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PREFACE 

Est.uaries are t.he int.erface bet.ween fresh 

wat.er and wat.er syst.ems, t..he biological 

product..ivi t. Y 

salt. 

of which are normally very high 

consequent.ly t..he populat.ion densit.y is also very high 

result.ing many biot.ic and abiot..ic problems including 

pollut.ion aspect.s. W'i t..h t..he increasing concern over t..he 

environment.al consequences of wast.e discharges int.o t..he 

aquat..ic environment. it. has become necessary if not. 

mandat..ory t..o det.ermine t.he t..oxic load reaching t..he 

aquat.ic syst.em all over t..he world. The present.. st.udy is 

an at.t..empt.. t..o ident..ify and est..imat.e met..al pollut.'ant..s in 

t..he sediment.s and over lying wat.er column in t..he Cochin 

harbour area. 

The :first.. chapt.er int.roduces a comprehensi ve 

account. on t..he hist.orical background of t..he Cochin 

harbour, significance of met..als in aquat..ic environment., 

review of pert..inent.. li t..erat. ure and ident.ificat..ion of t..he 

st..udy area. 

The second chapt.er describes t..he methodology in 

detail, and a review of the st.at.e of the art.. of 

ext..ract.ion t.echnique. 

1 



The t.hird chapt.er cont.ains t.he result.s on t.he 

concent.rat.ion of t.he dissolved and part.iculat.e met.als in 

t.he wat.er column. Effort.s have been made t.o underst.and 

t.he relat.ion of t.hese met.als wit.h salinit.y during 

est.uarine mixing. 

The fourt.h chapt.er describes t.he concent.rat.ion of 

met.als in sediment.s and core samples. The quant.um of' 

met.als t.o which t.he biot.ic const.it.uent.s are likely t.o 

int.eract. have been est.imat.ed t.o assess t.heir 

bioavailabilit.y and t.oxicit.y in t.he syst.em. 

The fif't.h chapt.er summarises t.he result.s and 

conclusions emanat.ing from t.he st.udy. 

The papers published/present.ed in t.he relevant. 

field in Nat.ional and 

have been appended. 

Int.ernat.ional journals/seminars 
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1 

CHAPTER - 1 

INTRODUCTION 

1.1. Hist.ory of' Cochin Harbour in Brief' 

Cochin, <1:.he queen of 1:.he Arabian ~ea~ , has her 

majes1:.y and 1:.ranquili t. Y being a prot.ec1:.ed nat.ural 

harbour on t.he sout.h-wes1:. cos1:. 0:£ India. The st.udy area 

000 
lies bet-ween 9 49' and 10 14' nort.h lat.it.udes and 76 

10' and 76
0 

31' east. longit.udes <Fig. 1). 

11:. is presumed 1:.hat. 1:.he Cochin inlet. was formed 

somewhere in 1341 <Robert. Bris1:.ow, 1959) and since t.hen 

t.he capit.a1 of t.he ancient. rulers was shift.ed from 

Muziris t.o Cochin. From t.he sixt.eent.h cent.ury Cochin 

faced rapid changes t.hrough t.rading and colonizing 

at.t.empt.s of European powers, t.he Port.uguese, t.he Du1:.ch 

and in 1875 t.he Bri t.ish. 

The presence of' <mud banks' along t.he Kerala coas1:. 

and t.he ext.ensive backwat.er sys1:.ems prompt.ed chart.fng of 

t.he Cochin por1:. as early as 1836, f'ollowed by revisions 

in 1858, 1879 and 1882. Suit.abili1:.y of Cochin port. as a 

st.op over in 1:.he long ocean rout.e 1:.0 f'ar eas1:. count.ries 

was recognized as an al1:.ernat-i ve 1:.0 Bombay and in 1870 

J.H. Aspinwall, a Bri1:.ish merchant. and 1:.he president. of 
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t.he Cochin Chamber oC Commerce, conceived t.he idea of 

developing a safe deep wat.er harbour in t.he Cochin 

backwat.ers. In 1880, t.he Cochin Chamber oC Commerce 

submdt.t.ed a memorandum concerning t.he est.abHshment. of a 

new port. at. Cochin t.o t.he Duke Buckingham and furt.her in 

1900 t.o Lord Curzon, Viceroy and Governor Genera! of 

India. Considering various aspect.s t.he Madras 

~overnment. in 1919 request.ed t.he Brit.ish Government. for 

t.he services of an Harbour Engineer t.o st.udy t.he 

feasibiHt.y of est.ablishing a ne,., port. at. Co chin and 

Sir Robert. Brist.o,., was appoint.ed for t.his purpose. He 

reached Madras on 4t.h April, 1920 and t.he Governor of 

Madras direct.ed him t.o Cochin ,.,it.h t.he t.ask of 

developing t.he Cochin Harbour. The sagacit.y and hard 

work oC Sir Robert. Brist.o,., and his colleagues ,.,as 

monument.a! in declaring Cochin Harbour as an all t.ime 

port. by about. 1940. 

Kerala has a coast. line of 560 km long, ext.ending 

from Manjes,.,ar in t.he nort.h t.o Poovar in t.he sout.h, 

having 14 km of coast.a! st.ret.ch against. 100 sq. km of it.s 

area. Parallel t.o t.he coast., t.here is a chain of 

backwat.er lagoons, or est.ua:rine syst.ems, int.erconnect.ed 

wit.h nat.ura! or art.ificial canals. There are 41 west. 



Ilowing rivers, which reach Laccadive sea 
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1:.hroUCh 

es1:.uaries or backwa1:.ers. Mos1:. of 1:.he rivers are fas1:. 

Ilowing consequen1:. on 1:.he prevailing 1:.errain na1:.ure, 

discharging 1:.heir con1:.en1:.s including 1:.oxican1:.s in1:.o 1:.he 

es1:.uary/backwa1:.er/coas1:.al zone a1:. a fas1:.er ra1:.e 1:.han in 

many ot-her ri ver sys1:.ems. Since rivers, backwa1:.ers and 

sea are in1:.er-connec1:.ed, 1:.here is a fair amoun1:. of 

mixing and :flow of energy :from one sys1:.em 1:.0 1:.he o1:.her. 

1.2. Indust.ria! 

St.udies. 

There 

indus1:.ries 

are 

and 

handling diverse 

Pollut.ion and Import.ance oC Met.a! 

over 200 medium and large scale 

abou1:. 2000 small scale indus1:.ries, 

organic and formula1:.ions , 

discharging 1:.heir efIluen1:.s 

inorganic 

ei1:.her direc1:.1y or 

indirec1:.1 y 

was1:.es. 

:fer1:.ilizers 

in1:.o f .. he wa1:.er bodies besides 

Apar1:. :from t.his, indiscrimina1:.e 

insec1:.icides/fungicides and 

municipal 

use of 

o1:.her 

consumables causes considerable damage t.o t.he wa1:.er 

quali 1:. Y of bo1:.h ri verine and marine sys1:.ems posint; a 

serious t.hrea1:. t.o bio1:.ic communi1:.y includint; man. 

It. is known for t.he past. several years t.hat. some o:f 

t.he rivers of Keraia, viz. Chaliyar, Periyar, 
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Chit.rapuzha, Kallada et.c. are pollut.ed. It. has been 

recognised t.hat. ~ great.er pot.ent ... ial hazard exis t.s in 

est.uarine and near shore areas hecause of t.heir 

proximit.y t.o sit.es of indust.rial and domest.ic act.ivit.y, 

result.ing in high concent.rat.ion of specific pollut.ant.s. 

In recent. years, several man-made changes in t.he Cochin 

backwat.er 

ecology. 

Cochin 

capit.al of 

have int.roduced marked changes in it.s 

has been ident.ified as t.he indust.rial 

Kerala and a lion share of chemical 

indust.ries are sit.uat.ed on t.he banks of river Periyar. 

The effluent.s are mainly generat.ed from chemical and 

erlf:ineering indust.ries, food and drug manufact.uring as 

well as from paper, rayon, 

plywood indust.ries. Tables 1.1 

rubber, t.ext.iles 

and 1.2 provide 

and 

t.he 

quant.it.y and nat.ure of effluent.s discharged int.o t.he 

river Periyar. 

The rout.e of ent.ry of met.als t.o man may be direct., 

by way of drinking wat.er, or 

food chain. Out.-breaks 

poisoning in Japan (Nit.t.a, 

indirect. oft.en 

of mercury and 

1972) t.riggered 

involving 

cadmium 

serious 

concern among scient.ist.s about. heavy met.al pollut.ion. 
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It. is est.imat.ed t.hat. more t.han 90% of t.he element.al 

mercury is t.ransformed t.o highly t.oxic met.hyl mercury by 

marine organisms. The inst.ances of mercury pollut.ion 

known as ·'Minamat. t.a disease" caused by t.he consumpt.ion 

of mercury cont.aminat.ed fin and shell fish meat. from 

t.he Minamat.t.a Bay, maimed and mult.ilat.ed t.he life of 

many people. The cadmium poisoning causing t.he "it.a 

it.a" disease has affect.ed t.he resident.s of Jint.su river 

area in Japan. Est.uaries are one of t.he most. product.i ve 

and biologically act.ive 

where many of t.he fin 

environment. for t.heir 

areas in 

and shell 

breeding 

t.he aquat.ic 

fishes get. 

and early 

syst.em 

congenial 

growt.h. 

Nonbiodegradable heavy met.als t.end t.o accumulat.e in t.he 

aquat.ic communit.y t.hrough a food chain and ult.imat.ely 

reach men. A know ledge on t.he met.al concent.rat.ions in 

t.his est.uarine environment. is, t.herefore, of ext.reme 

import.ance in order t.o underst.and t.he bioavailabilit.y 

and t.he ext.ent. of t.oxicit.y and provide dat.a for t.he 

planners and decision makers. 

1.3, Previous Sf.udies in and around t.he Cochin Harbour 

The ever increasing loads of indust.rial wast.e and 

sewage in t.he Cochin est.uary have creat.ed condi t.ions 

which are ext.remely dest.ruct.ive t.o plant.s and animals 
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(Qasim and 

backwat.ers 

Madhuprat.ap, 1981). 

have been st.udied by 

Bent.hos of t.he 

Kurian (1972) and by 

Ansari (1977). The st.udies, indicat.e ~hat. t.he densi~y 

of bivalves, gas~ropods and isopods in t.he backwat.ers 

have been considerably reduced wi~h t.ime. These have 

been at.t.ribu~ed t.o t.he increasing pollut.ion (Qasim and 

Madhuprat.ap, 1981). St.udy by Remani (1979) indicat.es 

t.hat. in some of t.he pollut.ed areas, ~he BOD values reach 

513.76 mg/lit.re, sulphide 

cont.ent. less t.han 0.05 

4.97 mg/lit.re 

ml/lit.re. The 

and oxygen 

effect.s of 

indust.rial pollut.ion are seen in t.he form of deplet.ion 

of biot.a, especially, bent.hic organisms, fish mort.alit.y 

and presence of high concent.rat.ions of ammonia in 

wat.er. Hydrobiological condi t.ions of Cochin est.uary 

are great.ly inf1uenced by sea wat.er int.rusion and inf1ux 

of river wat.er as shown by t.he dist.ribut.ion of salinit.y 

and ~emperat.ure (Lakshman et. al.. 1982). It. has been 

shown t.hat. t.he organic carbon in ~he sediment.s is 

higher during monsoon due ~o ~he cont.ribut.ion from land 

run off (Remani et. al., 1980). The s~udy wi t.h reference 

t.o ~he indicat.or bac~eria reveals ~ha~ ~he principal 

source of fec~l pollu~ion is non-human ~ype. originat.ing 

from land drainage, sewage and organic discharge (Gore 
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e"t al., 1979). The higher C.O.D. values observed are 

probably due "to domest.ic sewage and "the wast.es discharged 

int.o "the harbour area (Sarala Devi et. al., 1979). 

S"tudies have furt.her shown "that. t.here is appreciable 

degree of organic pollut.ion in t.he Harbour area 

(Unnit.han et. al., 1975; Vijayan et. al., 1976). 

The hydrographical condi t.ions, especially, salinit.y 

undergo wide fluct.uat.ions in "the Cochin Harbour area 

wit.h season. During t.he sout.h-west. monsoon period 

(June Sept.ember) it. is fresh wat.er dominat.ed and 

"therefore, t.he salinit.y is very low, whereas during 

pre-monsoon period just. t.he reverse happens as a result. 

of evaporat.ion and decreased freshwat.er in flow. The 

overall change in salinit.y at. t.he harbour region is in 

t.he range of 34.31 ppt. in April, t.o 1.11 ppt. in July 

<Vijayan et. al., 1976). The change in salinit.y has 

been found t.o have a profound effect. on t.he sequences 

of Iluct.uat.ion in "the abundance and ecological 

succession of "the fauna and flora in t.he est.uary 

(Madhuprat.ap et. al., 1977). 

Seasonal changes in "the surface t.emperat.ure are 

well marked in "the harbour area. The t.emperat.ure shows 



a 

seasonal 
o 0 

chan@;e from 4 'to 5.4 C in 'the surface wat.er 

and from 3.7
0 

t.o 5.7
0

C 

recorded was 25.8
0

C 

in 'the bot.t.om. The lowest. value 

and 'the highest. 32.6
0

C in 'the 

o 
surface wat.er whereas, 'the bot.t.om wat.er recorded 25.2 C 

and 32.0
0

C as t.he lowest. and highest. t.emperat.ures, 

respect.ively <Vijayan et. al., 1976). 

Significant. seasonal fluct.uat.ions in t.he values of 

dissolved oxygen bot.h at. surface and bot.'tom are seen in 

'the est.uary wi'th 'the lowest. oxygen cont.ent. usually found 

during pre-monsoon periods. It. is seen 'that. 'the oxygen 

con'ten't is always low at. 'the bot.t.om, which is at.t.ribut.ed 

'to t.he oxygen consumpt.ion during decomposi t.ion of 

organic ma'tt.er in 'the deeper st.rat.a of 'the wat.er body. 

The BOO is also increased gradually wit.h 'the 

conunencement. of pre-monsoon and shows a decreasing t.rend 

wi t.h 'the onset. of monsoon periods, but. is always found 

lower at. t.he harbour as compared wi t.h any ot.her par't of 

t.he es'tuary <Haridas e't al., 1975). 

The fauna! and floral composit.ion, 'their succession 

and pat.'tern of dist.ribut.ion in 'the harbour area are 

essen'tiaily cont.rolled by 'the hydrographic changes. The 

primary producers ie, 'the phyt.oplankt.on, in 'the region 
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show t.heir maximum numbers in November and minimum in 

Sept.ember wit.h an avera~e concent.rat.ion varyin~ f'rom 

22,200 t.o 2,99,700 cells/lit.re <Devassy and Bhat.t.at.hiri, 

1974). 

The Chlorophyceae and Cyanophyceae are observed 

wit.h a concent.rat.ion ran~in~ f'rom 2 t.o 44% of' t.he t.ot.al 

phyt.oplankt.on populat.ion <Devassy and Bhat. t.at.hiri, 

1974). 

Several phyt.oplankt.on blooms are observed in t.he 

Cochin Harbour area, which are direct.ly correlat.ed wit.h 

t.he wat.er charact.erist.ics, part.icularly t.he nut.rient.s 

and salinit.y <Qasim, 1980). 

Zooplankt.on populat.ion in t.he Cochin Harbour 

f'luct.uat.es wit.h seasons and t.hey can be correlat.ed wit.h 

t.he hydro~raphical condi t.ions as well as t.he 

phyt.oplankt.on concent.rat.ion. Zooplankt.ons are recorded 

in advance durin~ t.he low saline pre-monsoon period and 

are very poor durin~ t.he low saline period, f'rom May t.o 

November. The avera~e zooplankt.on product.ion is 

est.imat.ed as 31.8 m~ dry wt.. per cubic met.er per day 

3 
<11.6 g/m /year) <Madhuprat.ap et. al., 1975) Or~anic 
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det.rit.us derived from t.he vario1.1s sources such as land 

drainage, wast.es dumping, fecal pellet.s 

quant.i t.ies 

of 

of 

t.he 

t.he inhabi t.ant.s and t.he decay of large 

weed Salvinia auricuJat.a brought. during monsoons, also 

plays an import.ant. role in t.he secondary producllion of 

the est.uary (Gopalan and Sreekumaran Nair, 1975). 

Hydromedusae are abundant. in t.he pre-monsoon 

period, disappear when t.he salinit.y becomes low during 

monsoon, except. for an influx, presumably, from out.side 

the mout.h, in June. Four common species occurring in 

abundance are Phialidium brunescens. Eut.ima commensalis. 

Eirene ceylonersis and 

st.udies so far made 

Blackfordia virginica. Several 

indicat.e t.hat. all t.he endemic 

species t.hat. are met.agenet.ical ie. t.hat. have a bent.hic 

st.age of hydroid in t.heir life cycle probably survi ve 

the adverse low salinit.y period by developing endurance 

st.ages. St.olonar resist.ance <capsules' are known for a 

few species (Sant.hakumari and Vannucci, 1977). 

Pleurobrachia sp. is t.he dominant. form of t.he 

Ct.enophora group and t.heir dist.ribut.ion is more or less 

similar t.o t.hat. of hydromedusae. The dominant. 

Chaet.ognat.h species found in t.he harbour is Sagit.t.a 
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bedot.i. The ot.her species include Sacit.t.a robust.a. and 

Sagit,t,a oceanica. which is an oceanic form. 

enflat.a is seen during pre-monsoon season. 

The Saci t. t.a 

During t.he 

monsoon period, chaet.ognat.hs are t.ot.ally absent. from t.he 

area <Vijayalakshmi Nair, 1975). 

Copepods are t.he most. cosmopoli t.an group in t.he 

harbour and are present. in all seasons. High numbers 

are recorded during t.he high saline period, which 

decline wi t.h t.he onset. of monsoon, begin t.o increase 

again during post.-monsoon periods. The family 

Acart.idae const.it.ut.es majorit.y of t.he copepods in t.he 

area and include species such as Acart..ia cent.rura and 

Acart.ia bilobat.a present. during pre-monsoon period. The 

Acrocalanus similis. Paracalanus aculeat.us. 

Cent.ropa~es alcoki and Cent..ropaces t.rispinosus are 

present. during January and February. Pseudodiapt.omus 

erricandat.us is observed during t.he peak salini t. y mont.h 

of April. <Gopalan and Sreekumaran Nair, 1975). 

Ampbipods are present. in small nwnbers in all 

seasons in t.he harbour area; it.. higher abundance being 

not.iced during pre-monsoon period. The Cladocera group 

is also present. during monsoon and post.-monsoon periods. 
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The pronrinen~ members of ~he group are Evadna ~erges~ina 

and Penilia aviros~ris. 

Several species of food fishes like Arius, 

Sca~ophagus, Apogon, Henriramphus and Mulle~s are of~en 

:found along wi~h many o~her ben~hic :forms like ~he fla~ 

:fish Cynoglossus sp. (Ansari , 1977). 

S~udy of par~icula~e ma~~er of wa~er from Cochin 

backwa~er :for ~race me~als indica~es high concen~ra~ions 

o:f Zn, Cr. a~~ribu~ed ~o 

(Sankaranarayanan and Rosamma 

concen~ra~ion of Zn. Cu, Fe, Mn, 

indus~rial pollu~ion 

S~ephen, 

Sn and 

1978). 

Hg has 

High 

been 

observed in ~he oys~er Crassos~rea madrasensis 

(Pres~on) of ~he Cochin Harbour. High me~al load in 

t,issues is observed during ~he breeding period and also 

when ~he es~uary main~ains high salini~ies during 

Oc~ober ~o April. The sui~abili~y of ~he oys~er as an 

indica~or organism for me~al pollu~ion in Cochin 

backwa~er has been discussed by Rajendran and Kurian 

(1986). Some of ~he ben~hic organisms, such as mussels 

and oys~ers, have accumula~ion of zinc higher ~han ~he 

permissible linri~ (Remani, 1979). The concen~ra~ions of 

dissolved par~iculat.e and sedimen~ary me~als are well 
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document.ed (Venugopal, 1982; Ouseph, 1986, 1987, 1989, 

and 1992). Mass mort.allt.y of fish and cat.-Lie have been 

report.ed from Chi t.rapuzha area (Silas and Pillai, 

1976). 

1.4. Det.ails of' St.at.ion Locat.ion 

The sampling has been made from 18 st.at.ions in t.he 

Cochin Harbour, t.he st.at.ions 19 t.o 23 from t.he effluent. 

discharge point., st.at.ions 24 t.o 27 from t.he upst.ream of 

t.he effluent. discharge point. (Fig.1.2). Invest.igat.ions 

were carried out. in July (monsoon) and November 

<post.-monsoon) 1985 and March (pre-monsoon) 1986. An 

at.t.empt. has been made t.o st.udy t.he semi diurnal 

variat.ions of abiot.ic fact.ors in Cochin Harbour area 

during t.he maximum st.orm wat.er flushing period 

July, 1987 (Fig. 1.3). 

31st. 



'febl_1.1. QUantity of W8Irtea and nature of pollutants 
diacbarged into the ri_r Periyar (Joya.1.Dgtb 
1979) 
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T.C.Ma co. Ltde 
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per day 

Pollutan1:8 
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Cadmium. Le.... aaa-
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Table-l.2. QUantity of waste and natul:e of pollutants 
discharged into the ri'Wr Per1yar. 

_~ ______ •• ____ • __ ~ ___ • ___________ 4 _________________ ~ _________ • ____ ._. __ 

Volume 
KI.Iday Type of pollutants 

---~~~----------.----------------------.------------------.. _--
Hindustan Insecticides 
Ltd., Elur, AIwaye. 

Periyar ChemicalB~ 
Elur. AIwaye. 

Travancore Cochin 
Chemicals Ltd. # Elur. 
Alwaye. 

Indian Rare Earth Ltd., 
Elur, Alwaye. 

Indian Aluminium Co. 
Ltd., Elur, Alwaye. 

Travancore Chemical 
Manufacturing Co. Ltd., 
Elur, Alwaye. 

FACT, Elur, Al waye 

Kerala Acids & Chemicals 
Ltd.. Al waye. 

100 

3.3 

980 

3000 

3662 

900 

88 

87 

P\",,enolic, canpounc1s, 
insecticides etc. 

sulpllete, chloride, etc. 

Mercury, sulphate, 
chloride" etc. 

Lead, zinc. fluoride, 
etc. 

Fluoride, 011# grease, 
etc. 

Copper, chloride, zinc, 
etc. 

Chloride, sulphate, 
fluoride, ammonia, etc. 

Oil & grease. phosphate, 
etc. 

_____________ ~ __ ~, ... ________________ • __ •• ______________________ • _________ • ... ___ Na 



MAJOR INDUSTRIES CAUSING AQUATIC POLLUTION IN KERALA 
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CHAPTER - 2 

MA TERIALS AND METHODS 

2.1. Sample Collect.ion 

14 

W'at.er samples from surface and bot.t.om were 

collect.ed from all t.he st.at.ions 1 18 locat.ed in t.he 

Cochin Harbour area. Surface samples were collect.ed 

using a clean plast.ic bucket. and bot.t.om samples by a Van 

Dorn sampler, during monsoon, post.-monsoon (1985) and 

pre-monsoon (1986) seasons. Since st.at.ions 19 - 27 were 

shallow regions only surface samples were preferred. 

Sediment. samples were t.aken from all st.at.ions using a 

Van Veen Grab and core samples wit.h a gravit.y corer. 

The st.at.ions 1, 2, 8 and 9 locat.ed in t.he channel were 

dist.urbed areas due t.o t.he periodical dredging 

activit.ies for navigat.ional purposes. The core samples 

taken from such st.at.ions were dist.urbed. 

core sample was collect.ed at. st.at.ion 

post.-monsoon season. To avoid cont.aminat.ion 

An int.act. 

13 during 

PVC core 

liners were used in all cases. Aft.er collection t.he PVC 

liners cont.aining t.he core samples were capped at. bot.h 

ends t.o minimise dist.urbance and compact.ion. The core 

samples were brought. to t.he laborat.ory in vert.ical 

posit.ion and cut. int.o 10 cm columns. Surface and bot.t.om 
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samples were collect.ed over a t.idal cycle during t.he 

maximum st.orm wat.er flushing period from a point. in t.he 

Cochin Harbour <July, 1987). All wares wherever 

possible were cleaned by soaking in 6N Hcl and 

subsequent.ly washed in double dist.illed wat.er. The 

chemicals used were of a high purit.y Excellar and GR 

grade only. 

2.2. Analyt.ical t.ecbniques - Brief review 

St.andard ext.ract.ion t.echniques were employed 

for t.he est.imat.ion of dissolved met.als from sea wat.er. 

The report.ed procedures for t.he ext.ract.ion of t.race 

element.s in wat.er involves eit.her by a simple 

ext.ract.ion at. p H4 (Sengupt.a et. al., 1978) or by t.wo 

H H 
ext.ract.ions at. p 3-4, and ot.her at. p 5-6 wit.h different. 

complexing agent.s (Sujat.ha and Moraces, 1979). Ot.her 

ext.ract.ion procedures employed consist.ed of Ammonium 

Pyrollidine, Di t.hiocarbomat.e <APDC), chloroform by 

Spencer and Bewer (1969) by Prest.on et. a!. (1972) for 

Cu, Fe, Zn, Co, Ni for Cu, Zn, Ni, by Bewers et. al. 

(1974) for Pb, Cu, Zn, Cd, Ni, Co, Fe, by Scmidt. (1976) 

for Pb, Cu, Cd, Fe, by Duinker and Kramir, (1977) for 

Ph, Cu, Zn, Cd, by Kremling and Pet.erson (1977) for Cu, 

Zn, Cd, Fe, by Duinker and Nolt.ing (1977) for Cu, Zn, 
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Cd, from sea wat.er. Sujat.ha and Moraces, 1979 ext.rac't.ed 

Fe, Cu, Zn, 

Ket.one, (MIBK), 

Brulant. and 

Co, Ni, 

Diet.hyl 

Franks 1970 

Mo using APDC/Met.hyl Isobu't.yl 

Dit-hio Carbomat.e (DDC)/MIBK. 

est.imat.ed Cu, Cd, Zn, Ni by 

APDC/DDC chloroiorm ext.rac't.ion and back ext.ract.ion wit.h 

nit.ric acid, Armansson, 1979 used dit.hizone chloroiorm 

in t.wo diiierent. basic pH condit.ions ior t.he es't.imat.ion 

of Zn, Cd, Pb, Ni, Co, Ag and Grassoii et. al., 1983 used 

APDC/DDC and ext.rac't.ed by Freon ior t.he det.erminat.ion 

of Cd, Cu, Fe, Ni, Co, irom sea wat.er. 

The organic ext.ract.s when direct.ly fed int.o t.he AAS 

for t.he est.imat.ion of element.al concen't.rat.ions, due 

tot.he volat.ile nat.ure oi t.he organic ext.ract.s, i't. may 

evaporat.e and cause error in t.he es't.imat.ion and also 

produce smell in AAS room. In order t.o avoid such 

difficult.ies t.he complexed met.al ions were back 

ext.ract.ed from t.he organic layer using Hcl or HN0
3 

and 

the aqueous ext.ract.s t.hus obt.ained were used for t.he 

est.imat.ion oi element.s and discarded t.he organic layer. 

Very few report.s are available regarding t.he quant.um oi 

met.als available in t.he organic layer aft.er back 

ext.ract.ion. Armansson (1979) found t.hat. cert.ain met.als 

such as Cu, Ni, Co and Ag remained in t.he organic layer 
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aft.er back ext.ract.ion. In t.he present. st.udy, all 

sui t.able procedures were incorporat.ed t.o est.imat.e t.he 

dissolved met.als in sea wat.er, t.he det.ails oC which are 

appended elsewhere. 

2.2.1. Est.imat.ion oC Tot.al Mercury in Sea "'at.er 

2.2.1.1. Principle: Preconcent.rat.ion oC mercury in sea 

wat.er was done by complexin~ it. wit.h dit.hizone at. low 

H 
p. The complex was ext.ract.ed wit.h carbon t.et.rachloride 

and back ext.ract.ed int.o 5 M hydrochloric acid. The acid 

ext.ract. was shaken wit.h sodium nit.rit.e t.o decompose t.he 

dit.hizone and revert.ed mercury t.o aqueous phase. Excess 

of nit.rit.e was reduced wit.h hydroxylamine hydrochloride. 

Inorganic mercury compounds in t.he Cinal solut.ion were 

reduced t.o element.a! mercury wit.h st.annous chloride and 

est.imat.ed by cold vapour at.omic absorpt.ion 

spect.rophot.omet.er (AAS) Perkin Elmer 4000. 

2.2.1.2. SamplinG and st.oraGe of' samples: Immediat.ely 

aft.er collect.ion, t.he samples were t.ransCerred t.o acid 

washed 2.5 lit.re glass bot.t.les and acidified t.o 
H 

a p 

below 2 by addin~ 9 N sulphuric acid (18 ml per lit.re oC 

sample) which has been purified by ext.ract.ion wit.h a 

0.05% solut.ion oC dit.hizone in carbon t.et.rachloride. 
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2.2.1.3. Reagent.s: Double dist.illed wat.er (DD\¥') was used 

for all dilut.ions. 

Dit.hizone solut.ion (0.005%): Dit.hizone (25 mg) was 

dissolved. in double-dist.illed carbon t.et.rachloride 

The solut.ion was st.ored in a dark 

glass bot.t.le in a refrigerat.or. 

Sodium ni t.ri t.e solut.ion (10%): Dissolved 

A.R. (10 g) in wat.er (100 mD. 

Hydroxylamine hydrochloride solut.ion (20): 

Dissolved hydroxylamine hydrochloride (20 g) in wat.er 

(100 mD. 

Hydrochloric acid (5 M): The concent.rat.ed 

hydrochloric acid (208 mD was dilut.ed wit.h dist.illed 

Usually, hydrochloric acid cont.ains water (500 mD. 

traces of mercury. It. was t.herefore, t.est.ed for mercury 

content prior t.o use. For t.his purpose prepared 1 N Hci 

by dilut.ing concent.rat.ed Hcl (8.3 mD t.o 100 ml wit.h 

water. Added st.annous chloride solut.ion and det.ermined 

its mercury cont.ent. by cold vapour at.omic absorpt.ion 

spect.rophot.omet.ry. 

St.annous chloride reagent. (30%) : Dissolved Sn 

C1
2 

2H
2

0 (15 g) in 30 ml of 5 N hydrochloric acid and 
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dilut.ed t.o 50 ml wit.h wat.er. 

added t.o t.his reagent.. 

A piece of t.in met-al was 

Merc1.D"Y st,andard st,ock solut.ion: Dissolved 

mercuric chloride (Hg C1
2

) A.R., (0.1353 g) in wat.er (25 

mD and dilut.ed t.o 100 ml wit.h wat.er cont.aining 0.5 ml 

of 8
2

SO 4· This solut.ion cont.ained 1000 F Hg/ml. 

Secondary st,andard solut.ion: Dilut.ed 1.0 ml of 

t.he st.andard st.ock solut.ion t.o 100 ml wi t.h wat.er 

cont.aining 0.3 ml of H
2

SO 4. 

rg 8g/ml. 

This solut.ion cont.ained 10 

2.2.1.4. Apparat,us: Borosil glass wares like separat.ing 

funnels, conical flasks (2 lit.re), graduat.ed cylinders 

wit.h st.oppers, volumet.ric flasks, magnet.ic st.irrer, 

At.omic absorpt.ion Spect.rophot.omet.er Perkin Ebner 4000. 

2.2.1.5. Proced1.D"e: Calibrat.ion and det.erminat.ion of 

b~: Ext.ract.ed t.en aliquot.s (1 lit.re each) of sea 

wat.er wit.h dit.hizone solut.ion (15 ml). Discarded t.he 

organic layer and ext.ract.ed again wit.h dit.hizone 

solut.ion (10 ml). Discarded t.he organic layer again and 

ret.ained t.he mercury-free sea wat.er for blank 

det.erminat.ion and calibrat.ion. 
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For blank det.erminat.ion ext.ract.ed t.wo aliquot.s 

(1 lit.re each) of t.he mercury-free sea wat.er t.wice wit.h 

dit.hizone solut.ion (15 ml and 10 ml, respect.ively) 

ret.ainin~ t.he or~anic ext.ract.s in a 60 ml separat.in~ 

funnels. Treat.ed t.he combined ext.ract. wit.h 5 M 

hydrochloric acid (15 ml). Added sodium 

solut.ion (0.5 ml) t.o each and shaken for 5 min t.o 

revert. t.he H~ t.o aqueous phase. Separat.ed t.he aqueous 

phase in anot.her separat.in~ funnel. Washed t.he CC1
4 

layer wit.h dist.illed wat.er (5 ml). Combined t.he aqueous 

phase and t.he washin~s in a 25 ml st.oppered measurin~ 

cylinder. Added hydroxylamine hydrochloride (1 ml) t.o 

reduce t.he ni t.ri t.e and made t.he volume upt.o 25 ml wi t.h 

wat.er. 

For calibrat.ion, prepared workin~ st.andard 

solut.ions so as t.o cont.ain 100 n~ H~/ml. Usin~ t.he 

workint; st.andards spiked t.he mercury-free sea wat.er wit.h 

50, 100, 150, and 200 n~ of mercury. 

ext.ract.ions exact.ly as in t.he case 

ret.ained t.he final aqueous phases. 

Carried out. t.he 

of blanks and 

Wit.hin 30 minut.es aft.er t.he ext.ract.ion t.aken 

aqueous phases of blanks and st.andards sequent.ially in 
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Dreshel bot.'t.le. Added f'reshly prepared st.annous 

chloride solut.ion (2 mD and closed t.he bot.t.le 

immediat.ely. Swit.ched on t.he aerat.or t.o sweep t.he 

vapours of' element.a! mercury int.o t.he quart.z cell of' t.he 

inst.rument.. Not.ed t.he ~mum absorbance of' b~ (Ab) 

and st.andards (A st.) at. 251 nm. Prepared a calibrat.ion 

curve by plot.t.ing t.he absorbance of' st.andards against. 

t.he concent.rat.ion. 

Found t.he slope and calibrat.ion f'act.or (F) f'rom: 

Absorbance 
Slope = ---------

Concent.rat.ion 

1 
F s 

Slope 

2.2.1.6. S~le ~ysis: Taken aliquot.e of' a sample 

800 ml in duplicat.e (pre-adjust.ed by acidif'ying . t.o 

H 
a p below 2) in a separat.ing f'unnel. Ext.ract.ed 

wit.h dit.hizone and analysed as described above and 

not.ed t.he absorbance 

absorpt.ion spect.rophot.omet.er. 

(A ) 
s on t.he at.omic 

2.2.1.7. Calculat.ions: Ca!culat.ed mercury concent.rat.ion 

in t.he sample f'rom: 
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2.2.2. Est..imat..ion of' dissolved· mercury in sea wat..er. 

A duplicat..e set. of' sea wat.er samples (2.2.1.5.) 

were filt.ered using a millipore filt.rat.ion unit. and 

suspended part.iculat.e mat.t.er was est.imat.ed. The 

filt.rat.e was acidified t.o 
H a p below 2 and processed 

similar t.o t.he est.imat.ion of t.ot.al mercury (2.2.5.2.). 

The above values were comput.ed t.o get. t.he concent.rat.ion 

of part.iculat.e mercury. 

2.2.3. Est..imat..ion of' Dissolved and Part..iculat..e Met..aJs 

2.2.3.1. Principle: Preconcent.rat.ion of dissolved met.als 

from sea wat.er was achieved by chelat.ing t.hem wit.h 

ammonium pyrolidine dit.hiocarbomat.e (APDC) at. an opt.imum 

H 
p followed by ext.ract.ion of t.he met.al chelat.es int.o a 

suit.able organic solvent. (met.hyl isobut.yl ket.one (MIBK). 

The organic ext.ract. was unst.able which was, t.herefore, 

back ext.ract.ed int.o inorganic form using a suit.able 

concent.rat.ed acid nit.ric acid (A). The met.als present. 

in t.he organic layer aft.er back ext.ract.ion was also 

est.imat.ed by digest.ing wit.h perchloric acid (B). The 

final ext.ract. (A+B) was dilut.ed t.o a suit.able volume of 

8 ml and analysed by flame at.omic absorpt.ion 



spect.rophot.omet.ry (AAS) Perkin Elmer 4000. 

2.2.3.2. Sampling and st.orage of samples: 

collect.ed in acid washed pre-cleaned 
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Samples were 

polyet.hylene 

bot.t.les using plast.ic gloves while handling t.he samples. 

Care was t.aken t.o minimise t.he exposure of samples t.o 

the at.mosphere. 

Ext.ensive cleaning of polyet.hylene and glass 

wares were done prior t.o t.he collect.ion. For t.his 

purpose, t.he bot.t.les were immersed in concent.rat.ed 

nit.ric acid for a few clays and t.hen t.ransferred t.o a 

trough filled wi t.h dilut.e ni t.ric acid and allowed t.o 

remain t.here unt.il t.he collect.ion of samples. Bot.t.les 

were washed t.horoughly wit.h double dist.illed wat.er 

before collect.ing t.he sample. 

For t.he analysis of t.race met.als in sea wat.er, t.he 

samples were filt.ered using a millipore R filt.ers wit.h 

pore size of 0.45 micron size. Polyet.hylene bot.t.les 

pre-cleaned wit.h acid were used for t.he st.orage of 

samples. The bot. t.les were rinsed wi t.h t.he sample prior 

to t.he sample st.orage. Samples were acidified wit.h 

Supra-Pure grade nit.ric acid or hydrochloric acid (5ml 

of 1 M acid per lit.re of sample) and st.ored preferably 
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at. const.ant. low t.emperat.ure t.o avoid evaporat.ion. 

2.2.3.3. Reagent.s: All dilut.ions in t.he preparat.ion oC 

reagent.s and st.andards were made using double dist.illed 

wat.er(DD\I/). 

Met.hyl isobut.yl ket.one (MIBK): 

solvent. in an all glass st.ill apparat.us. 

Dist.illed MIBK 

Anunonium pyrolidine di t.hiocarbomat.e (APDC) 

solut.ion 2%): Dissolved APDC (Fluka cat.. No. 09935) (5 

~m) in wat.er (500 mD. 

The solut.ion was made met.al-Cree as Collows: 

TransCerred t.he filt.rat.e t.hrough a separat.ing funnel 

added MIBK (15 mD shaken for 2 min and allowed it. t.o 

st.and. ACt.er 20 min collect.ed t.he aqueous layer int.o a 

receiving Clask and discarded t.he organic layer. 

Hydrochloric acid (1 M): Added concent.rat.ed 

hydrochloric acid (8.3mD t.o wat.er and dilut.ed t.o 100m!. 

Concent.rat.ed ni t.ric acid AR grade 

Met.al st.andard st.ock solut.ions: AR/GR 

chemicals were used for t.he preparat.ion oC st.andard 

st.ock solut.ions cont.aining 1000 rg/m! of Cu, Zn, Cd, Ph, 

Ni, er and Fe. 
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2.2.3.4. Apparat.us: Separat.ing funnels, wooden or plexi 

~lass st.ands volumet.ric flasks, beakers, funnels, 

pipet.t.es, polyet.hylene bot.t.les (50 mD, 
R 

Eppendorf 

at.onric absorpt.ion spect.rophot.omet.er (AAS Pekin Ebner 

4000). 

2.2.3.5. Procedure: Calibrat.ion and det.erminat.ion of 

blank: Prepared met.al-free sea wat.er as follows: 

Measured out. eight. aliquot.s (800 ml each) of sea wat.er 

in pre-cleaned separat.ing funnels. Adjust.ed t.he 
H 

of p 

each solut.ion t.o 4.0 by adding 1 M Hcl (2 ml). Added 

APDC solut.ion (10 mD and shaken. Aft.er 30 sec. added 

t.he MIBK solvent. (15 ml) and shaken vigorously for 2 min 

discarded t.he MIBK layer and extract.ed again wit.h APDC 

solution (5 ml) and MIBK solvent. (10 ml). Discarded t.he 

MIBK layer and ret.ained t.he met.al free sea wat.er for 

blank det.erminat.ion and calibrat.ion. 

Dilut.ed t.he met.al st.andard st.ock solut.ions of 

met.als (1 ml each) t.o 100 ml wit.h wat.er cont.aining 1 ml 

of concent.rat.ed HN0
3

. Dilut.ed again 10 ml of t.his 

solut.ion t.o 100 ml wit.h wat.er cont.aining 0.6 ml of 

concent.rat.ed HN0
3

. Again dilut.ed 10 ml of t.his solut.ion 

I.\,. 
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to 100 ml cont.aining 0.5 ml of concent.rat.ed ni t.ric acid. 

This working st.andard solut.ions 

per ml. 

cont.ained 0.1 met.al 

Measured out. eight. aliquot.s of met.al-free sea 

wat.er (800 ml each) in pre-cleaned separat.ing funnels. 

Spiked t.hem (in duplicat.e) wit.h different. concent.rat.ions 

of working st.andard. Added t.o each :funnel APDC solut.ion 

(10 ml). Shaken t.he funnels for 3 minut.es. Added MIBK 

solvent. (15 ml) t.o each funnel and shaken vigorously for 

2 min. Allowed t.he solut.ions t.o st.and for 20 min for 

phases t.o separat.e. Collect.ed t.he aqueous layer in a 

clean polyet.hylene bot.t.le of 1000 ml capacit.y. Taken 

the MIBK ext.ract. in a smaller separat.ing funnel of 60 ml 

capacit.y. Ext.ract.ed t.he aqueous layer once again wit.h 

APDC (5 ml) and MIBK solvent. (10 ml). Discarded t.he 

aqueous layer and added t.he MIBK ext.ract. int.o t.he 

separat.ing :funnel cont.aining t.he first. ext.ract.. Washed 

the combined ext.ract. wi t.h DDW and discarded t.he aqueous 

layer, carefully. 

For back ext.ract.ion added concent.rat.ed nit.ric 

acid (0.2 ml) int.o t.he combined MIBK ext.ract. and shaken 

vi~orously. Allowed t.o st.and :for 20 min. Added wat.er 
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(19.8 ml) wit,h t.he help of an Eppendor~ pipet,t,e/ 

shaken and allowed t.he phases t,o separat,e. Collect,ed 

t.he aqueous layer and st,ored it, in 50 ml polyet,hylene 

bot.t.le (A). The organic layer af"t,er back ext.ract,ion was 

t.reat.ed wi t,h perchloric acid 1.0 ml 

dryness and redissolved in 0.1 N Hcl (B). 

and evaporat,ed 

Bot,h ext.ract,s 

t,o 

(A+B) were t,aken in a beaker and evaporat,ed t,o dryness 

and made upt,o a volume of 8 ml using 0.1 N Hcl. 

Measured t,he absorbance 

solut.ions of blanks and st,andards 

of 

on 

t,he 

flame 

aqueous 

at,ornic 

absorpt.ion spect,rophot,omet,er at, wave lengt,h 324.8 nm for 

eu, 213.9 nm for Zn, 228.9 nm for Cd, 283.3 nm for Pb, 

232.0 nm for Ni, 357.9 nm for Cr and 248.3 nm for Fe. 

Prepared calibrat,ion curves for Cu, Zn, Cd, 

Pb, Ni, Cr and Fe by plot,t,ing respect,ive absorbance 

a,ainst. t.he concent.rat,ion. 

fact.or (F) Irom: 

Found out, t,he slope and 

Absorbance 
Slope =-=======--

Concent,rat,ion 

1 
F = 

Slope 

2.2.3.6. Sample analysis: The samples were filt,ered 
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usin~ a millipore filt.rat.ion unit. and t.he part.iculat.e 

mat.t.er is est.imat.ed and t.he filt.er paper was 

transferred int.o a 25 ml beaker added 1 ml perchloric 

acid when di~est.ion was complet.ed and t.reat.ed wit.h t.wo 

aliquot.e or concent.rat.ed ni t.ric acid (2 ml each at. a 

time). When all ni t.ric acid was expelled, added a drop 

of concent.rat.ed Hcl and evaporat.ed. The residue was 

redissolved in 0.1 N Hcl heat.ed t.o boil and t.he volume 

was made upt.o 10 ml wit.h DD\II. The met.als were est.imat.ed 

by AAS t.echniques. 

Measured out. duplicat.e aliquot.s or rilt.ered 

H 
sample (800 ml) (previously adjust.ed t.he p t.o 4.0 wit.h 

1 M HcD in separat.in~ runnels and rollowed t.he 

extract.ion procedure as ment.ioned above ror blanks and 

standards. Measured t.he absorbance or t.he rinal aqueous 

solut.ion (As) on at.omic absorpt.ion spect.rophot.omet.er. 

2.2.3.7. Calculat.ions: Calculat.ed t.he concent.rat.ion or 

met.al from: 

met.al (Cu, Zn, Cd, Pb, Ni, Cr and Fe)/L. 

= F x As x 1.25. 

A duplicat.e filt.rat.ion or t.he wat.er samples 

was l.Indert.aken and t.Jle part.iculat.e mat.t.er was di~est.ed 
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with 0.1 He! :for t.he est.imat.ion of leachable met.als 

COuinker et. al. 1974). 

2.2.4. Estimat.ion of Salinity by ArCl;entometric 

Titrat.ion Method. 

2.2.4.1. DeCini t.ion: Salinity is defined as 

amount. of dissolved inorCl;anic matter contained in 1 kCl; 

of sea water after all bromides and iodides were 

replaced by an equi valent. amount of chloride and all 

carbonat.es were replaced by an equivalent. amount. of 

oxides'. The relationship between salinity and 

chlorinity was Cl;iven as: 

S (Salinity) ,. 1.80655 x Cl (Chlorinit.y) 

2.2.4.2. Principle: The halot;en ions of chloride, 

bromide and iodide :form a precipi tat.e 

solubility product with silver nitrate. 

2.2.4.3. Reagent.s: St.andard Sea W'at.er 

with a 

(SSW'): 

prepared by Insti t.ut.e of OceanoCl;raphic 

supplied in sealed Cl;lass ampoules 

standardizinCl; silver ni t.rate solut.ion. 

Sciences, U.K 

was used 

low 

SSW' 

and 

for 

Silver nit.rat.e solution: ACl; No
3

, A.R. (60.0 Cl;) 
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was dissolved in 1 lit.re of dist.illed wat.er and st.ored 

in a glass bot.t.le paint.ed black on t.he out.side. 

Pot.assium chromat.e indicat.or sol: K
2

CrO 4' AR 

(8.0 g) was dissolved in 100 ml of dist.illed wat.er and 

st.ored in st.oppered glass bot.t.le. 

2.2.4.4. Apparat.us: Buret.t.e wit.h a measuring accuracy of 

0.05 ml, Knudsen pipet.t.e or 10 ml bulb pipet.t.e, conical 

flask (150 mD and magnet.ic st.irrer. 

2.2.4.5. Procedure: 

St.andardisat.ion oC Ag NOa solution: Pipet.t.ed 

out. t.he SSW (10.0 mD int.o a conical flask. Added 

dist.illed wat.er (about. 25 mD and indicat.or (6 drops). 

Added Ag N0
3 

solut.ion from buret.t.e while st.irring t.he 

t.it.rant. vigorously on 1:.he magnet.ic st.irrer. Cont.inued 

t.he 1:.i t.rat.ion t.ill first. sign of const.ant. colour change 

was observed. Rinsed t.he inner walls of conical flask 

wit.h dist.illed wat.er and cont.inued t.he t.it.rat.ion adding 

t.he t.i t.rant. drop wise 1:.ill t.he colour changes from 

yellow t.o dirt.y orange. Recorded t.he buret.t.e reading (C 

mD. Repeat.ed t.he st.andardisat.ion at. least. t.hrice and 

obt.ained t.he mean buret.t.e reading (Cm mD. 

st.andardisat.ion fact.or (F) as follows: 

Found t.he 
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F "'" N/Cm 

where N was t.he nominal chlorinit.y of SSW marked on 

the ampoule. 

2.2.4.6. Analysis of' samples: Pipet.t.ed out. t.he sample 

(10.0 mD int.o a conical flask. Added dist.illed wat.er 

(about. 25 mD and indicat.or (6 drops). Tit.rat.ed against. 

Ar; N0
3 

in t.he same manner as described above. Recorded 

the mean reading (Vc) of t.hree t.i t.rat.ions from t.he above 

salinit.y of t.he sample was calculat.ed S "'" 1.80655 " 

chlorinit.y. 

2.2.5. Est.imat.ion oC t.ot.al alkalini t.y 

2.2.5.1. Out.line oC t.he met.hod: The sample was t.i t.rat.ed 

ar;ainst. st.andard acid using met.hyl orange indicat.or. 

2.2.5.2. Reagent.s: St.andard Hydrochloric acid 0.02 N 

Met.hyl orange indicat.or dissolved 0.1 gm of met.hyl 

oranr;e in dist.illed wat.er and dilut.ed t.o one lit.re. 

2.2.5.3. Procedure: Tit.rat.ed over a whit.e background 100 

ml of sample cont.ained in a 250 ml conical flask against. 

st.andard hydrochloric acid using t.wo or t.hree drops 01 

met.hyl orange indicat.or. 

2.2.5.4. Calculat.ion: Tot.al alkalini t. Y (as Ca 



mg/lit.re = tOV where DV where 

v = Volume in ml of st.andard hydrochloric acid used 

in t.he t.i t.rat.ion. 

2.2.6. Est.imat.ion oC mercury· in sediment. 

2.2.6.1. o ut. line oC t.he met.hod 

Mercuric ions were reduced t.o ~round st.at.e mercury 

at.ontS in acidic solut.ion by a reducing agent. such as 

sodium borohydride. The mercury at.oms were t.hen swept. 

by an inert. ~as st.ream int.o a quart.z absorpt.ion cell 

placed in opt.ical pat.h of an at.omic absorpt.ion 

spect.rophot.omet.er adjust.ed for est.imat.ion of mercury. 

2.2.6.2. Reagent.s: Acid mixt.ure prepared just. before use 

by .carefully adding one volume of concent.rat.ed 

sulphuric acid t.o t.wo volumes of concent.rat.ed ni t.ric 

acid. St.ored in a ~lass reagent. bot.t.le. 

Hydroxylamine hydrochloride: Dissolved t2 g of 

hydroxylamine hydrochloride and dilut.ed t.o tOO ml wit.h 

DDW st.ored in a glass reagent. bot.t.le. 

POt.asSi"lDIl permanganat.e (5%): Dissolved 5 g of 

pot.assium permanganat.e (AR) in tOO ml oC DD\tI and st.ored 

in a glass rea~ent. bot.t.le. 
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Sodium borohydride (0.3%): Dissolved 0.75 ~ 

of sodium borohydride in 250 ml of 0.5% sodium 

hydroxide. Transferred to the 'Reduct.ant cont.ainer' 

supplied wi t.h the inst.rument.. 

Hydrochloric acid (5 M): Carefully diluted 

104 ml of concentrated acid 250 ml wit.h DDW'. 

Transferred to an 'Acid container' supplied wit.h the 

instrument. 

St.ock mercury solution: Dissolved 0.1354 ~ of 

mercuric chloride (AR) in 75 ml of DDW'. Added 10 ml of 

concent.rated nitric acid adjusted t.he volume to 100 ml. 

This solution cont.ains 1 m~ Hg/ml. 

Working mercury solut.ion: Pipet.t.ed out 0.1 ml 

of above st.ock solut.ion int.o 100 ml volumetric flask 

containing 1.5 ml of concentrated nit.ric acid and 

diluted to t.he mark with DDW'. This solut.ion cont.ains 

2.2.6.3. Apparat.us 

1. A t.omic absorption spect.rophot.omet.er wi t.h at. t.achment. 

of vapour ~enerat.ion accessories for mercury 



det,erminat,ion. 

2. Volumet,ric flasks (100 mD 

3. Rea~ent, bot,t,les (250 mD 

4. Conical funnels. 

5. W'at,er bat,h wit,h t,emperat,ure re~ulat,or, et,c. 

2.2.6.4. Procedure 

Calibrat,ions and blanks: 
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Pipet,t,ed 0, 0.5, 1.0, 1.5 and 2.0 ml of workin~ 

st.andard int,o 250 ml clean rea~ent, bot,t,les in duplicat,e 

t.o obt,ain concent,rat,ions of 0, 0.05, 0.1, 0.15 and 0.2 

ug H~. Cover t,he bot,t,les wit,h funnels. Added DDW so 

t.hat. t.he t,ot,al volume in each bot,t,le was 10 ml. Added 5 

ml of Acid mixt.ure and heat,ed for 2 min in a wat,er bat,h 

adjust.ed for 950 C. Allowed t,he samples t,o cool and 

added 50 ml of DDW and 15 ml of pot,assium perman~anat,e 

solut.ion t,o each bot,t,le and kept, a~ain in t,he wat,er bat,h 

for 30 min. Cooled and added 6 ml of hydroxylamine 

hydrochloride solut,ion t,o reduce excess perman~anat,e. 

Added 50 ml DDW, mixed well and analysed for mercury by 

t.he cold vapour t,echnique. 

each st,andard and blanks. 

Measured t,he absorbance of 

Plot,t,ed t,he st,andard curve 

and calculat,ed t,he slope and t,he f act,or F (Hg). 

2.2.6.5. Analysis oC samples 
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Wei~hed 1.0 ~m of t.he wet. sediment. in t.riplicat.e 

and placed at. t.he bot.t.om of" 250 ml rea~ent. bot.t.les 

covered wi t.h f'unnels. Anot.her t.hree rea~ent. bot.t.les 

were kept. t~or blanks. Added 5 ml of DD'" and 5 ml of" 

Acid mixt.ure t.o each bot.t.le. Heat.ed f'or 2 min in a 

wat.er bat.h at. 95
0 

C. Cooled, added 50 ml of' DD'" and 15 

ml of' pot.assium perman~anat.e solut.ion t.o each bot.t.le. 

Mixed t.horou~hly and kept. in t.he wat.er bat.h f'or 30 min 

Cooled and added 6 ml of" hydroxylamine 

hydrochloride t.o reduce excess perman~anat.e. Analysed 

the samples as described above. Measured t.he absorbance 

of samples A<s) and blanks A<b). 

2.2.6.6. Calculat.ions 

Calculat.ed t.he mercury concent.rat.ion in t.he sample 

by the relat.ion 

F<H~) x A <s) - A (b) x F 

wt. of' sample t.aken in ~ 

where f'(H~) = Fact.or obt.ained f'rom st.andard curve 

A(s)= mean absorbance of" sample 

A(b)= mean absorbance of' blank 

F= correct.ion f'act.or f'or moist.ure 
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Moist.ure 01 sample was est.imat.ed and a correct.ion lact.or 

F' was incorporat.ed in order t.o obt.ain t.he concent.rat.ion 

on dry basis. 

2.2.7. Est.imat.ion oC Met.als in Sediment.s 

2.2.7.1. Outline oC t.he met.hod: Sediment. was gent.ly 

heat.ed and digest.ed wi t.h hydroIluoric acid in t.eflon 

beaker whereby silica volat.alizes as silicon 

tetraIluoride. This was lollowed by t.reat.ment. wit.h 

nitric acid and perchloric acid t.o dest.roy t.he organic 

matt.er. The residue aft.er evaporat.ion 01 acids was 

dissolved in 0.1 M hydrochloric acid and met.als were 

determined by at.omic absorpt.ion spect.rophot.omet.ry. 

2.2.7.2. Reac;ent.s: Double dist.illed wat.er was used lor 

preparing reagent.s blanks and st.andards. 

HydroIluoric acid (AR) 

Perchloric acid (AR) 

Nit.ric acid (AR) 

Hydrochloric acid (AR) 

Acet.one (AR) 

Hydrochloric acid (0.1M): Dilut.ed 8.3 

concent.rat.ed hydrochloric acid t.o 1000 ml wit.h DDW. 

ml 

CUt Zn, Cd, Pb and Cr st.ock solut.ion 1000 ppm were 



prepared from Ar/GR grade reagen~s. 

2.2.7.3. Apparat.us. 

Atontic absorp~ion spec~ropho~ome~er. 

Teflon beakers (100 mD and ~eflon rods. 

Funnels (small) 

Volume~ric flasks (100 mD 

Aga~e mor~ar. 
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Aspira~ed ~he blanks DDW and ~he s~andards in ~he 

range 2 ~o 20 fg/ml and no~ed down ~he absorbance. 

Plot.ted ~he calibra~ion graph and ob~ained t.he factor. 

2.2.7.4. Prepara~ion of sample for aspira~ion by 

Acid-digestion me~hod: 

Dry sediment. was powdered in ~\ aga~e mor~ar and kep~ 

in a plast.ic bot. ~le 

- Accura~ely weighed abou~ 0.5 g of powdered sedimen~ 

in a ~eflon beaker con~aining lit.Ue DDW <in 

t.riplicat.e) . 

Similarly weighed abou~ 0.5 g of st.andard rock in 

teflon beaker (in ~riplica~e) 

- Anot.her t.hree beakers were t.aken for blanks. 

- Transferred all t.he nine beakers ~o t.he funting chamber. 

Added concen~ra~ed acids (10 ml each) in all ~he 

beakers in t.he following order concen~ra~ed 
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hydrofluoric acid. perchloric acid, nit.ric acid and 

hydrochloric acid. 

- Added t.he next. acid only aft.er allowin~ t.he cont.ent.s 

1:.0 complet.e dryness by evaporat.in~ on a sand bat.h kept. 

on a hot. plat.e. The volume of acid addit.ion, was kept. 

const.ant. in all t.he beakers (5 t.o 10 mD, except. 

perchloric acid (2 mD. 

- Finally added 0.1 M hydrochloric acid t.o dissolve t.he 

cont.ent.s and t.ransferred quant.i t.at.i vely t.o a 

volumet.ric flask (100 mD. Cent.rifu~ed t.he solut.ion 

when not. clear. 

Aspirat.ed t.he clear solut.ion in t.he flame and 

det.ermined t.he absorpt.ion of t.he sample, st.andard rock 

and blanks, not.ed t.he absorbance A(s), A(st.) & A(b), 

respect.i vely. 

2.2.7.5. Calculat.ions 

Plot.t.ed t.he calibrat.ion ~raph and calculat.ed t.he 

fact.or F for respect.ive met.al 

Concent.rat.ion of st.andard 
F = 

Absorpt.ion of st.andard 
,-_.-- , -1 

F ~ __ A (s) - A (b) ~ final volume made 

C (PPM) =----------------------------------------
Wei~ht. of t.he sample t.aken 
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where A{s) :=I mean absorbance of sample. 

A(b) = mean absorbance of blanks. 

2.2.8. Est.imat.ion oC t.ot.al iron 

Pipet.t.ed out. 25 ml of t.he solut.ion (2.2.7.4.) t.o a 

250 ml beaker, dilut.ed t.o 40 ml added 10 ml concent.rat.ed 

Hcl t.o oxidise all iron t.o Fe 3+ st.at.e. Boiled t.he 

solut.ion and added st.annous chloride solut.ion t.ill it. 

becomes colourless. The solut.ion was t.hen rapidly 

cooled t.o about. 20
0

C wit.h prot.ect.ion from air. Added 10 

ml sat.urat.ed Mercuric chloride solut.ion t.o remove t.he 

excess st.annous chloride. The solut.ion was allowed t.o 

stand for five minut.es. ml 

orthophosphoric acid and a few drops of Barium 

diphenylamine indicat.or. Tit.rat.ed wit.h st.andard 0.01 N 

unt.il t.he pure ~reen potassium dichromat.e solut.ion 

colour chan~es t.o ~rey-~reen. Then added dichromat.e 

drop wise unt.il t.he first. t.in~e of blue-violet., which 

remains permanent. on shak.in~, appears. 

noted. 

The volume was 

Fe
2

0
3 

(Tot.al) = vol. of K2 Cr
2

0
7 

x Fact.or 

F = 0.63764 

2.2.9. Est.imat.ion oC t.ot.al aluminum 
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Pipet.t.ed out. 25 m! solut.ion (2.2.7.4) t.o a 250 m! 

beaker added a t:ew drops ot: phenolpht.halein indicat.or 

and added 20% NaoH t.ill just. alkaline added 5 m! more 

and boiled t:or a t:ew minut.es. Cooled and fUt.ered t.he 

solut.ion t.hrough a W'hat.man No.40 t:ilt.er paper and washed 

the nlt.rat.e wit.h hot. wat.er. 

washing in a 400 m! beaker. 

collect.ed t.he t:ilt.rat.e and 

Neut.ralised t.he nlt.rat.e by adding 1:1 Hcl t.ill t.he 

solut.ion becomes colourless. Added very dilut.e NaoH in 

drops t.o t.he solut.ion t.o change it. just. alkaline. Added 

15 ml Ammonium acet.at.e and 10m! 0.1 M EDTA cover t.he 

beaker and boil in a low t:lame t:or 30 minut.es. Cooled 

in ice and added 1 m! acet.ic acid and 2 drops ot: xylenol 

orange indicat.or and t.it.rat.ed wit.h 0.1 M zn solut.ion 

unt.il t.he colour changes t:rom Lemon-yellow t.o red 

colour. 

A1
2

0
3

% = (B-V) x Fact.or 

(B- V) = volume of" EDT A consumed 

F = 4.07852. 

2.2.10. Est.imat.ion oC orc;anic carbon in marine muds 

2.2.10.1. Principle: The principle ot: t.he met.hod was 

t.hat. under suit.able condit.ions organic carbon in muds 

can be oxidised wi t.h chromic acid and t.he excess ot: 
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chromic acid was back t.it.rat.ed wit.h ferrous ammonium 

sulphat.e. 

2.2.10.2. Reagents 

Chromic acid: Dissolved 13 ~m of chromium t.rioxide A.r. 

in a minimum amount. of wat.er. Added about. 900 ml of 

concent.rat.ed sulphuric acid and dilut.ed t.o 1 li t.re wi t.h 

concent.rat.ed H
2

SO 4 . 

Ferrous ammonium sulphate ().2N): Dissolved 

39.3 ~m of rea~ent. :;rade salt. in 400 ml of dist.illed 

wat.er cont.ainin~ 10 ml of concent.rat.ion H
2

SO 4. 

to 500 ml wit.h dist.illed wat.er. 

Dilut.ed 

Ferrous Phenanthrolline indicator: Dissolved 

0.337 ~m of phenant.hrolline mono hydrat.e in 25 ml of 

wat.er. 

2.2.10.3.Preparation ot: samples 

In order t.o remove salt.s from marine muds it. 

was carefully washed wit.h dist.illed wat.er on a sint.ered 

~lass :funnel <porosit.y 4) or on a Buchner funnel fit.t.ed 

wit.h a fine t.ext.ure, hardened filt.er paper. Aft.er 

dryin~ at. 105
0

C t.he samples were ~round t.o pass a 100 -

mesh sieve. 
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2.2.10.4. Met.hod: W'eighed out. 0.3 1.5 gm of t.he 

prepared sample int.o a boiling t.ube (15 " 2.5 cm). 

Added 10 ml of chromic acid from a wide t.ipped pipet.t.e. 

Gent.ly shaken t.he t.ube and Iit.,t.ed it. wit.h a loosely 

fit.t.ing bulb st.opper. Heat.ed in a bat.h of boiling wat.er 

for 15 min cooled and poured t.he cont.ent.s of t.he t.ube 

int.o 200 ml of wat.er. Added 1 drop of ferrous 

phenant.hrolline indicat.or and t.i t.rat.ed wit.h 0.2 N 

ferrous ammonium sulphat.e solut.ion unt.il a pink colour 

just. persist.s. Carried out. a blank det.erminat.ion in t.he 

same manner. 

2.2.10.5.Calculat.ion: 1 ml of 0.2N ferrous ammonium 

sulphat.e was t.aken as equivalent. t.o 6.0 mg of carbon. 

If t.he blank t.i t.re = X and t.he sample t.i t.re = Y, t.hen % 

of or~anic carbon in mud = Q. {X ::. Y 2 100 
W' 

where W' = weight. of t.he sample. 

2.2.11. Est.imat.ion of' size f'ract.ion analysis: 

Immediat.ely aft.er collect.ion a known weight. of t.he wet. 

sediment. sample was sieved t.hrough a 230 mesh and t.he 

sand was collect.ed and weighed on dry basis. A known 

wei~ht. of t.he wet. sediment. sample was dried and t.he 

moist.ure was calculat.ed. The above values were comput.ud 



to ~et. t.he percent.age of ~and and silt.. 

deHned as t.he fract.ion less t.han 0.0625 mm. 

2.2.12. EOUJnerat.ion of Tables and 

Abbreviat.ions: 
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The silt. is 

Figures" and 

2.2.12.1. EOUJnerat.ion of Tables and Figures. 

Enumerat.ion of Tables and Figures were numbered in 

accordance wi t.h t.he chapt.er numbers. 

2.2.12.2. Abbreviat.ions: ng = nanogram, ppm = part.s per 

million, f g = micro gram, ppt. = part.s per t.housand, T/Fe 

= Tot.a! iron, T/AI = Tot.a! Aluminium, T/Org.c = Tot.a! 

Organic Carbon. 
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CHAPTER - 3 

RESULTS AND DISCUSSION - PART A 

3.1. Met.als Present. in t.he "'at.er Column 

The t:eochemist.ry of met.als in aquat.ic medium 

was dominat.ed by complexat.ion, part.iculat.e associat.ion, 

dissociat.ion, precipi t.at.ion and mobilizat.ion processes. 

Floculat.ion, sorpt.ion, desorpt.ion and disint.et:rat.ion 

process cont.rol t.he int.eract.ion bet.ween suspended mat.t.er 

and t.he liquid phase. The effect.ive manat:ement. and 

cont.rol of of cont.aminant.s t.o est.uaries 

demands a proper underst.anding of dissolved and 

part.iculat.e phases of heavy met.als and i t.s seasonal 

variat.ion. The fat.e of cont.aminant.s in wat.er is relat.ed 

to t.he fat.e of suspended mat.t.er (Michaelis, 1989). This 

chapt.er report.s t.he concent.rat.ions of met.als in wat.er 

bot.h dissolved and associat.ed wit.h part.iculat.e durint: 

monsoon, post.-monsoon 1985 and pre-monsoon 1986 

seasons. The relat.ion of met.als wit.h salinit.y, 

H 
alkalinit.y and p were present.ed in Tables 3.1 - 3.19. 

Five replicat.e det.erminat.ions done for one sample 

from each set. of samples collect.ad seasonally, t:ave a 

coeff'icient. of variat.ion, for dissolved met.als, 3.8 t.o 
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4.2% :for mercury, 4.2 t.o 7.8% :for copper, 6.4 t.o 8.2% 

for zinc, 5.2 t.o 6.8% for cadmium, 2.3 t.o 4.4% :for lead, 

6.4 t.o 9.3% :for nickel and 3.1 t.o 5.2% :for iron and :for 

met.als in sediment.s, 5.2 t.o 6.8% :for mercury, 4.8 t.o 

5.2% :for copper, 6.5 t.o 6.7% :for zinc, 7.5 t.o 7.7% :for 

cadmium, 4.8 t.o 5.1% :for lead and 3.5 t.o 3.8% :for 

chromium. 

3.1.1. Mercury 

The seasonal dist.ribut.ion o:f dissolved mercury in 

the Cochin est.uary ran~ed :from 40 t.o 180 n~/L. durin~ 

monsoon, 50 t.o 240 n~/L. durin~ post.-monsoon 1985 and 80 

to 280 n~/L. durin~ pre-monsoon 1986 seasons. The 

dissolved concent.rat.ion o:f mercury in t.he Cochin est.uary 

were 40 150 n~/L., 50 210 n~/L. durin~ monsoon, 

post.-monsoon season o:f 1985 and 60 260 n~/L. durin~ 

pre-monsoon 1986 season at. sur:face and t.he values were 

hi~her at. bot.t.om bein~ 50 180 n~/L., 60 240 n~/L. 

and 80 - 280 n~/L. durin~ t.he respect.ive seasons (Tables 

3.1 3.3, st.at.ions 1 18). The dissolved 

concent.rat.ions in the upst.ream zone was :found t.o be 15 

durin~ monsoon, post.-monsoon 1985 and 25 n~/L. 

durin~ pre-monsoon 1986 seasons. Hence, t.he observed 

concent.rat.ions were 2.6 - 6 t.imes hi~her durin~ monsoon, 
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3.3 - 14 t.imes hif;her durinf; post.-monsoon 1985 and 2.4 -

10.4 t.imes higher during pre-monsoon 1986 seasons, at. 

sur:face and at. bot.t.om t.he values were 3:3 - 12.0 t.imes 

higher during monsoon, 4 16 t.imes higher durinf; 

post.-monsoon and 2.4 11 t.imes hif;her during 

pre-monsoon seasons, in comparison wit.h t.he upst.ream 

values. 

The dissolved concent.rat.ions near t.he e:f:fluent. 

discharge point. showed high values ranging :from 85 - 95 

120 nf:/L. during monsoon and post.-monsoon 

1985, and 120 135 nf;/L. during pre-monsoon 1986 

seasons (Tables 3.1 3.3, St.at.ions 19 23). Hence, 

the observed concent.rat.ions were 5.6 - 6.3 t.imes higher 

during monsoon 7.6 - 8 t.imes higher during post.-monsoon 

1985 and 4.8 - 5.4 t.imes higher during pre-monsoon 1986 

seasons in comparison wi t.h upst.ream values. 

The mercury concent.rat.ions in part.iculat.e mat.t.er in 

the Cochin est.uary ranged :from 2 - 8 ppm during monsoon 

and post.-monsoon 1985 and 8 - 34 ppm durinf; pre-monsoon 

1986 at. sur:face and t.he values at. t.he bot.tom being 2 -

20 ppm and 8 36 ppm during t.he respecti ve seasons 

(Tables 3.1 -3.3, St.at-ions 1 18). The part-iculat.e 
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concent.rat.ions observed in t.he upst.ream zone were f'ound 

"to be 2 ppm during monsoon, 2.5 ppm during post.-monsoon 

1985 and pre-monsoon 1986 seasons. Hence, t.he report.ed 

concent.rat.ions were 1 4 "times higher during monsoon 

and post.-monsoon 1985 and 3.2 - 13.6 t.imes higher during 

pre-monsoon 1986 at. surf'ace and at. bot.t.om t.he values 

were 1 - 10 t.imes higher during monsoon, 0.8 - 8 t.imes 

higher during post.-monsoon 1985 and 13.2 14.4 t.imes 

higher during pre-monsoon 1986 in comparison wit.h t.he 

upst.ream levels. Surf'ace part.iculat.e mercury values 

were higher at. t.he eff'luent. discharge point. 24.5 ppm 

during monsoon, 32 ppm during post.-monsoon 1985 and 36.8 

ppm during pre-monsoon 1986 seasons (Tables 1.3 3.3, 

Stat.ions 19 23). Hence, t.he report.ed concent.rat.ions 

were 12.25 t.imes higher during monsoon 12.8 t.imes higher 

during post.-monsoon 1985 and 14.72 t.imes higher during 

pre-monsoon 1986 seasons in comparison wit.h t.he upst.ream 

levels. 

3.1.2. Copper 

The values for dissolved copper in t.he Cochin 

est.uary 

and 10.4 

22.2 

range f'rom 2.22 t.o during monsoon 

18.8 /-lg/L., during post.-monsoon 1985 and 14.8 

during pre-monsoon 1986 seasons. It.s 
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concent.rat.ion in part.iculat.es ranged from 44 t.o 190 ppm 

during monsoon, 65 230 ppm during pos"t.-monsoon 1985 

and 76 - 298 ppm during pre-monsoon !.986· seasons. ,'The 

dissolved concent.rat.ion of Copper in t.he Cochin est.uary 

ranged from 2.20 t.o 2.80 1-lg/L., 10.6 18.8 fg/L. during 

monsoon, post.-monsoon 1985 respect.ively and 15.8 22.2 

fg/L. during pre-monsoon 1986 at. surface and t.he values 

at. bot.t.om being 2.2 2.7 ~/L., 10.4 18.4 p.g/L., 14.8 

21.8 p.1g/L., during t.he respect.i ve seasons. (Tables 

dissolved 3.4 3.6, St.at.ions 1 18). The 

concent.rat.ions of copper in t.he upst.ream zone were O. 8 

/-lg/L., 10 

post.-monsoon 

respect.i vely 

1985 

(Tables 

and 

and 

3.4 

8 rg/L·, during monsoon, 

pre-monsoon 1986 seasons, 

3.6, St.at.ions 24 27). 

Hence, report.ed concent.rat.ions in t.he Cochin est.uary 

were 2.75 -3.50 t.imes higher during monsoon, 1.06 1.88 

t.imes higher during post.-monsoon 1985 and 1.97 2.77 

t.imes higher during pre-monsoon 1986 at. surface and at. 

bot.-tom t.he values were 2.70 3.48 -times higher during 

monsoon, 1.04 

1985 and 1.85 

1.84 t.imes higher during post.-monsoon 

2.27 t.imes higher during pre-monsoon 

1986 seasons in comparison wi t.h t.he upst.ream levels. 

The part.iculat.e concent.rat.ions of copper in -the 
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Cochin est.uary were 44 - 111 ppm, 65 - 179 ppm durin~ 

monsoon, post.-monsoon 1985 respect.ively and 76 - 280 ppm 

durin~ pre-monsoon 1986 seasons at. surface and at. bot.t.om 

t.he values were 46 - 197 ppm, 65 - 230 ppm and 122 - 298 

ppm durin~ t.he respect.ive seasons (Tables 3.4 3.6, 

St.at.ions 1 - 18). The part.iculat.e concent.rat.ions in t.he 

upst.ream zone were 48 ppm, 85 ppm and 140 ppm durin~ 

monsoon, post.-monsoon 1985 and pre-monsoon 1986 seasons 

respect.ively. Hence, t.he report.ed 

concent.rat.ions in t.he Cochin est.uary were 1 

part.iculat.e 

23 t.imes 

hi~her during monsoon, 0.76 

post.-monsoon 1985 and 0.87 

2.70 t.imes hi~her durin~ 

2.17 t.imes hi~her durin~ 

pre-monsoon 1986 season at. surface and at. bot.t.om t.he 

values were 0.95 - 4.1 t.imes hi~her durin~ monsoon, 0.76 

- 2.7 t.imes hi~her durin~ post.-monsoon 1985 and 0.87 

2.1 t.imes hi~her durin~ pre-monsoon 1986 seasons in 

comparison wit.h t.he upst.ream levels. The dissolved 

concent.rat.ions of copper at. t.he effluent. dischar~e point. 

were almost. const.ant. durin~ monsoon and post.-monsoon 

1985 in comparison wit.h t.he upst.ream levels. The values 

of dissolved concent.rat.ions durin~ pre-monsoon 1986 

season at. t.he effluent. dischar~e point. were 1.5 t.imes 

hi~her in comparison wi t.h t.he upst.ream levels. The 



part.iculat.e copper at. t.he effluent. dischar~e point. was 

6.6 t.imes hi~her durin~ monsoon, 4.4 t.imes hi~her durin~ 

post.-monsoon 1985 and 2.8 t.imes hi~her durin~ 

pre-monsoon 1986 seasons in comparison wi t.h t.he upst.ream 

levels. 

The concent.rat.ions of copper in t.he fine ~rade 

suspended part.iculat.e mat.t.er from t.he effluent. dischar~e 

point. showed 3 t.o 4 t.imes increase compared wi t.h i t.s 

concent.rat.ion 

upst.ream zone. 

in part.iculat.es 

Percent.a~e of 

observed in t.he 

t.race met.al in 

part.iculat.es leached by t.reat.ment. wit.h 0.1 N Hc! wit.h 

respect. t.o it.s t.ot.al met.al cont.ent. was found t.o be 90 t.o 

100% for t.he st.udy area. 

3.1.3. Zinc 

The values for dissolved zinc in t.he Cochin est.uary 

ran~ed from 105 t.o 155 f~/L. durin~ monsoon, 145 t.o 216 

f~/L. durin~ post.-monsoon 1985 and 195--395 f-1~/L. durin~ 

pre-monsoon 1986 seasons ( Tables 3.4 t.o 3.6, St.at.ions 

1 - 18). It.s concent.rat.ion in part.iculat.es ran~ed from 

125 t.o 140 ppm durin~ monsoon, 150-2200 ppm durin~ 

post.-monsoon 1985 and 318 - 3100 ppm durin~ pre-monsoon 

1986 seasons (Tables 3.7 t.o 3.9, St.at.ions 1 18). The 
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dissolved concent.rat.ions of zinc in t.he Cochin est.uary 

ranged from 105 -155 pg/L., 145 216 rg/L. during 

monsoon, post.-monsoon 1985 seasons, respect.ively and 226 

385 during pre-monsoon 1986 season at. surface 

and at. bot.t.om t.he values were 105 - 155 pg/L. 150 - 213 

pg/L. and 195 - 348 pg/L. during t.he respect.ive seasons 

(Tables 3.4 3.6 St.at.ions 1 18). The dissolved 

concent.rat.ions in t.he upst.ream zone were 24 ~g/L. during 

monsoon, 40 ~g/L. during post.-monsoon 1985 and 65 pg/L. 

during pre-monsoon 1986 seasons. Hence, t.he report.ed 

concent.rat.ions were 4.37 6.45 t.imes higher during 

monsoon, 3.62 

1985 and 3.47 

5.50 t.imes higher during post.-monsoon 

5.92 t.imes higher during pre-monsoon 

1986 seasons at. surface and at. bot.t.om t.he values were 

4.37 6.45 t.imes higher during monsoon, 3.75 5.32 

times higher during post.-monsoon 1985 and 3.0 5.35 

times higher during pre-monsoon 1986 seasons in 

comparison wit.h t.he upst.ream levels. 

The part.iculat.e zinc concent.rat.ions in t.he Cochin 

est.uary ranged trom 125 - 410 ppm during monsoon, 170 -

1750 ppm during post.-monsoon 1985 and 318 3100 ppm 

during pre-monsoon 1986 seasons at. surface and at. bot.t.om 

the values were 142 - 1040 ppm, 150 2200 ppm, 790 -



3100 ppm durin~ t.he respect.ive seasons. 
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The part.iculat.e 

zinc concent.rat.ions in t.he upst.ream zone were 48 ppm, 

240 ppm and 450 ppm durin~ monsoon, post.-monsoon 1985 

and pre';"monsoon 1986 seasons, respect.ively. Hence, t.he 

report.ed concent.rat.ions were 2.6 8.5 t.imes hi~her 

durin~ monsoon, .70 7.29 t.imes hi~her durin~ 

post.-monsoon 1985 and 0.70 6.80 1:.imes hi~her durin~ 

pre-monsoon 1986 seasons at. surface and at. bot.t.om 2.90 -

21.6 t.imes hi~her durin~ monsoon, 0.62 

higher durin~ post.-monsoon 1985 and 1.75 

9.10 t.imes 

6.8 t.imes 

higher durin~ pre-monsoon 1986 seasons in comparison 

wit.h t.he upst.ream levels. 

The zinc concent.rat.ions in 1:.he fine ~rade suspended 

part.iculat.e mat.t.er near t.he indust.rial area was 1350 t.o 

3800 ppm which was approximat.ely 8 t.imes hi~her when 

compared wit.h 1:.he values observed in 1:.he upst.ream zone. 

The percen1:.a~e of par1:.icula1:.e met.als leached by 0.1 N 

Hcl wit.h 1:.o1:.al indicat.ed 1:. hat. hi~her quant.um was 

erlrac1:.ed in t.he Cochin est.uary when compared wi1:.h t.he 

upst.ream zone. 

3.1.4. Cadmium 

The dissolved concent.rat.ion of cadmium in t.he 
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Cochin est.uary ranged from 1.8 t.o 2.11 ~/L. during 

monsoon, 2.2 t.o 3.4 rg/L. during post.-monsoon 1985 and 

2.8 t.o 4.2 fg/L. during pre-monsoon 1986 seasons (Tables 

3.4 3.6, St.at.ions 1 18). It.s concent.rat.ion in 

part.iculat.es ranged from 58 t.o 91 ppm during monsoon, 50 

t.o 150 ppm during post.-monsoon 1985 and 65 t.o 180 ppm 

during pre-monsoon 1986 seasons (Tables 3.7 t.o 3.9, 

Stat.ions 1 18). The dissolved concent.rat.ions of 

cadmium in t.he Cochin est.uary ranged from 1.8 2.1 

ug/L. 
I 

during monsoon, 2.42 3.4 ~g/L. 
I 

during 

post.-monsoon 1985 seasons and 3.12 4.20 fg/L. during 

pre-monsoon 1986 seasons at. surface and at. bot.t.om t.he 

values were 1.8 2.1 pg/L. during monsoon, 2.20 3.23 

~g/L. during post.-monsoon 1985 and 3.12 4.20 rg/L. 

during pre-monsoon 1986 seasons. The dissolved 

concent.rat.ions in t.he upst.ream zone were const.ant. (0.2 

~g/L.) during t.he all t.he t.hree seasons. Hence, t.he 

report.ed concent.rat.ions were 9 10.5 t.imes higher 

during monsoon, 12.1 17.10 t.imes during 

post.-monsoon 1985 and 15.0 21.0 t.imes higher during 

pre-monsoon 1986 seasons at. surface and at. bot.t.om t.he 

values were 9.0 - 10.5 t.imes higher during monsoon, 11 -

16 t.imes higher during post.-monsoon 1985 and 15.5 - 21.0 
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times hi@:her durin@: pre-monsoon 1986 seasons in 

comparison wi t.h t.he upst.ream levels. 

The part.iculat.e cadmium concent.rat.ions were 58 - 70 

ppm durin@: monsoon, 50 150 ppm durin@: post.-monsoon 

1985 and 65 - 160 ppm durin@: pre-monsoon 1986 seasons at. 

surface and at. bot.t.om t.he values were 60 - 90 ppm durin@: 

monsoon, 55 - 150 durin@: post.-monsoon 

ppm during pre-monsoon 1986 seasons. 

1985 and 85 - 180 

The part.iculat.e 

concent.rat.ions in t.he upst.ream zone was 2.8 ppm during 

monsoon, 3.4 ppm during post.-monsoon 1985 and 6.2 ppm 

during pre-monsoon 1986 seasons. Hence, t.he report.ed 

concent.rat.ions were 20.7 25.0 t.imes higher durin@: 

monsoon, 14.7 

1985 and 10.48 

44.10 t.imes hi@:her durin@: post.-monsoon 

25.80 t.imes hi@:her during pre-monsoon 

1986 seasons at. surface and at. bot.t.om t.he values were 

21.4 32.5 t.imes higher during monsoon, 16.10 

t.imes higher during post.-monsoon 1985 and 13.7 

t.imes higher during pre-monsoon 1986 seasons 

comparison wit.h upst.ream values. 

44.1 

29.03 

in 

The concent.rat.ion of cadmium in t.he fine grade 

suspended part.iculat.e mat.t.er from t.he indust.rial zone 

was 6 t.o 12 ppm for all t.he seasons. The concent.rat.ions 
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of dissolved and part.iculat.e cadmium in t.he Cochin 

est.uary was approximat.ely 20 44 t.imes higher in 

comparison wit.h t.he values observed in t.he upst.ream 

zone. 

3.1.5. Lead 

The dissolved concent.rat.ions of lead in t.he Cochin 

estuary ranged :from 8.8 t.o 10.6 fg/L. during monsoon 

8.0 to 14.- during post.-monsoon 1985 and 10.0 t.o 

14.0 ~g/L. during pre-monsoon 1986 seasons (Tables 3.7 

3.9, St.at.ions 1 18). The dissolved concent.rat.ions of 

lead in t.he Cochin est.uary ranged :from 9.7 10.6 pg/L. 

during monsoon, 8 14 fg/L. during post.-monsoon 1985, 

10.1 14 rg/L. during pre-monsoon 1986 seasons at. 

surface and at. bot.t.om t.he values were 8.8 - 10.7 pg./L. 

during monsoon, 8 13.8 rg/L. during post.-monsoon 1985 
I 

and 10 13.2 rg/L. during pre-monsoon 1986 seasons. 

The dissolved concent.rat.ions in t.he upst.ream zones were 

8 pg/L. during all seasons. Hence, t.he report.ed 

concent.rat.ions were 1.21 1.32 t.imes higher during 

monsoon and 1 1.75 t.imes higher during post.-monsoon 

1985 and 1.26 1.75 t.imes higher during pre-monsoon 

1986 seasons at. sur:face and at. bot.t.om t.he values were 

1.1 1.32 t.imes higher during monsoon, 1.0 1.72 
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times higher during post.-monsoon 1985 and 1.25 1.65 

times higher during pre-monsoon 1986 seasons in 

comparison wit.h t.he upst.ream levels. The part.iculat.e 

lead concent.rat.ions in t.he Cochin est.uary ranged from 33 

70 ppm durinc; monsoon, 62 156 ppm 

post.-monsoon 1985 and 81 208 ppm during pre-monsoon 

1986 seasons at. surface and at. bot.t.om t.he values were 42 

150 ppm during monsoon, 60 180 ppm during 

post.-monsoon 1985 and 110 - 260 ppm during pre-monso~n 

1986 seasons. The part.iculat.e lead concent.rat.ions in 

the upst.ream zone ranged from 84 ppm during monsoon 94 

ppm during post.-monsoon 1985 and 105 ppm durinc; 

pre-monsoon 1986 seasons. Hence, t.he report.ed 

concent.rat.ions were 0.39 0.83 t.imes higher during 

monsoon, 0.65 1.65 t.imes higher during post.-monsoon 

1985 and 0.77 1.92 t.imes higher during pre-monsoon 

1986 seasons at. surface and at. bot.t.om t.he values were 

0.5 1.78 t.imes higher during monsoon, 0.63 1.91 

times higher during post.-monsoon 1985 and 1.04 2.47 

times higher during pre-monsoon 1986 seasons in 

comparison wit.h t.he upst.ream levels. 

The concent.rat.ions for t.he fine grade suspended 

part.iculat.e mat.t.er for t.he indust.rial eff'luent. discharge 
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point. was 400 t.o 850 ppm. The enrichment. of dissolved 

and part.iculat.e lead was approximat.ely 2 t.imes hi@:her in 

the Cochin est.uary compared wi t.h t.he value observed in 

the upst.ream zone. The relat.ion bet.ween salinit.y and 

dissolved lead was shown in Fi@:s. 3.20 t.o 3.22. 

3.1.6. Nickel 

The dissolved concent.rat.ion of nickel in t.he 

upst.ream zone was found t.o be const.ant. durin@: all t.he 

seasons which was 0.2 f-1@:/L., whereas t.he part.iculat.e 

nickel was found t.o increase from monsoon t.o non-monsoon 

seasons (Tables 3.4 t.o 3.9, St.at.ions 24 - 27). 

The values of dissolved nickel in t.he Cochin 

est.uary ranged from 0.3 t.o 0.4 fg/L. during monsoon, 0.4 

to 0.6 ~/lit.re during post.-monsoon 1985 and 0.3 t.o 0.4 

rt;/L. during pre-monsoon 1986 

Stat.ions 1 18). Hence, 

seasons (Tables 

t.he report.ed 

3.4 3.6, 

dissolved 

concent.rat.ions in t.he Cochin est.uary were 1.5 2.0 

times higher during monsoon, 2.0 

during post.-monsoon 1985 and 1.5 

3.0 t.imes higher 

2.0 t.imes higher 

during pre-monsoon 1986 seasons in comparison wit.h t.he 

upst.ream levels. It.s concent.rat.ion in part.iculat.es in 

the Cochin est.uary ranged from 45 t.o 65 ppm durin@: 
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monsoon, 10 t.o 80 ppm during post.-monsoon 1985 and 5 t.o 

53 ppm during pre-monsoon 1986 seasons. The part.iculat.e 

concent.rat.ions in t.he Cochin est.uary were found t.o be 

less in comparison wit.h upst.ream levels. 

3.1.7. Iron 

Iron (bot.h dissolved and t.hat. associat.ed wit.h 

part.icuJat.e) in t.he upst.ream zone was found t.o decrease 

from monsoon t.o non-monsoon seasons (Tables 3.4 t.o 3.9). 

The values of dissolved iron in t.he Cochin est.uary 

ranr;ed from 0.6 t.o 0.8 ~/lit.re durinr; monsoon, 0.2 t.o 

0.8 fr;/L. durinr; post.-monsoon 1985 and 0.2 t.o 0.55 

fr;/L. during pre-monsoon 1986 seasons. It.s 

concent.rat.ion in part.icuJat.es ranr;ed from 2.8 t.o 3.6 % 

durinr; monsoon 1986, 7.4 t.o 8.1% durinr; post.-monsoon 

1985, and 9.4 t.09.8% during pre-monsoon 1986 seasons. 

The report.ed met.al concent.rat.ions form t.he world 

oceans were summarised in Table 3.20. The dissolved 

concent.rat.ions in t.he sout.hern bight. of t.he nort.h sea 

<Duinker and Nolt.inr;, 1982) Cu, 0.22 0.3 pr;/L. Zn 0.3 

-0.4 fr;/L. Cd. 0.02 0.03 /ur;/L. sout.hern bir;ht. (Dut.t.on 

et. al., 1973) Cu 0.5 - 1. fr;/L. Zn 2 4 fr;/L. Cd 0.1 

0.3 west.ern At.lant.ic shelf wat.ers (Bruland and 
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Franks, 1981) Cu 0.26 f1~/L. Zn 0.16 f~/L. Cd 0.023 

rg/L· The hi~hes~ dissolved concen~ra~ions of ~race 

met.als observed in ~he Pu~e~ sound (Paulson and Feely, 

1985) Cu 1.6 f-J~/L. Ni .55 f~/L· Cd 0.39 f~/L· Zn 27 

rg/L· and Pb 1.6 f~/L· The repor~ed dissolved 

concen~ra~ions for t.he Laccadive sea (Sujat.ha and 

Moraces, 1979) Zn 2.9 - 29.7 f~/L· Ni 13 - 16 ~~/L. Cu 

13 - 16 I~/L. and par~icula~e concen~ra~ions for Zn 1650 

- 3085 ppm, for Ni 97 - 203 ppm and for Cu 163 420 

ppm. 

The rela~ion be~ween salini~y and mercury 

concen~rat.ions in t.he Cochin est.uary was shown in 

Fig.-3.1. For ~he monsoon season t.he es~uary was almos~ 

full of fresh wat.er wit.h low mercury concen~ra~ions. 

This mi~ht. be as a resul~ of t.he dilu~ion of mercury 

due t.o s~orm wat.er inpu~. The hi~h cont.ent. of 

mercury (bot.h dissolved and associat.ed wi~h 

part.iculat.es) observed for t.he bot.t.om wat.er showed t.hat. 

mercury may be t.ransferred from t.he bo~~om sediment. ~o 

t.he over lying wa~er. The effec~ of salinit.y on ~he 

removal of copper was 21.4% durin~ monsoon, 44.6% durin~ 

pre-monsoon 1986 and 33.33% durin~ pos~-monsoon 1985 

seasons (Tables 3.16). The dissolved copper was found 
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t.o be 2.2 4.0 t.imes and part.iculat.e 

concent.rat.ions were comparable wit.h t.he observed values 

in t.he Rhine est.uary (Et.cheber, 1979). The relat.ion 

bet.ween. salinit.y and dissolved copper (FiC!;s.3.2 t.o 3.4) 

indicat.ed t.hat. it. was neC!;at.ively correlat.ed and t.his 

relat.ionship increases wit.h increase in salinit.y due t.o 

t.he seasonal Good int.errelat.ionship was 

observed for t.he part.iculat.e copper wit.h salinit.y for 

all t.he seasons (FiC!;s. 3.5 t.o 3.7). The effect. of 

salinit.y on t.he removal of zinc 

monsoon, 32.5% post.-monsoon 

is 32.25% 

1985 and 

durinC!; 

49.35% 

durinC!; pre-monsoon 1986 seasons. The removal was almost. 

const.ant. durinC!; monsoon and post.-monsoon 1985 seasons. 

The zinc concent.rat.ions were found t.o be 2 t.imes hiC!;her 

for dissolved form and for part.iculat.es it. was 

comparable wit.h t.he observed values in t.he Rhine est.uary 

(Et.cher, 1979). 

was leached by 

Major 

O.iN 

quant.um 

Hcl which 

of part.iculat.e zinc 

showed t.hat. t.he 

part.iculat.e zinc was in such a form, t.hat. it. can be 

easily removed by t.he biot.a. The relat.ionship bet.ween 

salinit.y and dissolved zinc (FiC!;s. 3.8 3.10) 

indicat.ed t.hat. it. was ne C!;at.ively correlat.ed and t.his 

relat.ionship increase wi t.h increase in salini t. y due t.o 
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t.he seasonal chanr;e. Good int.er-relat.ionship of 

part.iculat.e zinc wit.h salinit.y (Fir;s.3.11 t.o 3.13) was 

observed for all seasons. Similar t.o copper t.he samples 

from t.he effluent. discharr;e point. showed enhanced levels 

of dissolved zinc durinr; pre-monsoon 1986 season. The 

effect. of salinit.y on t.he rat.e of removal of cadmium was 

14.2% durinr; monsoon 35.29%, durinr; post.-monsoon 1985 

and 33.33% durinr; pre-monsoon 1986 seasons. The rat.e of 

precipit.at.ion was almost. const.ant. in post.-monsoon 1985 

and pre-monsoon 1986 seasons. 

salinit.y and dissolved cadmium 

The relat.ion bet.ween 

(Fir;s. 3.14 t.o 3.16) 

indicat.ed t.hat., it. was ner;at.ively and part.iculat.e 

posit.ively concent.rat.ions 

correlat.ed. 

(Fir;s. 

The 

3.17 t.o 

dissolved 

3.19)were 

concent.rat.ions were 

comparable and part.iculat.e concent.rat.ions were 18 t.imes 

higher when compared wi t.h t.he values report.ed in t.he 

Mersey est.uary (Head 8: Jones, 1989). The percent.ar;e of 

cadmium which was leached by 0.1 N Hcl wit.h t.he t.ot.al 

indicat.ed t.hat. hir;her quant.um was ext..ract.ed for Cochin 

est.uary compared wi t.h t.he upst.ream zone. The effect. 

of salinit.y on t.he rat.e of removal of lead was 16.9% 

durinr; t.he monsoon, 42.85% durinr; post.-monsoon 1985 and 

28.57% durinr; pre-monsoon 1986 seasons. The rat.e of 
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removal of nickel was 25% durin@; monsoon, 33.33% durin@; 

pos~-monsoon 1985 and 25% durin@; pre-monsoon 1986 

seasons. Hi@;h con~en~ of nickel was observed for ~he 

fine suspended ma~~er from ~he indus~rial 

dischar@;e poin~. The par~icula~e leachable frac~ion of 

nickel in 0.1 N Hcl wi~h ~he ~o~al me~al was found ~o be 

40 ~o 60% in ~he Cochin es~uary. The rela~ion be~ween 

salini~y and dissolved nickel was shown in Fi@;s. 3.26 t.o 

3.28 and wi~h par~icula~e nickel 3.29 t.o 3.31. 

The ra~e of removal of iron was 25% durin@; monsoon, 75% 

durin@; pos~-monsoon 1985 and 63.5% durin@; pre-monsoon 

1986 seasons. The rela~ion be~ween salini~y wi~h 

dissolved and par~icula~e iron was shown in Fi@;s. 3.32 

t.o 3.37. 

The s~eady decrease in ~he I' value of copper from 

0.60 - 0.95, from monsoon ~o non-monsoon seasons showed 

t.ha~ ~he ra~e of removal of copper was enhanced wi~h 

increase in salini~y. For monsoon season, low salini~y 

region showed hi@;h concen~ra~ion of dissolved copper 

which proved ~hat. ~ranspor~ process of copper may be 

from fresh wa~er sources. 

concen~rat.ion of dissolved 

The 

copper 

decrease in 

from monsoon 

~he 

t.o 

pos~-monsoon 1985 seasons, showed ~ha~ ~he major removal 



63 

was t.aking place over a wide salinit.y region f'rom 6 PPT 

t.o 24 PPT. 

The negat.ive correlat.ion of' dissolved lead was 

observed during non-monsoon season, but. posit.ive 

correlat.ion was observed f'or part.iculat.e lead wit.h 

salinit.y f'or all seasons. In t.he case of' nickel, only 

part.iculat.e nickel showed posit.ive correlat.ion wit.h 

salinit.y. 

during 

In t.he case of' iron, only part.iculat.e iron 

post.-monsoon 1985 season showed posit.ive 

correlat.ion wit.h salinit.y. 

I The pH alkalinit.y, salinit.y and t.he iron cont.ent. 

play an import.ant. role in t.he precipit.at.ion as well as 

t.he removal of' heavy met.als in t.he wat.er column. Met.als 

were convert.ed int.o t.heir hydroxides or carbonat.es in 

t.he nat.ural f'orm, and t.ms conversion was enhanced by 

t.he increased 
H 

P or high alkalinit.y. Such hydroxides or 

carbonat.es which were more gelat.inous in nat.ure <like 

t.hat. of' ir 0 n/alwnini urn) occlude t.he part.iculat.e mat.t.er 

t.hereby set.t.les down f'ast..\ The concent.rat.ions of' 

salinit.y, 
H 

and alkalini t. Y shown in Tables 3.17 t.o p were 

3.19. Low 
H 

and low alkalini t. Y observed :for t.he p were 

wat.er samples collect.ed near t.he . efTluent. discharge 
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and alkalini t.y 

were also found t.o be increased in t.he Cochin Harbour 

re~ion. For t.he monsoon season t.he pH rantt;ed from 6.6 

t.o 7.1 and iron removal was found t.o be 25%. Durintt; t.he 

H 
post.-monsoon 1985 t.he P ran~ed from 7.1 t.o 8.0 and t.he 

iron removal was maximum (75%) whereas durintt; 

pre-monsoon 1986 t.he removal was found t.o be 66.66%. 

This chantt;e may be due t.o t.he fact. t.hat. at. hitt;h pH 

condit.ions in pre-monsoon 1986 season, t.he deplet.ed iron 

mi~ht. have ~one t.o t.he soluble form due t.o t.he 

? 
• 

The hitt;h concent.rat.ions of iron (bot.h dissolved and 

in part.iculat.es) durintt; monsoon season in t.he upst.ream 

zone could be due t.o surface run off durin~ heavy rain. 

Sankaranarayanan and Rosamma St.ephen (1978) at.t.ribut.ed 

t.o hi~her part.iculat.e iron in t.he Cochin est.uary was due 

t.o land drainatt;e, harbour act.ivit.y and sewatt;e. The 

t.rend of i t.s decrease observed in post.-monsoon 1985 and 

pre-monsoon 1986 seasons in t.he Cochin est.uary indicat.ed 

t.hat. iron was removed or precipit.at.ed from t.he wat.er 

column under t.he influence of salinit.y and alkalinit.y. 

Seasonally, t.he dissolved and part.iculat.e zinc 
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showed a conservat.i ve decrease in concent.rat.ions. The 

comparison of monsoon values of copper, cadmium and lead 

wit.h pre and post.-monsoon 1985 seasons indicat.ed t.hat. 

salinit.y . pH, alkalinit.y and iron plays a major role in 

t..he removal of t.he above met..als durin~ est.uarine mix:'n~. 

The relat.ion bet..ween salinit.y and dissolved 

concent.rat.ions durin~ 1985 and 1986 survey were shown 

in Fi~s. 3.2 3.37. Salinit.y has a profound influence 

in t..he removal of part.iculat.e mat.t.er (Ouseph, 1986). In 

~eneral surface samples were found t.o have more 

concent.rat.ion compared wit..h t..he bot.t.om. As t..he salini t.. y 

increases, t..he concent..rat..ion of copper decreases. 

behaved in a similar way as copper. Pb, Cd, Fe 

almost.. similar charact..erist.ics wit.h salinit.y. 

Zinc 

had 

The 

conservat..ive nat..ure of nickel was well not..iced. The 

dat..a revealed t..hat. lar~e quant..um of met.als were removed 

from t..he wat..er column and precipit.at.ed as suspended 

mat..t.er which may cont..aminat..e t..he bot.t.om sediment..s. 

The decrease in t..he concent..rat..ion of heavy met.als 

from surt-ace t..o bot..tom and also wit..h salinit.y showed 

cont..ribut.ion from tresh wat..er sources and indicat..ed t.hat. 

physical mixin~ was a si~nificant.. tact.or in cont.rollin~ 

t..he dissolved concent.rat..ions. Hi~h concent.rat.ions of 
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heavy met.als were observed in t.he fine ~rade suspended 

mat.t.er from t.he indust.rial zone, even t.hou~h no 

correct.ion was made for t.he ~rain size. Accordin~ t.o 

Paul and Pillai (1983) solubilisat.ion of Cu and Cd from 

sediment.s under t.he influence of salinit.y may be 

re~arded as one of t.he major mechanisms of t.race met.al 

transport. t.o t.he sea. The enhanced levels of dissolved 

Cu and Zn observed durin~ non-monsoon period in t.he 

upst.ream zone was at.t.ribut.ed t.o t.he concent.rat.ion by 

evaporat.ion and increased dissolut.ion from sediment.s 

due t.o hi~her pre-monsoon 1986 t.emperat.ure and lar~er 

cont.act. t.ime in summer (Paul and Pillai, 1983). The 

steady increase in t.he concent.rat.ion of part.iculat.e Cu, 

Zn, Cd, Pb and Ni from monsoon t.o t.he non-monsoon period 

indicat.ed t.hat. t.he lon~er residence t.ime of finer 

fractions of suspended solids in river wat.er facilit.at.es 

further build up by ion exchange processes. Similar 

behaviour was observed for t.he part.iculat.e Cu, Zn, Cd, 

Pb Ni and Fe from t.he effluent. dischar~e point. and also 

for Cu, Zn, Cd and Pb part.iculat.es from t.he Cochin 

est.uary. The decrease in t.he concent.rat.ion of 

particulat.e nickel from monsoon t.o non-monsoon season 

showed t.hat. t.he major mechanism may be solubilisat.ion, 
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suspension, p:recipi t.at.ion and subsequent. inco:rpo:rat.ion 

in t.he sediment.. The concent.rat.ion in t.he fine ~:rade 

suspended part.iculat.e mat. t.e:r f:rom t.he effluent. dischar~e 

point. showed hi~h concent.:rat.ion of heavy met.a!, which 

indicat.ed t.hat. t.he t.:ranspo:rt. :rout.e of heavy met.a! may be 

from indust.:rial sou:rces. 

Met.als leached by 0.1 N Hcl f:rom part.iculat.es 

indicat.ed t.hat. t.he majo:r quant.um of est.uarine 

pa:rt.iculat.e Cu, Zn, Cd and Pb were in such a fo:rm which 

can select.ively be :removed 

1987). Similarit.y in t.he 

by t.he 

behaviou:r 

biot.a 

of 

(Ouseph, 

part.iculat.e 

leachable met.als wi t.h t.he t.ot.a! met.a! cont.ent. from t.he 

effluent. dischar~e point. and Cochin est.uary showed t.hat. 

t.he met.als b:rou~ht. f:rom t.he effluent. dischar~e point. can 

behave in a similar manne:r in t.he Cochin est.uarine 

syst.em fo:r bio-~eochemica! upt.ake. dissolved 

concent.:rat.ion in t.he su:rface wat.e:r st.:ron~ly suggest.s 

t.hat. ant.hropo~enic input.s inject.ed by indust.rial, 

ha:rbou:r act.ivit.y and sewa~e. Mixin~ cu:rves have been 

shown t.o be useful in det.ect.in~ t.he :relat.i ve impo:rt.ance 

of physical and bio-~eochemica! :react.ions in cont.:rollin~ 

t.he dist.:ribut.ion of dissolved const.it.uent.s in est.uaries. 

The balance bet.ween t.he phYSical and bio-~eochemical 
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processes will dict.at.e t.he fat.e of t.hese ant.hropo~enic 

sources in t.his est.uarine environment.. 

The variat.ion of heavy met.als from season t.o 

season, st.at.ion t.o st.at.ion, relat.es t.o t.he 

charact.erist.ics of t.he est.uarine syst.em. Two models 

t.he mobilizat.ion of heavy met.al can be describin~ 

su~gest.ed. One was t.he t.ransport. rout.e of heavy met.als 

throu~h fine grade suspended part.iculat.e mat.t.er from 

river Periyar. The second was t.he removal of heavy 

met.als durin~ est.uarine mixin~. The survey revealed 

hi~h concent.rat.ions of dissolved and part.iculat.e Cu, Zn 

and Cd in t.he wat.ers of Cochin est.uary. The removal of 

heavy met.als wit.h respect. t.o est.uarine mixin~ indicat.ed 

that. Lakshadweep Sea act.s as a sink for heavy met.als 

discharged from t.he Cochin Harbour. The st.udy reveals 

that t.here was ant.hropo~enic input. of heavy met.als t.o 

the Cochin est.uary. 

3.2. Semi-diurnal Variat.ion of Dissolved Met.als in t.he 

Cochin Est.uary 

The concent.rat.ions of heavy met.als obt.ained durin~ 

the semi-diurnal variat.ion at. st.at.ion <Fi~.1.3) was 

summarised in Table - 3.22. The percent.a~e of removal 
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of dissolved element.s under t.he influence of salinit.y 

was shown in Table 3.23. The t.ides of t.his re~ion 

were of a mixed t.ype, predominant.ly semi diurnal wit.h 

two hi~h and t.wo low wat.ers. The low t.ide was observed 

on t.he day of experiment. at. 08.15 hrs. and t.he hi~h t.ide 

at. 15.00 hrs. The t.idal ran~e was approximat.ely 60 cm. 

3.2.1. Salinit.y 

The variat.ion of salinit.y ran~ed from 15.77 ppt. 

to 32.50 ppt. and was found t.o be in accordance wit.h t.he 

tide. Bot.t.om salinit.y was hi~her t.han t.he surface 

showin~ penet.rat.ion of hi~h saline sea wat.er alon~ t.he 

bot.t.om. 

3.2.2. Hydrogen ion concent.rat.ion (pH) 

pH variat.ion for t.he surface and bot.t.om wat.ers was 

shown in Table 3.18. The 
H 

p vary bet.ween 7.25 t.o 

8.15. Durin~ hi~h t.ide, sea wat.er int.rudes int.o t.he 

est.uary, t.he salinit.y increases accordin~ly 

increases. 

3.2.3. Suspended part.iculat.e mat.t.er (SPM) 

H 
p also 

The suspended part.iculat.e mat.t.er ran~ed from 4.80 

to 22.0 m~/lit.re and decreases wit.h increase in salinit.y 

(Fi~. 3.40). 
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3.2.4. Copper 

The dissolved concent.rat.ions of copper in t.he 

. 
Cochin est.uary ran@;ed from 8.1 t.o 15.4 f'!@;/L. (Table 

3.22). In t.he concent.rat.ions of copper were 10.2 15.4 

u~/L. at. surface and 8.6 10.8 at. t.he bot.t.om. 

The relat.ion bet.ween salinit.y and dissolved copper was 

shown in Fi@;. 3.40. 

3.2.5. Zinc 

The concent.rat.ions vary from 68 t.o 101 ~/L. (Table 

- 3.22). The concent.rat.ions of zinc were 78 - 101 ~@;/L. 

at. surface and 68 80 ~@;/L. at. t.he bot.t.om. Durin@; 

monsoon, 1985, t.he concent.rat.ions were found t.o be 105 

t.o 155 /-l@;/L.. The relat.ion bet.ween salinit.y and zinc was 

shown in Fi@;. 3.40. 

3.2.6. Cadmium 

The concent.rat.ions ran@;ed from 0.83 t.o 0.99 f@;/L. 

(Table 3.22). The concent.rat.ions were 0.86 0.99 

/..l~/L. at. surface and 0.82 0.89 f@;/L. at. t.he bot.t.om. 

The rat.e of removal was 16.16% (Table 3.23). The 

relat.ion bet.ween salinit.y and dissolved cadmium shown in 

Fi~. 3.40. 
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3.2.7. Lead 
.. 

The dissolved concent.rat.ions rane;ed :Crom 8.1 t.o 

10.2 ue;/L. (Table 3.22). The concent.rat.ions were 

8.1 - 10.2 pe;/L. at. sur:Cace and 8.12 - 9.10 at. t.he 

bot.t.om. The rat.e o:C removal was :Cound t.o be 20.58% 

(Table 3.23). For monsoon, 1985 survey t.he 

concent.rat.ions were :Cound t.o be 8.8 t.o 10.6 and 

t.he rat.e 01 removal was 16.98%. 

3.2.8. Nickel 

The dissolved concent.rat.ion 01 nickel rane;ed lrom 

0.21 t.o 0.46 pe;/L. (Table 3.22) and :Cound t.o be well 

agreement. wit.h t.he observed values durine; 1985 survey 

(Ouseph, 1992). The concent.rat.ions were 0.27 0.46 

iUg/L. at. sur:Cace and 0.21 
I 

0.29 at. t.he bot.t.om. 

The relat.ion bet.ween satini t.y and dissolved nickel was 

shown in Fie;. 3.41. 

3.2.9. Iron 

The dissolved concent.rat.ion rane;ed :Crom 0.21 t.o 

0.48 re;/L. (Table - 3.22) and t.he rat.e o:C removal was 

found t.o be 56.25% (Table - 3.23). The concent.rat.ions 

were 0.29 0.48 fg/L. at. sur:Cace and 0.21 0.31 rg/L. 

at. bot. t.om. The relat.ion bet.ween and dissolved iron was 
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shown in Fi~. 3.41. 

3.2.10. Chromi1.un 

The dissolved concent.rat.ion of chromium ran~ed from 

0.30 t.o 0.40 r~/L. (Table 3.22). The concent.rat.ions 

were 0.31 0.40 f~/L. at. surface and 0.31 0.32 fl~/L. 

at the bot.t.om. The rat.e of removal was found t.o be 25% 

(Table - 3.23). 

3.2.11. Silver 

The concent.rat.ion for silver ran~ed :from 0.08 t.o 

0.14 f~/L. The concent.rat.ions were 0.10 - 0.14 f~/L. at. 

surface 0.08 - 0.10 f~/L. at. t.he bot.t.om. 

Bot.t.om wat.er was havin~ hi~h pH compared wit.h t.he 

surface wat.er and t.his indicat.ed t.hat. t.he salinit.y 

play an import.ant. I · ... ill "'he pH ro e In con .. ro n~ .. of t.he 

est.uarine syst.em. The decrease in t.he concent.rat.ion of 

particulat.e mat.t.er wit.h increase in salinit.y showed t.hat. 

t.he input. of part.iculat.e mat.t.er t.o t.he est.uary was of 

river borne and t.he colloidal solids were precipit.at.ed 

and removed from t.he wat.er column under t.he influence 01 

H 
salinit.y p and alkalinit.y. It. was observed t.hat. t.he 

dissolved copper was removed by t.he int.rusion of saline 

water t.o t.he est.uary. The rat.e of removal was found t.o 
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be 48.34". During monsoon, 1985 survey t.he 

concent.rat.ion of copper for t.he ent.ire harbour area was 

found t.o be 2.2 t.o 2.8 fg/L .. This indicat.ed t.hat. 

higher concent.rat.ions were observed during t.he present. 

st.udy. The rat.e of' removal of copper during monsoon, 

1985 survey was found t.o be 21.4%. The concent.rat.ions 

were comparable wi t.h t.he maximum values observed in t.he 

Scheldt. est.uary (Baeyens et. al., 1982) which was 12.9 

ug/L .. 
I 

The rat.e of removal of zinc during t.he 1985 and 

1987 survey was 32.25% and 32.67%, respect.ively (Table 

3.23). This indicat.ed t.hat. t.he rat.e of removal was 

almost. const.ant.. The observed values of zinc were 

comparable wit.h t.he concent.rat.ions in t.he Scheldt. 

est.uary (Baeyens et. al., 1982). For t.he monsoon season 

of 1985 t.he cadmium concent.rat.ions were :found t.o be 1.8 

t.o 2.1.Mg/L. and t.he removal was 14.28%. 
I 

The rat.e of 

removal of dissolved cadmium was bet.ween 14.28 t.o 

16.66% during t.he earlier and t.he present. st.udy. The 

values of cadmium were comparable wit.h t.he observed 

concent.rat.ions in t.he Scheldt. est.uary <Baeyens et. al., 

1982). The relat.ion bet.ween salinit.y and dissolved lead 

was shown in Fig. 3.40. The observed values of lead 

were 1.6 t.o 2 t.imes higher when compared wit.h t.he 
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concent.rat.ions report.ed in t.he Scheldt. est.uary '(Baeyens 

et. al., 1982) which was 5 ff;/L. The conservat.ive nat.ure 

of nickel was not.iced for t.he hif;h salinit.y ranf;e and 

also a hundred t.imes increase in removal in comparison 

wit.h t.he earlier st.udy. Similar t.o nickel, iron was 

also found t.o have 100 t.imes increase in removal in 

comparison wit.h t.he earlier st.udy. 

The Fif;S. 3.40 and 3.41 show t.hat. pH and salinit.y 

play an import.ant. role in t.he removal of heavy met.als 

est.uarine This indicat.ed t.hat. t.he 

t.ransport. rout.e of heavy met.als t.o t.he sea may be 

probably in t.he form of part.iculat.e mat.t.er by 

precipi t.at.ion. The concent.rat.ion versus t.ime in hours 

CFit;s.3.38 and 3.39) showed t.hat. copper and zinc behaved 

in a similar way. t.ide t.he bot.t.om 

concent.rat.ion for Cu, Zn, Cd and Ph show conservat.ive 

nat.ure compared wit.h t.he surface. Amonf; t.he met.als 

under st.udy, t.he conservat.ive nat.ure of Pb and Cr was 

well not.iced for t.he ent.ire t.idal ranf;e. The major 

chant;es in t.he removal of t.race met.al and suspended 

mat.t.er were t.akinf; place bet.ween 24.0 t.o 32.5 salinit.y 

CFit;s.3.40 and 3.41). This showed t.hat. t.he st.udy area 

act. as a removal zone for t.he heavy met.als brouf;ht. by 
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the rivers t.hro~h t.he f"resh wat.er discharge. The 

result.s f"or t.he percent.age of" removal f"or Zn, Cd and Ph 

during t.he present. st.udy was f"ound t.o he in well 

a~reement. wit.h t.he monsoon, 1985 survey (Table 3.19) 

and f"or Cu, Ni and Fe a 100% increase in removal was 

observed may be due t.o t.he high input. f"rom t.he f"resh 

water zone. According t.o Paul and Pillai (1983) 

solubilisat.ion of" Cu and Cd f"rom sediment.s under t.he 

inf"luence of" high salinit.y which may be regarded as one 

of the major mechanisms of" t.race met.al t.ransport. t.o t.he 

sea. The st.udy reveals t.hat. removal and subsequent. 

sediment. movement. was t.he major mechanisms of" t.race 

met.al t.ransport. t.o t.he sea. 



Table - 3.1 
Concen tr a tions of Dissolved and Particulate Mercury in Cochin 

Estuary and River Periyar - July, 1985 (Monsoon) 

Station Salinity D PM P PM 
No. ppt ng/L. pg/gm mg/L. ng/L. 

l. 
5 1.8 130 4 15 60 

B ~ ~ 
.L. • .L. 150 6 18 108 

") 5 1.9 85 5 16 80 ... 
B 2.1 160 12 17 204 

.,. 5 ~ .... ..j.-,- 150 6 15 90 
~\. 

B 3.4 180 20 16 320 

4. 5 1.6 85 5 18 90 

B 1.8 90 8 19 152 

5. 5 1.2 80 5 18 90 

B 1.4 110 6 20 120 

6. 
5 1.1 80 5 15 75 

B 1.2 80 6 18 108 

5 0.8 90 5 15 75 
7. B 1.2 110 5 16 80 

8. 5 1.4 40 4 17 68 
B 1.1 50 6 18 108 

9. 5 1.4 60 4 16 64 
B 4.9 60 5 12 60 

10. 5 ~ .., 120 6 14 84 ._ .... .L. 

B 10.6 140 18 10 180 

11. 5 3.6 100 5 12 60 
B 13.8 160 19 7 133 

12. 5 3.4 85 6 10 60 
B 13.6 90 13 6 78 



Table - 3.1 

Station Salinity D PM P PM 
No. ppt ng/L. fig/gm mg/L. ng/L. 

13. S 3.8 80 5 12 60 
B 16.9 160 12 6 72 

14. S 3.6 85 2 15 30 
B 1-6.5 180 20 6 120 

15. S 1.5 80 4 17 68 
B 1.6 110 6 18 108 

16. S 1.4 100 8 16 128 
B 1.9 120 10 15 150 

17. S 1.1 80 4 16 64 
B 1.1 90 6 15 90 

18 S 2.2 110 5 14 70 

B 3.4 130 8 15 120 

19. S <1.0 85 24.5 18 441 

20. S <1.0 90 24.5 20 490 

21 S <1.0 95 24.5 19 465.5 

..,,., .- <1.0 85 24.5 21 514.5 1..'- ;:) 

".,. S <1.0 90 24.5 "" 539 ';;'.,j.. .L..L. 

24 S <1.0 15 2.0 12 24 

25 S <1.0 15 2.0 10 20 

26 S <1.0 15 2.0 8 16 

27 S <1.0 15 2.0 10 20 

D = Dissol ved Mercury 

PM = Particulate Mercury 

P = Particulate matter 



Table - 3.2 
Concentrations of Disoolved and Particulate Mercury in Cochin 

Eestuary and River Periyar November, 1985 (Post-monsoo) 

Station Salinity D PM P PM 
No. ppt ng/L. f19 /gm mg/L. ng/L. 

l. 8 16.2 140 8 8 64 
B 18.2 170 20 7 140 

.., 8 17.2 160 6 9 54 ... 
B 18.8 210 25 8 200 

3. 8 15.2 180 5 9 45 
B 22.4 220 18 5 90 

4. 8 17.4 130 7 5 35 
B 20.2 140 12 4 48 

5. 8 12.3 100 5 7 35 
B 16.4 110 6 6 36 

6. 8 11.5 50 3 10 30 
B 11.5 60 4 9 36 

7. 8 10.8 70 3 10 30 
B 12.5 90 3 8 24 

8. 8 12.5 50 .... 9 18 .::. 

B 13.4 60 2 8 16 

9. 8 21.3 80 2 8 16 
B 23.3 90 ..., 6 18 ~, 

10. 8 22.5 150 6 4 24 
B 26.5 240 18 5 90 

11. 8 18.5 170 7 4 28 
B 24.5 220 25 9 225 

12. S 17.4 180 3 5 15 
B ..., ........ 

",-~ . ...:::. 200 18 8 144 



Table - 3.2 

Station Salinity D PM P PM 
No. ppt ng/L. f'9 /gm mg/L. ng/L. 

I 

13. S 16.4 210 4 6 24 
B 18.5 230 15 7 105 

14. S 20.2 180 6 8 48 
B 21.5 240 12 5 75 

15. S 12.5 110 5 4 20 
B 16.4 140 5 12 60 

16. S 11.4 210 8 10 80 
B 15.2 230 13 8 104 

17. S 10.8 180 6 7 42 
B 11.2 180 7 9 63 

18. S 17.2 160 5 8 40 

B 18.5 210 16 7 112 

19 S <1.0 115 32 14 448 

20 S <1.0 120 ...,.. .... ..:,...c:. 15 480 

21 S <1.0 118 32 14 448 

..,.., S <1.0 120 ..,.. .... 15 480 ....... • .j..c:. 

23 S <1.0 115 -.... .:::'..c:. 15 480 

24 S <1.0 15 2.5 8 20 

25 S <1.0 15 2.5 7 17. ! 

26 S <1.0 15 2.5 8 20 

27 S <1.0 15 2.5 8 20 

D = Dissolved Mercurry 
PM = Particulate Mercurry 
P = Particulate matter 



Table - ~ ~ 
~.~ 

Concentrations of Dissolved and Particulate Mercury in Cochin 
Estuary and River Periyar April, 1986 (Pre-monsoon) 

Station Salinity D PM P PM 
No. ppt ng/L. f9 /gm mg/L. ng/L. 

l. 9 22.5 160 16 6 96 
B 28.3 200 20 5 100 

2. 9 22.2 180 14 6 84 
B 29.2 180 18 5 90 

~ 
,). 9 22.4 200 15 8 120 

B 28.2 230 16 7 112 

4. 9 20.2 150 15 6 90 
B 26.2 210 18 6 108 

5. 9 19.4 130 14 8 112 
B 26.2 150 19 5 95 

6. 9 15.2 80 14 10 140 
B 18.2 100 14 8 112 

7. S 18.5 80 13 8 104 
B 22.4 120 15 6 90 

8. 9 19.4 60 14 5 70 
B 28.2 80 15 7 105 

9. 9 ".,..., ~ 
~ .... .:. 80 8 5 40 

B 29.9 130 6 6 36 

10. S 22.6 220 ~.., 

. .:>" 7 224 
B ~~ ,., 

.,j~ • ...r- 240 36 5 180 

11- 9 25.9 210 42 6 252 
B 34.2 250 28 4 112 

12. 9 25.2 180 24 6 144 
B ~..... .., 

~j4.~ 200 25 5 125 



Table - .,.. -
...Jo • ..;) 

Station Salinity D PM P PM 
No. ppt ng/L. t::!./gm mg/L. ng/L. 

13. S 26.1 220 16 6 96 
B 34.1 240 22 4 88 

14. S 28.4 180 28 6 168 
B 33.2 200 25 5 125 

15. S 22.1 100 34 7 238 
B 28.4 120 36 4 144 

16. S 18.2 230 26 5 130 
B 24.2 250 25 6 150 

17 S 18.5 260 27 7 189 
B 19.2 280 22 7 154 

18 S 21.4 180 17 8 136 
B 29.2 220 20 6 120 

19 S <1.0 120 36.8 25 920 

20 S <1.0 135 36.8 24 883.2 

21 S <1.0 132 36.8 ,.,,., 
.L..40 809.6 

........ S <1.0 130 36.8 24 883.2 4.':-

23 S <1.0 128 36.8 22 809.6 

24 S <1.0 25 2.5 4 10.0 

25 S <1.0 25 2.5 6 15.0 

26 S <1.0 25 2.5 5 12.5 

27 S <1.0 25 2.5 8 20.0 

D = Dissolved Mercury 
PM = Particulate Mercury 
P = Particulate matter. 



Station 

1. S 
B 

2. 5 
B 

3. 5 
B 

4. S 
B 

5. S 
B 

6. S 
B 

7. S 
B 

8. S 
B 

9. S 
B 

10. S 
B 

11. S 
B 

12. 5 
B 

Table - 3.4 

Concentrations of Dissolved Metals ~g/L. in Cochin 
Eastuary and River Periyar - July, 1985 (Monsoon) 

Salinity 
ppt 

1.8 

1.9 
2.1 

3.2 
3.4 

1.6 
1.8 

1.2 
1.4 

1.1 
1.2 

0.8 
1.2 

1.4 
1.1 

1.4 
4.9 

..,.. ..., 
-~I • ..::. 

10.6 

13.8 

3.4 
13.6 

Cu 

2.7 
2.6 

2.7 
2.5 

2.8 
2.7 

2.78 
2.77 

2.62 
2.24 

2.20 
2.74 

2.79 
2.69 

2.6 
2.76 

2.6 
2.71 

2.62 
2 .. 4 

2.73 

2.76 
2.20 

Zn 

139 
140 

145 
138 

130 
136 

155 
152 

150 
151 

154 
150 

152 
146 

148 
153 

132 
149 

147 
124 

140 
114 

138 
115 

Cd 

2.10 
2.10 

2.00 
1.90 

1.80 
1.99 

2.10 
2.20 

1.98 
1.92 

1.91 
1.80 

2.05 
2.10 

2.00 
1.90 

2.40 
2.06 

1.92 
2.00 

2.00 
1.87 

1.89 

Pb 

10.6 
10.4 

10.6 
10.5 

9.8 
9.9 

10.2 
10.3 

10.6 
10.1 

10.5 
10.2 

10.6 
10.2 

10.1 
10.0 

10.1 
10.6 

9.7 
9.4 

9.8 
8.9 

9.6 
8.8 

Ni 

0.3 
0.4 

0.32 
0.3 

0.38 
0.35 

0.41 
0.30 

0.30 
0.37 

0.42 
0.34 

0.43 
0.38 

0.43 
0.39 

0.37 
0.30 

0.40 
0.31 

0.40 
0.32 

0.37 
0.30 

Fe 

0.80 
0.80 

0.83 
0.82 

0.79 
0.70 

0.71 
0.80 

0.84 
0.81 

0.69 
0.70 

0.78 
0.72 

0.73 
0.69 

0.60 
0.72 

0.75 
0.81 

0.85 
0.62 

0.60 
0.61 



Table - 3.4 

Station Salinity Cu Zn Cd Pb Ni Fe 
ppt 

13. S 3.8 2.72 135 10.4 0.40 0.82 
B 16.9 ..., ..,..., 

4 .... ..:.. 114 1.8 8.8 0.28 0.65 

14. S 3.6 2.72 142 9.8 0.40 0.60 
B 16.5 2.45 105 1. 79 8.8 0.29 0.64 

15. S 1.5 2.71 105 2.02 10.4 0.40 0.83 
B 1.6 2.8 136 2.01 10.2 0.40 0.71 

16. S 1.4 2.80 143 1.92 10.1 0.37 0.73 
B 1.9 2.79 137 2.10 10,7 0.39 8.83 

17. S 1.1 2.76 149 1.92 10.5 0.39 0.69 
B 1.1 2.74 155 1.89 10.2 0.38 0.83 

18 S .... .... 2.73 151 1.9 10.4 0.40 0.75 ...:. . ..::. 
B 3.4 2.66 128 1.9 9.9 0.35 0.70 

19 S <1.0 0.80 24 0.20 8.0 0.20 1.10 

20 S <1.0 0.80 24 0.20 8.0 0.20 1.1 

21. S <1.0 0.80 24 0.20 8.0 0.20 1.2 

22. S <1.0 0.80 24 0.20 8.0 0.20 1.2 

... ..,.. S <1.0 0.80 24 0.20 8.0 0.20 1.10 "::'--" . 

24. S <1.0 0.80 24 0.20 8.0 0.20 1.2 

25. S <1.0 0.80 24 0.20 8.0 0.20 1.2 

26. S <1.0 0.80 24 0.20 8.0 0.20 . .... 
..1. • ...::.. 

27. S <1.0 0.80 24 0.20 8.0 0.20 1.2 

S = Surface 
8 = Bottom 



Table - 3.5 
Concentrations of Dissolved Metals ug/L. in Cochin 

Estuary and River Periyar - November, 1985 (Post-monsoon) 

Station Salinity Cu Zn Cd Pb Ni Fe 
ppt 

1. 5 16.2 14.8 180 2.8 10.4 0.50 0.60 
B 18.2 13.4 179 2.4 10.4 0.6 0.70 

2. 5 17.2 12.2 160 2.6 10.8 0.51 0.40 
B 18.8 11.6 170 2.5 10.4 0.41 0.64 

.,. S 15.2 15.4 190 3.0 12.5 0.49 0.42 .j. 

B 22.4 12.4 155 .., ~ ....... 9.8 0.52 0.68 

4. 5 17.4 13.2 165 2.43 13.2 0.41 0.44 
B 20.2 11.4 150 2.20 13.1 0.52 0.80 

5. 5 12.3 17.4 216 3.1 12.4 0.60 0.38 
B 16.4 15.1 180 2.7 11.0 0.40 0.30 

6. 5 11.5 18.2 205 .,.. ~ 13.0 0.59 0.82 -...)-"" 
B 11.5 18.4 195 3.15 12.8 0.55 0.8~ 

7. S 10.8 18.8 215 3.4 14.0 0.60 0.~3 

B 12.5 17.9 213 ~ ...,~ __ ".4"';' 13. !. 0.45 0.69 

8. S 12.5 17.2 202 :3.38 12.6 0.57 0.80 
B 13.4 17.1 192 3.14 13.3 0.53 0.65 

9. 5 ~1 '""!'P 
.L _ .. ,...' 11.1 162 2.42 10.0 0.43 0.32 

B 23.3 10.9 176 2.52 9.1 0.45 0.20 

10. S 22.5 11.5 163 2.54 8.0 0.40 0.18 
B 26.5 10.4 145 .., ..., 

k_-'- 8.0 0.46 0.24 

11- S 18.5 12.1 142 2.72 10.3 0.48 0.47 
B 24.5 10.9 179 2.45 10.4 0.49 0.36 

12. S 17.4 13.7 170 2.75 10.6 0.44 0.44 
B ...,.., ..., 

..;..~.-'- 12.5 158 2.56 10.4 0.59 0.45 



Table - 3.5 

Station Salinity Cu Zn Cd Pb Ni Fe 
ppt 

13. S 16.4 14.2 161 2.83 11.30 0.46 0.53 
B 18.5 12.1 168 2.63 10.90 0.43 0.51 

14. S 20.2 11.9 177 2.54 10.1 0.60 0.53 
B 21.5 10.8 166 2.73 9.3 0.57 0.48 

15. S 12.5 16.4 197 3.40 13.7 0.45 0.35 
B 16.4 14.8 174 2.89 10.9 0.54 0.58 

16. S 11.4 10.6 202 3.12 12.1 0.39 0.78 
B 15.2 14.2 194 2.94 11.3 0.49 0.64 

17. S 10.8 18.8 193 3.35 13.4 0.60 0.67 
B 11.2 10.8 212 2.90 13.8 0.52 0.81 

lB. S 17.2 12.6 165 2.86 11.0 0.58 0.69 
B 18.5 13.9 162 2.67 9.4 0.55 0.78 

19. S <1.0 10 40 0.20 8.0 0.20 1.1 

20 S <1.0 10 40 0.20 8.0 0.20 1.1 

21 S <1.0 10 40 0.20 8.0 0.20 1.1 

,.,~ S <1.0 10 40 0.20 8.0 0.20 1.1 

.,"" S <1.0 10 40 0.20 8.0 0.20 1.1 "::"-.J 

24 S <1.0 10 40 0.20 8.0 0.20 1.1 

25 S <1.0 10 40 0.20 8.0 0.20 1.1 

26 S <1.0 10 40 0.20 8.0 0.20 1.1 

27 S <1.0 10 40 0.20 8.0 0.20 1.1 

S = Surface 
8 = Bottom 



Station 

1- S 
B 

,., S .:.. 

B 

.,. 
--' . S 

B 

4. S 
B 

5. S 
B 

6. S 
B 

7. S 
B 

8. S 
B 

9. S 
B 

10. S 
B 

11. S 
B 

12. S 
8 

Table - 3.6 
Concentrations of Dissolved Metals pg/Ltr. in Cochin 
Estuary and River Periyar - April, 1986 (Pre-monsoon) 

Salinity Cu 
ppt 

22.5 19.2 
28.3 17.6 

,...,.., ,.., 
~...:.. . ...:.. 18.8 
29.2 16.8 

22.4 18.6 
28.2 17.5 

20.2 20.8 
26.2 17.6 

19.4 22.0 
26.2 17.8 

15.2 ...,...., ..., 
~...:.. . ..:.. 

18.2 21.8 

18.5 21.6 
22.4 19.8 

19.4 21.4 
28.2 16.8 

22.2 19.8 
29.9 15.4 

22.6 19.6 
33.2 15.1 

25.9 18.6 
34.2 14.8 

25.2 15.8 
~"""' "'"' 15.1 .':".L., .. ..::.. 

Zn 

305 
240 

290 
215 

318 
262 

325 
230 

330 
225 

385 
340 

348 
305 

340 
242 

326 
"'"'~.,., 4"';-"::" 

"":"',..,,.., 
. ..:.a..:.:..;. 

195 

262 
208 

292 
210 

Cd Pb Ni 

3.60 13.1 0.31 
3.10 10.0 0.40 

3.25 11.1 0.32 
3.12 10.0 0.35 

3.50 11.0 0.31 
2.98 11.1 0.30 

:.,70 10.9 0.38 
3.05 11.2 0.40 

3.90 13.6 0.32 
3.15 10.8 0.30 

4.20 14.0 0.35 
3.86 13.2 0.39 

3.75 11.8 0.31 
3.50 11. :: 0.32 

3.S(} 10.4 0.40 
3.15 10.2 0.40 

3.60 10.8 0.38 
3.08 10.8 0.32 

3.60 10.1 0.35 
2.90 10.6 0.38 

3.20 10.8 0.32 
2.80 10.5 0.31 

3.15 11.4 0.30 
3.00 11. 7 0.39 

Fe 

0.40 
0.25 

0.45 
0.28 

0.40 
0.28 

0.50 
0.32 

0.55 
0.30 

0.60 
0.51 

0.55 
0.35 

0.52 
0.29 

0.35 
<).32 

0.30 
0.28 

0.40 
0.20 

0.40 
0.24 



Table - 3.6 

Station Salinity Cu Zn Cd Pb Ni Fe 
ppt. 

13. S 26.1 17.4 283 3.12 11.1 0.31 0.40 
B 34.1 14.8 205 2.94 10.2 0.32 0.20 

14. S 28.4 16.6 226 3.18 10.9 0.38 0.24 
B ~~ '"' 15.2 195 2.96 10.2 0.34 0.20 _'t..,j.4 

15. S 22.1 19.8 .,...,....., 
-.J.J.4 3.50 12.1 0.35 0.32 

B 28.4 17.4 208 3.16 10.2 0.38 0.30 

16. S 18.2 22.2 362 3.90 12.1 0.32 0.46 
B 24.2 17.8 200 3.10 10.9 0.38 0.28 

17. S 18.5 21.4 348 3.95 12.4 0.36 0.48 
B 19.2 21.0 362 3.78 13.2 0.34 0.51 

18. S 21.4 20.2 318 3.18 11.8 0.39 0.41 

B 29.2 16.8 218 3.12 10.9 0.30 0.23 

19 5 <1.0 13.0 215 1.8 8.0 0.2 0.80 

20 S <1.0 15.0 168 1.5 8.0 0.20 0.80 

21 S <1.0 16.0 205 2.1 8.0 0.20 0.80 

...,..., S <1.0 13.0 208 2.8 8.0 0.20 0.80 ... .,;. 

..., ... S <1.0 15.0 168 1.5 8.0 0.20 0.80 ... .J 

24 S <1.0 8.0 65 0.20 8.0 0.20 0.80 

25 S <1.0 8.0 65 0.20 8.0 0.20 0.80 

26 S <1.0 8.0 65 0.20 8.0 0.20 0.80 

27 S <1.0 8.0 65 0.20 8.0 0.20 0.80 

S = Surface 
B = Bottom 



Station 

1. 

.., .... 

3. 

4. 

5. 

6. 

S 

B 

S 
B 

S 

B 

S 

B 

S 

B 

S 

B 

S 
7. B 

8. S 
B 

9. S 
B 

10. S 
B 

11. S 
B 

12. S 
B 

Table - 3.7 
Concentrations of Particulate Metals in Cochin 

Estuary and River Periyar - July, 1985 (Monsoon) 

Salinity 
ppt 

1.8 

1.9 
2.1 

3.2 

3.4 

1.6 

1.8 

1.2 

1.4 

1.1 

1.2 

0.8 
1.2 

1.4 
1.1 

1.4 
4.9 

.,.. ..... 
-..>. ~ 

10.6 

3.6 
13.8 

3.4 
13.6 

Cu 
ppm 

68 

86 

91 
82 

94 

105 

65 

70 

55 

63 

64 

48 

44 
52 

60 
50 

49 
52 

96 
129 

107 
164 

111 
152 

Zn 
ppm 

190 

260 

125 
280 

310 

380 

140 

170 

129 

160 

130 

142 

125 
140 

160 
150 

160 
510 

360 
690 

390 
880 

340 
820 

Cd 
ppm 

62 

66 

64 
68 

69 

67 

61 

63 

62 

64 

59 

60 

58 
62 

65 
64 

70 
80 

65 
82 

66 
84 

68 
87 

Pb 
ppm 

33 

45 

46 
47 

48 

58 

62 

48 

40 

42 

38 

43 

35 
43 

44 
45 

41 
42 

52 
98 

60 
134 

64 
128 

Ni 
ppm 

46.0 

48.0 

47.0 
48.5 

51.0 

52.0 

54,0 

53.0 

46.5 

49.0 

45.5 

47.5 

45.0 
46.0 

47.0 
45.5 

45.0 
52.0 

48.5 
58.0 

50.5 
62.0 

48.0 
52.0 

Fe 
i.. 

2.90 

2.80 

2.80 

3.10 

3.20 

2.30 

3.00 

2.80 

2.86 

2.80 

3.10 

2.78 
2.97 

3.12 
2.91 

2.92 

3.10 
3.25 

3.20 
3.60 

3.24 
3.60 



Table - 3.7 

Station Salinity Cu Zn Cd Pb Ni Fe 
ppt 

13. S 3.8 110 370 67 68 45.5 3.30 
B 16.9 197 1040 91 150 65.0 3.63 

14. S 3.6 101 410 68 70 49.5 3.40 
B 16.5 190 1035 90 148 64.0 3.50 

15. S 1.5 45 180 63 47 46.5 2.96 
B 1.6 50 195 64 48 47.5 2.43 

16. S 1.4 48 160 66 44 45.0 2.92 
B 1.9 57 165 69 49 49.3 3.04 

17. S 1.1 46 140 61 38 47.0 2.91 
B 1.1 48 142 63 43 48.0 2.97 

18 S .... .... 80 210 67 45 48.5 2.94 4.~ 

B 3.4 105 420 69 59 51.5 3.21 

19 S <1 240 1450 8.5 610 140 3.80 

20 S <1 25C) 1380 8.5 580 135 3.80 

21 S <1 260 2200 6.0 610 185 4.20 

2~ S <1 320 2200 6.8 400 190 4.20 

..,..,. 
~ . .:.. S <1 260 1350 - ..., I • ..:... 620 138 4.00 

24 S <1 48 180 2.8 84 88 9.2 

25 S <1 48 180 2.8 84 88 9.2 

26 S <1 48 180 2.8 84 88 9.2 

27 S <1 48 180 2.8 84 88 9.2 

S = Surface 
B = Bottom 



Table - 3.8 
Concentrations of Particulate Metals in Cochin 

Estuary and River Periyar - November, 1985 (Post-monsoon) 

Station Salinity Cu Zn Cd Pb Ni Fe 
ppt ppm ppm ppm ppm ppm i. 

1- S 16.2 108 918 88 104 38.0 7.90 
B 18.2 138 1170 100 120 46.0 7.80 

.., 
4. S 17.2 129 1045 95 113 41.0 7.01 

B 18.8 141 1250 105 124 49.0 8.00 

.,. S 15.2 111 790 84 98 33.0 7.50 --"> • 

B 22.4 174 1740 124 152 64.0 8.10 

4. S 17.4 132 1040 93 116 42.0 7.81 
B 20.2 156 1450 110 132 54.0 7.91 

S. S 12.3 88 450 62 78 19.0 7.43 
B 16.4 120 960 89 109 39.0 7.60 

6. S 11. 5 80 290 58 63 16.4 7.80 
B 11.5 82 280 59 64 16.8 7.50 

7. S 10.8 65 260 54 62 10.0 7.45 
B 12.5 88 480 59 76 12.8 7.42 

8. S 12.5 92 470 69 76 16.0 7.42 
B 13.4 97 560 76 85 25.2 7.50 

9. S 21.3 169 1590 112 145 59.0 7.90 
B ""''"':P ~ 

~-".~ 186 1860 128 154 68.0 7.90 

10. S 22.5 179 1750 122 156 65.0 7.60 
B 26.5 230 2200 150 180 80.0 8.11 

11. S 18.5 142 1180 104 1~~ ........ 48.0 7.80 
B 24.5 198 2010 139 165 75.0 7.95 

. ..., S 17.4 133 1100 96 115 42.0 7.84 J.":;'. 

B 
...,., ..., 178 1780 123 108 62.0 7.96 ..:;...;;..~ 



Table - 3.8 

Station Salinity Cu Zn Cd Pb Ni Fe 
ppt 

13. S 16.4 124 980 92 106 37.0 7.60 
B 18.5 145 1270 104 1'"''"' .......... 46.0 7.84 

14. S 20.2 142 1430 113 144 54.0 8.12 
B 21.5 170 1610 120 145 61.0 8.00 

15. S 12.5 88 470 64 67 21.0 7.50 
B 16.4 124 660 109 108 38.0 7.60 

16. S 11.4 79 330 50 62 16.0 7.46 
B 15.2 113 860 84 88 34.0 7.61 

17. S 10.8 66 170 58 66 12.0 7.45 
B 11.2 79 150 55 60 14.0 7.55 

lB. S 17.2 139 1020 95 103 43.0 7.65 
B 18.5 142 1240 104 110 47.0 7.75 

19 S <1.0 380 2680 8.1 650 180 4.10 

20 S <1.0 350 2890 8.2 740 160 4.20 

21 S <1.0 400 3100 10.2 740 230 4.8 

...,.., S <1.0 400 3200 10.2 560 230 4.8 ....... 

.... .,. 

..;;. . .:.. S <1.0 380 2650 8.0 580 160 3.9 

24 S <1.0 85 240 3.4 94 110 8.8 

25 S <1.0 85 240 3.4 94 110 8.8 

26 S <1.0 85 240 3.4 94 110 8.8 

""-£./ S <1.0 85 240 3.4 94 110 8.8 

S = Surface 
B = Bottom 



Table - 3.9 
Concentrations of Particulate Metals in Cochin 

Estuary and River Periyar - April~ 1986 (Pre-monsoon) 

Station 8alinity Cu Zn Cd Pb Ni Fe 
ppt ppm ppm ppm ppm ppm /. 

1- 8 22.5 174 1410 108 149 24.5 9.40 
B 28.3 258 2210 145 210 38.0 9.50 

2. 8 ...,..., ..., ..:...- ~ 210 1660 160 165 28.6 9.41 
B 29.2 280 2390 152 212 42.0 9.60 

.,.. 8 22.4 178 1400 110 149 25.0 9.80 -:J. 

B 28.2 260 2250 148 205 39.0 9.70 

4. 8 20.2 148 1078 98 130 18.0 9.81 
B 26.2 ~-:'P..., 

~'_\4 1950 130 132 35.0 9.62 

5. 8 19.4 142 960 94 121 17.0 9.40 
B 26.2 235 1960 132 185 35.0 9.62 

6. S 15.2 76 318 65 81 5.0 9.40 
B 18.2 1"""" ........ 790 88 110 14.0 9.51 

7. S 18.5 124 798 85 108 14.0 9.82 
B 22.4 182 1410 112 152 25.0 9.82 

8. 8 19.4 138 990 92 123 17.0 9.70 
B 28.2 265 2250 148 205 42.0 9.82 

9. 8 22.2 128 1370 111 145 25.0 9.60 
B 29.9 285 2510 156 216 42.0 9.42 

10. 8 22.6 176 1430 119 159 26.0 9.43 
B ~~ -. 278 2990 179 248 49.0 9.52 .":' •• _'a • ..:::.. 

11. 8 25.9 288 1860 135 170 32.0 9.69 
B 34.2 296 3100 180 260 53.0 9.89 

12. 8 25.2 285 1910 138 168 33.0 9.52 
B ""''"' 

..., 314 2880 160 231 50.0 9.45 . ..:..~ . .;. 



Table - 3.9 

Station Salinity Cu Zn Cd Pb Ni Fe 
ppt 

13. S 26.1 232 1950 128 188 38.0 9.65 
B 34.1 295 3100 180 257 53.0 9.60 

14. S 28.4 267 3100 140 208 52.0 9.45 
B 33.2 298 3053 178 258 51.0 9.55 

15. S 22.1 160 1350 109 160 28.0 9.88 
B 28.4 240 2270 154 215 51.0 9.45 

16. S 18.2 115 790 88 110 16.0 9.51 
B 24.2 204 1650 146 167 34.0 9.66 

17 S 18.5 110 790 91 108 18.0 9.70 
B 19.2 150 930 99 122 16.0 9.86 

18 S 21.4 168 1150 105 143 29.0 9.40 
B 29.2 276 2390 168 240 46.0 9.39 

19 S <1.0 410 3100 8.0 750 210 4.10 

20 S <1.0 390 2910 8.5 720 190 4.2 

21 S <1.0 420 3800 12.5 850 220 4.4 

......... S <1.0 420 3800 10.8 850 220 4.4 4~ 

"":''"'!! S <1.0 380 2500 8.00 600 160 4.1 ":"._' 

:4 S <1.0 140 450 6.2 105 142 6.5 

.... 0: S <1.0 140 450 6.2 105 142 6.5 ~ ... I 

26 S <1.0 140 450 6.2 105 142 6.5 

....... S <1.0 140 450 6.2 105 142 6. ":"1 

S = Surface 
B = Bottom 



Table -3.10 

Seasonal Distribution of Dissolved Metals in River Periyar 
Upstream 

Hg Cu Zn Cd Pb Ni Fe 
Season ng/L. !-'g/L. rg/L

• f 9/L • fg/L. !-'9/L. {flg/L. 

Monsoon 
July, 1985 15 0.8 24 0.2 8.0 0.2 1.2 

Post-monsoon 
Nov. , 1985 15 10.0 40 0.2 8.0 0.2 1.1 

Pre-monsoon 
April, 1986 25 8.0 65 0.2 8.0 0.2 0.8 

Table - 3.11 
Seasonal distribution of particulate Metals in River Periyar 

Upstream 

Season Hg Cu Zn Cd Pb Ni Fe 
ppm ppm ppm ppm ppm ppm i. 

Mansoon 
·]ul y, 1985 2.0 48 180 2.8 84 88 9.2 

Post-Monsoon 
Nov. , 1985 2.5 85 240 3.4 94 110 8.8 

Pre-Monsoon 
April, 1986 2.5 140 450 6.2 105 142 6.5 



Table - 3.12 
Seasonal Distribution of Dissolved Metals in Cochin Estuary 

Season 

Monsoon 
July, 1985 

Pos t -Monsoon 

Cu 

r-g/L • 

2.2-2.8 105-155 

Nov.~ 1985 10.4-18.8 145-216 

Pre-Monsoon 
April~ 1986 14.8-22.2 195-385 

Cd rg/L • 

1.8-2.1 

Pb 
rg/L. 

8.8-10.6 

Ni 
rg/L. 

.3-.4 

2.2-3.4 8.0-14.0 .4-.6 

2.8-4.2 10.0-14.0 .3-.4 

Table - 3.13 

.6-.8 

.2-.8 

.2-.6 

Seasonal distribution of Particulate Metals in Cochin Estuary 

Season 

Monsoon 
July~ 1985 

Post-mons son 
Nov. ~ 1985 

Pre-monsoon 
April 1986 

Cu 
ppm 

44-197 

65-230 

76-298 

Zn 
ppm 

125-1040 

150-2200 

318-3100 

Cd 
ppm 

58-91 

50-150 

65-180 

Pb 
ppm 

33-150 

60-180 

81-260 

Ni 
ppm 

45-65 

10-80 

5-53 

Fe 
i.. 

2.8-3.6 

7.4-8.1 

9.4-9.8 



Table - 3.14 
Concentration of Metals in Fine Grade Suspended Particulate 

Matter in River Periyar - Effluent Discharge point 

Season Cu Zn Cd Pb Ni Fe 
ppm ppm ppm ppm ppm I. 

Monsoon 
July~ 1985 250-320 1350-2200 6-8.5 400-620 130-190 3.8-4.2 

Post-monsoon 
Nov. , 1985 350-400 2650-3100 8-10.2 560-740 160-230 3.2-4.8 

Pre-monsoon 
April , 1986 380-420 2500-3800 8-12 600-850 160-220 4.2-4.4 

Table-3.15 
Percentage of Metals Leached by Treatment with 0.1 N Hcl with 

Respect to the Total Amount In Suspended Matter. 

Cu Zn Cd Pb Ni Fe 

River 
Periyar 
Unpolluted 
zone 100 40-70 45-60 50-60 40-60 38-47 

Fine Grade 
suspended 
particulate 
matter 85-90 80-90 60-80 80-90 40-60 55-68 
effluent 
discharge 
point 

Gochin 
Estuary 80-90 75-90 70-85 95-100 40-60 80-90 



Table - 3.16 
Percentage of Rduction In The Concentration of Metals in Water 

Column Consequent on Salinity Intrusion 

Season 
Cu Zn Cd Pb Ni Fe Salinity pH 

% % 7. 
., 

7. 7. (ppt) I. 

f'lansoon 
July, 1985 21.4 32.25 14.2 16.9 25.0 25.0 1.1-16.0 6.6-7.1 

Pas t -monsaon 
Nov. 1985 44.6 32.5 35.2 42.8 33.3 75.0 10.8-26.5 7.1-8.0 

Pre-monsaan 
April ,86 -- --.-.::.~.~ • ...:> 49.3 ~~ ~ _ .. ..;) . ...;,. 28.5 25.0 66.6 19.4-34.2 7.8-8.4 



Station 
No. 

1. 

2. 

'-' . 

4. 

5. 

6. 

7. 

.., 
o. 

9. 

10. 

11-

12. 

Table - 3.17 

Concentrations of 8alinity, Alkalinity and pH in Cochin 
Estuary and River Periyar - July, 1985 (Monsoon) 

8alinity Alkalinity 
H ppt mg/L •• p 

8 1.8 13 6.8 
B. '"' '"' 18 6.6 ..::.."" 

8 1-, 
~. -"1 15 6.6 

B 2.1 17 6.8 

8 "":" '"' 20 6.6 .j."::' 

B 3.4 22 6.8 

8 1.6 12 6.7 
B 1.8 17 6.6 

8 1.2 14 6.7 
B 1.4 16 6.8 

8 1.1 12 6.8 
B 1.2 14 6.6 

8 0.8 8 6.6 
B 1.2 10 6.7 

,.. 
:l 1.4 14 6.7 
B 1.1 15 6.7 

8 1.4 1~ ..... 6.7 
B 4.9 20 6.8 

8 "":" '"' 18 6.8 -";' • .L 

B 10.6 46 6.8 

8 3.6 14 6.7 
B 13.8 62 6.9 

8 3.4 16 6.7 
B 13.6 65 6.9 



Station 
No. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20 

21. 

22. 

24. 

25. 

26. 

'2.7. 

S = Surface 
B = Bottom 

Salinity 
ppt 

S 
B 

S 
B 

S 
B 

S 
B 

S 
B 

S 
B 

S 

S 

S 

S 

S 

S 

S 

S 

3.8 
16.9 

3.6 
16.5 

1.5 
1.6 

1.4 
1.9 

1.1 
1.1 

..., ..., 

..c...k 

3.4 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

Table - 3.17 

Alkalinity 
mg/L •• 

18 
82 

20 
84 

14 
18 

18 
20 

12 
10 

16 
18 

5 

4 

4 

5 

6 

20 

22 

25 

H 
p 

6.8 
7.1 

6.8 
7.1 

6.7 
6.7 

6.7 
6.8 

6.6 
6.7 

6.7 
6.8 

5.3 

5.2 

5.3 

5.2 

5.3 

7.1 

7.1 

7.1 

7.1 



Table - 3.18 

Concentrations of Salinity, Alkalinity and pH in Cochin 

Estuary and River Periyar - November, 1985 (Post-monsoon) 

Station Salinity Alkalinity H No. ppt mg/L •• p 

1- S 16.2 84 7.8 
a. 18.2 90 7.4 

'"' S 17.2 92 7.1 ~. 

a 18.8 95 7.4 

.. ) . S 15.2 65 7.6 
a 22.4 95 8.0 

4. I"' 17.4 88 7.6 v 
a 20.2 92 7.9 

5. S 12.3 52 7.5 
a 16.4 80 7.6 

6. S 11. 5 51 7.7 
a 11.5 52 7.8 

.,. 
S 10.8 42 7.5 I • 

a 12.5 48 7.4 

8. S 12.5 42 7.6 
a 13.4 48 7.6 

9. S 21.3 q .... 
-S"- 7.2 

a 4""'\7 ~ 
",::,_"w.. _i 95 7.9 

10. S 22.5 90 7.6 
a 26.5 9" .... 8.0 

11. I"' 18.5 85 7.7 ~ 

a 24.5 90 7.9 

12. S 17.4 95 7.8 
a ...,..., ..., 

44_4 100 7.9 



Table - 3.18 

Station 5alinity Alkalinity 
H 

No. ppt mg/L •• p 

13. .5 16.4 82 7.8 
B 18.5 88 7.4 

14. 5 20.2 95 7.8 
B 21.5 98 8.0 

15. 5 12.5 62 7.8 
B 16.4 88 7.8 

16. 5 11.4 52 7.9 
B 15.2 65 7.8 

17. 5 10.8 48 7.7 
B 11.2 55 7.6 

18. 5 17.2 88 7.2 
B 18.5 90 7.6 

19. 5 < 1 4 5.3 

20 5 -( 1 5 5.4 

21- 5 < 1 5 5.4 

,..,., 
5 .- 1 4 5.4 ...... .... 

,..,-
~.:..\. 5 < 1 4 5.4 

24. 5 < 1 24 7.2 

25. 5 < 1 28 7.3 

26. ,... .' 1 20 7.2 ;:) •.•. 

27. 5 < 1 24 7.3 

5 = Surface 
B = Bottom 



Station 
No. 

1. 

., ... 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Table - 3.19 

Concentrations of 5alinity, Alkalinity and pH in Cochin 
Estuary and River Periyar - April, 1985 (Pre~monsoon) 

5alinity Alkalinity H ppt mg/L .• p 

5 22.5 105 8.2 
B 28.3 110 8.1 

5 ............ 
4.4.. • .4 115 8.1 

B 29.2 116 7.8 

5 22.4 125 7.8 
B 28.2 128 7.9 

5 20.2 98 8.1 
B 26.2 110 8.0 

5 19.4 92 7.8 
B 26.2 112 7.9 

5 15.2 88 8.1 
B 18.2 95 8.2 

5 18.5 85 8.2 
B 22.4 110 8.1 

S 19.4 90 8.1 
B ...,,., ..., 115 8.1 44.":'" 

5 ...,.,., ...., 
4""-_4 105 8.2 

B 29.9 120 8.1 

5 22.6 108 8.1 
B 7~ .., 

"_'14_'1 • ...::. 125 8.3 

5 25.9 105 7.9 
B 34.2 110 8.4 

5 25.2 126 7.9 
B ..,. .... .... 128 8.1 _'1,4 • .L 



Table - 3.19 

Station Salinity Alkalinity 
H 

No. ppt mg/L •• p 

13. S 26.1 125 7.9 
B 34.1 128 8.4 

14. S 28.4 110 7.9 
B ~~ "..., 

_"t...,j.'::' 125 8.3 

15. S ~.., ':' 
4 ....... 108 8.1 

B 28.4 118 8.2 

16. S 18.2 98 7.9 
B 24.2 110 8.1 

17. S 18.5 98 7.9 
B 19.2 110 8.1 

18. S 21.4 110 7.8 
B 29.2 128 8.2 

19. S -< 1 4 5.3 

20 S <: 1 6 5.2 

21. S < 1 5 5.4 

..,..., S < 1 4 5.2 L."::' • 

..,"":!' S .< 1 4 5.3 .... --.. 

24. S <: 1 28 7.3 

25. S -< 1 30 7.4 

26. S < 1 35 7.7 

..,.., S -< 1 30 7.6 ~I • 

5 = Surface 
B = Bottom 
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TABLE - 3.21 
~rrelation-regression relationship of dissolved and particulate . 

toxic metals with salinity. 

Copper 
Oissol ved Cu = -0.032 Salinity PPT + 2.8 r = -0.60 July, 1985 
Particul ate CLI = 8.44 11 + 51.43 r = 0.91 11 

Oissol ved Cu -0.46 11 + 21.64 r = -0.75 Nov. , 1985 
Particulate Cu = 9.22 28.42 r = 0.99 11 

Dissol ved Cu = -0.45 .. + 29.69 r = -0.95 April, '86 
Particulate Cu = 12.50 11 -160.67 r = 0.94 11 

Zinc 
Oissol ved Zn = -2.46 11 +148.88 r = -0.86 July, 1985 
Particulate Zn = 57.05 11 +102.39 r = 0.98 11 

Dissolved Zn = -3.86 11 +244.00 r = -0.84 Nov. , 1985 
Particulate Zn=121.4 11 -1081.94 r = 0.99 
Dissol ved Zn =-10.51 .. + 538.72 r = -0.92 April, '86 
Particulate Zn =151.47 11 -1983.01 r = 0.98 11 

Cadmium 
Dissolved Cd = 0.01 + 2.10 r = -0.86 July, 1985 
Particulate Cd = 1.82 11 + 61.18 r = 0.94 11 

Dissol ved Cd = -0.06 11 + 3.98 r = -0.87 Nov. , 1985 
Particulate Cd = 5.99 11 9.01 r = 0.98 11 

Oissol ved Cd = -0.06 11 + 4.94 r = -0.90 April, '86 
Particulate Cd = 5.62 13.78 r = 0.98 11 

Lead 
Oissol ved Pb = -0.11 + 10.47 r = -0.28 July, 1985 
Particulate Pb = 6.79 11 + 34.15 r = 0.97 11 

Dissolved Pb = -0.31 11 + 16.65 r = -0.87 Nov. , 1985 
F'articul a te Pb = 7.37 11 17.46 r = 0.97 11 

Oissol ved Pb = -0.13 + 14.64 r = -0.66 April, '86 
Particulate Pb = 9.47 11 61.90 r = 0.99 11 

Nickel 
Oi5so1 ved Ni -0.006 + 0.40 r = -0.28 July, 1985 
Par-ticulate Ni = 1.01 11 + 45.98 r = 0.88 11 

Di5s01 ved Ni =-0.007 11 + 0.63 r = 0.42 Nov. , 1985 
Particulate Ni = 4.15 30.98 r = 0.94 
Dissol ved Ni = 0.0005 11 + 0.33 r = 0.07 April, '86 
Par-ticulate Ni = 2.48 11 29.56 r = 0.95 

Iron 
Particulate Fe = 0.02 11 + 3.11 r = 0.15 July 1985 
Particulate Fe = 0.04 11 + 7.01 r = 0.94 Nov. , 1985 
Par-ticulate Fe = 0.0026 11 + 9.54 r = 0.07 April, '8 
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CHAPTER - 4 

RESULTS AND DISCUSSIONS PART - B 

4.1. Met..als Present.. In Sediment..s 

Sediment.s are widely used as indicat.ors of 

environment.al cont.aminat.ion by t.race met.als in ri vel'S 

lakes est.uaries and t.he oceans. (Hirst., 1962; Chest.er 

and Hughes, 1967; Perkins et. al., 1973; Helz et. al., 

1975; Loring, 1975; Kemp and Thomas, 1976; Bert.ine and 

Goldberg, 1977; Malo, 1977; Bewers and Yeast., 1977; 

Dixit. and Wit.comb, 1983) The dist.ribut.ion of various 

environment.al paramet.ers in t.he Asht.amudi est.uary have 

been report.ed by Balan, 1979; Nail' et. al., 1983, 1984, 

1985 and 1987. The effect. of tit.anium effluent.s on t.he 

biot.a was report.ed by Nail' and Rajan, 1974; Vijayamohan 

et. al. 1985; and Abdul Azis and Sheeia, 1987. The 

import.ance 01 heavy met.al st.udies has generat.ed int.erest. 

among ecologist. t.o st.udy t.he heavy met.al concent.rat.ions 

in t.he bot. t.om sediment.s of aquat.ic biot.opes exposed t.o 

pollut.ion and environment.al degradat.ion (Lu and Chen, 

1977; Forst.ner and Pachineeiam, 1980; Badri and Ast.on, 

1981 and 1983; Rippey, 1982 and Talbot., 1983). Dat.a on 

the concent.rat.ion 01 heavy met.als in sediment.s of t.he 

cont.inent.al shelf along t.he west. coast. of India have 
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been report.ed by Rao a: Set.t.y 1976 and Murt.hy et. al. 
• 

1978. 

This chapt.er report.s in det.ail t.he re~ional 

dist.ribut.ion and pot.ent.ial bio-availabilit.y of" heavy 

met.als in sediment.s at. t.he ef"fluent. dischar~e point. 

(St.at.ions 19 - 23), upst.ream zone (St.at.ions 24 - 27) and 

harbour area (St,at.ions 1 18). The seasonal 

dist.ribut.ion in t.he concent.rat.ions of element.s were 

shown in Tables 4.1 -4.3. The size dist.ribut.ion and 

major element, concent.rat.ions were shown in Tables - 4.4 

- 4.6. The relat.ionship of t.race met.als wi t.h silt. and 

major element,s were present,ed in Fi~s.4.1 - 4.29. 

4.1.1. Mercury 

The sediment. mercury concent,rat.ions in t.he Cochin 

est.uary ran~ed from 0.15 t.o 1.10 ppm durin~ monsoon, 0.1 

- 0.95 ppm durin~ post.-monsoon 1985 and 0.11 - 0.98 ppm 

durin~ pre-monsoon 1986 seasons. The concent.rat.ions in 

t.he upst.ream zone was const.ant. Ior all t.he seasons which 

was 0.04 ppm. The concent.rat.ions at. the ef"fluent. 

dischar~e point. varied from 5.5 11.5 ppm durin~ 

monsoon, 5.2 - 9.8 ppm durin~ post.-monsoon 1985 and 5.S 

11.5 ppm durin~ pre-monsoon 1986 seasons. The base 

line level of" mercury was 0.08 ppm est.imated based on a 
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90 cm core sample collect.ed at. st.at.ion No.13. The core 

profile for t.ot.al mercury was shown in Fi~.4.1. The 

observed concent.rat.ions were 1.5 t.o 11.8 t.imes hi~her in 

the Cochin est.uary compared wit.h t.he baseline levels, 

su~~est.in~ recent. ant.hropo~enic act.i vi t. y. The 

relat.ionship bet.ween mercury wit.h silt., iron, and 

or~anic carbon were shown in Fi~s. 4.2 - 4.4. 

4.1.2. Copper 

The levels of copper ran~ed from 40 - 160 ppm in 

the Cochin Harbour, 260 280 ppm at. t.he eff1uent.s 

dischar~e point. and 2 25 ppm in t.he upst.ream zone 

Tables 4.1 4.3. Seasonally t.he concent.rat.ions in t.he 

Cochin est.uary were 40 - 160 ppm duri~ monsoon, 48 -

145 ppm durin~ post.-monsoon 1985 and pre-monsoon 1986 

seasons. The base line level of copper was found t.o be 

40 ppm at. st.at.ion No.13 (Table 4.7 and Fi~. 4.5). 

Hence t.he report.ed concent.rat.ions were 1 4 t.imes 

hi~her in t.he Cochin est.uary, and 6.5 7 t.imes hi~her 

at. t.he effluent. dischar~e point. in comparison wit.h t.he 

baseline levels. The size dist.ribut.ion and major 

element. concent.rat.ions were shown in Tables 4.4 4.6. 

The result.s showed t.hat. hi~her concent.rat.ions of 

copper were present. at. t.he effluent. dischar~e point.. 
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The relat.ion bet.ween t.ot.al copper and silt., iron d'l'-e;anic 

carbon and aluminium were shown in Fie;s. 4.6 - 4.9. 

4.1.3. Zinc 

The observed concent.rat.ions rane;ed from 60 t.o 380 

ppm in t.he Cochin Harbour, 420-780 ppm near t.he 

effluent. discharge point. and 40-60 ppm in t.he 

upst.ream zone (Tables 4.1 4.3.). The baseline level of 

Zn at. st.at.ion No.13 (Fie;.4.10) was 55 ppm. The baseline 

levels of" zinc averae;e for t.he Newark Bay sediment.s was 

found t.o be 35 ppm (Lee Meyerson, 1981). Hence, t.he 

report.ed concent.rat.ions were 1 t.o 7 t.imes hie;her in 

Cochin Harbour and 7 t.o 14 t.imes hie;her at. t.he effluent. 

discharge point. in comparison wi t.h t.he baseline levels. 

The relat.ion bet.ween zinc and silt., iron, organic carbon 

and aluminium were shown in Fie;s. 4.11 - 4.14. 

4.1.4. Cadmium 

The concent.rat.ions of cadmium rane;ed Irom 0.5 t.o 

4.5 ppm in t.he Cochin Harbour and 6 - 8.4 ppm near t.he 

effluent. discharge point. (Tables 4.1 4.3). The 

baseline level 01 cadmium at. st.at.ion No.13 was lound t.o 

be 0.15 ppm (Fie;. 4.15). The levels 01 cadmium in 

sediment.s of Bay of Faundy was 0.2 ppm (Lorine;, 1982). 
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-The observed result.s were 3-30 t.imes hir;her in Cochin 

Harbour and 40-57 t.imes hir;her at. t.he effluent. discharr;e 

point. in comparison wit.h t.he baseline level 

concent.rat.ions observed for Cochin Harbour area. The 

relat.ion bet.ween cadmium and silt., iron, orr;anic carbon 

and aluminium were shown in Fir;s. 4.16 - 4.19. 

4.1.5. Lead 

The observed concent.rat.ions ranr;ed from 30 t.o 165 

ppm in harbour area, 160-190 ppm near t.he effluent. 

discharr;e point. and 10-65 ppm in t.he upst.ream zone 

(Tables 4.1 4.3). The base line level of lead was 

found t.o be 40 ppm at. st.at.ion No. 13 (Fir;.4.7). Hence 

the report.ed concent.rat.ions were 1 t.o 4 t.imes hir;her in 

the Cochin est.uary and 4-4.5 t.imes hir;her at. t.he 

effluent. dischar~e point. compared wi t.h t.he observed 

baseline values. The nat.ural values of lead in 

sediment.s in t.he Bay of Naples was found t.o 25 ppm 

(Gri~~s &: Johnson, 1978). The relat.ion bet.ween t.ot.al 

lead and silt.. iron, or~anic carbon and aluminium 

durin~ post.-monsoon 1985 seasons were shown in Figs. 

4.21 - 4.24. 

4.1.6. Chromium 

The levels of chromium ranr;ed from 20 t.o 130 ppm in 
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-Cochin Harbour, 85 t.o 120 ppm at. t.he effluent. discharge 

point. and 7 t.o 20 ppm in t.he upst.ream zone (Tables 4.12 

- 4.3). The baseline level of chromium was :found t.o be 

60 ppm at. st.at.ion No.13. (Fig. 4.25) The levels of 

chromium in t.he st.udy area were comparable wit.h t.he 

background values observed :from ot.her marine environment. 

(Carmody et. al., 1973 and <3rig~s 8: Johnson, 1978). The 

relat.ion bet.ween chromium and silt., iron, organic 

carbon and aluminium shown in Figs. 4.26 - 4.29. 

The silt. <less t.han 0.062 mm) ranged :from 28.5 t.o 

87.5%, T/Fe 0.4 t.o 6.8%, T/Org. C, 0.2 t.o 3.50 and T/Al 

4.5 t.o 11.5%. The dat.a were processed :for Pb, Zn, Cr,Cd 

8: Hg wit.h silt., T/Fe, T/Org. C and T/A1 by t.he least. 

square met.hod o:f linear regression. The result.s were 

present.ed in Table 4.8, Figs. 4.2 4.4, 4.6 4.9, 

4.11 4.14, 4.16 4.19, 4.21 4.24 and 4.26 4.29. 

The core pro:file of mercury (Fig.4.1) showed t.hat. t.he 

concent.rat.ion was maximum (1.0 ppm) at. about. 5 cm and it. 

decreased t.o 0.1 ppm at. 30 cm. and aft.erwards it. 

~radually decreased t.o 0.08 ppm at. 90 cm. The posi t.i ve 

correlat.ion of organic carbon wi t.h mercury indicat.ed 

that. organic carbon plays a major role in t.he 

incorporat.ion of mercury in sediment.. The result.s were 
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comparable wi t.h t.he correlat.ion equat.ion obt.ained f'or 

Mersey est.uary (Bart.let.and Craig, 1981). 

Silt. % = 8.9 Hg (ppm) + 8.17, r = 0.84 
Mersey "est. uar y: 

Org.C% = 1.4 Hg (ppm) + 2.7, r = 0.77 

Silt. % = 61.85 Hg (ppm) + 28.12, r = 0.65 
Cochin est.uary: 

Org.C% = 2.93 Hg (ppm) + 2.49, r = 0.93 

For Mersey sediment.s t.he slope and int.ercept. were 

lower compared wit.h t.he Cochin est.uary. The silt. 

fract.ion was bet.t.er correlat.ed compared wit.h org. carbon 

which indicat.ed t.hat. t.he t.ext.ure of' sediment. played an 

import.ant. role in t.he incorporat.ion 01 mercury in Mersey 

sediment.s. In t.he case of' Cochin est.uary t.he order 01 

correlat.ion was found t.o decrease from organic carbon t.o 

silt.. The report.ed values f'rom ot.her marine 

environment.s ranged f'rom 0.06 t.o 2.57 ppm in coast.al 

Brit.ish Columbia (Thompson, 1980), 1.3 t.o 11.3 ppm in 

River Mersey England (Bart.let., 1978), 0.1 t.o 4.8 ppm in 

Brit.ish est.uarine sediment. (Bart.let. and Craig, 1981), 

0.1 t.01.2 ppm in Ems est.uary (Essink, 1980) et.c. 

The core prolile 01 copper showed t.hat. t.he 

concent.rat.ions decreased f'rom 130 ppm t.o 75 ppm upt.o a 
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-dept.h of 40 cm and aft.erwards it. furt.her decreased t.o 40 

ppm at. 45 cm <Fi~.4.5). The relat.ion wi t.h major 

element.s (Table 4.8 and Fi~s.4.6 4.9) showed t.hat. 

iron and or~anic carbon behaved in a similar way in t.he 

incorporat.ion of copper in sediment.s. In t.he core 

profile of zinc it. is observed t.hat. t.he decrease in t.he 

concent.rat.ion was st.eep from 0 t.o 40 cm dept.h· and 

aft.erwards it. was const.ant.. The zinc concent.rat.ions 

found t.o decrease from 280 ppm t.o 175 ppm upt.o a dept.h 

of 10 cm and it. ~radually decreased t.o 55 ppm at. 40 cm 

dept.h. The relat.ion bet.ween silt., t.ot.al iron, aluminium 

and or~anic carbon wit.h lead showed t.hat. silt. was bet.ter 

correlat.ed and t.hese paramet.ers play a bet. t.er role in 

t.he incorporat.ion of zinc in sediment.s. The core profile 

of cadmium showed a steep decrease in concent.rat.ion from 

o t.o 60 cm. depth. The concent.ration of cadmium found 

to decrease from 3.2 ppm t.o 2.0 ppm upt.o a dept.h of 50 

cm and i t ~radually reduced t.o 0.3 ppm at. 60 cm dept.h. 

No correlat.ion existed :for cadmium with silt., t.ot.al 

iron, t.ot.al aluminium and or~anic carbon. 

The concentrat.ions o:f lead :found to decrease· :from 

120 ppm t.o 80 ppm upt.o 10 cm dept..h and it ~radually 

reduced t.o 60 ppm at. 40 cm dept.h. This showed t.hat. 



-"there was ant.hropog-enic input. of lead int.o "the s"t.udy 

area and accumulat.ion of lead in sediment.s. The 

relat.ion bet.ween t.ot.al silt. and lead showed no 

relat.ionship exist.s and t.he accumulat.ion of lead in 

sediment.s were not. influenced by ~rain size. 

case of lead (Fig-A.17), it. showed posit.ive corl'. ..on 

wit.h iron in sediment.s. As iron increased t.he lead 

concent.rat.ion also increased. Tot.al or~anic carbon, 

aluminium also behaved in a similar way. 

The chromium core profile was qui t.e different. 

from lead and zinc. There was st.eep decrease in 

concent.rat.ion of chromium from 0 t.o 60 cm dept.h nd 

aft.erwards it. was const.ant.. The concent.rat.ions founa t.o 

decrease from 110 ppm t.o 90 ppm upt.o a dept.h of 10 cm 

and ~radually reduced t.o 60 ppm upt.o a dept.h of 60 cm 

No correlat.ion exist.s in t.he incorporat.ion of chromium 

in sediment.s wit.h silt., t.ot.al iron, t.ot.al or t; anic 

carbon, and aluminium. 

Est.uaries and coast.al wat.ers all over t.he world 

were increasing-ly exposed t.o heavy met.al cont.aminat.ion 

in recent. t.imes. The sediment.s in t.he Princes Royal 

Harbour, Albany, W. Aust.ralia cont.ained 12.7 180.6 
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ppm of lead ag-ainst. 30 - 165 ppm in Cochin Harb~, 6.4 

122.1 ppm of zinc ag-ainst. 60 

122.1 ppm of 

1983). While 

copper ag-ainst. 

st.udying- t.he 

40 

heavy 

380 ppm 

160 ppm 

and 6.4 

(Talbot. V., 

met.al burden in t.he 

pollut.ed river Ireweil (Eng-land) it. was report.ed t.hat. 

the mean concent.rat.ion for Zinc 0.55 ppm and t.hat. for Pb 

0.6 ppm (Dixit. 8: Wit.comb 1983). In Raveng-lass est.uary, 

the mean concent.rat.ions of Zn, 90 ppm, of pb, 37 ppm and 

of Cu, 10 ppm, in Wyre est.uary t.he values were Zn, 82 

ppm, Pb, 35 ppm and Cu, 97 ppm and in Mersey est.uary, 

the values of Zn, Pb and Cu were 236 ppm 57 ppm 41 ppm, 

respect.ively (Badri and Ast.on, 1983). In t.he Asht.amudi 

est.uary t.he report.ed sediment. concent.rat.ions on Fe 1200 

to 3900 ppm, Zn - 109.7 ppm, Ni 10 - 49 ppm, Pb 69 - 92 

ppm and Hg- 0.002 t.o 0.010 ppm, (Nair et. al., 1987). The 

role of ri ver as a source of t.race met.al cont.aminat.ion 

has been properly broug-ht. out. in t.he Bay of Loug-h Neag-h 

nort.hern Ireland (Rippy 1982). In t.he Ot.t.awa river t.he 

concent.rat.ions of Cu, Pb and Zn in sediment.s were t.en 

times hig-her in t.he down st.ream of t.he sewag-e out. fall 

than in t.he upper zone (Oliver, 1973). The t.race met.al 

levels in sediment.s of Cochin backwat.er has been 

report.ed by Venug-opal, 1982. The hig-hest. value for Cu, 
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Ni, Zn recorded were 70.80, 85.90 and 663.~ ppm, 

respect,i vely. Several aut.hors have report.ed t.hat. fine 

~rained sediment.s normally have hi~her concent.rat.ions 

and ~reat.er sorpt.ive capacit.y for t.race met.als (Pit.t.a 

and Hyne, 1975; Hakanson, 1977; Murt.hy and Veerayya, 

1981). In t.he Co chin Harbour t.he above st.at.ement. 

appears t.o be in a~reement. in t.he case of H~ and Zn. 

The input. of mercury and ot.her met.als t.o t.he st.udy 

area may be from t.he chemical indust.ries si t.uat.ed near 

t.he banks of t.he river Periyar and Chit.rapuzha which 

includes a major chlor alkali plant. by a zinc, cadmium 

processin~ unit. and many ot.her indust.ries usin~ mercury 

and chlorine ~as, caust.ic soda, hydrochloric acid in 

t.heir process. The variat.ion of mercury and ot.her 

met.als observed from st.at.ion t.o st.at.ion, may be due t.o 

t.he hydro~raphic condit.ions of t.he est.uarine environment. 

and also in t.he part.icle size of t.he sediment.s. 

4.2. Est.imat.ion 

sediment.s 

oC bioavailabili t. Y 

The sediment. chemist.ry broadly 

cont.aminat.ion his"tory of t.he area. 

associat.ed wit.h "the composi t.ion of 

oC met.als 

reflect.s 

Met.als 

sediment.s 

in 

"the 

were 

like 
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-
hydroxides, carbonat..es which can be qui t..e different.. from 

nat.ural and ant..hropof!:enic 

ant.hropof!:enic input..s of 

levels. In 

met..als will 

f!:eneral 

necessarily 

t..he 

be 

associat..ed wit..h non-lat..t..ice fract..ions. Tot..al 

dissolut..ion of sediment.. was analyt.ically demanding and 

in many moni t..oring purposes sediment..s were leached t.o 

remove t..he non-lat..t.ice held mat..erial. 

held cont..ribut..ion 

bio-geochemically 

some proport..ion 

usually 

import..ant.. 

of t.he 

const..i t..ut..es 

fract..ion. 

element.. t.hat.. 

leached from t.he source rocks or supplied 

The non-lat.. t..ice 

a small but.. 

It.. represent..s 

was 

in 

init..ially 

dissolved 

form from indust..rial sources. This fract.ion of t.he 

element..s t.hat.. were most. easily available t..o t..he biot..a 

and const.it..ut..es t.he great..est. danger t..o t..hem, if it.. 

present.. in excessive quant..i t..ies, part..icularly if t..he 

element..s were in such a form t.hat. can be select.ively 

removed by t.he biot.a from t.he sediment.. or in part..iculat..e 

mat.t.er in t.he wat..er column. In fact. t.he t.ot..al met..al and 

t.he easily extract..able met..al extract.ion t.echniques give 

useful iruormat..ion in such analysis. 

The st.udy reveals t.hat.. hif!:h cont..ent..s of Hg~ Zn, Cd, 

and Cu were reaching t.he est.uary from t.he river Periyar 

t.hrough indust.rial discharf!:e. The chlor-alkali plant. 
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and zinc-cadmdum fac~ory si~ua~ed near ~he baDks of 

river Periyar discharge effluen~s which con~ain Hg, Zn, 

Cu and Cd in~o ~he coas~al wa~ers. The samples from ~he 

ef:fluen~ discharge poin~ showed ~ha~ 46 - 64% of ~o~al 

copper 83-89% of ~o~al zinc and 83-95% of ~o~al cadmdum 

occur in ~he ace~ic acid soluble fract.ion (Table 4.9). 

Similarly in ~he es~uarine environmen~ 5-60% of ~he 

tot.al zinc, 10-80% of ~o~al cadmdum and 10 40% of 

tot.al copper were po~en~ially available ~o ~he bio~a. 

The above result.s clearly indica~ed ~ha~ mos~ of ~he 

zinc and cadmdum in sedimen~s appears ~o be origina~ed 

from indust.rial wast.es. The result.s also showed ~ha~ 

there was an an~hropogenic inpu~ of Pb and Cl' ~o ~he 

est.uarine environmen~ (Table 4.9) and ~he da~a was 

comparable from ups~ream zone. Moreover, 90% of ~he 

total lead and 85% of ~he ~o~al chromium in sedimen~s 

were no~ po~enUally available t.o ~he bio~a being 

insoluble in Ace~ic acid medium. Earlier s~udies of 

Sankaranarayanan e~ al. (1978), Remani (1979), Nair and 

Nair (1986) indica~ed ~ha~ bio~a from Cochin Harbour 

area con~ains, Hg, Zn, Cd e~c. This confirm ~he presen~ 

finding t.hat. t.his environmen~ con~ains high 

concen~ra~ions of heavy me~als in which few elemen~s 

were in a form ~hat. can be select.ively removed by biot.a. 



Table - 4.1 
Concentrations of Metals in Sediments of Cochin Estuary and River 

Periyar - July, 1985 (Monsoon ) 

Station Hg Cu Zn Cd Pb Cr 
Location ppm ppm ppm ppm ppm ppm 

1 0.15 40 128 1.8 85 105 
..., 0.35 65 35 0.5 30 20 ~ 

3 0.25 38 46 0.8 78 115 

4 0.12 42 65 0.5 65 65 

5 0.22 45 68 0.6 39 78 

6 0.15 52 78 0.8 48 98 

7 0.62 130 130 2.8 128 112 

8 0.58 128 280 3.5 132 115 

9 0.42 135 360 4.5 165 130 

10 1.10 128 380 3.8 118 115 

11 0.68 128 220 2.4 135 108 

12 0.54 142 218 ...,.. "'" "-" .-'. 105 125 

13 0.58 160 138 2.8 128 132 

14 0.~.9 120 220 "'" "'" 135 104 .L,._.L,. 

15 0.62 1...,.. .... 
..j-'. 214 2.8 128 115 

16 0.54 128 240 ..,. "'" -" . ..;;:. 155 130 

17 0.52 160 212 2.8 118 116 

18 0.48 128 238 ..., ,.., 
~ .... 108 125 

19 5.80 210 525 6.0 165 90 



Table - 4.1 

Station Hg Cu Zn Cd Pb Cr 
Location ppm ppm ppm ppm ppm ppm 

20 5.5 260 420 6.5 190 85 

21 10.5 240 430 8.4 185 115 

..,'" 11.5 230 420 8.2 160 120 ':'4 

..,.,.. 5.8 280 410 8.4 165 105 ':"..:J 

24 0.04 25 60 15 7 .OJ 

25 0.04 20 40 10 15 

26 0.06 25 40 65 20 

..,-.:,./ 0.05 15 60 40 18 



Table - 4.2 
Metal Concentrations in Sediments of Cochin Estuary and' River 

Periyar - November, 1985 (Post-monsoon). 

Station Hg Cu Zn Cd Pb Cr 
Location ppm ppm ppm ppm ppm ppm 

1. 0.25 48 165 1.5 85 65 

" 0.45 55 170 0.5 70 90 .t... 

3. 0.95 60 280 2.5 165 130 

4. 0.15 58 60 2.5 65 95 

5. 0.45 78 70 1.0 30 20 

6. 0.65 85 180 1.5 65 70 

7. 0.65 120 140 2.5 105 65 

B. 0.85 135 190 3.5 180 130 

9. 0.90 118 380 3.5 160 110 

10. 0.35 105 210 2.5 115 85 

11. 0.65 125 340 2.0 145 130 

12. 0.55 145 260 4.5 55 85 

13. 0.95 128 280 3.5 120 110 

14. 0.85 145 230 2.8 95 70 

15. 0.95 130 280 2.5 70 45 

16. 0.20 128 220 1.0 90 105 

17. 0.68 142 290 1.5 135 115 

18. 0.55 138 240 1.5 125 105 

19. 6.2 258 580 4.2 162 98 



Table - 4.2 

Station Hg Cu Zn Cd Pb er 
Location ppm ppm ppm ppm ppm ppm 

20 5.2 129 650 6.5 158 105 

21 5.5 190 625 6.2 185 116 

"'''' 9.8 195 780 5.6 185 85 .i...&:.. 

"'..,. 6.5 168 696 4.8 190 120 L ..... 

24 0.04 15 45 38 15 

25 0.04 18 60 40 18 

26 0.04 16 55 45 18 

0.04 20 48 38 20 



Table - 4.3 
Metal concentrations In Sediments of Cochin Esutaryand River 

Periyar - April, 1986 (Pre-monsoon) 

Station Hg Cu 'Zn Cd Pb Cr 
Location ppm ppm ppm ppm ppm ppm 

1 0.12 65 75 0.8 40 25 

2 0.22 40 105 0.6 45 30 

..,.. 0.10 48 295 2.5 108 78 "-' 

4 0.11 50 35 0.6 35 20 

5 0.18 55 115 0.7 68 48 

6 0.25 65 65 0.8 108 55 

7 0.52 95 220 1.1 120 108 

8 0.88 105 238 1.2 118 85 

9 0.92 118 380 2.8 125 130 

10 0.98 108 315 3.8 165 125 

11 0.68 118 275 3.5 155 118 

12 0.95 115 268 2.8 148 108 

13 0.92 128 220 4.5 150 115 

14 0.89 116 245 3.6 156 120 

15 1.10 125 238 3.1 158 108 

16 0.85 130 245 4.2 125 115 

17 0.86 145 220 3.6 118 98 

18 0.95 135 195 ~ .., ._i. Jl.. 150 110 

19 5.50 230 680 8.1 182 118 



Station 
Location 

20 

21 

22 

24 

25 

26 

27 

Hg 
ppm 

5.50 

11.5 

10.8 

10.2 

0.04 

0.04 

0.04 

0.04 

Cu 
ppm 

280 

275 

265 

280 

20 

18 

15 

18 

Table - 4.3 

'Zn 
ppm 

785 

765 

780 

760 

40 

45 

45 

40 

Cd 
ppm 

7.8 

B.2 

7.5 

7.9 

0.15 

0.10 

0.10 

0.18 

Pb 
ppm 

180 

190 

185 

190 

25 

20 

45 

40 

Cr 
ppm 

108 

115 

120 

115 

10 

15 

14 

15 



Table - 4.4 
Size Fraction and Major Element Concentrations in Sediments of 

Cochin Estuary and River Periyar - July, 1985 (Monsoon). 

Station Sand Silt T/Fe T/Org.C T/Al 
location 'la 'la i. i. i. 

1 68.5 31.2 0.58 0.15 2.9 

2 27.5 72.5 0.38 1.80 8.8 

.,. 11.5 88.5 6.8 ~ "" 9.8 "-' .,.; .. -'-

4 70.2 29.8 2.80 1.6 3.8 

c 
~, 32.18 67.6 3.9 1.2 8.8 

6 35.8 64.7 3.9 2.8 8.5 

7 22.5 77.5 3.6 2.1 8.6 

8 13.5 86.4 4.2 2.8 9.8 

9 12.8 87.6 4.8 2.6 10.2 

10 33.8 66.2 3.9 2.1 8.2 

11 28.5 62.2 4.1 .... ..,. 8.1 ~ .. -.. 
12 23.5 75.8 3.10 1.8 8.8 

13 13.2 86.8 4.8 2.9 10.8 

14 17.2 82.5 "" .... ,.., ..., 10.2 0 • ..::. L • ..:... 

15 16.8 83.1 6.2 3.1 10.2 

16 75.2 24.6 1.4 1.6 2.8 

17 12.9 87.1 4.2 2.5 10.8 

18 .-,~ 1 77.6 5.8 2.4 8.9 ..:... ..... ...L 

19 35.2 64.5 3.5 0.8 B.2 



itation 
:ocation 

20 

21 

,.,,., ....... 

"".,.. Lo·;) 

24 

25 

26 

27 

Sand 
% 

32.8 

36.7 

35.8 

32.5 

88.2 

89.5 

90.1 

88.5 

Table - 4.4 

Silt 
% 

68.5 

62.3 

64.2 

67.5 

11.8 

10.5 

9.5 

11.5 

T/Fe 
% 

3.9 

3.8 

~ ..... -' . ...::. 
3.6 

1 ~ ..... 
1.1 

1.3 

1.5 

T/Org.C 

~ .... 
"';' • .4 

3.5 

~ .... 
__ i • ...:. 

3.2 

0.2 

0.6 

0.6 

0.2 

T/Al 
% 

8.5 

8.6 

7.8 

8.9 

2.8 

~ .... 
....,).4 

2.9 

3.1 



Table - 4.5 
Size Fr-action and Major Element Concentrations in Sediments 

of Cochin Estuary and River Periyar, November, 1985 
(Post-monsoon) 

Station Sand Silt T/Fe T/Org.C T/Al 
location t. ., t. t. t. f. 

L 71.5 28.5 0.65 0.2 3.4 

'"' 30.2 69.8 0.40 2.1 8.9 ,,;,. 

.,. 12.5 87.5 6.2 3.4 10.8 .~I • 

4. 68.8 31.2 2.1 1.2 4.10 

5. 28.5 71.5 4.6 1.8 9.8 

6. 30.5 69.5 4.1 2.6 8.8 

7. 26.5 73.5 3.8 2.4 9.4 

8. 15.6 84.4 4.8 2.9 10.2 

9. 13.8 83.8 5.2 2.9 10.4 

10. 35.5 64.5 4.2 1.75 8.4 

11- 29.0 61.0 4.6 2.5 8.1 

12. 24.4 73.6 - '"' '"' '"' 9.8 ..)., ...::.-.:. 

13. 14.6 85.4 5.2 ~ ~ 
0,j •• 11.3 

14. 16.8 83.2 6.4 2.8 10.6 

15. 17.5 82.5 6.8 ~ ~ 
"';'1 • .,j 10.66 

16. i6.8 23.5 1.2 1.2 3.4 

17. 13.8 86.2 4.5 2.65 11.5 

18. 22.6 77.4 6.2 2.25 9.0 

19. 28.4 71.6 2.8 3.5 9.4 



Table -
Station Sand Silt 
location i. i. 

20 29.2 70.8 

21 31.5 68.5 

..,'" 30.2 69.8 .:,..;:. 

..,-

.;':;' 26.2 63.8 

24 88.2 11.8 

25 89.5 10.5 

26 87.2 12.8 

27 88.5 11.5 

4.5 

T/Fe 
i. 

"< ". 
.J • .L. 

3.5 

3.2 

3.2 

1.6 

1.4 

1.2 

1.4 

T/Org.C 
i. 

...,.. ..... 
·j.4 

3.4 

3.5 

...,.. ..... 
-' . ...::. 

0.6 

0.6 

0.6 

0.6 

T/Al 
i. 

8.9 

9.2 

8.6 

8.2 

2.8 

2.8 

...,.. ..... . ..;. . ..:. 
2.8 



Table -4.6 
Size fraction and major element concentrations in sediments of 

han 
ation 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Cochin Estuary and River Periyar - April 1986. 

Sand 
i. 

67.5 

26.5 

10.4 

65.2 

25.2 

28.8 

25.8 

14.2 

12.5 

32.10 

26.2 

22.1 

12.2 

14.5 

14.5 

17.2 

12.1 

20.1 

32.2 

Silt 
i. 

32.2 

62.8 

89.8 

34.8 

74.8 

31.2 

72.1 

85.8 

87.5 

67.8 

63.8 

78.0 

87.2 

85.5 

85.5 

29.9 

88.1 

79.4 

68 

T/Fe 
i. 

0.85 

0.65 

6.4 

2.4 

4.8 

4.2 

3.8 

5.1 

5.8 

4.8 

4.9 

3.8 

5.1 

6.5 

6.8 

4.8 

6.1 

3.2 

T/Org.C 
i. 

0.40 

1.80 

1.8 

2.8 

2.9 

2.8 

2.9 

2.6 

2.9 

3.1 

3.1 

..,.. ~ 

"';"' . ..::.. 
1.8 

2.8 

2.8 

T/Al 
., 
I. 

3.6 

8.2 

10.2 

5.2 

9.8 

9.2 

9.1 

9.8 

10.2 

9.2 

9.1 

10.2 

10.2 

10.2 

10.2 

4.2 

10.9 

10.8 

8.6 



Table -4.6 

;tation Sand Silt T/Fe T/Org.C T/Al 
:ocation I. I. I. I. I. 

20 30.5 69.5 3.5 3~5 8.8 

21 28.5 71.5 3.8 ...,.. ~ 8.5 .~ -"'-

...,..., 35.5 64.5 3.9 ...,.. ~ 8.2 "::'4 -~' • ..£., 

..,.,.. 31.8 68.2 3.9 ..,.. ~ 8.0 ";:-.) _\. "'-

24 88.5 11.5 1.3 0.2 2.5 

25 89.5 10.5 1.4 0.4 2.4 

26 90.1 9.8 1.2 0.2 2.4 

27 92.2 7.8 1.1 0.4 ..., ..., 
~ -""'-



Table - 4.7 
Distribution of Metals in ppm (Mini. & Max.) at Sur-Face and at 90 cms 

Depth of a Core Sample From Cochin Harbour Area 

Element Minimum Maximum 
ppm ppm 

Hg 0.08 1.10 

Cu 40.00 130.00 

Zn 55.00 280.00 

Cd 0.15 3.50 

Pb 40.00 120.00 

Cr 60.00 110.00 



Table-4.8 

Correlation-regression relationship of metals with silt fraction 
and major elements in sediments of Cochin estuary -

November, 1985 (Post-monsoon). 

Hg 

Silt = 61.85 T/Hg + 26.12 r = 0.65 

T/Fe = 5.78 T/Hg + 0.55 r = 0.78 

T IOrg. C = 2.93 T/Hg + 0.49 r = 0.93 

Cu 

Sil t = 0.24 T/Cu + 42.28 

T/Fe = 0.03 T/Cu + 1.13 

T IOrg. C = 0.01 T/Cu + 1.16 

T IAI = 0.033 T/Cu + 5.26 

Zn 

Silt = 0.100 T/Zn + 43.44 r = 0.65 

T/Fe. = 0.010 T/Zn + 1.78 r = 0.55 

T/Org. C = 0.005 T/Zn + 1.10 r = 0.53 

T IAI = 0.013 T/Zn + 5.87 r = 0.42 

Cd 

Sil t = 8.84 T/Cd + 47.50 r = 0.39 

T/Fe = 0.71 T/Cd + 2.48 r = 0.39 

ilOrg .C = 0.33 T/Cd + 1.53 r = 0.42 

T IAI = 0.89 T/Cd + 6.81 r = 0.36 



Pb. 

Sil t = 0.19T/Pb + 49.13 r = 0.14 

T/Fe = 0.02T/Pb + 2.03 r = 0.40 

T IOrg.C = O.OlT/Pb + 1.32 r = 0.43 

T/Al = 0.02T/Pb + 6.74 r = 0.30 

er 
Silt = 0.05T/Cr + 62.61 r = 0.12 

T/Fe = 0.03T/Cr + 3.77 r = 0.18 

T IOrg.C = 0.008 T/Cr + 1.62 r = 0.27 

T/Al = 0.005 T/Cr + 8.32 r = 0.07 
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CHAPTER - 5 

Summary and Conclusions 

The environment. is cont.aminat.ed nat.urally due t.o 

t.he biot.ic and abiot.ic act.i vi t.ies. The cont.aminat.ion 

mainly arises consequent. on t.he accumulat.ion of wast.e. 

Any wast.e can become a resource or a resource can become 

a wast.e. The judicious use of resources is t.herefore, 

should be t.he mot.t.o of human act.ivit.y, but. for easy 

gains and circumst.ant.ial const.raint.s mot.i vat.es t.he man 

t.o dump mat.erials in place and out. of place leadin~ t.o 

t.oxic cont.aminat.ion or pollut.ion of t.he environment.. It. 

is, in t.his cont.ext., t.hat. invest.i~at.ions on t.he 

dist.ribut.ion and t.he abundance of wast.e dischar~ed int.o 

t.he various ecosyst.ems are becomin~ relevant. and 

mandat.ory. 

The aquat.ic environment. which recei ves t.he wast.e 

wit.h t.oxic impre~nat.ed 

part.iculat.e ori~inat.in~ 

various ma~nit.ude and 

met.als and 

:from processin~ 

:f ormulat.ions, 

municipali t.ies, when at.t.ains a level 

ot.her noxious 

concerns of 

t.he 

t.heir 

besides 

beyond 

carryin~ capacit.y t.ransforms it. int.o a de~raded one. 

Wat.er ~et.s det.eriorat.ed and becomes useless :for t.he 

purpose :for which it. is meant. (drinkin~, a~ricult.ure, 
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:fishery and indust.ries). In t.he rivers, lakes, 

est.uaries and seas t.he bot. t.om sediment.s also ~et. char~ed 

wit.h t.oxic mat.erials part.icularly t.hose which are not. 

easily de~raded. The met.als bein~ nonde~radable pose a 

lon~ t.erm t.hreat. t.o t.he aquat.ic communit.y includin~ 

bent.hic forms. 

The met.als in t.race quant.i t.ies dischar~ed int.o t.he 

aquat.ic environment. remain biolo~ically available and 

are capable of bein~ st.ored up in ensymes and disrupt. 

t.he nat.ural chemical equilibrium of t.he syst.em. The 

quant.ificat.ion and ident.ificat.ion of t.he t.race met.als in 

t.he environment. is a powerful t.ool in t.he plannin~ and 

t.he administ.rat.i ve circles t.o ini t.iat.e and prescribe 

st.at.ut.ory levels, for t.he effluent.s before t.hey are 

dischar~ed int.o t.he different. syst.ems aquat.ic, 

t.errest.rial or aerial. Indian wat.er bodies are not. yet. 

dead but. are det.eriorat.in~ at. st.upendous rat.e t.owards 

t.his end, due t.o indiscriminat.i ve pro~rammes and 

policies adopt.ed in t.he disposal of wast.es. For t.he 

successful mana~ement., moni t.orin~ of environment. is a 

must.. Monit.orin~ will also provide appropriat.e action 

t.o be followed for addit.ion or delet.ion of any component. 

whenever and wherever necessary based on t.he prevailin~ 



91 

ambient, levels. It, will be helpf'ul, if' models are -
worked out, t,o underst,and t,he t,he complex relat,ionship in 

the ecosyst,em prior t,o ~rant,in~ perrrrission Ior t,he 

dischar~e or ef'Iluent,s int,o t,he syst,em. Prot,ect,ion of' 

environment, is never ant,a~onist,ic in t,he development,al 

pro~rammes and it, should never be, but, it, should be t,he 

mirror ima~e 01 development,. 

The report,ed heavy met,al concent,rat,ions of' t,he near 

shore wat,er in t,he Bay of' Ben~al were hi~her t,han t,hat, 

in t.he Lakshadweep Sea. Kureishy et, al. (1978 8: 1979) 

have observed t,he presence of' Cu, Fe, Mn, Zn, Ni, Co in 

considerable quant,it,ies in zooplankt,on as well as Iishes 

from Indian wat,ers. Amon~ t,he non-essent,ial met,als lead 

was det,ect.ed in hi~h quant,i t,ies in zooplankt.on collect.ed 

from t,he Bay of' Ben~al. Det,ailed st.udy on m~rcury 

cont.aminat.ion in crab muscles, sediment,s and wat,er 

samples :from shore creek t.o sea near Bombay has been 

carried out, by Ganesan et. al. (1980), which showed t.hat, 

the H~ concent,rat,ion decreases wit.h increase in 

dist.ances Irom t.he shore. Several :food :fishes :from 

inshore wat,ers of Bombay have also been Iound laden wit,h 

hi~h concent.rat,ions o:f H~ (Tejam 8: Halder, 1975). In 

japan t.he minamat. 1:.a disease which broke out. in 1953 was 



due "to consumpt.ion of high Hg cont.aminat.ed fin and -
shell fish affect.ed by effluent.s discharged from 

chemical plant. in "the Minamat.t.a Bay (Nit.t.a, 1972). 

In. t.he Visakhapat.anam Harbour mass mort.alit.y of 

fish has been at.t.ribut.ed t.o a combinat.ion of fact.ors 

beginning wit.h "the sudden and large scale discharge of 

acid wast.e wat.er, incidence of appreciable amount. of 

free CO
2 

and drast.ic deplet.ion of dissolved oxygen 

CGanapat.hy and Raman, 1976). Recent.ly Rao et. al. (1985) 

have proved t.hat. t.he zinc smelt.er effluent. cont.aining 

copper, lead, zinc and ot.her heavy met.a! concent.rat.ions 

can a£fect. t.he growt.h of shelet.onema cost.at.um in about. 

3% level and kill "the alga from 5% level. Anot.her st.udy 

in t.he port. and coast.a! areas around t.he Visakhapat.anam 

has revealed t.hat. t.he indust.rial wast.es enhanced t.he 

biochemical oxygen demand of t.he syst.em t.hereby 

result.ing in eut.rophicat.ion (Sarma et. al., 1982). The 

concent.rat.ion of met.a! was found "to decrease from 

harbour t.o inshore wat.er due t.o "the discharge of 

domest.ic sewage and indust.rial effluent. which gradually 

dilut.ed and dispersed in coastal wat.er. Thus t.here have 

been a few mass mort.alities report.ed from Indian wat.ers 

CC3anapat.hy and Raman, 1976) due 1.0 nat.ural causes, 
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discharge ox indust.rial exxluent.s t.o which _ let.hal 

exxect.s could be at.t.ribut.ed. Most. ox t.he pollut.ant.s, 

t.herexore, might. be impart.ing cont.aminat.ion and t.hereby 

causing sublet.hal exxect.s on organisms, especially, in 

t.he est.uarine and near shore marine ecosyst.em. A marked 

increasing t.rend over t.he years in growt.h rat.e ox Plaice 

in Scot.t.ish coast.al wat.ers was observed t.o be associat.ed 

wi t.h pollut.ion or changes in bent.hos due t.o pollut.ion 

<Johnst.on, 1976). The nort.h sea which was supposed t.o 

be one ox t.he most. pollut.ed seas in t.he world has been 

s"tudied t.o a great. ext.ent. f'or ex:fect.s ox pollut.ion wit.h 

regard t.o it.s hydrography, chemist.ry, wat.er qualit.y, 

:fish, shell xish, bent.hos, sediment.s and plankt.on, 

,eology. In spit.e ox t.he above f'act. t.hat. none was 

cert.ain whet.her :fisheries ox "the nort.h sea were aIxect.ed 

by pollut.ion alone <Johnst.on, 1976). The same applies 

t.o t.he Indian seas alt.hough it. was est.ablished t.hat. t.he 

backwat.ers and est.uaries wit.h limit.ed circulat.ion have 

deIinit.ely been aIfect.ed by various kinds ox pollut.ion. 

E:f:fluent.s from indust.ries were probably "the most. 

import.ant. sources of "trace met.als in t.he est.uary. 

AI"though sediment. analyses do not. furnish quant.it.at.ive 

da"ta on t.he absolut.e degree of pollut.ion t.hey do 



indicat.e t.heir role in ascert.aining relat.ive factA»rs of 

enrichment. whereby source of pollut.ion in t.he aquat.ic 

environment.s may be t.raced and moni t.ored. Abiot.ic 

paramet.ers such as salinit.y, 

pH may affect. t.he heavy 

t.emperat.ure, alkalini t.y 

met.al absorpt.ion in 

and 

t.he 

sediment., deplet.ion of dissolved met.als from t.he wat.er 

column. It. has shown t.hat. Pb, Ni and Zn b~come 

relat.ively immobile under such condit.ions in sediment. 

and met.allic sulphide solids were formed (Lu and Chen, 

1977). The spat.ial dist.ribut.ion of met.als observed in 

the est.uary showed t.hat. t.he levels of met.als were very 

high, at. t.he effluent. discharge point. and also in t.he 

harbour area. Among t.race met.als mercury was regarded 

as a serious t.oxic met.al followed by cadmium, lead and 

ot.hers. Mercury was considered as a non-essent.ial 

element. for living organism. Even at. low level mercury 

and it.s compounds, present. pot.ent.ial hazards due t.o t.he 

enrichment. in t.he food chain. Mo no me t.hyl mercury being 

the most. t.oxic mercury compound known unt.il recent.Iy was 

not. t.ight.Iy bound t.o sediment. and was somewhat. wat.er 

soluble and volat.ile. It. was rapidly assimilat.ed by 

living organism and t.hen ret.urned relat.ively st.able. 

Prevent.ive measures can be adopt.ed t.o solve wat.er 



pollut.ion problems, such as, clean up operat.ions_ which 

were meant. for t.reat.ment. of t.he pollut.ed wa'tfer 

environment.. Result.s of research act.ivit.ies on t.he 

est.uarine 

approach 

est.uarine 

pollut.ion issues 

for ident.ifying 

pollut.ion. Such 

were anot.her significant. 

and solving problem of 

research act.i vi t.ies were 

part.icularly significant. in cont.ribut.ing and exchanging 

ideas on environment.al issues relat.ing t.o t.he est.uarine 

areas and t.he measures for improving t.he wat.er qualit.y 

management.. 

The present. st.udy is an at.t.empt. t.o evaluat.e some of 

the met.als cont.ained t.he wat.er column and sediment.s of 

Cochin Harbour area. Hg> Pb, Cr, Ni, Fe have been 

int.roduced int.o t.he est.uary eit.her in soluble form or 

associat.ed wit.h suspended part.iculat.e mat.t.er. The 

result.s suggest. t.hat. Hg is firmly bound wi t.h organic 

mat.t.er in sediment.s of Cochin est.uary. Fine grain 

part.iculat.e mat. t.er provides ext.ensi ve surface area for 

the adsorpt.ion and a suit.able medium for ret.ent.ion 

during t.ransport. and deposi t.ion. The concent.rat.ions of 

Zn and Cd in sediment.s were pot.ent.ial cont.aminant.s in 

the river Periyar at. t.he effluent. discharge point. and 

behaved in a similar way in the est.uarine environment.. 
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These met.als are pot.ent.ially available for t.he biot.ic 

communit.y whereas lead and chromium in sediment.s were 

not. available t.o t.he biot.a as t.he met.als were not. found 

dissolved in acet.ic acid fract.ion. In addi t.ion t.o t.he 

heavy met.als, lar~e quant.it.ies of or~anic mat.t.er was 

also reachin~ t.he est.uary from indust.rial dischar~e 

point.. Except. mercury for all ot.her met.als surface 

wat.er samples were found t.o have hi~h concent.rat.ion 

compared wi t.h bot. t.om. This showed t.hat. t.he met.als were 

from st.orm wat.er or a~ricult.ural run off. The hi~her 

values observed for dissolved mercury in bot.t.om su~~est.s 

that. solubilisat.ion of mercury from sediment.s t.o t.he 

overlyin~ wat.er of salinit.y was t.he mechanism of mercury 

transport. t.o t.he sea. Decrease in t.he concent.rat.ion of 

dissolved met.als wit.h salinit.y showed t.hat. t.he physical 

mixin~ was a si~nificant. fact.or in cont.rollin~ t.he 

dissolved concent.rat.ions. Dissolved levels were 

deplet.ed in t.he hi~h salini t.y ran~e and part.iculat.e 

cont.aminant. concent.rat.ions showed t.he hi~hest. values 

durin~ summer. The small ran~e ot~ dissolved nickel in 

t.he st.udy area su~~est. t.hat. t.he ant.hropo~enic input. of 

nickel do not. alt.er it.s dist.ribut.ion si~nificant.ly. 

t.he case of dissolved and part.iculat.e mercury, 

In 

t.he 
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concent.rat.ions were :found t.o be less at. St.at.ions ... 4 - 8 

and t.he reverse t.rend was observed :for t.he St.at.ions 10 -

16. The part.iculat.e Cu, Zn, Cd and Pb also showed t.he 

same behaviour. The t.race met.al level in sediment.s were 

:found t.o be less at. St.at.ions 1 6 in comparison wi t.h 

t.he levels observed :for St.at.ions 10 16. The St.at.ions 

4 - 8 receive wat.er :from Chit.rapuzha where re:finery and 

:fert.ilizer plant.s exist.. The St.at.ions 10 16 on t.he 

nort.hern side o:f t.he harbour area receive e:ffluent.s from 

various indust.rial complexes sit.uat.ed on t.he banks of 

river Periyar. These st.at.ions are also under t.he 

influence of hi~h t.ide and low t.ide from t.wo direct.ions 

namely Cochin and Munambam ~ut.s. It. is likely t.hat. at. 

t.hese st.at.ions t.he velocit.y of wat.er movement. mi~ht. have 

been much reduced because o:f opposi t.e dra~ enrichin~ 

bot.h wat.er column and sediment.. The peculiar sit.uat.ion 

at. St.at.ion 10 - 16 is reserved :for fut.ure st.udies. 

In comparison wit.h t.he baseline levels, t.he met.al 

concent.rat.ions were relat.ively in t.he Cochin 

est.uary, and t.he t.hreat. t.o t.he aquat.ic resources appears 

t.o be of hi~h ma~nit.ude. Deplet.ion of bent.hic 

or~anisms and :fishes may be at. t.ribut.able t.o t.he 

cont.aminat.ion by met.als eit.her in wat.er or in 
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sediment.s along wi t.h ot.her paramet.ers. The st.udy proved 

t,hat. large amount. of dissolved met.als were remove,2 from 

t,he wat.er column, enrich t.he suspended part.iculat.es and 

~et. incorporat.ed wi t.h t.he food chain. Even low levels 

of met.al concent.rat.ions might, lead t.o accumulat.ion and 

biomagnificat.ion. 

The large invent.ory of t.race met.als found in t.he 

chemically and biologically act.ive surface wat.er may 

accelerat.e biogeochemical react.ions. The st.rong sea 

ward surface flow of t,he est.uarine syst.em may also t.end 

t,o disperse t,hese pollut.ant.s rapidly. Examinat.ion of 

t,he difference in t.he concent.rat.ion bet.ween oceanic and 

Cochin est.uarine wat.ers provide insight. int.o t.he 

import.ance of physical processes in cont.rolling t.he fat.e 

of dissolved t.race met.als in t,hls est.uarine syst.em. 

It, was well known fact. t.hat. no organic life can 

develop and survive wit.hout. t,he part.icipat.ion of met.al 

ions and t,hese t,race met.als were essent.ial t.o sust.ain 

biological life. The increasing met,al cont.aminat.ion in 

t,he river Periyar and t,he Cochin est.uary pose a serious 

t,hreat. t,o t.he li ving aquat.ic resources and appropriat.e 

measures have t.o be t.aken t.o abat,e t.ot.al dest.ruct-ion. 
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The effect. of ~hese heavy met.als in ~he environment. may 

be mut.agenic, ~era~ogenic and or carcinogenic. At. 

higher dozes even nut.rit.ionally essent.ial me~als may 

cause di verse effect.s. All ~hese suggest. fur~her 

indep~h st.udies for underst.anding ~he nat.ure and role 

of ~he met.als in ~he con~ext. of living aquat.ic resources 

and ~he vas~ populat.ion living in and around ~his 

est.uary. 
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Proceedings of: t~e Interdepartmental Seminar on Status ~f 
11arine ?cllut:'on in India or'""anised by the Depart:nent OJ: 

Ocean ;jevelopment, :~ew Del hi? 

ST.A TUS REPORT OF MARINE POLLUTION ALONG KERALA COAST 

INT ROI'U ~I ON 

P.P. Ouseph 
Ref}lOnai Centre 

Centre for Earth SCience Studies 
St. Vincent Street, Cochin 

.\larine pollu-r::lon, as defined by the c.~. Conference on f:uman 
Environmen-r: is "the in-r:roduc1:ion 1;y man, directly or in
direc~ly, of substa~ces or energy into the marine environ
men-r: resulting in such deleterious effec1:s as harm to living 
resources, hazards to human health, hindrance to marine 
ac-r:ivities including fisheries, impairmen1: of quality for use 
of sea wa-r: er and reduc-r: ion of a.;neni ties" . 

Kerala has a coaS1: line of 560 km length extending 
from Manjesnwar in the north co Poovar in che scuth, being 
14 km in length per 100 sq. km of land ~erritory. Parallel to 
che coas-r:, chere is a chain of backwater lagoons, inter
connec1:ed w1th natural or ar1:ificial canals. There are in 
all 29 maJor river basins cOnsiS1:ing of ~1 wes-r: flowing 
rivers, which reach the Arabian Sea directly or througn the 
backwaters. whicn in cum join the sea. Since the rivers, 
ba~~waters and the sea are in1:er-connected, pollution 
at one water body causes pollu1:ion of the neX1: body 
ultimately resulting in marine pollution. 

CAUSES OF ~tARI:NF PCLLUTICN 

:ollowing are che major sources of marine pollu1:ion :n 
:-:erala regions. 

~ooula1:~on related pollution 

The ~ooulation densit:,' of Kerala is 655 ~ersons oer sa. ~ 
as per' :S81 census. The arrangements for'disposai ot sewage 
and sullage from che settlemen1:s are far from adequate. 
Cnly aOCU1: one seventh of che population has access to 
san~tary modes of disposal of was~e. Table l gives daily 
pollut~on :oad in :erms at cUU per day. tha~ may reach the 
mar:ne env~ronment.calcula1:ed on :he basis of ~981 census. 
7he quantum of pollucion caused by direc~/indirec~ discnarge 
o..c U01:reated sewage into OU1: water bodies is a.i.arming. It ::'s 



/ 

est1mateu that the organic putrlaLlp. ~atte~ exe~~in~ a 6Cr. ~: 
030 metric tonnes per day is reaching ou~ r.:arlne environmen-::. 

TABLE. 1 

Pollution Load into Marine Environment. from MuniciosJities/Caroorations 810no 

the Coast Line of Kerate. 

SI. Municioallty / Pooulation Population Load 

No. COl'Qoratlon (as per 1981 can8U8J Kg/ day 0 f 8.0-0. 
------

1. Trivanarum 1183086 14A9Z5.80 

L. Varkais 34009 10202.70 

3. Quilon 137943 ~1382.90 

.1. AlleODey 169940 5n982.00 

S. Vailcom 21097 6329.10 

6. Cocnin 513249 153974.70 
~ Chavakkad 14344 10303.Z0 I. 

B. Kadunqalloor 2B334 8500.00 

9. P~nn.nl 43226 12967.80 

10. ::.;lIcut 39~7 I 1833lt.1 0 

11. Badaqara 64174 19252.:0 

12- TeHlcnerry 75561 22668.30 

13. Cannanore 60904 18271.20 

14: K ... rgod .13137 12941.10 

Total P~jlution load (Kg/day of B.O.D.l 631035.30 
==--==== 

i A8LS . Z 

Direct Dlscnsl'!le of Trade Effluent Inco uestsl Zone !JT Kerais (m )/dav I 

---------------------------------------------------------------------------------------------_. 

Rscelving 
body 

F" oDd Ot erink Snqlneefmq. 
inou:stfles IndustrIes 
effluents effluenta 

ChemIcal 
IndustrIes 
effluents 

Other 
orqentc 

sf fluent! 
70tal 

._--_._---------------------------------------------------------------------_._----------_. 

5es 

Tidal .... eten 1.150 a 1.4J7 

10tlll 1.150' (11.1I37 

87 

ill.600 

1.27.985 

1.69.585 

54.B50 

54.850 

(:1.600 

2.25.4Z2 

2.67.022 



Indus1:ries 

There are over 200 medium and large scale industries and 
abou1: 2000 small scale indus1:ries which contribute to the 
marine pollu~ion. Approximately, two third of the industrial 
effluents generated in the State is discharged into tl1e • 
sea or in~o che tidal wa~ers. These effluenis are generated 
from chemical and engineerin~ industries, food and drug 
manufac1:urin~ as well as indus1:ries related wi·th paper, 
rayon. rubber, cextiles, plywood and tanneries. Soma of 
these major indus1:ries are identified in FilI .. ~ and esti
mated direc~ discharge of the effluents into the coastal zme 
is included in cable 2. 

AF,riculture 

The eX1:ensive use of :ter-tilisers and insec1:icides/fungi
cides etc. causes considerable damage to the quality of 
water in rivers ultimately adding to the marine pollution 
problem and seriously affecting human beings as well as 
aquatic flora and fauna. Additionally, ret1:ing of coconut 
in the backwaters causes deterioration of the water quality. 
Retting is a bio-chemical process inducinE salt organic 
material into water bodies. This causes depletion of dissol
ved oxygen chereby degenerating aquatic flora and fauna. The 
major retting zones along the Kerala coast are identified in 
Fig .1. 

Oil tankers, ~echanised fishing and related ocera
pons 

The operation of large scale oil cankers and other oil 
connec1:ed activities considerably add to the problem of 
marine oil pollution. Apar't from the oil spills from the 
tankers, fishing boa1:s operated in various backwa~ers and 
sea also con1:ribute cO oil pollution. 

Air pollution 

The major air pollutants are suspended matters, oxides of 
nitrogen, sulphur and carbon monoxide wnich are emjtted 
:rom power genera~ing stations, industrial plants, construc
tion projec1:s, smoke discharges from vehicles and solid 
was1:e disposal operations. These pollutants reach the sea 
chrougb rain and a~ospheric transport of ?articulate 
·matter. 

~ONITORING OF ~ARINE POLLUT!ON IN THE VICINITY vF 
KERAU COAST 

The monitoring of 1farJ.ne Pollution can be broadly classified 
by the detection and estimation of the following parameters 
in water, sediment, par~iculate matter and selec1:ed marine 
organisms. 
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Qestruc~ive to plants and an~~als (Qasim and ~adhupra~ap 
1981). Eenthos of the Coctin ~ackwaters has been s~udied by 
Kur~an (lS72) and more recent ly by .4.nsari (U177). From these 
s~udies, it has become cl~ar that che dens~ty of bivalves, 
gastropods and isopocs in che backwaters has been consi-

~ derably reduced with t~me. These are attr1tuted to the in
creasin~ pollu~ion (Qasim and Madhupratap,1981). Study by 
~aman~ (1~7~) indicates chat in some of the polluted areas, 
the 80D values reach 513.76 mg/litre, sulphide 4.97 mg/ 
litre and oxygen content less than 0.05 ml/litre. The effec~s 
of industrial pollution are clearly seen in the form of 
depletion of ciota especial IV benthic organisms, fish 
~ortality ana presence of high ammonia in water hydrobio
log~cal conditions of Cochin backwaters are greatly in
fluenced by sea water intrusion and influx of river wa~er 
as shown by :he distrlbut~on of salinity and eemperature 
(Lakshman et al., 1982). ':'he orO'"anic carbon in the sedimen1:s' 
are higher in che monsoon season due to the contribution 
from land run off (Ramani et al. ,1980). The study with 
reference to the indica~or bac1:erial revealed tha~ the 
principal source of faecal pollution is non-human type 
ori~inat~ng from ~and draina~e, se!~e and organic discharge 
(Gore e~ al. ,1979). The higher C.O.D. values observed are 
probably due eo domestic sewa~e and wastes discharged in1:o 
the harbour area (Sarala Devi e~ al., 1979).Previous s~udies 
have shown appreciatle degree of or~an~c pol1utj~n in Harbour 
area (Unn~ than e1: al., 1975; Vij ay an et al., 1979). 

Keavv me1:allic contaminents 

Study of particulate ma~ter of water from Cochin backwa~er 
for trace oe~als incicated tha~ tnis environment contain high 
conten1: of Zn, C;: etc. due to indus1:rial pollu~ion (Sanka
ranarayanan and Rosamma Stephen, 1978).nigh concen1:ra~ions 
of Zn, 0~, Fe, Mn,Zn and Hg in the backwa~er, oyster 

(Crassos1:rea madrasensis)(Pres1:on) of Cocain harbour indicat
aa tha~ aign me1:al load in the tissue was observed during 
the breeding period and also wc~n ehe estuary main1:ained 
high salinities from CC1:ober t~ April. The suitability of the 
oys~er as an indica~or organism for metal pollu~ion in Cochin 
oackwater has been discussed by Rajendran and Kurian (1986). 
Some at the benthic or~anisms, such as mussels and 0ys1:ers, 
have accumula~ion of zinc higher tnan tne permi1:ted lim~t 
(Ramani, 1979). 

Pes1:icides/Insec~icides 

l/ery limi1:ed work has been taken up in monitoring pes1:i
c~des and insec1: icides. 

Petroleum Hydrocarbon 

0nnithan e1: al (1981) reported that tar like deposits from 
:~ beaches of Kerala appear to be der~vea tram oil 
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Spills and oil tanker washIngs. The concen~=ation of dissol
ved hydrocarbons in the Cochin region of the Arabi~n Sea is 
be~ween 14.6~01S.1 mlcrogram/litre (Sengupta et al., 1980). 
Out of 5.5 million tons of cargo handled by Cochin Port, mar 
than 4 million tons is oil. Better control measures are 
required to prevent spi'lla~e of oil inSide the port area 
while being loaded or unloaded as well as to control pollu
tion by discharge of waste mixed with oil from ballas~ing 
tanks in~o the sea. 

MARINE POLLUTION lntCM ;;':;:-;ER DiSCHARGE 

It is known for tne pas~ several years that some of the 
rivers of Kerala, viz. Chaliyar, Perlyar, Chitrapuzha, 
Kallada etc. have pollu~ed the estuarine flora and rauna. 
It has been es~ima~ed that 183 ~3 of trade effluents are 
being dumped into our rivers and tidal wa~ers every year 
(Nair, 1984). It has been recognised that a greater poten
tial hazard ex~sts in estuarine and nears hare areas because 
of their proximity to sites of industrial and domestic 
activity. resulting in concentration of specific pollu~an~s 
by run-off or by biological activity. 

TIrE IMPORTANCE OF COCEIN ESTUARIm: SYSTEM 

The Centre for Ear~h Science Studies has undertaken a major 
work for the moni~oring of the heavy me~allic contaminents in 
the Cochin harbour area where the major industrial discharge 
to the coastal environmen~ of Kerala is envisaged. 

The Cochin estuarine system receives indust=ial 
effluents from various factories which include metallurgi
cal, fertilizer, chemical, rare earth, newsprint, etc. The 
shipping faclli~ies, t=ade effluents, land drainage and also 
the sewage disposal makes the estuary more polluted. There 
are also inorganic compounds such as arseni~ salts, coppel 
oxychloride, copper sulphate etc. used in agricu!ture as 
pesticides, insec~icides and fungicides which reach the 
estuary on its way to sea. 

Estuaries are one of the most productive and biologi
cally active areas in the marine environment. The infantile 
stages of -che fishes and shellfish are spen~ in these 
enVlronments. Heavy metals are biologically non-degradable 
and tend to accumulate in these marine organisms to pass 
on finally to man. Hence a knowledge of the heavy metal 
distribution is of ext=eme impo~ance :n order to under
stand the bioavailabi:ity and toxici-cies in the marine 
environment. 

The study initiated by Centre for Earth Science 
Studies related to the monitoring of aeavy me~allic conta
minents in the Cochin harbour and river Periyar oy esta
blishing 46 s~ations as shown in Fig. 2. PTeliminary inves-
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tiga~ion~ were carried ou~ in ~uly 1985, Nov. 1985 
and April 1986. From all st3.tions sediment samples were 
collected us~ng a Van Veen Grao. Water samples were 
collected for 2b station locations for the estimation of 
dissolved and particulate mercury. 

Analvsis: The samples were dried at 60 0 C to a constant 
we~ght. Before drying the rock fragments, shells and visi
ble organ2sms were removed by hand picking. The dried 
samples were manually power~d ana homogenised as per the 
method of Hershelman et al. (1981). The following extraction 
procedures were employed. The total metal content (Drago 
et al.1981) and the potential bio-availability of metals 
(Loring .1.982). The extracts were analysed for Pb. Zn, Cr,. 
and Cd by AAS. Five replicate analysis of one sample gave 
a coefficient of variation of 4.8% fer Pb, 6,5% for Zn, 
S.5~ for C: and 7.~~ for Cd. 

Mercury: Wet sediment samples were digested with a mixture 
of n2tr~c and sulphuric acids (Thomson et al., 1980). Cold 
vapour AAS technique was used tor tne estimation of 
mercury as described by Batch and Ott, 1968. 

Surface samples were collected using a plastic 
bucket and Van Dorn Sampler was used for bottom samples. The 
samples were acidified with excellar grade cone. aN03 20 mll 
litre (Freemann and Schmidt, 1982) and a small amount of 
Potassium persulphate was added in order to oxidise the 
interfearing organiCS (Thomson and MacDonald,1980). Milli
pore filter paper used for iil ter2ng the samples a.nd the 
filtrate was acidified for dissolved mercury estimation. 
Total mercury was determined by directly acidifying the 
sample. The amount of suspended matter was determined by the 
gravimetric procedure b.y iil tering a bulk volume of the 
sample and the values were computed from :he known concentra
tion of dissolved and total mercury. After acidification the 
samples were kept in the freezed condition. The above preser
vation done within six hours and the analysis of mercury 
carried out within eignt days of sample collection. In each 
case the values for the blanks were determined. Five repli
cate determinations done for one sample from each set of 
samples collected seasonally gave coefficient of variation 
of 3.8 to 4.6% at concent::-ations between 5 to 100 mg/litre. 
The detection limit was about 5 ng/litre. E~gh purity ~ea
gents were used for mercury analysis. Mercury was determined 
by using the cold vapour a~omic absorp~ion technique des
cribed by liatch and Ott, 1968. Analytical reagen~ grade 
(Sarabhai M. Chemicals) Mercuric chloride was used for the 
preparatiOn of s~andard solu~ions. 

6. RECENT FINDINGS CN HEAVY MF!'AL POLLUTION 

b.l. To~al me~al con~ent 

The concen~ration of heavy me~alS in the sediments of river 
Periyar and Co chin harbour are shown in Fig. 3-7. Total metal 
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concen'tra'tions measurea in the sedimen"ts are Hg 0.12 - 11.5 
ppm, Pb 30 - 190 ppm, Zn 35 - 780 ppm, er 20 - 145 ppm, Cd 
0.5 - 8.4 ppm. In general, the concentra1:ions are higher a't 
the point of effluen't ciscnarge and decreases towards the 
es'tuarine environmen't. The lase line level for Hg is 
found to be 0.08 ppm. This is based on the analysis of a 80 
ems core sample taken a't s'ta"tion loca'tion No. 22. The enrich
men"t of mercury in the sedimen'ts are 1.5 to 143 time higher 
compared. to the na'tural level. The baseline level.5"O"f o'ther 
metals are not known the data is being compared with the 
repor'ted me'tal concen'trations fram o1:her parts of the world. 
The observed concen'tra'tions for lead is 1.2 to 7.6 time 
higher compared to the na'tural values for lead for the 
sedimen'ts of 8ay of Naples which is 2-25 ppm (Grig~s & 
Johnson, 1978).The background values for the Zinc average for 
the Newark Bay sedimen'ts is 35 ppm (Lee Meyerson,1981). 
Hence the repor1:ed values are 1 to ~2 times aiEher in 
cOl!:,!,ared to Newark Eay sediments. The levels of chromium 
rar.~~~s from 20 to 130 ppm are comparable to the backp:round 
values observed from other marine environmen'ts (Griggs and 
Johns()n, 1978; Cannody, 1973). The concen1:ration observed 
for Cd :s higher when comnared to the values reoorted for 
the sedimen'ts of Eay of Auntiy (Loring,1982). The high 
values repor'ted mip:h't le par~ly due to the lndus'trial and 
domes'tic pOllu'tion. For example a zinc factory loca'ted 
near the bank of river Periyar discharges etfluen'ts which 
con'tain z~nc and cadmium to the coastal wa"ters. Similarly 
a chlor-alkali plant situa"ted near the tank of Periyar dis
charges effluen"ts which contains mercury to the coas"tal 
v.a'ters. 

Chemical par~i'tion an~ bio-availability of metals 

Although high levels of metals in sedimen'ts are a general 
indica"tion of industrial and urban contamina"tion, the total 
metal concentra'tions are a poor means of assessing the 
potential or actual availability of a given element to the 
8io'ta. I"t is well es'tablished by varlOUS workers tha't in 
understanding the distribu'tion and ecoloEical imnlications 
of heavy me'tals, knowledge on th3 to"tal me"tal concentra"tion 
is not sufficient but it is necessary to know the elemental 
concentration presen"t in differen't pbases (Goldberg and 
Arhenius 1958; ~orin~ 1882; Tesser e"t a~.lS78; Cosma e"t al., 
::'979; Cosma e1: aL 1983). In fac't the total ~e"tal and the 
easily extractaOle me"tal ext~action techniques are most 
informative for envi=onmental purposes. Ne have employed 
as 25%V/V Acetic Acid to make an assessmen"t of the availa
ble concentration of met als as sugges't ed by LorJ.ng, 1982. :"his 
method was chosen because it is one ot the weakest chem~-
cal tres.tmen'ts that can be etfect~vely used to remove a 
certain par~ of the tctal me"tal concen'tration in the sedi
ffientS that cculd be po"tentially available to the b1o'ta. 
Cbem~cal oartitions of the sediments fro~ the study area 
shows tha~ 5-10~ oi the total Pb, 5-aO% oito"tal Z~, 2-151 of 
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t01:al Chrom:ltuo and lO-dO~ of total Cadmium occur in the 
ace1:ic ac~d soluble ~raction. This fraction may represent 
some por1:ion of the ~l~ment tha1: was initially leached from 
the source rocks or supplied in the dissolved form from 
industrial sources. 

Dissolved and particulace mercury 

7he mean concentration of dissolved and particulate mer
cury in water samples are shown in cable 3. Bottom samples 
contain high par1:iculate matter as compared to the surface 
samples. The concentration of dissolved mercury is found co 
be high in the bottom ccmpared to the surface samples. This 
observation indicateS that the ori~in of dissolved mercury 
may be partly from che bottom sediments and bot1:om sediment 
ccntam~nates the mar~ne environment. The hi~hest concentra
tion observed in che innermost ~orthern par1: of the harbour 
area and at the eiflueo·t dischar2'e point Ilear the chloralka
li plant. In ~eneral, the concentration of dissolved mer. 
cury decrease with increasin~ dis1:ance from the point of 
effluent discharge towards the estuarine environment. This 
indicates that Aracian Sea acts as a sink for the discharge 
of mercury through Cochin harbour by River Periyar. In the 
monsoon season the quantum of particulate matter found co 
be high znd che concentration at diSSOlved and particulate 
mercury ~as :ow may be due co the influx of h~gh amount of 
freshwater input: ::-om che r:l.vers alone: '71ith ::and run off. 
In the river Periyar the premonsoon season observed highes~ 
concent:-ation of dissolved mercury. During the premonsoon 
season a bundh was conS1:rUcteC1 across Periyar r1.ver just 
above the eff:'uent discharge point in order to block the 
antry at :he saline and effluent waters to che upper reaches 
of river Periyar. This blockage might: have creat:ed a high 
concentration of dissolved mercury in the river Per1.yar 
during the prernonsoon season. The concentrat:ion of ~ercury ~n 
Cressostrea madrasensis (Prest:on) from Cochin backwater 

_~as round co be is:72.....2!1..b (Nair IT.N. an.d ~air B.N .. 1986). 
Th~s suggests that nercury is oeing transfer:-ed to the 
biota chrough water sediment: and ~ar-ticulate mat:ter, The 
relation oe~ween part~culate matter and salinity are shown 
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in Fig. 8. This shows that the maximum p:z:ec:i..pita1:i:oa: o~' .:-A.·:'iIo.( 
panicula'te maner is taking place above lOpp1:_ sal..Uz~1:T'':'~'''''':~ 
Presen't da'ta are no't sufficient to explain' ehe-' ver1:l;c:a.~ d1.S=":'::: 
trl.bu'tion, par'ticula.'te associa'tion and mobilisa'rion even- • .;~ 
though bo'ttom sample contain higher concentrations o~ 
dissolved and par'ticulate mercury. The mercury concentra
tion in the inves'tiga'ted waters varied through ttte year and 
showed an observable seascnal variation. The assayed 
values ~ay be severely influenced cy several factors such 
as rain, Ivind, sudden changes in the surface streams, influx 
ot fresh wa'ter, tidal phenomena e'tc., eventhough much care 
has been taken in minimising errors in collection and storage , 
pretrea'tment and analysis of samples. 

The above results indicate that the areas under study 
are affected by heavy metal pollution. 

POLLUTION CONTROL 

Pollution con'trol sys'tems can re broa.dly divided into three 
sections: Ca) identification Cb) solution Cc) implemen'ta
tion. The first s'tep in any' system to control pollution is 
identification. The pollu'tan't may be identified either direc
tly, qualitatively or quantitatively. The solution is to be 
found out only after a lot of evaluation of technical and 
technological aspects of the pollu'tan'ts and these techni-
cal and technological solutions should be viable in terms. 
of financiaL aspects. Once the identification is completed 
and the solution is selected, the question of implementation 
of the schemes for the prevention of pollution llaturally 
arises. Experts familiar with all technical and technologi
cal aspects of the solutions are to be u'tilised. They should 
be well experienced, qualified and capable at understanding 
the implemen'tation of the schemes. 

RECOMMENDATIONS 

( a) 

(b) 

Cc) 

Marine oollution baseline and monitoring s'tudies for 
ttte poliutant levels, the sources and pathways may be 
initiated. 

An evalua'tion of the various' me'thods cur:-ently employ
ed for the collec'tion, storage, pre-crearmen't and 
analysis of samples to iden'tify the optimum overall 
procedure to be used for pollu'tion assessment and 
t:-end monitoring may be done. 

Action plan for the protection and development of 
the marine environment and coastal areas of Kerala 
~ay be initiated. 

I am thanktul to Dr. aarsh K. Gupta, Cirector.. Cent:-e for 
Earth SCl.ence.Studies' tor the keen interest shown in the 
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P P OUSEPH 
c.:ntre ior E:1nn Scic:DCC Studies. Coc:niD 682018. lJIGia . 
. -\bsIrwcL The present-small' conc:cros ","h typ!CiU pollutants sudJ as He. Ph. Zo. c.. ana Cd. The conc:en. 
tr:lUons oi heavv meWs sucn as He; Ph. Zn. C; :IlIQ Cd iD tlle scaimcnts or tllc Cod1io sesruarioe :system have 
becD aDaIysca by arormc .loso",non sDCCtrOmcay. Total ~jcmCllt conamaatlODS (He 0.J2-!.l ppm. Ph 
JO-I6S ppm. Za JS-j80 ppm. Cr 20-130 !!pm. Cd 0.5 .... 5 ppml in the osmarine retpon vary Wltll scaiment 
texture. Hi~ total mew load (He 5.5-I1.S ppIIl. Ph 160-170 Ppal. Zo 420-780 ppm. Cr 35-120 !!pm. Cd 
!)...i.4 ppm. IS ooservca in the sccIimcDts DCU tile point oi edluazt ~ t.ow lOW meral CODtent was 
aonccli (HgU.~.06 ppm. Ph 100ZS ppm. Za ~ ppm. C. 7-Z0 ppm. Cd not dcrecuIdl fOr'tlle ire:sl1 water 
scciiuu:ot samolcs collected from the UIJSr:rcams or nver Pcriyar-. An as""'"l"l1~ llas Oo:eu made ior the poten
oal bio-aYallabiliry or thcso elC:l1lCftts by <:XU3CDon wllh ~ % 'Ill' accac acid. It is founei tllat ID tile cstuanDe 
etMronmcnt 5-iO% of tow Cd an: porcntiaUy avaalable to tllc mora. Tba orgamc c::U'OOD vary from 0.2 to 
;-5 %. Tba Ooscr'lllG results arc coaman:d WIth tI10 conamaations (or tI10 W11'OlIuteci sedimcnts ;md :lJso 

from otllcr mannc enVIronments. The COlJIZDalIDODS sila-l an oDSllt"VllbJe scasooat vanauon. 

ICa?-*. Heavy meW poiJUDOD: sedimcDts: cdiu.t:ms. 

1. IDaodudiou 

Thc southwest coast of Inaia bordering tilc state of 
K.:rala is connectcd. by J. chain ot' bacXwatcr systemS 
and. rivers.. There is J. growing concern over the last 
dCCld.cs regarding chc elfct:t ot' ind.ustriai discilarges 
In estWLrlnc md. ncarshore :;::.lvironmcms. Thc malor 
river systcms. c:wsing marmc poiluaon ue the Claliar. 
~yar. Clitra~. mOo K.:illa.ria.. In Keraia. cma
k:ulam DistrIct J.Ccounts for :nore ,ilan iD ~~ or' ,ne 
C!lCIIllc:U ind.ustries in mc Statc ana. ,~are SItuated 

in tilc banks or' Penyar ana. C.:litralluz!la. The malor 
c!lc:I1lc:1l.ina.ustries can :'c c:assmca. as ;neta.il~C:.l1. 

;erotizcr. rare e:l.l"QS. nCWS'Dnnt etc.. and. the :.dI.uems 
from chese ind.ustnes are o.r:llnea. co !he AIabian 5C3. 
:l!rough <:Vcnin estuary. Thc snippmg r~es. uaae 
!:Huents. iand. ~. sewage ais~sai. costrucoon 
J{ 5u1)Cr mnker berth. :ec:amanon of wet ~ands {or 
aOllSlIlg, dreai.ng o~craIlOns etc .• makes the estUarY more 
~liutea. In a.d.dition to tnC J.oove ors;amc pesucties 
~d inscctlClci.cs used by r'armcrs woicil re:l.C:l tne ::stuary 

on· its way to SC3... 

The <:Vcnin esrua.nne system :-ecelVCS erlluentS 
COnt:WlllllJ a large dose Jf hC:.lVY met:US. T ablc 
(I) ana. (2) gIVes m ~ about :ne :ype 
llld quantItY ot .lC3.VY :neta1S a.isc~ into 
.ne environment cnrougn r;ver Penyar. .-\ mowlea.gc 
on tile distribution of heavy :netals in the manne en
-nronmcnt is imm~orta.nt In stua.ymg cne enVlrOnmental 
;lOtlution smce sucn e!cmcms c:l.n bc toXlC even in traces 
llld c:msc iJ.annrui e:feets. HC3.VY meta1S ue bioiogl
c:Uly nond.cgrada.bie ana. ,nrough me food c!l31Il. 
it may dnaily pass on to t!le rn.an. T!lc dismiluaon 

pattern or' Fe. MD.. Ti. Ni. Cu and. Cu in tile sediments 
of VemDanad. lake has been e:ru:nsiveiy stUdied. by 
Murtily and V=rr:yya (1981). Few tr.1ce mc:taL lcwis 
in ene seaimems of Cuchin backwaters were stUdied. by 
Venu~ (1981). P:uticuialc m.aner ot' water from 
CJchin back:water for trace mc:als indic:ned. tbat tb.is 
enYironmcnt cont.ains high concm or' Zn. Cr. etc. 
duc to ind.ustri.a.i poUunon (SaIU:.ar:ma.r.tyanan ma. 
Rosamma Stc?.ha.n. 1978). Some or' thc be:ltbic or
ganisms such as mussels ana. oysters have :J.CcumWanon 
or' Zinc bigner til.a.n (nC penmttcd. l.imJ.t (Rema.m 1979). 
H1gi:l concentr:lIlons or Z;l. Ca.. Fe etc. were observed 
in Crassostrea madraserurs from C.)cmn ~on :5 
COllS1d.ereO. (0 be d.ue ro :nc :nc.u.sm.ai and domesnc 
poiluaon (SanJcI.r.Ul.arayana.a i!! a.t :978), 1ne '>c:1-

,anality in tilc distnbuaon of :r::tce ;nctais sucn as CJ 
CJ.. Fe. Mn. Zll ana.· Hg !n Ulc backwater oyster c.·as
;osrrea mtUiraserurs (Preston) of Cucmn Harbour :S 
stuaieci by :-falr and. :-fair (1986). The smtaiJiiiry 
oJi me oYStcr as an maic:ltor orgamsm ior :netal potlutlon 
in C.)cmn backwater ~ discusseo. by Ralc:na.mn ana 
:<.unan (1986). 

Table 1: Qaamity oi WSSD!S :m4 aamre oi poUlltalla 
~ iDm die riTe!" penysr {JOV!JD~ 1976) 

Pacrones aisC1!tUgl1l~ Quanmv of· wastes 
,,,anes !ak.h iitn3 per airy Poilutanrs 

M/s. Travancore Ravons. 
Inoian AJ.umuuum C;) •• 
F. A. C. 7 .. T. C. C.. li22.00 
Hina.ust.an In.secuc:icics. 
rnai.an Rare E:I.rtn.s. 
Penvar C.J.cmlc:Us. 
T. C. .\1. Cu. unmcd 

SIlS1lCIlaea. $oricis. 
Mercury, Zinc. 
Cu~r. Cl.a.Imtml. 
L~ Hex.avaicnt 
C.:lrOtmUIIl. R.aaio
J.ctlve rna.ten.:lt <!tc. 



Table .2: Quantity :lDd nature of beavy mera.l.ic pollutlUU 
discharged into the River Periyar 

Factories dischargrnr: Type of Heavv Quantity per 
wastes "'''etaiic cOntammenT vear in 

I. Travancore Cvchin 
Cherrucais 

.2. Fertilisers and 
Chemicals Travan
core Linuted (FACT') 

3. Commco-8inani 
Zinc Limited 

4. Catalysts and 
Chemicals Lld. 

Vlercury 

Hexavalent 
Chrormum 

Zinc 

Hexavalent Chromium 

Zinc 

Copper 

[ron 

j. Travancore Chemicals Zinc 

tonne 

2.0 

1.1 

7.5 

0.32 

2.45 

0.33 

30.0 

0.15 

-A series oi .::nvironmental geochemical studies 
have been undertaken by rhe C;:ntre for Eartb. Science 
Studies (CESS) co deterIDlne rhe· leveis. behaviour 
dyn3.lIllcs oi heavy metals in the semments oi Cocnin 
muarine system. In an ::ariier paper Ouseph (1987') 
J. general descripuon or' the ,otal ana pOtentlaily a.vail
able metal content r'or Mercury (Hg), Lead (Ph), Zinc 
(2n), Chromium (Cr) ana CJ.dmium (C.1) has been 
presented. This paper :-epom tn detail [he regional. 
dismouuon ana potential bioavrulabiiity or' heavy metals 
in the sedimems at 1:ne pomt oi ::rll.uem discharge and 
~stuarine .::nvirorunem. The data is compared wHh me 
resuits observed. tor the sedimems coilected from un
polluted. area and ;'rom other manne ~nvlronmem. 

:. :YlaI2riaJs and metbods. 

T'ne .;;tudy irutiated. Jy.CESS in che._.C.Jchin. harbour 
:md nver Penyar bv establishing .!.6 STanons as shown 
in (Figure I). The stauon locauon for the unpolluted. 
zone is not shown in me figure but samPles were col
lected 0:5 kIn u?S!re:un t'rom .:he pomt of ~rll.uent 

discharge. Prei.iIrunary mvesugations. were carned aut 
in Juiy ilnd :--rovember 1985 and. March 1986. From 
ail stations sediment ~ampis were cOllec1:eri. using a 
Vanveen grab. Since high concentratIons are .::xpectea 
atthe point oiemuentdiscnarge. che coilecnon oi sain~ies-

P P OUSEPH 

has been done by raking three sampling. points across 
the river. A composite sampie was made tor carrying 
out the 3.na.lYSIS. The samples were dried at 60·C 
to constant weight. Before drymg the rock fragment. 
shells and Visible organisms were removed by hand pick
ing. The dried samples were rnanually powdered 
ilnd Ilomogenised as per [he method oc' Hershalman. 
er ai (1981). Organic carbon was .::stimated by the 
wet oxidation method Wakeel and Relay (1957). The 
following extraction techniques were empioyed. The 
total metal content Basso & Mazzoccotelli (1975) ana 
the potential bioavailabiiity fof metals Lonng (1982), 
The .::xtracts were anaiysed tor Pb. Zn. Cr ana Cd by 
AAS. Five replic:lts analysis or' one sampie gave J. 

coefficient of variation oi ... 8 ~~ for Pb. 6.5 ~.~ t'or Zn. 
5.5 % for Cr and 7.5 % r'or Cd. 

Fig. 1 Location maD wHh act:lIis or' samDling stauons and 
major inausmes 

For me .::stimaIion or' Mercury. wer sediment 
samules were digested. Wlth a mroure or' nuric and $ui
pnurlc aCIds (Thomson et ai 1980) in Bethge :lDpararus. 
The digested samples were made u~tO a known volume. 
Cvld vapour Atomic Absorpuon Technique was used 
for the esmnauon or' mercury as described. by Hatch. 
and Ott (1968). A known welgnt or' [he wet sediment 
sample was dned. and me moisture was caiculated. 



HEA yy :vtETAL POL1.UTION IN COCHIN ES11JARINE SEDIMENT-S 

The resultS were comoutea to get tile concentI'lltlons or" 
Ylercurv on drY welgnt basis. 

A :5 ~~ VIV :lcenc .loci ~xtI'llction methoa tor 
(he estlInauon or" ,ne ?erccnta~e or potentially :lvaii
:loie elementS in (he sediment. This metnoa was chosen 
bec:J.use Lt is .me of ,ne weaiceSt cnemiC:J.l tre3lD'lentS 
mat can b: elfecuveiy usea to iemove ,he non-reslawu 
~Iemem from seaimentS without (.ne aanger or' reieasmg 
~lementS from structur:U OOSluons or (hose strongiy 
comOlexed Wlt.n orgaruc :natter (Agemian :lnd Chau 
[976 .. \1a10 197i, Lvnng 1982). 

Resuit5 :lJld discussioa 

3.1. Toeai metai coment 

The total conccntr:1tlons measured. ln (he seci.imentS 
lrC presenteci in Taole.3. In generaL. t.ne ~ncentrauon 
lrC iligner a.t ,ile 'pOlnt or" erliuent discharge anci decrease 
:owaras ,he ~ne mouth. 

(i) J{erCUl'.v: The base line leveis for Hg is found 
to be 0.08 ?pm. TJJis is based on the :lruUYSlS oc' :l 
90 cm core sample taken :It station location No. 2.1. 
Tile enncbment. of Hg is 68 - 142 rimes b.igher :It ::he 
?OlOt or erliucnt discilarge :lad 1.5 - 13 rimes b.igher 
in ,he CJcnio Haroour lI'e:l. The values ooscrvea 
:'01' me un-potlutea zone is less t.!:!an ,he background 
leveis. 

[ill Lead: The ooserveci COnCCltr:1tlOnS J.re 6-7 
dInes higne:- :It :ne POInt oc' emuent discnarge :lna 1 - 6 
:unes b.igner in the CJcmn Haroour area woen co:mnared 
(0 (ne n.atUI'll! Values {or ,ne seaimens of "Bay of NaPles. 
'.llrucn !S .: - 25 ppm (GClggs and lohnson (978), The 
'JaJ.ucs r'or ene ,'resn water zone showed little a.igiler 
conc:ntr:luons wnen compared to t.ne llatur:U leve.!. 

w) Zinc: ine 'Jackground leve.is ~'or ene ZInc 
~verage e'or ,lle :--fewarlC Bay seaimentS is 35?pm {Lee 
Y1eyerson [981). Hence :ne ,eponea Values arc 
:: - :2 :unes higiler 3.t me POInt or' e:fiuent iliscnarge 
mci i-;O :llD.CS Qigne:- in ,he Co)cmn Harbour J.re:l.. 

Iust like. le->..o.. .:mc aiso Sllowea little Jigher conc:ntI'll
Jons ror ':lle r'resllWater seciimentS. T.Jis oeservauon is 
under rurtller invesugauon. 

,ivy CU'omlum: The ~eve1s or cnromium in cne 
sma.y 3.reas are compar:Ulie to che bacicgrouna ValUe:! 
oilservea trom atner manne environmentS (Griggs and 
JOOnson 1978. C.mnoay u ai. 1973). Table:: snows 
lIIl3.lonnput of hexavalent cnromium into :ne ~cosys
:em. but our stuay does not inaic:ne 3.ny sucil enricn
:nent. ?rooaoly rhe etement ;mgat be in the soiuale 
~'orm m ene :louauc sYSte::l. md cowd ;:ot come down 
:0 ene seaiment by tne usuaL estuanne l'rocesses. 

(V) C.1amlum: The !evelS or' cad.mlum for me 
sedimentS oi Bay or' Faunay lS 0.2 ppm (Lonng 1982), 
Tne oeservea resuits are 30 - J.2 nmes higiler at the 
?C1at oi erliuent discnrge :lnd Z - 21 times higher for 
tile Cvc.nin Harbour area '.linen comoarea to {ne Bav ot' 
Faunay sedimentS. 

3.::. DiSCUSSIon of concencrallon 0/ totae metal concenl 

Tota! element concentI'lluon vary with [oQuon :lna 
seOJ.Olent (exture. High concentI'lluon oc' Hg. Pbs. 
Zn. Cr and C.i occur In rine grainea seaimentS. Sancilv 
5eaimentS snoweri low conccntI'lluons or' metalS. 
High orgaruc caroon content ooservea a the pomt or" 
erlluem discnarge :lnd 1lSO in the estuanne regIon. 
The conc:ntrlluons oc' tomi metal content showed sea
sonai vanauon 'Nlth stauon lOC:J.uon. In general 
moosoon 5eason showed the lowest :lOa prem.onsoon 
season (he a.igi:l.est conccntratlon in the ~riimentS. 

The resuits were preciominent :l the erliuent discbarge 
P01Q[ when com-pared ,0 ,he C.)cnio Haroour area. 
During the monsoon season. Jigh inrlux or fresh water 
rrom .he rivers makes the seriiment ,0 excllange :l part 
or t.ne ~:tcnangable phase or the metals to the water 
:oiumn. A better UIlaersta.n<iing or dtis pilenomenan 
'Nlil be known by a. stUdy on the water sedirn-.:nt tntet' 

race caemtStry. During :.he ?l'Cmoosoon season uI 
1986 a bundh was constructed across ,he rive!' Peri'''Gr 
just :loove tne erliuent discnarge ?oint. in ora.c!' to bioclC 
,.ne entry oi :ne saline lna erlluent :mxeci water to 
,he unper :eacnes o{ Penyar. This rnigilt have c:-".!ueci.. 
1 iugn conc:U!I'lluon or' e1ementS a.t the erliuent discnarge 
POlllt. The a.igi:l. concentnmons uoservea in C')c4lm 
Harbour J.rea during che ;::rc:nonsooll season. mav be 
due [Q ,he intrusIon vi ~1ig!l satine waters :lna preC!Ul
::luon vc' pamC,llate matter. Due:o tills :he se ai
.neat mav :lave iugn content oc' jnt: grade rr:lc:lon 
·.vllich ~e:lns (0 :lle ruga .:oncentrauon oc eie:nems, 
.\1oreover our stUdv oc' sauruty 'lersus particuiate maIter. 
IF~gure 21 silowea ,hat :naxllllUIn precll'lUUOn . occurs 
for :nore man sauruCj' lO ?'Pt. The 'lanauon in :ne 
.:oncemr:moos oeserved in ene C.)cnm Haroour J.re:t 
·:::.n :1IS0 'Je J.ttIlouteri ,0 me tr:lOSPOrt or' .ine graa: 
seaiment towaras ene seawara a.na back. aue to c.ne adAi 
J.na se:lSoruU mrluence. 

ClemlCaJ partition ami poeenrzai bio-avtlliaDility 

7he seaiment CnetIllSUY wiil broadly rerlect the conta
aunauon JJ.Storv vc' the lI'c:l.. Heavy metais are :lS

soci:ltea to dlllerent extentS wttn tile vanous components 
<Ji seriiment :mu tnese :!SSOClatlons C:J.O be qUltC aiii'ercnt 
t'or :taIUral 3.nd :J.ntnrooogeruc maten3.i.. In general 
:ne J.mnro-pogemc tnPUlS· vf meta~ Wlil necessaniy 
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be ~clated with flon-Iattice fractions. TotaJ dis
soLution or sediment is J.I1aI.ynca.ily demanding md, 
many monItormg purposes sediments are leacned to 
remove the flon-iamce held material. The flon-lattice 
hetd -:ontnoutlon uSWllly constItuteS a smail but bio
geocherruc:llly Untlortant r"rac'".lon. [t renresents some 
prooornon Jf ,he <!lemem [hat was irutiaily le!l.ched 
r-ram che source rocks ur suopuea. in Jissaivec1 r"ram 
InciustnaL sources. This refraCtlOn Of the elementS that 
:lore most <!!l.Sliy J.valiabie (0 [he biota ;J.na. ~onstitu[es 

[he ~e!l.test Janger :0 [nem If present In e;CC::SSlve 
quantIties. partIcuiarly if the eiements are ()! J. ,-orm 
:nat ~!l.n oe selecuvelY removea. JV the oiota (rom :he 
sec1.iment or in parucu!aIe matter In the water colwnn. 
[n ract the total metal mci the ::asIiy <!xtraC""..a.ble mem
enraC'".lon cecnnique gIve maxunum iniormatIon in 
such J.natyslS. 

The stuciy reve:lls ,hat hign ~Ontents oi Hg, Zn. 
Cd. J.re reacmng me estuary from ,he rlver Periyar 
mrougn industriat discharge. For exam:p!e a chloral
kaJi piant ana. zinc ,actory sitUated. :lear me banks vi 
river Penvar discnarge etfiuents witch ~ontain Hg, Zn 
ana. CJ.a.nuum into the coastal waters. The sampLes 
from the erliuent discilarge pomt snowed mat 33--39 ~~ 
of toui zinc and. 83-95 ~~ of tOtaJ c:ldmium occur in the 
acetic :lea. sOluole t"racnon. SimllarlY ln the esruarine 
enVU'onment 5~O ~~ or the :oui ZlIlC J.na. lQ....60 ~~ 
of coui c:lO.IIlium are -potenti.a.ll. y a vaiiaole to che biota. 
The above results cieariy indic:lte cnar. most oi the :::nc 
J.oa ~aa.nuum in tile seriimems 3.pl'ears :0 ongm:ue 
from inciustnai wastes. From me results it :s ooservea. 
,hat ~here is an J.ntnropogeruc input or Pb ana. C; :0 

:ile <!stuarine enVlronment J.na. ,ne data is -:omtlaraoie 
rrom '.lnpoilurea. 'llanne <!nVlronment. Yloreover. 
90 ~~ oi me :otai le!l.ll :mci :35 ~,~ or" ,he :OtaL c~rOInlum 
io :ne seciiments arc :1ot ?otenuaily J.vaiiaoie co me 
biota. earrier srua.ies oi Sanicaranaravanan u li 
(1978), ::temaru (1979~, :-J"alr ana. ?'-falr 11986) ma.ic:uea. 
:nat biou (rom Cocmn Haroour :lre:l. comams. Hg, l~. 
C.l <!!c. TIlls conrinn vur ina.iog :naI :nis enVU"on
:nem contains hi~n conce!ltranons Jr" heavy :neIaLS ~n 

'.IImcn r'ew elements are m a ['orm mar. c::.n be selec-..:.velY 
~e:novea by biota. 

4. CDDc1usiOlJ5 ami recommendations 

11) Hign content or ng, kn. ma. CJ. are reacmng 
estuary cnrougn ma.usrnal '.vastes • 

(u) In ana C.i J.re ;:;otenua.i :ontamments or" :ne 
<=stuaone seriiments. 

(ill) A detaliea invCsttgatlon on :ne spc"Cl3llon ;lOa. 
sediment water interrace ,;neIIll.Stry vi Ilcavy 

metaLs In me Cocmn Esruanne system is rccom
mena.eo. 



HEAVY .\.1ETAL ?OLLUTION [1'1 COCHIN ESTUARlNE SEDlMENTS I"'''' 

TJ.ble J; CllDt:eDa':UiOD of some neavy meuUs iD tbe sedimeDIS (ppm. :wl o~ c:u1JoD (~~) 

.Vo.o/ T/Org. 
!"ocarzon samoies fig Pb Zn Cr C.J caroon 

Fresn water .-4. i).04-l)'[)6 10-65 ~O i-lO "1.0. O.:...J) 
zone J. 3 ::-l5 10-24 :-J 
(unuoilutea) C \20-23 ~~) (25-!Q~~) (28-!Q~~) "1.0. 

Effluent A. 5.5-11 . .5 \60-;90 420-780 35-!20 6-.~. J. 0.3-3.5 
discnarge .5 B ~5-!Q J50-700 \5-"2 5-J.O 
pomt C (9-21 ~~) (83~9~~) (I i-j5 ~~) (83-95 ~~) 

C.}cmn A 0.12-\.1 30-165 35-380 :0-130 0.5-1.5 0.2-3. J. 
Harbour 34- 3 1.5-17 2-230 6.5-10 0.05-3.6 
lre:l. C (5-10 ~~) (5-S0~~) (2-; 5 ~~) (1()...;)Q %) 

(A .. Total a.tt:I.clc. B .. Ac:nc Acid J.ttaci<. C ~~ vi Potentia.il.y bio-a.vmia.ble eiementS. N". D. = Not Detec:ea) 

Tne J.utilor is gr:tIeiui to Dr. Hars.il K. Gupra. Direc:or 
CESS for this interest J.nd for provuung tile facilities. 
He is ,ilankfui to Dr. Yf. Baba. Scienrist-in-cilarge. 
RegionaL C:ntre for his ~onti.nuous encouragemenr 
ana USeIUl aisCUSS10ns. He IS voliged. to SiShri Yf. ~. 
Muraicedharan ~air. ~. R. P::txasan. P. P. Simon 
ior' :he J.SSlStancc glven in :ne ~eid ;m<1 !.aboratory 
(0 G. 3aiasubramoD..La.Il r"or c:l.uaoly ?erronmng :ne 
JC3.VY mew ~SlS .ma to K. P . .3hasicr:ln ror wpmg 
me :nanuscnpt. 7 

.o\~n anti C.nu A S Y 1976 ;ne AlUll)lst 191 ~6 aasso R 
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DISSOLVED, PARTICULATE AND SEDIMENTARY MERCURY IN THE COCHIN ESTUARY 
SOUTHWEST COAST OF INDIA 

ABSTRACT 

P.P Ouseph 
Centre for Earth Science Studies 

Cochin - 682018. India 

The Cochin estuary is subjected to the discharge of effluents from the major 
industrial units situated on the banks of the rivers Periyar and Chitrapuzha. Since 
mercury and its compounds are highly toxic. a study has been initiated for under
standing its distribution and seasonal variations. The concentration of mercury in 
the sediments varied with sediment texture and showed good correlation with organic 
carbon. The bottom waters are founa to have higher concentrations compared to the 
surface. Total mercury for particulate matter was high in relation to the sediment 
concentrations. 

1. INTROOUCTION 

The southwest coast of India bordering the state of Kerala is connected by a 
cna in of backwaters and ri vers. The regi on surroundi ng Cochi n accounts for more 
than 70 % of the chemical industries situated near the banks of the rivers Periyar 
and Chitrapuzha. and the effluents'containing a heavy load of metals are discharged 
into the Cochin estuarine systems. The particulate matter of water in Cochin back
waters indicated that this environment contains high contents of Zn. Cr. and other 
meta 1 s (Sankaranarayanan and Rosarrma S tephen. 1978). Hi gh concentrations observed 
in Crassostrea madrasensis'is considered to be due to industrial and domestic pol
lution (Sankaranarayanan et al .. 1978). A series of environmental-geochemical 
studi es have been undertaken to determi ne the 1 eve 1 s. behavi our and dynami cs of 
heavy metals in the Cochin estuarine system. This paper reports on the dissolvea, 
parti cu 1 ate and sedimentary mercury determi ned duri ng the surve¥s undertaken in 
July and November 1985. and April 1986. 

2. MATERIALS AND METHODS 

Samples were collected from 18 locations as shown in Fig. 1. Sediment samples 
were taken us i ng a van veen grab, surface water samp 1 es were co 11 ected wi th a 
piastic bucket and bottom water samples with a van dorn sampler. The analytical 
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method for total mercury in sediment employs oxidative digestion (Thomson et al .• 

1980) and co I d vapour atomi c absorpt i on (Hatch and Ott. 1968). Fil tered and un

filtered water samples were used for the estimation of dissolved and particulate 

mercury (Ouseph. 1987). The method 'lIas further modified by a dithizone/CCI. extrac

tion technique using 800 ml samples. The organic layer was extracted back by means 

o· 
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Figure 1: Location map with details of sampling stations and major industries 

11 
5 



463 

of sodium nitrite and hydroxylamine hydrochloride. The extracts served to estimate 
the mercury concentration by cold vapour AAS. In each case the blank values were 
determi ned. Fi ve rep I i cate determi nat ions. done for one samp I e from each set of 
samples collected seasonally. gave a variation coefficient of 3.B to 4.2 % for 
water samples at concentrations between 5 to 100 ngll and 5.2 to 6.B % for sediment 
samples. Silt is defined as the fraction < 0.062 mm. 

3. RESULTS ANO DISCUSSION 

The mercury concentration in sediments ranged from 0.12 to 0.95 ppm and varied 
regionally witft sediment texture. The background level of mercury was estimated on 
the basis of a 90 cm core sample collected at station 13 and found to be O.OB ppm. 
Hence. the observed sediment concentrations are 1.5 to l1.B times higher compared 
to the background levels. indicating an anthropogenic orgin. In order to find out 
whether mercury is he I d up in the si 1 i cate or non-s i 1 i cate extractao le fracti on. 
the sediment samples were subjected to 8N HNO, attack (Cosma et al .• 1983) and the 
extracts were used to estimate the mercury concentration. It was found that 80 to 
90 % of the mercury is held in the non-silicate extractable fraction. 

The total iron concentration ranged from 0.4 to 6.8 % and organic carbon from 
0.26 to 3.2 %. Results of linear regression analysis are presented in Figs. 2. 3 
and 4. The good interrelationship of organic carbon with mercury indicates that 
organic carbon plays a major role in the incorporation of mercury in the sediment 
compared to silt and iron. The correlation studies confirm that mercury appears to 
be trapped in the fi ner sediment. Reported values from other mari ne envi ronments 
range. for example. from 0.06 to 2.57 ppm (Thomson et al .• 1980) and from 0.2 to 
4.4 ppm (Bartlett. 1978). 
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The seasonal distribution of dissolved mercury ranged from 40 to 180 ng/l dur

ing southwest monsoon, 50 to 240 ng/l in the post-monsoon and 80 to 280 ng/l in the 

pre-monsoon season. For all seasons the concentration in the surface samoles was 

found co be lower than in the bottcm samples. This may indicate that mercury is 

releaseo ~rom the sediment or suspe~deo partjc~!ate matter to the bottom water. To 

examine the possible contamination during sampling and analysis, water samples from 

unpo 11 uted reaches of the upper Per; yar ri yer were ana 1 ysed. The resu 1 ts were in 

the range between 15 to 25 ng/l. These values are approximately 2 to 10 times 

higher ce~pared to the natural background levels. The relation between salinity and 

mercury concentration is shown in Fig. 5. Duri:lg the SW monsoon season tnere is a 

strong i npu t of fresh 'o'/a ter and the mercury concentrat ions are low. Th is mi ght be 

the resuit of dilution by fresh water. 
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Figure 4: Silt and Hg in sediments 
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Figure 5: Salinity and dissolved Hg 

The particulate mercury concentrations rangea from 2 to 20 ppm during SW mon

soon, 2 to 25 ppm duri ng post -monscon, 6 to 36 Dpm duri ng pre-monsoon seasons. 

Particulate mercury is almost uniform fer bottom samples except at a few stations. 

Bottom paniculate matter has a higher content CC:71oared to the surface whiCh is 

similar to dissolved mercury. Salinity has a profound influence on the precipita

tion of par':.iculate matter. The relation between salinity and particulate matter 

indicates that the precipitation takes place with salinity> 10 ppr (Ouseph, 1987). 
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Dissolved and Particulate Trace Metals 
in the Cochin Estuary 
P.P.OUSEPH 
Centre for Earth Science Studies, Trivandrum-31, India 

The Cochin estuary located at 9°58'N latitude and 
76°15'E longitude is subjected to various types of 
effluents discharged from the Eloor and Chitrapuzha 
industrial belts~ The present study reports the con
centrations of dissolved and particulate copper. zinc. 
cadmium. lead. nickej. and iron based on three con
secutive surveys conducted during July (monsoon), 
November (post-monsoon) 1985 and April (pre
monsoon) 1986. The concentrations of dissolved and 
particulate copper, zinc and cadmium showed high 
seasonal variation. Seasonaj variation in the concen
trations of nickel and lead was negligible. Iron was 
found to be removed from the dissolved state. Surface 
water samples contained higher concentrations as 
compared to the bottom. The study reveajed that 
salinity plays an important role in the precipitation of 
panicujate matter and heavy metals with respect to 
estuarine mixing. 
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Emakulam district in Kerala accounts for more than 0 

70% of the chemical industries situated on the banks of 
the rivers Periyar and Chitrapuzha. The effluents from 
these industries reach the estuary by tides and fresh 
water discharges. Pesticides. insecticides. fungicides. oil 
spills from ships and boats. land drainage. trade 
effluents. sewage disposal. etc. make the estuary more 
polluted. 

The hydrography/flow regime/geochemistry has 
been described by Sankaranarayanan & Rosamrna 
Stephen (1978), Sankaranarayanan et ai. (1978), 
Remani et ai. (1980), Paul & Pillai (1983), Nair & Nair 
(1986), Rajendran & Kurian (1986), Ouseph (1987), 
andoJoseph & Kurup (1990). 

To understand the effect of toxiciries of heavy metals 
in the marine environment. it is important to distinguish 
between particuiate and dissolved species. The river 
Periyar brings heavy metals in the form of tine grade 
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Fig. 1 Location map with delails of sampling stations and major industries. 

suspended particulate matter from the effluent dis
charge point. 

Materials and Methods 

Surface and bottom water samples were collected 
from 18 locations (Fig. 1) in the Cochin estuary. 
Collection of surface samples was done by a plastic 
bucket and bottom samples by a Van Dorm sampler. 
Surface water samples were collected from a location 
0.5 km upstream of the industrial effluent discharge 
point in the river Periyar. The blackish. effluent rich. 
fine grade suspended particulate matter samples were 
collected from the sides of the river Periyar at the 
effluent discharge point. Samples were collected during 
July (1985), November (1985), and April (1986) 
representing monsoon. post-monsoon. and pre
monsoon respectively. 500 to 1000 m1 of the water 
samples were filtered using a milliporefilter paper and 
the particulate matter was estimated by the gravimetric 
method. For the. total metal content. the particulate 
matter was digested as described by Sen Gupta et ai. 
(1978). Duplicate filtration of the water samples was 
mdertaken and the particulate matter was digested with 

0.1 N HCI for the estimation of leachable heavy metals 
(Duinker et aL. 1974). This method was chosen because 
it is one of the weakest chemical treatments that can be 
effectively used to remove the non-residual elements 
from particulate matter without the danger of releasing 
elements from structural positions or those strongly 
complexed with organic matter (Agemian & Chau. 
1976: Maio, 1977). 

For the determination of dissolved trace metals. a 
larger volume of filtered water was required. For this 
purpose. a prefiltration by GFC and a subsequent milli
pore filtration was undertaken. Prior to filtration the 
GFC filter papers were cleaned with 0.01 N HC! and 
rinsed with distilled water. 800 m1 of water sample was 
used for the pre-concentration of metals by APDC/ 
MIBK at pH 4 as described by Sen Gupra et aL (1978). 
The organic extract was back extracted with HNO, and 
the aqueous layer (A) collected. The organic layer. after 
back extraction was treated with Perchloric acid. 
evaporated to dryness and redissolved in 0.1 N HCI (B). 
Both the extracts (A + B) were taken in a beaker. 
evaporated to dryness and made to a volume of 8 m1 
using 0.1 N HO and the heavy metals were determined 
usmg AAS. Metal free sea water was prepared by 
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TABLE 1 TABLE 2 

Dissolved trace metals-River Periyar. Unpolluted Zone. Particulate trace metals-River Periyar. Unpolluted Zone. 

Cu Zn Cd Pb Ni Fe Cu Zn Cd Pb Ni Fe' 
Season ilg l-' ilg l-' ilg l-' ilg l-' I'gl-' ilg l-' Season ppm ppm ppm ppm ppm ~,~ 

Monsoon Monsoon 
July 1985 0.8 24 0.2 8.0 0.2 1.2 July 1985 48 180 2.8 84 88 9.2 

Post-monsoon Post-monsoon 
Nov. 1985 10.0 40 0.2 8.0 0.2 I.l Nov. 1985 85 240 3.4 94 110 8.8 

Pre-monsoon Pre-monsoon 
April 1986 8.0 65 0.2 8.0 0.2 0.8 April 1986 140 450 6.2 105 142 6.5 

TABLE 3 

Dissolved trace metals-Cochin Estuary. 

Cu Zn Cd Pb Ni Fe 
Season . ilg l-' ,ugl-' I'gl-' ilg l-' I'gl-' ilg l-' 

Monsoon 
July 1985 2.2-2.8 105-155 1.8-2.1 8.8-10.6 0.3-0.4 0.6-0.8 

Post-monsoon 
Nov. 1985 10.4-18.8 145-116 2.2-3.4 8-14 0.4-0.6 0.2-0.8 

Pre-monsoon 
Apnll986 14.8-22.2 195-385 2.8-4.2 10-14 0.3-0.4 0.2-0.6 

TABLE 4 

?articulate trace metals-Codrin Estuary. 

Cu Zn Cd Pb Ni Fe 
Season ppm ppm ppm ppm ppm ~'<, 

Monsoon 
July 1985 44-197 125-1040 58-91 33-150 45-65 2.8-3.6 

Post-monsoon 
Nov. 1985 65-130 150-2200 50-150 60-180 10-80 7.4-iU 

Pre-monsoon 
April 1986 76-298 318-3100 65-180 31-160 5-53 9,4-9.8 

TABLES 

Heavy metal concentranon in fine grade suspended particulate matter. 

Cu Zn Cd Pb !'Ii Fe 
Season ppm ppm ppm ppm ppm 0, '. 
Monsoon 
July 1985 250-320 1350-2200 6-8.5 400-620 130-190 3.8-4.2 

Post-monsoon 
Nov. 1985 350-400 2650-3100 8-10.2 560-740 160-230 3.2-4.8 

Pre-monsoon 
Apnl1986 380-420 2500-3800 8-12 600-850 160-120 -1,2-4.4 

TABLE 6 

Percen~e of trace metal. leached by treatment with 0.1 N HCl with respect to the total amount in suspended matter. 

Cu Zn Cd Pb Ni Fe 

River Periyar. Unoolluted Zone 100 40-70 45-60 50-60 40-60 38-47 
Fine grade suspended particulate maner 85-90 30-90 60-80 30-90 40-60 55-68 
Cochin .Estuary 30-90 75-90 70-85 95-100 .. 0-60 30-90 

TABLE 7 

?ercen~e of deolenon of heavy metals with respect to estuanne mixing. 

Cu Zn Cd Pb !'Ii Fe Salinity 
Season ~'c, ., ,. Of. ,. ., '. ~.~ % (PPT) pH 

Monsoon 
July 1985 21.4 32.25 14.2 16.9 25.0 25.0 1.1-16.9 6.6-7.1 

Post-monsoon 
Nov. 1985 44.6 32.5 35.29 -12.85 33.33 75.0 10.8-16.5 7.1-8.0 

Pre-monsoon 
Apnll986 33.33 49.35 33.33 28.57 25.0 66.66 \9.4-34.2 7,8-8.4 
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extracting twice using this technique. Spiked metal 
standards were added to the metal free sea water and 
extractions were done as described for water samples. 
For each set of spiked ,tandards. three replicate 
analyses were conducted and calibration curve drawn. 
Five replicate analyses were done for one sample from 
each set collected during different seasons. These gave 
coefficients of variation of 4.2-7.8% for Cu. 6.4-8.2% 
for Zn. 5.2-0.8% for Cd. 2.3-4.4% for Pb. 6.4-9.3% 
for Ni. 3.1-5.2% for Fe. 

ResuJts and Discussion 

The heavy metal concentrations in dissolved. 
particulate and fine grade su-spended particulate matter 
are shown in Tables 1-5. The percentage of trace 
metals leached by treatment with 0.1 N HCI with 
respect to the total amount of metal is shown in Table 6. 
The seasonal changes in the percentage of depletion of 
heavy metals. salinity and pH are shown in Table 7. 

Copper 
The dissolved concentrations of copper for the 

unpolluted zone is 0.8 !Jog I-I for the monsoon. 10 !Jog I-I 
for the post-monsoon. and 8.0 !Jog I-I for the pre
monsoon seasons. The particulate concentration is 48 
ppm for the monsoon. 85 ppm for the post-monsoon. 
a.nd 140 ppm for the pre-monsoon seasons. Non
monsoon seasons showed enhanced level of dissolved 
and particulate copper concentrations for the un-
polluted zone. . 

The dissolved concentration for the Cochin estuary 
is 2.75-3.5 times higher for monsoon. 1.0-1.88 times 
higher for the post-monsoon. and 1.85-2.77 times 
higher for the pre-monsoon seasons in comparison to 
the values observed for the unpolluted zone. Similarly 
the particulate concentrations are 1.0-4.0 times higher 
for monsoon. 1.0-2.7 times higher for the post
monsoon. and 0.5-2.1 times for the pre-monsoon 
seasons. 

Percentage of trace metals leached by treatment widl 
0.1 N HCI with respect to the total amount for the metal 
is found to be 80-100% for the study a.rea. The 
dissolved copper is found to be 2.2-4.0 times higher 
and particulate concentrations are comparable to the 
vaiues observed in the Gironde estuary (Etechaber. 
1979). 
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o 
o 3 

Salinity ( ppt ) 

Fill . .! Relanon belween salinilY and dissolved copper. 

Zinc 
The dissolved concentrations for the unpolluted 

zone is 24 !J.g 1-1 for the monsoon. 40 !J.g I-I for the 
post-monsoon. and 65 !Jog 1-1 for the pre-monsoon 
seasons. The particulare concentration is 180 ppm for 
the monsoon. 240 ppm for the post-monsoon. and 450 
ppm for the pre-monsoon seasons. Similar to copper 
enhanced dissolved and particulate zinc is observed for 
the non-monsoon seasons. 

The dissolved zinc is 4.37-6.45 times higher for the 
monsoon. 3.62-5.4 times higher for the post-monsoon. 
and 3.0-5.92 times higher for the pre-monsoon. and 
the particulate zinc is 0.60-5.77 times higher for the 
monsoon. 0.62-9.1 times higher for the post-monsoon. 
0.70-6.8 times higher for the pre-monsoon seasons for 
the Cochinestuary in comparison to the values 
observed for the unpolluted zone. In general the 
concentrations are found to be 2 times higher for dis
solved zinc and the particulate concentrations are 
comparable to the observed values in the Gironde 
estuary (Etecheber. 1979). Percentage of particulate 
trace metal leached by 0.1 N HC! with the total. 
indicated that higher amount is extracted for the Cochin 
estuary compared to the unpolluted zone. 
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Cadmium 
The concentrations of dissolved cadmium for the 

unpolluted zone is found to be constant for all the three 
seasons which is 0.2 !Jog I-I and the particulate concen
tration is 2.8 ppm for the monsoon. 3.4 ppm for the 
post-monsoon. and 6.2 ppm for the pre-monsoon 
seasons. The dissolved concentration for the Cochin 
estuary is 9.0-10.5 rimes higher for the monsoon. 11.0-
17.0 times higher for the post-monsoon. 14.0-21.0 
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times higher for the pre-monsoon. and the particulate 
concentrations are 20.7-32.5 times higher for the 
monsoon. 14.7-44.11 times higher for the post
monsoon. 10.48-29.0 times higher for the pre
monsoon seasons in comparison to the values observed 
for the unpolluted zone. Similar to zinc. the percentage 
of particuJate trace metals leached by 0.1 N HCl with 
the total indicated that higher amount is extracted for 
the Cochin estuary compared to the unpolluted zone. 

Lead 
For all the three seasons. the dissolved concentration 

of lead is constant for the unpolluted zone which is 8 f.Lg 
I-I and the particuJate lead concentration is 84 ppm for 
the monsoon. 94 ppm for the post-monsoon. and 105 
ppm for the pre-monsoon seasons. 

The dissolved concentrations are 1.1-1.32 times 
higher for the monsoon. 1.0-1.7 5 times higher for the 
post-monsoon. and 1.25-1.75 times higher for the pre
monsoon. and the particulate concentrations are 0.38-
1.78 times higher for the monsoon. 0.63-1.91 times 
higher for the post-monsoon. and 0.77-2.4 times higher 
for the pre-monsoon seasons for the Cochin estuary, in 
comparison to the values observed for the unpolluted 
zone. 95-100% of the particulate lead in the estuarine 
region is leached by 0.1 N HC!. 
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Fig. 5 Relation between salinity and dissolved lead. 

The dissolved concentration of nickel for the un
polluted zone is found to be constant for all the seasons 
which is 0.2 f.Lg I-I, whereas the particulate nickel is 
found to increase from monsoon to non-monsoon 
seasons. 
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Fig. 6 Relation between saJinilY and dissolved nickel.. 
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The dissolved concentrations for the Cochin estuary 
is 0.3 to 0.4 f.Lg I-I for the monsoon. 0.4-0.6 !J.g 1-1 for 
the post-monsoon. and 0.3-0.4 f.Lg I-I for the pre
monsoon seasons. The particulate concentration of 
nickel is found to decrease from monsoon to non
monsoon seasons. High content of nickel is observed 
for the fine grade suspended matter from the industrial 
discharge point. The particulate leachable fraction in 
0.1 N HCl with the total metal is found to be 40-60% 
for the Cochin estuary. 

Iron 
The dissolved and particuJate concentrations of iron 

for the unpolluted zone is found to decrease from 
monsoon to the non-monsoon seasons. The dissolved 
concentrations of iron for the Cochin estuary vary from 
0.6-0.8 !J.g 1-1 for the monsoon. 0.2-0.8 !Jog I-I for the 
post-monsoon. and 0.2-0.6 !Jog 1-1 for the pre-monsoon 
seasons, and the particuJate iron concentration is found 
to increase from monsoon to non-monsoon periods.
The percentage of leachable iron with 0.1 N HCI is 
found to be 80-90% for the study area. 

The depletion of heavy metals are governed by pH. 
iron content and salinity of the water column. Among 
the metals under study, iron has the maximum per
centage of depletion which indicates that iron plays an 
important role in scavanging the heavy metals from the 
water column. For the monsoon season the pH ranges 
from 6.6-7.1 and iron depletion is found to be 25%. 
During the post-monsoon the pH ranges from 7.1-8.0 
and the iron depletion is maximum (75%) whereas for 
the pre-monsoon the depletion is found to be 66.66%. 
This change may be due to the fact that at high pH 
conditions in pre-monsoon season. the depleted iron 
might have gone to the soluble form due to the high 
solubility product. 

The high concentrations of dissolved and particulate 
iron for the monsoon season for the unpolluted zone 
could be due to the land drainage. Sankaranarayanan & 
Rossamma Stephen (1978) attributed the higher 
particulate iron in the Cochin estuary is due to land 
drainage, harbour activity and sewage. The decrease in 
the concentration of dissolved and particulate iron 
observed from monsoon to the non-monsoon period in 
the Cochin estuary indicates that iron is removed from 
the water column under the influence of salinity. 

Seasonally the dissolved and particulate zinc shows a 
conservative decrease in concentrations. The com-
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parison of monsoon values of copper. cadmium and 
lead with pre- and post-monsoon seasons indicate that 
salinity, pH and iron plays a major role in the depletion 
of the above metals during estuarine mixing. The 
relation between salinity and dissolved concentrations 
for the April. 1986 survey are shown in Figs 2-7. 
Salinity has a profound influence in the precipitation of 
particulate matter (Ouseph. 1987). In general surface 
samples found to have more concentration compared to 
the bottom. As the salinity increases. the concentration 
of copper decreases. Zinc behaves in a similar way as 
copper. Pb. Cd. Fe have almost similar characteristics 
with salinity. The conservative nature of nickel is well 
noticed. The above data reveals that large quantum of 
metals are removed from the water column and pre
cipitated as suspended matter which may contaminate 
the bottom sediments. 

The decrease in the concentration of heavy metals 
with salinity shows contribution from fresh water 
sources and indicates that physical mixing is a signifi
cant factor in controlling the dissolved concentrations. 
High concentration of heavy metals are observed for 
the fine grade suspended matter from the industrial 
zone. even though no correction has been made for the 
grain size. According to Paul & Pillai (1983) solubiliz
ation of Cu and Cd from sediments under the intluence 
of salinity may be regarded as one of the major 
mechanisms of trace metal transport to the sea. The 
enhanced levels of dissolved Cu and Zn observed 
during the non-monsoon period for the unpolluted 
zone is attributed to the concentration by evaporation 
and increased dissolution from sediments. due to higher 
summer temperature and larger contact time in summer 
(Paul & Pillai. 1983). The steady increase in the con
centration of particulate Cu. Zn, Cd. Pb. and Ni from 
monsoon to the non-monsoon period indicate that the 
longer residence time of finer fractions of suspended 
solids in river water facilitates further build up by ion 
exchange processes. Similar behaviour is observed for 
the particulate Cu. Zn. Cd. Pb. Ni. and Fe from the 
effluent discharge point and also for Cu. Zn. Cd. and 
Pb particulates from the Cochin estuary. The decrease 
in the concentration of particulate nickel from monsoon 
to non-monsoon season shows that the major mechan
ism may be solubilization. suspension. precipitation and 
subsequent incorporation in the sediment. The concen
tration for the fine grade suspended particulate matter 
from the effluent discharge point showed high concen
tration of heavy metal. which indicates that the 
transport route of heavy metal may be from industrial 
sources. 

Metals leached by 0.1 N HCl with the total. indicate 
that major quantum of estuarine particulate Cu. Zn. Cd. 
and Pb are in such a form which can selectively be 
removed by the biota (Ouseph~ 1989). Similarity in the 
behaviour of particulate leachable metals with the tOtal 
metal content from the effluent discharge point and 
Cochin estuary shows that the metal brought from the 
effluent discharge point can behave in a similar manner 
in the Cochin estuarine system for bio-geochemical 
uptake. The high dissolved concentration in the surface 
water strongly suggests anthropogenic inputs injected 

by industrial. harbour acnvlty, and sewage. Mixing 
curves have been shown to be useful in detecting the 
relative importance of physical and bio-geochemical 
reactions in controlling the distribution of dissolved 
constituents in estuaries. The balance between the 
physical and bio-geochemical processes will dictate the 
fate of these anthropogenic sources in this estuarine 
environment. 

The variation of heavy metals from season to season. 
station to station. relates to the characteristics of the 
estuarine system. Two models describing the mobiliz
ation of heavy metal can be suggested. One is the 
transport route to heavy metals through fine grade 
suspended particulate matter from river Periyar. The 
second is the removal of heavy metals during estuarine 
mixing. The survey revealed high concentrations of 
dissolved and particulate Cu. Zn, and Cd in the waters 
of Cochin estuary. The removal of heavy metals with 
respect to estuarine mixing indicates that Arabian Sea 
acts as a sink for heavy metals discharged from the 
Cochin harbour. The study reveals that there is anthro
pogenic input of heavy metals to the Cochin estuary. 
The implementation of a water quality management 
model for the study area is recommended. 
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