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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

_4-
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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 02, 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 I-1 Pt. Natural waters can range from < 5 in very

clear waters to 300 units in dark peaty waters.
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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 organismes.
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).
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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 (uS 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 1-1) 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 1-1.
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 1-1 as CaC03)
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. lons 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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I1-9-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 1-1 may adversely affect the functioning
and survival of biological communities and below 2 mg 1-1 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 (COz) is highly soluble in water and atmospheric CO>
is absorbed at the air-water interface. In addition, CO; 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 CO: is that component in gaseous equilibrium
with the atmosphere, whereas total CO: is the sum of all inorganic
forms of carbon dioxide, i.e. CO2, H2CO3, HCO3 - and CO3 2-. Both CO
and HCOs - can be incorporated into organic carbon by autotrophic
organisms. Free CO; comprises the concentrations of COz plus H2COs3,
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 COz, 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.

-12 -



WWM-gtz  saall Caall 5 slbaall o jlaf ali 5 olaall 4y gazmnll yie LS yall 4ilaasSll g agagdall Ciliall

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

ITII-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
(NOs -) 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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I1I-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 (H2S04) 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.

I1I-1.B.-Nitrate and nitrite

The nitrate ion (NOs-) 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 1-1 NO3-
N). Nitrite concentrations in freshwaters are usually very low, 0.001
mg 1-1 NO2-N, and rarely higher than 1 mg1-1 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.

I1I-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).

I11-2-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 pum 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 (Caz*, Mgz*, Na*, K+, Cl;, SO4%-, 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 Mg?+, 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 (C0O32-) and bicarbonates (HCO3-)
influences the hardness and alkalinity of water. The inorganic carbon
component (COz) arises from the atmosphere and biological
respiration. The weathering of rocks contributes carbonate and
bicarbonate salts. In areas of noncarbonated rocks, the HCO3- and
CO3? 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 SO4%. 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 (HzS, 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
(Si02) or sometimes as silicate (H4S104)) 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

_22.



WWM-gtz  saall Caall 5 slbaall o jlaf ali 5 olaall 4y gazmnll yie LS yall 4ilaasSll g agagdall Ciliall

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

e Pure water is virtually colorless and has no taste or smell. But the
hidden qualities of water make it a most interesting subject.

e Water's chemical description is H20 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.

D)+
©

(T)+
I,

(H)—~(H,

(I)+
I

e Wateris 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.
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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 (H20) dissociates to only a slight degree yielding a positive

hydrogen ion and a negative one hydroxyl ion

H,0 S 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 (SO47) 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 = 2H20 + NazS04
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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 + 302 = 2Fe203
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): 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.

Ca0 + Ca(HCOs); = 2COCOs | + H0

Gas Solubility and Alkalinity

Most gases are either soluble in water to some degree or react
chemically with water. An exception is methane gas (CHs), 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:

CO;+H;0 S H;CO3 S H*+HCO3 S H+*+COsz

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 COs-
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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co,

|

HCO, | H,CO,
1

1 ml H,SO, mINaOH ]

mlH,80, ——

(a) (b)

H,CO, — HCO,

mlNaOH —— 1| ml NaOH «——— mIH,SO,

(c) (d)

e 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.

e 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.

e 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.

e 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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%,

Carbonate Carbonate Carbonate

pH 8.3
Phenolp 1thale{n end point

Bicarbonate Bicarbonate

pH 4.5

(a) (b)

Methyl orange or bromocresol green-methyl red end point

e I[fthe pH of sample is less than 8.3, the alkalinity is in the form
of bicarbonate.

e Ifthe sample have pH greater than 8.3, the alkalinity containing
carbonate and bicarbonate.

e [f the milliliters of phenolphythaline titrant equal the milliliters
of methyl orange titrant the alkalinity is in the form of
carbonate.

e 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 CaCOs3 scaling in piping and equipment such as

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

There are two general categories of CaCO3 saturation indices:1-
indices that determine whether a water has a tendency to precipitate
CaCOs3 or to dissolve CaCOs -2- indices that estimate the quantity of
CaCOs3 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

© 2004 Brooks/Cole ~ Thomson Learning

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.
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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 olil,
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.

Types of :
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L
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oxygen
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Biological | Clean Zone
oxygen

demand

o )

e . i Recovery
mpognon SepncZone o
Deco
Zone

e N N

Clean Zone

|

© 2005 Brooks/Cole - Thomson

_43-



WWM-gtz  saall Caall 5 slbaall o jlaf ali 5 olaall 4y gazmnll yie LS yall 4ilaasSll g agagdall Ciliall

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.

_44 -



Al dalall

Annex 2






WWM-gtz  saall Caall 5 slbaall o jlaf ali 5 olaall 4y gazmnll yie LS yall 4ilaasSll g agagdall Ciliall

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 umho/cm

1puS/cm =1 pmho/cm
Estimate total dissolved solids (mg/L) in a sample by multiplying
conductivity (in umho/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 0.45um membrane filter
paper and the filtrate is evaporated to dryness in a weighed dish and
dried to constant weight at 1802C (1202C). 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 NazCO3 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 Naz2COs3

1ml =1 mg NaCOs3
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 CaCOs3/L = ml of titrant X 1000 ml of sample
Carbonate (COs3 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: COs alk. & HCOs alk.
No OH alk.
3- pH 8.3 —4.6: HCO3 alk.
No COs alk., No OH alk.
4- pH 4.6 3.0

Mineral acids
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Forms of Alkalinity
} Hydroxide
Carbonate Carbonate Carbonate

pH 8.3
Phenolp 1thale!n end point

Bicarbonate Bicarbonate

. pPH 4.5
(a (b) (c) (d)

Methyl orange or bromocresol green-methyl red end point

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 CaCO3z 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 (HCI), 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 NH4+OH 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 CaCOs into a
500ml Erlenmeyer flask. Add a little at a time 1+1 HCI 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 NH30H or 1+1 HCl as
required. Transfer quantitatively and dilute to 1L with distilled
water.

1ml = 1mg CaCOs
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

-11 -
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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 COz. 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 CaCOz/L

= ml of titrant X 1000/ ml of sample

-12 -
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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 AgNOs 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 AgNOs in
distilled water and dilute to 1L Standardize against NaCl.

1ml=1mgCl

** Store in a brown bottle.

3- Standard sodium chloride: 0.028M: dissolve 1.648 g NaCl (dried at
1409C) 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 AgNOs titrant to a
pinkish yellow end point.
mg Cl-/L = ml of titrant X 1000 / ml of sample

~13-
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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 (BaS04) crystals of uniform size.

Reagents
1- Buffer solution: mix 30 ml conc. HCI + 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 H2504
titrant specified in alkalinity to 100 ml with distilled water.

1 ml =100pg 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)6Mo07024.4H20
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. HCI
and distilled water.

3- Oxalic acid solution: dissolve 10 g C2H204.2H20 in distilled water
and dilute to 100 ml.

4- Borax solution: dissolve 10 g sodium borate decahydrate
Na2B407.10H20 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 = pg SiO2 (in 55 ml final volume)/ ml of sample

Values in Potassium chromate | Borax solution | Water
silica solution

ml ml ml
ng
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 10pg 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 (289%) 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 NH4ClI
(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.
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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. HC], dilute to 100 ml.
2- o- naphthylamine hydrochloride: dissolve 0.6 g a- naphthylamine
hydrochloride in 1 ml conc HCl and distilled water and dilute to 100
ml.
3- Sodium acetate solution: dissolve 16.4 g NaC2Hz02 or 27.2 g
NaCz2H302.3H20 in distilled water and dilute to 100 ml.
4- Stock Sodium nitrite solution: dissolve 0.493 g NaNO: in 1L
distilled water.

Standard sodium nitrite solution: dilute 100 ml stock NaNO-
solution to 1L, and then dilute 50 ml of this solution to 1L.

1ml=1.6 ug NO

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 a- 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 NaNOsz in 1L
distilled water.

1 ml =100 pg NO3
Standard sodium nitrate solution: dilute 100 ml of stock nitrate to 1L
with distilled water.

1 ml=10pg 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. H2S04, 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)6M07024.4H20
in 175 distilled water. Add 77.5 ml conc. H2S04, 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 SnCl2.2H20 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/LP
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.

_22.



WWM-gtz  saall Caall 5 slbaall o jlaf ali 5 olaall 4y gazmnll yie LS yall 4ilaasSll g agagdall Ciliall

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: HCI conc.
2- Hydroxylamine solution: dissolve 10 g NH,OH.HCl in 100 ml water.
3- Ammonium acetate buffer solution: dissolve 250 g NH4+CzH302 in
150 ml water. Add 700 ml conc. (glacial) acetic acid.
4- Sodium acetate solution: dissolve 200 g NaC2H302.3H20 in 800 ml
water.
5- Phenanthroline solution: dissolve 100 mg 1,10-phenanthroline
monohydrate C12HsgN2.H20 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
H2S0.4 to 50 ml water and dissolve 1.404 g Fe(NH4)2(S04).6H20. Add
0.1M potassium permanganate KMnO4 dropwise until a faint pink
color persists. Dilute to 1000 ml with water and mix

1 ml =200 pg 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 ugFe

Procedure

Total iron: mix sample thoroughly and measure 100 ml into a 250 ml
Erlenmeyer flask. Add 2 ml conc HCl and 1 ml NH20H.HCI 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 NH4C2H30:? 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.HCI solution, 10 ml phenanthroline
solution and 10 ml NazC2H30.. 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
MnO.. 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 (AgNO3z). Dilute the cooled solution to 1L.

2- Ammonium persulfate: (NH4)2S20s solid

3- Standard manganese solution: prepare a 0.1N potassium
permanganate (KMnOj4) 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 Na2C204 and transfer to 400 ml beakers. Add 100
ml distilled water and stir to dissolve. Add 10 ml 1+1 H2S04 and heat
rapidly to 90 to 95 °C. 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 852C,

if necessary warm beaker contents during titration. 100 mg Na2C204
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will consume about 15 ml permanganate solution. Run a blank on
distilled water and H2S0s.

Normality of KMnO4= g Na2C204 (A-B) X 0.067
Calculate volume of this solution necessary to prepare 1L of solution
so that,
1 ml = 50pug Mn as follows: Ml KMnO4 = 4.55N KMnO4
To this volume add 2 to 3 ml conc H2S04 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: H202 30%
5- Sulfuris acid H2S04: conc. & 1+1 dilution
6- Sodium oxalate: Na2C204
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
H202. Concentrate to 90 ml by boiling. Add 1 g (NH4)2S20s, 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 (ZrFs 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 pgF-
Dilute 100 ml stock fluoride solution to 1L with distilled water

1 ml=10 pgF-
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 ZrOCI2.8H20 in about 25 ml distlled water. Add 350 ml
conc. HCI 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.
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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 (Na2S203) 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 K2Cr207 in 1 L distilled water.

6- Standard sodium thiosulfate solution: 0.025N dissolve 6.205g
Na2S203.5H20 in 1L freshly boiled distilled water and standardize
against potassium dichromate.

To 80 ml distilled water, add 1 ml conc. H2S04, 10 ml K2Cr207 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 CI 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 Na2ZHP0O4 and
46 g anhydrous KH2P04 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 H2504 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 KMn04 /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 200ug/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(S04)2.12H20 in water to 1000 ml. Dilute 10ml stock aluminum
solution to 1000 ml with water:
1ml =5pg 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 NaC2H302.3H20 in
water, add 40 ml 1 N acetic acid, and dilute to 1 L.

(1IN 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 pg (0 to 280
ug/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 H2S04 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 H2S04 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 H2S04 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 = pg 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 MnS04.4H20 or 400 g

MnS04.2H20 or 364 g MnS04.H:0 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 Nal (or 150 g KI) in distilled water and dilute to 1L. Add 10

g NaNO: dissolved in 40 ml distilled water.

3- Sulfuric acid H2S04 conc.

4- Standard sodium thiosulfate titrant, 0.025N: dissolve 6.205 g

Na2S203.5H20 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 K2Cr207and 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
H2S04.

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 NazS:03 solution to a pale straw color. Add a few drops
of starch solution and continue titration to first disappearance of blue

color.
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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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Watet Chemistty

Prof. Gamila H. Ali

th Parte et the e
ATOMIC STRUCTURE

= Each atom of an
element is composed of a
nucleus surrounded by
electrons in various
orbitals

h——-—“

= Nucleus - a central
concentration of mass
consisting of protons and
neutrons




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

Seite ¥
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CHEMICAL BONDING

% lonic bonds - bonds formed via the electrostatic attraction
between oppositely charged ions.

.o . -n
Nae + «CI3 Na“ + =El=

MNa contributes electron, leaving it with a closed shell
Cl gains electron, leaving it with a closed shell

% Covalent bonds - bonds formed by sharing
of electrons.

He —+ eH

HeH

% Polar Covalent bonds - the sharing of the
electron pair is unequal. There is a charge
separation with one atom being slightly
more positive and the other more negative.
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WHY DO WE CARE IF ABOND IS
IONIC OR COVALENT?

#% All physical and chemical properties of a compound depend
on the character of the bonds.

% Solubility in water (general rule - like dissolves like)

Water is a polar covalent solvent - 39% ionic & 61% covalent
- meaning there is a positive and a negative pole to the
molecule.

~ O\“‘x
H H | the water dipole
~_v

105°

Water dissolves ionic solids (e.g., NaCl, K,50,) very well. On
the other hand, polar water is a very poor solvent for many
organic compounds, e.g., toxic benzene (C.H,).

Seite ©
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PROPERTIES OF WATER

> Because seach water molecule
has a positive and a negative
end, these can attract one
— another to form a hydrogen
105
H bond.
2

% The hydrogen bonding of water is H = H
responsible for many anomalous %““0/ T~
properties of water.

- high boiling point & melting

H H
point M'“D"”
- The maximum density is at 4C.
- Ice is less dense than the liquid H

water.

Seite 1
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PROPERTIES OF WATER

% Solvent : Water dissolves some amount of virtually every
solid or gas.

Solvent Solutes Solution
(water) (dissolved constituents) (solvent + solutes)
< S
" caﬂ, “g!l-’ —_—
Hco,, CI,
atc

% Also because of the polar nature of water, ions will be
surrounded by water dipoles (hydrated) in solution.

% Hydration isolates the ions
from their neighbors and
neutralizes the attractive
forces that hold minerals
together.

Seite
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cloud formation

rain clouds
evaporation

precipitation

Seite A



What we should do?
« Collect the water samples
* Perform the chemical analysis

Collection of water samples
1. Determination of the purpose
+ To define water chemistry?

+ To determine if the water meets drinking water standai
+ To determine if there is contamination present? '

2. Deciding sampling points ,
+«  Where should samples o
be taken? "

Seite 4

+  How many sampling points? Bore hole
=  Will new sampling points be needed?

3. Determining which characteristics will be analyzed
« Some measurements can or must be made on-site.
(eg. temp, pH, Eh, flow rate, TDS etc)
+  Preserve samples for lab analysis
(eg. Alkalinity, major cations and anions, minor elements, etc)

Seite )+




ANALYTICAL METHODS

% Organic Chemicals (Benzene, Carbon tetrachloride, Vinyl
chloride, Xylenes, Tetrachloroethylene, Trichloroethylene,
Toluene, etc) - Gas Chromatography

% Inorganic Chemicals (Arsenic, Barium, Bromate, Cadmium,
Calcium, Chloride, Fluoride, Lead, Magnesium, Mercury,
Nitrate, Nitrite, Silica, Sodium , etc) - len Chromatography,
ICP-Mass Spectrometry

% Microorganisms (Coliform, Viruses | efc)
- Membrane Filter Method

#% Radionuclides (Combined radium,
Uranium, Radon , etc) - Radiochemical
Methodology

Seite )\
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th Parte o h ot
UNITS OF EXPRESSION

Mass Concentration — we use many units of concentration.
+  weight/weight units — ppm, ppb
«  weight/velume units — mg/L, g/L

The conversion factor between mg/L and ppm is:

- 1g 10°mg 10%°g 1mg
m (parts per million}= =
pem (parts pe )=10°0" 1g kg _ 1kg

ozl _ nog L
kg_ L p

Because the density of many natural waters is near 1 kg/L, it
is often a sufficiently good approximation that mg/L and ppm
are numerically equal.

1g  1mg 1mg
10°g 1kg L

ppm (parts per million) = (in natural water)

th Parte o h ot
UNITS OF EXPRESSION

Molar Concentration - In almost all geochemical calculations, it
is necessary to use molar concentrations rather than mass
concentrations.

& Moles (1 mole =6.023 x 102 atoms or molecules)

moles of solutes, mol

= Molality (m) =
ty (m) mass of solvent, kg

maoles of solutes, mol

« Molarity (M) = :
volume of solution, L

& Molarity is the most common concentration unit involved
in calculations dealing with velumetric stoichiometry.

& Conversion from mol/L (M) to mg/L is accomplished
using the formula:

mg  mol
—= =——=molar mass
L L

g "-X 1000 mg
maol a

Seite ) £
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H: 1g (atomic mass) x 1=1g — 1+35.5=36.5g/mole
Cl: 35.5g (atomic mass) x 1 =35.5g = 20 B

+ Mole fraction (X) - another form of molar concentration

moles of solute
total moles of all components

Solute —

the mole fraction (X) is used for solid solutions, e.g., solid
solutions between KAISi,O, and NaAlSi,O,. In such a solid
solution, the mole fraction of KAISi,O, would be written as:

. B moles KAISI;O,
5% T moles KAISI,O, +moles NaAlISi,O,

» Percentage (%) - the ratio of a solute to the solution
If a solution concentration is given as a percentage, you can
generally assume it is a mass percentage unless otherwise stated.

Seite ) ©
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UNITS OF EXPRESSION

Equivalents and Normality (N)- units : equivalents/liter
» Equivalents (eq) are similar to moles, but take into
account the valence of an ion.
0.002 mol L' of Ca?* = 0.004 eq L' Ca?*
0.001 mol L' of Na* = 0.001 eq L' Na*
0.003 mol L' AI** =0.009 eq L' AIP*
« Normality (N) is another name for eq L-1.
« Alkalinity is an important solution parameter that is
expressed as eq L' or meq L. Hardness is another
parameter expressed as eq L.

Example. The laboratory reported the concentration of Ca?*in a water
sample as 92 mg/L. What is the normality of Ca2* ? i harge)

# of equivalent
mole

Tmole

Equivalent
—_— ‘]
atomic or molecular wt.

Liter
mgx1molex 19 ><2nequn.r

=CGI‘IC.{%}>¢

_4.6x107 equiv 4 Emilliequiv
L 40.08g 1000mg mole ' L ’ L

Seite )1



IS
HYDROGEN ION ACTIVITY (pH)

% pH is a “master variable” controlling chemical systems.

% Dissociation of Water — when water ionizes, the following
simplified relationship applies:

H,0 «» H* + OH-
The corresponding equilibrium expression for this reaction is
k= [HTIOH]
[H.0]

where K = equilibrium constant
[ 1= molar concentration

& We assume [H,0] is unity and don’t bother to include it explicitly
in the equations

K. = [HT[OH]
where K, = equilibrium constant for water

Seite Y
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HYDROGEN ION ACTIVITY (pH

% The positive ions in solution must be balanced by the
negative ions.

[H*] = [OH]
K, = [H*] [OH] substituting for [OH]
K, =[MH7T

% Taking the negative logarithm
—log[H]==-"2log K

% Just as pH represents — log [H*], it is convenient to use pK
to represent — log [K]

pH =-log[H*] =- Y2 log K, = 2 pK,,
% In dilute aqueous solution at 25°C, K, = 10-1¢

= the pH of pure water is 7.0



CARBONATE EQUILIBRIUM

% Inwater exposed to the atmosphere, dissolution/volatilization of
carbon dioxide (CO;(g)) creates carbonic acid (H,CO; ).

CO,(g) + H,0 > CO,(aq) - Gas dissolution
CO,(aq) + H,0 < H,CO, - Carbonic acid formation

%= The carbonic acid will dissociate in two steps.
(1) Carbonic acid donates one proton to create bicarbonate, HCO;-
HECD:;‘:} H+ + HCD:;-
(2) Bicarbonate donates the last proton to form carbonate, CO;%
HCO; < H* + CO.*

Reaction Equilibrium constant (25°C)
CO,(aq) + Hy0 = H,CO, pK_,=1.46
H,CO,; & H* + HCO;- pK,=6.35
HCO, < H* + CO,% pK, = 10.33

Seite 14
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Water is the “Universal Solvent”

Solvent — a substance capable of
dissolving other substances

Solute — the substance(s) that dissolves in
a solvent

Solution — the resulting homogeneous
mixture of uniform composition

Aqueous Solution — solutions in which
water is the solvent

Seite Y)
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Importance of Water as a Solvent

» Water can transport toxic substances into, within, and out of living organisms,

» Water-soluble toxic substances, such as some pesticides, lead fons, and
mercury fons, can be widely distributed.

» Water may reduce the concentrations of pollutants (o safe levels by dilution
or by carrying them away (or both).

» Rainwater carries substances, including those responsible for acid rain,
from the atmosphere down to Earth.

Seite YY
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Ways to Describe Concentration

grams of solute % 100%

+ Weight Percent =

eramsof water

* 1 ppm = 1mg solute / L of water

* 1 ppb =1ug/L

liters of solution

Seite YV
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Water is “Polar”

The bonds in water SHARE the electrons,
but the electrons are not shared equally.

The O-H bond is a polar covalent bond

Electronegathlty CopaTign £ The Metiems Hill Companis, l-ﬂ-w.am--wwun-u-----«-11-‘-
value (EN)

3_3; H 5O / \

EN difference = 1.4

VY
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Forces of Attraction

» Electrostatic Interaction — the
attraction between opposite charges

= Intramolecular forces — forces that
exist within a single molecule

—Polar bonds

* Intermolecular forces — interactions
between two or more molecules

—Hydrogen-bonding

gtz P e e
‘0c Hydrogen Gy
77Ny bonds ol O\
H H A H H
\.G.I‘
B g
e
O Covalent O
bonds
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Aqgueous Solutions

* Nonelectrolyte — solutions that do not conduct
electricity

» Electrolyte - solutions that conduct electricity

— lons - electrically charges species that carry current
in agueous solution

+ Cation - positively charged
» Anion - negatively charged

gtze= i

-—“

e Oxidation = Loss of ¢, hence higher
charge

* Reduction = gain of e, hence lower

charge

* Redox: transfer of e (simultaneous
oxidation and reduction)

)¢
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lonic Solids

+ Metal cation and non-metal anion
+ Solids DO NOT conduct electricity

« But lons dissociate in solution, forming
Electrolytic Solutions

NaCl(s)—=2—>Na" (aq)+CI (aq)
KI(S)%K+ (aq)+ I (aq)
MgCl, (S)iﬁlffg2+ (ag) +2CT (aq)

gtzmmwm
* In polyatomic ions the -O:
charge is spread out | -
over the entire ion. e SOz
- / -
- . Q:

NaNO, (s)—=%> Na* (aq)+ NO; (aq)
K,CO,(s)—=22—>2K" (aq)+CO; (aq)
MgSO, (s)—5%>Mg”" (aq)+ SO, (aq)
NH,CI(s)—22%—> NH; (aq)+ CI (aq)

Yo



lonic Compounds

+ Chemical Formulas — must be neutral so
charges must cancel out.

Na (+1) + Cl (-1) make NacCl
Ca (2+) & Br (-1) make CaBr,
Li (+1) & S (-2) make Li,S

Al (+3) & O (-2) make Al,O,

* “Lipophilic” compounds are not soluble in
water, but are soluble in fats.

—Nonpolar compounds
-DDT

-PCBs

—Can biocaccumulate

 Hydrophilic compounds are not soluble in
fats but are soluble in water

Seite Y'Y
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Physical and chemical
water characteristics

Prof. Gamila H. Ali
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cloud formation

rain clouds
evaporation

precipitation

Seite Y'¢
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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

Seite Yo
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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

Seite YV
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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

14
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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

gtz
GENERAL VARIABLES

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. Temperature affects
physical, chemical and biological processes
in water bodies and, therefore, the
concentration of many variables



2-Colour

Apparent colour is caused by
coloured particulates and the
refraction and reflection of light on

suspended particulates

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

Y
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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

gtz

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

Yy
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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

gtz:
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

Yy
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} Hydroxide

Carbonate Carbonate Carbonate

pH 8.3

Phenolphthalgin end point

Bicarbonate

| pH4.5
(a) (b) (c) (d)

Methyl orange or bromocresol green-methyl red end point

Partoer for the Future
Z Warldwide

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

gtz:
10-Carbon dioxide

Carbon dioxide (CO?2) 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

Yo
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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)

gtz:
NUTRIENTS
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

a. Ammonia b. Nitrite

c. Nitrate d. Organic nitrogen

A\l



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

-
a Wi
ORGANIC MATTER

»Total organic carbon (TOC)
*Chemical oxygen demand (COD)
"Biochemical oxygen demand (BOD)

"Humic and fulvic acids

Yv
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MA]OR IONS
®Sodium = Carbonates and
mPotassium bicarbonates
mCalcium = Chloride
"Magnesium = Sulphate

gtz s X
OTHER INORGANIC VARIABLES
»Sulphide
»Silica
"Fluoride

"Boron

=Cyanide

YA



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

Seite Y

"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

¥4
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ORGANIC CONTAMINANTS

"Mineral oil and petroleum products
"Phenols acids
"Pesticides

(Organ chlorine, Organ phosphorus)

sSurfactants

gtz Wi
Ecological Significance
of Inorganic Carbon

Prof. Gamila H. Ali
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1. Carbon source for primary production
nCO, + H,0 = (CH,0), + O,
N |
mmm!
2. A chemical buffer for aguatic

gtz ==
Forms of Inorganic Carbon in Water
» free CO, and carbonic acd (H,C0,)
— Carbon dioxide is very soluble in water
« bicarbonate (HCO;)
« carbonate (CO;)

AR
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CO,-Bicarbonate-Carbonate
Equilibrium
» Propartion of each carbon species presant in
water is pH dependant

» This equilibrium complex provides the main
pH buffering system for lakes and streams

» pH is important to the availability of
nutrients {e.g. phosphate, ammonium, iron)

th Fr e e e
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Ralative abumdance of each species is pH dapendent

Yy
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Marl Formation

high rates of CO, usad in photosynthesis

!

solid caldum carbonate (CaC0,) precipitates

!

suspended CaC0, particles can cause [ake
whitzning, reducing light penetration

Partoer for the Future
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Sources of Inorganic Carhon

1. atmosphere
H.O + CO, = H,CO, — H* + HCOy

2. decomposition
C(H,0), + 0, = CO, + H,0 + encrgy
3. respiration (plants and animals)
{CH,O), + Oy == nC3,; + H,0

Yy



4. chemical weathering
H,CO, + CaCo, + (H,0) «
Ca(HCO,), = Ca#* + ZHCO,
5. groundwater

Alkalinity

the measure of a water's ability to
neutralize acids

Tvpes:
(usually expressed in terms of mg CaCO,/L)
— tatal alkalinity (&)
— carbonate alkalinity
— hydroxide alkalinity
— bicarbonate alkalinity

Y
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Water Hardness

Depends on concentration of multivalent cations,
mainly Ca?+ and Mg2+
(but sometimes also Fe't and AF7)

Watars that have high alkalinity will also be hard
{but not necessarily the other way around).

Seite 14
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Organic Carbon
Distribution:
— dissolved organic carbon

= |abile
= rafractory
— particulate organic detritus

—living organisms

Yo
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Sources of Organic Carbon

—allochthonous

—autochthonous

Chemical Equilibtium
of Water I

Partoer for the Future
Z nnnnnnnn
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Chemical Equilibrium

A condition in which the system is at its
minimum attainable energy level and hence
has no tendency to undergo chemical change.

Analogous Physical Equilibria:

P Pz
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The Equilibrium Constant for Water
Dissociation, K,

H,0 < H* + OH-

_(H')(0H) _(H7)(oH)

“ (H0) 10

=107 =K

W

pH = —logo(H*)

v
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Some Important Equilibria in Water
Treatment Involving Solids

+ CaCO4(s) « CaZ + CO,~ Hardness
+ Mg(OH),(s) <> Mg® + 2 OH- Hardness
« PbCO,(s) «» Pb* + CO,= Lead & Copper Rule (LCR)
- CU(OH),(s) <> Cu® + 2 OH- LCR
» Cu,(OH),CO4(s) « 2Cu2* + 2 OH + CO,2- LCR
- Fe(OH)y(s) <> Fe** + 3 OH- Coagulation
« Al(OH),(s) <> AI** + 3 OH- Coagulation
= SIO4(s)+ 2H,0 < H,SIO, Membrane fouling,

Arsenic treatment

th Parte o h ot

Some Solids are Very Soluble or Very
Insoluble

+ Some solids (e.g., NaCl, CaCl,, Na,S0,) are so
soluble under normal water treatment conditions
that we never consider the possibility that the solid
will be present in an equilibrium solution.

* Other solids (e.g., Fe(OH); MnO,) are so insoluble
under normal water treatment conditions that we
assume 100% of the metal precipitates.

+ Some solids (CaCQO,) are “slightly soluble” under
normal water treatment conditions, so neither
assumption applies. Others (PbCO,, AIPO,) are very
insoluble, but the trace amount that dissolves is still
of concern.
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The Carbonate Chemical
Group in Water

* Dissolved Carbonate-containing species

— Carbonic Acid: H,CO,. Can form by combination of a
carbon dioxide molecule and water:

H,CO,
CO, + H,0 <> H,CO, K, = {m( =) (}][ 5

— Bicarbonate lon: HCO.~. Can form by “dissociation”
of carbonic acid:

HCO. )(H"
H2C03 R HCDB_ + H* K ——{ - }( )

- K
« (H,CO,) o

Seite YV

The Carbonate Chemical Group

+ Dissolved Carbonate-containing species

— Carbonate lon: CO.2-. Can form by dissociation of
bicarbonate ion:

(o) ()
HCO;~ «» CO32 + H* K, = W K.
3

* Other Commonly Defined Quantities
— Total Dissolved Carbonate: TOTCO,
TOTCO, = (H,CO,) + (HCO,) + (CO,2-) + [others?]

— Alkalinity: AL K
ALK = (HCO;) + 2(CO52) + (OH~) — (HY)

YA
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Units for Expressing Alkalinity

- Equivalents: One equivalent (equiv) of alkalinity refers
to one mole of "H* binding capacity."

— one mole of HCO,~ has the capacity to combine with one mole of
H*, so one mole of HCO,~ is one equivalent of alkalinity

— one mole of CO,* has the capacity to combine with two moles of
H*. so one mole of CO;% is two equivalents of alkalinity

- mg/L as CaCO;: The number of mg/L of CaCO, that
woluld have to be dissolved into pure water for that
water to have the same alkalinity as the water of
interest

— one mole of CaCO; can combine with two moles of H*, so one
mole of CaCOs, is two equivalents of alkalinity

— the MW of CaCQOy; is 100, so 50 g of CaCO, is one equivalent. An
alkalinity of 75 mg/L as CaCQ, is therefore identical to 1.5 meg/L

_ —
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Equilibrium Among Dissolved
Carbonate Species

1 0 - H2CCL/TOTCO, HCO,/TOTCO, COs/TOTCO;

0o+
o8+
0.7+
0.6+
05+
044
03+
02+
01+
0.0

Conc'n/ TOTCO,

2 3 4 5 6 T 8 9 10 11 12
pH
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Calcium Carbonate Precipitation as a
Corrosion Inhibitor

Water quality is sometimes adjusted so that CaCO; is slightly
supersaturated in the water leaving the WTP. Ideally, a thin layer of
the solid forms and coats the pipes, limiting access of the corrosive
water to the pipe surface. However, if this process is not controlled
carefully, the CaCO, layer can get so thick that it impedes flow.

Seite A

th pre v e

Chemical Equilibrum
of Water II

Prof. Gamila H. Ali

Seite AY
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Limestone plus dissolved carbon dioxide
yields calcium and bicarbonate ions
and holes in the aquifer.
Dolostone plus dissolved carbon dioxide

yields calcium, magnesium and
bicarbonate 1ons

and holes n the aquifer.

—— s

The solution process establishes a system
of connected porosities that act as
conduits to remove the dissolved 1ons —
in a powerful positive feedback loop.

Recharge, initial porosity
and dissolved carbon dioxide (Pco,)
are the master variables.

&y
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As chemical equations:

CaCO, + H,0 + CO, <> Ca** +2 HCO;

limestone solution

CaMg(CO,), + 2H,0 + 2C0O, — Ca*™* + Mg 4HCO,

Dolostone selution

These two reactions probably describe 90+% of the
groundwater geochemistry in carbonate dominated systems.

Partoer for the Future
Z Warldwide

Carbonate Equilibria

1. H20 — H'+ OH Kw = [H'][OH] = 1040

COyag+ Hy0 > H,CO;  @25CC0jaq) =-250H,C0,

COyg + H,O < H,CO;* H,C0;* = 09 + COaq)

Ky, = [H,C0,*VPco, = 105
Time-30 seconds

Seite AT
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Pressure & Temperature
Dependency of Dissolved CO?
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Carbonate Equilibria
3.H,CO;* « H"+ HCOy K, =[H]MHCO;}H,C0,% =10

4. HCO; <« H* + CO32' K, =[H+][COF J[HOO, ] = 10703

Time Constant~103 Seconds

Seite AA

£¢



DIC Species as a function of PH
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3. H,CO;* <« H* + HCOy K, = [H*][HCO, V[H,CO,*] = 1053

4. HCO5 <« HY + C032' K, =[H+H[COsZ [HCO;] = 10193

5. CaCO; «> Ca?t + CO3% K(cal) = [Ca*][CO5>] = 10848
K(arag) = [Ca™][CO;*] = 1083

6. CaMg(COs), — Ca** + Mg?>" +2 CO5>
K(dol) = [Ca*][Mg*][COZ P = 10799

Seite 1)
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Apparent Problem

+ Many caves and solution features were
observed to have formed several thousand
feet below the surface and tens of miles
horizontally from recharge.

* The time constants appeared to be too short
to allow “aggressive” (unsaturated with
CaCO,;) waters to reach those depths.

Seite 1Y
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=
Pco2 and Temperature Dependency of

Calcite Solubility
i
g Ltz s

Cortrosion in Distribution
System

Prof. Gamila H. Ali
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What is corrosion?

" Thinning of pipe walls

* Formation of a precipitate
on pipe walls

—— s

= Corrosion leads to two different kinds of
problems:

* Failure of a pipe

* Water quality changes (aesthetic and
health)

= Economics-investment in buried infrastructure

e Greater than the cost of the treatment
plant

Seite 11
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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

Partoer for the Future
Z Warldwide

= Economic impact

* Early replacement of piping

* Increased pumping costs

Seite 1A
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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

Seite 14

* 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 CaCO,

mCalcium concentration
» Suspended solids and organic matter
®» Free chlorine residual

" Temperature

o)
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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 (CaCO; precipitation potential)

< Langelier Saturation Index (LSI)

—— s

CORROSION
CHEMISTRY IS VERY
COMPLEX

oY
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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
CaCO; on pipe wall

<+ Under saturated water is corrosive
(negative LSI)

+ Over saturated water will deposit CaCO?
(positive LSI)

gtz Ry o e m&@

= 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

Seite )+ 1
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FACTORS AFFECTING LSI

= LLSI will increase in value if
e Calcium hardness is increased
* pH is increased
* Alkalinity is increased

* Temperature is increased

" A change in pH has greatest impact on LSI

th pre v e

MITIGATING CORROSION

= Use only pipe and materials that can

withstand corrosive water
* PVC, stainless steel, lined steel

* Replace existing pipes/plumping

materials

o¢
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L
" Adjusting the water chemistry to make the

water non-corrosive
* Change pH and alkalinity of water
" Added a chemical to line the pipe

e Corrosion inhibitor

g t y 4

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

o0
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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

CaCO,

Seite Y1)
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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

Seite V)Y
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Sources of Water
Pollution

Prof. Gamila H. Ali

gtz

Water Pollution

Chemical, biological or physical
change in water quality has a
harmful effect on living organisms
or that makes water unsuitable for

desired uses

oy
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Aquatic Life mainly, divided into three
Sections

1- Plankton 2- Invertebrates 3- Fish

Seite Ve
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Normal clean water

Types of
organisms

Dissolved |[[8PE
Oxygeﬂ
(pPmM)
Biological |-

= e g Zox
o g =1 oM
oxygen — g : Recovery Clean £0
demand e mposition Septic Zone Zone
Deco!
o | Zone

Clean Zone

© 2005 Brooks/Cole - Thomson

Pollutions Zones and Recovery of
Ecosystem

Seite V)1
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Poilution Sourc

NONPOINT
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Major Categories of Water Pollutants
OXYGEN-DEMANDING
WASTES

Examples: Animal manure and
plant debris that can be decomposed by
aerobic
(oxygen-requiring) bacteria

Q This causes fish and other

forms of oxygen-consuming

aquatic life to die.

Seite VYA
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Major Categories of Water Pollutants

ORGANIC CHEMICALS

Examples of organic waste:
= Pesticides

= Plastics

= Cleaning solvents

= Detergents

gtz Ry o e mg‘;“‘;

. ORGANIC CHEMICALS
== N

Biomagnifications of
PCBS in aquatic food
Water chain in the Great lakes .re trout

0.000002 ppm 4.83 ppm
e . .

Phytoplankton  zgeplankton Rainbow smelt

0.0025 ppm 0.123 ppm 1.04 ppm
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Sources: offshore wells, tankers, pipelines and
storage tanks

Effects: death of
organisms, loss of animal
insulation and buoyancy,
smothering

Significant economic
impacts

SO
Seite YY)
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INORGANIC CHEMICALS

Examples: Compounds of Don't Eﬂiﬁ
toxic metals such as lead ﬁ@q
(Pb), arsenic (As), W

Carnivorous Fish

Mercury (Hg) and \ )

selenium (Se)

Seite Y YY
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NUTRIENTS ¢

Examples: Water-soluble
compounds containing
nitrate, phosphate, and
ammonium .

Effects: Can cause
excessive growth of

algae and other aquatic
plants, which die, decay,
deplete water of dissolved
oxygen, and kill fish.

Seite VYV
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RADIOACTIVE MATERIALS

Examples: Radioactive isotopes of iodine,
radon, uranium, cesium, and thorium

Harmful Effects:

Q Genetic mutations

® Birth defects

Seite ) Y£
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SEDIMENT

Examples: Soil, Silt

Harmful Effects:

(% Cloud water and reduce photosynthesis

@ Disrupt aquatic food webs

Carry pesticides, bacteria, and other
harmful substances

gtz

The Fate of
Pollutants

in Aquatic Environment
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PHYSICO-CHEMICAL CHARACTERISTICS
OF FRESHWATER

Prof. Dr. Gamila H. Ali

gtz Physical Characteristics

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

» I[dentification of source of water supply, such as deep
wells, often is possible by temperature measurements
such as alone
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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

gtz
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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gtz =" 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

gtz

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

gtz

» Conductivity unit is pmho/cm

1pS/cm =1 pmho/cm
= Estimate total dissolved solids (mg/L) in a
sample by multiplying conductivity (in
numho/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

gtz
Chemical Characteristics

= "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
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Chemical Characteristics

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

1z ==
/ Chemical Characteristics
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
0.45pum membrane filter paper and the
filtrate is evaporated to dryness in a weighed
dish and dried to constant weight at 1802C
(1202C). The increase in dish weight
represents the total dissolved solids. This

procedure may be used for drying at other
temperatures

gtz

PHYSICO-CHEMICAL CHARACTERISTICS
OF FRESHWATER

Prof. Gamila H. Ali
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= 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

gtz

» 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

gtz

= 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 Na2C03 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

gtz

= 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

Ao
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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

gtz

Types of alkalinity according to pH
1- pH 11.0 — 9.4: OH alk. & CO3 alk.

No HCO3 alk.
2-pH9.4 — 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

AT
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Forms of Alkalinity

%} Hydroxide

Carbonate Carbonate 1 Carbonate
pH 8.3
Phenolphthalein end point
icarbonate :g icarbonate
pH 4.5

(a) (b)

Methyl orange or bromocresol green-methyl red end point

Seite VYT

Partoer for the Future
z Worldwide

At pH 8.3:

a-OH=2P-T &CO3=2(T-P)
b-C03=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

gtz

* 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

AA
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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

gtz

= Interference:

» Some metal ions interfere by causing
fading end points. Reduce this interference
by adding certain inhibitors before titration
e Suspended or colloidal organic matter may
interfere with the end point

e 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 (HCI), 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

gtz
Reagents

1- Buffer solution: dissolve 16.9g ammonium
chloride NH4Cl in 143 ml conc. Ammonium
hydroxide NH40H 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

gtz

Add a little at a time 1+1 HCI 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 NH30H or 1+1 HCI 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

gtz
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

ay
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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.

gtz

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

ay



gtz

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

gtz

PHYSICO-CHEMICAL CHARACTERISTICS
OF FRESHWATER

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

gtz

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 mgCl-
** Store in a brown bottle
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3- Standard sodium chloride: 0.028M:
dissolve 1.648 g NaCl (dried at 1402C) 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

gtz

3- Standard sodium chloride: 0.028M: dissolve
1.648 g NaCl (dried at 1402C) 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 (SO,%7) 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 (S0,%) is precipitated acid
medium with barium chloride (BaCl2) so as
to form barium sulfate (BaS04) crystals of
uniform size.

gtz

Reagents

1- Buffer solution: mix 30 ml conc. HCI + 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 H2S04 titrant specified in
alkalinity to 100 ml with distilled water.

1 ml=100pg 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

gtz

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.

gtz
Reagent

1- Ammonium molybdate solution: dissolve
10 g (NH4)6M07024.4H20 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. HCI and distilled
water.

3- Oxalic acid solution: dissolve 10 g
C2H204.2H20 in distilled water and dilute
to 100 ml.
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4- Borax solution: dissolve 10 g sodium
borate decahydrate Na2B407.10H20 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.

gtz

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 K2Cr04 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 = pg Si02 (in 55 ml final volume)
/ ml of sample
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Values in Potassium Borax Water
silica chromate solution | solution ml
ng ml 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
gtz Ry o e a‘ﬁﬁ
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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.

gtz

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 10pg ammonia N/L, in some natural
surface and ground waters to more than
30mg/L in some wastewaters.

gtz
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
(289%) 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.

gtz

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. HCI, dilute
to 100 ml.

2- a- naphthylamine hydrochloride: dissolve 0.6
g a- naphthylamine hydrochloride in 1 ml conc
HCI and distilled water and dilute to 100 ml.
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3- Sodium acetate solution: dissolve 16.4 g
NaC2H302 or 27.2 g NaC2H302.3H20 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.
1ml=1.6 pg 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 a- 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 pg NO3
Standard sodium nitrate solution: dilute
100 ml of stock nitrate to 1L with distilled
water.

1ml =10pug NO,
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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.
H2S04, 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.



gtz

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)6Mo07024.4H20 in 175 distilled water.
Add 77.5 ml conc. H2S04, 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
SnCl2.2H20 in 100 ml glycerol.

3- Sulfuric acid solution: add 310 ml conc.
H2S04 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.

gtz

Standard phosphate solution: from the above
solution take 100 ml and dilute to 1L:
1ml=0.33 mg/LP

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.
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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: HCI conc.
2- Hydroxylamine solution: dissolve 10 g
NH20H.HCl in 100 ml water.
3- Ammonium acetate buffer solution: dissolve
250 g NH4C2H302 in 150 ml water. Add 700 ml
conc. (glacial) acetic acid.
4- Sodium acetate solution: dissolve 200 g
NaC2H302.3H20 in 800 ml water.
5- Phenanthroline solution: dissolve 100 mg
1,10-phenanthroline monohydrate
C12H8N2.H20 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 H2S04 to 50 ml water
and dissolve 1.404 g Fe(NH4)2(S04).6H20. Add
0.1M potassium permanganate KMn0O4
dropwise until a faint pink color persists. Dilute
to 1000 ml with water and mix

1 ml=200 pg 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 pgFe
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Procedure
Total iron: mix sample thoroughly and measure
100 ml into a 250 ml Erlenmeyer flask. Add 2 ml
conc HCl and 1 ml NH20H.HCI 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 NH4C2H302 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.

gtz

Standard curve preparation:

Prepare a series of dilution from standard
iron solution in a 100 ml volumetric flask.
Add 1 ml NH20H.HCI solution, 10 ml
phenanthroline solution and 10 ml
Na2C2H302. 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 HgS04 in 400
ml conc. HNO3 and 200 ml distilled water. Add
200 ml 85% phosphoric acid (H3P04) and 35
mg silver nitrate (AgNO3). Dilute the cooled
solution to 1L.

2- Ammonium persulfate: (NH4)2S208 solid
3- Standard manganese solution: prepare a
0.1N potassium permanganate (KMn04)
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 Na2C204 and transfer to 400
ml beakers. Add 100 ml distilled water and stir
to dissolve. Add 10 ml 1+1 H2S04 and heat
rapidly to 90 to 95 2C. 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 852C, if
necessary warm beaker contents during
titration. 100 mg Na2C204 will consume about
15 ml permanganate solution. Run a blank on
distilled water and H2S04.

Normality of KMn0O4= g Na2C204 (A-B) X 0.067
Calculate volume of this solution necessary to
prepare 1L of solution so that,

1 ml = 50ug Mn as follows: M KMnO4 = 4.55N
KMnO4

gtz

To this volume add 2 to 3 ml conc H2S04 and
NaHSO3 solution drop wise, with stirring, until
the permanganate color disappears. Boil to
remove excess S02, cool and dilute to 1000 ml
with distilled water.

4- Hydrogen peroxide: H202 30%

5- Sulfuris acid H2S04: conc. & 1+1 dilution

6- Sodium oxalate: Na2C204

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 H202. Concentrate to 90 ml
by boiling. Add 1 g (NH4)2S208, 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

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

1ml=10 pg 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 ZrOCI2.8H20 in
about 25 ml distlled water. Add 350 ml conc.
HCI 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. HCI 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.

gtz

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

PHYSICO-CHEMICAL CHARACTERISTICS
OF FRESHNATER

Prof. Gamila H. Ali
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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

(Na2S203) 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.

\YY



gtz

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
K2Cr207 in 1 L distilled water
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6- Standard sodium thiosulfate solution:
0.025N dissolve 6.205g Na2S203.5H20 in 1L
freshly boiled distilled water and

standardize against potassium dichromate

V¢



gtz

Procedure

To 80 ml distilled water, add 1 ml conc.
H2S04, 10 ml K2Cr207 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. H2S04 + 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 KH2P04 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
H2S04 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
KMnO04/1000 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 200png/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 AIK(S04)2.12H20 in

water to 1000 ml. Dilute 10ml stock

aluminum solution to 1000 ml with water:
1ml =5pg Al (prepare daily)

2- Sulfuric acid, H2S04: 0.02N

3- Ascorbic acid solution: dissolve 0.1g

ascorbic acid in water and make up to 100ml

in volumetric flask (prepare fresh daily).
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4- Buffer reagent: dissolve 136g sodium
acetate NaC2H302.3H20 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
ng (0 to 280 pg/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 H,SO, 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
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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 H2S04 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
H2S04 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 =
pug 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
MnS04.4H20 or 400 g MnS04.2H20 or 364 g
MnS04.H20 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 Nal (or 150 g
KI) in distilled water and dilute to 1L. Add 10 g
NaNO2 dissolved in 40 ml distilled water.
3- Sulfuric acid H2S04 conc.
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4- Standard sodium thiosulfate titrant,
0.025N: dissolve 6.205 g Na2S203.5H20 in
1L freshly boiled distilled water and
standardize against potassium dichromate.
To 80 ml distilled water, add 1 ml conc.
H2S04, 10 ml K2Cr207 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 ina 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 H2S04.

gtz

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
Na2S203 solution to a pale straw color. Add
a few drops of starch solution and continue
titration to first disappearance of blue

color.

Yo



Dhntnecroy Ciandinchonf] L Tachalachs Jussmmanavted (GT7) GrbH

Wiier & "Washewsten Waugemend Program
Fighng Cormpary fof Wiker 5 YWesiswatss (HOWW)

Cornichs B Mi, Weter Tresimsal Pianl- Rosd E] Famg
Tel- +3 OF 308 B8 a4 11

Faxc 47 07 245 B0 8088 11

Wabmie: wew gy G

T | ETICTE
el el gl sl ] el
sl bl gl s il il LAY B0
O I TR T

s T T WA H= 00NN Sl

oL R TR T, L. T

wew gt de ', )] s





