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ABSTRACT

To assess and monitor the quality of]
walter/water bodies, required
observations range from simple

colour, odour, presence of suspended
matter to complicated physical
apalysis of spectral image for surfuce
mapping of natural water bodies for
colour and temperature and chemical
analysis for natural and man-made
organics, inorganics and radio
nuclides. The routine instruments 1o
meet the above requirement comprise
of plf meters for acidity and alkalimty
measurements,  nephelometers  for

turbidity, conductivity meters for salt{’

conlent,  specirophotometers  for
nutrients and major elements, atomic
absorption  spectrophotometers for
metals including toxic ones, ion
selective electrodes for oxygen and
halides, gas chramatagraphy  for
urganic contaminanis/iraces,
scintillation  and  Geiger-Mueller
counters  for  radie  nuclides
measurements. Analytical methods
pertaining to thewater quality analysis
Aand the instruments employed were
briefed.

Waler is a vital component for the
existence of life on earth. It is
immensely used for drinking, cooking,
agriculture  including  aquaculture,
wransport and recreation. It is believed
that large bodies of natural water
systcims such as Jakes, rivers, estuarics,
and coaswal walers would not be
affecled by man. Suitability of this
water, for the above mentioned
purposes, depends on its nature of
dissolved and particulate substances.
The impact of over - exploitation of
living and non-living resources
coupled with various types of
pollutants causes many chamges and
destruction in the aquatic environment
and in the conscquent food chain. To

| safeguard human health and maintain
sustainable aquatic ecosystem scveral
countries have now decided to have
national legislation for maintaining the
critical levels of specific substances not
only in drinking water but sewage and
industrial cffluents as well (Tables 1
and 2). In this paper we bricf on the
physico-chemical  and  biological
paramcters to assess thic waler quality
and related instrumental techuiques.

Physical Purameters

The physical parameters considered to
be of significance in water qualily
assessinent  are colour,  odour,
conductivity (total salt content),
temperature and suspended materials
(APHA,1980). Most of  these
parameters can bc measured and
monitored in large areas
simultancously by rcmolc scnsing
techniques.

Colour and Odour

For drinking purpose water should be
free from coloured materials and odour
causing impuritics. The routine
method employed for the colour
measureraent is the visual comparison
which involves the comparison of
colour of the sample with a known
concentration of a coloured solution by
naked eye. Odour is measured as
‘odour threshold’ by  diluting the
sample with odour-frec water till the
individual's Icast perception of the
odour. However, this might involve o
bias in the mcasurement as this
perception varies from person to
person.

Conductivity (Total salt content)

Natural waters contain some amounts
of dissolved substances that are
essential for the biota. If the total
quantity of these is increased the

resultant  higher concentration of
minerals might affect the physiology of
the biota. The total content of
inorganic substances in water can be
measured 6y argentimetric titration or
by conductivity technique. In the
argentimetric technique, which is
widely used, the water saple s
titrated agaiust a standard solutivn of
silver nitrate which gives the total
halides present in the sample. This
quantity, known as chloninity, could be
converted to the total dissolved solids
or salinity (Grasshoff, 1976). In the
conductimetric technique the
conducuvity of the sample dug w the
current carried by dissolved cations
and anions is measured and compired
with a standard solution of known
conductivity. For the measurement of
the conductivity a conductivity ceif and
Wheatstone bridge are used. The
highly sensitive conductivity wicters
such  us  AUTOSAL  salinomwier,
manufactured by Guildline
Instruments, are exclusively used for
estuarine and marine environmeatal
studics (Anonymous, 1984). The
current signal sensed s proportional to
the conductivity of the sample in which
the sensing head is immersed. In
AUTOSAL only 50 m! sample is
sufficient to measure to an accuracy of
1 ppm.

Temperature

Heat is discharged into the water
bodics at the vicinity of nuclear power
plants, occun thenal encrgy  plas,
tndustrial  cooling  operations,
Thermal polluuon has both a postve
and negative impact on the ecology of
the aquatic biota- A sudden shut down
of the above opcrations causes d
serious damage -to the ecosystem. At
the source region of thermal efflucnts
tempcrature  is  monitored  with
thermometers whereas, in the sink
region of water body, bucket type
thermometers, portable CTD profilers
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and Expendable Bathy Thermographs
(XBT) are advantagcous sincc the
temperature gradient is wide spread in
the surfacc as wcll as with depth.
Bucket thermomcter is an ordinary
thermometer  placed in a hollow
thermally insulated cvlinder which is
completely scaled at onc end to retain
somc water at the scnsitive portion of
the thermometer in order to mcasurc
the temperaturc. XBT consists of an
cxpendablc  probe  in which s
cmbedded a thermistor which scenses
the temperature when launched into
sca watcr at the discharge point. The
changes in the thermistor's resistance
is proportional to the (emperaturc
variations and is comverted o
equivalent voltage and recorded on a
strip chart recorder of deck unit
(Anonymous, 1990) as a temperalure-
depth profile.  Thermo-Salinographs
arc used from ships for continuous
monitoring for both temperature and
salinity of sca surface waters. Surface
sea water is pumped and air-bubble-
freed in a special chamber and then the
clectrical conductivity (and henee
saliniy)  and  temperature are
accuratcly rccorded on a strip-chart
recorder as a function of time.

Suspended material

The suspended solids in unpolluted
walers comprisc of mineral and
organic materials of different sizes. To
this the industrial cfMluents  add
hydrophilic and hydrophobic colloidal
particulates. The amount of suspended
solids can be quantified by
conventional  filtration/gravitational
sctticmenit and nephelometric methods.
The tmpact of suspended particles on
light transmission in water bodics is
asscssed with irradiameter.

In the conventional filtration mcthod
the water sample is filtered through a
filter paper of specified porosity under
vacuum. The turbidimetric technique
involves the measurcment of amount of
light absorbed whereas the
nephelometric technique invohves the
measurement of scattered light. The
amounts of light absorbed and
scattered.  respectively.  will  be
proportional to the amount of particles.

Irradiamcicr scnses and measurcs the
light filtered (of a specificd bandwidth)
through its  (cflon  sphere  or
hemisphere. By making mecasurements
of light intensity at different depths
and that of ambicnt at surfacc of a
water body the attenuated
light/aticnuation  cocfTicicnt can  be
mcasurcd (Anonymous, 1977).

Physical parameters’
assessiment by Remote sensing
techniques

In passivc remotc sensing infrared or
microwave radiations emanating from
sca surface arc reccived by scnsors on
board satcllitcs. Whercas in active
remote sensing lechnique microwave
pulscs (radar) of typical wave length
arc transmitted from aircrafis or
satcllites. The reflected signals will be
senscd by high resolution scnsors. The
CZCS scnsors arc used in mapping of
the sca surface colour (duc to luxuriant
growth of phytoplankton out of
mtricnt poliution and ulso duc to
natural productivily). AVHRR, MSS
and SAR scnsors arc uscd in dclection
and mapping of oilslick movement and
tracing of thermal plumes by mapping
of sca surface temperature. Analysis of
images providc information on the
above surfacc phecnhomena of water
bodics (Barrctt and Curtis. 1982).

Chemical Parameters

In the mcasurcment of chemical
substances in natural watcrs proper
sampling procedure should be adopted
followed by analysis of the sample by
suitable mcans.

Sampling

The precautions in the collection of
waler samples arc to be  strictly
obscrved: lest the sample may be
contaminated or substances may be lost
from thc sample. Samples should be
collected in preclcaned glass or plastic
boltles. For trace metals teflon bottles
arc preferred. For dissolved oxygen.
samplcs are collected in air tight BOD
bottlcs. Water samples are collected
from different depths in large water
bodics such as lakes and thc marine

cnvironmemt. In such cases Nansen.
Niskin, Goflow and Vandorn hottles of
various capacitics arc fixed to the
hyvdrographic wirc driven by winches
in opcn condition and deploved to the
predetermined depths. By means of
messenger operation sample bottles arc
closed at specified depth (Sverdrup et
al, 1942).

Analvsis

Proper  analytical  technique and
instrument are to be employed to get
mcaninglul results as most of the
dissolved substanccs in natural waters
arc present at trace concentrations. In
casc the samples arc not analyzed
immediately. they arc to be stored at
very low temperiatures or by adding a
snitablc preservative, Some  of the
important parameters to be studicd for
mounitoring  water quality arc pH.
Oxygen, Biochemical Oxygen Demand

(BOD). Chemical Oxygen Dcmand
(COD). nutrients  (nitrite,  nitratc.
ammonia, phosphate  and  silicales).

rlphide, cynnide, flunride,  chiogide.
residual chlorine. hardness of water.
mctal ions, organics such as petrolcum
hydrocarbons, oils and grease. phenolic
compounds and pesticides. and
radioactive substances. The analytical
mcthodology for these paramcters and
the related instrumental techniques
were dealt in detail clsewhere (APHA,
1980; Ewing. 1960: Grassholl, 1976:
Rump and Krist.1988 and Vogcl
1978).

pH

pHiis defined as the negative Togarithm
of hydrogen-ion activity which is
considercd 1o be a master variable in
natural water systems. The pH is
mcasurcd by using indicator clectrode
and a reference  clectrode.  The
indicator clectrode consists of a bulb
filled with reference hydrochloric acid
of 0.1 N in comact with the silver-
silver chloride clectrode. The potential
generated duc to the difference in the
hvdrogen activity belween the test
solution and the reference solution in
the bulb will be mecasured by a
potentiometer. This instrument has to
be calibrated through the usc of
appropriate buffcr solutions prior 1o the.
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samplc measurement.’

Oxygen, Biochemical Oxygen
Demaund  and  Chemical  Oxygen
Demand

The waler in aguatic bodics on land
and surface sca water is continuously
in exchange with auuosphere. If the
water quabity deteriorates the oxygen
content would be decreased because of
afer-cffects of cutrophication and large
amounts of organic wastcs. BOD is a
mcasurc of the amount of oxygen
required by thc micro-organisms to
stabilize the organic material. COD is
defined at that oxygen neccded to-
oxsdize the total  organic  material
present by a strong oxidam such as
permanganate. Both BOD and COD
ase indicators of cxtent of orgamic
pollution.

Oxygen can be mcasured through
Winkler's titration and also a sclective
clectiode. In Winkler's tiration the
oxygen in the sample is fixed through
precipitation of Mn(1V)- oxyvhydroxide
in alkahne 1odide solution and later
dissohved in acid 1o hiberate iodine. The
hberatcd 1odine is  titraled  against
thiosulphiate using starch as indicator
Fagusvidents o thiosalphate used
propotional to the oxygen present.

In the ion-sclective clectrode technique
the oxvpen is sensed by an clectrode
consisting of polyctinlene or teflon
membranes  wath specificuy of
permeability to oxygen only. The
oaygen diffused through the membrane
generates clectnie cutrent and so the
current generated wall be proportionat
to the oxyvgen content in the sample.

The BOD and COD arce mcasured as
differences in oxygen coantent at the
e of collcction and afier a stipuluted
period ol tncubation. usually five days.

Nutricnts

Nutrients. mostly nitrates.  ammonia
and phosphates. arc wideh used in
idustry and - agnculture. These
nutrienls Oncluding silicates) oceur in
dissolved and  particulate  forms in
naturgd - waters. The  amounts  of
nutoicis o dissolved  forms can I
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found morc preciscly by colorimetric or
spectrophotometric techniques. In this
technique a nutrient (nitrite) is allowed
to form a colourcd compound (an avzo
dyc in this casc) the colour of which
will be proportional to the nutricnt
present in the sample. The intensity of
colour is propottional to the amount of
light absorbed at a wavclength specific
to the compound and frec from
intcrferences  from  other  dissolved
ions/compounds in solution.  The
spectrophotometer consists of a light
source, usually of tungsien and
deutcrium Jamps for the visible and
ultra-violet ranges of the spucirum,
respectively. A prism or grating is uscd

to split the incident light into
monochromatic  light  bcams  of
different wivelengths. The
wonochromatic  light  that  passes

through the coloured sample solution
reaches a detector which is normally a
photocctl or photomultiplicr. which
senses and multiplies the signal that is
transnitied to display unit.
Colorimeters contain filter in place of
prism or grating and hence arc less
precisc in yiclding specific
wavclenglihs. For instance. good
specirophotometers give a wavelength
resofution less thin | onm whercas o
poad colorimeter could pave the e
withim 20-30 n.. Modern mstrumeits

have facilitics  with  double  bein
arrangeient to climinate the
background - poisc  in the  colour

measuremeritof the sample.

The nitrage ;SS first reduced to nitrite
and the Zandlysis performed for 1he
latter. Phosphatce is found through the
formation  of  phosphomolybdenum
bluc. anumonia as indophenol blue and
silicate as  silicomolybdenum  bluc.
Thus annlyzed nntrients without ny
sample  trcaiment vield  only  the
reactive wons preseat. . Some of these
nutricnts are also present in organic
forms and these can be made reactive
only by the digestion of the  sample
with strong oxidizing agents such as
hydiosen paroxide with UV radiation.
perchionic acwd and/or persulphate.

Sulplig

Sulphide is present in maural waters
only 1 anoxic ar suboxic conditions

formed largely duc o decomposition ol
organic matter whea sulphate acts as a
source or oxygen.  Sulphide is highty
toxic for bioti, Qualiiive test tor the
prescnce  of  sulphides  in water
trcatment is donc by lcad acetate test
involving  exposure  of  hydrogen
sulphide vapors to the lead acctate
paper which turns black. duc to the
formation of lead sulphide.  The
quantitative measurement of sulphide
by spectrophotometric  determination
involves formation of methylene bluc
complex when the sulphide containing
sample is trcated with dimcthyl-P-
phenylencdiamine in the presence of
ferric chloride.

Cyanides

Cyanides are highly toxic 10 aquatic
fauna. Most of the metal cyanides are
sparingly soluble and HCN (hydrogen
cvanide) forms from their hydrolysis.
The  analvtical  methodology  of
cyamdes imvolves the comersion of
crvanides o HON by acidificution and
distillcd HCN 1s estimated cither by
argentimctric  titration  using  P-
dimcthylaminbenzalrhodanine
indicator or spectrophotometrically n
which it weacts with chlommineT and
mebhne-battwane wd wiget
lorming a red bluc dyc.

Chloride

Chilonide is the major anion in natural
waters. Salty taste of the potable water
is duc to the high content of chlorides.
The costimation of chloride is done
argentimetrically as is discussed in
total solids scction.

Residual chlorine

Chlorine in the form of clomental
chlorine or hy pochlorue is added to the
water as disipiective agent. Most pant
of w is prescut as free avadable
chlorine. If the treatment is excessive
it produces adverse eflects.  The
available free chlorine is known as
resid cldorine and s estmated by
widtietne teaion whoen the sample s
devaid  of  osmidizing  and  reducing
agents. Chlorine i the  sample
solution tiberates idine
stoicliomenically  from potassium
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jodide. The liberated ioding is titrated

~with standard sodium thiosuiphate
solution. When the sample is turbid
and impuritics arc prescnt

ampcrometric titration is advantageous
for residual chiorine estimation.

In ampecromctric mcasurcments  the
current produced due to difference in
potentials between a reference and
working clectrodes will be measured.
This mcasured current  will  be
proportional to the residual chlorine
present in the sample. The residual
chlorinc is titrated against
phemyvlarsine and the  amperomietric
coll  consists of  a  nonpolarizable
ofcrence  clectrode  and o readily
polarizable  noble-metal = working
clectrade. The reference clectrode will
be in comact with salt solution while
the working clectrode will be in
contact both with the reference salt
solution and the sample solution. This
titration has to be carricd out belween
pH values 6.5 and 7.5.

Fluorvide

InsufTicient or over consumption of
fluoride by humans lcads 1o heallh
hazards. The fluoride in water can be
cstimated through spectrophotomctric
and 1on selective clectrode techniques.
The  spectophotometric  technique
consists of the colour development by
fluoride rcaction  with  lanthanum-
alizarin complex-one and subsequent
mcasurcment of the absorbance.,

Similar to the mcasurcment of pH.
fluoride also can be mcasured by usc of
specific ion-clectrades.  The fluoride
ion-sclective  clectradde  is gencrally
made of solid stalc wmcmbranc
containing lanthanum fluoride cystals.
The potential developed because of the
diffcrence in fluoride  concentration
between the test solution and the
refecrenee  solution in the  sclective
clectrode is a mcasurc of the fluoride
content in the test solution.  The
potential has to be measured against an
external reference clectrode such as
calomel clectrode.

Hardncss of water

Hardness of water is duc to the
presence of excess carbonates and

sulphates of calciwm and magnesium
and 1s undcsirable for boilers as these
form scales. The cxtent of hardncss
can be found from cstimating the

calcium and magncsium ions. These
ions can be found cither by
complexometric analysis or

spectroscopy. In complexometry., these
ions arc titrated with a complexing
agent such as cthylencdiamine feira-
acclic acid AEDTA) by using suitable
indicators for finding the cnd point.
The amount of EDTA consumcd
during the titttion  would be
proportional to thc concentration of
these ions. Tn the atomic spectroscopy
for these ions. two tyvpes of techniques

could be uscd. Onc is flamc
photometry  and the other atomic
absorplion. A flamc  photometer

consists of a burner/sample chamber. a
filter to allow the monochromatic light
to pass and a dctector unit.  The
samplc solution is sprayed into air-
acctylenc flame in the burncr chamber
where some of the calcium  and
magnesium ions get excited to higher
orbital levels.  When the excited ions
come back to the ground statc. cnergy
is rcleased in the form of light whose
wavelength will be specific 10 the
clement.in question. The use of filler
before the photocell detector unit is 1o
allow only the emitted monochromatic
light for the detection.  This sensed
signal will be passed to the display
unit. The intensity of the light emitted

will  bc  proportional  to  the
concentration  of the clement  in
solution.

The atomic absorplion

spectrophotometer  is  similar 1o a
spectrophotometer  described  in the
scction on nutricnts and comprises of a
sourcc light, a sample compartment
(here consists of burncr/atomizer) and
a detection unit. The source light here
is that cmitted from a hallow cathode
Lamp which consists of a mctal of an
analytec clement. This hotlow cathode
lamp will be filled with an incrt gas
which gets charged and facilitates the
cemission of a particular resonance line.
When the sample is spraved into the
air-acctylenc flamc in the burncr,
atomization of thc ions takes place.
These atoms present in the flame
absorb the incident monochromatic

radiation  from the hollow  cathode
lamp.  The remaining incident light
rcaches the delector.  The absorbed
amount of thc radiation will be
proportional to thc concentration of
clement in the sample solution.

Mectal ions

Although some of the metal ions arc
cssential for biochemical reactions the
presence of high concentrations of
these  will  adversely affect  the
physiology of the organisms. Somc of
the toxic mclals arc mercury. lcad,
zinc, arscnic, sclentum,  chromim,
copper. nickel and cadminm.  The
common analytical tcchniques  for
detecting the melals arc spectroscopy
and polarography.  In the analysis of
mctals  in patural  waters 2
preconcentration  stcp  is necessary
sincc thesc arc  present in  trace
amounts. The preconcentration sicp
normally involves  co-precipitation.
solvent extraction and/or ion exchange.
These technigques will be decided based
in the level and nature of the dissolved
mctal. Aftcr  preconcentration  the
samplc can bc analyzed by atomic
absorption spectroscopy.

In polarography technique. a mercury
pool in contact with the sample
solution is used as the anode and a
hanging mercury drop is the cathode.
When cxiernal voltage is applicd the
mctal ions in solution diffuse towards
the cathodc. at a specific .potential
which is characteristic of the mctal.
and  this  diffTusion  current s
proportional to the concentration of the
metal 1on. The advantage of  this
technique is that the sample docs not
require any preconcentration.
particularly in  regard to  Anodic
Stripping Voltammetry (an offshoot of
Polarography).

Organic compounds

In natural waters presence of dissolved
orgatic subsiances is common but the
increased use of natural and synthetic
organics for human nceds results in the
introduction. of petrolcum
hydrocarbons. oils and greasc, phenolic
compounds and pesticides into the
adjacent aquatic bodics.
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ap  Petroleum  hydrocarbons:-  The
presence of petrolcum hydrocarbons
can bc estimated by fluorescence
spectroscopy. In this technique the
substances present arc activated by
supplying cnergy through a higher
wavelength radiation which is called as
excitation. The substance is excited (o
higher wavelength radiation which is
called as cexcitation. The substance is
excited to higher states on absorption
but comes down to ground state while
cmitting radiant encrgy at a rclatively
fower wavelength to that of exciled
-wavelength.  As this  involves the
measurcment of emitted radiation or
fluorescence  the  detector would  be
placed at right angles 1o that of the
incident  radiation.  The  emitted
radiation would be proportional to the
concentration of petroleum
hydrocarbons in the samplc.

b, Oils and grease: Qils and grease
give undesirable odour 1o the potablc
water. In natural water bodics thesc
miterfere with energy and mass transfer
of gases across the surface. Oils and
grease consist of a wide range of
compounds such as mincral
hydrocarbons. fatty acids of plant and
amnal sources. chlorophylls ete which
dissolve e chiorotaflooromethane
(APHA. 1980). Otls can be estimied
by weighing the dried residue after
extracting the sample with the above
solvent. Greasc is cstimaled by treating
the sample with acid followed by
filiration,  afler  extraction  with
trichlorofluoromcthane  residue  gives
the grease content of the sample.

¢) Phenolic compounds:- Phenols are
hydroxy derivatives of benzene and its
condensed nuclei. Their distribution is
widespread in  natural waters.  In
coastal waters and cstuarics. condenscd
phenolic substances along with other
dissolved  organic  matter  forms
gelbestoll which nterferes with light
attcnuation  and  also  dcicrrent 1o
certain  biota. During  chlorination
pracess phenols form toxic substances
in drinking water. The analytical
methodology of phenolic compounds
mvolves  the  scparation  of  these
compounds by distillation followed by
rcaction with 4 - aminoantipyrine in
the presceuce of potassium ferricyanide
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to form a coloured antipyrine dye. The
intensity of this dyc is measured
spectrophotometrically.

d) Pesticides:- The pesticides. in water
arc to be preconcentrated because of
their low concentrations. The analysis
of pesticides is -donc by Gas
Chromatography. In this tcchnique
pesticides are first partitioned between
the stationary phase (usually a liquid)
and the carricr gas in a column which
will be later cluted by the incrt carrier

‘gas. The retention time of a specific

compound will depend on the pantition
characteristics of thc compound
between the stationary phase in the
column and mobile gas phase. The
cluant will bc  subjected 1o
measurement in an electron capture
detector (ECD). The peak arcas will be
proportional (o the concentration of
pesticides in water.

Radionuclides

Natural waters contain some amount of
radioactivity associated with the source
of thosc waters and the (crrain they
originate from. This aclivily could be
scen in the form of alpha, beta and
gannsn adintions Cla this patwal
radioactivity,  man_induced  nuclides
contribute significantly thus
warranting the rcgular monitoring of
these bodics. Some of the harmiul
radionuclides include 3H, 90Sr. 1311,
137Cs and 226Ra, whosc maximum
permissible levels in drinking water as
per EPA regulations are
2.00,000,8,3.200 and 3pCu/l
respectively.  The radioactivity can be
mcasured by use of different counters.
Among these the scintillation counters
are simple since they depend on the
photomultiplicr mecasurcment of light
ciitted when the radioactive particle
hits the surfacc of a solid (like
anthracenc or sodium iodide) or a
liquid (such as ! 4-bis-2-(5-phenyl-
oxazolyl) benzene (POPOP)). Isotopes
such as I4C and 3H arc commonly
measured with this technique.  The
ionization counters or the Geiger-
Mucller counters are used 1o mcasure
the beta and gamma radiations since
the air gap and mica sheets used
between the sample and the detector

‘Water.

cut ofl the alpha and fecble beta
radiations.

Biological Parumeters

The most  important  biologicil
paramcter to be checked for stringem
quality Control of drinking water is
Coliform (bacterial and pathogenic
organisms) count responsible  for
water-borne discases.  This aspect is
also essential for sewage disposal water
quality. Bioassay or toxicity test for
organisms is onc of thc basic
techniques for controlling the quality
of industrial cfTfluents for disposal.

Coliform count

The popular methodology for counting
the  Coliforms are  multiple  tube
fermentation technique and membriane
filter technique. The former technique
involves the counting of colitorms
under microscope alter incubation of
the sample with a culture medium,
The results are reported as  most
probable aumbers (MPN).  The later
technique comprises of the filtration of
sample through 043 um miembrane
tilter. incubition with cilture medwim
tollosved by counting with a4
MICTOSCOPS.

Bioassay test

In this lest a target organism is
cxposcd to the polluted medium for a
particular time to asscss the pollutant
cllect on the organism. The results are
expressed as LC 50 referring to the
mortality of 30% of the target
organisms within specified time.
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Ten of the tallest dams in India

No | Namec of Ht (in | Length Volume Gross Yeur of Year River - | State Purpase
the Dam m) (inm) Caontent Storage Commen | of
(10“ m’ ) Capacity cement C(.lmpl
(l(l" m‘ ) clion
I. Bhakra 226 S8 4130 9.621.000 1948 1963 Sutlej Himachal fmgation &
Pradesh Hyvdro Power
2 Idukky 1oy o 460 1,996,000 1966 1974 Perivar Ketala 1ydro Power
& Flood
Control
3 Snismlam 143 S12 1953 8,722.000 1965 1984 Krisha | Andhra fIvdro Power
‘ ) Pradesh
4. Beas 133 1950 35,500 8,570,000 1963 1974 Peas Hhimachal Irngation &
Pradesh Hvdro Power
S, Ramganga 128 743 1,013 2,442,600 1964 1978 Ram- tttar Irmigation &
gangi Pradesh {Ivdro PPower
6. Nagarjuna 125 4865 7960 11,550,000 1937 1974 Krishna | Andhra Irmigation &
Sagar Pradesh Tvdro Power
1. Sholuvar 103 1282 2496 160,660 1961 1971 Shola- Tamil Irrication &
var Nadu Hvdro Power
8. Kovna 103 ROR 1555 2,796,500 1956 1961 Kovna Maharasht | Fivdro Power
rit
9. Rihand 93 34 1680 10,600,000 1952 1962 Rihand | Uttar Ivdro Power
Pradesh
10 | Kodavar 88 166 163 98,680 1963 1972 Koda- Taml IIvdro Power
var Nadu
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Fable T - Tolerance limit for inland surface waters for use as vaw water for public water supply as per Indian standard
Aonymous, 1974 a)

Characteristic parameter ninimum (% - winimum) wlecance timit
1. Coliform organisms ’ Not more than 3000, with less than 3% of the
(monthly average MPN per 100 ) samples with value > 20,000, and less than 20% of

the siumples value > 3000

2. pHvalue 6.0109.0

3. Fluoride (as FF). mg/l L5

4. Chlorides (as Cl1). mg/} 600

5. Cyanides (as CNO. mg/| 0.0

6. Sclenium (as Sc). mg/l 0.03

7. Lead (as Ph). mp/1 0.1

8. Total Chromium (as Cr). mg/l 0.5

V. Arscnic (as As). my/l 0.2

10 Dissolyed oxypen *40%0 siduraon value or Smged D wlnchever s ighet

Vo thwochemical oxygen demand (5 days | 3
at20 C). mg/t

12, Phenolic compounds (as COHSOH). | 0.003

mg/|

13. Alpha cmitiers, uc/ml 10-8

{4, Beta emitters, uc/ml 10-8

I5. Nitrates (as NO3), mg/i 30

16. Oils and grease, mg/| 0.1

17. losccticides * absent
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Tablc I - Tolcrance limits for industrial c¢fflucnts discharged into inland surface water as per Indian standard (source .
Anonymous 1974 b) )

Characteristic parvameter M. tolerance limit

1. Total suspended solids. mg/| 100

2. Panticle sizc of total suspended solids shall pass 850 u scive

3 pH 55109.0

4. Temperature shall not exceed 40 C n any scction of the

strcam within 15 mctres downstream of the cfMucnt ontlet

5. Biochemical oxygen demand for 5 daysat 20 30
...C.mg/

6. Oils and grcasc. mg/1 10
7. Phenolic compounds. mg/1 1.0
S C}ﬁl\idcs (as CN). mg/1 0.2
9. Sulphides (as S). mg/1 20

10. Radioactive matcrials:

a) Alpha cmitters, uc/ml 10-7
b) Beta emitters. uc/ml 10-6
11, Insecticides absont

12. Total residual Chlorine. mg/ml 1

h 13. Fluorides (as F). mg/1 2.0
14. Arscnic (as AS). mg/1 0.2
15. Cadmium (as Cd). mg/1 2.0
16. Hexavalent chromium (as Cr), mg/1 0.1
17. Copper (as Cu). mg/l 3.0
18. Lead (as Pb). mg/1 0.1
19. Mercury (as He). mg/1 0.01
20. Nickel (Ni). mg/1 3.0
21, Scleninm (as Sc). mp/l .08
22. Zinc (as Zn). mg/1 5 i
23. Ammonical nitrogen, mg/1 50
24. Chemical Oxygen Demand, mg/l 250
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