WATER POLLUT)(,

Water is one of the most important natural resources a
_ : nd
supply of clean water is very esseatial for the survival or:l'lrfmh'
_ . By definition, a water pollutant is anything put into _—
which was pot there 1 s natural state. The sources and efleg -
water poliution are as follows : o
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Fig. 19.1. Oxvgen saturation percentage and
biological oxygen demand (BOD) downstream

of an effuent discharge.

domestic wastes : About 75% of water pollution is
ic wastes. Organic pollution originates
sewage which usually has some remaining

biological oxygen d-mand (BOD) when it is released (Fig. 19.1).
The royal commission on Sewage disposal (1912) first adopted
the well known BOD fest as a measure of the polluting organic
in a sample of walter. BOD <can be defined

t -
speod nsumed by chemical and micro-

mount of oxygen €O .
:olot:m? action when 2 sample of water is incubated for >
in the dark. BOD is expressed as mg/l or ppm g(:

days at 20°C ; . !
taken by the sanple. When the test is carried ouf,
s upsuit)a'bly dilutedpwith aerated water and divided '?-';;;:3
estimal

sample is vide
“ponw’r ns p‘l‘hc dissolved OX content of the first portion 1 e
M s incubaied for 5 days, which 1S L7
consumption to reduce to a minimum unde

time required for the oxygen
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patural conditions. By ¢

(wo portions, the BUI;)m\',']n" the dissolved

g 4y Ao i sl In relation 10

g&?:m';h.},',"‘ released, the oxygen demand m

sy Foea s s fhan the dilution

create an ox od may remain unsatisfied for a long pe

Near the ygen-deficient situation harmful for the aq

Ws“ \5'0;;“ of effluent discharge the bacteria

Mon w 1 PC!IVC grow(h of scwage fun'“.‘ w

decrease cfr"m]a increase in numbers, but the OXY { causes i

e to d_a gac and clean waler fauna (Fig. 19.2). Fish, be‘lzz

only 8 few i issolved oxygen concentrations, Are often eliminated,

it gblood invertebrate species, such a8 the sludge worms (Tubificidae)
worms (Chironomus) can exist in low oxygen concentrations.
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Fig. 19.2. Effect of organic pollution on the biota of a river.
Completely oxidised sewage effluent also creafes problems because
latter stimulates the growth of

f phosphorus. The
algae which, in turo, create pollution when they di¢ and decay.

2. Industrial wastes and effluents All _industrial plants produce
some organic or inorganic s which cause water pollution.

These nonusable chemicals are usually dumped in water as a means of
getting rid of them. al pollutants to fishes

The toxicity of these industri
is variable but all o i ¢ aquatic environment to a
greater Or lesser €

accumulate on the bottom of watar
courses and smother or poison the bottom organisms. In this way
they reduce the foods for some kinds of fishes. Resistant objects like
the cans, tyres, metals, and other metallic and plastic wares also act as

water pollutants.
~Insecticides : [nsecticides are biologically act
extends far beyond the

pest control, but their spectrum of activity oflien
pests and justifies the use of another term ‘biocide’ for them. A major

of its heavy load o

ive chemicals used for
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source of pesticides in the rivers, streams and lakes is from rw
the agricultural fields. Some pesticides also enter inland wa
industries which use pesticides in their manufacturing proc |
the manufacturing of pesticides themselves. k.
Many of these chemical compounds are quite stable and some bit
down partially 10 form compounds that may be even more toxie I¢
certain desirable fauna than were the orlgind chemical COMPOVITS.
Most pesticides used to control destructive insects lorinat
hydrocarbons or organic phosphorus compounds.
carbons (DDT, endrin, toxaphene, dieldrin, aldrin, etc.) o
than organic phosphorus insecticides (chlorothion, guthion,

malathion, EPN. etc.) and for that reason they may
aquatic environment with sublethal amounts which tend to accumulate

in the tissues of aquatic animals (Nicholson, 1964). This accumulation

of chlorinated hyc?rocarbons may reach such high levels in animals at

the summit of the aquatic food web that they are unable to reproduce

or they may be poisoned outright. The WIdcsﬁrnd use of one such com-

pounds, DDT, has already aroused considerable concern in recent years

and some countries have legally banned its use. Fig. 19°3 shows the
10.0 |—<—— DDT absorbed by fish eating birds

«— DDT absorbed by needlefish which
1.0 | - feed on minnows

«—— DDT absorbed by minnows which
162 |[—= leed on zooplankton

«— DDT absorbed by zooplankton
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Fig. 19.3.  Biological magaification of DDT through the food chain
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e concentration of DDT an i food chain.  Anb 2
b Mg to the higher :mpum in the food R £ S0
ﬂ- F"P“"‘“!'. and birds, may have upto §5 g/m’ of DDT in gt S5
. pssucs. stimations of in human ‘K\? made Mo b
ﬁ and these varied fr\:m03_:?3:,o :2 the UK to 2° g min lndia

Detergerts and fertilizers © By definition, 8 dﬂﬂl‘“"‘ “!ny‘m
At cleanses including ordinary soap. However, "?:;inin without

t is applied to washing materials that SERENS “\m of detergents
disadvantages of soap when used in hardwater. m rus released in
pas been responsible for a marked increase in the PROSON composed of
gewage effluents since the early 1950s. Detergents i

complex phosphates (alkyl benzenc sulfonate or alkylate .::\ﬁ;ﬂ!\::‘:)
~ ghich eventually break down into phosphates usable by aqu ¢ damage
Although detergents are not highly toxic to fishes, they do \.a&:s o tetie
to gills and _remove protective Mucus from pills, Skmﬂ_"“ it Satare
(Nerhring. 1962). Aquatic inveriebrates also may o oF mayfly bympbS
Sents. Alkyl benzene sulfonate Kills several species ol: may Hy ‘ﬁh P
m the nymphs are exposed to 16 ppm for 10 days, (.ﬁ“ S arf’i
~ geduced in numbers by a 2-week exposure 10 10 ppm (Surber an
 Thatcher, 1963).

" Jn modern agriculture fertilizers like nitrates and phosphates are
: Some of these are washed off the agricultural fields through irrni-
" oation, rainfall, and drainage into rivers and ponds where they may seri-
~ pusly disturb the aquatic ecosystem. Excessive use of fertilizers often
~ Jeads to accumlation of nitrates in water. When such‘ waters are u_scd
“<~¥y animals, these nitrates are reduced to toxic nitrites by intestinal
 bacteria.  Nitrites can cause a serious disease called methaeglobinemia
~ which whith can damage respiratory and vascular systems and even
-i:‘_;«ea-guu?&uﬁocation.

5. Other chemicals : Of the various other chemicals that pollute
~ our inland waters mercury is the most important. As a resu!t of its use in
~ many products and subsequent release, the amount of mercury in inland
. waters has sufficienty increased. The mercury of waste products is
. converted by anaerobic bacteria into CHyHg (methyl mercury). and
~ (CH,),Hg, dimethyl mercury which are poisonous molecules. The effects
. of mercury poisoning include chromosomal damage.
- mercury on liver, kidney and gills of fishes have
workers (Hinton etal 1973; Gardner 1975).

In some coal minin

. .
Xy

Toxic eflects of
been studied by many

ol _ g areas, pollution from water used in washin
c€oal or from mine seepage also causes a serious problem. The sulfur

In coal produces acids in the water which is sometimes responsible for

lowering the pH of n _ » fo
the Strcgm, Hpoweger‘streams. The lowered pH usually kills all life in

in new mines the problem has bee imi
b n _ P s been eliminated
ay_thc:_use: of modern mining practices, but old mines continue seepi
cid discharges. ) e
Some ot

her widely used industri i -
. 1stnal ¢ als like e ~
biphenyls also pollute our waters. “hemicals like polychlorinated

They are releas : :
ment t . 1 cased into the environ-
hrough the atmosphere and by dumping and leakage into \\‘ltll;c“r‘
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. Oy Sograde Y N e S St
They €32 ¢ tons by themssenves and m‘ hl\vq

By a dvos spch as DDT 10 imorease |
dumaging aod WHIeSpiead pui,

70 Sitstion - Is coc of the moe
5. Airbough high rucbiditis from ol BARS Ay Wt ’::"\!l' to
f.m 9 54 & T h;mt Ay affiect the \ | m W,
e and the growth of s \M\ 1982).
7. Thermal polintion Awnm“m“m““"“‘“
g % veloped conntre,
water from 1 vers apd discharge #t hot, ¢
a’omac --m\b;;v:f{:‘a\t hecome Imlﬂ“‘ source of thermal l‘f“l_u'!t*-a\
o hach s bareful 1o fishes and aquatic imvertebrates, The biologica
effects of sech podluton depend upon how much the water tomperatuie
FAC e N o S Py 4
s rased.  For exampie, trout are kilked by a g""‘rﬁ:“;‘ h
am¢ their eggs will pot develop in water above 14°C. : i ‘ Wates
fauna popeiations declive with rising temperatures, and few ;l;‘(fﬂ can
eust m a waer temperature of over 40°C. .Al\ow about 30°C green
algee are reduced in pumbers, but there is an increased growth of bive
geen algac and sewage fungus. As warm water hokds less oxygen, thermal
poliation speeds up the biodegradation of organic matter resulting in the
disturbed ecological balance of the streams and rivers,

8. Radicactivity : Klement and Wallen (1960) have described
Biological effects of fallout and radioactive wastes released into nivers.
Adsorption and absorption are of major importance in the uptake of
radioisotopes by plants (Foster and Rostenbach, 1954). Fishes take up
radioactive materials by ingestion and assimilation with food (Dovis,
1962) and by absorption, but there is little agreement as 1o which s
more important.

Davis and Foster (1958) have worked on bioaccumulation of radio-
isotopes through aguatic food chains and bave shown that the insects
ia the Columbia River possessed many times more radioactivity than
the water they inhabit. The most abundant nuclides found in insects
were P-32, Cu-64, Cr-51, Zn-65, and Na-24. With the potential los
increased buildup of radiocactive isotopes in fishes, it is very important
to preveat their contamination, particularly because they may be a
source of contemination for man,

Thus, it may be concluded that 'he main sources of water pollution
are - sewage and domestic wastes, industrial wastes and effluents. inscct:
cides, detergents and fertilizers, other chemicals, silt, heat (thermal
poliution), and radioactivity. Of these pollutants, waste chemicals, and
pesticides are more harmful, whereas sewage pollution may represent o

mixed benefit. Organic sewage increases production afler certain Je
mands that it makes upon water are met.

’/m ;ﬂ C of water pollution According 1o Odum
“successiul polinlior ataleme ;“m depmds not only on treatment
< A i ' n 7[_.‘ ‘_..i 147 .> ral ¢ vimnmﬂll
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Ste treatment are expensi I scier
°5Ses that are Jess expensive 1503
Ntage of the plentiful sunshine and warm climate '
Parts of Indja. These conditions favour treatmeat of waste i
called oxidation or stabilization ponds. Domestic or industriz
may be stored in a large shallow pond for a few days. Because
presence of sunlight and organic nutrients in waste, a healthy blc
algae flourish alongwith colonies of bacteria. Through this na
process, the bacteria rapidly digest the organic waste, and render it
barmless. The effluent then may be used for the irrigation of farms
: without any danger of pollution. Other low cost methods recommended
by NEERI are oxidation ditches for extended mechanical aeration. For
l

1 middle-sized towns, aerated Jagoons may be used because they require
much smaller surface areas than oxidation ponds. i

Waste water reclamation has also been suggested .by the NEERI,
The sewage treatment yields irrigation water that contains a number of
essential nutrients like nitrogen, phosphorus, and potassium to make it
a fertilizer. In West Bengal the practice of irrigating fish ponds with
sewage for raising fish has been described by Nair (1944) and Saha
(1970). Another interesting aspect is the reuse or reclamation of sewage
effluents for industrial purposes. This holds good for coping with the
ever increasing demand for water by industrial establishments in big
cities. A few industries in Bombay have already taken steps in this
direction and the treated sewage is used for air-conditioning and other
purposes. L

The U.S. National Aeronautics and Space Administration (NASA’)}
at the National Space Technology Laboratories (NSTL) in Mississippi
has used water hyacinth (Eichhornia crassipes) and duckweeds (Spirodela
sp., Lemna sp., and Wolffia sp.) to upgrade waste water treatment Jagoons
and treat chemical wastewaters (Wolverton and Mc Donald,, 1979). "
The controlled use of water hyacinth in conjunction with waste stabiliza=
tion ponds not only increases the BOD removal capacity of these systems,
but also reduces the high total suspended solids normally associated with
sewage lagoons. (Table 19.1) Higher plants reduce suspended solids in'
lagoon effluent by reducing algae which make up a major portion O
suspended sqhds. Nitrogen, phosphorus, potassium, sulphur, calci
and other minerals can be removed from domestic sewage by harve
the plant biomass. The harvested plant material is also a potential ‘
of high quality protein, energy (biogas), fertilizer and other products-
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