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Organic Pollution in Cochin Backwaters‘
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Regional Centre, National Institute of Oceanography, Cochin 682018
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As part of the investigations on pollution in Cochin backwaters, hydrography, bottom and
fauna of Cochin Harbour area were studied from 6 polluted (sewage and particulate matter)
and one ‘clean’ station during August to October 1974-.' Increase in organic content and bacterial
activity in both bottom water and sedirnent, as indicated by high BOD, values (6-21 to 280-40
mg/litre), low and fluctuating oxygen values (<0'05_to-3-81 ml 0,/litre) in the bottom water,
high hydrogen sulphide content in the bottom water of the sewage affected stations, and the
difference (quality, quantity and distribution) in macrofaunal communities as opposed to those
seen in the ‘clean’_ area, indicated the influence of sewage discharge on the environmental factors
and fauna of the area.

OCATED along 9°58'N and 76°l5'E on the
L south-west coast of India the Cochin back

watersystem forms a tropical positive estuary‘
which provides excellent conditions for rich animal
life. Considerable work has been done on the
hydrography and productivity of this estuary1"11.
The Cochin Corporation sewage system empties its
municipal waste and other particulate organic
matter into the estuary through major cana‘s (Fig. 1),
viz. Padiyathukulam canal (station 1), canal
from Ernakulam market (station 2), Kalvathi canal
from Fort Cochin (station 4), Ramoswaram canal
from Mattancherry (station 5_), Pulimuttu canal
from Palluruthy (station 6) and Thevara canal
(station 7). The present paper, while initiating
pollution studies in Cochin backwaters, presents
briefly an account of the localized effect on the
environmental factors and bottom fauna that may
be of importance for the assessment of the extent
of pollution in the estuary consequent on sewagedischarge. - '
Materials and Methods

Area of the backwater system between Aroor
and the barmouth was selected for the present
study. The sites where each canal referred above
opens into this portion of the backwater system was
fixed as a Coll-.":ctin'g station with an additional site
(station 3) near the barmouth for the study of
hyclrrigrapliy, l)'.»t't0m' and bentliic fauna. Stations
1, 2, 4 to 7 receive sewage efllucnts in varying
prop:irtions'into the l)ri<:'lu\~'ater system through the
network of canals while station 3 is relatively free
and unaffeclerl by sewage cliscllarge. Sewage dis
charge at station 6 is comparatively low keeping
the area more or less clean as regards organic pollu
tion. Both surface and blrttom samples and bottom
fauna were C0ll(.'C_l1u(;l at fortnightly intervals from
each station. A plastic bu('l~:et. was used for collect
ing water S€tmpl‘3S from the surface. _As the bottom
Q--¢ Q-i--.-iq-Q’-—_-1 ._ - <-_.-u--q-4--m'—un-\_

‘Paper p~rcscnted at the 3:-<1 Mi India S}-'l'l'I]lU3lllm on
Estuarine I1'|i\'_‘i-lugy held at Cochin in February 1975.

was shallow enough water samples from the bottom
were collected using a Meyer type water sampler.
Salinity was determined by Mohr Knudsen method.
Winklers method (accuracy it’-05 ml O,/litre)
was used for the estimation of dissolved oxygen.
Biochemical. oxygen demand was determined in
accordance with the procedure of American Public
Health Association" and iodometric, method was
used for the estimation of -hydrogen sulphide.
Bottom sampling with the van Veen Grab (0~05 m’)
was made at each‘ station for bottom fauna.
Some -preliminary sieving was made on board the

V "~ T"” ’ -_ " a4 .”'* T @ isii '5 c ,, ; ’_;~VflLLAR- D .PADAM .  I
. W‘ Twe - ,1»!-“{‘ 7'“sen _ (D rt“ t=~““

\ ll‘Q18’ .
‘,t~+" ., ¢5,'.(

_\ __

/-"*'3@ - ERNAKULAH (_/Apr 1/ Al. ‘
/( vsmv-\ cm»-t WILLINGOGNK. ISLAND '

l

l

l I-1A1 YANCHERRY » ‘
. '4

*~z‘r»€='~=. @“ 1.
R.-pv-' :w:.na:4/,1. Q‘  “J1 \6*)

q\Q ‘
13$ ii2

~=~.
HF
f"| ’
A 2

1. - , . lif lr t-\°‘:?"i ' l‘
_-.__.__._’§l5' -_____._.a_..-.   iii

Fig. 1#-,‘Loc.ation‘of'station's 1 to 7 in Cochin backwaters

39



moms 1. ma. sc|.. vot. 4. June ms

work boat. All organisms ~{vhit:h were retained by a
0-5 mm mesh sieyc were collected and analysed
numerically groupwise. '

Data collected during August to October 1974
were analysed and discussed.
Results and Discussion

Sewage from the town consists of waste water
and domestic sewage. It is generally, fresh water
contaminated by dissolved and particulate matterin varying degrees. .

Temperature-— Temperature (Table 1) is more or
less uniform at all stations during the period of
observation, ranging between 26-1° and 31-2°C at
the surface and 24-6° and 31-1°C at the bottom.
Temperature gradients between the surface and the

bottom wateroi the sewage affected areas are low
while in the station 3 the range is high. It may be
due to the homogeneous mixing oi sewage water and
estuarine water in sewage aflected areas.

Salim'l_y---The time of observation (August to
October) is the end of monsoon and usually the
salinity is low. During the peak of the south-west
monsoon low salinity value <l%(, in the entire
estuary was observed‘. Sewage water draining into
the estuary is rapidly mixed with extra estuarine
water entering the canal during high tide. In the
Cochin backwaters the tides are of mixed "semi
diumal type and varicusrnvironmental features
are greatly influenced by‘ the tidal rhythm“.
Salinity (Table '1) of stations 1, 2, 5 and 7 is mainly
influenced" by the quantity of sewage water dis

Tanm 1--‘SURFACE sun BOTTOM

Station‘ Surface parameters
Panam-;-rans Ar 7 FIXED Sn-nous

Bottom parameters '
usTemp.

°C

- ma
maua- ms
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charged. Though enormous sewage is discharged
at station 4 the salinity is not much affected because
of the influence of the high saline water always
available near the barmouth. The extension of
high saline water at the barmouth has also been
commented on elsewliere". During low tide, the
sewage water. flushes and spreads into the estuary
resulting in localized low saline conditions, except
for areas very near the barmouth.

Oxygen - Oxygen content of bottom waters of
stations 1, 2, 5 and 7 is dependent largely on the
quantity of sewage and tidal rhythm (Table 1).
Tidal mixing stirs the waste considerably into the
water from top to bottom during high tide and the
tidal current regularly sweeps away the suspended
wastes, as observed at station 4- where enormous
amount of organic waste is discharged through
Kalvathi canal but the oxygen deficiency is re
markably reduced by the influence of tidal flow and
current efiects.

Effect of sewage discharge at stations 1, 2, 5 and
7 is clearly seen from the oxygen content, colour
and nature of the substratum. During low tide
the oxygen value reaches to <0-05 ml O,/litre at
station 2 because of high content of decomposing
organic matter discharged from the market.

Heavy load of settled organic matter together
with dissolved organic substances will reduce the
amount of oxygen available especially at stations
1, 2 and 7.

Lowest oxygen values are usually found at the
sewage can-al opening areas, presumably due to
pollution and to high natural deposition of organic
wastes. It has been observed“ that the influx of
waste from forest industry may reduce the dissolved
oxygen content of the water. Similarly due to the
decomposition of municipal waste deposited at the
bottom, the oxygen content may be reduced, affect
ing adversely the living resources at the sewage
opening stations.

Biochemical oxygen demand —- High content of
domestic sewage discharged at stations], 2, _4-, 5
and 7 may settle at_the bottom and ‘undergo de
composition causing oxygen depletion. The rapid
degradation of organic material is indicated» by the
high biochemical oxygen demand ~(BOD,) in the
bottom water of sewage affected areas. A high
BOD, indicates large bacterial populations consum
ing the available oxygen. Highest BOD, values
are seen at stations 1, -2, 5 and 7. The highest value

recorded during the observation is 2804 ppm at
station 2.

Correlation coeflicient calculated between the
mean oxygen (ml/litre) and mean BOD; (mg/litre)
is —-0-9586, which is significant at 0-1% level
indicating that BOD, and oxygen are very highly
negatively correlated.

Low values of oxygen and high values of BOD,
at stations 1, 2, 5 and 7 are suggestive of organic
pollution to a more remarkable extent at these
areas than in stations 4 and 6 where_ the values are
greater indicating a marginal zone of pollution.
Maximum values of oxygen is shown at station 3.
This is a more or less pollution free zone near thebarmouth. .

Hydrogen sulphide — Organic wastes discharged
may undergo decomposition using the available
oxygen resulting in anaerobic condition and forma
tion of hydrogen sulphide in and near the bottom.
Measurable amounts of hydrogen sulphide are obi
served in the bottom waters of the stations 1, 2, 4,‘
5 and 7. Highest. values obtained are 3-41 and
2-25 mg/litre at stations 2 and 7 respectively.
Stations 3 and 6 are devoid of hydrogen sulphide
(Table 1).

Data for dissolved oxygen and hydrogen sulphide
show a relationship, i.e. lower oxygen values, high
BOD; and higher values of hydrogen sulphide
indicate the effect of sewage discharge. Heavy
impact of sewage pollution is observed at stations
1, 2 and 7.

Fauna--Bottom fauna from 7 stations show
considerable quantitative and qualitative variation
as illustrated by the polychaetes, crustaceans and
molluscs collected (Table 2). It is observed that
benthic Ianimals reflect not only the conditions at
the time of sampling but also those earlier". There
is an enormous increase in the total number of
animals mostly polychaetes and crustaceans, in
station 3 as comvared to other stations. This
region may therefore be considered unafiected
according to fauna] patterns. It is apparent (Table 2)
that the least numbers of animals were found in
stations 1 and 2. This decrease in the number of
animals at these ,2 stations should be attributed to
the increase of sewage inflow and may be considered
as polluted zones. (Stations 4, 5 and 6 should be
included under marginal zones -as they show sufi
cient representations of the fauna but not the
maximum. Maximum BOD, value, high hydrogen

TABLE _2-- Disrniaunon or Bor-roar Fauna AT Seven Frxao STATIONS

Station Number Polychaeta Crustacea . Mollusca__ ‘ i“_iJT_‘_ _'i '1' '*i‘;‘__‘_ *’ ‘_ 5‘ ‘ ‘__ #1; '__ i; _ r "‘, _‘ _' ‘T 1 YT "I13of -._. ~~
observa- -Mini.» _ Maxi- Meantiona mum mum

T120 2240
1980' 20100 2200

60
80

~4o\u\<>h-Ito-n

muuuuuubuvnh

620
4-4-0
980

1052
2356
644

1238

A 4500
.6520

120 I720940 2800

Mini- Maximum mum
0
0 .

1100
020 120 3260 .100 _ 32 020 240 88 20 120‘ $6

. Mini- Maxi- Mean
mum mum

Mean

300 60 0 60 1280 16 20 ‘ 40 1630560 8364 20 2-1-0 564-0 16 0 60 1220 40’ 160 0
— i _i,i_ ,,A__.~____, _ _ . j
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sulphide and mininnun oxygen value reflect the
characteristics of a puliUl.t"l zone. High value of
BOD5 in station 2 lil(1lt.‘..i.ltt5 an increase in organic
content and bacterial ‘activity and consequent
decrease of oxygen content and hence decrease in
the number of animals. A respective decrease in
BOD5 values ir. the healthy zone, i.e. station 3 shows
considerable increase in the number of animals.

Qualitatively too the benthic animals indicate
level of pollution. Polychaetes being a considerably
tolerant group of animals are present in all _the
stations. The mean value of polychaetes in the
healthy zone, i.e. station 3 is found to be much
less when compared to that of a strictly marginal
zone such as station 5. This area being unpolluted,_
animals other than polychaetes successfully join
the struggle for survival and reduce the number of
polychaetes. Polychaetes dominate in number in
the polluted zones as they form the most suitable
tolerant group of benthic animals of the area.
With the increase in pollution level, even the most
tolerant benthic animals like polychaetes may be
wiped off completely from the. polluted zone due to
anaerobic conditions. However, the prevalence of
effective environmental factors such as tidal rhythm
and monsoonal inflow are discouraging to such. a
situation in the Cochin backwaters. These factors
should maintain to a considerable extent the pollu
tion level to t.olera.nt condition for the minimum
indicator organisms to survive. Crustaceans and
molluscs are few or.absent in the marginal and
polluted Z)l'l(3S as compared to the healthy 2.-one
mainly because the pollutants of the sewage inflow
may promote the disappearance of representatives
of the fauna which have occurred here earlier and
stimulated the development ar.-d growth of new
fauna afresh.

Quantitative variations in the composition of
aniinals may be correlated with the distribution of
detritus carried by the sew:1.g<:"<liscl|arge; crusta
ceans being hcterophagus in feeding habits, consume
the polluted detritus available resulting in acce
lt-ratetl growth rate. However, accumulation of
pollutants beyond the tolerance level affects the
survival of the species and consequent reduction in
total number is noticed. ~ The presoncz of'more
crustaceans in the healthy zone (station 3) than
in polluted and marginal zones may reasonably be
attributed t.o this phenomenon. An enormous in
crease in the numb-;:r of l')';lyCll1l.F!l(:S is noticed in
the marginal zones. The inflow of sewage into the
bacl-;w;tters, as stated for heated efflut"lll$", may.
lead to an increase of initial growth rate and pre
cocious maturity, resulting in .~':hortening of life
cycles and consequent increase in the number of
animals. This increase in number can also ‘partly
be dne to the greater tolerant capacity as against
other groups of animals which would have _disappea.r
ed from these areas due to the el.l¢'<3ll ‘ll 1W1l11ti="11
Here a relationship between disappearance and mess
development of organisms is in(liC11t<?<.l.

In the polluted and marginal zones bivalves are
lesser in number than those of the her.-,ltliy zones.
]V[<,]]_u,e¢;s being mostly filter feeding in habit, concen
trate more [)'ill1it_m'1ts than other animals. Hence
in the polluted zones they are not able to tolerate
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the increase of pollutants beyond a level, and a
consequent decrease in number results. .

The demarcation of polluted, unpollutc-d and
marginal zones based on different parameters studied
in the present investigation is provisional and may
be open to criticism in their being too ‘loose’.
With more intensive collection and analysis of data
around the season, this classification of convenience
should prove realistic and useful for effective control operations to follow. .

From the present study it may be conc'luded_that
organic pollution to aconsiderable extent exists in
the Cochin backwater, especially in areas where the
Padiyathukulam'canal (station 1) and the canal
from market (station' 2) join the backwater. The
extent of pollution in these areas is well above
tolerance level of the estuarine fauna. Continued
discharge of sewage effluents at the present rate
may affect the ecosystem and estuarine life of the
harbour and the harmful effects may extend to the
neighbouring inshore waters as well. Hence control
operations are necessitated. Distal areas near the
barmouth remain more or less free from pollution
due to effective dilution by the open sea water
cspecially during high tide. A marginal zone of
pollution is also suggestive in the proximal areas of
the harbour. Collection and analysis of d_ata round‘
the season should provide a more effective picture
on organic pollution in the harbour.
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Some hydrographic features of Cochin backwaters were studied from September 1974 to
August 1975 in 7 stations of which 6 receive sewage discharge in varying quantities and one is a
‘ clean ’ station near the barmouth. Thermal gradient of the waters was more largely dependent
on the depth of the station than on the sewage discharge. Seasonal and tidal variations in salinity
were more evident during monsoon than in pre- or postrnonsoon periods. No significant change
in salinity was noticed due to discharge of_ sewage. Significant seasonal and tidal fluctuations
in the values of oxygen were observed. Lowest oxygen values were seen during premonsoon
periods when temperature was 32-6°C at surface and 32°C at bottom. Dissolved oxygen con
tent varied proportionately with sewage discharge. High temperature and rapid decomposition
of organic waste during premonsoon accelerated pollution eflect. BOD, varied with stations,
season and tide. Oxygen consumption of the bottom waters of polluted areas was 12 to 13
times as high as that in barmouth. In polluted areas.‘ fluctuating increaseoi BOD, values was
noticed .with the commencement of premonsoon while a decreasingly fluctuating trend pre
vailed with monsoon. BOD, at low tide was higher “than at high tide in the polluted area.
High sulphide -content reaching to a maximum of 4-92 mg/litre was observed at the bottom oi
polluted stations especially during low tide oi premonsoon periods.

OCHIN backwaters receive either directly or
‘ : indirectly the sullage waters and municipal

sewage from the city. The total consumption
of drinking water in this urban area is roughly 14
million gallons/day of which a high percentage joins
the drainage and _reaches the backwater system
through a network of canals. Part of the sewage
of the city is treated in a mechanically aerated and
activated sludge process treatment plant maintained
by the State Public Health Engineering Department.
Capacity of this plant is only 1 million gallon per
day. Rest of the sewage and sullage water mixed
with domestic waste -is carried along the 6 major
canals and drained into the backwaters. These
canals vary from 0'5 to 1-5 m in depth. The drain
age contains turbid liquid with a considerable
amount of putrescible organic material both dis
solved and suspended of domestic origin. Hydro
biochemical studies of Cochin backwaters have
been _the subject of several investigations. How
ever, except for the preliminary studies on organic
pullutionl, thereis no previous account on the effects
of organic pollution on thehydrographic features of
Cochin "backwaters.

Materials and Methods
The general object of this ‘study was to investigate

the effect of organic pollution of the waters around
Cochin harbour and"_arljacent' areas. Observations
were made roundthe seasons (pre'monsoon=]anu:u'3,'
to April, monsoon ==—'-_ May to October and "post
monsoon = November to December) at fortnightly
intervals ‘of which one was at low tide and the
other at high tide, from September i974 to August
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1975. Five parameters, viz. temperature, salinity,
dissolved oxygen of both. -surface and bottom waters,
biochemical oxygen demand (BOD,) and total
sulphide content in bottom waters, were chosen.
Thelocation of sampling stations l to 7 is same as
reported earlierl. The depth (m) at these stations
is as follows: 1, 1-2; 2, 1-5;i3, 7; 4-, 4-S; 5, 4-5;
6, 6; and 7, 2'5. Of these station 3 which is 50 in
away from the shore receives practically no sewage,
while the others which are 200 in from the shore
receive municipal sewage in varying quantity and
quality, though remarkably low at station 6.

Water samples were collected with a plastic
bucket for surface sampling while sampling was
done with a Hytech water sampler from the bottom
of each station according to their depths. Salinity
was estimated by Mohr Knudsen method. Winkler
procedure was used for the determination of dis
solved oxygen. Biochemical oxygen demand and
total sulphide were measured by standard pro
cedure suggested by American Public Health Asso
ciation’. ‘Total sulphide was determined as follows:
Water samples were preserved -using zinc acetate
as zi-nc sulphide. From the precipitated sample
hydrogen sulphide was generated using concen
trated hydrochloric acid in an inert atmosphere of
carbon dioxide. The evolved hydrogen sulphide
was dissolved in distilled wateriand titrated against
standard iodine solution using starch as indicator.
Results and Discussion

.Tem[2erat'ure —- Seasonal changes "in the surface
temperature are well marked in the backwaters.
Values oi seasonal changes in surface temperature
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vary from 4° to 5-4°C, lowest being 25-8°C and
highest being 32-6°C. As regards bottom tempera
ture the values range between 3-7° and 5-7°C with
25-2° and 32-2°C being the lowest and highest
temperatures. During premonsoon period the tem
perature is high at all stations and this situation
prevailing durmg both high and low tides. Difie
rence between the surface and bottom temperature
of highly polluted areas (stations 1 and 2) va
between 0-1° and 0-3°C during high tide of Mart‘:-if
to May, and during low tide the temperature varia
tion is between 0- 1° and 0-9°C. At the 2 deeper
areas (stations 3 and 6) the thermal gradients be
tween surface and bottom are high because of greater
depth (above 6 m). Sewage discharge to the back
waters does not seem .to have any significant eflect
on the temperature. On the other hand, tempera
ture has considerable eflect on the oxygen content
and BOD of the sewage receiving areas.
Sah'm'ty-—Seasonal and tidal variations in the

salinity are well pronounced during the year. The
overall change in salinity at the bottom of station
3 from 34-31%, in April to 1-11%,, in July clearly
indicates the variations occurring near the mouth
of backwater. Variations are more evident during

monsoon than in pre- or postmonsoon periods.During monsoon heavy rain all washes the sew
age from- the canals and deposits solid waste
at the areas of sewage discharge. The sewage
draining into the estuary mixes with the saline water
from top to bottom during high tide and forms a
homogeneous mixture. This is (evident fro_m the
very little difference in 'salir.ity between surface
and bottom at sations 1.2. .4. 5 and 7. No. signi
ficant change in" salinity is noticed due to the discharge of sewage. ‘ t . ~

Dissolved oxygen - Concentration of dissolved
oxygen was measured at the stations throughout
the year. ; _Signifi_cant'seasonal and tidal fluctuations
in they-alues of -oxygen of--both surfaceand bottom
waterswere seen with stations (Figs. 1 to'7). Lowest
oxygen co.ite'nts were usually found during pre
monsoon periods when the temperature reached
32-6°C. ‘at the surface and 32°C at the bottom. Dis
solved oxygen content of both bottom and surface
of the sewage‘ receiving areas was always fluctuating
due _to the ,_availabilit_y; of decomposing materials;
such as detritus mixed with organic gyttja at the
bottom..3-and suspended "decomposing rmatcrial in
the water column. Owing-_to the high temperature
during prernonsoon months (March-April) the process
of decomposition isiaccelerated with the uptake of
dissolved oxygen.fTI,t i_s stated that oxygen goo;-_.
sumed by decomposition _of organic matter is often
reflected in the disappearance of oxygen from the
deeper strata of the water body‘, It is also known
that the oxygen content isalways low at the bottom
waters‘. Inv the Cochin estuary as observed from
the7 stations oxygen co_ntent_was less than 0-05.
ml/litireat the polluted,st_atio_ns 1 and 2 (Figs.l and
2) duringiMarch and April. p Therefore, the worst
of pollution efiect is usually experienced during
premonsoon periods when the combined" effect of
high temperature and rapid decomposition of organic
material occurs. This agrees with the results re
portedfor the prernonsoon-month at Visakapatnam

harbour‘. (With the commencement of monsoon
-the sewage gets diluted and considerable amounts
of organic material are deposited in the canal
opening areas. The suspended materials are washed
away by the tides and flushing fresh water.

Biochemical oxygen demand -- Importance of BOD;
in the assessment of pollution effect of an environ
ment has been stressed". It is the dissolved or
suspended’ organic material in the waste that gives
biochemical oxygen demand to the polluted waters.

BOD recorded in the present study (Figs. 1 to 7)varies with season and stations. Va ues obtained
for stations 1 and 2 reveal (Figs. I and 2) that the
oxygen consumption of the bottom waters is 12 to
l3 times as high as those measured in bottom at
the barmouth (Fig. 3). At barmouth (station 3),
BOD, increases gradually with commencement of
premonsoon and shows a decreasing trend with
monsoon periods, while a similar but fluctuating
trend exists with the other stations though the BOD,
value at any of these stations is always higher than
at the barmouth. Maximurnuptake of oxygen is
observed in the bottom -where the organic wastes
are decomposing. There are marked differences in
the values of BOD; of different seasons in all the
stations. With the onset of premonsoon, high
temperature regime is initiated which lasts up to the
beginning of monsoon. Conse uent thermal effect
accelerates the bacterial degradation process of the
waste resulting in the multiplication of bacteria
and uptake of dissolved oxygen. Subsequently
monsoon waters wash the sewage with heavy organic
matter which is deposited in the estuary while lighter
particleslare. washed away with the fresh water_out_
flow.‘ Though the BOD; values tend to remain
more or less the same during the early monsoon
month (May) marked decreasing trend is seen from
June onwards. Analysis of high and low tide BOD,
values of sewage receiving areas reveals that BOD,
at low tide is usually higher thanat high tide while
itvis more or less the same in the barmouth. It is
observed that BOD “values fluctuate with station
and time, The former variations are due to the
quantity-and quality of the sewage while the latter
type of variations .ar_e ‘usually, due to monsoon .and
tidal effects. Highest BOD; ‘values recorded. are
at stations. 1. 2', 4. S and 7. At station‘ 4, during
p1'8lI‘lO"'.S0Ol'l BOD, value is 11 to 12 times as high
as that measured. during monsoon periods in the
same station (Fig. 4). This indicates the effect .of
monsoonal flow to "a remarkable extent resulting
in the dilution of the sewage at this stationwhich
is notfar away from the barmouth. Similarly in
station 2 the (BOD, value reaches above 400 ppm
during premonsoon month (April) 'i while the value
decreasesto below 50 ppm during. monsoon month
(August) in low tide (Fig. 2A). Obviously the
monsoonal run off is heavy to a noticeable extent
of dilution of the polluted area‘. .
. Total sulph¢fd¢—— No measureable amount of
sulphide is observed at the barmouth (station 3)
while high total sulphide content is observed in the
"bottom waters of heavy sewage discharged areas,
(stations 1 and 2) when the oxygen concentration
is very low (Figs. 1 to ~7). -Reports‘ are available
on odour and colour of the mud samples as indicators

'19?



INDIAN J. MAR. SCL, VOL. 5, DECEMBER 1976

H‘ M  -lots-surtace O); -¢-¢- bottom On-Q-'-Q;-tot! sulphide; -0-0-BOO,;.‘Fé£i.; ;+;+;o~H¢~'+-at  ii9+1 L~ . »
*' -‘  as

_I

su phidc
_i’- as Fa‘. for

mi

it ,.¢e.s@;;+.,..;;"...;.;.;..;  "er e re»' ‘Tm
MOO

am

I  I T200
‘pso' #00

._a-".1-—_  ll. 9),,

al
%

—+ + - + +e -  A. .+* ..~:—~_ ~ ;

m llitre,tot
1.,

oxygen.‘P 1

- ‘\ } " Q50f / \‘ - \ ~\ e > 'L‘! I 2%-1.=. '1 .'2‘ ' u U'- \, F.A _ _ ._ _ I .

l l \J“ lF16: IA STATION ll Low nos . T - J no.-1:7 smnofl n more no: icon?. ' ll _a
‘ l

"300

a
9350 3%l .

. . - A-zoo
V-150

H00
l

ta

" ‘>50nits,-o "    _ no  y _ f u-__, J
it

1

oxygen mt! me
\\—'."~e 4 I 0

i . ‘

Figi.

FBJA SYAIION Ill LUW TIDE J;|5,3Q 51'Ay|Q~ m" Z '” 1* i **“1]250! v-non moi ‘ 
\

. 0 i woo' lgt M50
‘.1: ‘  4-‘   7 .1.‘ * _' ,1 ft ' " _t _ ' __ 1 —L   7 7  Is o u o 1 F u a u J .0 A s o ' ~ o 1 F u A M .¢ 1 A

1-3 -¢- Distribution of .0, (surface and bottom), BOD, (bottom) and sulphide (bottom) -during low tide (A) and
high tide (B) at stations I to III

of high sulphide content in polluted areas. The
Qdour and colour of mud samples. of sewage dis
charged areas in the 0 esent study also indicate
presence of highsulphidlet content. Maximum value
pf sulphide recorded at these stations is 4'92 mg/litre
during low_ tide. The sulphide concentrations in
all stations except 3 Fig 3) and6 (Fig SB) fluctuate
in proportion to the availability of varying quantity
of decomposing sewage. Only" during premonsoon
period at station 6 measurable; amount of sulphide
rs noticed (0-86 ‘mg/litrefat low tide; Fig. SA);
0 Comparing the sewage receiving and ‘clean’ stations,
it is apparent that they difierain dissolved) oxygen
content and BOD. Bacterial oxygen consumption
is significantly higher in the outfall. stations like l
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and 2 than the ‘clean’ station as -evidenced by high
BOD values. The waters of polluted stations show
high BOD; (420-6 ppm) and total sulphide (+92
ppm) values and low oxygen e(0-05 ml/litre) values"
during. summermouths. These-values are remark
ably different from, even the standard values for
efluents dischared into inland waters which are
30 ppm for BOD, and 2 ppm for sulphide. ' Initiated

by the decomposing sewage. the anoxic conditions0 the water just above the bottom are apparently
confined to thesmall area for a short time and due
to the-tidal mix'ing_th_e water never becomes depleted
of oxygen permanently. However. this is indicative
of localized pollution which is beyond the assimi
lative capacity and tolerance level of the estuary.



VIJAYAN at aI.: EFFECT OF ORGANIC POLLUTION ON I-IYDROGRAPHIC FEATURES' 1 v 1
0 \‘ 1w'!¢9¢Q1@++b<>!!o°r"oQ=o@:++!<>*=\sssv!r>*~i¢¢s»-§+~+B905 so   _

Wr|54,g snnqu '|v {ow no; l H ' l W Z ' ll ‘rlll=.l'l.‘».'l.BS_IAYlONl IV_ Hll6Hll6£l l Z V  l (K la l W‘ 71*l Q “ ‘”l IF ' *    \  1*",_; 1 ‘  \ b . 1 '\ X jw\ ‘K I./' “:50" ii
. I . I

oxygen mlIl'trc,total sulphidn mgllitn

“ P  1? 2:? if

' n 5;) 'l

09-;  1 71- 1   1  i_  _ -1  3  -   j_"_ 7 1 '1 1,1 1"1- -1_ 1i 115-. o_  ,1 _ _"* ,;=7_1 *1*f;_ * I
Ina so smlou Y Lownoé 7 ll 1 _ 1 1 11 1», if #0658 sumo_~ v _|;u6H nos - 11,50

1l 1 n ' r:.- _ ‘<= I
1 2+ “ 0 ’_ 1 .  uoo

4’ . \. ‘\‘ \
I

goo

.Ls°

no an sumou vffow nos 7 l _ j*F|o.é9l$iAfibl~lv1HIGH T106 ‘ 7' ll ll  l l N 7 1

Ire

Oi‘ ' 1i

oxyge

g. 8 :.-..8..

i?' xl
‘-500
li

r.;  11? -1  71, 717§i7 1"  1 "1 1'  .1 ;1-1' 14
6-l FlG._.1l_A sunou vn Low TIDE ' ' " j»w‘ l .. 1.   *1»”  ‘  .* Q4    -  “=0- 1 1 V _

>_*__é‘_ H50
om.1=osm»osvfii¢»H»oe1 ~'s "  A  o lm

. . il 1" 1 1        is
Figs. 4-7-Distribution’ "of O, (surf_a_c_e and bottom), BOD, (bottom) and sulphide (bottom) during low tido;(A')‘ ' and high tide (B) at stqtionsl IV to _Vl_I 

In stat_ion$ 4 to 7 BOD values are‘ not as high as ‘in
stations '_1 and 2 and 'n-ot as '10“-1ag,in 1 stlati"ono_ -3
indicating that they rc-main as partly pollufcd
locations geasonallly; It is 1obscrvcdfthat'_ seasor~.al
change .,'i._11 temperature1of"tl1e1water has véry
significant '¢f£ect1 oh dissolved ox Ten‘ _and“ hence_ o _ _ \ ya _ 5
o.n_ BOD, values as well. This .1sYmore pror1ounc<;d
in Vprcmonsoon than i_n. monsoon and? postmonsoon
peréods. _ Most adversocon-ditisons of pollution occur
during pt-1-=ss:_~msoon,wl1'en the tomperaturc is betvucen
3_1_?,_13P-d l%i3‘6°C. 1 Depletion _ off dissolved oxygen

to -a greater‘ ex'1l_ont- oc'_C.u'rs' in highly polluttd areas
(stations 1 and 2) during ’pr0mor~.‘soon period. Higher
BOD, values". occur during low ‘tide than at high
tide in the sewage polluted areas. Organic pollution
hasl'sig1-lificanf effocts on D. Oxygen BUD, and sul
pl1idlo_cov'.ter'.t_1of-the ostuarhze waters \'\'l1ilc' the torn
per_a.turé1'a1:d- sal?1_1ity’ are not slgnifican tly -affected.
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Incidence of Fish Mortality from Industrial
Pollution in Cochin Backwaters

R. \'. l7.\'x|'rn.n:, M. VIJAYAN, E. V. RADHI-IAKRISH-NAN 8:
K. N. RAMANI

Regional Centre, ‘I\'al.ional Institute of Oceanography
Cochin 682018

I\’m"ciz-ed 3 _/anuary 1977; rcvisrd receivrd 7 April 1977

incidence "of mortality of fish Ambassis gymna
cephalus (Lai:.). due to industrial pollution, isreported
from the upper reaches of Cochin backwaters. The
effluents carrying a heavy load of ammonia at the
rate of 432-560 ppm, which is far above the accepted
lethal limit of 2-5 ppm. pouring into the incidence
area together with many other pollutants such as
acids and suspended solids in varying quantities.
have changed the hydrographic conditions to extreme
toxic proportions so as to cause heavy mortality of
the animals in the area. Fish shoal entering the
polluted zone could not tolerate the cumulative effect
of pollution. resulting in their sudden-killing due to
asphyxiation. It is suggested that treatment of waste
be adopted to recycle and recover the ammonia and
other pollutants from the effluent before it is let out
into the estuary.

SE\-’i:IR_AL !'€p0!‘tS1"“ on fish mortality due topollution of river water by domestic and indus
trial wastes are available. In Kerala, Periyar river
especially its lower reaches contributing to Cochin
backwaters has been observed to be polluted to a
considerable extent by the domestic and municipal
sewage’. The variety of industrial wastes ranging
from acid to ammonia and even to heavy metals
like mercury, come from over dozen industries,
which contribute to an Industrial Complex in
Kalamassery (Udyogamandal) extending to a_ dis
tance of nearly S km from Varapuzha to Alwaye
along the upper reaches of the Cochin backwaters.
Saline water is ‘observed. to extend to about 12 km
upsteream from the Cochin barmouth'-especially
during high tide of summer months. The factories
are located on either side of the river -(about 50 m
wide) which provides water front and receives the
efiluents from the factories throughout the seasons.

While engaged in routine pollution monitoring
studies, dead floating specimens of Ambassis gymno
cephalus (Lari) were observed (in th: morning of
27 Feb. 1976) in scattered patches in and around
the m_aj0r outfall areas especially downstream
from the chain fof factories in Kalamassery
industrial Complex. Random samples from the
floating specimens, sarnples_ of the effluent from
the relevant factories, and water samples from the

effluent discharging areas were eicamined for physical
and chemical properties, In the present paper the
incidence of fish mortality is presented and discussed
in the light of the" analysis made. _

Five sampling stations were selected for the
investigation (Fig. l) -from Varapuzha in the lower
reaches of the effluent outfall to l km above the
effluent confluence in the estuary. Station 1 located
near Varapuzha is about 4 km downstream from the
main effluent outfall and stations 2, 3 and 4 are
located at varying distances_ from the respective
discharge points. Station 5 is about 1 km upstream
from the major effluent discharge point. Samples
of the industrial effluent of 2 factories located closely
on opposite sides of the river (points A and B, Fig. 1)
were collected for chemical analysis from the main
outfalls, immediately before it falls into the estuary.
Water samples from the surface were collected with
a plastic bucket while sampling was done with a
Hytech water sampler from the bottom of each\ r
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station according to their depths. T6mp(’iJtl11'6,
smell and colour of the efiluent and the water were
estimated in the field. pl-1 values were measured
using pl-I meter (Systronics). Ammonia" both in
the efiluent and in the estuarine water, suspended
solids”, and sulphate content" were also determined.
Other estimations were done using standard
methods". For morphological and anatomical ex
minations 50 floating specimens of A. gymnocephalus
were collected from in and around the stations 3 and
4 extending to an area of about 1 km. '

Physico-chemical characteristics of the effluents
from points A and B are given in the Table 1.
Point A (Periyar Chemicals) receives effluent dis
charge at the rate of 12000 1/day while at point
B (FACT) 50 to 60 million litres of effluent is dis
charged per day. It is evident fro;-s.-r the data that
the effluents had high temperature, suspended
solids and sulphate. The appearance of the acidic
waste from point A is dark reddish brown in colour
with irritating smell whereas the effluent from
point B is alkaline, pale yellow in colour withpungent smell of ammonia. ,

Hydrographic features of the estuarine water
from the sampling stations l to 5 are shown in
Table 2. The physico-chemical characteristics of
the waters at stations 3 and 4 exhibit wide difference
in temperature, suspended solids, pH, sulphate
content, dissolved oxygen and ammonia. Salinity
structure of the area under observation indicates
that during high tide of premonsoon period, high
saline water flows along the river bed with low
saline water above, and extending upstream even
beyond the areas of observation (Table 2).

TABLE 1 — Cnanacrranrsrrcs or
EFFLUENT DISCHARGED INTO THE BACK\VATI-IRS AT

BPomrs A AND

Temperature (°C) of effluent
Colour of the effluent

Suspended solids (ppm)PH '
Sulphate content (ppm)
Ammonia-nitrogen (ppm)

Point A
41-2
Rcddish
brown

2237
3-15
1257
0-82

Point B
42-6
Pale _

_\,'ell0w
1765
12-S0
3570
432-560

Morphological observation of the dead specimens
of A. gymnocephalus shows all the fishes with widely
operied mouth, distended opercula and ruptured
abdomen (Fig. 2A). Microscopic examination of
the gills of the affected fish shows heavy damage to
the gill filaments (Fig. 2B).

Mortality of the shoaling specimens of fish, A.
gynmocephalus, observed in the present study in
areas (stations 3 and 4) polluted by the large
quantity (50 to 60 million litres per day) of ammo
niaca.l eflluents discharged mainly from Point B
to a depth of 6 it and the acidic effluents though
much less in quantity (12000 litres per day) from
point A (Periyar Chemicals) may be due to the
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severely altered environmental conditions which
are evident from the physico-chemical features of
the area (Table Z). The eflluent carrying a heavy
load of ammonia (432-560 ppm) pouring into the
estuarine water from point H changes the hydro
graphic conditions to such an extent that fish life is
impossible. High values of ammonia concentra
tion in the efiluents discharged at point B are
reported". The toxicity of dissolved ammonia to
fish life has been studied by many workers_1”~“.
The ammonia content at the present mortality zone
far exceeds the lethal limit of 2~5 ppm. High pH
of the surface and bottom waters of the area due to
the discharge of alkaline effluent accelerates the
toxicity of the environment by the synergistic
action of ammonia and [>H. As discussed else
where", the synergistic effect of ammonia at higher
[>1-l is observed to be harmful for the estuarine
ecosysteni of Cochin backwaters as well.

The critical condition of the zone of mortality
is also due to the cumulative effect of various other
factors. Due to the influence of high temperature
of the effluent, temperature of surface and bottom
waters of the mortality zone which extends to an
area of about 500 m2 is considerably increased, en
hancing the chemical and biochemical processes of the
environment which indirectly accelerates the"pollu
tion effect at the mortality zone., High turbidity
of the waters, besides adversely affecting light pene
tration may also choke the gills of the fishes leading
to mortality. However, the amount of suspended
solids is found to decrease towards downstream due
to settling and dilution by estuarine water, reaching
minimum at station 1. Dissolved oxygen content
of station 1 is satisfactory but a sudden fall is
observed at the area of mortality.

.-1. g_wmzoce_t>halus is an estuarine shoaling
migratory fish which spawns in the coastal waters".
The fishes might have accidentally entered the
polluted zone upstream during feeding movements.
The zone of incidence, due to intense pollution, acts
as a death trap for the fishes shoalingz upstream in
the Periyar waters. High concentration of ammonia
in the mortality zone may be one of the possible
reasons for the death of the fishes. It would seem
that ammonia acts as a true internal poison, entering
the body by way of gills (for its toxicity seems to be
strictly correlated with the permeability of gills
for the toxic molecules". It _has been said that
the sticklebacks die suddenly with widely opened
mouth, and perches die with the gill covers raised
revealing a higly congested condition of the respira
tory organs". A more or less similar situation is
noticed in the present incidence.

Due to the ver high alkalinity of the environment,
the gill lamellae ?,Fig. 2B) have been heavily corroded
and this has adversely affected the respiration pro

cess of the fish resulting in asphyxiation. Also
the corroded gills could not help the fish to utilise
the limited oxygen content available in the environ
ment. It may also be mentioned that the opercular
cavity of the dead fish was completely choked by
the suspended solids from the highly turbid water
causing death.

During the present investigation ammonia (NH,
N) is found to be the major pollutant discharged
from the largest factory (FACT) in the Kalamass-ery
Industrial Complex of Cochin backwaters. Speci
mens of A. gymnocephalus were observed dead and
floating at the effluent discharging site of this factory.
The ammonia concentration- in- the effluent dis
charged (432-560 ppm) is well above the tolerable
limit (2-5 ppm) of ammonia concentration for aquatic
biota. It is suggested that treatment of the wastes
to recycle and recover the'ammonia or to remove
ammonia from the efiluent before it is let out into
the waters, may be practised. Pollution effect seems
to be very much reduced far below the Industrial
Complex area mainly due to dilution which in due
course may not be an effetive counteraction to thepresent pollution. ~

The authors are grateful to Dr S. Z. Qasim,
Director, and to Dr T. S. S. Rao, Scientist-in-‘Charge,
for encouragement. Three of the authors (M.V.,
E.V.R". and KN.R.) are thankful to CSIR, New
Delhi, for the award of research fellowships.
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