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ABSTRACT The cstuaries fkayals) of Kerala sre of late,
becoming increasingly polluted due 1o persistent retting
of coconul husk for the manulacture of colr. The suusncs
of Kerals are extensively wtilised for the procesging of
coopnul husk in this raditional method snd the shores of
these estuaries are famous as imponant coir ke prodaction
centres in the world, Depletion in dissolved oxygen and
prodisctson of large samounts of hydrogen sulphide and
ammania wene oheerved in the reiting zonss and that had
a detrmmemal effcet on the fish and shell fauma of the
Kadinambkolam kayal, As & result, mass morality of fishes
occurred in the reting 2ones of the Kadinambkulam estuary
duning the pre-mwmsoen peried. A& large number of fishes
of different vaneties, of which majority wens euryhaline,
were seen floating and also strewn all along the sides of
the estusry and adjecent areas. The effect of anoxia and
sulphide pollation on the ecosystem is discussed.

INTRODUCTION

Coir industry iz one of the most well
organized cottage industries in Kerala, offering
direct employment to over hall a million people
in the Siate. Beuing of coconut husk is bronght
about by the pectinolytic activity of micro-
organisms like bacieria, fungi and yeast releas-
ing large guantities of organic substances such
as poctin, peniosan, polyphenols, tannims eie.
into the mediom. As a resull kavals of Kerala
became increasingly polluted, causing extens-
ive damage 1o the biotic communities in these
ZONES,

Earlier investigalions on retling practice in
the kayals by Abdul Azis and Nair {1%56),
Bijoy MNandan et al, (1989} and Bijoy Nandan
and Abdul Azis (1990} has revealed that the
water quality of ¢stuaries has further deteriora-
ted with the simulianeous depletion in the fish
and shell fish resources of the region. The present
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investigation deals with the impact of coconu
husk reiting on fish and shell fish fauna of
the Kadinamkulam esiuary.

STUDY AREA

The investigation was conducied in the
Kadinamkulam kayal {lai. 8%35" 8°40° N and
long. 76°45°-76°52'E) Kerala, India (Fig. 1).
Two stations representing different ecological
conditions were selecied, Station [ (Kotrakiri}
represented a polluted zone, which isan interior
bay of the kayal used entirely for the retting
of coconut husk. Station 11 (Perumathura) is
an arca free from retting activity and is exposed
o fresh water influx and sca-cstuary mixing.
The Vamanapuram river emptics into the estu-
ary al its northern extremity at Perumathura,

MATERIALS AND METHODS

Fortnighty field collections were made
from the four stations for a period of one year
from October 1987 1o Seplember 1988, Surlace
and botlom water samples were laken [rom
both the stations, in replicate, for the estimation
of pH, salinity, dissolved oxygen, hydrogen
sulphide and ammonia and were analysed
according to Standard Methods (APHA 1980).
Botwom water was taken with a locally designed
bottom water sampler of 1 litre capacity. pH
was measured with the help of Elico pH meter
model (LI-1200. Specimens for the present
study were collected at random from the local
fishermen during the same period. Amongst
the cast nets and seine nets used commaonly,
the latter accounts for the major share of the
catch. Identifications of fishes and shell fish
fauna were camed outl following Day (1988),
Munro (1967), Whitehead (1972) and Jhingran
(1975).
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Fig. 1. Map of Kadinamkulam etuary indicating the study sites
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RESULTS AND DISCUSSION

Water (uality of the Retting and Non-ree-
ing zones

The pH in the surface and botom water
at the retting zone ranged from 548 w 7.97
and that at the non-retting zone from 6.62 1o
7.92_ Acidic nature of the water in the retting
zone wis a notable aspect of the present study,
particularly during the post-monsoon and pre-
monsoon periods. Salinity at the reiling zone
varied from 2.5 to 28x10™ in the surface and
bottom waters whereas, at the non-retting zone
from 11.36 10 31.70x107. Low concentrations
of dissolved oxygen coupled with the produc-
tion of large quantitics of hydrogen sulphide
was an outstanding feature of the quality of
waler in the reiting rone. Dissolved oxygen
conmcentration in the surface and bottom waters
ranged from 0 10 0.72 mgL™” and 1.97 to 6.21
mgL" at the retting and non-retting zones,
respectively (Fig. 2). Hydrogen sulphide varied
from 7.60 o 40.20 mgL™ at the rewing zone
and from 0 o 3.60 mgL” at the non-retting
zone (Fig.3), Depletion of dissolved oxygen
and production of hydrogen  sulphide
accompanied with the retting of coconut husk
has been reported earlier from the Edava-
Madayara cstuary by Abdul Azis and MNair
(1986). Presence of hydrogen sulphide has besn

reported from several marine and estuarine
areas of the world. Ivanenkov and Rozanov
(1961} have noticed such arcas from the north-
easiern part of the Arabian sea and the north-
west part of the Bay of Bengal; Dawer and
Ranasinghe (1992) from Chesapeake Bay and
Stanley and Nixon (1992) from the Pamlico
river esmary, Large scale production of
hydrogen sulphide has been observed in the
Chesapeake Bay by Officer et al. (1984). The
sulphide biomes created by retting in the kayals
of Kerala are thus quite unigue. The
decomposition of the organic matter in the rett-
ing zones by bacteria results in the utilisation
of dissolved oxygen, The organic load at the

retling zones are always high resulting in grea-
ter microbial decomposition leading wo deple-
tion of oxygen which eventually led 1o a state
of anoxia.

Ammonia (WNHs-N) in the surface and
bottom waters varied from 6.78 o 36.70 pg
at/l and from 0 to 11.70 ug at'l at the reting
and non-retting zones, respectively. It exhib-
ited a maxima during the pre-monsoon
followed by the post-monsoon and monsoon
periods in the suface and bottom water at both
stations.

Fisk and Shell Fish Fauna

A wotal of 37 species of fishes belonging
o 26 families, 5 species of prawns, 2 species
of crabs and 2 species of bivalves were
collected from the non-retting zone (Tables 1
and 2). Of the 20 species of fishes recorded
from the retting zone none of them survived
and were collected dead. Mo shell fish forms
were recorded from the polluted retting zone.
Majority of the fishes were curyhaling forms
having a wide distribution in the estuarine and
contignous water. Megalops cyprinoides and
Gerreomorpha seiifer are the rug esluanne
forms occurring in the Kadinamkulam kayal.
It is thus evident from the present study that
50% of the fishes in the Kadinambkulam csuary
are maring which migrate into the kayval when
hydrobiological conditions are favourable as
was observed in other kayals of India by
Jhingran and Gopalakrishnan (1973).

Fish Fauna in Relation fo Water Quality
Condition

Sporadic instances of fish mortality has been
observed in the retting zones of the Kadinam-
kulam estuary particularly during the pre-
monsoon period when the dissolved oxygen
concentration falls leading o an anoxic condi-
tion concomitant with the production of large
amounts of hydrogen sulphide and ammonia.

Bass-Becking (1925) for the first time
*coined the term “sulphureta™ to describe



5. BUDY NANDAN AND PE. ABDUL AZIS

TN | FIG., o

w-—-u FIRFNLE WATER
w - --n BEIIEH WAIER

MISCLYED DXYGEW | mgsl |
k=1
-

pL
fe
L)
il ]
0 -rFI ] 5] 1 r H [
L¥} L1}
HOWITHS
es  SFRFNIF WATER
stamion 1 FIG. b —ece BHIE VATH

DISSOLYED OXYGEN | mgsl |

R oo 1 F R A R 1 1 k%
HOMTHS

Fig. 2. Graphs depleting variation in dissolved oxypen in the Kadinomkulam estuary



101

FISH MORTALITY FROM ANOXIA AND SULPHIDE POLLUTION

Aaenyss wEnyuedpey M) Uy susEaEac apppding waloapdy uy vopeaes Supsdap Ena..n- ‘€ iy

SHLNOH SHLNOH

L]

i1

= =,

11/ bm ) JodINg  MIDOMOAK

s wlim =
LOLLR L

i

= - 2
[}/ b | pOSGIWE  WIDEWOAN

i

iva Dui & G TE BT
0
o I WIS



102 5. BUOY NANDAN AND P.K. ABDUL AZIS
Table 1: List of fishes of the retting and non-retting zones in the Kadinamkulam Kayal
Family Species Loval roms Habitar Na, collected
(Muare 1047] Nam-retting Retiing
Megalopidse Megalops cyprimoid i Chankanni E 1 &
Clupeidae Sardinella sp. haala T x
Engraulidae Stolephorus ndicus* Metholi M g T
Chanidee Chanos chanas* Poomesn | 15 2
Tachysuridae Tachyrrws raculaius® Koor Thedu ME 3 1
Hemiramphidee  Nyporkamplus limbais*  Koralan ME 9 -—
Hemiramphus cantori ME 12 4
Rynchoramphus gerorgi* T 2
Sphyraenidas Sphyraena jello* Cheelavu M 16 7
Mugilidee Mugil cephaliur® B anamibua 22 12
Liza macrolapis*® ME 12 B
L. parsig** ME 17 B
Valamugil schel* M 7 -
Atherinidas Pranssus dusdecimalis®  Kayal Nethali M.E 12 —_
Centropomidae Charda commdrsoni®® Mulli Mandal ER 16 -
Serranidas Epinephelus lauwving Azhutha M i —_
Thersponidas Therapon jorbua® Kezli ME 13 4
Sillagimidae Sillayo sikama* Ocli ME 13 —
Canngidas Caranr sexfasiatus® Pazra il 10 —_
Latjanidse Laganur fulvilamma® Chemballi MER L] -
Gerndae FPeriica filarenioza® Praschi M B -
Gierres ayena® | 7 F]
Gerreomorpha selifer® E 3 I
Leiognathidae  Leiograthus equulus® Kaaral MER 8 —
L. splerdens® . 1 -
Mullidae Uperews swlphurens® Muvara M 1 —
Sestophagidee  Scalophagur argus® Marappi ME 3 —
Cichlidae Tilapia mossambica* Tilapi 16 G
Etroplus suratensis®® Karimesn ER 21 i
E. macularg*® Pallaghi ER 20 4
Eleatridas Eleotris fusca® Karimpoonthi ER iz _
Gobiidae Glosrogobius giurir® Poonhi MER f 2
FPasudogobius javanicus M,E & -
Platycephalidae  Thysanophrys irdicus® Oratha M B —
Soleidae Brachirus orieataliz® % i -
Cynoglossidae  Cynoplosrus lids M 1 1
Tetradontides Chelondon paroca®™ Dheabaampetu MLE 2 1

*-Lommercially imporiani species (Jhingran, 1975)
**. Specice gubatantially commbuting 1o fisheries

M-Marine, B-Eswanne, E-Rivennes

habitats containing large amounts of hydrogen
sulphide. The sulphureta observed from the
retling zones of the present study showed that
it protends to the adjacent regions of the

Kadinamkulam kayal. According o Meelev
et al. (1983} increase in sulphide content in
a water body (salts of hydrosulphurc acid) 15
an  extremely  unfavourable index of
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Table 2: Shell fish fauna of the reliing (S40) and non-
rodbimp (5610} ones in e Boadboam koo baem kayal

Species S, F 5 0 Local No.
Agmme Collect-
ect frn.
relling
zone)
Pemaeus indicur - + Maran 17
FPemaews monadon - + Kare ]
Metapemmeus - + Poovalan i
dobroni of Thelly
Metapenaens - + Choodan 2
Lfelalain Sprly
Macrobrachium - * I
idilla
Scylila servaia = + I
Meptwmas pelagicie - + 12
Villowisa - T+ 3
cyprinmdes
Crassasirea = + 14
muadrarercis

-Albbent + Present

hydrochemical regime. According o them,
hydrogen sulphide is formed by the decompaosi-
tion of orgamc substances and is very toxic
to fishes when exposed to a concentration of
1.0 mgL*. In the present study also, it was
noticed that, in the reting zone the rate of
respiration dropped and respiratory movements
become arhythmic in the fishes. Metelev et
al. (1983) have also stressed that wxicily of
sulphides decreased with increase of pH.
Hydrogen sulphide peneirates living cells at
a pH of less than 6.00. In the present
investigations the higher concentration of
hydrogen sulphide can also be atiributed to
dcidic conditions prevailing in the retiing
ZONIES,

Earlicr reports from Kerala on fish mortality
are by Unnithan et al. (1975) and Mair ¢t al.
(1981) from impacted areas of industrial
efflucnis in the Cochin backwater. American
Public Health Administration and Water Pollu-
tion Control Federation (1980) have classified
“fish kills" as "minor” {1-100 dead or dying
fish confined w small area of stream siretch),
‘moderate’ (100-100My dead or dying fish of

various species in a kilometer or equivalent
area of a lake or estary) and ‘major” (1000
or more dead or dying fish of many species
in a reach of a stream upto 16 kilometer or
more of a lake or estuary). Accordingly, a
*major kill® of fishes could be considerad from
the retting zones of Kadinamkulam kayal,
“Minor Kills™ have earlicr been reported by
Silas and Pillai (1976) from the Cochin back-
water,

The 181 {1983) standard for the concentra-
tion of dissolved oxygen is 3 mgL” and that
of hydrogen sulphide is 2 mgL" for inland
surface water, whereas the ICMRI (1986)
slandard proposes 5 mgL’1 for dissolved
oxygen in inland waters. The present data when
compared with the above mentioned standards,
the guality of water in the reiing zone can
be rated as polluted.

The high concentrations of ammonia (MNHsx
-M}in the retting zone could be attributed to
the introduction of raw coconul husk and their
subsequent decomposition in the kayal. The
denitrification process taking place as a part
of the nitrogen cycle leads (o a steady decline
in the nitrate-nitrogen accompanied by a
progressive increase in ammonia (Mechalas,
1974). The anoxic condition at a pH between
548 and 7.97 in the region plays a calalytic
role in the evolution of ammonia. The retting
zones in the Kadinamkulam kayal was thus
ideally placed for the production of large guan-
tities of ammonia, which was also detimenial
tor the fish and shell fish fauna. The IST (1983)
has set a tolerance limit of 1.2 mgL"' of
ammonia for shell fish and commercial fish
culture,

Retting of cocount husk thus, characteristic-
ally brought by the pectinolytic activity of
microorganisms, degrade the fibre binding
materials of the husk liberating large quantities
of organic matter like pectin, pentosan, poly-
phenol, tannin cic. into the environment.
Consequently hydrogen sulphide and ammonia
increases while the dissolved oxygen decreased
in the ambient water. Therefore, the cumulative
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effect of anoxia coupled with the presence of
large amounts of hydrogen sulphide, ammonia
and organic chemicals had a lethal effect on
the biotic communities in the retting zones of
the Kadinamkulam kayal,
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