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ABSTRACT

Water and waste water analysis have become increas-
ingly important in water quality monitoring. Analytical
techniques adopted for monitoring should be precise and
accurate. The method should fake into consideration the
limitations in the developing country situations. Analytical
érocedures for measurement of various water quality parameters
have been developed and are readily available in manuals
of standard procedures. Standard methods for the examination
of water and wastewater,published Jjointly by the American
Public Health Association, the American Water Works Associa-

tion and the Water Pollution Control Federation, is well

knownin the field of water analysis.,

The present manual is an . attempt to callate and
synthesize much of this information in a simplified form
in order to serve as an aid_to practical work. The analy-
tical methods recommendea in this report have been selected
on the basis of their wide applicability and their general
acceptability. The details of each test procedure is des-
cribed as general principle, chemicals required for tests,

the method of calculations and its significance.

Under ‘sampling' a brief statement describes saﬁpl—
ing precautions that may be required and -specifies the type
of container to be used. Information is also given on any
preliminary treatment required. The manual also describes
specific steps which must be taken both at the time of sampl-

-ng and during storage to maintain the integrity of the

vi



sample.

Under ‘'analysis' detailed procedure and method
of calculations have been given. Fdr all the methods, the
form and units of reporting values for physical and chemical
quality parameters and constituentsare specified. The proper
number of significant figures to be used in reporting analy-
tical measurements are sﬁecified to indicate the confidence

level that the data may expect.
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1.0 INTRODUCTION

1.1 General

The term water quality is a widely used expression
which has an extremely broad spectrum of meanings. Each
individual has vested interests in water for his particular
use, which may invelve commercial and industrial uses. Since
the desirable characteristics of a water vary with its inten-
ded use, there is frequently unsatisfactory communication

[}
among the users of water where .quality is concerned.

From the standpoint of water guality there are
many variations. There are waters with extremely low concen-
tration of a few ions and others which have high concentra-
tions of ions of many different.kinds. there are of- course

transitions between the extremes.

Even today man has brought about changes, whether
through urbanisation and growth of population centres, or
by introduction ‘of industries and employment of auxiliary
means in agriculture, which has disturbed or even destroyed
the natural, healthy quality of water bodies in many regions.
These water bodies have become unsuitable for many benefi-
cial uses. Furthermore, there is a world wide increase in
the demand for gbod quality water. It has become imperative
of protect and conserve the waters of the world not only
as a resource for theif present uses but also- for their
prospective uses. Water bodies also have to be considered
as an essential component of a Healthy landscape. Their

protect is not only extremely urgent in the area which are



heavily polluted but is also necessary as a precautionary

measure for the conservation of undamaged areas.

A water quality management programme requires infor-

mation including the existing water quality, the influence of man's

activities on water gquality, and criteria for the present
and planned uses. In many instances, this information can
be generated only from a record of long term water quality
data and past experience of use of water of known quality
*for various purposes. Further, in order to enforce the laws
developed on the basis of the above information and to evalu-
ate the effect.{veness of the programme,it has become more
important to appraise water quality on a continuous basis.
There are three basic criteria to evaluate the quality of

water viz. the physical, chemical and bioclogical,

The physical and chemical methods are concerned
with a variety of procedures, each applicable to a parti-
cular situation. In many instances a combination of chemical
analysis is needed to obtain a resonably accurate picture
of the quality of water. Many of the chemical methods serve
as an indices of past pollution of organic origin. The custom-
ary methods for biolegical analysis refer to pollution evalua-
tion in terms of the presence and relative abundance of

interstinal bacteria and other microscopic organisms.

‘The purpose of the analysis is to know the exact
composition of  the sample at the particular point of time
of sample collection. After analysis is over, the results

may be interpreted to suit a particular purpose of either
2



surveillance of water gquality,of effluent quality or to

assess the performance of waste water treatment plant.

This manual is an attempt to collate and synthesize
much of this information in order to serve as an aid to
practical work. The analytical methods described here in
have been selected on the basis of their wide applicability
and their general acceptability. In the selection of methods,
full use was made of authoritative, widely used references.
Standard Methods for the Examination of Water and Waste
Water, is well known in the field of water anlaysis. Another
is the Book of ASTM Standards, part 31, revised and published
annually by the American Society for Testing and Materials.
Two publications by Federal agencies were used in the selec-
tion of methods. One of these is methods for ‘Collection
and Analysis of Water Samples for Dissolved Minerals and
Gases'. The other is apublication of the Environmental Protec-
tion Agency 'Methods for Chemical Analysis of Water and

wastes!

1.2 Parameters

The choice of parameters to be tested is closely
linked to the objective of the water-quality survey programme
~and to available manpower and financial resources. Table
1 lists the major ions and physical parameters which will
provide considerable information on the quality of water
being evaluated. Test results on these parameters may be
used for interpretive studies with respect to the Chemical
quality of Water for domestica and industrial water supplies

and other uses.



TABLE 1: PHYSICAL CHARACTERISTICS AND SOME MAJOR IONS
AND INSTRUMENTATION

Parameter

Method

Instrumentation/apparatus

PHYSICAL CHARACTERISTICS:

Ceolour
Conductivity
Turbidity
Residue

MAJOR CATIONS:

Calcium
Magnesium
Sodium
Potassium

MAJOR ANIONS:

Carbonate
Bicarbonate
Sulphate
Chloride

OTHERS:

Nitrate

Silica

Colorimetric
Electrical
Turbidimetric
Gravimetric

‘Titration

Titration
Flame emission
Flame emission

Titration
Titration
Turbidimetric
Titration

Colour development

with absorption
measurement

Colour development

with absorption
measurement

Spectrophotometer
Conductivity Meter
Turbidimeter
Volumetric glassware

Volumetric glassware
Volumetric glassware
Flame Photomster
Flame Photometer

Volumetric glassware
Volumetric glassware
Turbidimeter

Volumetric glassware

0OvV-ViS Spectropho-
tometer

Uv-vis Spectropho-
tometer




The major ion results may be grouped into the anionic and
cationic constituents. The accuracy of the analyses may
be determined by comparing the sum of anions in equivalents
per million (egm) with the sum of the cations in epm (ionic

balance). The percent error may be calculated as follows:

Sum of cations {(epm} - Sum of anions({epm)x100
Total ions(epm)

Percent error =

Analytical results in mg/L are converted to epm by dividing
the actual concentration of the ion in mg/L by the equivalent
weight of the ion. Theoretically the sum of the cations
in epm should be equal to the sum of the anions in epm but
these may differ by certain percentage points depending
wpon the accuracy of the analytical method used and the
quality of the water being tested. Percent error of upto
12 are usually considered excellent while the higher percent
error should alert the analyst to check his analysis or

to determine the cause for such error. \

In ionic balance determinaﬁioné, calcium, magnesium,
sodium and potassium ions form the cationic group while
bicarbonate. sulfate and chloride icons form the anionic
group. Other ions are usualy present in such low concentra-
tions that they are not considered in the ionic balance.
In cases where appreciable quantities of ion are present,
Soluble iron (Fe' ) will be included in the cationic group.
Similarly, when carbonates and nitrates are present in signi-

ficant amounts, these are included in the anionic group.

Table 2 tabulates other analytical measurements



TABLE 2 :

SOME NUTRIENTS AND ORGANIC PARAMETERS

Parameter Method Instrumentation/appratus
NUTRIENTS:
Phosphate Colour development UV-VIS spectrophoto-

Inorganic Nitrogen

with absorption
measurement

Colour development

(Nitrate,Nitrite etc.)with absorption

Total Kjeldahl
Nitrogen (TKN}

Silica

WASTES:
Dissolved Oxygen
(DO)

Biochemical Oxygen
Demand (BOD)

Chemical Oxygen
Demand (COD) .

Total Organic
Carbeon {TOC)

measurement

Digestion and
titration

_Coldur development

with obsorption
measurement

Fixation and

“titration

Incubation and
titration

Refluxing and
titration

Ignition

meter

UV-VIS spectrophoto-
meter

Total Kjeldahl
Nitrogen digestion
apparatus

Uuv-VvIsS spectro-
photometer
Volumetric glass-
ware

Incubator and
volumetric glassware

Volumetric glassware

Total
Carbon

Organic
Analyser




which indicate nutrient concentrations in water,thereby
providing information on the potential for vegetational
growth and oxygen depletion in the water source. These measur-
ments provide essential information 6n nutrient loadings
_from industrial, municipal and other sources to rivers,
lakes and occans. Silica and nitrate are included in table 1
under major ions but they aléo appear in table 2 because

they are considered as significant nutrients in water

An analytical capability to detect and measure
metals and trace elements is host important particularly
for monitoring the effects of mining and industrial activi-
ties on the aqguatic environment. Two broad approaches to
the determination of metals and trace elements should be
taken when evaluating the economics of methodologies. The
first includes the classical colourimetric method in which
the absorption of tohnmeicompléx is measured on a spectro-
photometer. These methods are‘ generally time-consuming and
do not always possess the sensitivity and selectivity desired.
The other approach is atomic absorption spectrophotometer
which are now readily available and are noted for their
eage of operation, sensitivity, and applicability to a large

number of elements in a wide variety of waters.

Table 3 1lists metals most commonly measured in
water. This list may be expanded to incorpourate other impo—'

rtant elements and substances as the need arises.

Another group of chemicals requiring identification

and guantification is in the field of organic chemistry.



TABLE 3

¢ HEAVY METALS AND ELEMENTS

Parameter

Method

Instrumentation

Cadmium
Calcium
Chromium
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Silver
Strontium
Zinc’

Atomic absorption
measurements

Atamic absorption
spectrophotometer




Pesticides, herbicides certain petroleum products, and many
other organic materials are in this group. Table 4 tabulates
some of the most common materials to be considered in this
group. Two publications by Environmental Protection Agency
may be consulted for the analysis of pesticides. One of
these is Method for Organic Pesticides in Water and Waste-
Water ' and other is ‘'Method for Organochlorine Pesticides

in Industrial Effluents’'.

Becteriological assessment 6f water should also
be considered for water gquality and water resources studies.
Initial tests may include total coliforms, faecal coliforms,
and faecal streptococci, but the requirements of the study
will generally dictate the parameters to be measured in
this class. However, this aspedt has not been covered in

this manual.

1.3 Standards

As a first step in the prevention and control of
pollution it is necessary to prescribe certain standards
for the purity of water into which effluents have been dis-
charged so that such receiving water courses could be used

for various purposes.

When setting water-quality standards, other factors
such as technological feasibility - should also be consider-
ed in addition to th2 possible effects on haman health or
agquatic organisms. Such standards should, of course, minimize
all the known environmzntal and heaith hazards and shoulc

be regularly reviewed in the light of nsw knowledge. Since



TABLE 4 : PEgTICIDES,HERBICIDES AND OTHER COMPOQUNDS

Parameter Method Instrumentation

p,p' DDD Injection into a Gas chromatograph
p.p' DDT gas chromatograph with compressed
p,p' Methoxychlor Jases.
Heptachlor
Aldrin

Chlordane
Dieldrin

Lindane

2,4-D

2,4,5-T

Light and heavy
petroleum
products

10



water quality should always be considered in relation to
the intended use of water, there is no unique set of stand-
ards for streams, lakes or ground water, and the problem

can not be solved in a general way.

The stream (or river) standards and the effluent
standards are the two most —ommon practices for the admini-
stration of water pollution. In the practice of stream stand
ards, the waste water discharge is permitted to enter the
river without violating the river water gquality standards
established by the approp;iate authority. The discharger
has the responsibility to maintain the river at its prefixed
desired water quality level. It involves the established
theoretical permissible values of the various pollutants
relevant to the best use, existing pollution in the river,
dilution available, self purifying ability of the river

etc.

Water quality standards are usually issued on the
national level based on the water-quality goals of the country.
Indian standards prescribed by Bureau of Indian Standard

have been compiled and given in Appendix-I.

1.4 Scope of the Manual

Agencies like water works, industrial organisations,
water pollution Contrcl Boards are required to analyse water
and waste water samples. The present manual is an attempt
to provide relevant information for testing of water and
wastewater. The analytical methods recommended in this manual

have been selected on the basis of their wide applicability

1M



and their general acceptability. Methods for use both in
the laboratory and in the field are included. In the selection
of methods, full use have been made of authoritative, widely
used references. The détails of each test procedure is des-
Cribed as general principle, interferences involved, chemicals
requifed for tests,the method of calculations and significance
of parameter. Standards recommended by Bureau of Indian

Standard are also given for ready reference.

12



2.0 SAMPLING

Sampling is the first of a series of steps leading
to the generation of water-quality data and is an exceedingly
important one. Care must always be taken to ensure obtaining
a sample that is truly representative. Further, the integrity
of the sample must be maintained from the time of collection
to the time of analysis. If the “sample is not representative
of the system sampled or if the sample has changed in chemical
composition betwéen sampling and anélysis, all care taxen

to provide an accurate analysis will be lost.

2.1 Representative Samples

Chemical elements and compounds are distributed
throughout +the hydrologic environment - the atmosphere,
precipitation, surface water, ground water, suspended sedi-
ment, bottom deposiﬁs, flora and fauna. Measurement in each
component are important and wvalidity begins; immediately
upon sahpling. Irrespective of scrutiny and quality control
applied in performing laboratory analysis, reported data
-‘are no better than the confidence that .can be placed in

the representativeness of the sampling.

In the case of dissclved constituents, dispersion
is dependent on the vertical and lateral mixing within any
given cross section of a body of water. The} hydrologist
collecting the samples must, therefore, not only be familiar
with the mixing characteristics of streams and lakes, but

must also have a good understanding of the role of fluvial-

sediment transport and deposition.

13



2.2 Site Selection

Many factors are involved in the proper selecticn
of sampling sites, including the following: objectives of
the study, accessibility,flow mixing and other physical
characteristics of the water body, chemical source locations,

and personnel and facilities available to conduct the study.

Different agencies may have different objectives
for assessing the water quality of streams, lakes and reser-
voirs. Most monitoring studies of streams and lakes are
based on evaluating the effects of overland runoff, ground
water inflow and/or waste disposal into water ways. Therefore,
the study can usually be tied to the physiographic features
of the area under consideration. In most cases, the quality
of water flowing into a lake or past or particular point
aleng a stream can be related directly to inputs within
the drainage basin which includes the entire drainage area

upstream of a selected point.

Whether Qhe basic objective for the monitoring
program be reconnaissance, 1long term trend evolution, or
solving specific problems, the first step in the study is
to define the appropriate hydrological boundaries and then
to establish the sampling site 1locations above, within,

or below these boundaries.

Accessibility to any sampling site isan obvious require-
ment and can be directly related tc sampling costs. Bridges
are normally the first choice for locating a stream sampling

station since they not only provide ready access but also
14



permit sampling at any point across the width of stream.
Sampling locations on lakes and reservoirs, asIWell as those
on larger rivers, may require the use of a boat. Frequently,
however, the use of a boat will not only take more time
in traversing a stream but also may prove difficult in the

manipulation of the sampling equipment.

The ideal sampling station would be a cross section
of a stream at which samples from all points'on the cross
section would yield the same concentrations of all consti-
tuents, and a sample taken at any time would yield the same
concentration as one taken at any other time. This situation
never persists in nature for any length of time, a fact
which points to the need féf careful site selection in order
to ensure, as _nearly as possible, uniform flow and good

mixing conditions.

Availability of streamflow or sediment discharge
records, or both, can be an important consideration in the
selection of sampling sites on streams. Adequate discharge
data are essential for estimating the total loads carried
by the stream. If a gaging statiocn is not conveniently located
on a selected stream, the hydrologist should explore the .
possibility of obtaining discharge data by direct or indirect

means.

The hydrologist must be aware of the locations
of point and non point socurces of chemical and physical
constituents, such as industrial complexes, sewage outfalls,

and agricultural wastes, so that he can select sampling

15



sites which reflect the conditions set forth in the objectives.
Representative  measurement of a chemical constituent at
a point on a main stream that is immediately below a source
inflow or a'tributafy stream is usually impractical because
frequently, the inflow closely follows the stream bank with
.1little lateral mixing for some distance. One solution for
"avoiding this situation is to select a site above the chemical
source or tributary stream, or to move the site far enough
downstram to allow for adequate mixing and collection of

representative samples.

2.3. Sampling Frequency

In conducing reconnaissance studies, both the bottom
material and the overlying water should be sampled at each
site. Monitoring which consists of repetative, continuing
measurements to define variations and trends at a given
location, should include collection of water samples at
least monthly, with particular emphasis on extreme events.
Bottom material samples should be collected from fresh depo-
sition at least yearly at monitoring sites, and preferably

during both spring and fall seasons.
2.4 Sample Collection

Sample c¢ollection in the water column varies in
degree from the simplest of hand sampling procedures at
a single point to the more sophisticated multipoint sampling
techniques known as the equal discharge increment (EDI)

method or the equal transit rate (ETR) method.

Generally, the number and type of samples to be

16



taken depends on the width, depth, stream discharge, and
the suspended sediment being transported. The larger the
number of individual points sampled, the more nearly will -

the composite sample represent the water body.

Water is often sampled by filling a container held
just beneath the surface of a body of water, commonly reffer-
ed to as a dip or grab samples. Published data reveal that
a high percentage of samples are obtained in this manner.
Using a weighed bottle holder which allows a sample bottle
to be lowered to any desired depth, opened for filling,
closed and returned to the surface, improves on this method.
If an open bottle is lowered toc the bottom and reaised to
the surface at a uniform rate and at such a rate as to have
the bottle just filled on reaching the surface, the resulting
sample will roughly approach the collection of what is known

as a depth integrated sample.

Many organic compound are only slightly water soluble
they tend to be adsorbed by particulate matter in the water.
This requires a sampling method that does not ailow transfer
of water from the sampling container without transfef_ of

an appropriate amount of that suspended material.

Depth integration is used to coliect a water sediment
sample that weighted aécording tolvelocity at each increment
of depth. This means that the water sediment mixture must
enter the sample bottle at the same velocity as the flow
passing the sample bottle intake. If the depth integrating

sampler is lowered from the zgufface to the bed

17



- and back at the same rate, each increment of flow in that

vertical is sampled proportionality to the velocity.

The open mouth weighted bottle sampler does not
collect a truly representative sample in a flowing stream
if there are many particles coarser than about 0.062 mm
carried in suspension. Another, disadvantage in using an
open mouth weighted bottle sampler in flowing streams is
that there is no assurance as to when .the bottle becomes
filled. This compounds the uncertainty that the collected
sample truly represents the distribution of both dissolved
and suospended material in the sampled water column. Another
sampling technique accepted by -hydrologists for use in sand
bed. ‘'stream is the equal transit rate (ETR) method. With
this method, depth integrating suspended sediment samplers
are used to collect a velocity weighted sample. Samples
are taken at a number of - eqﬁally spaced verticals in the
CToss section depending on stream width. The transit rate
of the sampler. wﬁich is the rate of movement of ‘the sampler
from the surfaée to the bed and .back to the surface, is
the same at all verticals. The samples collected in each
vertical are then composited int6 ‘a -single ‘sample represen-
tative of the entire flow i!n the cross section. In this
manner, the composite sample :of the water sediment mixture
flowing in the cross section is b‘othr velocity and discharge

weighted.

It is recommended that all stream samples be collec-

ted by depth integrating methods .using .either a hand held

18



or a cable and regl suspended sampler whenever it is practi-
cal to do so. the oﬁly exception might be in the case of
shallow streams where the depth is insufficient to allow
true depth integration. In such cases, dip samples collected
at one or more verticals across the stream are appropriate,
however, the sample container should be carefully held just
beneath of water surface in order to avoid disturbing the

stream- bed.

The number of verticals to be sampled is usually
decided by the person actually collecting the sample. For
small streams, a depth integrated sample taken at a single
transverse position located at the centroid of flow is adequ-
ate. Larger streams require sampling at several verticals
at centroids of equal discharge increment (EDI). This method
requires some knowledge of the stream flow distribution
in the cross section before sampling verticals can be select-
ed. To make an EDI measurement when prior streamflow data
are not available, it is first necessary to determine the
total discharge across the stream channel and then subdivide

the cross section according to incremental discharges.

The number of verticals required for the equal
transit-rate (ETR) method depends on the streamflow and
sediment characteristics at the time of sampling as wel!
as on the desired accuracy of the result. For all but ver:
narrow and shallow streams, 10 to 20 verticals are usuall:

sufficient.

The number of sampling sites on a lake or reservoi:

19



will vary with the size and shape of the basin. In shallow
lakes having a circular basin, a single site in the deepest
part of the lake may be sufficient to describe the distri-
bution and abundance of the constituents in solution. In
natural lakes the deepest point is often near the lake centre,
and in reservoirs, the deepest area is near the dam. In
lakes with irregular shape and with several arms and bays
that are protected from the wind, additional sampling sites

may be needed to adequately define the water quality.

Many lake measurements are now made in situ with
the use of sensor probes and automatic readout or recording
devices. Single and multiparameter instruments are available
for measuring temperature, depth, pH,Q0RP, specific conductance,
dissolved oxygen, some cations and anions, and light pene-
tration.

lLake water samples may be collected at any disired
depth with a Kemmerer-type sampler and brought to the surface
for filtering or other pre-analysis treatment. Non-uniform
vertical mixing of chemical constitutents often occurs becau-
se of wind and temperature changes, the shape of the lake
basin, biological activity, and many other factors. Therefore,
water samples should be collected from several points in

the water column.

2.5 Sample Handling and Preservation

Thoroughly cleaned plastic or glass bottle fitted
with screw caps may be used for water samples collected
with depth integrating samplers. Plastic containers are
gene;ally preferred for inorganic samples and glass is preferred

20



for organic samples. Plastic bottles must not be used for organic samples
and certain trace metals because it is known that they introduce inter-
ferences and have sorption characteristics. A sufficient volume of sample
should be collected to satisfy the requirements of each analysis and
also to permit analysis of duplicate and fortified samples. Breakage
of glass sample bottles can be overcame by shipping them in expanded

polystyrene - containers molded to fit the bottles.

Deteriorated samples negate all the efforts and
cost expended in obtaining good samples. In general, the
shorter the time that elapses betwen the collection of a
sample and its analysis, the more reliable will be the analy-
tical results. For certain constituents and physical values,
immediate analysis in the field is required in order to
obtain reliable results because the composition of the sample
almost certainly will change before it arrives at the labora-
tory. However, some samples can be satisfactorily preserved
by chilling or by adding suitable acid, or by other suitable
treatment. They may then be allowed to stand for a longer

period of time before analysis.

Determinations of temperature, pH, specific conduc-
tance, and dissolved gases should be made in the field.
Samples for metal analysis can be preserved by addition
of nitric acid, samples for organic constituent determination
by chilling or freezing, and samples for the determination
of such biodegradable substances as nitrates, phosphates
and surfactants by chilling the sample immediately in an
ice bath and storing the sample in the dark at a temperature

Just above freezing until the analysis are made. Tt is necessary

21



however, to select the method of analysis and determine

what preservative is recommended for that particular deter-
mination before adding a preservative to any sample because
certain preservatives interfere with some determinations.
A list containing methods of sample preservation and
time allowed between sample collection and analysis is presen-

ted in table 5.

When it 1is required to determine concentration
of dissolved inorganic constituents in a water system, the
sample must be filtered through a 0.45 - ym average pore
diameter membrane filter immediately after collection. It
is advisable to discard the first 150 to 200 mL of filtrate
in order to rinse the filter and filteration apparatus of
any contaminating substances. This technique minimizes the
risk of alteration of the composition of sample by the filter-
ing operation. The filtrate, collected in a suitable bottle,
usually polyethylene, is immediately acidified to pH 2.0
or less with nitric acid whose purity is consistent with
the measurement to be made. Acidifying the filtrate (sample)
minimize the risk of precipitation of dissolved constituents
and also inhibits adscrption of constituents by the walls
of the bottle. Samples treated in this manner may be used
for the determinaticn of dissolved constituents. Inorganic
anionic constituents may be determined using a portion of

the filtrate that has not been acidified.

When it is desirable to filter samples for analysis

of organic constituents, a glass fiber or metal membrane

filter should be used, and the samg%e collected in a suitable



TABLE 5 : SUGGESTED PRESERVATION TECHNIQUES
Parameter Preservative maximm storage time
Colour Cool to 3-4°C 24 hrs.
Residue Cool to 3-4°C 24 hrs.
Turbidity Cool to 3-4°C 7 days.
pH - Immediately
Acidity Coel to 3-4°C 24 hrs.
Alkalinity Cool to 3-4°C 24 hrs.
Hardness Add 2 mL HNOS/L 7 days.

Cool to 3-4°C
Sulfate Cool to 3-4°C 7 days.
Chloride - 7 days.
Fluoride Cool to 3-4°C 7 days.
Dissolved oxygen Collect in BOD bottle Immediately
Phosphate Cool to 3-4°C 24 hrs.
Nitrogen,ammonia Add 2 mL HZSOQ/L 7 days.
Cool to 3-4°C
Nitrogen,nitrate " 7 days.
Nitroge ,nitrate " 7 days.
Silica ' Cool to 3-4°C 7 days.
Biochemical oxy- " 6 hrs.
gen Demand..
Chemical Oxy- Add 2 ml, H2504/L 7 days
gen Demand. )
Total Organic Add 2 mL H2804/L . 7 days
carbon
0il & Grease Add 2 mL H2504/L 24 hrs.
Ccol to 3-4°C.
Metals Add 5 mL HNO,/L * 6 months
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container,usually glass. In as much as most organic analysis
require extraction of the entire sample, no portion should
be discarded. After filtering, the membrane containing the
suspended fraction may be scaled in a glass container and
analysed separately.

The determinétions of total recoverable inorganic
constituents may be made on. a second, unfiltered sample
collected at the same time as the sample for dissolved consti-
tuents. It is advisable to acidify this sample also to avoid
precipitation and adsorption. ©Portions of an unfiltered,
acidified sample may be used to determine total or total
recoverable metals, depending on the techniques used to
bring the metals or other constituents into solution, or

on the analytical techniques used for their determination.

A procedure sometimes used to determine suspended
inorganic materials involves digestion of the material collec-
ted on the membrane filter in nitric or hydrochloric acid,
or both. All or most of the particul&te matter is thus brought
into soclution. The resulting digestate may be analysed by
the usual meaﬁs to determine either total suspended inorganic
constituents or inorganic constituents recoverablé by dilute
acid digestion of the suspended matter. Such treatment of
the suspended particulate matter obviously doubles the amount
of analytical work required and consequently an analysis
of an unfiltered acidified sample constitutes the morecommon-
ly performed determinat}on when information on more than

just dissolved material is desired.

It siould be noted that a true determination of
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the total concentrations of all inorganic constituents in
a water guspended sediment mixture cannot be made unless
the particulate matter is compietely dissolved, or an analy-
tical technique is used which does not discriminate between
the chemical or physical forms of the constituents present

in the sample.
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3.0 ANALYTICAL PROCEDURES
3.1 Physical Parameters

3.1 Temperature

The temperature of water is one of the most important
--tﬁhfacteristics which determines, to a considerable extent,
the trends and tendencies of changes in its quality. Tempera-
ture is an important factor affecting ion and phase equili-
bria, and influencing the rates of biochemical processes
which accompany the changes of concentration and of content
of organic and mineral substaices. It is generally known
that the rate of numerous chemical reaction including cataly-
tic and enzymatic ones depends considerably on changes in
temperature (on the average 2 to 3 times for every 10°C).
Consequently, when discussing parameters such as sedimenta-
tion, mobilization of undissolved substances, solution of
gases and their escape from water into the atmosphere, the
processes of chemical and biochemical self-purification,
formation of secondary pollutants, and others, it is nece-
ssary to know the temperature of the water, air and in some

cases the bottom deposits,

Temperature data .are also used when the degree
of saturation of water by oxygen and other gases is calculated
The shifting of various dynamic equilibria such as concentra-
‘tion of carbonates, sulphides, or degree of alkalinity,
or electro conductivity, are also affected by temperature

changes.

In some cases, temperature is the direct index
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of the influence of man-made factors on the quality of water
{thermal pollution). The effect of thermal pollution on
various physical, chemical and bio_logical processes have

been described by Jain and Bhatia (1986).

The temperature of the water and of the air is
measure4 at the time when sample are taken, usually using
mercury thermometers calibrated to a2 0.1 to 0.5°C division.
Thermometers contained in metal protective casings are avail-
able commercially for field work and are calibrated in scales

suitable for normal water temperatures.

Water temperature may also be measured by electrical
instruments equipped with thermistor-type sensors. these
instruments may contain recording device for tabulating

temperatures with time.

Oceanographic reversing thermometers are used to
measure temperature in waters at various depths. The thermo-
meter is lowe 'ed to the desired depth and turned over after
five minutes. The temperature reading on the instrument
is then fixed so that is does not alter as the thermometer
is brought to the surface. Scale and thermal expansion correc-

tions are usually applied to these readings.

Thermographic equipment, wusually self-contained
recording devices, are used for measuring and recording
temperature in water bodies at any desired depth. They are
usually left in place for periods of time (several weeks)
and retrieved at regular intervals. Thermographs require

calibration before and after use.

-
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3.1.2 Taste and Odour

Disagreeable tastes and odours in water are associa-~
ted with the presence of any of a great variety of living
microorganisms or decaying vegetation. Problems of both
taste and odour are very complex because the senses of smell
and taste are intimately related and their responses are
often difficult to differentiate clearly. However, certain
non-valatile substances dissolved in water c¢an cause taste

without forming odours.

The sense of taste results mainly from chemical
stimulation of sensory nerve endings in papillae located
on the tongque. Fundamental sensations of taste are, by salt,
sweet, bitter and sour. Potable water is analysed to estimate
its acceptability for public consumption rather than to
assess the taste sensations it produces. Taste and odour
differ in the nature and location of the receptor nerve
site; high in the nasal cavity for odour, and primarily
on the tonque for taste. The odour sensation is stimulated
by vapours without physical contact with a water sample,-

while taste requyires contact of the taste buds with the
water. Dissolved inorganic salts of copper, iron, manganese,

potassium, sodium and zinc can be detected by taste. Concen-
trations producing taste range from a few tenths of several

hundred milligrams per liter.

Odour, like taste, depends on contact of stimulating
substance with the appropriate human receptor cell. In its
pure form, water cannot produce odour or taste sensations.

Odour is recognized as a quality factor affecting acceptability
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of drinking water, tainting of fish and other aquatic organi-
sms, and esthetics of recreational waters. Most organic
and some inorganic chemicals contribute taste or odour.
These chemicals may originate from municipal and industrial
waste discharge, from natural sources such as decomposition

of vegetable matter, or from associated microbial activity.

Some substances, such as certain inorganic salts,
produce taste without odcur. Many other senéations ascribed
to the sense of taste actually are odours, even though the
sensation is not noticed until the material is taken in
to the mouth., The ultimate odour-testing device is the human
nose. Odour tests are performed to provide gualitative des-
criptions and approximate quantitative measurements of odur
intensity. The method for inténsity measurement is the thre-
shold odour test, based on the methocd of limits (American

Society for Testing and Materials Committee, 1968).

3.1.3 Colour

Colour in water may result from the presence of
natural metallic ions, humus and peat materials, plankton,
weeds and industrial wastes. Colour removal is necessary
for some industrial processes and is practiced for water

intended for general domestic purposes.

Colour may be expressed as ‘'apparent' or ‘true’
colour. The apparenﬁ colour includes that from dissolved
materials plhs that from suspended matter. By centrifuging
or filtering out the suspended materials, the true colour

can be determined.
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Principle
Colour is determined by comparison of the sample

with known concentrations of coloured solutions. The platinum-
cobalt method of measuring colour is the standard method,
the unit of colour being that produced by 1 mgplatinum/L

in the form of chloroplatinate ion.
Interference

Even a slight turbidity causes the
apparent colour to be noticeable higher than the true colour,
therefore remove turbidity before approximating true ceolour
by differential reading with different colour filters.

The colour value of water is extremely pH-dependent and in-
variably increases as the pH of the water is raised. There-
fore, specify the pH at which colour is determined.

Reagents

i} Potassium chloro platinate

ii) Cobaltous chloride

Procedure

i) Preparation of étpck colour standard: Dissolved
1.246 g potassium chloroplatinate, K2Ptclé(equivalent to500 mg
metallic Pt) and 1.00 g crystallized cobaltous chloride,
CoCl,.6H,0 {egquivalent to about 250 mg metallic Co) in dis-
tilled water with 100 mL conc HCl and dilute to 1000 mL
with distilled water. This stock standard has a colour of
500 units.

ii) Prepare standards having colours of 5,10,15,20,25
30,35,40,45,50,60 and 70 by diluting 0.5, 1.0, 1.5, 2.0,
2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0 and 7.00 mL stock colour

standard with distilled water to '50 mL in nessler tubes.

30



iii) .Observe sample colour by filling a matched nessler
tube to the 50 mL mark with sample and comparing it with
standards. Look vertically downward through tubes towara
a white or specular surface placed at such an angle that
light is reflected upward through the columns of liquid.
If the colour exceeds 70 units, dilute sample with distilled
water in known proportions untill the colour is within the

range of the standards.

Calculations
Colour, PCU = A ‘g 50
where,
A = Estimated colour of a diluted sample, and
B = Sample taken for dilution, mL.
Reporting
Units...ccveennnn, - PCU (Platinum-cobalt units).
Formi(s).....ovvevunna- Colour (true).
Significant figures... 1-50,nearest 1 unit; 51-100,
nearest 5 units; 101-250,
nearest 10 units; 250-500,
nearest 20 units.
3.1.4 Conductivity

Conductivity is a measurement of water's capacity
for conveying electrical current and is directly related
to the concentrations of ionized substance in the water.
Solutions of most inorganic acids, bases apd salts are relati-
vely good conductors. Conductivity measurements are commonly

used to determine the purity of demineralized water and
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total dissolved solids in beoiler and cooling tower water.
Principle

specific conductance is a measure of the total concentration
of ionised constitvents of water. It is related to the sum of anions
and cations. Specific conductance is reciprocal of the resistance between
2 electrodes 1cm apart and 1 8. on in cross section.

Reagents

i) Conductivity water: Pass distilled water through
a mixed bed deionizer and discard first liter. Conductivity

should be less than lumho/cm.

ii) Standard potassium chloride solution, 0.01 N: Disslove
745.6 mg anhydrous XCl in conductivity water and dilute
tc 1000 mL at 25°C. This is the standard reference solution,
which at 25°C has a conductivity of 1413 u mho/em. It is
satisfactory for most samples when the cell has a constant
between 1 5nd 2.

Procedure

i) Determination of cell constant: Rinse conductivity
cell with at least three portions of 0.01 N KCl sclution,
adjust temperature of a fourth portion to '25.0 t 0.1°%.
Measure resistance of this portion and note temperature.
Compute cell constant, C, using following equation: 7

C = (0.001 413) (R 1 + 0.0191 (t-25)

kcl’
where,

Rgcqy = measured resistance, ohm , and

(a4
]

observed temperature, °C



ii) Conductivity measurement: Rinse c¢ell with one or
more portions of sample. Adjust temperature of a final portion

to 25.0 % 0.1°C Measure sample conductivity and note tempera-

ture.
Calculation K xC
Conductivity at 25°C,umho/cm 1+0-0T91(t—25)

where,
Km = measured conductivity, ymho at t°c
c = cell constant, cm™! and
t = temperature of measurement.

'Reporting
UnitS...iicrrennrsonescnnss .umho/cm at 25°C.

Form{(s)...cee0eeeesvecee....conductance, specific.

Significant figure..........Less'than 100umho/cm,nearest
whole number; 100umho/cm to
500 4 mho/cm, nearest S5umho/
cm; 500 umho/cm to 1,000
umho/cm, nearest 10umho/cm;
above 1,000 umho/cm, three

significant figures.

3.1.5 Solids

Solids refer to matter suspended or dissolved in
water or waste water. Solids may affect water or effluent
quality adversely in a number of ways. Waters with high
dissolved solids generally are of inferior palatabiltiy
and may induce an unfavourable physiological reaction in
the transient consumer. For these reasons, a limit of 500mg

dissolved solids/L is desirable for drinking waters. Highly
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mineralized waters also are unsuitable for many industrial
applications. Waters high in suspended sclids may be esthe-

tically unsatisfactory for such purposes as bathing,

Total solids is the material residue left after eva-
poration of a sample and its subsequent drying in an oven
at a defined temperature. Total solids includes total suspend-

ed solids and total dissolved solids.

Fixed solids 1is the residue of total, suspended,
or dissolved solids after ignition for a specified time
at a specified temperature. The weight loss on ignition
is called wvolatile solids. Determination of fixed and vola-
tile solids do not ditinguish precisely between inorganic
and organic matter because the loss on ignition is not con-
fined to organic matter. It includes losses due to decom-

position or volatilization of some mineral salts.

3.1.5.1 Total solids
Principle

A Well mixed sample is evaporated ia’
a weighted 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.
Interference

Highly mineralized water with a signi-
ficant concentration of calcium, magnesium, chloride, and/or
sulfate may be hygroscopic and require prolonged drying,

proper desiccation, and rapid weighing.

Procedure )
Take a known volume of a well mixed

sample in constant weight disn, Evaporate to dryness in
an oven at 103 to 105°C and dry to a constant weight. Cool
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the dish in a dessicator. Weigh and note the increase in

weight.
Calculation
Total solids,mg/L = Incrﬁziﬁminogeig;;ieTgmi 1000
Reporting
UnitS.eeveeceerncannnnns ..mg/L.
Form(s)............ ...... .solids, total.

Significant figures.......Less than 1,000 mg/L nearest
whole number;1,000 mg/L and
above, three significant

figures.

5.1.5.2 Total dissolved solids
Principle

A well mixed sample is filtered throught
a standard glass fiber filter, and the filtrate is evaporated
to dryness in a weighed dish and dried to constant weight

at 180°C. The increase in dish weight represents the total

dissolved solids.
Interference
Highly mineralized waters with a considerable

calcium, magnesium, chloride, and/ér sulfate content may
be hygroscopic and require prolonged drying, proper desicca-
tion, and rapid weighing. Samples high. in bicarbonate require
careful and prolonged drying at 180°C to ensure complete

conversion of bicarbonate to carbonate.
Procedure

Filter a known volume of well miked sample througt
glass fiber filter, wash with three successive 10 mL volume
of distilled water, and continue suction for about 3 min

after filtration is complete. Transfer filtrate to a weighted
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evaporating dish and evaporate to dryness on a steam bath.
Dry for at least one hour in an oven at 180 % 2°C, cool in
a desiccator and weigh to a constant weight, Note the increase
‘n weight.

Calcalation

Increase in weight, my x 1000
Volure of sample, mlL

Total dissolved solids, mg/L =

Reporting
Units_ . ,.... vreeases.Mg/L.
Form(s), ., . ....0couu... Solids, dissolved.
Significant figures...Less than 1,000 mg/L, nearest
whole number; 1000 mg/L and abo-

ve, three significant figures.

5.1.5.3 Total suspended solids
Principle

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 to 105°C. The
increase in weight of the filter represents the total suspen-

ded solids.

Interference
Large floating particles or submerged agglomerates
of nonhomogeneous materials are the the prime source of inter-

ference They should be excluded from the sample.

Procedure
Filter a known volume of well mixed sample through a glass fiber,
wash with three successive 10 mL volume of distilled water, and continue

suction for about 3 min after filtration is camplete.Carefully remove fil-

ter from filteration apparatus and transfer to an aluminum
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or stainless steel planchet as a support. Dry for at least
t h at 103 to 105°C in an oven, cool in a desiccator and

weigh to a constant weight. Note the increase in weight.

Calculation

Total suspended solids, mg/L = Increvgieu;n o“feigtnl;i:'gné 1000
Reporting |
Units8..veivvreeess esensesaMmg/L,
FOrm{S)eusunnesooanss +-...8011ids,suspended,
Significant figures.......Lessthan 1,000 mg/L,nearest
whole number; 1,000 mg/L
and above, three signifi-
cant figures.
3.1.5.4 Fixed and volatile solids
Principle )
The residue obtained from method,3.1.5.1, 3.1.5.2
and 3.1.5.3 is ignited to constant weight at 550 % 50°C.
The remaining solids represent the fixed total, dissolved,

or suspended solids while the weight loss on ignition is

the volatile solids.
Interference

Negative errors in the volatile
solids may be produced by loss of volatile matter during

drying.
Procedure
Ignite residue produced in earlier methods

in a muffle furnace at a temperature of 550 * 50°C for 15
to 20 minutes. Let dish cool partially in air until most
of the heat has been dissipated. Transfer to a desiccator
for final cooling in a dry atmosphere and weigh to a constant

weight.
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Calculation

(o -B}] x 100
Volume of sample, mlL

(B - C) x 100
Volume of sample, mL

Volatile solids, mg/L =

Fixed solids, mg/L =

where,
A= wéight of fesidue + dish before ignition, mg
B = weight of residue + dish after ignition, mg, and
C = weight of dish, mg, ‘
Reporting

Units......e0vveeee..mg/L,

Form(s) .........;;..Solids, volatile,

Significant figures..Less than 1,000, nearest whole
number; 1,000 and above, three

significant figures.

3.1.6 Turbidity

Clarity of water is important in producing products
destined for human consumption and in many manufacturing
uses. The clarity of a natural body of water is a major

determinant of the condition and productivity of that system.

Turbidity in water is caused by suspended matters,
such as clay, silt, finely divided organic and inorganic
matter, soluble coloured organic compounds, and plankton
and other microscopic organisms.'Turbidity is an expression
of the optical property that causes light to be scattered
and absorbed rather than transmitted in straight lines through
the sample. Correlation of turbidity with the weight concen-
tration of suspended matter is difficult because the size,

shape, and refractive index of the particulates also affect
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L]
the light scattering properties of the suspension.
Principle i
This method is based on a comparision

of the intensity of 'light scattered by the sample under
defined conditions with the intensity of 1light scattered

by a standard reference suspension under the same condition.

Interference
‘Rapidly setting coarse sediments,

air bubkbles and dissolved substances that absorb light are

the prime source of interference.

Reagents

i) Solution I : Dissolved 1.0 g hydrazine Sulphate.
in distilled water and dilute to 100 mL in a volu-
metric flask.

ii) Solution II : Dissolved iO.D g hexamethylenetetramine
in distilled water and dilute to 100 ﬁL in a volu-
metric flask.

iii) Standard turbidity suspension: In a 100 mL volumetric
flask add 5.0 mL solution I and 5.0 mL solution
II. Let stand for 24 h at 25 t 3°C, dilute to mark
and mix again. The turbidity of this suspension
is 400 NTU. Dilute portions of standard turbidity
suspension with turbidity free water as required.

Procedure

i) Follow the manufacturer 's operating instructions
for calibration of the instrument.

ii) Thoroughly shake sample, wait until air ©bubbles

disappear and pour sample into turbidity meter

tube.
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.

iii) Read turbidity directly from instrument scale or
from appropriate calibration curve.

iv) For high turbid samples; dilute sample with one
or more volume of turbidity free water.r Compute
turbidity of original sample from tubidity of dilut-

ed sample and the dilution factor,

Calculatiqn

- qurbidity, NTu = B Xl 2 C)

where,

A = NTU found in diluted sample,

Volume of dilution water, mL, and

B

C ;hgample volume taken for dilution, mL.

Reporting
UnitS.cevenenacenenseas NTU,
Form{s)..... eeasesessss.Turbidity.

Significant.figures.;...1 to 10 'NTU, nearest 0.1
NTU; 10 to 40 NTU, nearest -
1-NTU; 40 to 100 NTU, near-
est 5 NTU; 100 to 400 NTU,
nearest 10 NTU; 400 to
1,000 NTU, nearest 50 -NTU;
greater than 1,000 NTU,

nearest 100 NTU.

3.2 Inorganic Non-Metallic Parameters

3.2.1 pH

The pH value is a measure of hydrogen'iion concen-—

tration and is the negative exponent of the logarithm of
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the hydrogen ion concentration. A low pH solution ‘has a
high hydrogen ion concentration and is therefore, acidic
while high pH solution are low in hydrogen ion concentration

and are alkaline (pH 7 being neutral}.

The pH value of natural water is an important index
of acidity or. alkalinity and is the resulting value of the
acidic/basic interaction of a number of its mineral and
organic components. In pure or slightly polluted water,
the value of pH are determined mainly by the correlation
between the concentrations of free carbon dioxide, bicarbonate
"and carbonate ions. This correlation, in turn depends subs-
tantially on the intensity of the process of photosynthesis
and the biochemical oxidation of organic subét'ances as well

as on chemical conversions of some mineral substances.

Most natural water range from pH 4 to 9 and are
often slightly basic due to the presence of carbonates and
bicarbonates. A major deviation from the normal pH for a
given water indicates the indusfrial wastes. Practically
every phase of water supply and wastewater treatment, e.qg.,
acid- Dbase neu_tralization, water softening, precipitation,
coagulation, disinfection, and corrosion control, is pH

dependent.

The pH value of water may be determined potentio-
metrically by a wide variety of pH meters which are battery
operated or run by standard-line power. They are equipped
with glass and reference electrodes which require standardi-

zing with standard buffer solutions before each measurement
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in the field. Care must also be taken that the pH meters
are stored in a dry place to prevent them from getting wet.
Principle |
The basic principle of pH measurement

is determination of hydrogen ion activity by potentiometric
measurement using a standard hydrogen electrode and a refer-
ence electrode. The hydrogen electrode consists of a platinum
eletrode across which hydrogen gas a bubbled at a pressure
of 101 kPa. Because of difficulty in.igs use and the poten-

tial for poisoning the hydrogen electrode, the glass electro-

de is commonly used.

The sensor electrode(glass electrode) is a bulb
of special glass containing a fixed concentration of HCL
or a buffered chloride solution in contact with an internal
reference electrode. Upon immersion of a new electrode in
a solution the outer bulb surface becomes hydrated and excha-
nged sodium ions for hydrogen ions to build up a surface
layer of hydregen ions. This, together with the repulsion
of anions by fixed, neg;tively charged silicate sites, pro-
duﬁes at the glass-solution interface a potential that is

a function of hydrogen ion activity in solution.

pH = - log [ ut )
Interference

The glass electrode is relatively
free from inteference from colour, turbidity, colleidal
matter, oxidants, reductantts, or high salinity, except
for a sodium error at pH»10. This error can be reduced by
using special 'low sodium error' electrodes. Other source

of interference is temperature.
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Reagents

i) " Potassium hydrogen phthalate, O0.05M :; Dissclved
10.12 g‘pdtassium hydrogen phthalate in 1L of dis-
tilled water at 25°C.

ii) Sodium borate deca hydrate, 0.017 M : Dissolve 3.80g

sodium borate deca hydrate in 1L of distilled water

at 25°C.
Procedure i
i) For detailed instructions, follow manufacturer's
manual, Standar@ise the pH meter by immersing

\the electrode in buffer solution of known pH. Read
the pH and correctly adjust with the control untill
the meter indicates the correct value for pH of
buffer solution.
ii) Remove -electrodes from first buffer, finse thoroughly
7 with distilled water, blot dry with a soft tissue,
aﬁd 'immerse in second buffer, the reading should
be within 0.1 unit for the pH of the buffer. If
the response shows a difference greater than 0.1
pH unit from expected value, 1ook_for trouble with
the electrode or pH meter.
iii) Rinse the electrodes in distilled water and immerse
them in the sample. Let the reading stabilize.

Read the pH value.
Reporting
FOrm(s}.sueeeasesnn ...pH.

Significant figures......Report to the nearest 0.1 pH unit.
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3.2.2  Acidity

Acidity is a quantitative expression of a water's
capacity to neutralize a strong base to a designated pH.
The amount of acidit& indicates the water's degree of corro-
siveness and influence chemical reaction rates, chemical

speciation and biological processes.

Acidity is caused by weak organic acid such as
carbonic, acetic or tannic acids, or bj strong mineral acids
such as sulfuric or hydrochloric.

Principle

Hydrogen ions . present in a - sample as
a result of dissociation or hydrolysis of solutes react
with additions of standard alkali. Acidity thus depends
on the end point pH or indicator used. In non-polluted water
the acidity is due primarily to dissolved carbon dioxide
which can be neutralized by titrating to its neutraliztion
point at pH B8.3. For systems which are more complex {such
as industrial wastes or buffered solutions) a pH of 4.5

has’ been arbitrarily chosen and gives an estimate of the

strong mineral acids present.
Interference
Colour, turbidity, iron, alluminium

and residual chlorine are prime sources of interference.

Reagents

i) Methyl orange indicator: Dissolve 0.5 g of methyl

44



ii)

iii)

Procedure

1)

ii}

iii)

iv)

Phenolphthalein indicator: Dissolve 5.0 g phenol-
phthalein in 1L of 5.0% ethyl alchol, neutralize
the solution with 0.02 N NaOH solution.

Sodium -hydroxide solition, 0.02 N: ‘ dissolve 4.0
g of dried sodium hydroxide pellets in 1L of dis-
tilled water. Standardise the scolution against
0.1 N H2904 using methyl orange as indicator. Dilu-
te this solution by adding distilled water to give

0.02 N NaOH solution.

Take 100 mL sample in a conical flask ahd add to
it 2 drops of methyl orange indicator andswirl
tn . mix.

If it gives an orangish red colour it means mineral
acidity is available. Titrate it with sodium hydro-
xide standard solution, 0.02 N, to a yellow end
point. Note the volume of NaOH used.

In ‘another flask take 100 mL sample and add 2-3

-drops phenolphthalein indicator. If it does not

give any colour, tiprate with sodium hydroxide
standard solution, 0.02 N, to a pink end point.
Note the volume of sodium hydroxide solution used.
If phenolphthalein gives a pink colour on addition

in the sample, acidity is not availabile.

Calculation

Mineral acidity _ A x 1000
mg/L as CaCO3 Vvolume of sample, mL
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Carbonate acidity, _ A x 1000
mg/L as CaCO3 Volume of sample, mL

where,
A = Volume of NaOH solution used with methyl orange
indicator, mL, and
B = Volume of NaOH solution used with phenolphthalein
indicator, mL. .
Reporting’ ‘
_ UnitS.cevienrsaarons «es.mg/L.
Form{s).......... .+ssss.hcidity, as CaCO,.

Significant figures.....Less than 200 mg/L, nearest
whole number; 200 mg/L
and above, two significant

figures.

3.2.3  Alkalinity
Alkalinity refers to the capability of water to

neutralize acids. The presence of carbonatgs, bicarbonates
and hydroxides is the most common cause of alkalinity in
natural waters. Alkalinities values provide guidance in
applying proper doses of chemicals in water and waste water
treatment processes, particularly in coagulation, softening
and operational control of anaerobic digestion.

| Bicarbonates present the major form since they
are formed in copgsiderable amounts from the action of carbona-
te upon the basic materials in the soil.

co, + CaCo4 + H,0 = Ca(HC03)2
Natural waters may also contain appreciable amounts
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of carbonates and hydroxide alkalinities, particularly surface
waters blooming with algae. The algae take up carbonate

for its photosynthesis activities and raise the pH.
Principle

Hydroxyl ions present in a sample as
a result of dissociaﬁion or hydrolysis of solutes react
with - additions of standard acid. Alkalinity thus depends
on the end point pH used. Alkalinity can be obtained by
neutralizing hydroxide, carbonate and bicarbonate with stand-
ard sulfuric acid solution, Titration to pH 8.3 or de-colour-
ation of phenolphthalein indicator will snow complete neutra-
lization of total hydroxide and one half the carbonate pre-
sent, while to pH 4.4 or sharp change from yellow to pink
colour of methyl orange indicator will indicate total alkali-

nity, i.e. hydroxide, carbonate and bicarbonate.
Interference

Colour, turbidity, iron, aluminium

and residual chlorine are prime sources of interference.

Reagents

i) Methyl orange indicator : Dissolve 0.5 g of methyl
orange in 1 L of distilled water.

ii} Phenolphthalein indicator: Dissolve 5.0 g phenolph-
thalein in 1 L of 5.0% ethyl alchol. Neutralize
the solution with 0.02 N NaOH solution.

iii) Sulfuric acid,0.02 N: prepare stock H,50, solution

(approximately 0.1N) by diluting 3 ml H,S0, to 1 L of
distilled water. Dilure 200 mL of the 0.1 N stock
solution to 1 L with distilled water. Standardise the

0.02 N acid against 0.02 N sodium carbonate solution.
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Sodium carbonate solution can be made by dissolving

1.06 g of NaZCO3.oven dried, in 1 L §f distilled water.

The stgndardisation is done by titrating exactly like an

alkalinity titration using phenolphthalein or methyl orange

as indicator.

Procedure

i) Take 100 mL sample in a conical flask and add 2-3
drops of phenolphthalein indicator and swirl to mix.

ii) If pink colour develops titrate the sample with
sulfuric acid standard solution, 0.02 N, while
swirling the flask until the solution changes from
pink to colourless or the pH meter reads 8.3. Note
the volume of sulfuric acid required.

iii) Add 2-3 drops methyl orange indicator to the titrated
solution and swirl to mix. Continue titration ﬁith
sulfuric acid standard solution, 0.02 N, to a pink
colour or pH comes down to 4.5. Note the volume
of sulfuric acid used.

iv) In case pink colour does not appear after addition

of phenolphthalein continue as in 3 above.

Calculation
Total (T) , phenolphthalein{P) and methyl orange

{MO) alkalinity can be calculated as follows:

. A x 1000
- Volume of sample, mL

P alkalinity, mg/L as CaCoy

MO alkalinity,mg/L as CaCOy

B x 1000
Volume of sample,mL

(A +B) x 1000

It

T alkalinity,mg/L as CaCO, Volume of sample, mL
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where,
A = volume of sulfuric acid used with phenclphthalein
indicator, mL, and
B = Volume of sulfﬁric‘ acid solution used with

methyl orange indicator, mL .

Calculate OH, CO3 and HCO3 forms from the valves of P and T as

follows:
Values of P & T OH Coy- HCO,
P = 0 e o T
P<i/2 T ¢] 2p T-2P
P =1/2T 0 2P 0
P>1/2 T 2P-T 2(T-P) )
P = T | T 0 0
Reporting
UNitS.cevesnsvssssaasaamg/L,
Form(s)................Alkalinity, as CacCo;.
significant figures....Less than 1,000 mg/L, nearest
whole number;1,000 mg/L  and
above, three significant
figures.

3.2.4 Hardness

The Hardness of water was orginally defined in
terms of its ability to precipitate soap. Calcium and magnesium
ions are the principle causes although iron, aluminium,
manganese, stronfium, zinc and hydrogen ions are capable
of producing the same effect. High concentrations of the
latter ions are not commonly found in natural waters. 1In

confirmity with current practice, total hardness is defined
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‘as characteristic of water which represents the total concen-
tcation of calcium and magnesium expressed as their calcium

carbonate equivalent.

Temporary hardness is caused by the presence of
bicarbonates of calcium and magnesium. Permanent hardness

is mostly due to suifates.

When the total hardness has a value greater than-
total alkalinity, the amount of hardness equivalent to the
alkalinity is called carbonate hardness and the excess amount
is non carbonate hardness. When total hardness is equal
or less than the total alkalinity, there is no carbonate

hardness.
Principle

Ethylenediaminetetracetic acid ‘and
its sodium salts (abbreviated EDTA) form a chelated soluble
complex when added to a solution of certain metal cations.
If a small amount of dye such as Eriochrome black T is added
to an aquecus solution containing calcium: and magnesium
ions at a pH of 10.0 % 0.1, the solution becomes wine red.
When EDTA is added as a titrant, the calcium and magnesium
get complexed resulting in sharp change from wine red to
blue which indicates end point of the reaction. Magnesium
ion must be present to yield a satisfactory end point. To
ensure this, a small amount of complexometrically neutral
magnesium salt of EDTA is added to the buffer; this automa-
tically introduces sufficient magnesium and obviates the
need for a blank correction. At highef pH, i.e., about 12.0

magnesium ion precipitates and only calcium ion remain in
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solution. At this pH murex indicator form a pink colour
with calcium ions. When EDTA is added calcium gets complexed
resulting in a change from pink to purple which indicates

end point of the reaction.
Interference

Seme metal ions do interfere by
causing fading or indistinct end points or by stoichiometric
consumption of EDTA but can be overcome by addition of in-
hibitors. .

Reagent
i) Buffer soluticn : Dissolve 16.9 g of ammonium chlo-

(NH4C1) in 143 mL conc ammonium hydroxide (NH4OH),

add 1.25 g magnesium salt of EDTA and dilute to 250 mL

with distilled water

1f the magnesium salt of EDTA is not available,
dissolve 1.179 g disodium salt of ethylenediamine
tetraacetic acid dihydrate and 780 mg magnesium
sulf;te (MgSO4.7H20) or 664 mg magnesium chloride

(MgCl,.6H,0) in 50 mL distilled water. Add this

solution to 16.9 g NH,Cl and 143 mL conc NH,OH with

mixing and dilute to 250 mL with distilled water.
ii) Inhibitor: Dissolve 4.% g hydroxyl amine hydrochlo-
ride in 100 mL 95% ethyl alcohol.
iii) Eriochrome black T indicator: Mix 0.5 g dye with
100 g NaCl to prepare dry powder or dissolve 0.1g

of eriochrome black T in 20 mL of ethyl alcohcl.

iv) Murex indicator : Dry powder.
¥) Sodium hydroxide, 2N : Dissolve 80 g NaOH and dilute
to 1 L.
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vi)

vii)

" against standard calcium solution, 1 mL=1mg CaCO

Standard EDTA solution, 0.01 M : Dissolve 3.723g
EDTA sodium salt and dilute to 1000 mL. Standardize
3°

Standard calcium solution : Weigh accurately 1.0g
anhydrous CaCO3 powder into a 500-mL erlanmeyer
flask. Place a funnel in the flask neck and add

1 + 1 HCL till CaCO3 dissolves completely. Add
200 mL distilled water and boil for a few minutes
to e2xpel C02. Cool and add a few drops of methyl
red indicator and adjust to the intermediate orange

colour by adding 3N NH,0H or 1+1 HCL. Dilute to

4

1000 mL to obtain 1 mL - 1 mg CaCO3.

Procedure

i)

ii}

iii)

iv)

Take 100 mlL water sample in a conical flask and
add to it 1-2 mL buffer solution followed by 1
mL inhibitor.

Adﬁ 2 drops eriochrome black T indicator and titra-
te with standard EDTA solution, 0.0t M, till wine
red colour changes to blue. Note the volume of
EDTA used -

In another flask take 100 mL sample and add 1 mL
sodium hydroxide solution to raise the pH to 12,0
and a pinch of murex indicator.

Titrate with standard EDTA solution, 0.01M, till
pink colour changes to purple. Note the volume

of EDTA used.
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' calculation

A X CX 1000
Volume of sample, mL .

Total hardness, mg/L =

BXCX 1000
Volume of sample, mL

Calcium hardness,mg/L =

Magnesium hardness, mg/L = Total hardness - Calcium

hardness
where,
A = Volume of EDTA sclution used with eriochrone black
T indicator, mi,
B = Volume of EDTA sclution used with murex indicator,
mL, and,
C = mg CaCO, equivalent to 1.0 mL EDTA titrant.
Reporting
Units...... Nbeesasrsennanna mg/L .

FOrm{s).sssvveeesesereasss..Hardneas, as CaCO3
Significant figures........Less than 10 mg/L, nearest
whole number; 10 mg/L

and above, tow significant

figures.
3.2.5 Sulfate
Sulfate appears in natural waters in a wide range
of concentrations. Mine waters and industrial effluents

frequently contain large amounts of sulfate from pyrite
oxidation and the use of sulfuric acid. Sodium and magnesium
sulfate exert cathertic action and hence its concentration
above 250 mg/L in potable water is objectionable. Sulfate
cause a problem of scaling in industrial water supplies,

and problem of odour and corrosion in waste water treatment
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due to its reduction to hydrogen sulfide.
Principle
Sulfate .lons are precipated = i acetic

acid solution with barium chloride so as to form a uniform
suspension of barium sulfate c¢rystals. The absorbance of
the suspension is measured by a photometer and the sulfate
concentration is determined by comparison of the reading

with a standard curve.

Interference
Colour and suspended ma*ter in larce

amounts will interfere. Some suspended matter may be removed

by filtration. Silica in excess of 500 mg/L interfere.

Reagents

il Buffer Solution : Dissclve 30 g magnesium chloride,
MgClz.SHZO, 5 g sodium acetate, CH,COONa. 3H20,1.0 g potassium
nitrate, KNO3, and 20 mL acetic acid, CH3C00H(99%), in 500 mL
distilled water and make up to 1000mL.

ii) Barium chloride crystals : 20 to 30 mesh.

iii) Standard sulfate solution : Dissolve 0.147 g of

anhxdrgus Naz‘SO4 in distilled water and dilute to

1000 mL, 1.00 mL = 100 Mg S503.
Procedure
i) Take 100 mL sample, or .suitable portion made upto

100 mL, into a 250 mL flask. Add 20 mL buffer solu-
tion and mix in stirring apparatus. Add berium
chloride crystals while stirring. Continue stirring
for 1 minute after addition of barium chloride.
ii) Measure the turbidity developed after five minutes

on colorimeter at 420 nm.
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iii) Prepare standard curve by carrying standard sulfate
solution through enEire prdcedure. . Space standards
at 5 mg/L increment in the O to 40 mg/L range.
Above 40 mg/L accuracy decreases and barium sulfate
suspension loss stability.

iv) Read the concentration of sulfate present in the

sample from the standard curve.

Calculation -2
mg SO4 x 1000

Volime of sample, mL

Sulfate, mg/L

Reporting
UnitSievseeesarenasneens..mg/L.
Form(s)........ ........«..Sﬁlphate ion (soii ydissolve
Significant figures.......10 to 100 mg/L, nearest
mg/L; 100 mg/L and above,

two significant figures.

3.2.6 Chleride

Chloride, in the form of chloride ion, is one of
the major inorganic anions in watef and waste water. Chlérides
are present in all potable ‘water supplies and in sewage,
usuvally as a metallic salt. When sodium is present in drinking
water, chloride concentrations in excess of 250 mg/L give
a salty taste. If the chloride is present as a calcium or
magnesium salt, the taste detection level may be as high

as 1000 mg/L chloride.

Chloride is essential in the diet and passes through
the digestive system unchanged to become one of the major

components of raw sewage. The wide use of zeolite in water
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softeners alsoc contribute a large amount of chloride to

sewage and waste waters.

High chloride concentrations in water are not known
to have toxic effects on man, though large amounts may act
corrosively on metal pipes and be harmful to plant life.
The maximum allowable chloride concentration of 250 mg/L
in drinking water has been established for reasons of taste

rather than as a safeguard against physical. hazérd.
Principle

In -a neutral ar slightly alkaline

solution, potassium chromate can indicate the end point
of the silver nitrate titration of chloride. Silver chloride

is precipitated quantitatively before red silver chromete is formed

Intérference
Bromide, icodide, . Cyanide, Sulfide,
thiosulfate, sulfite, iron, phosphate are prime sources

of interference.

Reagents

i) Potassium chromate indicator : Dissolve 50 g of
potgssium chromate in‘a small gquantity of distilled
water. Add AgNO3 solution to préduce a light red
precipitate. Allow to stand overnight and filter.
Make up to 1 L.

ii) §§T§ Silver  nitrate solution : Disslove 4.78 g
of silver nitrate in 1 L of distilled water. Stand-
ardise with standard sodium chloride solution.

Procedure

i) Take 100 mL sample in a conical
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flask. If the sample is highly coloured, add 3
mL: aluminum hydroxide suspension, mix well, allow
to settle and filter. If sulfide, sulfite or thio-
sulfate is present, add 1 mL hydrogen peroxide

and stir for 1 minute.

Adjust the pH of sample between 7.0 and 10.0 if

ii)
it is not in this range and add 1.0 mL potassium
chromate indicator solution.

iii) Titrate with standard silver nitrate solution,
N/35.5, to a pinkish yellow end point. Note the
volume of silver nitrate solution used.

iv} Place the same quantity of chloride free distilled
water in another flask and establish reagent blank
value by the titratien method outlined above.

Calculation
Chloride, mg/L = goifooBl s:mplg?omL

where,

A = Volume of AgNO3 used for sample, mL, and
B = Volume of AgNO; used for blank, mL.

Reporting
Units..oveveeeennn teeenees .mg/L -
Form(s)........csususev...Chloride-ion (g17),

Significant figures.......Less than 10 mg/L, one
decimal place; 10 mg/L
and above, two significant

figures.
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3.2.7 Fluoride

Fluoride ozcurs naturally in some ground waters
and a 1 mg/L level normally is maintained in public drinking
water supplies for the prevention of dental carries. Exce-
ssive amounts of fluoride cause an objectionable discolo-
ration to tooth .enamel called fluorosis, although levels

upto 8 mg/L have hot been found to be physiological harmful.

Accurate determination of fluoride has increased
in importance with the growth of the practice of fluoridation
of water supplies -as a public health measure. Maintenance
of an optimal fluoride concentration is essential in main-

taining effectiveness and safety of fluoridation procedure.
Principle
inder acid condition fluorides react

with zirconium SPADN solution and the lake colour of SPADN
reagent gets bleached due to formation of ZrFs. Since bleaching
is a function of fluoride ions, it is directly proportional

to the concentration of fluoride.
Interference

Alkalinity 5000 mg/L, aluminium
0.1 mg/L, chlorides 7000 mg/L, iron {ferric) 10 mg/L, phos-
phate (ortho) 16 mg/L,sulfate 200 mg/L and sodium hexameta-
phosphate 1.0 mg/L interfere in the bleaching action. 1In
preference of interfering radicals distillation of sample

is recommended.

Reagents
i) Stock fluoride solution : Dissolve 221.0 mg anhydrous
sodium fluoride, NaF, in distilled water and dilute

to 10 mL; 1.000mL = 100 ugF .
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ii) Standard fluoride sclution : Dilute 100 mL - stock
‘ fluoride soluticn to 1000 mL with distilled water;
1.00 mL = 10.0 gF .

iii) SPADNS solution : Dissolve 958 mg SPADNS, sodium
2-(parasulfophenylazo) -1, 8-~dihydroxy-3, 6-naphthalene
disulfonate also called 4,5 -dihydroy -3-(parasul fophenylazo}-2,
7-naphthalene disulfonic acid trisodium salt, in distilled
water and dilute to 500 mL. This solution is stable for atleast.
1 year if protected from direct sunlight.

iv) Zirconyl-acid reagent Dissolve 133 mg zirconyl
chloride octahydrate, Zroclz.suzo, in about 25mL
distilled water. Add 350 mL conc HCl and dilute
to 500 mL with distilled water.

v} Acid zirconyl-SPADNS reagent : Mix equal volumes
of SPADNS solution and zirconyl acid reagent. The

combined reagent is stable for atleast 2 years.

vi) Reference solution : Add 10 mL SPADNS sclution jin
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 instru-
ment reference point (zero), is stable for at least
1 year. Alternatively, use a prepared standard
of 0 mg F~/L as a reference.

vii} Sodium arsenite solution : dissolve 5.0 g NaAsO, and

dilute to 1 L with distilled water.

Procedure
i) Prepare fluoride standards in the
range of O to 1.40 mg-F_ /T, by dilut-
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ing appropriate quantities of standard fluoride’
solutien to 50 mL with distilled water. Pipet 5.0mL
each of SPADNS solution and zirconyl-acid reagent,
or 10 mL mixed acid-zircoryl-SPADNS reagent, to
each standard and mix well. Set photometer to
zero absorbance with reference solution at 570nm

and obtain absorbance reading of standards. pPlot

a curve of the milligrams fluoride - absorbance
relationship.
ii) If the sample contains resi-

dual chlorine, remove it by adding 1 drop (0.05mL)

sodium arsenite solution/0.1 mg residual chlorine

and mix. Sodium arsenite concentration of 1300mg/L.

produce an error of 0.1 mg F /L.

iii) Use 50 mL . sample or a portion
diluted to 50 mL with distilled water. Add 5.0
mL each of SPADNS solution and zirconyl-acid reagent,
or 10.0 mL acid-zirconyl-SPADNS reagent, mix well
and read absorbance, first setting the reference
point of the photometer as above.

Calculation

mg F_ _in aliquot x 1000
Volume of sample, mL

Flouride, mg/L

Reporting
UnitS....ccenncanas seeesMg/L.
Form{s)....ccuuuvsen--...Fluoride ion(F"), dissolved,
Significant figures......Less than 10 mg/L, one
decimal; 10 mg/L and above,
two significant' figures.
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3.2.8 Dissolved Oxygen

Dissolved oxygen (DO) levels in natural and waste
waters depends 6n the physiéal, chemical and bicchemical
activities in the water body. The analysis for DO is a key
test in water pollution and waste treatment process control.
The effect of oxidation on streams, the suitability
of water fish and other organisms, and the progress of self-
purification can all be measured or estimated from the dissol-
ved oxygen contents. In aerobic sewage treatment units,
the minimum objectionable odour potential, maximum treatment
efficiency and stabilization of waste water are dependent

on maintenance of adequate dissolved oxygen.
Principle

It is based on the addition of divalén
manganese- solution, followed by strong alkali, to the sample
in the glass stoppered botfle. dissolved oxygen rapidly
oxidizes an egquivalent amount of the dispersed divalent
manganous hydroxide precipitate to hydroxide of higher valency
states. In the presence of iodide ion in an acidic solutien,
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, using starch as an indicator.
Interference

Ferrous ion, ferric 1ion, nitrite
microbial mass and high suspended solids constitute the
main source of interference. Modificétions in the estimation
procedure to reduce these interference are as follows:

a. Alsterberg azide modification  : The azide modifi-

cation effectively removes interference caused by nitrite,
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which is the most common interference in biologically treated
effluents and incubated BOD samples. The reagent alkali-
iodide-azide is used in the method to eliminate interference

caused by nitrite.

b. Permanganate modification : This modification is
used when the sample contain ferrous ion. Add 0.7 mL conc.
. sufuric acid followed by 1 mL 0.63% potassium permanganate
immediately after collection in the BOD bottle itself. It
ferric ions are present in large conc add 1 mL of 40% pota-
ssium fluoride solution. Remove excess pctassium permanganate
using potassium oxalate just sufficient to neutralise potassium

permanganate as excess oxalate give negative error.

c. Alum flocculation modification: Samples high in
suspended solids may consume appreciable quantities of iodine
in acid solution. The interference due to solids may be
removed by alum flocculation by adding 10 mL of 10% alum
solution followed by 1-2 mL of coné ammonium hydroxide to
1000 mL of the sample. Allow to settle for 10 minutes and

siphon the clear supernatant for DO estimation.

da. Copper sulfate sulfamic acid flocculation modifi-
cation: Activated sludged contain biological flocs having
high demand for oxygen. Sampleé from such treatment plants
are fixed by adding 10 mL copper sulfate sulfamic acid reagent
to 1000 mL of the sample. The reagent is prepared by adding
32 g sulfamic acid to 475 mlL distilled water + 50 g copper

sulfate in 500 mL distilled water + 25 mL acetic acid.
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Reagents

i) Manganous sulfate solution : Dissclve 480 g
Mn504.4H20 or 400 g MnSD4.2H20 or 364 g MnSO,.H
distilled water, filter, and dilute to 1 L. The

2O in

MnSO, solution should not give a colour with starch
when added to an acidified potassium iodide (KI)
solution.

ii) Alkali-icdide-azide reagent : Dissolve 500 g NaCH
(or 700 g KOH) and 135 g NaI{or 150 KI) in distilled
water and dilute to 1 L., Add 10g NaN3 disscolved in
40 mL distilled water. Potassium and Sodium salts
may be used interchangeably.

iii) Conc sulfuric acid

iv) Starch indicator : Dissolve 2g laboratory grade
soluble starch and 0.2 g salicylic acid, as a preser-
vative, in 100 mL hot distilled water.

v) Sodium thiosulfate sclution, 0.025N : Dissolve
6.205 g Na25203.5H20 in boiled conled distilled water
and dilute to 1000 mL. Preserve by addihg 5 mL
chloroform per litre (This solution will have to
be standardized for each set of titrations).

Procedure

i} Collect the sample in a BOD bottle taking care
| to aveoid contact of sample with air. It is always
perferably to collect the sample through a sampler.

ii) Add 1.0 mL of manganous sulfate solution followed
by 1.0mL alkali-iodide-azide reagent. If pipets

are dipped into sample, rinse then before returning
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them

1ly.

iii}

iv.

v)

to reagent bottles. Insert the stopper and mix through-

When precipitate has settled sufficiently (to appro-
ximately half the bottle volume) to leave clear
supernate above the manganese hydroxide floc, add
1.0 mL conc sulfuric acid. Restopper and mix by
inverting several times until dissolution is complete.
Titrate a volume corresponding to 200 mL original
sample after correction’;;r sample loss by displace-

ment with reagents. Thus, for a total of 2 mL ({1

mL each) of manganous sulfate s alkali-icdide-azide rea-

gents in a 300 mL bottle, titrate 200 x 300/(300-2) = 201 mL.

Titrate with 0.025 N Na28203 solution to a pale
straw colour. Add a few drops of starch solution
and continue titration to first disappearance of

blue colour.

Catdtulation

1.0 mL of 0.025 N Na,8,0y = 0.2 mg of Oy the mL of this
solution used is equivallent to mg/L of dissolved

oxygen.

Reporting

.Units...ivivncnseienesse.amg/L .

Form(s)...................Oxygentoz). dissolved.

Significant figures.......One decimal throughout range.

Phosphate

Phosphorous occurs in natural waters and in waste-
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waters almost solely as phosphates. Phosphates are used
widely in muncipal and private water treatment systems and
are commonly grouped into three types. Orthophosphate, con-
densed (pyrc, meta or other poly) phosphate, and organically
bound phosphate. The orthophosphate is the only form deter-
mined directly. The other types require pretreatment for

conversion to the orthophosphate form for analysis.

Phosphate enter the water supply from agricultural
fertilizer run-off, water treatment, and biological wastes
and residues. Industrial effluents related to corrosion
and scale control, chemical processing, and the use of deter-
gents and surfactants contribute significantly. Condensed
phosphates are the forms commonly used in treating water
systems and boilers and in. detergent formulations. After
being dissolved in water, these are converted to orthophos-
phates at different rates depending upon their types, the

temperature of the water and the pH.

A certain amount of phosphate is essential to organi-
sms in natural water and is often the limiting nutrient
for growth. Too much phosphate can produce eutrophication
or overfertilization of receiving waters, especially if
large amounts of nitrates are present. The result is the
rapid growth of aquatic vegetation in nuisance quantities
and an eventual lowering of the dissolved oxygen content
of the lake or stream due to the depth and decay of the

aquatic vegetation.
Principle
In a dilute orthophosphate solution,

ammonium molybdate react to form a heteropolyacid, molybdo-
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phosphoric acid which is reduced by stannous chloride to

intensely coloured molybdenum blue.

Interference o
Silica and arsenate causes posi-
tive interference. Blue colour is caused by ferrous ion

but this does not affect results if ferrous iron concentration

is less than 100 mg/L.

Reagents

i) Phenolphthalein, indicator aqueous solution,

ii} Hydrochloric acid : Add 300 mL conc sto4 to about
600 mL distilled water. When cool, add 4.0 mL ceoncg

. HNOj and dilute to 1L.

iii) Ammonium molybdate reagent : Dissolve 2ng(NH4)6M07024.
4H,0 in 175 mL distilled water. Cautiously add
280 mL conc H,80, to 400 mL distilled water. Cool,
add molybdate solution, and dilute to 1 L.

iv) Stannous chloride reagent : Dissolve 2.5g fresh
SnC12.2H20 in 100 mL glycerol. Heat in a water
bath and stirr with a glass rod to hasten dissolution.

v) Standard phosphate solution :. Dissolve 219.% mg
thydrous KH2P04 in distilled water and dilute
to 1000 mL, 1,00 mL = 50y g P0,>” -P.

Procedure

i) Take 100 mL sample and add one drop phenolphthalein
indicator. If sample turns pink, add strong acid
solution dropwise to discharge the colour.

ii) Add 4.0 mL ammonium molybdate reagent and 10 drops

stannous chloride reagent. A blue colour will deve-

lop if phosphate is present. Allow the colour to
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develop for 10 minutes but no longer than 15 minutes.

iii) Measure colour photometrically at 690 nm and com-

pare with a calibration curve, using a distilled

water blank.

Calculation
_ mg Plin approximately 104.5 mL final volume)x100
Phosphate,mg/X. = Volume of sample , mL
Reporting
UNitS..vuareareceseneanans-Mg/L.

FOrm{(S)...veesteeee00:00....Phosphorous {P), orthophos-
phate, dissolved.

Significant figures.......Less than 1.0 mg/L, aearest
0.0 mg/L; 1.0 mg/L and
above, two significant

figures.
3.2.10 Nitrogen

In waters and waste waters the forms of nitrogen
of greatest interest are, in order of decreasing oxidation
state, nitrate, nitrite, ammonia, and organic nitrogen.
all these forms of nitrogen, as well as nitrogen gas, are
biochemically interconvertible and are components of the

nitrogen cycle.

Organic nitrogen is defined functicnally as organi-
cally bound nitrogen in the trinegative oxidation state.
It does not include all organic nitregen compounds. Analy-
tically, organic nitrogen and ammonia can be determined

together and have been referred to as 'kajeldahl nitrogen',

a term that reflects the technique used in their determination.
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Orgaric nitrogen includes such natural materials as proteins
'r1d peptides, nucleic acids and -urea, and numerous synthetic
organic macerials.

Total oxidized nitrogen is the sum of nitrate and
nitrite nitrogen. Nitrate generally occurs in trace guantities
in surface water but may attain high levels in groundwater,
High levels of nitrate in water indicate biological wastes
in the final stages of stabilization or runoff from heavily
fertilized fields. Nitrate rich effluents discharged into
receiving waters can degrade water quality by encouraging
excessive growth of algae. Drinking waters containing excess-
ive amounts of nitrates can cause infant methemoglobinemia
{blue babies). For this reason a limit of 10 mg nitrate
as nitrogen/L has been established in public drinking water
supplies.

Nitrite nitrogen occurs as an intermediate stage
in the biological decomposition of compounds containing
organic nitrogen. Nitrite-forming bacteria convert ammonia
under aerokic conditions to nitrites, The bacterial reduction
of nitrates also can produce nitrites under anaerobic condi-
tions. Nitrites are often used as corrosion inhibitors in
industrial process water and cooling towers, and the food

industry uses nitrite compounds as preservatives.

Ammonia nitrogen is a product of the microbiological
decay'cf plant and animal proteip. It can be reused directly
by plants and is commonly used in commercial fertilizers.
It is present naturally in surface and wastewaters. Its

concentration generally is low in groundwaters because it
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absorbs to scil particles and clays and is not leachedreadily
from soils.
3.2.10.1 Nitrogen, ammonia
Principle

Ammonia produces a yellow coloured
compound when treated with alkaline nessler reagent, provided
the sample is clarified properly. Pretreatment with zinc
sulfate and sodium hydroxide precipitates calcium, iron,
magnesium and sulfide and removes turbidity and apparent
colour. Addition of EDTA solution Prevents precipitation
of residual calcium and magnesium in the presence of alkaline
Nessler's reagent.
Interference

Colour, turbidity, caléium, magnesium

and iron constitute the prime source of interference.
Reagents

i) Zinc sulfate soclution : Dissolve 10 g Zn504.7H20lediS-
tilled water and dilute to 100 mi.

ii) Sodium hydroxide ,6N: Dissolve 24g NaOH and dilute
to 100 mL.

iii) EDTA reagent : Diasblve 50g EDTA in 60 mL water
containing 10g NaOH. If necessary, apply gentle

| heat to complete disscolution. Cool to room tempera-

ture and dilute to 100 mL.

iv) Rochelle salt solutien : Dissclve 50g potassium
sodium tartrate tetrahydrate, K NaC,H,0.. 4H,0, in
100 mL. water. Remove ammonia usually prsent .in
the salt by boiling off 30 mL of solution. After

cooling, dilute to 100 mL.

v) Nessler's reagent : Dissolve 100 g HgI2 and 70 g KI in
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vi)

Procedure

i)

ii)

iii}

iv}

v)

vi)

a small gquantity of water and add this mixture
slowly, with stirring, to a cool solution of 160g
NaOH dissolved in 500 mL water. Dilute to 1L. Store
in rubber-stoppered boresilicate glassware and
out of sunlight to maintain reagent stability: for
up to a year under normal laboratory conditions.
Standard ammonia solution : Dissolve 3.819 g anhy-
drous NH,Cl, dried at 100°C, in water and dilute
to 1000 mL ; 1.060 mL = .00 mg N = 1.22 mg NH3.
Dilute 10.0 mL of this soclution to 1000 mL with

water; 1.00 mL = 10,0 uyg N = 12.2ug NHB'

Take 100 mL of sample. Add 1 mL zinc sulfate solu-
tion and 0.5 mL sodium hydroxide to obtain a pH
of 10.5. Allow to settle and filter the supernatant
through whatman filter paper No. 42.

Take a suitable aliquot of sample and dilute to
50 mL.

Add 1-2 drops of Rochelle salt solution or 1 drop
of EDTA and mix well.

Add 2 mL Nessler's reagent if EDTA is used or 1
mL Nessler's reagent if Rochelle salt is used.
Make upto 100 mL. 7

Mix well and read transmittance after ten minutes
at 425 nm using a reagent blank prepared in the
same way using distilled water instead of sample.
Prepare a calibratiz;n curve using suitable aliquots
of standard solution of the range of 5 to 120pg/100mL
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for reference following the same procedure as 1 to 5
but using standard solutions in place of sample.

vii) Read the concentration from the calibration curve.

Reporting _
Units..............;'..;..:.mg/L.
Form(s),.........{..;.....Nitrogen.'ammonia (NH3—N).
Significant figures.:;....Less than 1.0 mg/L,near-

‘est 0.0!' mg/L; 1.0 mg/L
and- éSove, two significant
fiQures?

3.2.10.2 ﬁitrogen, nitrate

Principle } B :
Two - mole of nitrate - react with one

mole of chromotropic acid to form a yellow reaction pro-
duct with maximum absorbance at 410 nm. The maximum colour

develops with 10 min and is stable for 24 h,
Interferences

Residual chlorine, certain oxidants
and nitrite vyield vyellow c¢olours with ch;omotropic acid.
Addition of sulfite eliminates interference from residual
¢hlorine ahd oxidizing agents. Addition of uréé - converts

nitrite to nitrogen gas.

Reagents

i) Stock nitrate solution : Dissolve 0.721 g dry
potassium nitrate, KNO, , " 'in water and
dilute tce 1000 mL. Preserve with 2 mnL CHClq‘/L;
1.00 mL = 100pg NOE-N.

ii) Sulfite-urea reagent, : Dissolve 5 g urea and 4g

anhydrous sodium sulfite,-NaZSOB. in water and dilute
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to 100 mi.

iii) Chromotropic. acid reagent : Dissolve 500 mg purified
chromotropic acid in 100 mL conc H2504 and store
in a brﬁwn. bottle. A colourless reagent solution
signifies thérabsence of No; contamination from H,80,.

Procedure '

i) _7 Prepare _nitraté standards in the range 0.1 to 5.0

mg N/L by diluting 0,1.0,5.0,10,25,40 and 50 mL standard

nitrate solution to 100 mL with water.

ii) Pipet 2.0 mL portions of standards, samples and
a water blank into dry 10 mL -volumetric flasks. Use dilutions

of standards and samples in the range 0.1 to 5.0 mg ﬁo; -N/L.

1ii) . To each flasks add 1 drop sulfite-urea reagent

and place flasks in a tray of cold water (10 to 20°C).

iv) _After -about 5 min. in the bath, add 1 mL chromotro-
.pidfﬁbid.reagent. swirl, and 1et.stand in cooling bath for
3 min. Add conc sulfuric acid to bringrvoluhe near the 10mL
mark.‘ Stopper flask and mix by inverting each flask four
times. Let stand for 45 min at room'témperature and adjust

volume to 10 mL with conc sulfuric dcidi

v) Read absorbance at 410 nm bétween 15720

. min after last volume adjusfment. Usé_double distilled
water in thg reference cell.

vi) Readéd concentration from -the calibration curve
Calculation

--pgmg-u (in 10 mL final volume)
= Volume of‘ﬁmmﬂe,nm

Nitrate nitrogen,mg/L
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:Reﬁorting
| UnitsS.ceeeiinerecssnnosssemyg/L,.
form(s)i_j........;..; ..... Nitrogen, nitrate {NO,-N}.
Significant figures........Less than 1.0 mg/L,One .
decimal; 1.0 mg(L and .
above, -two significant -
_ -figufes._-
3.2;10;3'Nitroqgn._nitrite
Principle _ ‘ :
Under acid conditiop (pH 2.0 to 2.5)
nitrite ion as nitrous acid reacts with sulfanilic acid
and forms diazonium salt which combines with N-{1-naphthyl)-
ethylenediamine dihydrochloride to form pinkish red azo
aye. Colour produced is proportional to the concentration-

of nitrite and obeys Beer's law in the rénge 5 to 180 uwg/L

with 1 cm path at 520 am.

Interference
- Free chlorine or nitrogen trichloride

that normally coexists with nitrite produce a false colour.
This can be minimised by addition of naphthylamine hydrochlo-

ride. The following ions interfere because of precipitation

under test condition andrshould be absent : Sb3+,Au3+,Bi3+,Fe3+,
pb2t ug?*, aq*, ptc1§‘, vog' ]

Reagents:

i) EDTA : Dissolve 500 mg EDTA sodium salt in distilled
water and dilute to 100 mL,

ii) Sulfanilic acid : Dissolve €70 mg in 70 mL hot

y;ter. Cool and add 20 mL conc HClL and dilute to 100 mL.
iii) 1-Naphthylamine hydrochloride : Dissolve 600 mg
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1-Naphthylamine hydrochloride in 100 mL distilled water
rontaining 1 mL’ conc HCL , and store at low

temperature. Discard-when'it decolourizes,

iv) Sodium -&caﬁate. buffer, 2M: Dissolve 16.4 g sodium
acetate and dilute to 100 mL.
v)A Stock nitrite sdlﬁtion : Diséolve"1.232 g sodium
nitrite and dilute to 1000 mL; 1 mL = 250ug. |
Standardization of stock solution : Take S50 mL 0.05
N KMn04, add_s mL conc qéso4 and 50 mL stock nitrite solution
well below surface by pipet. Warm -tb_ 70-80°C, decolourize
KMnO , using 0.05 N sodium oxalate. Calculate NO3 by the equa-

tion:

{B X C) —'.(D XE) X7
F

where,

= mg NOEgN/mL in stock NaNO, solution,
= total.ﬁL standard K Mno, used,
‘ndrmality‘of standard K MnO4

= total ml standard reductant added,

= normality of standard reductant, and

o - B ~ B ¢ T S 9
n.

= mL stock NaNO, solution taken for titration

Each 1.00 mL 0.05 N K Mno4 censumed by the NaN02

solution, corresponds to 350 ug NO; - N,

vi) Standard nitrite solution : Dilute appropriate aligu-
ot of stock solution to 1000 mL solas to get 1 mL =0.5-ugN
in the solution.

Procedure

i} | Take 50 mL of sample and neutralize to pH 7.0.
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ii) Add 1 mL of EDTA followed by 1 mL of sulfanilic

acid and mix well.

iii} After 2-3 min add 1 mL 1-naphthylamine hydrochloride
followed by 1 mL sodium accetate.
iv) Prepare blank in the same way by substituting water

for the sample.

v) Measure'colouf aftgr‘]o min at 520nm - and 1 cm cell
path.
vi) Prepare calibration curve using suitable quantity

of standard nitrite for reference.

vii) Read concentration from the calibratioh curve.
Reporting
UNItB e evrernsncncancesaseasg/L,
Form(s)...,..........}.....Nitrogen;nitrite{ﬂdz-n).

Significant figures........Less than 1.0 mg/L,nearest
0.01 mg/L; 1.0 mg/L and
above; two significant
‘ £iqﬁres.
3.2.10.4 Nif#dgen,drgdhic
Principle o
In the presenée of sulfﬁrié acid, potassium sulfate
and mercurié sulfate cat;lyst, 'brganidally bound nitrogen
gets converted into ammonium sulfate. During sample digestion,
a mercury _ammonium complex is formed and then decomposed
by sodium thiosulfate. After decomposition the ammonia is

distilled from an alkaline medium and absorbed in boric or
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sulfuric acid. The ammonia is determined colorimetrically

or by titration with a standard mineral acid.
Interference : )
Nitrate ~  in ‘excess of 10 mg/T,. . can

oxidize a portion of the ammonia released_from the digested
-organic nitrogen ‘producing N0 and resulting in a negative'
in_terferehce when sufficient organic matter in a low state
of oxidatioﬁ. is present, nitrate can be reduced fo ammonia

resulting in a positive interference.

Reagents

1) : Digestion reagent : Dissolve 134 gIKZSO4 in 650 mL dis-
tilled water and 200 mL conc H2804. Add with stirring a solu-

tion prepared by.d.issolving 2 g HgO in 25 mL 6 N H2504. Dilute

to 1000 mL and store at a temperature above 14°C to prevent

crystallization.

ii) Phenolphthalein indicator : Dissolve 5g in 500
mL 95% ethyl alcohol. Add 500 mL distilled water. Add dropwise

0.02N NaOH till faint pink colour appears.

iii) Sodium hydroxide - Sodium thiosulfate reagent: Disso-

lve 500 g NaOH and 25 g Na,S,0, and dilute to 1000 mL.

iv) Mixed indicator : Dissolve 200 mg methyl red in
100 mL 95% ethyl alcchol, 100 mg methylene blue in 500 mL

95% ethyl alcohol. Mix the two solutions.

v) Indicating boric acid: Dissolve 20g HyBO, in  disti-
tilled water, add 10 mL mixed indicator and dilute to 1000

mL.

vi) Standard sulfuric acid : Prepare 0.1 N H,S0

250, by
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diluting 3.0 mL conc H,S0, to 1000 mL. Standardize it against
standard N32C03,0.1N. Dilute appropriate volume of H2504(appro.

504;1 mL=0.28 mgN.

0.1 N) to 1000 mL to obtain standard 0.02 N H,

Procedure

i} Take a known volume of well mixed sample in kjeldahl

flask. If necessary, dilute sample to 300 mL.

ii) -Add 50 mL digestion reagent. {In case suspended
solids concentration is high, add large guantities of reagent
to keep salt to acid ratio 0.8) and a few glass beeds and;
after mixing, heag under a hood. boil briskly until the volume
is greatly reduced {to about 25 to 50 mL) and capious white
fumes are observed. Then continue to digest for an additional
30 min. As digestion continues, coloured or turbid samples
will turn clear or straw coloured. After digestion, let flask
and contents cool, dilute to 300 mL with water and mix. Tilt
flask and carefully add 50 mL hydroxide-thiosulfate reagent

to form a alkaline layar at flask bottom.

iii) _ bistill and collect 200 mL distillate below surface
of 50 mL absorbent solution. Use plain boric acid solution
when ammonia ig to be determined by nesslerization and use
indicéting boric acid for a titrimetric method. Extend the

tip of the condenser well helow level of absorbent solution.

iv} When distillation is complete remove the flask con-
taining distillate first and then put of heat to avoid back

suction.

v) Determine the concentration of ammonia by nessleri-

zation as directed in ammonia estimation. Titrate the distillate
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with /50 sulfuric acid till the indicafo_r turns a pale laven-
der colour.

vi) B Carry a reagent blank through all the éteps and
apply necessary corrections. o

Calculation

(A ~-B) x 280
Volume of sample, mL-

Organic nitrogen,mg/L'=

where,
A= vblume of. 0.02N sulfuric acid required for sample
.-mL, and ‘
 B'= Volume of 0.02N sulfuric acid required for blank,
. ,
Reporting

-Units..............;.....mg/L;
Fbrm(s)..........,..;....Nitrogen (N), Organic .
Significant figures......Less thén 1.0 mg/L, nearest
. 0.1 mg/L; 1.0 mg/L and
above, two significant

figures.

3.2.11  Silieca
Silica normally exists as an oxide (SiO2 as in sandi

or as a silicate (Siog_

and Siog_).'Silicén, the worlds's"
second most abundant  element, is present in most waters and
is considered one of the basic nutrients in water essential
to the g;owth of certain phytoplankton and zooplankton speciegs.
Because of its wide prevalence in nature, it is doubtful
if silica can be considered a limiting factor among the nutri-

ent materials in water bodies. However, many researchers

measure silica, in addition to nitrogen and phosphorous,
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to obtain a more complete picture of nutrient conditions
in water. It has no known toxic effects and is used to form

protective inner coatings on pipes to inhibit corrosion.

The silica content of natural water most commonly
is in the 1 to 30 mg/L range, although concentrations as
high as 100 mg/L are not unusual and concentrations exceeding

1000 mg/L are found in some brackish waters and brines.

Principle

Ammonium molybdate at a 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 molydosilicic acid. Even if phosphate is
known to be absent, the addition of oxalic acid is highly
desirable and is a mandatony step. The intensity of the yellow
colour is proportional to the éoncentration of 'molybdate-
reactive' silica. The yellow molybdo silicic acid is reduced
to hetéropoly blue by amino naphthol sulfuric acid which

increases sensitivity of the method.

Interference

Phosphate, tannin, larges amounts of iron, colour,
turbidity, sulfide are pstential sources of interferences.
Interferences caused by phosphate and tapnin can be elimina-
ted by addition of cxalic acid. The interference due to colour
and turbidity can be compensated by' using an appropriate

blank.

Reagents

i) Hydrochloric acid, HCL, 1 + 1.
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ii) Ammonium wmolybdate reagent : Dissoclve 10 g ammondium
molybdate, '('NH‘}G"H«D_)QQW.%HZ'O., in -dimtilled -wwter and -dilute
to 100 mL. Rdjust pH to 7-8 &nd store in a polyethylene bottle.
iii) Oxalic acid solution = Dissolve 7.5 g oxalic acid,

HZCZO 4.520, in distilled water and dilute to 100 mL.

iv) ‘Stock Bilica solution : Dissolve 4.73 g Bodium weta-
silicvate nonahydrate, Ra{risiDB--‘BHZO, in distilled water .and
dilute to 1000 wmL. Analyze 100 mL portion by gravimetrically

and .dilute according to have 1000 mg/L 810, -

v} -Standard silica solution = Dilute 10.00 mL stock
solution to 1000 mL with distilled water; .00 mWL = 10ug

SiO.z.. Store in plastic bottle.

vi) Reducing agent : Dissolve 500 mg 1-amino-2-naphthol-
4-sulphonic acid and 1 g Na,50, -in 50 mL distilled water.add
this to .a solution of 30 g NaHS0; in 150 mL distilled water.
Filter through whatman paper No. 42 .and Store in a plastic

bottle.

Procedure
i) Take 50 mL sample and add 1.0 mL 1+1 HCL and 2.0
mL ammonium molybdate reagent. Mix by inverting at least

six times '.and let stand for 5 to 10 min.

ii) Add 2.0 mL oxalic acid solution .and mix thoroughly,
wait at least 2 min but not more than 15 min, add 2.0 mL
reducing agent, and mix thoroughly. A blue colour will develop

if silica is present.

iii) Allow five minutes for full colour development and
measure blue colour photometrically at 690 nm using 1 ©*m
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light path..

iv) In: cass of clear samples: prepare blank substituting

sanplie by  water and procesaing through all above steps.

v} PEnepapre: a: standand curve using standard silica solu-
tion covewning 0.0 te. 240 ug $i0,.. '

vi) Calculate the: concentration frem standazd. curve.

Calculation:
ng 8ic,(in. 55 mL final veolume)

ml sampile

8i0y,. mg/L =

Raporting:
Units. cueernnnenneng/L,
Porm(8).......ceceea.. Silica(8i0,), reactive.
Significant figures...0.04. to 0.99 mg/L, two decimal
places; 1.0 to 2.0 mg/L, two

significant figures.

3.3 Organic: Parameters
3.3.1 Biochemical oxygen demand.

Biochemical oxygen Demand (BOD) is an empirical
measurement of the oxygen requirement of muncipal and indus-
trial waste waters and sewage. The test measures the oxygen
required for the biochemical degradation of orgaenic material
(carbonaceous. demand) and the oxygen used: te oxidize inorganic
material such as sulfides and ferrous ions. It alsco may meas-
ure the oxygen used to oxidize reduced farms of nitrogen
{nitrogenous demand) wunless their oxidatien is prevented-
by inhibitor. The test is of greatest value after patterns
of oxygen uptake for a specific effluent and receiving water
have bean: estahlished.
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The method consists of placing a, sample in a full,
airtight bottle and incubating che bottle for the standard
five day period at 20+1°C. Dissolved oxygen (DO) is measured
initially and after incubation. The BOD is computed from

the difference between initial and final DO.

Most Qaste waters contains more oxygen demanding
materials than the amount of DO available in air saturated
water. Therefore, it is necessary to dilute the sample before
incubation to bring the oxygen demand and supply into appro-
priate balance. Because bacterial growth requires nutrients
such as nitrogen, phosphorous, and trace metals, these are
added to the dilution water, which is buffered to ensure
that the pH of the incubated sample remairs in a range suit-
able for bacterial growth. Complete stabilization of the
sample may require a period of incubation too long for practi-
cal purposes, therefore, five-day has been accepted as the

standard incubation period.

Interference

Since the DO estimation is the basis of BOD test,
sources of interference in BOD' test are the same as in the
DO test. In addition, lack of nutrients in dilution water,
lack of an acclimated seed organisms, and presence of heavy
metals or other toxic materials such as residual chlorine

are other sources of interference in this test.

Reagents

4 21.75 K,HPO,,

33.4 g Na,HPO,.7H,0 and 1.7 g NH,Cl in distilled water and dil-

i) Phosphate buffer: Dissolve 8.5 g KH2P0

ute to 1 L. Adjust pH to 7.2.
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ii) Magnesium sulfate solution : Dissolve 22.5!Mg504.7H20
in distilled water and dilute to 1 L.

iii} Calcium chloride solutien : Dissolve 27.5 g anhydrous
CaCl, in distilled water and dilute to 1 L.

iv) Ferric chloride solution : Dissolve 0.25 g FeCl;.6H,0
in distilled water and dilute to 1 L.

v) Manganous sulfates solution : Dissolve 480 g MnS0,.

4H

oor400 of MnSO .2H20, or 364 g MnS0,. H,0 in distilleéd watey

2 4
filter and dilute to 1 L. The MnSO solution should not
give a colour with starch when added to an acidified potassium
. iodide solution.

vi) Alkali-iodide-azide reagent : Dissolve 500 g NaCH
{or 700 g KOH) and 135 g NaI (or 150 g KI) in distilled water
and dilute to 1 L. Add 10 g NaN, dissolved in 40 mL distilled

water.
Procedure

i) Plzce desired volume of distilled water in a suitable
bottle and add 1 mL each of phosphate buffer, magnesium
sulfate, calcium chloride and ferric chloride solutions/L

of distilled water. Add 2 ml settled sewage and aerate.

ii} Neutralize sample to pH 6.5 to 7.5 if it is highly

alkaline or acidic.

iii) The sample should be free from residual chlorine.
If it contains residual chlorine remove it by using sodium

sulfite solution as follows :

Take 100 mL of the sample and acidify with addition

of 10 mL 1+1 acetic acid. Add about 10 mL potassium iodide
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sotution (10 g/100 mi) and: titrate: with: sodium sufite solution,.
0.025 N, using starch indicator. Calculate the volume of
sodium sulfite required per mL of the sample and add according-—

ly to the sample to be- tested for BOD.

iv) Samples: supersaturated with DO i.e., samples contain-~
ing more than 9 mg/L due to aeither algal growth or some other
reason, reduce the DO content by aerating and agitating the

sample.

v) Make several dilutions. of the prepared samples so
as to obtain about 50% depletion of DO in dilution water
but not less than 2 mg and the residual oxygen after 5 days
of incubation should not I;e 1éss than ' mg/L. Prepare dilu-

ticns as follows:

0.1 to 1% ..: Strong industrial wastes
1 to 5% .++. Raw or settled waste water
5 to 25% . ... Treated effluents

25 to 10C & ... River waters

vi) Siphon the silution prepared as above in 4 labelled

BOD bettles and stopper immediately.

vii) Keep 1 bottle for determination of the initial DO

and incubate 3 bottles at 20°C for 5 days.

viii) Prepare a blank in duplicate by siphoning plain

dilution water (without seed) to measure the 02 consumption
in dilution water.
ix} Fix the bottles kept foi:. immediate DO determination

and. blank by adding 1 mL MNSO4 followed by 1 mL alkali .iodide-

azide reagent.
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x) Determine DO in the sample and in the blank on ini-

tial day and after 5 days.

Calculation
Calculate BOD of the sample as follows:

Let Do = DO in the sample bottle on ot‘h day

D, = DO in the .sample ‘bcrt‘-tle on St'h day

Co = DO in the blank bottle on Oth day

C, = DO in the blank bottle on 5P day
CL,’--C1 = DO depletion in the dilution water alope
D,-D; = DO ‘depletion in the sample + dilution water

(Dy-By) - (CO-C1) = p0 depletion due to microbes
BOD, mg/L = (Dg-D4) - (C,-C,) mg x .decimal fraction of

sample used.

Reporting
UnitS..ieiuecnenraees. Mmg/L.
FOrm(8).ueeenceeeeees. OXygen { 0, ), biochemical.

Significant figures... One decimal throughout range.

3.3.2 Chemical Oxygen Demand

The Chemical Oxywyen Demand {(COD) test 1is used to
estimate the amount of organic matter in waste water. It
is a measurement of the oxygen equivalent of the materials
present in ‘the waste water that are subject to oxidation
by a strong chemical oxident, in. this case dichromate. When
waste water contains only readily available organic bacterial
food and not toxic matter, the COD test results provid: a

good estimate of BOD values.

The dichromate reflux method test is performed by
boiling a measured sample with a measured excess cjuantit:yl
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of a potasgjum dichromate-acid standard solution. Dichroﬁate
is consumed in the oxidation of the organic matter, and
the COD can be determined either colorimetrically, by measur-
ing the increase in green c¢olour of the reduced chromium
{Cr3+) or the decrease in yellow colour of the remaining

dichromate.

Principle

Most types of organic matter gets oxidized complete-
ly by potassium dichromate in the presence of &ulfuric acid
to produce carbon dicxide and wateér. The excess potassium
dichromate remaining after the reaction is titrated with
ferrous ammonium sulfate to determine the amount of potassium
dichromate . consumed and the oxidizable organic matter is

calculated in terms of oxygen equivalent.
Interference

Fatty acids, straight chain aliphatic compounds,
chlorides, nitrites and iron are the main source of interferf
ence.

The interference caused by chlorides can be eli-
minated by the addition of mercuric sulfate to the sample
prior to addition of other reagents. About 0.4 g of mercuric
sulfate is adequate to complex 40 mg chloride ions in the

formof poorly ionized mercuric chloride.

Addition of silver sulfate (Ag,S0,) to conc sulfuric
acid { 1 gm silver sulfate/75 mlL acid) as a catalyst stimu-
lates the oxidation of straight chain aliphatic and aromatic
compounds . -

86



Nitrite exerts a COD of 1.1 mg oxygen per mg nitri-
te-nitrogen. Sulfamic acid in the amount 10 mg for each irg
nitrite-nitrogen may be added to potassium dichromate solu-

tion to avoid interference caused by nitrite.

Reduced inorganic species such as ferrous iron,
sulfide, manganous manganese, etc. are oxidized quantitatively

under the test conditions.
Reagents

i) Standard potassium dichromate solution, 0.0417 M:Diss-

olve 12.25 g'KZCrZO , dried at 103°C for 2 h, in distilled

2
water and dilute to 1 L.

ii} Sulfuric acid reagent : Add Ag.,50, crystals to conc
2°¥4

so0 SO,. Let stand 1 to 2 4

4 at the rate of 5.5 g A92304/Kg H,S0,

i)
to disslove Agzso4.
iii) Ferroin indicator salution : Dissolve 1.485 g 1,
10-Phenanthroline monohydrate and 695 mg Fesoq.THZO in disti-
lled water and dilute to 100 mL.
iv) Standard ferrous amonium sulfate solution, approxi-
mately 0.25 M; Dissolve 98 g Fe (NH4)2(804)2.6H20 in distilled
water. Add 20 mL conc H2SO4 , cool, and dilute toc 1000 mL.
Standardize this solution daily against standard K2Cr207 solu-
tion as follows:

Dilute 10.0 mL standard K,Cr,0, to about 100 mL. A4d

30 mL conc H2_504 and cool. Titrate with ferrous ammgnium
sulfate solution using 0.10 to 0.15 mL (2 to 3 drops) ferroin

indicator.
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Mclarity of ferrous ammonium sulfate =

Volume of 0.0417 M K2Cr207 solution titrated, mL x 0.25

Volume of ferrcus ammonium sulfate used in titration, mL

v Mercuric sulfate, HgSO4, crystals or powder.
Procedure
i) Take 50 mL or fraction diluted to 100 mL with dis-

tilled water in a round bottom flask.

ii) Add 1 g mercuric sulfate, several glass beeds, and
very slowly add 5 mL sulfuric acid reagent, with mixing to
dissolve mercuric sulfate. Cool while mixing to avoid possible

loss of volatile materials.

iii) Add 25.0 mL 0.0417 M potassium dichromate solution.
and mix. Attach flask to condenser and turn on cooling water.
Add remaining sulfuric acid reagent (70 mL) through open
end of condenser. Continue swirling and.mixing while adding

the sulfuric acid reagent.

iv) Cover open end of condenser with a small beaker
to prevent foreign material from entering refluxing mixture
and reflux for -2 h. Cool and wash down condenser with dis-
tilled water. Disconnect reflux condenser and dilute mixture

to about twice its volume with distilled water .

V) Titrate excess potassium dichromate with ferrous
ammonium sulfate solution, 0.1 N, using fermin indicator.
Sharp c¢olour change from blue green to wine red indicates

end point of the titration.
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vi) Reflux blank in the same manner using distilled
water insted of sample.

Calculation

(A - B)M x 8000
Volume of sample, mL

cop, mg/L =

where,
A = Volume of ferrous ammonium sulfate used for blank
mL.
B = Volume of ferrous ammonium sulfate used for sample
mL,and

M = Molarity of ferrous ammonium sulfate.

Reporting
Units......... vesesess mg/L-
Form{s).....coiuveunn . Oxygen (0,), chemical,
Significanﬁ figures... One decimal throughout range.
3.3.3 Total Organic Carbon

The content of crganic carbon in water is one of
the most important parameters of the guality of water, and
is the most reliable characteristic of the total éontent
of orgaﬁic substance. The sum total of organic substances,
which is represented by the concentration of organic carbon
above and below the source of peollution, may serve as quite
a useful pollution index of a body of water. Tais value is
used when establishing the pollution zone and thz zone of

influence of drainage waters.

The organic carbon in water and wastewater is com-

posed of a variety of organic compoiands in various oxidation
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states., Some of these carbon compounds can be oxidized further
by biological or chemical processes, and the biochemical
oxygen demand (BOD) and chemical oxygen demand (COD) may
be used to characterize these fractions. The presence of
organic carbond that does not respond to either the BOD or
COD test makes them unsuitable for the measurement of total
organic carbon. Total organic carbon (TOC) is a more ccnveni-
ent and direct expression of total organic content than either

BCD or CCD, but does not provide the same kind of information.

Organic carbon, depending on the purpose of resazarch
is determined in a filtered or an unfiltered sample of
water. In the former case, the determined carbon content
is called the concentration of the dissolved organic carbond
content. The sample used for the determination of the diss-
olved organic carbon is filtered through a 0.45 m membrane
filter and is preserved with sulfuric acid or with mercury
(1I1) chloride. The sample used for total organic carbond
determination is not filtered, and the sample is kept cold

at 3 to 4°C untill it is analysed.
Principle

The sample is homogenized and diluted as necessary
and a umicroportion is injected into a heated reaction chamber
packed with an oxidative catalyst such as cobalt oxide. The
water is vaporized and the organic carbon is oxidized to
€O, and H,0. the CO, from oxidation of organic and inorganic
carbon is transported in the carrier gas streams and

is measured by means of a nondispersive .infrared analyzer.
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"Because total carbon is measured, inorganic carbon{IC)
must be measured separately and total organic carbon

(TOC) obtained by difference.

Measure IC by injecting the sample into a separate
reaction chamber packed with phosphoric acid-coated quartz
beads. Under - the acidic conditions, all IC is converted to

co which is measured. Under these conditions organic carbon

2l
is not oxidized and only IC is measured.

Interference

Removal of carbonate and bicarbonate by acidification
and purging with purified gas results in the loss of volatile
organic substances. The volatiles also can be. lost during
sample blending, particularly if the temperature is allowed
to rise. Another important loss can occur if large carbon-
containing particles fail to enter the needle used for injec-

tion.
Reagent

i) Reagent water: Prepare blanks and standard solutions
from carbon-free water preferably used carbon-filtered, re-

distilled water.

ii} phosphoric acid, H3P04, Conc. Alternatively use

sulfuric acid, HZSO4.

iii) Organic carbon stock solution: Dissolve 2.1254g
anhydrous potassium biphthalate, C9H5K04 , in carbon free
water and dilute to 1000 mL; 1.00 mL = 1.00 mg carbon. Alter-

natively, use any other organic-carbon-containing compound
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of adequate purity, stability and water solubility. Preserve

by acidifying with H3P04 or 1-12504 to pH<2,

iv) Inorganic carbon stock solution : Dissolve 4.4122g
anhydrous sodium carbonate, N32C03, in water, add 3.4 g
anhydrous sodium bicarbonate, NaHCO , and dilute to 100

mL; 1.00 mL = 1.00 g carbon. Do not acidify.

v) Carrier gas: Purified oxygen or air, CO,-free and

2
containing less than 1 ppm hydrocarbon {asmethane).

vi) Purging gas: Any gas free of CO2 and hydrocarbons.
Procedure

i) Instrument operation : Follow manufacturer's instru-
ctions for total organic carbon analyzer assembly, testing,
calibrat.on, and operation. Adjust to optimum cumbustion
temperature (900°C) before using instrument, monitor tempera-

ture to insure stability.

ii) Sample treatment : If a sample contains gross solids
or insoluble matter, homogenize untill satisfactory replica-
tion is obtained. Analyze a homogenizing blank consisting
of reagent water carried through the homeogenizing treatment.

1f i;organic carbon must be remcoved before analysis,
transfer a representative portion of 10 to 15 mL to a 30-mL
beaker, add conc l-I3P04 to reduce pH to 2 or less, 'and purge
with gas for 10 min. Do not use plastic tubing. Inorganic
carbon alsc may be removed by stirring the acidified sample
in the beaker while directing a stream of purgified gas into
the beaker. Because volatile organic carbon will be lost
during purging of the acidified solution, report organic
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carbon as total nonpurgeable organic carbon.

‘If the available instrument provides for a separate
determination of inorganic carbon and total carbon, omit
decarbonation and proceed according to the manufacturer's
directions to determine .TOC by difference between TC amd

IC.

iii) Sample injection:  Withdraw ‘a portion of prepared
sample using a syninge fitted with a blunt-tipped needle.
Select sample wvolume according to manufacturer's direction.
Stir samples containing particulates with a magnetic stirrer.
Select needle size consistent with sample particulate size.
Inject samples and standards into analyzer according to manu-
facturer's direction, and record@ response. Repeat injection
until consecutive peaks are obtained that are reproducible

to within & 10%.

iv) Preparation of standard curve: Prepare standard
organic and inorganic carbond series by diluting stock solu-
tions to cover the expected range in samples. Inject- and
record peak height of these standards and a dilution water
blank. Plot carbon conceﬂtration in mg/L against corrected
peak height in millimeters on rectangular coordinate paper.
This is unnecessary for instruments provided with digital

readout of concentration.
Calculation

i) Calculate corrected peak height of standards and
samples by subtracting the reagent-water blank peak height

from the standard and sample peak heights.
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ii) Prepare a standard curve of corrected peak height

vs. TOC concentration.

iii) Subtract the procedural blank from each sample peak

height and compare to the standard curve to determine carbon

content.
iv) 2pply the appropriate dilution factor when necessary.
v) Subtract the inorganic carbon from the total carbon

when TOC is determined by difference.
Reporting

UnitS...ieanreresnsess Mg/L,
FOIM{S).esveusennseres CArbon,

Significant figures... Two or three.
3.3.4 0il and Grease

In the determination of oil and grease, an absolute
quantity of a specific substance is not measured. Rather,
groups of substances with similar physical characteristics
are determined gquantitatively on the basis of their common
solubility in trichlorotrifluorcethane. 0il and grease is
any material recovered as a substance soluble in trichloro-
trifluorcethane. It includes other materials extracted by
the solvent from an acidified sample (such as sulfur compounds
certain organic dyes, and chlorophyll) and not volatilized

during the test.

0oil may'be present in anatural waters from the decom-
position of plankton and/or higher forms of aquatic life.

Most of oil and grase are insoluble in water but can be emul-
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sified or saponified by alkalis, detergents and other chemi-
cals. Some lighter petroleum fractions evidence a slight
water solubility and may form a slick on the water surface
oil and grease in water generally' indicates pollution from
industrial wastes. Certain constituents measured by the oil
and grease analysis may influence waste water treatment system.
If present in excessive amounts, they may interfere with
aerobic and anaerobic biological processes and lead to decrea-
sed waste water treatment efficiency. When discharged in
waste water or treated effluents, they may cause surface
films and shoreline deposits leaaing to environmental degra-

dation.
Principle

Dissolved or emulsified oil and grease is extracted
from water by intimate contact with trichlorotrifluorcethane.
Some‘ extractables, especially unsaturated fats and fatty
acids, oxidise readily, hence special precautions regarding
temperature and solvent vapor displacement are included to

minimize this effect.
Interference

Trichlorotrifluorcethane has the ability to dissolve
not only oil and grease but also other organic substances.
Solvent removal results in the loss of short chain hydrocar-
bons and simple aromatics by volatilization. 1In addition,
heavier residuals of petrole.m may contain a significant

portion of materials that are not extractable with the solvent.



Reagents
i} Hydrochloric acid, HCl, 1 + 1.

ii) Trichlorotrifluoroethane (1, 1, 2-trichloro-1,2,2-

trifluorcethane boiling point 47°C.
Procedure

i) Collect about 1L of sample in a wide mouth glass
bottle and mark'sample level in bottle for later determina-

tion of sample volume.

ii) Acidify the sample to pH 2 or lower (generally,

5 ml, HCl is sufficient) and transfer to a separatory funnel.

iii) Rinse sample bottle with 30 mL trichlorotrifluoro-
ethane and add solvent washings to separatory funnel. Stopper
and shake vigorously for 2 min. However, if it is suspected
that a stable emulsion will form, shake gently for 5 to 10

min.

iv) Remove the stopper and allow the funnel to stand

undisturbed for 10 min. While the layers separates.

v) Drain solvent layer through a funnel containing
solvent-moistened filter paper into a clean, tared distilling

flask.

vi) Extract twice more with 30 mL solvent each. Combine
extracts in distilling flask and wash filter paper with an

additional 10 to 20 mL solvent.

vii) Distill solvent from distilling flask in a water
bath at 70°C place flask on a water bath at 70°C for 15 min.
and draw air through it with an applied vacuum for the final
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1 min.,
viii) Cool in a desicatorfor 30 min. and weigh.
Calculation

If the organic solvent is free of residue, the gain
in weight of the tared distilling flask is mainly due to

oil and grease.

(A - 8) x 1000
Volume of sample, mL

0il and grease, mg/L =

where,
A = Gain in weight of tared flask, mg and
B = Residue from solvent blank afte: evaporation
Reporting
Units...c.vceenan.. vee.m3y/L,
Form(s)....coveeennn .. 0il and grease,
Significant figures... Two,
3.4 Metal
3.4.1 Determinationof sodium and potassium by flame photometry

Flame phofometry is an elegant method of rapid analy-
sis of sodium, potassium calcium, etc., and other alkalies
and alkaline earth elements. These chemical elements provide
a flame of gas with a characteristic colouring. A test solu-
tion is atomized and blown into the gag burner and the inten-
sity of colour lines of the spectrum isolated by filters
is measured by a photocell. This is a measure of the concen-

tration of the element.

Sodium and potdssium are accurately determined by

this way which no other method permits.
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Sodium

Sodium ,the sixth most common element, is present
in nearly all natural waterson. The levels may vary from
less than 1 mg Na/L to more than 500 mg Na/L. Relatively
high concentrations may be found in brines and hard water
softened by the sodium exchange process. Ratio of sodium
to total cations is important in agriculture-and human patho-
logy. Soil permeability can be harmed by a high sodium ratio.
High pressure boilers require feed water with less than 3mg/L

. . . - 4 v
sodium to sustain efficient operation.
Potassium

Potassium ranks seventh among the elements in order
of abundance, yet its concentration in most drinking waters
seldom reaches 20 mg/L. However, occasional brines contain

more than 100 mg/L potassium,
Principle

Trace amounts of sodium and potassium can be deter-
mined by flame emission photometry at a wavelength of 589
and 766.5 nm respectively. The sample is sprayed into a gas
flame and excitation is carried out under carefully controlled
and_ reproducible conditions. The desired spectral line is
isolated by the use of interference filters or by a suitable
slit arrangement in light-dispersing devices such as prisms
or gratings. The intensity of light is measured by a photo-

tube potentiometer or other appropriate circuit.

Interference

v Flame photometers operating on the internal standard
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principle may require adding a standard 1lithium solution
to each working standard and sample. The optimum concentra-

tion may vary among individual instruments.

Interfernce may occur at sodium to potassium ratios
of 5:1 or greater. Calcium may interfere if the calcium to
potassium ratio is 10:1 or more. Magnesium beging to inter-

fere when the magnesium tco potassium ratio exceeds 100:1%.
Reagents

i) Stock sodium solution : Dissoclve 2.542 g NaCl dried
at 140°C and dilute to 1000 mL with deionised water; 1.00mL=

1.00 mg Na.

ii) - Intermediate scodium solution : Dilute 10.00 stock
sodium solution with deionized water to 100 mL; 1.00 mL=0.100mg
Na. Use this intermediate solution to prepare calibration

curve in sodium range of 1 to 10 mg/L.

iii) Standard sodium solution : Dilute 10,00 mL of inter-
mediate sodium solution with water to 100 mL; 1.00 mL = 0.010mg
Na. Use this solution to prepare calibration curve in sodium

range of 0.1 to 1.0 mg/L.

iv) Standard lithium solution : Use either lithium
chloride or lithium nitrate to prepare standard lithium solu-

tion containing 1.00 mgLi/1.00 mL.

v} Stock potassium solution : Dissolve 1.907 g of
KCl dried at 110°C and dilute to 1000 mL with deionised waterj

1mL = 1.00 mg K.

vi) Intermediate potassium solution : Dilute 10.00mL
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stock potassjum solution with water to 100 mL; 1.00 mL=0.100mg
K. Use this solution to prepare calibration curve in potassium

range of 1 to 10 mg/L.

vii) Standard potassium solution : Dilute 10.00 mL inter-
mediate potassium solution with water to 100 mL; 1:00 ml =
0.010 mg K. Use this solution to prepare calibration curve

in potassium range of 0.1 to 1.0 mg/L.
Procedure

i) Follow manufacturer's recommendations for selecting
proper photocell and wavelength, adjusting slip width and
sensitivity, appropriate fuel and air or oxygen pressure,
and the steps for worm up, correcting for interferences and
flame background, rinsing of burner, igniting sample, and

measuring emission intensity.

ii) Start the electrical supply and switch on the air
supply. Stabilize the air. This needle should be steady at

the mark.

iii) Switch on the gas and maintain the gas fuel mixture

so that the blue flame is seen through the viewing window.

iv) Prepare a blank and sodium or potassium standards
in stepped amounts in any of the following applicable ranges:

0 to 1.0 , O to 10 or 0 to 100 mg/L.

v) Starting with the highest calibrating standard and
working toward the most dilute, measure emission at the res-

pective wavelength.

vi) Prepare a calibration curve from the standards.
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vii) Determine concentration of sample from the calibra-

tion curve.
Calculation

Sodium or potassium mg/L = mg sodium or potassium/L in
portion x D.

where,
D = Dilution ratio
mL sample + mL distilled water
mL sample,
Reporting
Units.....ocieennnnan mg/L.
Form{(s)...............50dium or potassium, dissolved.

Significant figures...Less than 10 mg/L,one decimal
place; 10 mg/L and above,

two significant figures.

3.4.2 Determination of Cadmium,Calcium,Chromium,Cobalt,
Copper, iron, lead, magnesium, manganese, mercury,
nickel, potassium, silver, sodium, strontium, and
zinc by atomic absorption spectrometry.

Atomic absorption spectrometry (AAS) enables metallic
elements to be determined with remarkable sensitivity and
accuracy and is currently the most prevalent method of metal
analysis of water and effluents. Almost every known metallic
element can be determined by means of this tool. In most
cases, trace amount of an element can be identified in the

presence of much higher concentration of other elements.
Two important reasons for the widespread use of
atomic absorption spectrometric analysis are:

i) Sample preparation, in most instances, can be kept
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to a minimum for a great number of elements.

ii) Ease of instrument operation and sensitivity compete

with most analytical methodology.
Cadmium

Cadmium is highly toxic when taken by mouth or
inhaled and has been implicated in some cases of food poison-
ing. Minute guantities of cadmium are suspected of being
responsible for adverse changes in arteries of human kidneys.
A concentration of 200 micrograms per liter has been found
lethal to certain fish. Recent work has shown, however; that
traces of cadmium may be essential to proper diet. Cadmium
can enter a water supply as the result of plating bath or
other industrial discharges or through the deterioration

of galranized plumbing.
Calcium

Calcium, the fifth most common element, is found
in most natural water at levels ranging from zero to several
hundred milligrams per 1liter, depending on the source and
treatment of the water. Small concentrations of calcium carbo-
nate combat corrosion of metal pipes by laying down a protec-
tive coating. Appreciable calcium salts, on the other hand,
precipitate on heating te form harmful scale in boilers,
pipes, and cooking utensils. Calcium contributes to the hard-
ness properties of water and test results usually are report-

ed as calcium hardness (mg/L equivalent calcium carbonate).

Chromium

Chromium may be present in water as the hexavalent
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or the +trivalent form, although trivalent chromium rarely
occurs in potable water. Hexavalent chromium enters a water
supply through industrial wastes. From metal plating baths
and from industrial cooling towers where chromate is used
to inhibit metal corrosion. Chromium is an obiectionable
contaminant in public drinking water supplies due to its
suspected carcinogenic effect. Chromium present in potable
waters above a 3 ug/L level indicates the presence of indus-
trial wastes. Concentrations greater than 50 pwg/L are suffi-

cient grounds for rejection of the water supply.
Cobalt

Seldom found in natural waters, coﬁalt often is
present in industrial wastewaters as a corrosion product
of stainless steel, nickel or cobalt alloys, and from metal
plating baths. Cobalt is considered to be relatively nontoxic
to man. The toxicity of cobalt to aquatic life indicates
that tolerances vary widely and are influenced by species,

pH, synergetic effects and other factors.

[

Copper

Copper may occur in natural water, w&stewaters and
industrial effluents as soluble ccopper salts or as precipi-
tated copper compdunds on suspended solids. . Trace amounts
of copper are necessary for normal body metabolism and its
absence is known to céuse nutritional anemia in children.
Large oral doses of copper can cause emesis and may eventually
result in liver damage. Though copper salts are often added

to pounds to contreol aguatic plant life, large amounts have
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been shown to be toxic to fish. Copper generally is not consi-
dered a health.hazard, but more than 1 mg/L copper can impart
a bitter taste to the water. The average concentration of
coper is potable waters is 0.03 mg/L and occasionally will

range upto 0.6 mg/L in natural water from some areas.
Iron

Natural waters contain variable but minor amounts
of iron despite its wuniversal distribution and abundance.
Iron in ground water is normally present in the ferrous
(Fet* ) or soluble state which is easily oxidized to ferric
{(Fet**) ‘or insoluble iron on exposure tc air. Iron can enter
a water system by leaching natural deposits, from iron-bearing
industrial wastes, effluents from picking operations, or

acidic mine drainage.

Iron jin domestic water supply systems stains laundry
and porcelain, causing more of a nuisance than a potential
health hazard. Taste thresholds of iron in water are 0.1
mg/L ferroys iron and 0.2 mg/L ferric iron, giving a bither
or astringent taste. Water ‘used in industrial processes
usually contain less than 0.2 mg/L total iron. Domestic water
supplies containing more than 0.3 mg/L total iron should

be rejected due to staining and taste considerations.
Lead

Lead seldom is fﬁund in ground water in more than
trace quantities and averages about 10 u g/L. Natural waters
also contain very low levels of lead due to its tendency
to be precipitated by a large number of substances. The level
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of lead in public water supplies usually is very low (less
than 103ug/L) unless storage tanks have been painted with
a lead-base paint or lead piping or fixtures have been used

in the delivery system.

Lead, a serious poison, tends to accumulate in the
bone structure when ingested in levels exceeding the natural
elimination rate of about 300 pg Pb/day. Accumulation of
significant amounts of lead in the body may result in severe

and permanent brain damage, conrulsions and death.

Lead in water normally indicates the intrusion of
industrial, mine or smelter wAstes or the decomposition of
lead plumbing fixtures and pipes. The exact amount of lead
which constitutes a lethal dose is not known but more than
50 u g/L lead in drinking water is considered grounds for

rejection of the supply.
Magnesium

Megnesium ranks eighth among the elements in order
of abundance and is a common constituent of natural water.
It contributes to the hardness properties of water and break
down when heated forming scales in boilers. Concentrations
greater than 125 mg/L also can have a cathartic and. diuretic
effect. Chemical softening, reverse osmosis, electrodialysis,
or ion-exchange reduces the magnesium and associated hardness
to acceptable levels. The level of magnesium may vary from
zero to several hundreds milligrams per liter, depending

on the source and treatment of the water.
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Manganese

Manganese is present in ground waters as the divalent
ion (Mn**) due to lack of subsurface oxygen. Surface waters
may contain combinations of manganese in various oxidation

states as soluble complexes or as suspended particles.

The occurrence of manganese in public water supplies
presents more of an economic problem than a potential héalth
hazard. Manganese causes dark stains in laundry and on plumb-
ing fixtures, tends. to deposit in water lines, and imparts
an objectionable task to beverages such as coffee and tea.
Manganese in natural waters rarely exceeds 1 mg/L, but levels
of 0.1 mg/L are sufficient to cause taste and staining pro-
blems. The maximum allowable manganese level in public water
supplies 0.05 mg/L with the total iron plus manganese content

not to exceed 0.3 mg/L.
Mercury

Mercury is not commonly found in natural waters
and its presence indicates pollution by industrial wastes
from metal processing, pharﬁaceutical or chemical manufactu-
ring plants. Mercury also can enter the water system through
agricultural pesticide, herbicide and fungicide residues,
or through residual medicinal compounds. Organic phenyl and
alkvl mercury residueé (typically as phenyl mercuric acetate
or methyl mercury) are the most commonly found mercury com-
plexes in water and have identical toxicity properties to

elemental mercury.

Proleged mercury ingestion can cause loss of .uscle
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control, kicaey damage, personality. changes .and permanent
brain damage. Both inorganic and organically bound forms
of mercury can be absorbed through the skin, causing burns
and damage to internal membranes. Acute dosages in humans

usually cause death within 10 days. .
Nickel

Nickel, seldom found in natural 'waters, is often
present in industrial wastwaters as a corrosion present is
industrial wastewaters as a corrosion product of stainless
steel and nickel alloys product of stainless steel and nickel
alloys and from metal plating bathspoddskel is considered
relatively nontoxic to man. The toxiditymafiinickel to aquatic
life indicates that tolerances vary widalsr aptli are influenced
by species, pH, synergetic effect® and othem-~factors. Nickel
salts at concentrations between 0.5 to 1.0 mg/L have been

shown to be injurious to a number of plant species.
Potassium

Potassium ranks seventh among the elements in order
of abundance, yet its concentration in most drinking water
seldom reaches 20 mg/L. However, occasional brines contain

more than 100 mg/L potassium.
Silver

Silver can cause argyria, a permanent,  blue-gray
discoloration of the skin and eyes that imparts a ghostly
appearance. Concentrations in the range of 0.4 to 1 mg/L

have caused pathological changes in the kidneys, liver and
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spleen of rats. Toxic effects on fish in fresh water have
been observed at concentration as low as 0.1 M g/L. Relati-
vely small quantities of silver are bactericidal or bacterio
static and find limited use for the disinfection of swimming

pool and waters.
Sodium

Sodium, the sixth most common element, is present
in nearly all natural waters. The levels may vary from less
than 1 mg Na/L to more than 500 mg Na/L. Relatively high
concentration may be found in brines and hard water softened
by the sodium exchange process. Ratio of sodium to total
cations is important in agriculture and human pathology.
Soil permeability can be harmed by a high sodium ratio. High
pressure boilers require feed water with less than 3 mg/L

sodium to sustain efficient operation.
Strontium

A typical alkaline-earth element, strontium chemi-
cally resembles calcium and causes a positive error_in gravi-
metric and titrimetric methods for the determination of cal-
cium. Because it has a tendency to accumulate in bone, radio-
active strontium 90, with a half-life of 28 years, presents
a well-recognized peril to health. Naturally occurring stron-
tium is not radicactive. For this reason, the determination
of strontium in a water supply should be supplemented by
a radiological measurement to exclude the posibility that
the stroptium content may originate from radioactive conta-

mination.
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Zinc

Zinc is essential to human metabolism and has been
found necessary for proper body growth. High concentrations
of zinc in water act as stomach irritants but the effects
are temporary. Concentrations above 5 mg/L show nc harmful
physiological effects but can cause a bitter taste and/or

an opalescene in alkaline drinking water.

Zinc concentration in most water supplies average
about 1 mg/L hut may range as high as 50 mg/L in some area.
though zinc is commonly found in many natural waters, the
deterioraticon of galvanized iron and leaching of brass can
add substantial amounts. Industrial effluents may contribute
large amounts of zinc, and high concentrations suggests the
presence of lead and cadmium, common impurifies from the
glavanizing process.

Principle

Atomic absorption spectrometry resembles emission
flame photometry in that a sample is aspirated into a flame
and atomized. The major difference is that in flame photometry
the amount of light emitted is measured, whereas in atomic
ébsorption spectrometry a light beam is directed through the
flame, into a monochromator, and on to a detector that measures
the amount of light absorbed by the atomized element in the
flame. For many metals difficult to determine by flame emi-
ssion, atomic absorption exhibits superior sensitivity. Be-
cause each metal has its own characteristic absorption wave-

length, a source lamp composed of that element is used, *this
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makes the method relatively free from spectral or radiation
interferences. The amount of energy of the characteristic
wavelength absorbed in the flame is proportional to the con-

centration of the element in theé sample.
interference

The most troublescme +type of interference result
from the lack of absorption by atoms bound in molecular com-
bination in the flame. This can occur when the flame is not
hot enough to dissociate the molecules or when the dissoci-
ated atom is oxidized immediately to a compound that will
not dissociate further at the flame temperature. Such inter-
ferences may be reduced or eliminated by adding specific
elements or compounds to the sample solution. For example,
the interference of phosphate. in the magnesium determination
can be overcome by adding lanthanum. Similarly, introduction
of calcium eliminates silica interference in the determination

of manganese.
Reagents

i) Air, cleaned and dried through a suitable filter
to remove oil, water and other foreign substances. The source

may be a compresscr or commercially bottled gas.

ii) Acetylene, standard commercial grade. Acetone, which
always is present in acetylene cylinders, can be prevented
from entering and damaging the burner head by replacing a

cylinder when its pressare has fallen to 689 KPa acetylene.

iii) Metal free water: Use metal free water for preparing

all reagents and calibration standards and as dilution water.
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Prepare metal free water by deioniging tap water.

iv) Calcium solution: Dissclve 630 mg calcium carbonate
in 50 mL of 1 + 5 HCL. if necessary, heat and boil gently

to obtain complete solution. Cool and dilute to 1000 mL with

water.
v) Hydrochloride acid, conc.
vi) Lanthanum solution: Dissoclve 58.65 g lanthanum oxide,

La203, in 250 mL conc hydrochloric acid add acid slowly

until the material is disseolved and dilute to 1000 mL with

water.

vii) Hydrogen peroxide, 30%

viii) Nitric acid, conc.

ix) Standard metal solutions: Prepare a series of standard

metal solutions in the optinum concentration range by appro-
priate dilution of the following stock metal solutions with
water containing 1.5 mL conc HNO3L. Use reagents of the highest

purity. For hydrates, use fresh reagents.

Cadmium: Dissolve 1.000 g cadmium metal in a minimum
volume of 1 + 1 HCL. Dilute to 1000 mL with water, 1.00 mL

= 1.00 mg Cd.

Calcium: To 2.497 g CaCO, and 50 mL water and add

3
drepwise a minimum volume of conc HCl (about 10 mL) to complete
solution. Dilute to 1000 mlL with water; 1.00 mL = 1.00 mg
Ca.

Chromium: Dissolve 2.87”8 g anhydrous potassium dichro-

mate KZCr2 77 in about 200 mL water, add 1.5 mL conc HN03, and
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dilute to 1000wl with water; 1.00 mL = 1.00 mg Cr.

Cobalt: Dissolve 1.407 g ccbaltic oxide, CD203, in 20 mL hot

oonc HCl. Cool and dilute to 1000mL with -water; 1.00 mL = 1.00 mg Oo.

Copper: Dissolve 1.00 g copper metal in 15 mL of 1 +1 lﬂ)sand

and dilate to 1000 mi.with water; 1.00 mL = 1.00mg Cu.

Iron: Dissolve 1.00-gironwirein50m1.of1+1m3axﬂdilute

to 1000 mL withwater ; 1.00 mL = 1.00 mg Fe.

iead: Dissolve 1.59 g lead nitrate, pb(m3)2, in about 200
'

' nl-water, add 1.5 mL conc HNO,, and dilute to 1000 mL with water; 1.00 ml=

1.00 my Fo.

‘Magnesiwm : Dissolve 4.952 g magnesium sulfate, MnS0, in 200 mL
vater, add 1.5mLc:mc!-w3 and dilute to 1000 mL -with water, 1.00 mL =
1.00.-mg Mg.

‘Maganese: Dissolve 3.076-g manganous sulphate, mso4.1{20, in
about 200 mi water, add 1.5 mL conc l'm3, and dilute to 1000 mL with water
1.00 niL. = 1.00 mgy Ma.

Mercury: Dissolve 1.354. g mercuric chloride, ngC12, in about
700 mL water, add 1.5 mL conc }moa, and dilute to 1000 mL with water;

1.00 nL = 1.00 my Hg.

Nickel: Dissolve 1.273 nickel oxide, NiC, in a minimum volume

of 10% (v/v) HCl and dilute to 1000 mlL with water; 1.00 mL = 1.00 mg Ni.

Potassium: Dissolve 1.907 of potassium chloride, KCl, in water
and make up to 1000 mL ; 1.00 mL = 1.00 my K.
Silver: Dissolwve 1.575 of silver nitrate, Agm3, in water, and
add 1.5 mL conc HNO,, and make upto 1000 mL, 1.00 mL = 1.00 mg Ag.
Sodium: Dissolve 2.543 g sodium chloride,Nacl,dried at 140°C in
water and make up to 1000 mL ; 1.00 mL = 1.00 my Na.
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Strontium: Dissolve 2.45 g strontium nitrate, Sr(NO,),, in.1000 mL

of 1% {v/v) HNO,; 1.00 mL = 1.00 mg Sr.

33
Zinc: Dissolve 1.00 g zinc metal in 20 'mL 141 -HCl and

dilute to 1000 mL with water; 1.00 mL = 1.00 mg Zn.
Procedure

iy - Instrument Operation

Install a hollow. cathode lamp for the desired metal
in the instrument and roughtly set the wavelength dial accor-
ding to table 6. Set slit width according tc manufacturer's
suggested setting for the element being measured. Turn on
instrument, apply to the hollow-cathode lamp the current
suggested by the manufacturer, and let instrument warm up
untill energy source stabilizes, genérally 10 to 20 min.
Readjust current as necessary after warm up. Optimize wave-
length by ~adjusting wavelength dial until optimum energy
gain is obtained. Align lamp in accordahce with manufaéturer's

instructions.

Install suitable burner head and adjust burner head
position. turn on air and adjust flow. rate to that Specified
by - manufacturer to give maximum sensitivity for the metal
being measured. Turn on acetylene, adjust flow réte to value
specified and ignite flame. Aspirate a standard solution
and adjust aspiration rate of the nebulizer to obtain maximum
sensitivity. Atomize a standard {(usually one near the middle
of the linear working range} and adjust bufner both up and
down and sideways to obtain maximum response. Record absor-

bance of this standard when freshly prepared and with a new

hollow-cathode lamp. The instrument now is ready to operafe.
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Table § : Atomic Absorption Concentration Ranges with
Direct Aspiration Atomic Absorption

Element Wave Flame Detection Sensitivity  Optimum
length Gases* Limit mg/L Conc
mm mg/L , range
mg/L
o 228.8 a-Ac 0.002 0.025 . 0.05-2
ca 422.7 A-AC 0.003 0.08 0.2-20
cr 357.9 AAc 0.02 0.1 0.2-10
0o 240.7 A-Ac 0.03 0.2 0.5-10
Cu 324.7 A-Ac 0.01 0.1 0.2-10
Fe 248.3 A-Ac 0.02 0.12 0.3-10
Hg 253.6 A-Ac 0.2 7.5 10-300
™ 283.3 A-Ac 0.05 0.5 . 1- 20
Mg 2685.2 A-Ac ' 0.0005 0.007 0.02-2
M 279.5 a-Ac 0.01 0.05 0.1-10
Mi 232.0 AAc . 0.02 0.15 0.3-10
K 766.5 Adc 0.005 0.04 0.1-2
Ag 328.1 A-Ac - 0.01 0.06 0.1-4
Na 589.0 A-Ac 0.002 0.015 0.03-1
Sr . 460.7 A-Ac . 0.03 0415 0.3-5
Zn 213.9 A-Ac 0.005 0.02 0.05-2

*A-Ac = air-acetylene

+ The mor sensitive 217.0 nm wa(relength is recommended for instru-
ments with background correction capabilities.
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When anaiysis are finished, extinguish flame by turning off

first acetylene and then air.

ii) Standardization

Select at least three concentrations of each standard
metal solution to bracket the expected metal concentration
of a sample. Aspirate each in' turn into flame and record
absorbance. For Ca and Mg calibration, mix 100 mL of standard
with 10 mL lanthanum solution, before aspirating. For Cr
calibration mix 1 mL 30% H,0, with each 100 mL Cr solution

before aspirating. For Fe and Mn calibration, mix 100 mL

of standard with 25 mL Ca solution before aspirating.

Prepare a calibration curve by plotting on linear
graph paper absorbance of standards versus their concentra-
tions. For instruments equipped with direct concentration
readout, this step 1is unnecessary. Plot calibration curves
based on original concentration of standards before dilution

with lanthanta calcium or hydrogen peroxide solution.

iii) Analysis of sample-
Rinse nebulizer by aspirating water containing 1.5
mL conc HN03/L. Atomize blank and zero instrument. Atomize

sample and determine its absorbance.

When determining Ca or Mg, dilute and mix 100 mL
sample with 10 mL lanthanum solution before atomization.
When determining Fe or Mn, mix 100 mL with 25 mL Ca solution.
when determining Cr, mix 1 mL H,0, with each 100 mL sample
before aspirating.

115



Calculation:

Calculate concentration of each metal ion by referr-
ing to the appropriate calibration cuwrve prepared according
to the above procedure. .
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4.0 CONCLDSION

Myencies 1like water works, industrial organisation,
-water pollnticn:fwx ‘beards are required ‘to -amiyse -watey
waste water sewples. The present manual may be meul to
field agencies -who m engayed in water quality analysis
work as an extession work. ‘rhe results of analysis may -'he
interpreted to suit a :par-ticular- purpose of either surveill-
ance of -water guality, of effluent quality or to assess the
:-p.zmvnf.htérmer:treamt “plant. | '
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APPENDIX - I

*
INDIAN STANDARDS FOR DRINKING WATER

Characteristics

S1.No. Desirable Limit
1. Colour, Hazen units, Max 10
2. Odour Unobjectionable
3. Taste Agreeable
4. Turbidity, NTU, Max 10
5. Pisselved_s61ids,; wg/L; Max 500
6. pH Value 6.5 to 8.5
7. Total hardness {(as CaCO },mg/L 300
Max.
8. Calcium {as Ca), mg/L, Max 75
9. Magnesium (as Mg), Mg/L, Max 30
10. Copper {as Cu), mg/L, Max 0.05
11, Iron (as Fe), Mg/L, Max 0.3
12, Manganese (as Mn), Mg/L, Max 0.1
13. Chlorides{as Cl), mg/L, Max 250
14. Sulphate (as 504), mg/L, Max 150
15. Nitrate (as NO3). mg/L, Max 45
16. Fluoride (as F}, mg/L, 0.6 to 1.2
17. Phenolic compounds (as CGH OH) 0.001
mg/L, Max
18. Mercury {(as Hg), Mg/L, Max 0.001
19. Cadmium (as Cd), mg/L, Max 0.01
20. Selenium (as Se}, mg/L, Max 0.01
21. Arsenic (as As), mg/L, Max 0.05
22. Cyanide (as CN), mg/L, Max 0.05
23. Lead (as Pb), mg/L, Max 0.1
24. zinc (as Zn), mg/L, Max 5
25. Anionic detergents (as MBAS), 0.2
mg/L, Max
26. Chromium (as Cr6+), mg/L, Max 0.05
27. Polynuclear aromatic hydrOﬂarbons -
{(as PAH), ug/L, Ma:
28, Mineral oil, mg/L, Max 0.01
29, Residual, free chlorine, mg/L, Min 0.2
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30. Pesticides , | Absent
31. Radioactive materials: )
a)' Alpha emitters,u c/mL,Max 10
'b) Beta emitters, , c/mL,Max . 10

* IS : 10500 - 1983
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APPENDIX - IIX

List of Indigeneous Equipment Available for Water

Analysis.

1. pH Meter

2, Conductivity Metex

3. Dissolved Oxygen meter
4. Turbidimeter -
5. Flame Photometer

6. Water Testing Kit

7. uv-vis Speétrophotometer
8. Specific Ion Meter

9. Autoclaye

10+ Electronic Balance

1t. BOD Incubator

12. Centrifuge

13. Deep Freezer

14. Muffle Furnace

15. Oven (hof air)

16. Hot Plate

17. Distillation Assembly
18.° Magnetic Stirrer with Hot=21ate
19. Filtration Pump (Vacuup)‘
20.' Water Bath (Thermostatic)

124



APPENDIX - IV

List of Manufacturersof Water Analysis Equipment

1. M/S Systronics
69/5A, Patwari Trust Compound
Shivaji Marg, New Delhi-110015.

2, M/S Toshniwal Brothers Pvt. Ltd.
3E/8, Jhandewalan Extension,
New Delhi-110055

3. M/S Elico Pvt., Ltd.,
2-E/6, Jhandewalan Extension,
New Delhi - 110055.

4. M/S Control Dynamics Company,
3, Int. Floore, Satya Mansion,
Ranjit nagar Community Centre,
New Delhi - 110008.

5. M/S Phillips India Ltd.,
68, Shivaji marg
New Delhi - 110015

6. M/S Century Instruments {P) Ltd.,
5.C.0. 289, Sector 35-D,
Chandigarh - 16003%..

7. M/S Naina Electronics (P) Ltd.
181/6, Industrial Area,
Chandigarh - 160002,

8. M/S Narang Scientific Works Pvt. Ltd.,
C-255, Mayapuri Industrial Area,
Phase-II, New Delhi - 110064.

9. M/S A.J. Enterprises,
3/224, Vishnupuri,
Kanpur - 208002.

10. M/S Remi Equipments,
14, Shah Industrial Estate,
Veera Desai Road,
Andheri (West),
Bombay - 400058.
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