspended 
and colloidal matter such as clay, silt, finely 
divided organic and inorganic matter, and 
plankton and other microscopic organisms
 Turbidity is an expression of the optical 
property that cause light to be scattered and 
absorbed rather than transmitted with no 
change in direction or flux level through the 
sample 
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Odor
 Odor, like taste, depends on contact of a stimulating 
substance with the appropriate human receptor cell
 Is recognized as a quality factor affecting 
acceptability of drinking water (and foods prepared 
with it), tainting of fish and other aquatic organisms, 
and esthetics of recreational waters
 Some substances such as certain inorganic salts 
produce taste without odor and are evaluated by taste 
testing
 The human nose is the practical odor-testing device 
used in this method
 Odor tests are performed to provide qualitative 
descriptions and approximate quantitative 
measurements of odor intensity 
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Taste
 Refers only to gustatory sensations called 
bitter, salty, sour, and sweet that result from 
chemical stimulation of sensory nerve 
endings located in the papillae of the tongue 
and soft palate
 A method of sensory analysis in which 
samples are taken into the mouth but the 

result evolutions pertain to flavor
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Conductivity
 A measure of the ability of an aqueous 
solution to carry an electric current
 This ability depends on the presence of 
ions on their total concentration, mobility 
and valence
 Solutions of most inorganic compounds are 
relatively good conductors
 Conversely, molecules of organic 
compounds that do not dissociate in 
aqueous solution conduct a current very 
poorly
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 Conductivity unit is µmho/cm 
1µS/cm = 1 µmho/cm

 Estimate total dissolved solids (mg/L) in a 
sample by multiplying conductivity (in 
µmho/cm) by an empirical factor
 This factor may vary from 0.55 to 0.9 
depending on the soluble components of the 
water and on the temperature of measurement
 Relatively high factors may be required for 
saline or boiler waters, whereas lower factors 
may apply where considerable hydroxide or 
free acid is present 
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Solids
 Refer to matter suspended or dissolved in 
water or wastewater. Waters with high 
dissolved solids generally are of inferior 
palatability and may induce an unfavorable 
physiological reaction in the transient 
consumer. 
Waters high in suspended solids may be 
esthetically unsatisfactory for such purposes 
as bathing

Chemical Characteristics
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 "Total Solids" is the term applied to the 
material residue left in the vessel after 
evaporation of a sample and its subsequent 
drying in an oven at a defined temperature.
"Total Suspended Solids" is the portion of 
total solids retained by a filter
"Total Dissolved Solids" is the portion that 
passes through the filter

Chemical Characteristics
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Total Solids (Total Residue): Dried at 103-
105°C

A well mixed sample is evaporated in a 
weighed dish and dried to constant weight in 
an oven at 103 to 105°C. The increase in 
weight over that of the empty dish 
represents the total solids

Chemical Characteristics

26.04.2010 Seite 162Seite 162

Total Suspended Solids Dried at 103-105°C
A well  mixed sample is filtered through a 
weighed standard glass-fiber filter and the 
residue retained on the filter is dried to a 
constant weight at 103-105°C. The increase 
in weight of the filter represents the total 
suspended solids. 
** If the suspended material clogs the filter 
and prolongs filtration, it may be necessary 
to increase the diameter of the filter or 
decrease the sample volume

Chemical Characteristics
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Total Dissolved Solids

A well – mixed sample is filtered through a 
0.45µm membrane filter paper and the 
filtrate is evaporated to dryness in a weighed 
dish and dried to constant weight at 180ºC 
(120ºC). The increase in dish weight 
represents the total dissolved solids. This 
procedure may be used for drying at other 
temperatures 
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pH
 Is one of the most important and 
frequently used tests in water chemistry
 Practically every phase of water supply and 
wastewater treatment is pH dependent

Acidity Alkalinity
0 7 14
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 pH is used in alkalinity and carbon dioxide 
measurements and many other acid-base 
equilibrium
 At a given temperature the intensity of the 
acidic or basic character of a solution is 
indicated by pH or hydrogen ion activity
 pH is defined as negative log of hydrogen ion
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Alkalinity
 The classification ascribes the entire 
alkalinity to bicarbonate, carbonate and 
hydroxide and assumes the absence of other 
(weak) inorganic or organic acids such as 
silicic, phosphoric and boric acids
 The alkalinity of many surface waters is 
primarily a function of carbonate, 
bicarbonate and hydroxide content it is 
taken as an indication of the concentration 
of these constituents
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Hydroxyl ions present in a sample as a 
result of dissociation or hydrolysis of solutes 
react with additions of standard acid
 Alkalinity thus depends on the end-point 
pH used
 Phenolphthalein alkalinity is the term 
traditionally used for the quantity measured 
by titration to pH 8.3
Methyl red indicator may be used for pH 
4.5
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Reagents
1- Sodium carbonate solution (0.02N) dry 3 
to 5 gm primary standard Na2CO3 at 250°C 
for 4 h and cool in a desiccator. Weigh 1gm 
transfer to a 1L volumetric flask. (do not 
keep longer than 1 week)
2- Standard sulfuric acid or hydrochloric 
acid (0.02N) (inside front cover of APHA)
Standardize by titration of 0.02N Na2CO3

1ml = 1 mg NaCO3
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 According to the pH of the sample added 
the appropriate reagent (phph. or Mo.) to 
50ml sample volume and titrate to the end 
point disappeared the violet color in case of 
phph
 Indicator faint orange color in case of Mo. 
indicator Alkalinity, mg CaCO3/L = ml of 
titrant X 1000 ml of sample
 Carbonate (CO3 2-) alkalinity is present 
when phenolphthalein alkalinity is not zero 
but is less than total alkalinity
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Hydroxide (OH-) alkalinity is present if 
phenolphthalein alkalinity is more than half 
the total alkalinity
 Bicarbonate (HCO3-) alkalinity is present 
when phenolphthalein alkalinity is less than 
half the total alkalinity
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Types of alkalinity according to pH
1- pH 11.0 → 9.4: OH alk. & CO3 alk.

No HCO3 alk.
2- pH 9.4  → 8.3: CO3 alk. & HCO3 alk.

No OH alk.
3- pH 8.3 → 4.6: HCO3 alk. 

No CO3 alk., No OH alk.
4- pH 4.6 → 3.0

Mineral acids
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Forms of Alkalinity
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At pH 8.3:

a- OH = 2P – T & CO3 = 2(T – P)
b- CO3 = 2P = T
c- CO3 + 2P & HCO3 = T – 2P
d- HCO3 = T
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Hardness
Water hardness was understood to be a 
measure of the capacity of water to 
precipitate soap. Soap is precipitated mainly 
by the calcium and magnesium ions present
 Total hardness is defined as the sum of the 
calcium and magnesium concentrations, 
both expressed as calcium carbonate in 
milligrams per liter
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When hardness numerically is greater than 
the sum of carbonate and bicarbonate 
alkalinity, that amount of hardness 
equivalent to the total alkalinity is called 
"carbonate hardness"; the amount of 
hardness in excess of this is called 
"noncarbonate hardness“
 Ethylenediaminetetraacetic acid and its 
sodium salts (EDTA) form a chelated soluble 
complex when added to a solution of certain 
metal cations
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 The sharpness of the end point increase 
with increasing pH. However, the pH cannot 
be increased indefinitely because of the 
danger of precipitating CaCO3 and Mg(OH)2 
and the dye changes color at high pH. The 
specified pH of 10
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 Interference:
• Some metal ions interfere by causing 
fading end points. Reduce this interference 
by adding certain inhibitors before titration
• Suspended or colloidal organic matter may 
interfere with the end point
• Eliminate this interference by evaporating 
the sample to dryness on a steam bath and 
heating in a muffle furnace at 550°C until 
the organic matter is completely oxidized
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Dissolve the residue in 20ml 1N 
hydrochloric acid (HCl), neutralize to pH 7 
with 1N NaOH and make up to 50ml with 
distilled water; cool to room temperature 
and continue according to the general 
procedure
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Reagents

1- Buffer solution: dissolve 16.9g ammonium 
chloride NH4Cl in 143 ml conc. Ammonium 
hydroxide NH4OH and dilute to 250ml with 
distilled water. Store in a plastic or 
borosilicate glass container for no longer 
than 1 month. Stopper tightly to prevent loss 
of ammonia. Discard buffer when 1 or 2 ml 
added to the sample fails to produce a pH of 
10 at the titration end point 
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2- Eriochrome Black T: can be in dry powder 
form if care is taken to avoid excess indicator
3- Standard EDTA titrant: 0.01M weight 
3.723 gm disodium 
ethylenediaminetetraacetate dehydrate, 
dissolve in distilled water, and dilute to 1L. 
Standardize against standard calcium 
solution
4- Standard calcium solution: weight 1gm 
anhydrous CaCO3 into a 500ml Erlenmeyer 
flask 
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Add a little at a time 1+1 HCl until all CaCO3 
has dissolved. Add 200ml distilled water and 
boil for a few minutes to expel CO2. Cool, add 
few drops of methyl red indicator, and adjust 
to the intermediate orange color by adding 
3N NH3OH or 1+1 HCl as required. Transfer 
quantitatively and dilute to 1L with distilled 
water.

1ml = 1mg CaCO3
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Procedure

Added to the sample 1ml of buffer solution 
to give a pH of 10, and then added dry 
powder indicator. Add EDTA titrant slowly 
with continuous stirring, until the end point 
where the solution normally is blue.

Total hardness mg CaCO3/L 
= ml of titrant X 1000 / ml of 

sample
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Calcium hardness
The most common forms of calcium are calcium 
carbonate and calcium –magnesium carbonate. 
Calcium carbonate solubility is controoed by pH 
and dissolved CO2. Hardness is based on the 
concentration of calcium and magnesium salts, 
and often is used as a measure of potable water 
quality. The presence of calcium in water 
supplies results from passage over deposits of 
limestone, dolomite, gypsum, and gypsiferous
shale
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When EDTA is added to water containing 
both calcium and magnesium it combines 
first with the calcium. Calcium can be 
determined directly, with EDTA when the pH 
is made sufficiently high that the magnesium 
is largely precipitated as the hydroxide and 
an indicator is used that combines with 
calcium only.
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Reagents
1- Sodium hydroxide NaOH, 1N
2- indicator: Murexide (ammonium 
purpurat) was the first indicator available 
for detecting the calcium end point. This 
indicator changes from pink to purple at the 
end point
3- Standard EDTA titrant
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Procedure
To the appropriate sample volume add 2ml 
NaOH to produce a pH 12 To 13. Stir, and 
then add dry powder of the indicator then 
titrate with EDTA to the proper end point

Calcium hardness as mg CaCO3/L 
= ml of titrant X 1000 / ml of 

sample
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Prof. Gamila H. Ali 
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Chloride
 Chloride in the form of chloride (Cl-) ion is one of 
the major inorganic anions in water and wastewater
 The salty taste produced by choride concentration 
is variable and dependent on the chemical 
composition of water. High chloride content may 
harm metallic pipes and structures as well as 
growing plants
 In a neutral or slightly alkaline solution potassium 
chromate can indicate the end point of the silver 
nitrate titration of chloride. Sliver chloride is 
precipitated quantitatively before red silver 
chromate is formed
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Reagents
1- Potassium chromate indicator solution: 
dissolve 50 g K2CrO4 in a little distilled 
water. Add AgNO3 solution until a definite 
red precipitate is formed. Let stand 12 h, 
filter and dilute to 1L with distilled water
2- Standard silver nitrate titrant: 0.028M: 
dissolve 4.79g AgNO3 in distilled water and 
dilute to 1L Standardize against NaCl

1 ml = 1 mg Cl-
** Store in a brown bottle
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3- Standard sodium chloride: 0.028M: 
dissolve 1.648 g NaCl (dried at 140ºC) in 
distilled water and dilute to 1L

1 ml = 1 mgCl-

Procedure
Add 2-3 drops of chromate indicator to 
appropriate volume of sample and directly 
titrate sample with standard AgNO3 titrant 
to a pinkish yellow end point.

mg Cl-/L = ml of titrant X 1000 / ml of 
sample

26.04.2010 Seite 192Seite 192

3- Standard sodium chloride: 0.028M: dissolve 
1.648 g NaCl (dried at 140ºC) in distilled 
water and dilute to 1L

1 ml = 1 mgCl-

Procedure
Add 2-3 drops of chromate indicator to 
appropriate volume of sample and directly 
titrate sample with standard AgNO3 titrant to 
a pinkish yellow end point.

mg Cl-/L = ml of titrant X 1000 / ml of sample
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Sulfate
 Sulfate (SO4

2-) is widely distributed in 
nature and may be present in natural waters 
in concentrations ranging from a few to 
several thousand milligrams/liter
 Sulfate ion (SO4

2-) is precipitated acid 
medium with barium chloride (BaCl2) so as 
to form barium sulfate (BaSO4) crystals of 
uniform size. 
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Reagents

1- Buffer solution: mix 30 ml conc. HCl + 300 
ml distilled water + 100 ml 95% ethyl or 
isopropyl alcohol + 75 gm NaCl. Add 50 ml 
glycerol with that solution
2- Barium chloride crystals: BaCl2
3- Standard sulfate solution: dilute 10.4 ml 
standard 0.02N H2SO4 titrant specified in 
alkalinity to 100 ml with distilled water.

1 ml = 100µg SO42-
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Procedure
Measure 100 ml sample or a suitable portion made 
up to 100 ml, into a 250 ml Erlenmeyer flask. Add 5 
ml of the buffer solution and mix in stirring 
apparatus. While stirring, add a spoonful of BaCl2 
crystals and begin timing immediately. Stir for 1 
min. at a constant speed. After stirring period has 
ended, pour solution into absorption cell of 
photometer and measure turbidity at 420nm 
through 5min.
For sulfate standard curve: prepare a series of 
standard sulfate solution concentration and 
proceed as the sample determination 
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Dissolved Silica

Silicon does not occur free in nature, but rather 
as free silica (SiO2) in coarsely crystalline and 
microcrystalline varieties of quartz, the major 
component of sand and sandstone.
In the presence of magnesium, it can form scale 
deposits in boilers and in steam turbines. 
It is considered a nonessential trace element 
for most plants, but essential for most animals. 
Chronic exposure to silica dust can be toxic.
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Ammonium molybdate at pH 

approximately 1.2 reacts with silica and 

any phosphate present to produce 

heteropoly acids. Oxalic acid is added to 

destroy the molybdophosphoric acid but 

not the molybdosilicic acid. The intensity 

of the yellow color is proportional to the 

concentration of molybdate-reactive silica.
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Reagent
1- Ammonium molybdate solution: dissolve 
10 g (NH4)6Mo7O24.4H2O in distilled water 
with the aid of stirring and gentle warming 
and dilute to 100 ml. Filter if necessary.
2- Hydrochloric acid solution: 1 + 1, mix 
equal volumes of conc. HCl and distilled 
water.
3- Oxalic acid solution: dissolve 10 g 
C2H2O4.2H2O in distilled water and dilute 
to 100 ml.
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4- Borax solution: dissolve 10 g sodium 
borate decahydrate Na2B4O7.10H2O in 
water and dilute to 1 L.
5- Potassium chromate solution: dissolve 
0.63 g potassium chromate K2CrO4 in water 
and dilute to 1L.
Procedure
To 50 ml sample add in rapid succession 1.0 
ml of 1+1 HCl and 2.0 ml of ammonium 
molybdate reagent. Mix thoroughly and let 
stand for 5 to 10 min. Add 2.0 ml oxalic acid 
solution and mix thoroughly. 
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Read color after 2 min but before 15 min, 
measuring time from addition of oxalic acid.
Preparation the Standard Curve of Silica
For determination of silica standard curve, 
make a set of permanent artificial color, 
using K2CrO4 and borax solution. Mix liquid 
volumes specified as in the table below and 
read absorbance at 420 nm against distilled 
water (Blank).
mg SiO2/L = µg SiO2 (in 55 ml final volume)

/ ml of sample 
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Values in 
silica 

µg 

Potassium 
chromate solution 

ml 

Borax 
solution 

ml 

Water 

ml 

0.0 0.0 25 30

100 1.0 25 29

200 2.0 25 28

400 4.0 25 26

500 5.0 25 25

750 7.5 25 22

1000 10.0 25 20
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Prof. Gamila H. Ali 
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Nitrogen
In water and wastewater the forms of nitrogen 
of greatest interest are, in order of decreasing 
oxidation state, nitrate, nitrite, ammonia and 
organic nitrogen. 
Organic nitrogen includes such natural 
materials as proteins and peptides, nucleic 
acids and urea and numerous synthetic organic 
materials.
Nitrate generally occurs in trace quantities in 
surface water but may attain high levels in some 
groundwater. 
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In excessive amounts it contributes to the 
illness known as methemoglobinemia in infants. 
It is essential nutrient for many photosynthetic 
autotrophs and in some cases has been 
identified as the growth-limiting nutrient.
Nitrite is an intermediate oxidation state of 
nitrogen, both in the oxidation of ammonia to 
nitrate and in the reduction of nitrate. Nitrous 
acid, which is formed from nitrite in acidic 
solution, can react with secondary amines to 
form nitrosamines many of which are known to 
be carcinogens.
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Ammonia is present naturally in surface and 
wastewater. Its concentration generally is low in 
groundwater because it adsorbs to soil particles 
and clays and is not leached readily from soils. 
Ammonia concentrations in water vary from 
less than 10µg ammonia N/L, in some natural 
surface and ground waters to more than 
30mg/L in some wastewaters. 
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Nitrogen (Ammonia)

The two major factors that influence selection of the 
method to determine ammonia are concentration 
and presence of interference.
Most reliable results are obtained on fresh samples. 
If samples are to be analyzed within 24h of 
collection, refrigerate unacidified or preserve 
samples by acidifying to pH<2 and storing at 4°C.
Phenate Method 
An intensely blue compound, indophenol, is formed 
by the reaction of ammonia, hypochlorite, and 
phenol catalyzed by sodium nitroprusside.
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Reagents
1- Phenol solution: mix 11.1 ml liquefied phenol 
(≥89%) with 95% v/v ethyl alcohol to a final 
volume of 100 ml.

** Prepare weekly
2- Sodium nitroprusside: 0.5% w/v: dissolve 0.5 
g sodium nitroprusside in 100 ml deionized 
water. 

**Store in amber bottle for up to 1 
month.
3- Alkaline citrate: dissolve 200 g trisodium 
citrate and 10 g sodium hydroxide in deionized 
water. Dilute to 1L. 
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4- Sodium hypochlorite: commercial solution, about 
5%. This solution slowly decomposes once the seal 
on the bottle cap is broken. Replace about every 2 
months.
5- Oxidizing solution: mix 100 ml alkaline citrate 
solution with 25 ml sodium hypochlorite. 

**Prepare fresh daily.
6- Stock ammonium solution: dissolve 3.819 g 
anhydrous NH4Cl (dried at 100°C) in water, and 
dilute to 1L 

1 ml = 1.22 mg NH3
Standard ammonium solution: prepare a calibration 
curve in a range appropriate for the concentrations 
of the samples.
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Procedure

To a 25 ml sample in a 50 ml Erlenmeyer flask, 
add with thorough mixing after each addition, 1 
ml phenol solution, 1 ml sodium nitroprusside 
solution, and 2.5 ml oxidizing solution. Cover 
samples with plastic wrap or paraffin wrapper 
film. Let color develop at room temperature (22 
to 27°C) in subdued light for at least 1 h. Color 
is stable for 24 h. Measure absorbance at 640 
nm.
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Nitrogen (Nitrite)
Nitrite (NO2-) is determined through formation 
of a reddish purple azo dye produced at pH 2 to 
2.5 by coupling diazotized sulfanilamide with N-
(1-naphthyl)-ethylenediamine dihydrochloride. 
Reagents
1- Sulfanilic acid: dissolve 0.6 g in 70 ml hot 
distilled water, cool, add 20 ml conc. HCl, dilute 
to 100 ml.
2- α- naphthylamine hydrochloride: dissolve 0.6 
g α- naphthylamine hydrochloride in 1 ml conc 
HCl and distilled water and dilute to 100 ml.
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3- Sodium acetate solution: dissolve 16.4 g 
NaC2H3O2 or 27.2 g NaC2H3O2.3H2O in 
distilled water and dilute to 100 ml.
4- Stock Sodium nitrite solution: dissolve 
0.493 g NaNO2 in 1L distilled water.

Standard sodium nitrite solution: dilute 
100 ml stock NaNO2 solution to 1L, and 
then dilute 50 ml of this solution to 1L.

1 ml = 1.6 µg NO2
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Procedure

To 50 ml sample add 1 ml of sulfanilic acid 
reagent. Mix, the pH should be about 1.4. 
After 3 min add 1 ml α- naphthylamine 
hydrochloride reagent and 1 ml sodium 
acetate solution and mix will. Measure the 
reddish-purple color after 10 min at 520 
nm.
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Nitrogen (Nitrate)

Determination of nitrate (NO3-) is 

difficult because of the relatively 

complex procedures required the high 

probability that interfering constituents 

will be present, and the limited 

concentration ranges of the various 

techniques.
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Reagent
1- Sodium salicylate solution: dissolve 0.5 
g sodium salicylate in 100 ml distilled 
water.
*** must be freshly prepared
2- Sodium hydroxide + potassium :sodium 
tartarate solution: dissolve 400 g NaOH + 
60 g potassium : sodium tartarate in 
distilled water, cool and complete to 1000 
ml  with distilled water
*** preserve in polyethylene bottle
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3- Stock sodium nitrate solution: dissolve 
0.6071 g NaNO3 in 1L distilled water.     1 
ml = 100 µg NO3
Standard sodium nitrate solution: dilute 
100 ml of stock nitrate to 1L with distilled 
water. 

1ml = 10µg NO3
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Procedure

To 50 ml of the sample add 1 ml sodium 
salicylate and evaporate in water bath 
until complete dryness. Add 2 ml conc. 
H2SO4, leave 2 min. and then add 15 ml 
distilled water. Cool and then add 15 ml 
NaOH mixture. Leave to cool completely 
and the complete to 50 ml with distilled 
water. Measure absorbance at 420 nm. 
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Phosphorus
Occurs in natural waters and in 
wastewater almost solely as phosphates. 
These are classified as orthophosphates 
and organically bound phosphates.
Larger quantities of phosphates may be 
added when the water is used for 
laundering or other cleaning. Phosphates 
are used extensively in the treatment of 
boiler waters. 
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Orthophosphates applied as fertilizers are 
carried into surface waters. Organic phosphates 
are formed primarily by biological processes. 
Phosphorus is essential to the growth of 
organisms and can be the nutrient that limits the 
primary productivity of a body of water. In 
instances where phosphate is a growth – limiting 
nutrient, the discharge of raw or treated 
wastewater, agricultural drainage, or certain 
industrial wastes to that water may stimulate the 
growth of photosynthetic aquatic micro and 
macroorganisms in nuisance quantities. 
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Phosphates also occur in bottom sediments and 
in biological sledges both as precipitated 
inorganic forms and incorporated into organic 
compounds.
Acid hydrolysis at boiling-water temperature 
converts dissolved and particulate condensed 
phosphates to dissolved orthophosphates.
Molybdophosphoric acid is formed and reduced 
by stannous chloride to intensely colored 
molybdenum blue.
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Reagents
1- Ammonium molybdate reagent: dissolve 25 g 
(NH4)6Mo7O24.4H2O in 175 distilled water. 
Add 77.5 ml conc. H2SO4, slowly while stirring 
to 400 ml distilled water. Cool and add 
molybdate solution to the acid solution and 
dilute to 1L.
2- Stannous chloride solution: dissolve 2.5 g of 
SnCl2.2H2O in 100 ml glycerol.
3- Sulfuric acid solution: add 310 ml conc. 
H2SO4 to 600 ml distilled water, cool and dilute 
to 1L.



111

26.04.2010 Seite 221Seite 221

Procedure:
1- Add 1 ml acid solution to 50 ml sample
2- Add 0.4 g of potassium persulfate
3- Boil gently for 30 min
4- Cool and complete the volume of solution to 
50 ml
5- Add 2 ml ammonium molybdate and mix
6- Add 3 drops of stannous chloride
7- Read the absorbance at 650 WL
Stock Phosphate Solution: dissolve 0.7164 g of 
potassium dihydrogen phosphate in distilled 
water and complete to 1L. 
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Standard phosphate solution: from the above 
solution take 100 ml and dilute to 1L:

1 ml = 0.33 mg/L P

To prepare standard phosphate curve make a 
series of concentrations from standard 
phosphate solution and add the reagent (1 ml 
sulfuric acid solution + 2 ml molybdate solution 
+ 3drops of stannous chloride), read the 
absorbance as the sample and plot the curve. 



112

26.04.2010 Seite 223Seite 223

Prof. Gamila H. Ali 

26.04.2010 Seite 224Seite 224

Iron
Iron occurs in the minerals hematite, magnetite, 
taconite and pyrite. It is widely used in steel and in 
other alloys.
Elevated iron levels in water can cause stains in 
plumbing, laundry and cooking utensils and can 
impart objectionable tastes and colors to foods.
Iron is brought into solution reduced to the ferrous 
state by boiling with acid and hydroxylamine and 
treated with 1,10-phenanthroline at pH 3.2 to 3.3. 
Three molecules of phenanthroline chelate each 
atom of ferrous iron to form an orange-red 
complex.
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Iron occurs in the minerals hematite, magnetite,
taconite and pyrite. It is widely used in steel and in
other alloys.
Elevated iron levels in water can cause stains in
plumbing, laundry and cooking utensils and can
impart objectionable tastes and colors to foods.
Iron is brought into solution reduced to the ferrous
state by boiling with acid and hydroxylamine and
treated with 1,10-phenanthroline at pH 3.2 to 3.3.
Three molecules of phenanthroline chelate each
atom of ferrous iron to form an orange-red
complex.
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Reagents
1- Hydrochloric acid: HCl conc.
2- Hydroxylamine solution: dissolve 10 g
NH2OH.HCl in 100 ml water.
3- Ammonium acetate buffer solution: dissolve
250 g NH4C2H3O2 in 150 ml water. Add 700 ml
conc. (glacial) acetic acid.
4- Sodium acetate solution: dissolve 200 g
NaC2H3O2.3H2O in 800 ml water.
5- Phenanthroline solution: dissolve 100 mg
1,10-phenanthroline monohydrate
C12H8N2.H2O in 100 ml water. Discard the
solution if it darkens.
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Discard the solution if it darkens.
6- Potassium permanganate: 0.1M: dissolve 
0.316 KMnO4 in reagent water and dilute to 
100ml.
7- Stock iron solution:  
If ferrous ammonium sulfate (is preferred) 
slowly add 20 ml conc H2SO4 to 50 ml water 
and dissolve 1.404 g Fe(NH4)2(SO4).6H2O. Add 
0.1M potassium permanganate KMnO4 
dropwise until a faint pink color persists. Dilute 
to 1000 ml with water and mix

1 ml = 200 µg Fe
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Standard iron solution:
**The standard iron solutions are not stable, 
prepare daily as needed by diluting the stock 
solution.
Pipet 50 ml stock solution into a 1000 ml 
volumetric flask and dilute to mark with water 

1 ml = 10 µg Fe



115

26.04.2010 Seite 229Seite 229

Procedure
Total iron: mix sample thoroughly and measure 
100 ml into a 250 ml Erlenmeyer flask. Add 2 ml 
conc HCl and 1 ml NH2OH.HCl solution. Add a few 
glass beads and heat to boiling. To insure 
dissolution of all the iron, continue boiling until 
volume is reduced to 15 to 20 ml. Cool to room 
temperature and transfer to a 100 ml volumetric 
flask. Add 10 ml NH4C2H3O2 buffer solution and 
4 ml phenanthroline solution and dilute to mark 
with water. Mix thoroughly and allow for 10 min 
to color development. Read at 510 nm.
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Standard curve preparation:

Prepare a series of dilution from standard 

iron solution in a 100 ml volumetric flask. 

Add 1 ml NH2OH.HCl solution, 10 ml 

phenanthroline solution and 10 ml 

Na2C2H3O2. Dilute to 100 ml with water, 

mix thoroughly and let stand for a minimum 

of 10 min. Measure absorbance at 510 nm.
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Manganese
Manganese is associated with iron minerals and 

occurs in nodules in ocean, freshwater and soils. 

Manganese is used in steel alloys, batteries and 

food additives. Upon exposure to air or other 

oxidants, groundwater containing manganese 

usually will precipitate black MnO2. It is 

considered an essential trace element for plants 

and animals.
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Persulfate oxidation of soluble manganous 
compounds to form permanganate is carried 
out in the presence of silver nitrate. The 
resulting color is stable for at least 24 h if 
excess persulfate is present and organic matter 
is absent.
The persulfate procedure can be used for 
potable water with trace to small amounts of 
organic matter if the period of heating is 
increased after more persulfate has been added.
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Reagents
1- Special reagent: dissolve 75 g HgSO4 in 400 
ml conc. HNO3 and 200 ml distilled water. Add 
200 ml 85% phosphoric acid (H3PO4) and 35 
mg silver nitrate (AgNO3). Dilute the cooled 
solution to 1L.
2- Ammonium persulfate: (NH4)2S2O8 solid
3- Standard manganese solution: prepare a 
0.1N potassium permanganate (KMnO4) 
solution by dissolving 3.2 g KMnO4 in distilled 
water and making up to 1L. 
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Age for several weeks in sunlight or heat for 
several hours near the boiling point, then filter 
through a fine fritted-glass filter crucible and 
standardize against sodium oxalate as follows:
Weight 100 mg of Na2C2O4 and transfer to 400 
ml beakers. Add 100 ml distilled water and stir 
to dissolve. Add 10 ml 1+1 H2SO4 and heat 
rapidly to 90 to 95 ºC. Titrate rapidly with the 
KMnO4 solution to be standardized, while 
stirring to a slight pink end-point color that 
persists for at least 1 min. 
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** Do not let temperature fall below 85ºC, if 
necessary warm beaker contents during 
titration. 100 mg Na2C2O4 will consume about 
15 ml permanganate solution. Run a blank on 
distilled water and H2SO4.
Normality of KMnO4= g Na2C2O4 (A-B) X 0.067
Calculate volume of this solution necessary to 
prepare 1L of solution so that,
1 ml = 50µg Mn as follows: Ml KMnO4 = 4.55N 
KMnO4

26.04.2010 Seite 236Seite 236

To this volume add 2 to 3 ml conc H2SO4 and 
NaHSO3 solution drop wise, with stirring, until 
the permanganate color disappears. Boil to 
remove excess SO2, cool and dilute to 1000 ml 
with distilled water.
4- Hydrogen peroxide: H2O2 30%
5- Sulfuris acid H2SO4: conc. & 1+1 dilution
6- Sodium oxalate: Na2C2O4
7- Sodium bisulfite: dissolve 10 g NaHSO3 in 
100 ml distilled water.
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Procedure
To a suitable sample portion add 5 ml special 
reagent and 1 drop H2O2. Concentrate to 90 ml 
by boiling. Add 1 g (NH4)2S2O8, bring to a boil, 
and boil for 1 min. Remove from heat source, 
and then cool. Dilute to 100 ml and mix and 
read the absorbance at 525 nm.
Prepare standard curve of Mn by treating 
various amounts of standard Mn solution in the 
same way.
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Fluoride
A Fluoride concentration of approximately 1 
mg/L in drinking water effectively reduces 
dental caries without harmful effects on health. 
Fluoride
May occur naturally in water or it may be added 
in controlled amounts. Some fluorosis may 
occur when the fluoride level exceeds the 
recommendation limits. Maintenance of an 
optimal fluoride concentration is essential in 
maintaining effectiveness and safety of the 
fluoridation
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The SPADNS colorimetric method is based on the 
reaction between fluoride and a zirconium –dye lake. 
Fluoride reacts with the dye lake, dissociating a 
portion of it into a colorless complex anion (ZrF6 2-), 
and the dye. As the amount of fluoride increases, the 
color produced becomes progressively lighter.
Reagents
1- Standard fluoride solution: dissolve 221 mg 
anhydrous sodium fluoride NaF, in distilled water 
and dilute to 1L

1 ml = 100 µg F-

Dilute 100 ml stock fluoride solution to 1L with 
distilled water

1 ml = 10 µg F-
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2- SPADNS solution: dissolve 958 mg SPADNS, 
sodium 2-(parasulfophenylazo)-1,8-dihydroxy-
3,6-naphthalene disulfonate, also called 4,5-
dihydroxy-3-(parasulfophenylazo)-2,7-
naphthalenedisulfonic acid trisodium salt, in 
distilled water and dilute to 500 ml. **This 
solution is stable for at least 1 year if protected 
from direct sunlight.
3- Zirconyl-acid reagent: dissolve 133 mg 
zirconyl chloride octahydrate ZrOCl2.8H2O in 
about 25 ml distlled water. Add 350 ml conc. 
HCl and dilute to 500 ml with distilled water.
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4- Acid zirconyl-SPADNS reagent: mix equal
volumes of SPADNS solution and zirconyl-
acid reagent. The combined reagent is
stable for at least 2 years.
5- Reference solution: add 10 ml SPADNS
solution to 100 ml distilled water. Dilute 7
ml conc. HCl to 10 ml and add to the diluted
SPADNS solution. The resulting solution,
used for setting the instrument reference
point (zero) **is stable for at least 1 year.
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Procedure
1- Preparation of standard curve: prepare fluoride 
standards in the range of 0 to 1.4 mg F-/L by diluting 
appropriate quantities of standard fluoride solution 
to 50 ml with distilled water. Pipet 5 ml each of 
SPADNS solution and zirconyl-acid reagent or 10 ml 
mixed acid-zirconyl- SPADNS reagent, to each 
standard and mix well. Set photometer to zero 
absorbance with the reference solution and obtain 
absorbance readings at 570nm.
2- Sample treatment: use a 50 ml sample or a portion 
diluted to 50 ml with distilled water. Add 5 ml each of 
SPADNS solution and zirconyl-acid reagent, or 10 ml 
acid-SPADNS reagent; mix well and read absorbance. 
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Sodium
Na measured using Flame photometer. 
The sample exposed to the flame where 
water was evaporated leaving Na as 
ions has a characteristics color

Potassium
K measured using Flame photometer. 
The sample exposed to the flame where 
water was evaporated leaving K as ions 
has a characteristics color
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Oxidant Demand/Requirement
 Oxidants are added to water and wastewater 
primarily for disinfectant
 Oxidant demand refers to the difference 
between the added oxidant dose and the 
residual concentration measured after a 
prescribed contact time at a given pH and 
temperature
 Oxidant requirement refers to the oxidant 
dose required to achieve a given oxidant 
residual at a prescribed contact time, pH and 
temperature
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 Chlorine will liberate free iodine from 

potassium iodide (KI) solutions at pH 8 or less

 The liberated iodine is titrated with a 

standard sodium thiosulfate solution 

(Na2S2O3) with starch as indicator

 Titrate at pH 3 to 4 because the reaction is not 

stoichiometric at neutral pH due to partial 

oxidation of thiosulfate to sulfate. 
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Reagents
1- Chlorine-demand free water
2- Acetic acid, conc (glacial)
3- Potassium iodide KI crystal 
4- Starch indicator: to 5 g starch add a little 
cold water. Poured into 1 L of boiling 
distilled water, stir and let settle overnight. 
Use clear supernatant
5- Potassium dichromate solution: 0.025N, 
dissolve 1.225g potassium dichromate 
K2Cr2O7 in 1 L distilled water
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6- Standard sodium thiosulfate solution: 

0.025N dissolve 6.205g Na2S2O3.5H2O in 1L 

freshly boiled distilled water and 

standardize against potassium dichromate
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Procedure

To 80 ml distilled water, add 1 ml conc. 

H2SO4, 10 ml K2Cr2O7 and 1g KI. Kep in 

dark for 5 min and then titrate with sodium 

thiosulfate titrant until faint yellow color. 

Add 1 ml starch indicator and complete 

titration until blue color disappear.
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Chlorine Determination
In 250 ml conical flask with quick feet 
stopper, add 100 ml free chlorine distilled 
water, add 2 ml conc. H2SO4 + 1 g KI + 0.5 ml 
chlorine water. Put in the dark for 5 min and 
then titrate with sodium thiosulfate titrant
until the pale yellow color. Add 1 ml stash 
solution and continue in titration until the 
blue color disappears.
mg Cl2/L = ml of titrant X0.9 (MW of Cl XN 
of sodium thiosulfate titrant)/ ml of sample
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Chlorine (Residual)
 The chlorination of water supplies and polluted 
waters serves primarily to destroy or deactivate 
disease-producing microorganisms
 A secondary benefit in treating drinking water
 Chlorination may produce adverse effects. 
Potentially carcinogenic chloroorganic compounds 
such as chloroform may be formed
 Chlorine applied to water in its molecular or 
hypochlorite form initially undergoes hydrolysis to 
form free chlorine consisting of aqueous molecular 
chlorine, hypchlorous acid and hypochlorite ion
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 The presence and concentrations of the 

combined forms depend on pH, temperature, 

initial chlorine to nitrogen ratio, absolute 

chlorine demand and reaction time

 Both free and combined chlorine may be 

present at the same time
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Reagents
1- Phosphate buffer solution: dissolve 24 g 
anhydrous Na2HPO4 and 46 g anhydrous KH2PO4 in 
distilled water. Combine with 100 ml distilled water 
in which 800 mg EDTA-disodium salt have been 
dissolved, then dilute to 1 L
2- N,N-diethyl-p-phenylenediamine (DPD) indicator 
solution: dissolve 1 g DPD oxalate, or 1.5 g DPD 
sulfate pentahydrate, or 1.1 g anhydrous DPD sulfate 
in chlorine – free distilled water containing 8 ml 1+3 
H2SO4 and 200 mg EDTA-disodium salt. Make up to 1 
L, store in a brown glass-stoppered bottle in the dark 
and discard when discolored
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Procedure
 Develop color by first placing 5 ml phosphate 
buffer solution and 5 ml DPD indicator reagent 
in flask and then adding 100 ml sample and 
read absorbance immediately at 515nm
 Residual Chlorine Standard Curve:
Prepare a stock solution containing 891 mg 
KMnO4/1000 ml. Dilute 10 ml stock solution to 
100 ml with distilled water in a volumetric flask. 
When 1 ml of this solution is diluted to 100 ml, 
chlorine equivalent of 1mg/L will be produced 
in the DPD reaction
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 Prepare a series of KMnO4 standards 
covering the chlorine equivalent range of 
0.05 to 4mg/L, and proceed as the sample
a- Free chlorine: read the color immediatly
b- Monochloramine: continue by adding one 
very small crystal of KI (about 0.1mg) and 
mix. Read the color immediately.
c- Dichloramine: continue by adding several 
crystals of KI (about 0.1g) and mix to 
dissolve. Let stand about 2 min and read 
color. 
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Aluminum
Aluminum occurs in the earth's crust in 
combination with silicon and oxygen to form 
feldspars, micas and clay minerals. Aluminum 
potassium sulfate (alum) is used in water-
treatment processes to flocculate suspended 
particles, but it may leave a residue of aluminum 
in the finished water.
Aluminum is nonessential for plants and animals. 
Concentrations exceeding 1.5mg/L constitute a 
toxicity hazard in the marine environment and 
levels below 200µg/L present a minimal risk. 
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The possibility of a link between elevated 
aluminum levels in brain tissues and 
Alzheimer's disease has been raised.
With Eriochrome cyanine R dye, dilute 
aluminum solutions buffered to a pH of 6 
produce a red to pink complex that exhibits 
maximum absorption at 535nm. The 
intensity of the developed color is influnced 
by the aluminum concentration, reaction 
time, temperature, pH, alkalinity and 
concentration of other ions in the sample. 
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To compensate for color and turbidity, the 

aluminum in one portion of sample is 

complexed with EDTA to provide a blank. 

The interference of iron and manganese, two 

elements commonly found in water when 

aluminum is present is eliminated by adding 

ascorbic acid.
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Reagents

1- Stock aluminum solution: Dissolve 8.791 g 
aluminum sulphate AlK(SO4)2.12H2O in 
water to 1000 ml. Dilute 10ml stock 
aluminum solution to 1000 ml with water:

1ml = 5µg Al   (prepare daily)
2- Sulfuric acid, H2SO4: 0.02N
3- Ascorbic acid solution: dissolve 0.1g 
ascorbic acid in water and make up to 100ml 
in volumetric flask (prepare fresh daily).

26.04.2010 Seite 260Seite 260

4- Buffer reagent: dissolve 136g sodium 
acetate NaC2H3O2.3H2O in water, add 40 ml 
1 N acetic acid, and dilute to 1 L.

(1N acetic acid)
5- Stock dye solution: dissolve 300mg 
Eriochrome cyanine R dye in about 50 ml 
water. Adjust pH from about 9 to about 209 
with 1+1 acetic acid. Dilute with water to 
100 ml. (Stock solutions have excellent 
stability and can be kept for at least a year).
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***Working dye solution: dilute 10ml of 

stock dye solution to 100ml in a volumetric 

flask with water. Working solutions are 

stable for at least 6 months.

6- Methyl orange indicator solution: 

7- EDTA (disodium salt): 0.01 M, dissolve 3.7 

g in water, and dilute to 1L.
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Procedure
1- Preparation of calibration curve:
a- Prepare a series of aluminum standard from 0 to 7 
µg (0 to 280 µg/L based on a 25 ml sample) by 
accurately measuring the calculated volumes into 
50ml volumetric flasks. Add water to a total volume 
of approximately 25 ml.
b- Add 1 ml 0.02N H2SO4 to each standard and mix. 
Add 1 ml ascorbic acid solution and mix. Add 10 ml 
buffer solution and mix. Add 5ml working dye 
reagent and mix. Immediately make up to 50ml with 
distilled water. Mix and let stand for 5-10 min. The 
color begins to fade after 15 min. Read on wavelength 
of 535nm



132

26.04.2010 Seite 263Seite 263

2- Sample treatment:
a- Place 25 ml sample or a portion diluted to 
25 ml in volumetric flask, add a few drops of 
methyl orange indicator and titrate with 
0.02N H2SO4 to a faint pink color. Record 
reading and discard sample. 
b- To two similar samples at room 
temperature add the same amount of 0.02N 
H2SO4 used in the titration and 1 ml in 
excess.
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c- To one sample add 1 ml EDTA solution. 
This will serve as a blank. To both samples 
add 1 ml ascorbic acid, 10 ml buffer reagent 
and 5 ml working dye reagent (continue as 
in calibration curve). 
d- After 5 to 10 min contact time read 
aluminum concentration from the curve.

mg Al/L = 
µg Al (in 50 ml final volume) ml sample 
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Oxygen (Dissolved)
Dissolved oxygen (DO) levels in natural and 
wastewater depend on the physical, chemical 
and biochemical activities in the water body. 
The analysis for DO is a key test in water 
pollution and waste treatment process control.
The iodometric test is the most précis and 
reliable titrimetric procedure for DO analysis. 
It is based on the addition of divalent 
manganese solution followed by strong alkali, 
to the sample in a glass stoppered bottle. 
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DO rapidly oxidize an equivalent amount of the 
dispersed divalent manganous hydroxide precipitate 
to hydroxides of higher valency states. In the 
presence of iodide ions in an acidic solution, the 
oxidized manganese reverts to the divalent state, 
with the liberation of iodine equivalent to the 
original DO content. The iodine is then titrated with a 
standard solution of thiosulfate. The titration end 
point can be detected visually, with a starch indicator.
Samples collection must be very carefully. Methods of 
sampling are dependent on source to be sampled and 
a certain extent, on method of analysis. Do not let 
sample remain in contact with air gaseous content.
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Reagents
1- Manganous sulfate solution: dissolve 480 g 
MnSO4.4H2O or 400 g MnSO4.2H2O or 364 g 
MnSO4.H2O in distilled water and dilute to 1L.

** preserve in dark bottle.
2- Alkali-iodide-azide reagent: dissolve 500 g 
NaOH (or 700 g KOH) and 135 g NaI (or 150 g 
KI) in distilled water and dilute to 1L. Add 10 g 
NaNO2 dissolved in 40 ml distilled water.
3- Sulfuric acid H2SO4 conc.
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4- Standard sodium thiosulfate titrant, 
0.025N:  dissolve 6.205 g Na2S2O3.5H2O in 
1L freshly boiled distilled water and 
standardize against potassium dichromate.
To 80 ml distilled water, add 1 ml conc. 
H2SO4, 10 ml K2Cr2O7 and 1 g KI. Kep in 
dark for 5 min and then titrate with sodium 
thiosulfate titrant until faint yellow color. 
Add 1 ml starch indicator and complete 
titration until blue color disappear.
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Procedure
1- To the sample collected in a 250 to 300 
ml bottle, add 2 ml MnSO4 solution 
followed by 2 ml alkali-iodide-azide
reagent.

2- Stopper carefully to exclude air bubbles 
and mix by inverting bottle a few times. 
When precipitate has settled sufficiently to 
leave clear superante above the manganese 
hydroxide floc, add 2 ml conc H2SO4. 
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3- Restopper and mix by inverting several 

times until dissolution is complete. 

4- Titrate a volume corresponding to 200 

ml original sample; titrate with 0.025 M 

Na2S2O3 solution to a pale straw color. Add 

a few drops of starch solution and continue 

titration to first disappearance of blue 

color. 






