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"REFACE

Tho coustal and estuarine waters haove become zones of
Zreuat ocondmic importunce in view of the ajucculture prospects.
fiowcver, ite potcntial vuloorability to the impact of indu-
etricl and urboan aevelspment hac arsused serisus concern the
world sver. Tuis Thesis is an attewpt to explore the effects
of beuvy wetul contaminants on some aquatic molluses. The
carlier cuapters of the Thnesis deool witn the seasonal varia-
tious 2f the biochemicol constituents and some heavy metals
(viz. copper, zine, iron ond leud} in tihree commercially iuport-

gut wosllueew, vig. Villoritu cyprinosides var. edchinensis

(anley i, Weretrix ceste (Chewnitz) anc Perna viridis (Iinnaeus)

8 ar tu identify the best burveeting season ond uled to
egilapiisn baseline caucentratiun of these melals in the molluses.
Tue determination of neavy metols in the srganisms ie important
sinee it gives 1indications of the quality of the waters around

and aisd the possidle future cuaanges in tho metal content.

The subsoguent choapters 5f the Thesie deal with the toxice
cffects of awrcury, ceoppor, ginc und-.lead on thesec bivalve
malluscs, their accumulation and distribution among varisus
organs of the animale wna ales the metal rotontion kinoties

by ihe throe speciocs. Siutic bioessuy tosts have boen conducted



in tuese studier. It was found thoit the concentrations of

tne various metanls studied in these srycnisme are well below
tue permitted level given for some shellfishes (crab and shrimy’
and that those mollusecs are very good integrators 2f traco
metole frow their onvironment and may bo used as an indicator

orgenism of motcl pollutauts.

The present investigationsouwphosis the nced for a clean
coastal water ond gives a sorious warning regarding the possi-
ble route 2f heavy metils in to human body through marine food

chain,

A purt of the rosults of the present inveetigations

luve beea published ae indicated bolow:

1. "Toxicity 2f copper on the dvalve Villorita

cyprinoides var. ecochincusis" - Indian Journal 3f ¥Yarine

Seicnces, 6, 83-85 (1577).

2. "0Un the uptoke of copper by Mercirix coeta (Chemmitz),

on indicator species of Yetul pollution” - Current Science, 46

437-440 (1977).

3. "Accumulaiion of mercury by the mussel, Porna

viridis (Iinnneus)" - Current Science, 48, 672-674 (1579).

4. "Biocnhemical composition 9f the bivalve molluscs,
Villorita gzprinoidoé var. cochinensis (llanley; and ‘eretrix
costa (Cheanitz )" - Indian Journsl >f %arine Scicnces, g,

65-67 (1980).
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CHAPTER 1
INTRODUCTION



INTRGDUYUCTTION

1.1. Isiportance of ¥s5lluscan Fishorios:-

The :ollusce, couprising of difrerent groups 1like
muesels, o,sters, cloams, cuonke, cowriee, squids snd cuttlefisa
forw o suigistence fisher, 2f Imiia. smong these the cloms and
missecls constitute sutller fisheries 9f considerable local i .p-
ortaice. The present studies sre confined to the clams,

villorita cyprinoides vor. eochine.usis (lionley) and feretrix

casta (Cnemnitz) ond the wussol, Yerns viridis (Linnscus) which

fsru particularly good fisheries in Kerala.

T™he eoustal seows, backwuters and estuaries form ideal
hooitut for tue growth of mony cloms. An estinatec quantity
of 58000 tonnes of live clams of the gonera Villorita and
scretrix were fished in Indion woaters (George und Scbustian,
1972). A rocent survey showed that toe :ussel was uncer-
exploited in India snd the total annual produciion was eertimated

tu be 3079 tonnes{Alugorswami ot 8l., 1980).

P. viridis enjoys o wider distribution along both tne
pust and west coaete of Tndic lucluding the Andamen Islands.
Alogorswoni ot al. (1980) bad delinested three zones along
tue west edust, nawcly (a) katnogiri to Gangoli (b) Caunansre

%o Colicut and (¢. Kovelaw to ¥uttem. Among thesc the Moluvor



area ie tue zone of importance, both from abundance and
exploitation. The cussel is usuallx found attached to
intvertidul and subasorged rocxe, concrete und wodden pilings,
jetties and otner firw substratu. It is fisued at Cochiu,
Talicut, Karwar, Ratnogiri, Joabs; and Madras for huwan con-
su.aption. The muesels marketied are in the sigo runge of

40-120 i in shell length.

A. custa is aistributeu in mwuy ostuaries of tne Fast
ana ‘est coaste and there ie o good fisaery in Xerala ('‘oruell,
19173 Silus and Alagarswaui, 1967; Parulckar et al., 19731.

V. eyprinnides ic mminly found in parte of the backwoters

further distunt row the sea woere tue bottom deopoeit consists
of egena o:d £ilt (Flornell, 1917). Kich beds are found in
foenin backwouters. The fishing of . casta is done thraughout
the yeur but woinly curing sumner months at Adaysr estuary,
“nnare esiuary, Pulicat lake ana in Xerala, near Azhikode and

Salieputtar,

The importance 5f wussele and clawe aue a good source
of protein fooa hes peen widely recognised. Their potentiality
ug humon £00d uss been eaphosised by Mukundan (196c¢). From
tne nutritional point o2f view it nas got the advantage of cusy

gigogtibility anu ig 0 good source 9f ainorals ond vitamins.



The sajor blochemical constituents ure protein, carwvohydrate
and fat. In & country like Tndaia wnere nutiritious food is a
lon;; stonding prablea, the aolluses eould scerve as o poteantial
cource 9f cnisal protein. The animcl shell is indusirially

important aeg it is exteusively uscu for tue wanuufacture of liue.

Por tae exploitation cnd ceosndaic utilisution of tne
wollugecun resources & g£odd knowleodge on the biochemical consti-
tuents is necded. The edrlier investigatious on the molluscan

body coustilucnis gre reviewed under canupters 3 ond 4.

1.¢. Truce metals in molluses

tiowever, toxic materiasls, purticularly heavy metals #
snd pestieide residues ore likely to be present in molluees or
ony ciher morine orgonisue from polluted woters whicn restrict
taeir use us food cnu this is of global concern. The toxice
metuls enter the marine or estuarine ecosystem turrugn indu-
ctrial westee noa urvan dumestic roleases &3 6lsd by precipi-
totis:: snd river run off. Tndustrial discaarges are howcver,
cousidered 19 be tho largest eingle source. As a rceult of
tue couontinudus input, the couceantratiosn of eéome of tuese metals

in tue aguatic environaent graduslly increases.

*The terue 'trace metuls' snd ‘hedsvy metals' ore synonymously
uscd in the text.



Benthic filter feoding organisms like tho molluscs
arec noted for their ability to concontrute truce motals in
their tissues to a very high level, froa the surrounding waters.
£2 a study on the occurrance and sewsonal variation of some of
the troce motols in the mollusce is wdst warranted. This oy
help to provide information on the base line eoncentration of
tue wetoles in the organisos acd alsd the quality of the habitat

water.

1.3, ‘lcavy metal posllutants in ‘quatic onvirsnmpent and their

toxic effects

Among varisus chowmicals, the heavy metals form a group
of nhighly toxic pollutants t2 the ajuatic orgonisms. The term
Theavy metsl' is a loose terainolog; us used in aquatic
sciences. Jorenlly this group includes the transition metals
Cr, Coy Ki, Cu, Zn, Cd and g togctuner wita "b. These elcuents
alwost all are relatively toxic and readily coﬁccntrated by
aquatie orponisms in comparison with other metalas. The
coostal and ovackwaiers stand o greuter chance of contamination.
Fisn poisoning duc t2 heavy wmetal posllutants is reported ffam
pany parts of the world (Halstead and Courville, 1965, 1967;
“itta, 1972 and Davis, 1972).



N

"ne incideonce of fien wortality as a result 2f thue
discunrge of inadustriul effluents countaining noavy wectals
hctve been reported in wcay parts uf the country (Ganupostai
sna Aeman, 19763 'nnithan et ol., 1977; Venugopal ot ul.,
1960). The "ooyly estuary in Test ieougal hit by the untreated
industrisl wostes resulted in the deciuiaouvion of fisht, fish
egge and larvae. The Periyar river near Alwaye hoe beecn pollu-
ted by the industrial complex at ¥loor. The offlueuts frow =
royone focetory near Colicut have ot only effeeted the fishing
in tne Chaliyer river but nas aled coused extensive damage €9

ayriculturc.

"¢ four woet toxic wetul ions (vig. W32+, Cu2+, Zn2+

and Pb<+) bave beoen used in the presont investigation for their
toxic effoct on thi turee oivalve wolluses; sntg tne kineties of

u. toke aca lo8s by these organisee have also been studied.

¥ereury snd sercury compounds bhave been proved to be
one 2F the most toxic substances entering tone nydrosphorc
(¥isely oua 3lics, 1967). The firet repsrted human poisoning
ve g in scufsods ocecurrcd in 'span, vetween 1953 anc 1964, which
is kuown as the '*inuaste aisesse'{(:iitta, 1972). “ercury uas
pany industrinl uscs sucu us in tue manufacture of plustices,

chlorine, coustic s2da, points and certoin funygicides and



pesticides. The effluents coming from such factories pollute

the aguatic environment.

Copper, an essentiol micro-nutrient wnd a necessary
coustituent of sll orgonisas, is highly toxie even at small
concentrutions (7isely and Blick, 1967; Pringlec et al., 1968).
Copper in ionic foram is found to be very poisonous for photo-
syntheeis and to the growtin 5f unicellulsr algae (“Yielson ana
Anderson, 1970). The phenomenon of green-sick oysters is caused
by high content of copper in the environmental water. The
effluents from copper refineries, pesticide and fungzicide

monufacturing industries bring copper to the aguatic eystens.

Zinc is anstober heavy metual that is veory toxic to ficsh
and other oyuatic orgoanisws (Pringle et al., 1968). It has
adversc effocts on fish growin roie and cause mortality at
nizher concontratisns. The moin sdurces o°f Zn in the aguatie
systems are tho effluents frow factories monufucturing zine
compounds, from ginc plating wastes, golvanising wastes,

rayon wastes, ctc.

Iecd, like mcny other heavy metals ies hignly toxic to
aquatic life. Iecad entors as a pollutent in the aguatic cnvi-
ronuent in several wuys-by weathering >f lead deposits and coe

gasep during volecanic activity. Other sources of lead pollution



cre woinly frow meunufacture sf acids, olectricul storage
vattery industry and paint inuustry. Iead-ulkyl antiknock
compouna.  used in petroleum is ansther major source of

lead pollution.

1.4. “iousedy studies on mollusces

sioassay stuudies for detoctiug anu evaluating the
toxicity oif industriul wiastos in connection with tueir troat-
meut and safe disposul are boing widely used. Ctuudies on tue
toxieity of heavy metuls on locul biosto will provide & measure
2f leth&l concentrutions. ¥ore dircctly, the information will
proviue 8 pueis Ior assessing ssfe levels of ametals for aguatic

orgonisie in their naturol eanvironment.

The great variety of molluece available in unpslluted
cetuorine arecas, the sonsitivity of certain of their life stages
to low councentiration 9f pollutunts, oud thno cose witn which they
arce cougat 0:.d moiataived coutribute to itheir uscfulness as test
animals in biososeay exporiwe:ts of beavy uwetales. 8o the three
bivalve molluses wanich are abunduntly found in Cochin backwaters
anu in vorizus other parts of Kerala waters are made use of for

vhie study.

1.5. Suitopility of mollusecs as an indicutor orpanismof wetsl

pollution

The determipation o2f heavy actols in nutural woters is



aften difficult becouse of the extremely low levels involved.
“rgucisas ore being sougnt whicu, by cnriching tuese elements
in tneir tissues, permit & wore relicole analysis. Zeonthice
filter feedi:, odiguuisns like tbe wmoliuscs are noted for their
ability to councentrate iroee metols in tueir tissues ts & very
iz level witn regpoct to tueir concoutration in toe cenviron-
ment. Goldverg (1979) hus urged for o global auesel wotch ou
tue concentration 2f certain contawinants in tuo tissues of
cifferent specics dof Yytilus t2 provide on integrated index

o1 environwental condition. They are scdentary, filter focders
and are forced to experience the varying coaditions prevailing
in tuo water wsoes. Thus, molluses eontinuously sample their
cnvironment, s> that the eoncentrations of heavy metals in their
ticsues refloct the average concontrution of the metals in the
navitat woater. Similarly, ocny depletion in the environwental
water should also refleet in the ani:al boady by a lase of
ametols. On satiefying the above requirements, the v:xinal can
be congiaered as an inuicotior orgunisa of heavy setals.
‘cuulz-Suldes (1974) and Philips (19%6 a,b) founa that, the

mi-scl ytilus cdulis could be useu as an indieutor of heavy

metul pollution. ilore, on attempt hoas been wade t2 study

whetuexr the sussel Perna viridie and the cloms Villorito

cyprinosideg oaud cretrix custoa con be used as indieator orgunisus

of heuvy wmetol pollution.
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1.6. Objectives of the present investigotion

Tue main osbjectives of the prescent investigation were:
(i) 7o provide sufficient data on tho biochcmical comstituents
of the molluscan body eo as to facilitate an economic exploi-
tation of the resources. I!lence, seasonnl changes in varisus
constituents were studiea. (ii) To provide data on the back-
ground levels of sowe selectou heavy metals including non-
eescntial elements during the whole cycle o2f the yeor wuich
will enuble to asscse tne woater quality. (iii) 79 study the
interoetion of some heavy metals with the living molluses -
letnol and sub=-lethal effects, accusulation of the metals,
distribution ond retention kinctiecs which may provide infor-
pation on the safety levels of these pollutante, the transfer
2f toxic metals from the hydrosphere to biosphere etc. snd
clso to know wilether these orjanisns could be uscd as an

indicotor 2f heavy wetal pollution.

i1y attompt uas been wade i study the biology of the
molluses; 80 alsd nd distincetion hag been made between mule
auu femole aniunls ue the study wae from toe view point of

human consumption.



CHAPTER 2
MATERIALS AND METHODS



CHA TBER 2
BATERIALL AND METHCDE
A. MATFRIALS

2.1. Aniugls and water sosples

#oatnly collections of the clowe, Villorita cyprinsides

var. eochinonsis and Veretrix costa (Cucanitz) wore made bet-

weon Ceptember 1970 and August 1978. Y. costa wos collected
using o dredge from a place about 2 km mouth esst of Cochin
barmouth in the Cochin backwaters. V. eyprinoides wos also
collected from the backwaters froo o placo absut 8 km north
coet to the barmouth. The depths of the cloa beds were about

1.75 metres (M. costs) and 2 metres (V. gyprinmoides) from the

surfoace. Thore was a break of 3 months (from September 1577

to Noveawber 1977) in duata colleetion for want of facilities.

The mussc], Perns viridis was collected frowm o site

close to the Cochin barmouth, during February 1977 to July
197¢ and February 1978 $o August 1976. The speciles are not
availoole during the rest of the wonths at this particular area
due to the influx of freshwuter, whon the salinity goes down to

low values ond tne aniaols fail to survive.

"he bottom woter scaples from the clam beds/mussel beds

were oollected using o water sumpler designed at the Department
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of Yarine Seiences, University of Cocuin, vinich was sinilar
in speratiosn to von Dorn sauwgler. The locition of collection

of the svmples (olums/mussel) iz shown 15 figure 2.1.

Pollowii, collections, the auninole were brought 1o the
laborotory in live condition iaparti.; os little shock as pogei-
ble. They were kept in large polythene basins countaini o fili-
ered seawuter of the wabitat solinit. of tue respective anionle
for & periosd d>f 24 hours to remdove tino pscudofaccol materials
which mey otunorwisec couse iuterference in the bischeamical sroly-
sis. 10-15 aniuuls were taken cuachi tiwme for the preparation of
materials used for tne dotersinntion J5f viochemical constituernte

ard 3f the trace ziwtal content.

Particular attention wes taken t5 colleet animals of
neurly tne samo sige every wonth 80 as to avoid any poseidle
error due to esigo difforence. “he two clawms und tue mussel
collecteu were o1 comworeciul sige, from tne view point of

exploitation. The average shell lengths of V. cyprinoides,

4e costu ond P, viridis were 35.85 omm:, 32.02 wmm ond 61.67 o

respectively (Taoles 3.1 4 to ¢).

2 ° 2 ° _Eieubents

o) Digestisu Mixture

10 g of A.R. Potassium Tulphute wue ground wits 0.5 g

of anbydrous Copper fulphste end well mixed (Vogel, 1970).
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Fig 2.1

Mop showing

the site of collection (@ Viliorita Cyprinoides , @ Meretrix
casta and APerng virids )




b) Tarshiros's Indicatoxr

A mixed eslution containing throe volumes 2f 0.17 methyl
red and two volumes of 0.1 methylene blue, boti sslutions being

muide up in 95% othanosl wos used.

c) Ammonium Yolybdate solution

15 g of analytical reogent quality Amuwonium Molybdate,
(Nn4)6 Ho7024.4H20, was dissolved in 500 ml of distilled water.

The solution wae storcd in & polytheno boattloe,

d) Ascorbic Acid

27 g of good quality Ascorbic Acid was dissolved in
500 ml distilled woter. The solution was stored in o plastic

bottle in a freeozer, when not in use.

¢) Portassiua Antimonyl Tartrate solutisn

0.34 g of Potassiuwm Antimonyl Tartrate was dissoslved

in 250 wl »f distilled water.

f) +ixed reagent £or Puosphorous

100 @1 of emsonium molybaate, 250 al of dil. H2$04

(140 nml con. H2804 pdded t2 900 ml water), 100 ml ascorbic

acid and 50 ml 3f potuseium antimonyl tartrate were mixed

Just before usc.
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g) Yoanguncse sclt solution (¥Winkler salutiou 4.

Vissolved 400 g of Mongonese Canloride, %n012.4320, in
distilled woter and added 2 ml of eon. C1l. The so2lutisn waos

tien diluted o 1 litre.

h) Alkcline Potassium Iscaide reagent (¥inkler sslutisu 3)

360 g of sodiuwm nydroxide pellets was dissolved in 500 ml
uwigtilled water and cosled. 400 g of potessium iodide was diss-
aved in 450 ml of daistilled water. The two solutions wore mixed

andé dilutea to 1 litre.

i) Standard Silver Nitrate solution

37«11 of Adive AgNO3 crystals war diseslved in ion-freec

distilled water and made up to 1 litro.

J) Potussius Chromote indicutar sslution

e g of chrO4 wag diesolved in 100 ml of distilled

wator.

k) {tondard sea wuter

A sample 5f “oau ae ter ¥ormale with o stoted culorinity,

(c1¥0) value 28 19.375 was used.

1) p. liydroxy Uipuenyl reagent

Diggolvea 1.9 g of p-hydroxy diphenyl in 100 ml of
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0.5% sodiuw hydroxide sslutiou.

@) Ctannous Caloaride eslution (204 wW/V)

20 g of 5n012.2ﬂ 0 wue dissolved in 10 ml distilled

2
con. Cl and boileu for about & minute. “'he solution was

tue.. ev-led sno diluted to 100 ml witn distilled water. 1-2 g
of tin metal was added to tue sdlution after the prepuratisn

o1 the soslution.

n) ¢ tandard esluiion of Hgﬂlz (for the deter.ination of

pereury )

0.1354 g of Hg012 was dissolved ia 25 ml o>f 5% VNOB.
Aosut 1 al of 1% K20r207 solution wog added to it and woue
upto 100 al with 5% HNOj. This s2lution bas & mercury content

2f 1 mg/ml.

“econdury standards were preparecd by ailutiag the

required voluame using H% Nﬂ03 asnd mainteining 0.01% K20r207

in tae so2lutisu.

411 the rengents and chemioals uscd were of analytical

reageat grade.
N, AETICDY

2.3. Preporatisn of Tissue sumples

a) Ynole saft parts:- The animals wero washed witu




distilled wuter. 10-15 inuividual clams or aussels were

opened by cuttiug tue udouetor auscle using ¢ stainless steel
scalpel. The soft poriions were dried by gently pressing wita
i filter paper folde. Thne tissues were hoaogenised in & glass
wortor. The homogenised coss woe dried to constant weight at
20", "he dried caterial wus finely powdered wnd etored in a
cdecicator osver silieca gel until anolysed. These materiale wore
ugeu for tne estimations of bischeaicol esmstituentes and of
troce meiale other thun mercury. For determzicing g, thne
aosogenisea wet tissuece wore kept in deep freezer in polytuenc

togs unill onalysis.

b) fComponent-wise vnalysis for trace ametal content:-

Huout b snimols were dissectea und separated into mentle
(montle+gonnd), muecle (udductor muscle+foot), zills und tue

remeinin;; part was taken 28 visceral moss.

2.4, Tetoermination 5f water content

The wiuole s2ft portions were rewmoved from 4-6 oniacls
ond were rreed from the aduering fluids by preseing within
filter paper folde and the tatal weight wes determined. 't
wus then dried at ©0°C in an oven till constout weight was
obtainea. FKnowiug the wet and dry weighte of tue material,
the moieture content was estimated (Darues ond loex Stock,

1913).
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2.5. Biochemical Anclysis

a; Doeteruluoation of protein:~ Protein wos deteramined

by u stondard miero-kjeldohl methad (ADAG, 1975).

Avout 0.5 g aliguot of the driecd, homogenised tissuce
wog digested with 10 ul of eon. sulphuric a@eid in a kjeldunl
flask after addin. about 0.5 g of the digestion mixture. The
neatin,: was continued till & colourless solution was obtained.
“he clear so2lution was c99led and made up to 100 ml with disti-~-
lled water. An aligquast of the sample (5 ml) wos rofluxea with
40: NuO'l in o micro-kjeld:hl) apparatus osnd the evolving HHB
wue absorbed in 10 ml of 2% boric ucid oontaining tarshiro 's
iudicator. It wos then titrated sgainst standard 0.02N H2$O4.
The volue for kjeldohl nitrogen was multiplied by 6.25 to

give protein content.

b) Deterninntion of carbohydrate:~ Corbohydrote was

determined by tne furfural colorimetric method sfter treatment
with con. HQSO . 4bout 30-50 mg of moterial was weighed out
iato a 20 ml contrifuge tube and heated in o boiling water
batin for 30 miputes with 4 wl of 10% ™A aond about 30 mg of
Ag2804. After centrifuging, the clear supernatan.t asnd the
subscquent washinge 2f the residue with the ?7A solution were

transferred to a 25 ml graduatced fluek and wado up ts the
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volume. 2 ml aliguois were taken in duplicate and carefully
loyered over b ml of con. IS0, taken ia a boiling tube. The
tubes were guickly agitated to mix the contents thorsuznly und
then heated for 6.5 minutes in o vigorously boilin; waterbatn;
ofter ra id e29ling t5 room temperature {( = 28°0) tue aptical
doensity was mecosured at 52u nw. 3lanks were ru: with eacn
baten of Gnalysis. Glucose wae uscd {5 obtain tne standard

curve {(Heath and Zornes, 1370).

e¢) Detersinotion of total lipids:= The total lipide were

deteruined by the methansl-chlors>form method of Heath and
harnes (1970). An accurstely weighed amount of the material
ieo O0.,5g) was homogenisea with 3 ml of calorasform-methanol
rixture (2:1v/') in a homogeniseor. Tuoec homogenote wos centri-
fugod and the supernntent transferred to = stoppered tuve; the
residuce was washed with sanll amounts of cunlorofore—-metnonol
mixture, ecentrifuged, ana the washings added to the previous
supernatent to give a totul volume of just over 7 ml. Theu

2 ml o1 0,99 NoCl solution wus added to the combined super-~
natent ond the mixture gently snoken. The emulsion was allowed
to stand overnight in a refrigoerator to reamosve water sol:ble
impuritice. After transferring to 8 sepcrating funnel the
lower layer of orgonic golvent was remdoved. The ayuedus

layer was wasned with 2 al portions of chloroform-methansl
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mixturc and the wosningse ogoain uaded wfter separation, to
the orgonic layer. Tue sd2lution of lipids was then evopo-
rated carcfully to dryneces dn o waterbatin just below tne
boiling point of ClICl3 and was finolly dried in an oven at

105eC. The weight of tue lipid woe theu f£ound out.

d) Detoramiunation of toto) phoephorous:- “he combine:

phospuorous was converted into orthophospbate by wet digest-
ion witu nitric acid and perchloric acid (ftandard Yethod:,

19754,

About 100 mg of tiio finely powdered mioterial wos accu-
rately weighed into a 100 ml conical flusk and to thoie wore
cdded 10 wml dezdnernlised wuter and 2 ml con. HNOB. ifter
0 preliminary oxidation by evaporution of water and SHO3 on
a ust plate, 2 al of con. HC104 (0% ) wae oaged and tne sunple
was doiled until clear. After co9oling, it was diluted to 100 ml
in o volumetric flasx and an aliquot wos troated with a asdxed
reagent containing ammonium molybdate, ascorbic acid, sulphuric
acid ond potassium antisonyl tartgrate s deseribed by Yurpny
and Riley (1962). Bloanks and siandards werc treated as above.

K,HPO4 wus uszed as estandard. The optical density was meoasurecd

at 880 nm against the recagent blank.
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(e) Determiuvaiisn of culciunit— Caleium in tone wolluscan

ticsue wus ecgtimatea by the Plome padstosetric meithod (Vernard

snd Chayen, 1965).

About one gremwm of the dried ama finely powdered tissue
sumple wae ashed in 6 silica crucible at 500-550°C in u suffle
furnoce for 4-6 hours. It was c¢29lcd; leoched with minimuw
ubount 2f not 1:1 ICl and filtered turough a8 ¥0.42 Yhatmann
filter paper. <“he crucible and filter poper werc washed several
ti. e with hot water and oll woshings wore cd2lleetd in a standard

flesk (100 ml) ond made up to the mark using distilled wotor.

Standard solutisne of caleium were preparcd by dissolving
3.2% g of culeiun carbonote in tne winimua volume 2f 1:1 1]
and tnen moking up to 10C wl (this solution contains 1000 ppm
“a)., Cuitable aliquots were diluted using distilled water to
give the requirea conecentrctions .viz. 129 ppam, 100 ppm, 75 ppm,

50 ppmy, & 25 ppu)e.

4 flame pusiowmeter (Lystronice Ahammadabad, Type 121)

wae uecd for the analysis.

Witu the correct filter in position, the instrument
wie culibrated using distilled wator ana standard solutiosus
of calecium. The galvondweter rcading was oadjusted to5 gero

when ospirated with delonised water and 100 when aspiratoed witn
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the 125 ppm solution. It was ropeated with otner stundard
solutions. '"hen, the soample 82lutiosn was ctomised ond the
golvanooeter rouding was noted. Triplicote determinations

were cede in eachk coses.

£) betorsinotisn 5f ash econtont:- About 0.5 g 2f the

dried and homogenised material was woighed in to a previously
weighed silica crucible and was ashod ot 500-550°7" in a
suffle furnace, for about 4-~6 hours. The erucible and ash
wore cooled in u desiccator oand then woighed. The residual

weight would give the ash content (ADAC, 1975).

&) Doterazination of lactic ocid:- Iactic acid in the

sample material was quantitatively converted ia to acetaldehyde
by heating with con. H2$04. “he acetaldehyde was deterwined
by measurement of the purple eolour formed with p-hydroxy

diphenyl reagent (larker, 1957).

The aniwnl was cut open using o ecoalpel anc the soft
parts were dricd by prossing within filter paper f2lds ond
tue wet welgnt dotermined. It was then nomogenised in a gloss
mortar with eos2ld 19¢ 7C4 (10 ml) and purificd ®ea sand. The
liguid was tneu contrifuged at 10,000 r.p.w. in 8 refrigerated
centrifuge for 30 minutes. 1 to 2 ml of the protein free

filtrate was treoated wita 1 ml of 204 CuSO4 solution and



diluted to 10 ml. A‘pproxiwmetely 1 g of powdered Co(OH)2
wus odded ond snoken vigorously; it was ollowed to stand
at roou temperature for atleast 30 minutes with occasional
suokin,, und was thon centrifuged. Duplicate zliquoats of
1.0'ml of the supornatent fluid wus withdrawn in t5 clean
test tubos and one drap of 4% CuEO‘ udaed and the tubee

werc chilied in iec. ixuetly 6 ml o8 con. H 04 (chilled)

g
2
wus addod slowly and the contente were aixed. The tubes
were placed in a boiling waterbath for 5 minutes, removed

and co2led t9 bolow 20°C,

™vo drops (0.05ml) of 1.5% p-hydroxy dipuenyl reagent
wus added, dispersed quickly and the tubes were placed in a
waterbath at 30°C onad allowed t2 stend for 30 winutes. “xeoss
reogent if any, was dissolved by heating tne tubes for 90
secouds in a boiling wutorbath. The extinetion was meseurcd
ct 500 nm againet resgent blank. Litaium lactote waes used

for prepuring standurd curve.

h) “etorminatiou of glycogen:- 7The modified Pfliiger

metnosd o¢ given by 'losgid and Abranham (195%), wus used for
the determination 9f glycogen. The auscle tissues (adductor
suscle+fo2t) were scpurutca from tue auimals and were usead

for the anolyeis.
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4 koown jquontity of ithe muecle (about 1 g) was dropped
in to a 15 al graduateco contrifuge tube containing 3 ml of 30
KO s:lution. The tissue wos then digested by heuting the tube
in o boiling waterbstih for 20 to 30 minutes. “nen ithe tissue
was dissolved, 0.5 ml 91 suturuted Ha2SO4 s2lution was added
und tie glycoagen was precipitotea by tuce addition of 1.1 o
1.2 volume 2f 99 alesudsl. The contents were stirred, heated
t5 ©voiling, then ¢dooled osne ceuntrifuged at 3000 r.p.wm. for
obout 20 minutes. “he mother liquor was decantea off, tue
tube was druinca unu the precipitate was dissolved in 2 al
of cistilled water unu reprecipitoteu with 2.5 wl of 95%
rt0i, tne aleohoslic supernutent liquid decunted, wna tie tube

drained o8 boforo.

The purified glycogen wus hydrolysed 19 glucoase by
refluxing witih 6 ml of 0.6% Il i:. a test tube provided with
an oir condenser osver 4 bLoiling water batn for about 3 hrs.
The solution wae e29led, ncutralised with 0.5% HaOl and mode
up > 50 ml. 1 t2 2 ml aliquots were witidrown from the solu-
tion ana glucosc was estimnted os described earlicer (Yeath and
“aruee, 1570). The glueosec value was converted to glyeogen

using tue conversiou factor 0.93.
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2.6. /nolysis of waler s mples

) Determinotion of salinity:~ The content of dissolved

eulte in sea water is usually cxprecscd ag Bulinity (97¢) w«
convention which approximates to the weight in grioms of the
inorgonic salts (in vocus) contuinea in 1 kg of scu woater
(wei_hed in vaecus), when the eoslids hove been dried to con-
stant welgnt «t 480°3, tne orgeuic wotter  completely oxidised,
the bromide und iddide replaced by an cjuivalent cmount of
chloride, and all carbonotes have been replaced by on equivulont

amdunt of oxidcs.

In practice, the saliniity is defined in terms of

chloriunity oy the Knudsen eguoiioun:
S4 = 0.030+1.8050 Clse

Chlorinivy -~ 01'¢ of scuwater is defined as 0.3285234 tines
the welght of silver precipitatod as silver halides from 1 kg

of sea weter, oll weighings being in vacun.

The original Ynudsen cyuation suffered frowm certoin
draw bocko. Thus if two eeca wuter sumplese 9. different scli-
nities were wixod, instead 21 tuc meon salinity of the two,

o slightly aliered value woe osobtained using xKnudsen'’s equation.

Again, nc assutkd that 8 acefiuite culoriae: sulinity ratio
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cxisted in heovily diluted water. The generally aecepted
ana universally used (IAPS0) sulinity culorinity relation
is

S%° = 1.80655 C1%°

The deterwination of ealinity wos mado by the modi-
fied “onr's method. developed by Knudsen,using ordinary

burctte and pipeites (Stricklond and “arson, 13968).

10 wl of tince water sample was pipetted out in to a
conicaul flusk snd diluted to about 25 wl with distilled
water. 6 drops 2f 87 !{2(71-04 solutio.. (indieator) was addea
to tnie cnae was titruted with standard AgNO3 golution with
vigorous shaking. The end point wae the apjearance of reddish

brown c2lour t9 thc precipitote, porsistent for 30 seconds.

The silver nitroate salution (37.11 g in 1000 ml
deionisod water) was staandardised using spandard gea water of
known chlorinity (Cl%° = 19,.375), ":au de Mer Normele®, obta-~
iea Irom the lepot d'iuu Korumwsle, Lobaratorie lHydrogropbhigue,
Charlottenlond S1ot, “opeuhugern, Denmark.ano the o€ value wie
aetermined., Then, the cuhlorinity of the :rcmple was colculatea
end the salinity corresponding to the corrected chlorinity wus

read from the Xnudsen's uydrographic table.
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) oetermincation of dissolved oxygen:— "ho dissolved

axygen in the woter supple was estimated by the classical

“inkler method as given by ‘nderssu and Yoyn Jr. (1969).

The principle of this metunod ie based on a set of
chemicul reactions in whichh the dissolved O2 in ¢ sample of
water ie converted t£5 & cheuicully equivalent quantity of

I, rollowed by deseraluing the I, produced isdometricully.

"he water sauple was taken in a 3.0.D. bottle using
¢ rubber tube with muxiwim care 8> @88 to exclude air bubbles.
1 wl of MuCl, sclution was added using 6 pipette, by dipping
the tip at the bottom of the bottle. This was followed Dby
tioe addition 22 1 ml of alkaline XI sslutisn. The bottle
wae stoppered and the coutents wore thoroughly aixed by
vigorous shaking anu the bottle kopt in & wooden box, prote-
cted frow lignhte. Tt was brought to tne laboratory, acidified
with 2 ml of S04 H2504 and shoaken vigorougly to dissolve the
precipitate. 50 al of the above solution was pipetted out
into 0 econical flosk nnd titrated witn standord (O;OZN)E025 o)

273
Bolution t5 the storch end point.

¢c) ‘easurement of tempcrature:- The temperature of waier

sacple wus mecasurcd lmawaiately aftor the samplo wus takeon

using on ordisary sercury~in-glass tneruoseter, calibrated



to 1/10°C. ¢ ince the dcpths ot the three stations (from
where the cnlwsle were collected) were small, (<2 metres)

X¥angen battle or reversing type tiherasmeter was nost used.

&) Yeasurement of pil:—= The pY of wuter sumple was

xeasured ut toe looboratosry teocperature and pressure using a
p'l neter(¥lieo model - %L 101) imwediotely after it was
brought to the laboratory. A glass indicator clectrode

ana saturuted colomnl reforcnce eclectrode were used. Tue
iustrument wus standardised usinz buffor solutions of pll 4.2

unuG $.0.

2.7. Truce motal analyeis

8) Digestion procedure for the determinction of Copper,

iane, Iron und Iead:- The sample auterial for the

detorminotion of 7u, Zn ana Fe was dried at 105°C overnight.
sbout 1-2g 9f thne sample was taken in a Xjeldahl flask and
adaea 10 ml 51 con. HNO3 and 5 m' of con. H2804. It was
necated gently first and then sirongly, but cautiously.
Oxidising condition wos mnintoined in the wmixture by adding
sall umounie 2af coun. HNO3. The digestion was continucd
until all the organic satier wos destroyeu and SO3 fuwos

copiously evolved. lxcess S{NO3 was destroyed by adding

satuated snwonium oxalato sslution to the cooled, digested
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solution. It was evoporatcd again to get 803 fumes. The
golution was eooled and <iluted to 50 ml in u standord flask

usin_. redis.illed water (A04AC, 197%).

The material used for the determination of lead was
weighed (1-2 g of dry tissue) in o siliea crucible and placed
in o furnsce at 250°C. The temperuture was clowly raised to
3500 C§0°c incrcments ) and held at this temperature till
B.0king ceasod. The tomperature wae inereased to 5009 and
the sample was uehod at tois temperature for 16 ar (overni:ht).
"he curbom free ash wus cooled and dissolved in 5 ml of 1)
3303. It wae warmed on a hoi plate t5 aid dissolution ond was

made up to 50 ml ip o standard flask using doubly distilled
water (ACAC, 1975).

b) Dectermination of Cu, Zn, Fe ond Pb by Atowic

Absorption Spectrophdstometry:-~ Those metals wore

cetinotod by utouic absorpiion spectrophotometric method, fhc
analyeis wous donc directly using 8 Varian Techtros.. AAS, *odel
1100. The sumples werc aspirated direetly into the flame and
the corresponding readinge wero noted. TStandard grophe were

preparea using standard solutions o9f copper sulphate, CuSO .5“20;

4
gince sulpaate, ZnSO..7H20; ferrous ammonium sulpnate,

(u 4)2 ‘FOSO 6H 0 ond lead nitrate, Pb(NO )2



The econcentration range, wuve lengtns, slit widto
lap current and fuel usod in the estimatione of various cetals

urc giveu below:

- - —
¥ave length Lewmp Tpectral ~ Conceunira

Yleuent band width tion range Fuel
(nm) current (am) (g /mx{% T

1. Coppexr  324.7 3wmA 0.5 2~8 Alr~-Acetylene

2. Zine 213.9 5 A 0.5 0.4-1.6 "

3. Iron 245.3 SmA 0.2 2.5-10 »

4. Lead 217.0 Hcih 1.0 5-20 n

“tondord addition techni jue was esuployed in a number of ssuples
at randou; goad agrecment in values from the two difforent

actuods wos sbserved.

c) Digostion procedure for ihe determinotion of wmercury:-

“et stuple wos used for the detoriination oY mercury. The
digeetiou wae corried osut by the methoa recomiwnded oy the
inalytieul “etnode Comwitiee (190>) uein; the wodified Bethge
sppuratus (Pig 2.2). Tuis digestion procedure wiuld proevont

tue loss of wercury by volatilisution.

dbout H=-10 g of the wet awoterial wos accurotely weigined
tnd transferred to the oxidation flask £ollowed by the addition

2f 8 ecold mixture 2f con. Ei’HO3 ang e¢su. 12’504 in the ratio
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4:1 (v/v). I+ was heated, cautisusly at first, collecting

the distillate in the reservoir. When the mixture started

to darken, o iittle of the distillate was run from the reser-
voir to the flask. %his :rocedure was continued mcintaining

a sglight excoss of !!HO3 in the oxidation flask, until tne sol.-
Li9n ceossed to darken and fumes of HQSO‘ were evolved. The
eslution was allowed to €901 ana tue coutents and the disti-

1late in the reservoir werc transferred intos o valumetrice

flask (50 ml) and znde up to the mork with redistilled water.

d) Determination of ¥ercury usin. Mercury analyser:-

¥ercury was analyscd using a fercury Analyser (“odel YA-77
ser. 9. 005, designed by Analyticol Chomistry Division, 1ART,

Bombay ) by c¢sld vapour atomic absorption technigque.

A suitable sliquov of the sample (5-10 ml) was pipetted
out in to tue reaction vessel 9f the appar:.tus and the reguired
»mount of 10% HFO3 tolution wae added in order to maintein
toial volume 21 10 or 20 wl. 2 wml of 20% $nCl, solution wos
taen odded ond the stoppor wus replaced as guickly as possible.
“he wagnetlic stirrer was switeched on and the contents were
stirred vigorously for 5 minutes. Yolding the shutter in the
open position, tue instrumont was switchcd to 'Peushold' mode
of osperation. The Gbsoroence reading wus npted on the meter

us carly as possivle. The sunme procedurc was adopted with a
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rcageut blank and series of sticndards. Tne reaction vessel
wis thoroushly cleaned before oaci weasuremeat. O iuudarc

curve wug preparcd by using the Hg012 solutions.

2.8. Studies on tieavy “eotal Toxicity, fcecunmulstion ono detention

Vinetics

u) Stavic Bioossuy Tests:- Freshly collected and ncelimn-

iised organises, viz. Y. cyprinoides, . costa and . yiridis
were used in the toxicity experiwments. FPollowing eosllecctions,
the sniaunls were brought (o the laboratsry and wmaintained in
filtered scowater of nebitat salinity. Lho desired so:iinity
woe ottoined b, suitoble dilution of a scawater sample 2f known
salinity using deionisod wator. The asnimnls were acclimated to
tine test conditione of s.-1linity, pil, temperature ecte. for at
least a weck, “hencveor a study in different saliniiy regiwme

of & Bpecles was desired, the unimals woere conditioned to that
pa:ticular set of cnvironmental porameters via a stepwise
gridoetion process. Por instance, if the chiange was from & nold-
ing salinity of 25%° to an experimental value of 10%%, the
animale were first held in 204° for -3 days, then in 15%° fo

a similor period ana &3 92:.

"f£totic bioassoy tests were conducted to determiae the

L050 values the «inetice of uptake ond loss ond the distribution
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2f the test metals among tho various srgins of the animole

in wne tarece bivulve mollusce. The tesis wore done in large
£lass« troughs, waich were thorsug.ily cleaned. All the glass-
wurcs usd in tnc truce metal studies were kept sooked in ol
nitrie acid osvernight &nd then washed witu copious swounts

of acionised wutor. FEach trougu wos tuen filled with 5 litres
of sca woier of deslred sulinitiy. The waler wos acrated (with

minisua agitation) to yive oxygen saturation.

A seories of preliminary studics wore undertaken to
deto:aine the approximate lethal and sub-lethal concentrations

of ecach metal to the turce speciece of molluscs.

Tn ocute toxicity studier the aniszals were exposed
1o aifferent concentrotions of tne aetal ions under coneider-
gtio:. for o specified time. The aortnlity of the aniwmeals were
naited at every 24 hr. An animol was comsiderec dead, if ite
s:ucll was wide-oponcd and failed to5 close osn touching with the
tip 94 o glues rod. The dead snioals were remdved and the water
w.s cubonged doily. (A stoek voluwe of seawuter of desircd
s0linity was prepared ond kopt in large polythene tanks for
ready uso). seratiod 91 ithe oxperimental trough was done
twice a acy for about uolf an hour cach time and the 02 coneen-

tration 21 the woter was measured aorning and evening,
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ftoek solutions of the variosus heavy metials studied,
were preparcd from their normal selts (A.% .grodee) by diseso-

lvin, in redistilled wate: (Sec. 2.2).

The actal ione were provided in the exporimental tank
as known concentrations of metoallic sult solutisns. The con-
centrotions of wetols given in the text were the calculated

valuet and not the offective concentratious.

b) Detorm.nation of IC

50 volues:- 7The concentration
wiich kills 50% 2f tnc tost organisas in @ stipulated tice is
called LCSO vaolue. The LCBO valuc was determined by the
strai-hi-line graphical interpolution method (Standard ¥ethode,
1975). The wmethod iuvulves plotting the dots on semilogaritumic
coorainatec poper with econcentration on the logarithmic and per-
centage mortelity on the crithmatic scale. A straight line was
drawi octweoen two pointe represcnting the percentage dead at
the twd successive conccntrotions one 98 which was lcthal to
more thon nolf end ine other wae lethal to less than half of
tue test orgauiscs. Proa the grouph, tue coucentratisn required

to kill 50% of tue unimols (Lcso) in a given tine was found sut.

The Yo hr LC;O value ie the econcenirotion of a moterial
o

that is lethal to 50% of tho test organisme in 96 hr period.
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¢) Kineties of Ueavy "etal accunulation

(i) #Metol iu wuole BoIt puiris:- ‘fetal accumulation

tesie were conducted in glass trougne contoinin: filtored sea
water of deeircd suliniiy. The test water was c¢olleected from
open gea and diluted to the ejecified soaliniiy using deionised
woter. Jsually 10 individusl animuls were kept in each trough
couteining sea waior. ‘The woate: wag deruted 2 or 5 timos a
duy. The animols uscd werce not fed during the experimental
period. Anickls of the same age group were sclected from
each class for tone oxperiment. Metals were adainistered as
thneir soluble solts {(preperec in distilled water) into the

medivae v oobtoin variosas concentraetions 9 the @etal.

“he water charactoristics, the experimental concen-
truotione 2f tic metals in vorious troughs for each set of
accuoulacion study, total mum.er 5f animals used ete. are
given in tooble (7.1). Only one wmetal salt solution was
given in tihe wedium 8t & time. The concentrations seleocted
incluve botu lethul anu subletual levels to tne test animols.
“he ralinity oy temperature selected wero those of thelr
nabitat waters. The wuter was chonged daily ond setal salt
so2lutions were added 19 give the some experimental concentra-

tioi6.
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Tho rates 5f u.take of the wetals b the wmolluscs
were determined by anclysins the wetal content in the soft
sarts of the arniauwls at fixed intervals of time. Control
tniacls were always analysed {or the baekgroaund level of

caca netal.

{ii) vetals iu uifierent organs:~- “ne wolluscs were

maintoined in sea water oi tone spocified vulinity and the
metol wus introduced ce their s.1t edolution. Only one conce-
ntration of tae wetal wos sclected for each clas: of moliuse
in all eases. ilowever, ithe sclected concentration oY ecach
wetul was diffo:rent for tue threc class 2 orzanisme. TMhe
cetails of tne experiuental purameters selected in each case

ire given along with tine results (Tavles7.2b to 7.13b).

The molluscs were cu. open oad then divseeted into
d:fieretit orgons and treateu as auscle (adductor museclesfont),
wantle (mautle+gonad), gills and the reawining port was irected
as viscersal muss. O to 8 unimals were dissccicd at aeflaxite
i.tervals 9. tiac und metol content in each orgon wae determined.
“tuinlese stcel sciseore, forceps oand scalpel were used for
disecetin. the snimals. fotals were deteramined as deseribed

under (sec. 2.7).

d) Kinetics of ilccvy sctul Loss:~ The molluscs Terna viridis,

Villoriit ¢prindides ona iecretrix casta were exposed to seowater




coutaining heavy wsetal iounes viz. ng+. Gu2+, an+ or ?b2+

(only 2ne metal salt was intrsduced peor tank) for o period
2f 96 hr. "“ne woator s:linity and the e¢onceniratiosn of metal
ueece in cach case are given along with the resulte (Tables

vel t0 8.3},

After 4 days 3 expoeure, 4 animuls wore removed from
¢acn tonk ond subjectod o metul anulyeis. Control amisels in
all cuses wore aleo enelysod for the aetal to know the back-

ground level of each meotal,

The remaining auiwols were iuen trousferred inm ts large
glose aquaria coutaining seawater of tueir respective experi-
wental sslinitice. This water contained no detectavle eedunt

of any of the test metals,

The depuroation study was continued for 24 daye in the

cage of erno viridies and Yillorita eyprinosidee and for 20 doys

in the care >f “‘eroirix casta.

The xinctics 5f wetal loes in various orgunisms wos
aeteroined by osntlysing the wetal content in the whole soft
parte of the molluscs at definite intervale of time. (¥inctics

of wmercury lose in the wussel , Perna viridis could nst be

conducted)



CHAPTER 3
SEASONAL VARIATIONS OF BIOCHEMICAL CONSTITUENTS
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CIIAP?ER 3

SEASONAL VARTARTIONR OF BIOCHEMICAT SONSTITIEYTE

A study >f biochemical constituente could be of consi-
derable use in the cconomic utilisution of the molluscan fishery
regources and to gather information on their f£95d value. In
view 2f the increcsing importance 3f molluecan fisheries, a

detailed study on thelr blochemical composition is called for.

¥inogrodev (1993 ; ia "The Elementory Chemical Ccmposition
5f “Yarine Urganicos™ hod compiled the results 2f the investiga-
tions earried ocut in molluscs till the earlior part of this
century. Giese (1969) had presented s good account of the
biochomical conetituonts 5f certain body components in molluscs.
Scosonnl coanges in the bioscnemical composition of certain biva-
lvee from Clyde seu area bhad been elucidated by Amsell (1974a,
bycyd). Other works include that of Giese and l!llart (1967},

Anscll (1972), Taylor ond Venn (1979) ote.

A literature survey showed thot the studies carried
out on the chewmical constituents of molluscs from Indian waters
cre limited. 7The carlior investigutions are summed up below.
Vonketaramen aad Chari (1951) had given a brief account of

the biochemical composition of N¥eretrix casta from Ennore




backwoters. Durve and Dol (1961) had studied tine chemienl

compasition 2f the osyster, Crassastren grypinosides (Schlotneism).

furysnaroyanan and Alexender (1972), ond Suryanarayansn et al.

(1373) hod cvolusted the nutritional status of some gastropodos
and cephalopodes. Ansell et al. (1973), bhad determined the
biochemical constituents af four invertecbrates ineluding two

bivalves, Donax iuncarnotus and L. spiculuny sampled froa

fhertalloi and Cochin orea. OGivankutty Wair and Shynumao
(1975) studicd the scosonal changee in the lipid eontent and
calorific values in V. gcyprinoides. Sarvaiya (1977) nad
deteruwined the chomical composition of some molluscse of
Sourastra Coast. Mohammed Solih (1977) nod studied some
aspectis of the biochomical coustitucnts of ¥. casia, off Tocuin
barmouth. Surysnarayanon and Balakrisunan "air (1976) nad
presented the variations in moisture, glyeogen, protein, total
lipids ond ash content i the tropical intertidal limpet

Celluns radiata. Tt clearly reveals that the chemical composi-

tions of 6 large number 9f cowwmercially important wdollusce are
locking. Information on these aspects of the bivalves

T. viridie, V. cyprinsides and . casta is cither very scauty
or frogmentary. It would be interceting to notc the changes

in the cheaical constituents of the body of the molluscs due to

tne drostic chongos in environwental wator quality brought
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nbout by tie wone.on flooads. 2 2 study of the scusonal chaonges
of the blochemicul composition in these drganisoe were uuder-
tekan o deteraiue the wost fovourable sesson far horvest, from

the point nf view 9f both econamy ond nutrition.

3.1. ‘oteriols and motnods:- The sumples colleected at montiuly

intervels during 1976-77 and 1977-76 were used for the study of
seasontl variations o blocaecmical constitucnte. The dctails
regarding the collectious of tiuc aniunls including somple sites
etc. are given in section 2.1. The shell loength and depth of

the aniuble ond tue charactieristice of the uabitat woter (battom)
frow tho site 2f collection aro given in Tavles 3.10 to 3.1%c.
Standard methode ac described in Chapter 2 were followed for

the deteradnotiosa 9f various biochesical econstituents.

3.7. hosultas- Tae bischemical constituents determined in the
turee specics 9f mollusce are deteiled in tables 3.2a t2 3.5¢.
"igs 3.1 1o 3.4c indicose the seosonnl chaunges in the different
paorumeters studicd. The bioschbemicsl data are given in percen-

tage of dry weight.

a) “ater esntent:- The variotion of water coutent in itane

i lluscs was relatively low. 7The fluctuations were from 7o.40%
tuo 83.10% in ¥. cyprinojides, 77.11% to 85.45% in X¥. cosia
and TE.285 Lo w3.74% in 2. viridis. 7Tu genorsl, tigh values

for woter content were found during Juune to Auzust in oll the



>
[ &

three speceies. /Another perisd of high water contont wes

found during Septeaber to lecember in V. cyprinoides and

during Hovember to lecember in ¥. cesta. The rise in water
content approximntely synchronisod wita the mousson rains
sug:. e8tin; thot the seasonul chong es in water content of the
molluscan body is acsociated wiinh the cnange in salinity of
ittic oabient woter (the periad of low sulinities). “he tistgue
water content in tuesc aniuols wae comparatively low during
the period of nigh salinity (Table 3.28 15 3.2e¢). The body
wator level showed stronyg ncgotive correlation with the cnvi-
ronpontal solinity. The correlation coefficients (r) and

probabilivy factor (P) in cach cuse wero found to be

r = «0,8292 (P« 0.001) in V. cypriudides

r = - .7548 (P« 0.001) in M. caosta
and r = -0.7897 (P 0.01) in P. viridis

the correspouding regression cyuations being

Y = 61.9630 = 0.2155% ... 3.1
Y = 84.6674 - 0.1621X ... 3.2
and Y = 91.7185 - 0.3440X ... 3.3

respectively, where X = galinity (%°) of habitat wuter and
Y = body water content (%). Figs 3.28 to 3.2¢ represent the

above eyuations.
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Table 3.2 a

Variation 2f water anu asn contents in the clawm, Villoritag
cyprinoiace var. cocuninensis collected during 1376-77 ond
19Ti=T6.

Salinity of Ash (%)

; ; i _
igigeziion '?§3§ ﬁntoig?ontont )fg)Wt.gg:{B?t'
2.9.19T0 0.00 50.73 19.27  3.38
1.10.°76 1.53 82.33 17.67  4.51
1.11.°76 1.00 82.56 17.44  4.85
1.12.'76 0.50 82.75 17.25 4.92
2.1.1977 15.21 T5.06 21.94  6.64
1.2.'77 22.81 77.10 22.90 0.94
.40 TT 20.30 76.46 23.54 6.11
2.5.977 5.35 80,38 19.62  4.74
1.6.777 4.34 §0.17 19.83  5.85
13.7.'77 0.00 76.69 21.31  4.90
2.8.'7T7 0.00 81.83 18.17  4.26
2.12.'77 1.93 82.93% 17.07  5.09
5.1.1976 11.67 80.75 19.25  6.30
9.2.'7¢ 14.52 80.14 19.86 6.67
L30T 17.63 77.21 22.79 6.02
10.4.'78 16.00 76,22 21.78  6.28
10.5.178 11.13 80.42 19.58  5.23
5.6l 178 0.54 83.10 16.90 3.84
T.7.78 0.00 81.21 18.79 5.16
4.8.'78 0.00 82.30 17.70  4.93
“eon value = 80.36 19.63 5.44

Standard deviation = 22.05 $2.05 +1.21
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Tfable 3.2 b

Yariation of water and asn conteuts iu thc elam, Yeretrix cocstag
colleetod during 197o-77 aud 1977-78.

¢ollection (£09) (%) (%) basie )
2.9.1976 27.12 749.60 20.34 5.72
1.10.'76 31.73 77.11% 22.89 6.03
1.11.'76 28.46 81.80 18.20 5.93
712,70 30.70 - T5.85 20.15 8.73
2.1.1977 31.92 80.48 19.52 10.59
1.2.'77 32.40 79.73 20.27 11.11
b.4.'77 24.00 78.73 21.27 4.83
2.5.'77 24.16 76.18 21.82 1.74
1.0.°77 17.25 854 .87 15.13 6.27
13.7.'17 10.50 65 .45 14.55 6.93
2.8.'77 .72 85.31 14.69 5.98
2.12.'17 24.54 81.30 18.70 5.83%
51,197t 30.62 75.76 20.24 11.12
9.2.'73 27.65 £0.03 19.97 .62
Le3.'70 30.50 T9.42 20.58 8.11
160.4.7¢b6 23.19 81.68 13.32 8.8
10.5.'78 22.11 81.40 18.60 .58
8.6.'76 1.70 83.07 16.93 7.67
7.7.'178 0.95 82.71 17.23 8.59
4.8.'s 2.%4 83.45 16.55 8.76
“eon value = 81.20 18.80 b.27

Utandard deviaiion = +2.3C $2.30 #1.69



Table 3.2 ¢

Variation of wuter and ash contents in the oussol, Perns
viridis collected during 1977 auna 1978.

- WD W AR G we A SR I @mP @ WD M6 4B SR ML G G WD G R EE W wy WR 4B P @ @b e ==

Salinity of

. w w &
et I A )
1.2.1977 34.47 79.58 20.42 1%.29
2.3.°T1 34 .40 T15.77 21.33 13.77
5.4.°T7 26.62 83.59 16.41 8.57
2.5.'77 29.86 82.52 17.48 8.07
1.0.'77 24.75 B83.74 16.26 10.22
13.7"T7 20.90 82.66 17.34 8.83
9.2.'78 32.82 c0.00 19.39 &.50
13.3.478 33.60 19.3¢ 20.08 5.04
10.4.' 7T 33.21 0.52 19.48 6. 95
d.5.'b 34 .42 81.39 16.61 T.48
cebo i 25.90 83.27 16.73 .35
T.7.'78 32.79 78.28 21.72 9.97
T.6.'78 25.75 83.44 16.56 9.50
Nean value = 81.36 1£.65 9.35

Ctonaord deviation = + 1.89 * 1.90 +1.98
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b) Protein:~ Protein, the mujor osrganic coustituent in
toe body components of the bivalver, voried wsorkedly with
gseason ana species. Jligh values for protein were obscrved
dring jiovember to Januory (with a pcak value in Junuary
e:.ch year) in tue black elam, V. cyprindides. The values
ranged from 41.34% to 73.60%. Altuough protein content was
geunerally low and pgnined ruther steady during the rest of
tnc months, they however, deelined to gzive the lowest value
either in ¥ay or June (7Ymble 3.3a). Trouvela level wus gene-
rally foung 9 be higa during Decemver to April in 3. casta
{Table 3.30). iHghest value far protein wus found in
Rebruary, 1977 (67.01%) cad Junuory, 1978 (69.43%). “he
moutbs 9@ January oud February can be considered as the peak
period for :rotein as for as this species is concerned.
Protein content wos relatively low, in the spocics, during
the rest of tne yesr. Tne lowest values were obtained in
Ceptember, 1976 (43.207) and ales in June, 1978 (42.54%).

The seasonal variation 21 protein content {n the wuasel,

F. viridis showed corked deviation from the other twd species,
Tu this cuse, higher values for protein were nsticed curing
June—=Culy {(Table 3.3c). The tissue protein cootoent registered
low volues during April to dmoy. <Yne valucs were in the ramge

of 46.95% 10 ©9.95%. The slight shift sbserved in the perioad
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Table 3.3 a

Censoual variation of protein «:.d curbohydrate contents in
tne claw, V¥illorita cyprinoides collected during 1976-77 and
19T71-78.

o o el

Yute of % protein L % carbohydrate
collection Yean value + S.E. Yoan valiue + £.D.
2.9.1970 44.96 0.606 39.13 1.535
1.10.'76 52.98 0.933 27.39 1.092
1.11.'76 53.04 1.396 23.44 1.113
1.12.'76 97.65 1.¢19 22,32 1.108
2.1.1977 73.66 1.526 4.06 0.187
1.2.' 71 53.09 1.211 27.92 1.085%
6.4."7T7 47.38 1.749 31.57 1.035
2.5.'77 41.34 1.003 34.04 1.351
T0.'77 55.55 1.605 29.49 1.083
13.7.077 50.36 1.256 32.97 1.002
2.6.' 77 49.96 1.206 32.74 .80
2.12.'77 60,06 1.074 15.37 1.037
5.1.1978 6t.39 1.152 5.74 0.298
9.2.'78 56.92 1.334 18.19 1.278
6.3.'76 50.75 1.18Y 27.67 1.050
13.4.'78 48.00 1.110 23.39 0.943%
10.5.'78 54.TY 1.168 20.58 1.046
8.6.'78 43.15 1.292 37.83 0.862
T.7.'7t6 46.62 1.104 34.56 1.120
4.8.'7¢ 51.25 1.697 30.24 1.152
ean volue = 53.275 25.842

+ 7.739 +9.333
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Table 3.3 b

Secsdnal voriation of protein anu carbohydrote eontents in
the elam, *orctrix coasta collected during 1970=77 and 1977=Tt.

Dfte of % protein % ecarbohydrste
collection “e6u value &+ S.D. “oan value + L.h.
2.9.1970 43,20 1.033 45.97 1.183
T.13.'76 47.83 1.066 39.13 0.803
1.11.'76 49.00 1.408 37.00 0.814
2.12.'76 53.61 1.166 28.56 0.633
2.1.1977 04.57 1.477 6.49 C.333
1.2.'77 67.01 1.118 6.3%6 0.219
6.4.°77 57.84 1.31¢ 20.67 0.641
2.5.'77 $52.27 1.005 2&.81 0.706
1077 50.30 1.0828 32.60 0.854
13.7.'77 55.91 1.245 25.24 0 +951
Q.ts'TT 57.24 1.120 27.18 0.763
12071 67.20 1.045 5.80 0.136
H.1.1578 ©9.43 1.04% 4.1% 0.11%
5.2.'78 06.T7 1.064 7-92 0.30z
D37 07.0606 1.606 7.04 G.300
10.4.'78 61.006 1.096 14.61 0.348
10.5.'78 96.41 0.997 22.69 0.621
5.0.'78 42.54 0.960 35.6% 0.783
TT'T8 49.3%6 1.037 26.83 0.57%
4.8,'78 55.21 1.083 23.58 0.605
Yean vi:luo = 56.764 22.460

+8.1661 +12.476
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Pable 3.3 ¢

“eussnal variation of proteoin ana curbobydrote contenis in
tae wssel, Perns viridis, collected during 1977 ond 1978.

Date of % protein < garbshydrate
¢o2lleetion

“ean value 4+ £.0. Yean vslue + "D

10977 01.03 0.937 13.28 0.333
2.3.'71 62.05 1.024 11.45 0.310
5.4.°77 56.50 0.944 20.08 0.463
2.5.'77 46.55 1.108 30.04 C.738
1.6.'77 58.32 1.100 11.29 0.25%
13.7.477 69.93 1.081 3.16 0.170
Y.2.1978 57.07 0.919 14.78 0.484
13.2.'78 54.27 0.307 18.56& 0.530
10.4.'76 54 .86 0.918 21.30 0.646
o978 53.50 1.014 25.80 0.759
Gobe T4 60.16 1.091 15.84 0.454
TeT' 78 68.15 1.12% 6.23 0. 151
T.2.'78 59.06 0.903 16.12 0.563
¥ean value = 58.596 16.02

45.869 +7.115



of higher or lower _rotein values froa ycar to ycar can be
duc t2 vuriations in environwental factors wna puysiologiecal

condition o1 the anl.al.

¢) Carbonydrate:~ Carbonydrate content in the wolluscs

stiowed wurked seasonal variations. Etriking chungees in earbo-
hyarate content was secn in all the three spoeics. In

V. cyprinoides it varied from 4.06%to 39.13%. There woe a
stoady fall in curboshydrate coutent frox Scpteamber, 1976 to
Jopuary 1977. The trend wes wcintained in 1578 also (Table
3.3a)., ‘The corbohydrate aiuiwo coineided with protein suxima
ot all times. In X¥. custa as well, carbouydrate level stead-
ily declined from Jeptember 1976 to Jemuary 1977 (Table 3.3b).
In 1976 also, the lowest value was found in Junusry (4.15%).
“'he nigucet value obeerved in tinds specles was 45.979, during

Ceptember 1976.

Im ~. viridis alsos carbohydrate fluctuated widely
{"able 3.3c). Carbohydratc content gradually increased from
Februury an.: recorded the maxiusum volue in fay during bostu the
years. Theoreufter, o perceivable fall in corbonydrate level
wue observed aua resched 8 mininum value in July cech ycar.

The valucs ranged from 3.16% to 30.04%,

In all the tnree speciecs, 0 decrease in carboshydrate

content wug invariably followeu b. an increase in pratein level.



~pe carbohydrate minima coineidea with protein moxiom ot all

tioes (Figs 3.3a to 3.3¢).

Significont negotive corrolotione were found botween
proteiu and curbohydrate in all the three especios. The corre-
lotio:: csefficients (r) ond probability faetor (P) are given

helows

r = =0.35:54 (P< 0.001) in V. cyprinoidcs

r

it

-0,9544 (P« 0.001) 1. Y, caeta

Ve
-—

and r = -0.9488 (P < 0.001) in P. viridis
the corresponaing regression equations are

Y = 8503344 - 1.1160x see 3.4
Y 3107.2685 had 1.4852){ see 3.5
ana Y = 83.4272 - 101504X seoe 306

respecetively, where X ropreoesecuts pratein (%) and Y represents

carosbydrete ('). Fige 3.40 t2 3.4c¢ reprcsont the sbove egquatiosus.

d) Total lipids:- There wos alss a distinet scasonal
variction ia lipid conteant, at least in tne two cloms. Figs
(3.%2a to 3.3¢) represent the genersl trend in the ehange. 1In
V. ecyprinoides, lipid level varied from 9.21% to 18.,12%. TIn
gernierul, nigher levels 5f lipid were found from COectober to
Deccwber 1976, April ts Yoy 1977 and Janusry to “fay 1978.

In _. costa, tuc variatiou in lipid content was wmore marked

(4.537 to 13.40¢)., The li:id levol was usually bigh during
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January to April. Higher values for lipid esincided with
the bigh saline summer wonths in botin the species (Tables

3.43 to 304‘b)°

In I'. viridais, lipiu level ranged from 9.18% to 16.03¢.
owover, the varistion was not 8o regular as naticed in the
ottier twdo Bpecics (Table 3.4c). Hignost value wos attained in

cuarly July each year.

e) Ash content:~- Ash content also showed a scasonal cycle

af cusnge in 8ll the spocies (Tubles 3.22 t9 3.2e). Ash conten
wae rolatively low (mean volue 5.445) in V. cyprinoides nnd it
varied from 3.38% to 9.04%. The ash content was high during
sanuary-ipril 1o each year (1977 ond 1978). In >. gasts, tik
porcentage of osh ranged from 5.72% t5 11.12% with an average
value of 8.27%. It could be seen that, in both the specics,
tne wsn content went up wuon the cavironwental water salinity
wog high and doclined with the lowering of salinity, ce a
consequence 2f the influx of monsdou. In P. viridis asnh conten
varied between 6.99” and 13.77% with o mean value of 9,.35%.
ijowever, in tuis specics, the variontion in ash content did not
wointuin eny trend as in tue otuer two species, eventhough

sigher values were found during uigh saline months.

£) Phospuorouss- Phosphorous eosntent of oll the three ani

m:ls voried with secoson (Tobles 3.5a t9 3.5¢). In V. gyprinside
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7able 3.4 a

feasonnl variation of lipid and celorific vélue in the clea,
¥illorito cypringides esllected during 1976-~77 apd 1977-78.

Date of ~ lipia Colorific value
esllection vean value . €. culs/g dry wt.
2.9.1976 12.30 0.349 5.346
1.10.'75 13.19 0.348 5.390
11176 13.27 0.396 5.518
1.12.'76 14.11 0.235 5.528
2.1.'77 12.97 0.30u 5.558
1.2.' 77 9.58 0.263 5.077
Seda'T7 13.47 0.209 5.276
2.5.%77 13.56 0.296 5.047
1.6.'77 9.21 0.238 5.248
13.7.%77 10.60 0.233 5.232
2.8.'77 11.01 0.297 5.238
2.12.'77 13.05 0.246 5.272
5.1.1976 13.74 0.23%0 5.404
9.2.'78 11.87 0.238 5.102
6.3.'78 14.27 0.281. 5.378
10.4.'Tb 18.12 0.502 5.399
10.5.' 78 15.44 0.366 5.419
B.6.'78 10.24 0.343 4.995
ToT4 78 12.23 0.235 5.241
4.8.'7¢ 13.02 0.2%9Y 5.396
o VG lue 12.763% 5.303%2

+2.01 9.156
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Table 3.4 0

Seusonul voriation of lipid wna calorific value in the clag,
“eretrix custa edsllected duriuny 1976-77 aud 1977-75.

Dete of 7 1ipid Calarific value
collection onn volue + 5.0, Tal/g dry wt.
2.9.1970 4.53 0.089 4 .800
1.10.*76 6.01 G.151 4.914
1.11.'76 7.02 0.152 4 .98
2.12.'76 8.75 0.176 5.067
2.1.1977 12.76 0.428 5.127
1.2.'77 9.54 0.224 4.955
Cobo'T 10.44 0.382 5.123
2.5.'77 9.17 0.131 5.030
1.6.'77 8.84 0.149 5.047
13.7.°77 7.61 0.143 5.064
2.8.'77 T.31 0.134 5.066
2.12.'77 10.94 0.230 5.074
6141976 11.3% 0.208 5.170
§.2.'78 12.22 0.208 5.260
6.3.'78 13.39 0.212 5.384
10.4.'78 11.31 0.247 5.166
10.5.'7b 9.02 0.214 4.993
t.bo'T0 11.17 0.<10 4.956
TTe'T8 11.21 0.235 4.975
4.8.'78 12.03 0.222 5.246
¥Yeon volue = Y.7313 5.070

2.3093 +0.130
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Table %.4 ¢

Seasonal variatisu of lipsid and calorific volue in the mussel,
rernu viridis collected during 1977 and 1978.

dute of © lipid Calorific value
collection scon volue . S.7. cals/g dry wt.
1.2.1977 9.18 0.252 4.574
2.5.'T17 Y.56 0.224 4.890
5.4.'77 11.22 0.263% 5.096
2.5."77 11.38 0.286 4.967
1.6.'77 14.59 0.286 5.148
13.7.' 77 16.03 0.440 5.599
9.2.,1978 13.90 G.249 5.159
15.3.'78 13.77 0.186 5.160
10.4.'7T6 14.23 ¢.187 5.339
&.5.'78 G.34 C.143 5.C06
B.o.'7c 12.G6 0.181 5.204
(778 14.7 0.164 5.502
7{.8%c 11.8Y 0.192 5.138
“ean value = 12.4504 5.160

+2.1726 +0.208



Table 3.5 &

Seasonol variatione 9of phosphorsue and calcium content in
the clam, Villorita cyprinoides vor. cochinensis, collocted
during 1976-~77 and 1977-78.

- am - -

bute of

collection % phosphorous 2 5.0, % calcium  * €.,
2.9.1976 0.733 0.016 0.1967 0.007
1.10.'76 0.994 0.018 0.1897 0.005
1.11.'76 1.24Q 0.021 0.1685 0.004
1.12.176 1.554 0.030 0.1797 0.004
2.1.1977 1.681 0.032 0.2510 0.005
1.2.77 0.939 0.024 0.3492 0.005
6.4.'T7 1.055 0.035 0.2803 0.005
2.5.'77 0.715 0.023 0.1414 0.002
1.6.'77 0.802 0.025 0.2336 0.004
137,077 0.810 0.024 0.1723 0.004
2.5.77 0.833 0.023 0.1147 C.004
2.12.077 1,087 0.030 0.1730 0.004
5.1.1978 1.064 0.026 0.2471 0.005
9.2.'78 0.973 0.026 0.3455 0.006
6.3.078 0.714 0.020 0.2923 0.004
10.4.'78 0.730 0.021 4.2600 0.007
10.5.'78 0.731 0.023 0.3131 0.005
£ebo e 0.603 0.021 0.1433 0.004
7T TE Halia N.A. 0.1729 0.005
4.6.178 . H.he K.D. Toke
Yeon value = 0.9693 (.222%

40,2745 +0.0684
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Table 3.5 b

Seasonal variations 2i phosphorous ond caleium contentes in
tuo clom, Jderctrix casta (Caeamitz; cdollected during
1976-7T7 ana 1977-1{b.

Pate of

eolleetion % phosphorous + 8.6, % enleiun + £.D.
2.%.1976 0.059 J.012 0.3730 0.004
1.10.'76 0.048 G.017 0.38u5 0.005
1.%1.'70 0.7¢3 0.016 0.3950 0.005
2.12.'76 0.797 0.016 0.3740 0.004
2.1.1977 1.264 0.019 0.4641 J.004
1.2.'77 1.170 0.021 0.%5175 0.005
6.4.'77 0.864 0.013 0.3720 0.008
2577 0.864 0.017 0. 2892 0.004
1.0.'77 0.794 0.016 R.D. -
13.7.'77 0.758 0.020 0.2491 0.004
2.8.'77 0.697 0.020 0.1086 0.004
2.12.' 77 0.66Y 0.014 0.403%6 0.004
5.1.1976 0.656 0.015 C.4130 0.006
Ye2.'78 1.011 0.020 0.4929 0.005
0.3.'7TH 0.878 0.021 G.4173 0.004
10.4.' 7 0.869 0.021 0.3777 0.005
10.5.'78 0.592 0.016 0.4149 0.004
8.6.'78 0.702 0.020 0.4269 C.005
TeTe T 0.934 0.021 0.9725 Q.006
4.8.'78 0.8u2 0.019 K.D. Vel
Yean volue = 0.8301 0.4011%

4+0.165% 20.1051



Table 3.5 ¢

Ceusonnl variatious 9f punosphorous and calcium contenis in

tue museol,

Perna viridis,

cdllected auring 1977 and 1975,

. Gt o -

Dete of % puosphorous % calcigf--_.‘
colleetdon  wonr volue + 5.0, Moan volue + ©.D.
1.2.1977 1.01¢ 0.028 Je4523 0.004
2.2.'T1 0.8:6 0.033 0.4726 0.004
5.4.'71 0.56¢ 0.018 0.3130 0.002
2.5.'71 0.583 0.017 0.2170 0.002
1.0.'77 0.t61 0.014 0.2590 0.004
13.7.%77 U.932 0.0, 0.2450 0.003%
S.2."TW 0.793 0.023% 0.3090 0.003%
13.3.'73 J.6406 0.014 0.3767 0.004
10.4.7706 0.696 3.016 0.3697 C.004
B.H.'TE 0.487 0.014 0.3745 0.004
£.6.'78 G.085 0.018 0.3940 0.004
TeT'TH 0.548 0.014 0.3263 0.004
T.l.'78 0.713 0.017 XD, -
cun volue = 0.7320 0.3424
+0.1460 +0.0759%



tne level o9f puoepasrous was greaier and lay in the range

of 0.714% 0 1.681" on a dry woight boeis. In M. castm, the
amount 2f p..osphorous varied from 0.5929 to 1.204% whercos in
the wussel, P. viridis tae distribution wes from 0.4877 to
1.010%. In general a higher percentuge of puoosphdrous was

accompanied by o bigner percentage of lipid (Tables 3.40 to
3.5¢),

) Coleiuws- The seasonul variations 2f colcium content
in the bivalve molliusece ore given in Tables 3.50 t573 50,Like
mwost other shellfish, the threc species studied were also rich
iu calcium. Higher values for Cua wer: found during January +o
April or “uy, the pre-wmonsoon aontus when the awbient water
sulinities were nign. 7This wus true of all the specice. The
amwount 2f tissue Ca coatent decreasod during moneson perioads
(June to August), when the wator sulinitiy was at o wminimunm.
"he variations of Ca content in the three bivalves, V.

cy rinoides, . casta ana T. viridie wore from 0.1147% to

0.3492<, 0.1086% %3 0.5175% and 0.2170% to 0.4726% respectively.
The fluctustions in Ca content wos at o minimun in 2. yviridis

£ ince the variation in salinity wus also saall in wmognitude.

h) Calorific valuvssi- Lncrgy velues in terme of calories

were colculated using the appropriate calorific equivalents of

5.05 for protein, 9.4 for lipid and 4.2 for corbohydrate



(snscll, 1974a). The total calorific values for the whole
tiesue (i . Cals/g. dry wt.) o2f the threec species arc given
in Tobles 3.40 i3 3 ic.The calorific content of the tiscue
varied votween 4.99% Cals to 5.558 Cals/g dry tiscue weight
in V. cyprinoides, vetween 4.800 Cals to 5.364 Cale/g in
!, cocta ond vetween 4.874 7ale to 5.599 Cals/g dry tissue

weight in 7. wiridis.
3.3. Discussion

The resiults indicuted that the bioschemical coustituents
studied, viz. protein, carbshydrite, lipid, @sh ete. showed
distinect seosonsl variations in all the three vivalves. The
cnonges in the biochemicol constituents noy be attridbuted,in
sencrul, t5 foctors like avoilability of food, spawning and
moturity and environmentcl parameters like sclinity, temper-

ature otc.

The sotsonal chonges in the body water content of tho
bivalvee sunoweda @ airect relation to cavironmental water salinity.
This cowponent increased steadily during the monsoon periosd, whien
the swmbient water salinities were low and decreaesed during the
nigh sslinc periods (Taples 3.2a to 3.2¢)This was true of all
the throe species studied ond the same irend was followed during
botin tho years. Tnus, the variations in the water content

2f the soft parts of these three bivalve wollusce is assocluted
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witih the enange in solinity of the awbiont water. This

wuy be explained as adue to the hyposmotic condition 5f the
environment. The increcose in water content during low saline
periods cun be due to tiae osuotic flooding of water. ITo sunmer
wontins, wnen the ambient water calinity was nish, water may be
augtracted by tuc hyper osmotic smbient media. +his wust be
tpuc of these bivalves wnichh are curyhaline in nature, with-

standin.; a broad rangc 5f cxterncl salinities.

iiobertson (1Ut4) ososecrved thot i:: coneentrated scawster,

tplysic fosciata loses weight as wuter is avestiracted by the

hyper osemotic solution ond noted that tuecre wos dutward diffusion

2: ions, particularly Fa® and Cl~. “hen ¥ytilus edulis wes kept

in 507 geawater, the woter content of the muscle inerecased froon

75%to 78%. Again, the brackish-woater clum Zangia cuneata sho-ed

a deecrcase in the water content of ituo body (minus snell) with

increased salinity of the macaium, from 81% (Y=3%°) {5 T4% water
contont (8=:5%¢). Ciailar osbservation in the secasdonal chongos

in wuter content has been reported by Suryanarayanan and

talakrisanan Nair (1976) in the molluse, Cellans radiata.

The proteiiu content showed o systematic increase from
Ceptember snwarde and touched peak valuee in January in the
clom V. cyprinoides. Theroafter, the protein content startcd

decreaging an. reccned a minieuwm value in Yay or June(Table 3.3%a).



Carbonydrate, on ithe 2iucr hand showed Gn 9ppotite trend
ir its variation. Thne lipid content was found generally
higi: during tone summer months, the periosd of nigh sulinity

(fuble 3.4a) in V. eyprinoides. The scuasonal voriaiioue any

be attrivuted to food abuadance ana olso, to spawning. Tne
scalentoidisn 2i detritus and stuer dead organisws recching

tue bottom may also affect the biochemici:l cowposition.

The iunercage in protoin ana lipid levelr coincided
cloeely with tne periods of muximun phytoplanktsn abundsnee
in the water (K.J.Josepu, 1.76; persanal comsuniecsation). The
stecady fall in curvohydrate content during September to
Teeember 1977 and in April-Y¥ay 1978 (Table 3.3a) may be ottiri-
buted %o the utilis..tion of this component for viochemical
processes such a8 growtn and aaintenanece and gonad develapaent.
Tne sudaen change over froa a zinisua value o9f carbonydrate
{in Jonuary)} to © nigh value (in Pebrusry) ond the sharp declin
i:i protein value during these periode m.y partly be attributed
spowning osccurrecd in January. Two breeding perisds were suserv
for this clam in the arca: one fron January to Pebruary and the
other froa June to jugust (Sivankutty Yair ond Shynomma, 1975 ).
‘lowever, such 8 drastic cuntcnge in the levels of the bpioscheaieal
componcate was not oieerved during the latter perisd. The usua
decrecse in lipid content auring monsoon periosds can be eonsi-
dered as u consequence 21 high water content in the tissue. €u

inverse relationsui) between tissue water content and lipid lev
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in fisn huad beon observed by wany workers (Love, 1970). 7Tt
is difricult io interpret whother the low lipid level sbsorveu
during June t9 sugust is due 19 salinity cffeet or spowning or

UDVile

In M. costs alss, the variations in protein and carbo-
nydrate followed almost & siuilor trend as osbserved in V.

e prinsides. Carbohydrate and protein showed reciproeul

relotions in their variations. The ecompurctively low values

28 protein I'rom Yay tu August and again from Scptember 19
Yovember (Ta>le 3.3b) can bo due to the low concentratiosne of
slonkters in the ambient wuter and way alsd be due to tie
abrupt oad drastic changes in tho subient wator saliuity snd
temperature. iliguer percentage of protein osbservea during
Peccewcber 45 pril (Tovle 3.3b) in ticse cases also, corresponded
1o un iuncereasc in phytoplaoakton populution in the habitat woter
(¥.C Jo8eph, 1976; personal comumunication). Lipid content was
0les ot @ higsner level during tue periad (Table 3.4b). The
increuse in protein value wue Glwa;s followes oy an abrupt fall
in carovohydrate content indicating that this component might
have teon utilised for metabolic needs. The slight difference
in scasonal voariation of tuesc twd components from year to year
m.y be reloted to cnvironsental factare. It could be secen that
there wos an uvrupt foll iu environmental sulinity from

Pevruary (32.4%°) to .pril (24.0%°) in 1977 ond frowm “areh



(30.5%2 to April (23.19%°) in 1978 due t> pre-monsson floads.
Ano these periode colncided witnn low protein content of the
tissue, 7The very low vuluee for corbohbydrate osuserved during
Jansary to “areh noy be due ts the intense pre-breeding acti-
viwy i: tunese monthe. 7The subsequent decereaee in protein
content cun e attrivuteda to tue inercase in carboshydrate level
which wight hove occurred at the end of spawning. Yohummea ol
(1973) mud roported two spawning periode in M. casta in the are
vig. Janusry and 2ctober. ‘!owever, such a distinet variation
i: thesc coumponcuts wos not seen during Jetober. Tumikxar ond
tiyer (1937) hold that the breeding of . casta is a diecontinu

sus une during tue ycur and is a2ften interrupted.

“he patteru followed in the seasondl eycle of change in
the bLiochemicul constituents of the mussel was different fron
tihe two clams. Ilere, the higheei protein content was noted
in early July each yeer (Tabvle 3.3¢). Tue protein maxian
eynchironised with cartohydrote minima. Lipid level woe also
high in July. %“he variations in these components may be
rolated to spawning; in addition to5 fo0d abundance.

Vir.bsoadra o et al. (1975) stated that spownin: in the maesel
(stiell length =60 wer ) commences frow about July and lasts

upta Jeecenber.

fnsell (1972) found thot thorce was 8 net inercase in

body weipnt ond wetauolic reeerves in the bivalves Donax vitiot




und Tellina tenuis of the Clyde feus arecs during the periods

2i moximum phytoplankton abundance. He regarded the availa-
bility of food a8 o major foctor dotermining the seasonal
cyele of biochemicnl constituents. A similor inerease in
tissue weigiht wos observed in both Abra alba and Chlomys

gseptenradiata during the spring incerease in phytoplankton

populotion in the ambient woter (Ansell, 1974a,b). These
reservee 8re later utilised for maintenance during periods
waen f20d is avolilable in insufficient quantity to support
the ani.al's metovolie requirements. Gabbott and Dayne (1973)
fron an experimental study osbsorved thot nutritional stress
affects the biochemicul composition of Mytilue edulis 1.
Virabhadra Roo et al. (1975) aleo found that tne frequencies
0. planktonic larvae in the water effecte the biochemicul
cowposition of Porno viridis. The present obscrvations ore

in good agroement with the avove findings.

Glesc (14969) obsorved thot protein value reached a
pcak during the height of the reproductive esecason (in
f.wuphineurn) and declined to tue minimuc after spawning. The
decroasc in protein value wae attributed t5 the increcase in
curvohydrate level. CSuryanarayon.n and Bolakrishnan ¥air (197
noted that therc was o perecivable fall in glyesgoen content
with the onsct of breeding scason. Ansell (19744, b,c) had

reporicd that spawnin: in the bivalves Abra alba, Chlamys




66

septeuradiata and Rucula sulcata were accompaniea by a rapid

decline in carbonydrato content. Howcver, in the present
study no attempi bad bcen moude to relate tne voaristions in
biocheowical constituecnts with spawning in the species since
tne prime objective was to c¢stablish the best harvesting

#caeon Ior these species.

Galtsoff (1964 ) rccorded wontuly variotions in protein

level in the oyster, Crascostrea virginica and found no rela-

tion to thne roproductive secson. !le attributed the variations
ts the differences in nutrient eosnditions or osther variables

in the onvirsnment.

The inverse relatiosnship between protein and carbonydrate
obgserved uere¢ in tho tarce bivalves hos boen supported by the

carlier works of Giese (196Y) in the mollusc Katnorina tunicata,

purve and Bal (1961) in the oysteor Crassostrea gropuosides and
of furyanerayanon and Salakrisunen Nair (1976) in the 1i pet,

Cellona radicta.

The results indicated that bighor values of ealorifie
cquivalernts worc assaciated witi: higher percentago of 1lipid

coutent (7Toble 3.48 t5 ¢) in all the three bivalves.

Asli content in 611 tine three species were higher when
the solinit; of their nabitot water was high. The deercase

in asn content during monsoson periode can be due to the



inereased tissue wutor content. When the envirosnmentel water
sulinity goee up, thore sust be o corresponding increase in

the uptake of wajor ions which 1e quite esscntial for tue ionic
regulation in these orgonisms. The high value of calcium
cantent obscrved during tuese periode in these bivulves clearly

supports the above argument.

Cince 't Ls highly essential in tane building up of
sticlle in 21l the three¢ organisws, a greater rate 5f uptake
of coaleciuw can be expocted during uigh ssline periosds when the
culciuwm content in the environment is 0lid high. Love (1970)
found toot culeium wus dbeorbed dircetly from the surrsunding
water by fish aleo und stoted that the Ca eontent of various
tiscues increcascs when ecuryanline fiah go froa fresh water to

the sea.

The phosphorous content aled showed @8 similar trond to
tust of caleium (Table 3.58 t3 3.5¢)Zhe increase in phosphorous
content, in gencral wos alwuys uccompunied by an inerease in
lipid level, in gll the throe species. “his muy probably be
duo to tue prescnce of pnosphorsus os phospholipids in the

muscle as ouserved by other workers (Jafri et al., 1964).

The ITdral Harvestiug Periods for the Bivalves

From the nutritional point of view molluscan flesh

.orps an ideal source 2f aulwoel protein. ilcnee the fishing



of these species should be mde when the :rotein content is

tlie highest. For Villorita cypriusides, the period from

Ueeeiber to Februory (witn Jonuary the peak scosan) scemed
to be ideal for harvest. This is the periosd of high protein
content, hign lipid content and hence 5f generally high
uatritive value. The water content was only medium. Tn the

cuse of ‘cretrix custa protein value was generally high during

l'ecembor t5 early .,pril. Tuo lipid content wus 0led high
during tue period. £9, #. gcosta msy best be hoarvested during
Deeembor $9 April. Forna viridis, on tue other hend attains
paxiium nutritive value iao June-duly. The highest value for
protein and lipid wos found in July for the specice. Therefore,

tue fisuding svy be carried osut asinly during this period.



CHAPTER 4
SEASONAL VARIATION OF TRACE METAL CONTENT
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CHAPTER 4

CHAUCONAL VARIATIONW OF RACE ¥ TAL COUT HY

In rcecent years, monitoring the conecentration of
heavy wetals in morine and fresa woter orgonisws hos received
much attention. 4 broad unaerstanding of wctsl levele in a
large voriety; of fish/shell fish would help provide in esiab-
lishin;: a baseline for some of the toxic metals. Iijowever, o
drow & buseline for tue metal lovels in these organisme, the
seasonal changes 92f the various tracc uctols i these animals
muet be considered. The availability of metal ions8 in the
anbicnt woter would influoncc the tisgue metsl levels. 1t is
geuerally sgreed thot metal ions in water are not prescent ase
free hydratcd ions but are multi complexed with inorganie and
orgonic ligands (Zirino and Yamomoto, 1972; Blustein and
“mith, 197&). Tho situation in freeh water is less complex
cowmpured to secawater. Changes in sulinity, therefore will
have the potential to chango wmetal uptoke. A typiesnl systea
is on estuarine environwent, where the salinity fluctustes
froa an almist zoros value to an average scuwater sulinity of
35%e, Tuie must be .argely intluencing the trace metal distri-
bution in an organiswm. This fact emphasises tuo nmocd for the
study of seusonal variatiosne of trace metals in aguatic

Jrganinms .
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Otner environaentul porascters ugy exoert physico-cticumical
influences on wetols in tue water, rendering them less available
for uptake. Also, stresses sucin o8 temperature, salinity or
turbiaity and physiological econdition of the aninmal moy offcct

wetaoolic rates, resulting in altered uptake of metals.

The investigotions carried osut mainly in the industrialis
affluent countries arc briefly reviewcd below. Tne reeults »f ¢

carlier invostigotions nad been compiled by Vinogradev (1953).

' Brookes ond “umeby (1965) mode a quantitative study of
certairn trace metals in some bivalve molluses 5f Newzcaoland.
Segar et ul. (1971) gave the distribution of six major and
tbirtecen oinor clcocwents in tue shells and entire eaft ports

oi cleven species »f mslluses frow the Irieh Sca including
those of one freshwoter specics. iertine and Goldberg (1972)
wade a detuiled study on tho trace metals in cloas, sussels
anu suriwp. Andtber importunt piece of work worth mentiouing
is by wryen (1973) on tue osccurance and seasonsl varietions of
Cu, Teo, Zn, :n, *b, ¥i, Co, Cr, Cd and Al in the scallops

Pectin moxi .us (1) and Clumye opercularis (L). Holaen (1973)

had reviewed the work on mercury iu fish anu shellfish.
“iall (1974) had estimoted the !lg content in eoveral brands of
different commercial coanned seafososd products including certain

clume and oysters. Fustuce (1974) estimmted the c¢anecntrations



1

of “n, Cd, Cu and “un in certoin species of finfisn apd
sncllfisi cuugut Irow Lerwent estuory in Tasmwsnia. Other
iaportant investigations on tie occurance sf trace mctols in
molluscs were those of ‘reston et ul. (1972), Toppings (1973%),
ariin (1974}, Eutkawsk;i€%§74), 3oyden (1974), Xeoney ct zl.
(1.76), PBryan ¢t 0l. (1977), Sryan and ‘lemmerstone (1977),
XKarbe et al. (1977), Pescu et 8l. (1977), ¥harfe and Yan den
Braske (1977), Drysn anu Uystal (1978) and Dauvies anu “irie

(197¢). However, work carried osut in India, iu these lines

is scant. Comec of tuc attempts mode arc zentionecd bolow.

Comayajulu and home (1972) had estimated wmerecury in
gcafonds esllectead frow the coastal wators off sabay (in
lobeter, pomfrcts, 3ombuy duck, saluon and red prawns),
Jugadeson and Venugopal (1973) detormined certain trace elements
in tho particulate asctter of Porto-liovd waters. Zingude et al.
¢1976) nad anvlysed is, Cu, %0 dua @ iu cortein fis. and
eincllifien cougnt Lrow the cetulries gpoyng Gpa, CODKUrSnoTayanan
et al. (197%) wud wetermined certain heavy metals in the oyster,

Crapsostred virginica.

Thus, literature pertaining tos the occurance and distri-
buvion 9f trace amxtuls in fith/shellfish from Indian woters is
very wmuch limited. {9, it was found depirable to undertuke a

study on the securance, distribution ond seasonal variations



2f cerioiu truece wetale in tue bivolve mollusces, Y. cyprinoides,

M. coasiu and Y. viridis of tnc Cochin backwaters ona hence to
¢ptablish ¢ base linc for tucse motals which uay be useful for

comparison with possible futurc changes.

4.1. Yoterials ond cethods:- The esoples collecicd at monthly

intervals during 1970-77 and 1977-~76 werc uscd for the cstima-
tion (Sce cuapter 2). “he estimations of copper, zine, ironm
tnd lcoa were corriecd sut using Atomic Absosrption Tpecetro-
pnstometer. The details o7 the analytiesl procedure are given

in 2.74 % b.

4.2. Hegults:~ “he resulte of the variosue anolysls are presented
in tubles {(4.1a to 4.4c) and tneir seassnal trend ean be secn
from the figures (4.1a 1o 4.4c). VYetal councentrutions are given

2 & dry weight bosise.

Aaoirg the wetals studied concentration of leu. was found
12 be tue lowest in oll thne three species and the hignest valuces
werc observed for iron. TShe levels of Zn aud Cu were compars-

ble in angnitude in tae turee species.

a) Coppers- The distriobution of copper in tue three
bivalve mollusce eccmod tO> be well influenced by season,
especiolly by the twd monsoone: the eouthwest amonsoson (June to

August) and tine northcast monsoon (Qctober to December;. The



levels of copper in tne wudle soft ticsues ranged from 16.13

to 44.40 po/g in ¥. gyprinoides, 17.35 pe/g to 4u.89 ug/g in

4, casta and 15.20 Pg/g t5 30.41 pg/g in P. viridis. The con

trotions of copper secmed o be compursele in V. eyprinvides

. casta. It can be seon thut higuer volues were often found
during low sualine periode (Table 4.18 12 ¢) with a fow discre

pencies found here and there. In V. cyprinoides, higher conc

tratione were found betweon June to Augusi and Septomber to

Deecmber. Low wvalues, in general, wore sbserved between Janu
to “ay, with one exception in Jonuury 197&5. Higher values by
in _. custa usud . viridis werc found between June ti ‘ugust
comporatively low values during -te rest of the yeur. The co

~

trations 2f copper in 7. viridis werc rather low conmpured to
sther two species. 7The fluctuations in copper content in

. yiridis with scoson were also o ninisum (11.40 po/g 4o
30.41 pg/g). Copper conteut in the wolluses showed o signifi
negative correlation with the environmental water salinity. !

corrclation cocfficicites (r) wund probability factor (P) werc

foun. to be

r = -0.8744 (P < 0.001) in V. cyprinoides
r = -0.9063 (P« 0.001) in ¥. casta

ond r = -0.u548 (P« 0.001) in P. viridis

the corresponding equutions being



Table 4.1 a

Seuosonal variation of coppeor content in the clam, Villorita
cyprinoides var eochinensis (Mean ceoncentratione of the metal
in the whole sa2ft parts and standard deviation, on a dry wt.
basis}

Habitat Copper

collootion  Solivits sater pe/s 2.
2.9.1976 0.00 6.30 39.02 1.15
1.10.'76 1.53 6.60 37.46 1.48
1.11.'76 1.00 6.40 41.27 1.65
1.12.'76 0.50 6.80 44.46 1.98
2.1.1977 15.21 7.80 23.93 1.58
1.2.'77 22.81 8.00 20.26 1.15
6.4.'77 20.30 7.60 24.93 1.37
2.5.'77 8.35 7.00 32.62 1.41
1.6.'77 4.34 6.80 37.70 1.07
137077 0,00 6.90 40.25 2.21
2.8.'77 0.00 6.90 34.91 1.36
2.12.'77 1.93 6.20 40.56 1.38
5.1.1978 11.67 6.80 38.20 1.77
9.2.'78 14.52 7.05 18.13 0.94
6.3.'78 17.63 8.10 19.7 1.25
10.4.'78 16,00 7.25 24.18 1.18
10.5.'78 11.13 8.65 26.61 1164
8.6.'78 0.54 6.20 33.97 2.19
T7.7.'78 0.00 6.20 37.65 1.55
ifean value = 34.41

¥8.15
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Table 4.1 b

Secusonal variation of copper counteni in the eclam, MMeretrix
casta (Cheamitz). (“ean concentratisnse of tae metal in the
waole s3ft parts and standard deviatiowns, 24 u dry weigit
basis)

“ iiabitat . Copper
collootion  S0limaty faer RSB 1o
2.9.1976 27.12 T.80 26.95 2.02
1.10.176 31.73 8.1% 23.90 1.54
1.11.'76 28.46 8.00 19.27 1.37
2.12.'76 30.70 8.10 20.63 1.61
2.1.1977 31.92 8.20 25.49 2.10
1.2.77 32.40 8.10 17.35 0.97
6.4.77 24. .0 7.80 31.31 1.96
2.5.177 24.16 8.00 26.43 1.85
1.0.°77 17.25 7.80 26.74 1.54
13.7.'77 10.50 7.20 34.25 1.36
2.8.'77 5.72 7.00 35.69 1.59
2.12.'77 24.54 7.50 25.98 1.39
5.1.1976 30.62 7.80 21.23 1.34
9.2.'78 27.65 7.60 22.33 1.72
6.3.'76 30.50 $.25 23.23 1.03
10.4.'78 23.19 7.60 25.42 2.08
10.5.'76 22.11 £.00 27.97 0.92
B.6.'78 1.76 6.10 39.79 0.83
TeT o' T0 1.00 6.35 46.69 1.67
4.8.'78 2.34 6.40 34.81 1.81
Yeuvn value = 28.24

+7.62
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Tavle 4.1 ¢

scusonal verisaiosn 28 copper conbent in the sussel, oruna
viridie (Limnaeus} (Ye&n coneceutrotions of the wetal im the
wiiole s0ft purte and standara deviations on 8 dry weignt
ousis j.

- Jabitat ' Copper
§g§202£iou sa%;gity 33&35 ﬁ??gwt. 2 Eese
1.2.1977 34.47 8.20 22.74 0.76
1.3.177 34 .40 8.15 17.09 0.85
2.4.'11 28.6C 7.82 23.02 1.28
2.5.'77 25.86 7.80 24.64 1.52
1.7 24.75 725 28.59 1.67
12.7.'71 20,90 7.15 30.41 1.82
9.2.1978 32.82 7.80 17.72 0.8B9
13.3.' T 33.60 8.20 15.03 1.086
15.4.'78 33.21 8.20 11.40 1.01
Beat78 34 .42 8.30 15.48 1.33
L.0.'To 25.90 7.20 27.08 1.1
T7.7.%786 3:.79 L.05 23 .44 1.61
TedatTo 25.75 6.60 28.20 1.20
‘eon value = 22.26

+9.55
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Fig. 4.5 a@Db. Relationship between copper content in the whole soft parts and
environmentdl water salinity of (a) V. cyprinoides 8 (b) M.casta.
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Y = 39.5%9 - 009143x s e 401
Y = 42-3707 - 0.69b9X-...-4.2
ond Y = 55.9489 - 1.1204 ... 4.3

reepectively, whore Y = metal content and ¥ = salinity of
the hobitat water. Pigs 4.5 €0 4.5c represent the above

cquations.

b) Zine:- The distribution of zine in the three species

also varied witn scason. (Tables 4.28 to0 4.2¢ and Pigs 4.20 to
4.2c). The coucentrutions 5f the wetal in all the three bivalves
were uppurontly sisilar in muguitude. Zinc content wus founa to

be highest in ¥. eyprinoides with s maximum value of 105.58 ug/y

i1 September 1976 (S = 0%°). The eoncentration declined with
increased sulinity und tne lowest value was found during April
1977 (53.07 Pg/g). whon the salinity was 20.30%°. It con bo
scen that lower values were obsorved during tue pre-monsoon
moynths end biher wvalues during low saline perind (wonsson

mouthe ).

In . coeta alsos the distribution 2f zine f2llowed almost
6 sigdlar patiern as in Villorita. In ¥. castu higher levels
2f Zn were found during und iamoiiately after the monsoon periode
ond low veolues during tinc summer months (Table 4.2b). The
highest conceniration of zine woe found in July 197¢ (83.35 Pg/g
whon the salinity was =~ 1%£°. The lowest zinc content was f.und

to be 49.862 Pg/g in February 1977, whon the salinity wae 32.4°°C,



Table 4.2 a

Scssaonal variation of zince contcnt in the eclom, Villorita
{ rcun concentratious o1 the
motal iu tno whole ®2ft ports ana standarae deviatione, on

cy.:rinvidaes var coichinecungis.

o dry weigut busis ).

- flobitat Y Zinc
éﬁiicgilon sa%ésity sgtgi dgg/ét. + &.D.
2.9.1476 I 6.30 105.58 5.74
1.13.*7H 1.53 6.60 75.68 3.00
1.11.'76 1.00 U.40 $2.80 4.47
1.12.'76 0.50 .80 ©5.62 2.19
2.1.1977 1H.21 71.80 86.55 3.14
1.2.'77 22 .81 8.00 54.33% 1.99
6.4 77 20.30 7.60 5%,07 1.54
2.5.'77 8.35 T7.00 853.84 3.46
10,77 4.%4 6.80 90.92 3.92
13.7.'7T7 0.0C 6.90 94.17 3.49
2.8.'77 0.00 6.9% £5.81 3.80
2.12.'71 1.93 6.20 ¥1.99 4.56
5.1.197& 11.67 .80 56,32 3.55
Y.2.76 14.52 7.05 77.62 3.83
Le3.'78 17.63 8.10 T71.26 2.65
10.4.'78 1¢ .00 T.25 58.00 2.83
10.5.'76 11.13 8.65 74.19 3,32
Beue T8 0.54 6.20 84 .97 3.73
T7-'78 0.00 6.20 t1.45 3.14
dean value = 79.32

+13.70



Table 4.2 b

79

Secosocnal variation of zine conteut in the clam, Meretrix

cagta (Chemmitz).

{Meun conecentrutions of the metcl in the

whole soft parts and stoudord deviations, on o dry weight

busis).
E Jobitat o1 7
cgigogiiuu s?éénxty gthi P;?Z + S0
’ dry wt.
2.9.1976 27.12 7.80 04.44 2472
1.10.'76 31.73 8.15 52.03 2.31
1.11.'T6 28 .46 8.00 64.92 3.55
2.12.'76 32.70 8.10 54.09 3.5%
2.1.1977 31.92 5.20 63.44 3.02
1.2.'7T7 32.40 8.10 49.82 2.55
©.4.'77 24.00 7.80 60.01 2.95
2.5.'77 24.16 8.00 68.79 2.89
1.6.'7T17 17.25 T7.80 66.53 %2.20
13.7.'77 10.50 T7.20 70.01 3.41
2.8.'77 5.72 1.00 T2.34 5.41
2.12.°77 24.54 7.50 57.47 2.%2
5.1.1978 30.62 7.80 54.01 2.46
S.2.'786 27.65 7.80 69.63 3.13
t.3.'78 30.50 5.25 59.28 2.88
10.4.778 23.19 7.60 58.47 2.13
10.9.%78 22.11 8.00 57.63 3.33
8.6.'78 1.76 6.10 76.80 3.21
T7."T6 1.00 6.35 83.35 3.34
4.8.'78 2.34 ©.40 73.62 3.55
“otn value 04.11

+8.48



Table 4.2 ¢

80

foosonal variation of zine cunvent fn the aussel, Terna

viridis (“inn.cus).

dr; weight vosis).

(oan coucentrations of tho metal
1:. tuc whole s9ft purte and sicndord deviations, on a

- : abitat - Zine

e R T S = P
1.2.1977 34.47 8,20 67.48 2.95
1.3.'71 34.40 8.15 72.50 3.75
2.4.'71 28.62 T.82 80.58 3.81
20477 29 .86 7.80 71.68 2.75
1.6.°77 24.75 7.2% 94.90 3.60
12.7.'77 2G .30 T.15 95.30 4.03
9.2.'74¢ 32.82 7.80 73.80 %.81
13.3.'78 33.00 §.20 71.20 3.07
10.4.'78 33.21 8.20 79.49 3.65
BT 34.42 5.30 56.12 2.50
2eb ' TE 25.50 7.20 91.20 3.16
TT.'T6 32.79 6.65 74 .31 2.49
7.8.° 74 2H.75 6.60 105.68 3.74
Fgan value = T9.18

+12.44
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Zine content in P. viridis folls in the range of
5..12 .ug/g to 100.8¢ pg/g. The distribution of 7Zn wus
influenced by season in thie species alsd. It should be
uoted here that fluctuotion in wutor sulinity is low in
sugnituae (20.90%° to 34.47'¢). [liowover, the higher
volues of Zn, in P. viridis clwoys coincided with lower
values of suliniiy. The uighest value wos found ia August
147¢ (100.80 Pg/g) ot a snlinity of 25.78%°. The lower
valuese were found during tune prc-mons. on periods; thus, the
lowest volue osbserved was 56.12 Pg/g during ¥ay 1978
(¢ = 34.82%°). Among the three species zZn content was in
tue order ¥. cyprinoides > D. viridis » ¥. casta, the
rospective average valuce being 79.3%3%, 79.19 und 64.1 Pg/g

dry weight rcepectively.

Zine convent in the toree spoclies 3f bivalves suodwed
tignificuat negative corrclatione with salinity of the hubitat

wator, tho correlation coefficicents (r) and(P) velucs being

r = <0,5229 (P < 0.05) in Y. cyprinsiues

r = -0.6671 (® £ 0.001) in M. casta

and r = =0.7035 (P < 0.01) in P. viridis.

"he corrceponding regression lines wero plotticd and are given

1. figures (4.6a t54.6c)7he respective regreseion equations

for V. cypringpides, ¥. costa and ?. viridis are given below,
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Y = 83.3256 -~ 0.7209X ... 4.4
Y = 79.3576 - 0.8007X ... 4.5
and Y =171.1801 - 3.1781X ... 4.6

where Y, represcnts ginc content in the unimels and X,

represents salinity ot water.

¢) Iron:- Of all the trace wetals iron cun be considered
oe the wojor coustituent in toe three orgouisws. ‘o V.
cyprinpides it showed o marked scusoual variotion, aiguer
valuee being found during tae monsoon scuson and lower values
during pre-monsoon periods (Table 4.%3a). The iron content in

V. cyprinsides varied from 200.59 pg/y to 665.41 Pg/é (dry =#t.);

the bighest value wos found during July 1978 (¢ = O0%°) and the
lowost voluc was observed in farcu 1978 (f = 17.63%°), ‘lowever,

the seusonal variations of iron content in V. cyprindides

followed & similar pattorn during 1976-77 and 1977-73. "™he

Ye content in M. casto was genecrally low in comparieon to its
volues in the other two specitee; the average volue was found

to be 250.19 fug/g. The distributiosn and the unsture of sessonal
voriations could be secn from the toble (4.3b) and figure (4.3%b)
“he runge of values falle in between 181,22 rxg/g and 338.8: pg/g
The hizhest value was recorded in July 1978 (8 = 17°) and

the lowest eoncentration iu April 1978 (£ = 23.199°)., "he
variation 91 iron coutent in 4. casta is not as regular as

vbserved in the case of V. eyprinoidaes.
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Table 4.3 o

¢casonnl variotions of iron in cao clom, Viilorita eyorinsides
var. cochinensie. (#ean councentravions 9% tac metal in tne
wiunle soft purte aud standard deviation, un & dry weight basis).

; iabitat S Irsu

eollcotion  Selinity A S
2.9.1976 0.00 ve30 459.43 14.16
1.10.'76 1.53 0.60 396.26 4.92
1.11.'76 1.00 6.40 3717.12 9.:59
1.12.'76 G.50 6.80 307.71 3.18
2.1.1977 15.21 7.80 466.96 4.48
1.2.'77 22.81 8.00 293 .97 3.20
6.4.'77 20.3¢C 7.60 250.51 2.73
2.5 77 8.35 7.00 376.77 14.57
1.6.'77 4.34 6.8C 48u.52 7.48
15.7.*77 Q.00 6.90 534.19 7.50
2.6.'77 0.00 ©.90 584 .60 9.08
2.12.'77 1.93 6.20 401.20 B.74
5.1.'78 11.67 0.80 474.05 8.08
9.2.'78 14.52 7.05 241.19 6.22
©.3.'7¢€ 17.63 8.10 200.59 5.52
10.4.'78 16.00 T.25 359.15 4.2%
10.5.'78 11.13 3.65 307.93 6.88
c.6.'76 0.54 ©.20 439.50 T.89
7775 0.00 6.20 665.41 7.78
‘can value 399.16

+116.55



Table 4.% b
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Cewveonal variation o: iron, in tue clom . Jaetd (Chemsitz).
{"can conecentratious of ine wetoal 1u the whole soft partis

snd stacdord deviation, on 6 dry weight beeis).

. ‘labitat . Iron

égiie:iian ea%;gity gitiﬁ ggfgwt. 2 vl
2.9.1976 27.12 T7.80 279.90 4.97
1.10.'76 31.73 £.15 239.95 4.81
1.11.' 76 26.46 8.00 203.95 8.0z
2.12.976 30.70 £.10 235.91 5.81
2.Y.1977 231.92 8.20 217.50 5.32
1.2.'77 32,40 8.10 250.97 4.75
6.4.'77 24 .00 7.80 262.15 5.67
2.5.'T17 24.16 8.00 222.48 5.38
1.6.177 17.25 7.80 247.40 5.92
17.7.°77 10.5C 7.20 252.00 6.62
2.8.'T7 5.72 T.00 248.%5 6.06
2.12.'77 24 .54 7.50 257.49 5.60
5.1.1978 30.62 7.80 196.22 5 .02
Ge2sTTU 27 .65 7.80 266.40 5.42
A TR IX 30.50 8.25 158.17 5.78
10.4.'78 23.19 T.60 181.22 .20
1G0T 22.11 8.00 245.60 T.B
SBe0'TH 1.76 6.10 272.60 £.27
7.7 76 1.00 5435 335,82 5,23
4.5.'78 2.34 6.40 323.64 T.79
Mean voluc = 250.18

237.25



Tuble 4.3 o

teusunol varietiow o iron, in tiae museel, Yerna viridie
{Tinuoacus ). (Vean csuecentrution of the metal in the whole
of soft parts suc standurd deviotions, on a dry weigot Losis).

. iabitet . .
:2§§c2£13n eu%igity 22t:£ ;Z}E 1+ Ui
dry wt.
1.- 977 34.47 8.20 321435 6.78
1.3.077 34.40 8.15 225.81 5.73
2.4.'77 25.62 7.82 281.31 7.66
2.5.'71 29.86 7.80 271.32 .51
1.0."717 24 .75 7.25 Nolie
12.7.' 77 29.90 7.15 934.94 9.01
9.2.'78 32.82 7.80 203.33 5.23
1%.3.'78 33.60 8.20 238,20 6.84
10.4.'7T8 53.2% 8.20 220.40 .B.39
veH. '8 34.42 5.30 385.22 7.70
Te7.%7C 32.7Y 6.65 940.16 10.95
Te0.'TH 25.75 6.60 226.80 4.60
¥can value = 374.57

+257.65
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The level of iron content wag found to be rother
high in T. viridis wita o moximuw value of 940.16 pg/: in
July 1978. The higter valuee were found during the monsoon
periods ., ilowever, it wus obsorved thot tone scasonal voriation
of Pe in . ¥yiridis was rather irreogular. f%he lowest conce:~

tration of iron (203.30 Pg/g) was found in Februsry 147€.

There exists significant negative co:rrelation between
salinity ond Pe content ii tho whole soft tissues of V.
cyprinoides aud Y. casta, the correlation: coefficient (r) anud

{?) volues bdeing

r = =0.6359 (P < 0.01) in ¥. eyprinoides

and r = =0.5796 (P ¢ 0.01) in . casta.

lowever, in ?. viridis no significent correlation wis found

bectween these two parsmecters (r = -0.3659, ” - not significant).

The respective regrossion oquations for V. cyprimoides and

F. casta are given bolow: (fee aleo Pig. 4.T7a to 4.7b).

Y = 477094 - 904728.}‘: oo 4-7
Y = 290.91 - 1.9427X ... 4.8

wnere Y represents Pe eosuntent and X represents the nablitat

salinity.

d) lead:- 'The se.esnal variations and the omneentrotion

rongee of lecad content in the three bivalve molluscs are given

in Tablee (4.40 to 4.4cand fi_ures (4.4a to 4.4c) he leac conten
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was quite luv in all the species. In V. eyprinoides, the

distribution and seasonsl variation of Pb followed alaost
on identical patiern with that sbserved for Zn., iligier volues
were obeerved waon the eciinity was low (eg. 10.56 ug/g in
July 1978, S = 0“2}, whilc lowor values correeponded with

nlgher salinity (og. 6.24.Fg/g iu Pebruary 1977, £ = 22.8179),

Lead was Iouud iu higaer amounts in . cesta, tuoe
soximui being 23.40 Pg/é in July 1978 (5 = 1%9). 2he lowest
value reocorded 6.73 Fg/g) was in the aonth of January, 1977
(¢ = 31.92%0°),

In 2, viridis, the lead coantent wos rctber low. “ho
volues ranged from 5.23 Pg/g to 4.85 Pg/g (dry wt.). The
puttern followed in its soasonal variatis: could be seen frosm
the tobvle (4.40) ana figure (4.4c). Load econtent in the two

cluems, V. gyprinoidos anc M. costo was found to be emignificunt

negatively eorrelated with saliniiy of the havitat water.
"owever, there wés no significant correlation between these tw

paraceters in the case of 2. viridis.

The es:relation coofficient (r) aund () volueos for

Y. cyprinodides ond Y. costd are

r = -0.7452 (P 2 0.001)
ané r = -0.9533 (¥ ¢« 0.001) respectively. The

corresponding regreseiosn linese are given below:



Tavle 4.4 a
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Cecoeonal variation of lcad conicent in the clam, Villoarita
cyprinosides var. gochinensis. (Mean concentrations of the
wotal in the whdole soft parts @nd standard deviations, on

a dry weighi vasis).

Date of aditat y pil of ﬁ";g + 8.0,
collection (%0) wator dry wt.

2.9.1976 0.00 6.30 G.23 0.7%
1.15.'76 1.53 ©.60 8.67 0.26
1.11.'76 1.00 6.40 7.60 0.31
1.12.'76 0.50 6.80 t e 82 C.47
2.1.1977 15,21 7.80 8.52 0.34
1.2.'77 22.81 .00 6.24 .21
6.4, 77 2G.30 7.60 6.59 0.34
2.5.'77 &.35 7.00 5.32 0.30
1.0.'77 4.34 6.80 N.D. -
13.7.'77 0.C0 6.90 9.42 Ce33
2.0.°77 0.00 6.490 .V -
2.12.' 77 1.93 6.20 9.58 0.35
5.1.1978 11,67 6.80 B8.44 0.24
9.2.'76 14 .52 7.05 8.68 0.29
6.7.'78 17.03 8.10 T.76 0.31
10.4.'78 16.00 .25 6.70 0.30
10.5.'78 11.13 B.65 9.00 0.38
8.6.'76 0.54 6.20 8.61 0.%4
T.7.'78 0.00 6.20 10.06 0.49
Yean vualuo 8.37

+1.04



89

Tadle 4.4. b

Yeatorol varistion of leud content in the clam, Yeretrix custa
(Cucanitg). ( cen coneentrations 9f the metoal in the winole
soft purts anu standurd deviations, on a dry weight basise).

" abitat "n - Loaa
;Siiezgiou ea%;g%ty sgtéﬁ d@? ét. 4+ Sl
2.9.19706 27.12 7.860 11.20 0.51
1.10.'76 31.73 8.15 10.0u 0.49
1.11.176 265,46 .00 10.94 0.37
2.12.'76 30,70 3.10 6.83 0.21
2.1.1977 31.92 8.20 6.73 0.34
1.2.'71 32.40 8.10 N.D. -
6.4.'77 24.00 7.860 10.67 .45
2.5.'71 24.16 6.00 11.05 0.47
1.6.%77 17.25 1.80 11.70 0.51
13.7.' 77 10.50 7.20 16.49 3.89
2.L.077 5.72 7.00 17.%6 0.95
2.12.'71 24 .54 7.50 12.57 C.75
5.1.1978 20.02 T.60 9.41 0.35
J.2.'78 27.65 7.80 10.33 0.60
6.3.'76 30.50 8.25 g9.21 0.39
1C.4.'7¢ 23.19 7.60 11.78 0.61
10.5.'78 c2.11 8.00 1.0, -
Sabe'TB 1.76 6.10 22.50 1.28
T.7T.°78 1.00 6.35 23.46 1.10
4 .8.'7¢& 2.34 £.40 H.D. -
¥ean valuc = 12.49

+4.05
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Table 4.4 ¢

Ceasonul variation of leud content in the musse’, Perna viridis
(Lincaeus ). (Yean concentrations 2f the wetal in tne waole soft
purts und staadard deviation, on a dry weight basis),

mi o MBI ier el
c2llection (o) water dry wt. -~
1.2.1977 34 .47 8.20 71.60 0.31
1.3.'77 34.40 8.15 7.31 0.30
2.4.'71 26.62 7.82 8.03 0.40
2.5 77 29.86 7.8C T.76 0.39
T 7T 24.75 7.5 q.D. -
12.7.' 77 27.90 7.15 7.9 G.41
9.2.1578 32.82 T T.80 \ 7.85 0.44
13.3.%76 33.60 8.20 5.2y J.18
10.4.'18 33.21 8.20 HoD -
8.,5.'78 34.42 8.30 5.23 U.22
B0, 75 25.90 7.20 &5.05 0.36
11718 32.7% 6.65 8.61 0.42
7.8.'76 25.75 6.60 9.85 0.48
Yean value = 7.99

+1.27
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Y = 9-1878 haad 0.09763X s e e 4-‘)

where Y = lead coutent and X = sulinity.

Althousi tue aisheet and lowest vuluee o2f the three
wetals in the three wollusces were not observed at the some
ti ¢ of the year, it ie generslly scen that tne higher value
were found during monsoon wsnd poct monsoun periods (periods
5f low ealinity) wuercae low valuecs were found in sucmer

conths when the salinivy «nd pi' of the wuter went up.

Nearly oll uvhe four wmctals were fouad to be positive
inter correlated in tne twd> clame, Y. cyprinjides and Y. cas
(2 € 0.9C1 to ?« 0.01) in most cases), the only execupiion b
Cu/”o cowbiauvion in Y. eyprinoides. - The correlation coeffi
cxts were ca.culated in ecach casc and are given in Table 4.5a

to2 ¢). ‘lowever, in D

viridis 5:ly o few combinations (~u/i
u/fo und Zn/Po) were found t9 be esignificuntly correluted
(P< 0.05).

4.3. Disecussiosn

The esuncentruatione of the four trace aetals studied,
viz. "u, 7Zn, Pe cud Pb varied murkedly with scason in all th
turee specios oI mol uscs. “he variation in concenirations
snowed a definite patiern. In general, high coucentirations

meto ‘s were confined t0 low saline periods, 1.e. from June t



Table 4.5 o

52

Correlatiosu edefficients(r) uf .alinity und trace mctial conce

trutivus in Y. cyprinoidos.

At B Y S i VR b D s S o Ay

Cu -3.8744 - - - -
“b -0.6873 U.4104 J.T513 - -
re ~0.03%59 0.5018 0.6084 0.06298 -
REEA Cu Zn Fb Fe

Table 4.5 b

"arrelaiion ecocfficientr) i sxlinity and trsoece metal coneen
irotions in M. costa.

-0.9063 - - - -
-3.5465 0.9:162 0.7490 - -
-0.57496 0.6225 0.631Y% 0.6264 -

A Cu in b Fo

Table 4.5 ¢

“orrelation coefficientr) of sulinity ond trocee metsl csneen
trutions in P. viridies.

-0.854xn - - - -
-0.7035 Ve TULY - - -
-0.4290 0.0771 0.6387 - -
-2.3859 0.5175 0.2864 0.2744 -

LA Cu Zn b Peo

—————
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Auguét .foavles 4.18 t0 4.4c,. “'his is the periosd of southwe
zouso.n, when the salinity snd pT 9f ihe habitat water recor

low values. Iua V. cyprinoiues, yet anovher period of hi h

setva’ content was found durin. feptesber t5 Dececuber snd in
Janugry (Table 4.1a, 4.2a, 4.%0 and 4.40) the period of lees
rierce winiter mounsoon (uo-theast). Jn the stherhand metal

~oncentration cecressed in all tne three species durin. suuwm
wonine, the period of highost sulipity ond pH values for the
aauient water. The significont negative correlation betweoen
metal concentrations in tne whole &9ft parts o2f the molluscs
urd Buiinity of tue babitatl water (except for Po in P. virid

suggests that s:linity dooe pluay an important role.

The monsoon £1oods couee drestic seasonui changes in
tne salinity and pll of the Cochin buclwoters. This tust hav
defiuite effect on the distribution, species variation otec.
the necvy met. i ions preoscnt in tne water or sedizent system
This process influences the availabi ity of metal ions to th
bislogicael species. £ 19 interpret the exporizental result
the chemicol specliecr of the meotals in the aguatie environamen
ghould be eonsidered in detail. “he uptake of metals by mar
orzon.sme is highly dependent on the choemical species prescn
in the subient water. The variatiosa in sulinity aoy alsos al

vhe filtration rotes in these wolluscs.
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tated in the ostuary due to sudden inerease in salinity of
the water. CSiuilar iron preeipitation hos boen reported by

ubrawsnion et al. (1579) in Vellar ostuary.

The offect 2% pil upon tuc stebility, &olubpility and
abgorption or 15 metul Lsns at low concentratisns in aquous
solutions nas been studied by Smith (1973) under labsratory
conditions; it is suswn thot pHl of 1.5 or less was neceseary
12 ensure that all of tune metcl ions remained in solution.
There is consideravle cnange in metol species in the pH range

of 6.5 to 8.0,

he scasonal variation of the levels ot Cu, Zn, Pe ana
Pb in tue three bivalve mollusce cduld be explained in the

light of tue avove facts.

Thus, hignh concenirations 5f the metals observed during
Junc t5 Auguetil in all thne three species 9f the bivalves may also
ve due to an inerecuse in tne filtration rate and bio-avoilability
of tiie metals in their habitot woter. As 8 result 2f the moneoon
ruing, the buckwater gets flushed with freeh water discharge
wiuich brings down tuce solinity oand p!l of the water. Tn the case

of V. eypriuoside:r, the values for salinity and pH of the environ-

mental water at the two period: of high motol content in the vody
of the wolluse were in the range of; & = 0¥to 4.349° and pll =
6.2 t3 0.8, In ¥. custa the lowest valucs for these two parao-

ceters were, S = WOM° ana pil = 6.1 ane in ». ¥iridis the



correeponding lowest values were, & = 20.9%° and pY = 6.6
respectively, when tuce metal content wus highest in their

' body. “hese low pll volues (u conscguonce of low salinity)

may facilitate the diseoslution of precipitated foru of the
metal (nydroxide, corwvonate or chloros com loxes) and incre-
ase the ouount of ionic species 1 solution. 'his coupled
with the incregsed rate of filtrution would naturally increase

tie level of wmetals in the osrguniscs.

It iz olso possible that the fresiwator discharge
ajignt bring efilucnts and othor waste moterial in to the
estuory. The wmoin flow of frosh w:.ter in this estuary is
throuzn Teriyar river. {ince tae river gots effluents and
sther woste unterials frow un indusirial area near Eloor
where & nuasber 5f cilemieal factories including one co;per
suljhate foctory and gince foctory are located, it also mmy
contrioute to the heavy metals in toe woter. This may be
cnother roeacon £for tne incresse in concentration af the heavy

metals in tune mollusce during monsoon periods.

During October to Deoceuiber {(winter amonsson) metal
lovels were uigh in Villorite cyprinoides, but there was only
little iuncrease in the other two species. Since, the winter
monso2n is less severe, it did uot influence much the water

salinity or pH in tne latter two cases (Tables 3.1b to3.te).
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owing $o their proxivity to the sea. Ua the otherhond the
Yillorits ved was vory much affected by the fresh wator dis-~
chaorge during tne winter mongoon ulsod. 4And hence, the vari-

ationn 21 the metals in thies species,

Genernolly low coneentration of the wmetule in the
citimals during suamer wonths way be due to the low bisuvaila-
bility of ihe aetal ioue in the wuter owing to the high

sulinity oanu pii.

Cecondly the incorporation of wmetals by phytoplankisn
or detritus and chelation by other exiracelluluar products
might - reduce tne metol avoilability to these srgaunisms. “he
significunt negative correlotion between metal content in tue
tpistl soft portes and solinity of the environmental water (in

most casecs) is consistent with the above reoasoning.

Aryen wnd ‘Jystal (1978) Bug:ested thut sulinity wos on
izportant faetor governing the availability of metals to the
orgonisms. Thus they foufd highe: levels of Pe and Zn in the

bivolve, {acrobicularia plona ot upstrcams of the Tamwor Zstuary

then at downstreaws. 7The levels were highest during early part
af the year winen less saline conditions existed. Mohsames falih
(1977) hus also observed high valuce for re and Cu in ¥. casta

during wonsoon periosds and low voalues in the suamer months.
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“ankorsnorayanon ona heddy (1973) osbserved high
values for Cu, in estuarine water during tue aonesoon periods
when the fresh water dischiarge was woaxi:uan. o significant
negotive corrclution wos sbtoinea between Cu eoncentrution
Gt sn}inity iu Porto Hovo waters ( Tunderraj and
Krishnuamaoriuy, 1972). Subramonian et 8l. (1979) found that
reactive iron concentratiosn waes moxi.um in low saline wateors

ond decreoused with increaciog seaiinity.

oryan (1973) hoed observed low metol concentrations in
tne scallosp during the period of highest productivity. e
oxyloined thot tue very much greatexr availability of f£ood
probably caused increased metabolic rates of the onimnls and
tue excretion of waste products. e also remorked thot the
incorporation of metals b; tue puytoplonkton would reduce the
azount of dissolved ions in the water ond 8lsd thot the extra
cellular products aight cnelate aetals in the water leaving
toew unavailuble for absorption by diher orgonisme. §£§§§?23 al.
(1972) mlso got evidence for copper-complexation with orgenic

cowpdiunde in scawator. The abosve observations of the various

workers are in agrecaont with the prescut findings.

The levels 2f copper end gine in tne three bivalve
molluscs observed in tae presont study are comparable in wongnitude

to the concentr.tions reported by Zingde et al. (1976) in some
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bivalve molluscs from the estuaries of Goa. IHowever, high
concentrations of Zn, Cu aud Fe werc obseorved in the syster,

Crassosires madrasensis cosllected from tho Cochin backwaters

(Sonkaranosrayonan ¢t 8l., 1978). In the present study ns such

nigihh volue wos observed in the molluscs.

Iron was by far tho moct abundant of the trace motals
i wll the three spacies. ligh lovels of Fe conteant in mollu-
scon body hod been reported by mony workors (IDrookee and Russby,
+965; Uryen, 1973).

The concentration levels of the varisus metale studied
(including thot of mercury - control values from Chaptor 7),
in the three bivalve wolluscs wuy be compared with the pormi-
sgible levels in some 9f the morine producte‘ (Is: 7582-1975,

$:22%6-1968 aud Connell, 1980). The avorage values os well os

Metol lovels in the molluses (ppam)

Plement Permitted iilghest concentration and mean
sleme lovel (ppm) value given in brackets.
V. eyprinoides M. casta P, viridis
tvercury 0.50- (0.232) {0.195) (0.086)
1.00
Tead 5.00 2.327 4.912 1.955
(2.045) (2.892) (1.739)
Copner 10.00 9.268 9.761 6.379
(7.921) (6.538) (5.101)
Zinc 50.00 25.200 17.450 20.021
(9.387) (14.840) (18.142)

“us 18 specificotions for motule in molluscs arc available.

trhe £90d4 regulatory ond health autinorities 5f some eountrios



CHAPTER 5
STUDIES ON THE TOXIC EFFECTS OF HEAVY METALS
PART 1. DETERMINATION OF LCs, VALULS.
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CHAPTER $

STIDIES NN TH. TOXIC EFFECTE UF HEAVY %:TALS

PARY T LHQERC-IMATION OF ICCO YALUES
2

Cooetal aquaculture hoe been renlised as a potential
woang of increasing tue country's f.sh/suhellfish production.
4 clean coastal water free from ull xinds of posllutants is
nizhly essenptial for culture activities. ’leavy metals have
becen recognised as serisus pollutants of the aquatic environ-
gent witn deleterisus cffecte on associated osrganisme. 71t
my ceuse (i) high mortality (ii) reduced growth rate (iii)
recuccd quality and expsrt value 5f tane praduct. &2 broad
suggestions have been ande for world wide monitoring of the
coustal worine environmont for heavy metals ueing sedimentary

srganisms like tue molluscs.

As mentioned earlier, biosassty studies pluy oan ipportant
role in water guolity studies. Lethol concentration (17) is
used to expreoss the results of bioessays noving lethality as
the criterion of toxicity. A number is uscd witih it t2 indicate
the pe:centage of the teet animoles killed at a given time of
the test wmaterial. The 96 hr L050 is the concentration of a

material that is lethal to 50% of tue test orgonisms in 96 hours.
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Wiscl; ond Dlica (1.67) had studicu tue mortality
2f the larvee of the mussel, ¥ytilus ecuulis one the oyster,

Crassostroo commercinlis expoeed to sslutions of wmercury,

eopper and zinc. TFringle ot @al. (19068) bnd studied the toxie
offeet of heavy metol ions on some cetuarine wolluses. Tortmonn
{1970} hed ulgd conducted acute toxicity tests with tne oyster,
sgtrea edulis ueing beavy metals. Artbur and Tesnurd (14570}

hod investigoted the offects of coppor on threc invertebruote
specics in 8oft water. The toxice effects of 21 wetal sultls

on Lophnic megna were studied by Biesiager ond Christensen
(197<). The acute toxicity of 11 heavy motals to cubryos

of tue american oyster, Crogsostren virginiec was stucicd oy
Calobrusc et al. (1973). Cther works in this line of reccearci
arc: Lloya (1460), Skidmore (1964), Portwunn (196¢), ‘rown et al
(1968), Nielso: and Anuverson (197C), 3dryen (1971), *aexim ana
Jensit (1971), Orown and Newell (1972), 3urtom gt al. (1972},
Seott and WMajor (1972), Yertin (1974), Zavies (1976), Weish et o
(1976), bavenport (1977),Fisler (1977), Davenport and Vasely
(1978}, *1lleor and Yeckey {(1952) cte.

fowever, the investizutions carried sut on these and
reloted aspecte in India oare scunt (Lakebhmanon and Kristnen
Yombisuw, 1977 and 19793 Krishnon Rambisou et al., 19773 Clussy
D'silve and Xureishy, 1978). The poueity »f informction in the
ficld prowpted to carry out o study on the toxieity of some neav,
zetols viz. mereury, copper, ginc and lead to the bivalve wmollued
V. cyprinsides, ¥s 20818 und ?. viridis wioich are aosundontly foun:

in Cocuin bacdawutors and in vurisus parts of Kerals wuters.
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5.1. Yuteriols and mcthods

The general procedure followed in the bioassay tests,
the description of the aniunle und water used in the experi-
mont are given in Cnapter 2 (2.8o,b). Preliminary experimente
were conducted t9 scloet the appropriate test congentrations
of various motal solts 'g(II), Cu{Il), Zn(II) and Pb{(II) to
thue three animole. Toxieity of boovy metale to the organisas
were conducted at their habitat salinity and temperature
conaitione. The concentrutions mentioned are those obtained
an addition of calculated amounts 2f the wetal solt solutions
to the pedium (the background coneentrition not conaidered).
10 oni:icls were uscd in eachti trough conteining 5 litres of
filtered sea water. JNuplicate troughs were kept at all
coricentrations including control aniagcls. The troughs wero
acroted three tiaws o doy and dissolved 02 concentrations
wore segsured both wmorning wnd evening. #ortulity of the
ani:als were noted av cvery 24 bxr . Tho rosults of successive
tests were then aversyged anc the LCSO value wos determined by
the straight line grophicoal interpolation mothod. Yater wuse
changed duily. The aversge shell lengths of the various
bivalve molluses used nomely, Y. cyprinoides, ¥. casta and
P. viridis wore in the range of 34-38, 30-32 and 55-60 um
rogpoctively. The woter characteristics and the conecentra-

tions of thoe motal used in each case are prescnied in the



table 5.1, The netals were adainistered as solutisns of
their salts vig. i!gClz, CuSO‘.5H2O, 2 Q04.7112O, und
Pb(!5103)2 in the experimental tank; all soslutions were

prepored in doubly distilled wuter,
5.2. Regulte

The acute toxicity of four ueavy metals, as inorganic
salts, to the turec bivulve molluses are shown in Tables 5.2a
t> S.4c und the LCSO values 5f tuoose motols to these orgzonisss
are presented in Table 5.5. The toxic eoffocts of those motols

1o individual orgonisoe are desceribod below.

a) Pornn viridis:- Of the four wetals tested, mercury

and copper were found 1o bo extromely toxic to the amussel,

F. viridis at very low concenirations. I!Sercury above 0.1 ppm
in tho acdiuwm proved to be very toxic to the muesel. ‘‘ortality
occurred in all the experimental tonks uaving g concentra~-
tions of 0.2 pym and above, during a 96 hr period. 207 of the
enipals died in 0.2 ppm edlutisn on the fourtn day (96unr) of
tine exporizent;y other aniuals in the same tank had becosmo
quite inoctive. HYorcury wes 100% lothal to P, viridis at

0.5 ppm in 96 hr periosd. The rates of wortulity con be gecen
from the Table 5.2a. The following offects were obscrved

within 70 oinutes of addition of metsl salt solution:-

- eam s = W @ P e P ER an WP mE W G P e wh mm AP e o GE mn T mm mm e 40 W e s

4
“"he ters 'metal’' refers to metal ione, viz, ?42" In the text.
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() In 0.05 ana 0.1 ppm iig solutions therxre
was nd mucus sccretion and the valve gape

wus unoroal.

{(i1i) At 0.2 ppm tuerec was slight amucus secrection

but normnl valve gape was maintained.

(1ii) Above 0.2 ppm and upto 0.5 ppa, there
was considerable awvunt of mucus secre-
tion and the auimals showed o tendency

t2 close the shells.

(iv) Above 0.5 ppm the animals closed their
valves coapletely and o lot of mucus

secretion was observed.

1t scemed that tho awount 5f mucus oxuded by the
animol was dependent on the extond of irritation. The ICSO
value for a 96 hr periosd was determined by the graphical
intorpslation method and was found to be 0.34 ppm of 'z at

the porticular salinity and tceaporaturc.

Copper was found to5 be more toxie t5 tne mussel whon
compaured 15 morcury. Copper concentrations of O.1 ppm and
above were found to be lethal to the animal. At lower concon
trations ( < 0.10 ppm) all the oniwals were found t2 be quite

sctive, showing normol gape width and did nst secretc any
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mucus. At coucentrations of 0.1 ppm aud above all the
muescls becoae very pussive and closed their shell valves.,
"ho gape width decreceod with incrcasod concentrutions of
copper. There wus imcrcased mucue socretion at higher
coicentrotione., The wotoer in the experimental trough becowe
turbid and tue turvidity alsd increoscd with increuasecd wuetal

concentrotione.

“ortality started aftor an elupse of 24 hr in 0.5 pom
and 0.75 pow of €appor and after 4< hours in 0.2 ppm s82lution,
1004 wortality osecurred at 0.5 ppm in 72 hr. The 96 hr LCSO
valuc woe determined ar deeeribed before and was found to be

O . 174 p_‘_-)m-

Compared 15 morcury aud eopper, zine was found to be
less toxic to 2. viridis. There was no letholity im conecen-
tr-tions of 1.00 ppm and below of “n during the 7 dayes period.
~wvon 6t aoigher concentrations 5f Zn mortelity started late.

At ¢ ppm lovel, 10% of ihe aninols died on the 4th day. it

3 ppm and 5 pps n ssluiions wmortality osccurrod @n the third
say. ‘lowever, onco the mortality started, it continued at a
greater spoed in all the tanks. Thus 100% mortality occurred
at 5 ppw und 3 ppa level “n in 4 doye and 6 days respectively.

The rute of aortality can be soen frowm tue Toble 5.4a. The

96 hr lcso value wos detersined 1o be 3.00 ppm.
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Tabvle H.26

*tgaulative aortelity (') of . viridie exposed t2 different

cuneentruiions of H5012 solutioue for va:ying lengtns of time.

ortalit; ()

“ine OF
zzr;g;? _#xposure time (in hrs)
24 48 60 T2 84 g6
0.05 - - - - - -
Q.10 - - - - - -
0.20 - - - - - 20
J.3% - - - 10 20 40
0.40 - - 10 30 35 60
2.50 - 20 25 50 50 100
Controal - - - - - -

mable 5.30

*~uaulotive mortality (%) of . viridie ex osed to differ-ent
cono tiutions of CuSO4 solutions for varying lengthe of tiumec.

. - 2 ali e,
"onu. of ortality (%)

gngig Exposure timeo (in rs )

i 24 36 48 60 Te B4 96
0.05 - - - - - - -
G.10 - - - - 10 10 25
D.20 - - 25 35 50 50 60
0.50 1. 25 950 75 100

375 1 25 50 75 100

Toutrol - - - - - - -

*The results frow duplicate exporiments were averaged and
given.
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Zavle H.48
®=Cuaulutive aortolity ( ) of P. viridie cxpoeed to aifferent
couneentrationg of Ln304 solutioi:e in sea water for var,ing
lengtns of tiwme,

vortality (%)

Con. of —
“ine

X :xposure tiwe (iu hre)
in prm 24 48 72 96 120 144 188
0.50 - - - - - - -
1.00 - - - - - - -
2.0GC - - - 10 ) 50 50
3.00 - - 25 50 &85 100
5 .00 - - 45 100
Control - - - - - - -

*:he resulte from cuplicate experiments wore averaged ana
tjiVGﬂ.
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At letnal as well os ot sublethal levels the oanials
scerceted o 19t of wuous sns the aomosunt inerecased wiih increan-
eing concentration of gine. &Similerly tne gape width also

decreaeed with inereasing levels of gzine.

‘ead was found to be non=-lethal to the mussol,
P, viridie up to 10 ppm level of Pb (hishest concentration
tested) during an cxperimental perisd of 10 daye. No mortalit
or any other symptoms of toxlcity was visible in any of the
test tanks. All tue eulmale were found t2 be quite active as

evidenced by noriwal gape width siwdlar to the control muesels.

! Villorito cyprinoides:- “he general trend in

toxicity af tue four metuls to the clou, V. cyprinsides was
eiailer 9 tnot suserved in the cuse of D. viridis. Among
the fou: metols, copper and mercury were again found o be

nore toxiec thoan gince ana lead.

'ercury from 0.5 ppa and atove were found to be lethol
ta the clom during « 7 days periosd. The onsot of mortality
of tne oniatals wore delayod in O.. ppm and 0.7% ppm solutione.
100% wortality oseccurred at 2.00 ppm iig media in 6 days. The

1C50 value was found to be 1.57 ppm for 96 hr period.

Vis:ble syuptoes of toxicity was secn in aniauls
mintained at 1.00 and 2.00 ppm cnvironmental mercury.

‘oribund symptoms were ofton observed: the aniznls kopt
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opencd their shell valves ae 1 dead. And, they were nost
at all sonsitive to5 touch, took long time t2 close the valve

und retroat the fast.

It was secon that in experiments noving mercury
concentrations 0.5 ppm, a milkiness or turbidity appeared
which incrcased witn increased levels 5f the metal sclt in

the sodium.

The LC50 value (96 hr) for copper, (Table 5.1)
showed thot it was, &t more toxic than g to the clana,

V. oyprinoides. ilowever, a 100f mortality oSccurred only at

5 ppm level of copper in 6 days. 2 ppm level of eopper could
ndt produce 1005 mortulity in 7 doys period, as in the case
of mercury. “he trends followed in the amortality rate from
¢apper and mercury con be compared frow the Tables (5.2b =«

5¢3b).

Zinc w&8 found to be less toxic to V. cyprimoides,
wiuen compared iv :g and Cu. In tho eonecentration range cussen,
1.00 t2 10.00 ppm, Yuo hr LCBO value could not be estimated;
instecad the LCSO value was determined for a 10 day period.

The rcsults cleorly showed thut zine msrkedly diffored in
toxic efiect to the clam (Table 5.4b). ortality of the clans
started very lute, after a lag veriosd of about a week in test

concentrations up to 5 ppm of Zn. Even at higher concentrations
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Tavle 5.2b
*umulative mortality () of V. cyprindides oxposed to
different conocutritione of nglQ sB2lution i seo water
for varyin, leugtuas of time.

Yortulity (%)

Cone 9f _—

jercury ixposure tize (iun days)
an ppo 1 2 3 4 5 o 1
0.10 - e e e e e -
Je 20 - - - - - - -
0.50 - - - - 10 20 25
0.75 - - 10 20 35 50 60
1.00 10 10 35 60 7% 85 25
2.00 10 20 35 60 75 100
fontrol - - - - - - -

1able 5.7b

*Camuzlative mortclity (%) of V. ¢yprinoides oxposed to
differont concentrations of CuSO4 solution in seoa water
Ior varying lengtus of time.

Mortality ()

Con, of

topper Exposure time (in days)
ix ppa 1 2 3 4 5 6

3.25 - - - - - - -
0.50 - - 10 10 20 20 20
0.75 - - 20 25 35 340 40
1.00 10 10 30 40 50 6. 6%
2.00 10 20 45 65 &5 70 80
5.00 20 30 50 7% 8% 100
fantrol - - - - - - -

*"he results from duplicute expericents were averaged and
given.
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fpRia B gp

#cualative sortolity () of Y. cyprinoides exposod to
aiffoerent coneentratione 2f En804 so2lutions in scu wuter
for vorying lengths of tioe.

VYortality (%)

(?On. Qf

%}nc' “xposure time (in days)

i1 ppm 1 2 3 4 5 6 7T 8 9 10
1.00 - = e e e e e = - -

2.00 - ® = = e = = - 10 20
5 .00 - = = - = = 10 25 35 45

7.50 - - 5 10 10 15 25 3 50 70
2.00 - - 10 10 15 20 30 4. 60 85
Coutrol - - - - - - - -

*The results from duplicate experisents worc averaged and
given.
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vig. 7.5 and 10 ppz mortulity osecurrcd osanly on the third
day. In 7.5 aud 10.0 ppm s3lutions, the mortolity rotes
were alaost similar (Yuble 5.4b). The LCsO value wug osti-

mated to bte 5.47 ppuw.

Eventhough there wos o lag period of about a weck
ir: whieu wortality set in, the animuls showed moribund symptoms
at nigner concentratione of zinc. Often the aninals socreted
¢ waite preocipitate which was identified to be due t95 spowning.
“hie huppened before the onset of mortulity. Tn the wmoribund
state, thoy gapod, extended their fost outside and dicé not
closc una took long time t2 close cven after touehing with ao
clase rod. Soac animals survived in this state for 3-4 days

apnumfinally died.

lcad wus founa t2 be nau~letbal to the clam even up to
10 ppom (highest concenirsvion tested) during o 10 day period.
The animols seccamed to be quite active as revealed by their
gupe and extension of tne siphon. ‘lowever, at 2.00 ppm and
above concentrationse of the wmctuol, spowning could be observed

i the oanipals.

c) Yereirix casta:-~ Compuared to the othner two orgonisams,

2. cuetd scemed 10 be more resisiant to metal toxicity.

lowever, the responsc o°f ¥. casta to the vurious metal ions,



vis. ‘ig, Cu, en oad Pb wis yuite :ifferent. ~Topper wus found
to be the most toxic metal among the four metals tested. The

cffoets of evenr aetal to5 the clou is described bolow.

“he rate of wortality of the clem in various worcury
golutioue oin be seen Irzw tae Toble H.2c. Hortality of the
clun started late in all the experimeatal tonis having 'ig
concentrations up to 3.00 ppa. 4t highor eonecntrotion (%5 pom),
gortulity oceured on the sceond day. After un initial lag
periosd there were high rates of wsrtality ot these c¢ouncentira-
tione of worcury. 5 ppax lg was found t9 be 1005 letual to
tuc clom during on experiwmentol poriod 2f 6 daye (Toeble S.2c .
Yercury < 0.5 ppm was ud2t lethol to5 tue aniiel in 7 days,

e Y6 hr LC5O wae found to be 3.2% ppm.

Pventnough mortolity of the clam started late after
exposure to lg solutious, tne animole showed visible symptoums
of undosirable euvironmecutal conditions oven from the very
begirmndiin,g. “ostly, tuey closed tueir shell vulives and
secerctcd sucus. The water wos found to5 be very much turbid
{co21loidal eolution) in 2.0C ppm snd abdve coneentrations of
Hg. Tn fact, turbidity inecrecased with increased edncentra-

tions 9f meorcury.

Tue reeponse 2f the aniuals LD copper ions wos

ismediate. At 1.0 ppm uwa vbove, the aninale cloced their
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shells und did not oxtend thoir eiphon out. The gope width
was vory little and it decreasod with increasing concentra-
tions of copper in the mcdiua. Even before the onset of

mortality, the water in the experimental tonk becamc turbid.

tortality wos Dbscrved on the third day of ex;:osure
to eopper salt sdolution up to 2.00 ppm and on the second day
i 3.00 and 5.00 ppm. After the initial lag poriod, mortality
was rather countinuous in all the test tanks above 0.5 ppm
level of copper. 5.00 ppm copper was found to be lethal wo
100% of the sniwmols in 6 doys. There wos nd mortality at
0.5 pi:m and lower concontrations during the experiwmentul period.
"he general trend followed in the mortality of the clam can be
scen from the table 5.3c. Tho 96 hr LCSO value was deterwmined

to be 2.18B pym.

¥. casto showed 4 similar responsc towards eunvironmeuntal

ginc ione as V. eyprinoides. iioribund sywptoms wore very cuch

e

pronosunced, in the case of gasta exposed to gine solutions.

At 5.00 ppm ond 7.50 ppm Zn eo5lution 2 or 3 aniamnls were found
aoribund at the end 2f 24 nours. In 3.00 ppwm, 2 aniwmele cach
developed toxic symptome at the end of 48 houre. The mortolity
rate can be scen from the table 5.4c. 100% of the aniuals

dicd at 7.50 ppw Zn in 6 days. Zinc concontration below 2.00 ppn
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Tobvle 5.2¢

*cumulative mortoality (£) of X. coeta exposed to different
eonecntrations 3. HgC12 solutions in sea wuter for vorying

“ortality (%)

Ton. of
sereury ox : .
N rxposure time (in duys)

1a ppe To: 3 4 5 6 1
0.50 - - - - - - -
1.00 - - - 10 10 10 15
1.50 - - - 15 15 20 30
2.00 - - 10 25 40 50 60
3.00 - - 25 45 60 70 90
5.00 - 15 20 60 75 100
Control - - - - - - -

Table 5.3¢

*Cumilotive mortslity (%) of A. casta ox oscd to different
concentrations of CuSO4 82lutions in sca wuter for varying
lengios of time.

“ortality (%)

Con. uf
Copper Ex - )

) xposure time (in days)
ia ppu 1 2 3 4 5 6 1
0.50 - - - - - - -
1.00 - - 10 20 25 30 30
1.50 - - 15 30 40 45 50
2.00 - - 20 40 50 60 65
3.00 - 10 35 60 70 19 B8O
5.00 - 15 50 5 g0 100
Control - - - - - - -

*The results frow duplicate experiucnis wore averaged ond
giveu.
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Table 5.4¢

#Cusuletive mortality (%) of . casta oxposed to aifferent

concentrations of “nSO4 solutione in sca water for varying
lengths of tiuo.

sortality (3°)

Con. 2f
ainc . ) _
e wxposure tiae \in days)
1u pow 12 3 4 5 6 71
0050 - - - - -— - -
1.00 - Lo - - - - -
2.00 - - - 5 10 20 25
3.00 - - - 10 20 60 70
5 600 - - 10 30 70 90 90
7.5 - - 10 60 80 100
Coutroal - - - - - - -

*The resulte froa duplicate experincnts were average:d ond
siven.
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wos non-lctisl €5 tuwe clum in the exporiucatal periasd of

one weok.

It would bec interesting to narrste tie moribund
eyuw. .00 of the clam dae to the taxio effeet 2f gine. At
concentratiions 9i 3 ppiw ana ubove, ihe opiamcls wide 9poacd
their shells, extended their f£2ot ocuteido :nd scemed to be
ver, pessivo. 1t %09k loug tiwme to close the valve when
toucued with ¢ glasr rod. In the muiribund stote, the animale
could survive for few more doys ana tneux diea. The LCSO value

wos cctimoted to be 6.67 ppm during @& 96 hr period.

A

.ead ions eould nst produce ony lethulity to the claw
4p to o coneentrotion of 10 ppm during un exposure period of
10 days. No symptows of scute toxleity could be sccn in
. cbsin oxposod 1o various conccntrations of Pb ious. <The
gniunls wero found to be quite active as in the control tanks

az evicdenced by gape anada extension 9f skyphon.

5.3. IiscussBion

The results 2i the prosent experiments clearly
roevosl: thut even short tera exposure $o heavy metal ions,
VizZ. H52+, Cu2*, Zn2+ and Pb2+ huve detrimental effeet on all
the threc speciegs of bivulve moliuscs studied. However, the
toxic effect as symbolisead by LCBO values varied markedly

wito epecios. “he mussecl, P. viridis seccacd to be very
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susceptible to heoavy metal ions when eompared with other
two species. The rate of mortolity and LC50 valuce sbitainoc
for ecaci: snimdl would elearly confirm this (Tables 5.20 1o
5.4c ana 5.5). . cuosta was lese sensitive (except for

Zn) toon tac stner two Bpecice 1u heavy metul ions,

2f the four metals tosted in this study, Cu wus found
19 be the most toxic motol to all the spocies. Therc were
‘consideraoble difforences in the toxieity of Cu, Hg, Zn and
Pb. The order of toxic effect was Cu>llg > Zn >>Pb and was
true for the tureoc orgeanisus. The no offecet level oY the
metal ions eopoer and mercury to the various spocies was
very low wnen cowmpared to the other twd metel ions. Teud
salt could not produce any mortality 1. any of the spccloes
cven up 1o 10 ppm level. Copper and mercury ions produced
quicker toxic effeccte on the oniwsls as described earlier
(visible symptome of toxic offect w.es noticed.in these casos).
It must be pointed out that giuc ions differ from copper or
ﬁurcury ions in thot it secmed 1o Gffect more slowly tha: the
latier ione. Thus, no lethoal effeet could bo observed in the
first 48 hr of exposure, dn any of the species. I‘lowever, once
wortality woe started, therce was unigh rate of death (Tables

5.4 19 5.4¢).

The toxic offect o9f tuo =wtol would be influenced by

80 wuny faciore. The physioslogicul condition of the organisme,
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the form of the metul present, prosence 2f 2ther metal ions
aund environwentul conditions like the phyeieacl ¢nd chemicel
properties of water etc would includé this (Wielsen and
Andersoan, 19703 Bryan, 1971). The ICEO values would also

be influenced by the length 5f time that a particular test
species could remain closed (Calabresc et ol., 1973). In

the prcsént study no attecopt was wmode to accdount for uny wetal
loes by wnyiﬁdsorptisn or uptike and procipitation. %he
conceniration reported was the added coucentration 5f the metal
ioi to the sea woter medium. This wae with an sbjective €9
studay the effeet in o nearly naturol conditisn. Some losses
were osvercome by daily cnonging the wediuwm. ilowever, visible
precipitates of some o>f tho wmetals, especially in the casc of

copper, was soon in the tost tanks at higher concentrutions.

The high resistance of the two clams, particularly
¥, cacta, s revealed by high LCSO values mignt be due t5 the
ability of these orgunisms to close their saell valves, thereby
reducing penetrotion o9f toxic wmetals into the saft parts of
tue animols. “bis was confirmed by the fact thot sowme varia-
bil.¢y in LCSO valuoe wore found in the two clome canducted
at differont tiwes. imilar srobless wore encountered by
Calubrese et 8l. (1973) while working with the Americon oyster,

Crass)strea virginica.
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‘isely ond Blick (1467) exposed larvae of the

mesel, Yytilus edulis and the nyster, Crassostrea commerciaolis

t, espier and mercury salts. 50% of the mussel lurvoae died in

2 hr at concentratios of 3c.3 ppwm Cu ond 13.0 ppm ’ig (sepurately)
and osyster larvae at 180.5 ppa Hz. They concluded that this
couwparatively uigh resistance was due to the ability of these
orguniem to remuin closed thoir shell valvos and thereby reduc~

iag {the penotrotion of the toxic material.

rringle et al. (1968) included Cu, 'ig, Zv ond Tb in
the xroup of vory nigh potential pollutants. These authors
found tuot an experiwental level 2f 0.02 ppw Cu was extremeoly
toxic to molluscs wnd that the toxicity of zine and load saltis
wug gencrally rcduced in presenco J0f sosluble coleiunm salts.

“isely and 2lick (1967) als> foung Mg and Cu very toxic to the

lorvae 3f tue ausscl, . edulis and the oyster, Crassostrea

commorcialis. lesinger und Christensen (1972) found that only

3 of 21 netale tested, Co, ilig and Cd were more toxic thon Cu

to Dapunia mwerna. Cther outhors have also indicated thot

capper is awdng the more toxic metale to agquatic enimals or

ot leasi Cu is aore toxic thon 7n (Portmonn, 1968; Reish et sl.,
1976). Duveunport and Masely (1978) obveerved that 0.09-0.1 ppm
added Cu waos the toxicity thresbold for 4. edulis. The

toxiecity of wetal ious to eubroys of tue Amexrican oyster,
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Croseostirea virginiecgs was in the ordor E32;;> Cuét> Zn2§>

2% (calabrese et sl., 1973). The present findinge differ

2+ 2+ ., 2+ 2
> dy > ;a-n2§7 <.

sligntly, tue order bein; Cu

The taoxic effect of hoavy motols is due to poisoning
ihe cuzyme systeas. “he more olectronegctive clemonts (cg.
Cu, Ag ond iHg) hwve a grester afrinity for awino, imino and
sulfhyaral groups and are readily chelated oy osrgoniec mole-
cules (fringle et al., 1968). 3ryen (1571) pointed out that
n sctol would only be required in a ;. iy finite concentra-
tion for norucl metotslic aetivity ana, if this were exceeded,
tize motal aight inhibit eithor tne enzymes 1t wos activoting

or 2tuer engyqes by blocxi::g tue reaction eites.

Danielli und Davis {1951) suggested that the wetal
ions exort tueir toxie influencos by covalent binding at cell
csurfoces, auo that tue difference in electronegativity of the
varioue 1ion8 is a toxicity deteradning faoctor. The site of
action between the metal and tne organic ligond appesred to
involve =f or otoer electronegative functional groups,

{baw ana Gruskin (1957) vod Suaw (1961) related the toxicity
of zuny osrgunisms and metul sulfide solubility and found a

positive correlation.

Biesinger and Christensen (1972) studied the effects

3i 21 wetoals on survival’growth, reproduction and metobsliem
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of Dopbnic wogns. These workers osbserved thot the corre-~

lation betweon toxicity and ed2lubility of zetal sulfidos
pug:csts the poseibility thot tne wmetals woy combine in
vivo with =87 groupe 9f ongymee, waich affects their s2lu-

bility ond entulytic ackivity.

“he electronegotivity dato, pKs valuc of the metal

sulpuiue and ionic radii o2f tie four actul ions viz. Cu2+
t b4

?gz*, zn2+ and ?b2+ are gsiven in the table (5.6). 3Jased an
tnese dats it way be argucd that jig must be more toxic than

u or thnat Tb musi be ware toxic than in, in confliet with

the present reosults. ilowever, tho reactivity of an lon aust
oc influencod by iis ioaic radius. ilere it sppears that higner
tue electronegativity cnd pKs values of the metal sulpnide and
lower the ionic redivsof the wmotal iou, the more toxic tue
ictel would be. lHeonee, though Cu and g are cguivalent in
olectronegativity values, the saall iosnic radiusor Cu2+,

migul bave mude it more reactive. A similur arguacnt holdse
srue for Zm anu 7b. Zventhough, the very low or no toxie
effecyv of Fb could not be exploined it can be argucd that the

high level 2f soluble calcium sslts in the culture woteor

probably reduced tne toxie ¢ffect o5f Zn sua 7b.
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Tablec 5.5

T™he 96 hr 050 velues for the ncavy metals, mercury, capper,
and sinc deterained by the straight line graophical inter-
polation method tested aguinst the throe bivalve molluscs.

) . g Cu in
Az i ;
JTgnniem {ppm) (p.m) (ppm)
Y. cyprinoides 1.57 1.214 5.47"
!o cos ta 3.25 2-188 6-67
* 0 .

10 aay L050 value.

Table 9.6

Comec piysico-chemical proportica of the metul . ions and metal
eulphide (After Pouling , 1975 and Meiteel, 1963)

soze 2f the elenent

“roperty -
Cu g in ?b
1. "“lcctronogativity 1.9 1.9 1.6 1.8
2. "ronic rodit 0.72  1.10  0.8%  1.20
[+]
(M2+ ion) A
3. TpXs value of tie 35.2 52.4 23.8 27.5

metal sulpniae




CHAPTER 6
STUDIES ON THE TOXIC EFFECTS OF HEAVY METALS
PART 1I. PHYSIOLOGICAL EFFECTS
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CHAPTER

STUDINS OF THE DOXIO FFFECTE OF [EAVY ¥ETALS

PALT IT PHYCIOLOGICAL EFFECTS

Situdies on the poisonoue effects 5f heavy metals
on oquatic orgonisms were cninly concentruted on the acute
toxicity und uptoke kinetics (Chapteors 5 and 7). little
inroramation is available on tue offects 01 the wetals on
metabolic procosses of the affected animols. The paysio-
logical und biochemical chinges and causes 2f death on expo-
sure of fish/shellfish to heovy metals are not yet fully
investiguted. Skidmore (1970) bod studied the chnanges in
several respiratory parameters sf ruinbow trout (Salad
cairdneri) due to zine sulfate taxieity. Carpenter (1927,
1930) bhud studied the lethal action of wmetalic salts on some
fishee and ostablished that fisn diea from asphyxiation.
urton et al. (1972) hod aleo conducted toxicity tests using

zine compounds to the Sainbow trout (Salmo gairdnori) ond

confirmed the hypothesis that death due to metol toxicity

was reluted to tiesue hypoxia. Shaffi (1978a,b) had studied
the effects 5f codmiuw on tissue glycogon content and the
varintions in tiesue glycogen content, serum lactate and
Slucose levels duce to ed per intoxiceation iu three freshwater

teleoste.
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72 test the hypo:zhesis that deatu from acute metal
toxicity ie related o5 tiseue hypoxio, the variations in
tissruc lactic acid and glyeogen content were uessurcd after
exyosure of tie omollusces to actol ions (tesis were conducted
ueing cu??t ord H32+ only). In oniwmal tissues, one of the
breckdown praducts tuai aay be formed due t2 glycolysis is

lactic acid.

Uol, “aterials onc awtudds

2. viridie, V. eyprinsides ond *. costa wero exposca

to variosus concentrations 9f copper snd mereury in scawater
of their respoctive habitat solinity for varying leangihe of
time. ''he conecculrations of the metal ions sclected and tne
sGlinities of tue wuters uscd in eoach coase ore given along wit

tue results i: tables (6.1a to 6.2¢).

Tndividuel aniuncle were killed at definite intervals
57 1iwe (Table 6.16 to 6.2¢c) ond the soft parte werc used for
deteruining loctic acid. TPor the eetimation ot glycogen, 3-4
aniatile were dissccted for muscle and liver and ocen cowponent
wus pooled for further analysis. The analytical procedure for
tue estimationi of lactic aecid and glycogen are given under

S.08,e (In Y. eypriusides and ¥. cesta, liver portion eould

n>t be dissected out)
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Dece NEBULLE:

The results of the experiuvents are presented in
tablee (6.1a to v.2¢). Fhe sgalient feotures of the obser-

vations are given below.

a) I. viridis:- Thc tissue lactic acid countent increa-
geed in iue aussel exposed to boin Cu und liy salt solutions i..
tue wodium whe: coapared to the control saiwsnls. The laciic
ocid contont inereascd with increasec metal ion conecontraotion
tnu exposure tiwe. 7Thus, the level of luetic ascid in the
whole soft purts increcased to 621.44 Pg/g and 581.79 Pg/g
{wet wt.) in 2 pum environcontal levels of Cu2+ 86 Hg2+
respectively, ot the cnu of 24 hr exposure. Thesc coucentra-

tions umay be oompared to the luctic acld contont in the

control ocnimuls (46.61 ug/g aund 50.04 uz/g wet wit. reepectively
p p

“n thoe otnerwsnd, the muscle und liver glycogen content

declined iu ihe wussel exposcd to ru* or ng* solutions. At

0.5 p;a eonecentratisn of c¢ituer 9f the wetsl ions, tue muscle

Zglyca.en content was reduced 15 a non-dotectable level in 24 ur

o1 exposure. The full in glyecogen content in the wetal intoxi-

c¢.-tod snimnls, with respect to tho coutrol animnls can be

bctier appreciated frau tables (6.1a & 6.2a).

Thus, an inversge reclotionship beiwoeon lectic acic in

tae tiivue and glycogen content in the lver or ausecle of
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f. viridie was observed. Cince differcnt animals were

ueed in these two experiuents, iudividual variotion is not
ruled sut. ilwever, tuoc wmajor objective wos (o5 focus on any
change iu glycogen content and consequent lectic acid accu-

asulstion in the tissues os @ result of wmetal toxicity.

b) V. cyprinoides:~ It could be secn that the lactie
acid content i the tiscue of the clazs increased significantly
witu increasing concontrations of metal ions. Thus greatest
smount of lactic acid was found in cloame oxposed t2 hizheet
coucentrotionsg of copper or aercury. The tissue lactie aciad
ineroagod o 423.54 pg/g end 372.65 /ug/g wot wt. after 24 hr
in 1 ppm solutions of copper and aorcury respectivoly; tae
value for tie control eniusle woe in the range of 24.73 mz/g
to 27.79 Fs/g (wot wt.).

The muscle glycogen content suowed o steady deoerease
in the aniwols oxposcd to heavy wetal ions at ihe toxic levels.
“hus, the mscle ;lycogen content wos reduccd to §00.94 pg/z
wnd 974.10 Pg/g at 1.00 ppm lcvels of ecpper ond mercury in
24 ur frou the coutral value of 2350.5% Pg/g. Tt decreased
furtuer with elapse of tise in the twd teet cases (Tables

'Jo’b & b.2b).

c) M. custa:~ Tho muscle glycogen coutont in the clam

at different intervals of exposurc time to varioue coneccntra-
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tions of copper and worcury are given in table (6.2¢).

{Tuctiec acid was not estimated iu tho aniawal}

The muscle glycogen conteut steadily decreoaosed iu
the claw, witia incressing actal concentrotions in tuwe aedium.
“ue lowest vulues were found in cniunls atintuined at 1.00 ppon
levels of copper and mercury, whtch was the nighest concentra-
tiou tested. At tue end of 48 brg the glycogen countont was
reduced to 579.20 pg/ig ond 486.35 ug/g (wet wt.' in 1 ppu
concentratiosng of copper and wercury rospoctively. “he

muscle giycogen value in the control oumiznle wue 1484.37 ug/k.

6.%3. Tiigecussisn

The results 3f the oxpoeriment cleoarly showed that
ueavy metal (viz. copper ond wercury) intoxication hed coused
laciic acid accumulation in the tissues and glycogen depletior
i the musele (also in the liver of . viridis: a2f tho turee
bivalve mollusce. The metal intoxicotion might have coused
scvere snuoroabic stross resulting in the brecakdiwn o5f tiesue
glycogen possivly to meet the cuergy dewnnds in the muscle.
“he end product of the anserdsbic degradation 5f glycogen being
lactic weid, tne increuse in level of thie eomponent in the
tiseue anuy be atiributed 5 this. The increoused level >f
luctic acid (or o corresponding decrecasc 2f glycogon) with

inereosing concentration 2f metal ions uust be due to the
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relative stress produced on itue animals at various levels

of metuei 1ous in the aabitot water.

Tu the _resent study, it was osbserved that all the
tiiree bivalves producea o 19t 9of wucus (which inercascd with
iucreosing aetal coneeniratisn in ine env.ronwmental water and
was wxicum in the ease of 2. viridis) on oxposure to metal
ions. The cepossition of muacue on tue gills .wight have [ ro-
ventod the ecapueity 21 blosd to tronsfer 02 to variosus inter-
nal osrgans. This in turpn sust nave led to severe hypoxic
strese wiictt resulted in tue breakdown of tissue glycogen.
mhe lictic oeid formetion can @ecount for the deeline of the
gl:cogen content. £9 the wortality causca by acutec heavy

actal poisoning can partly be atiributed to tissuc hypoxia.

Burton ot al. (1y72) attributed the acute gine

toxieity to Buinbow trout (Solms guirdmeri) to the esagulution

or precipitation of mucus 9n the gills and eytological damng:
to tne gills. "he physislo; icai mechanism 5L deato by ci.ber
24 thce abave cause is rclated to ¢ breskdown in goe exchange
at tac 4ilis, waim results in nypoxia at vhe tissue liovel.

ft confirws Skidworc's (1570) hy;othesis that gill damage
modified gas exchonge aond erected hypoxis at the tissuce level.
fizilar observetions were wmode by iwnaffi (197va,b in turee

froshwiéter +telcoste due €3 cadmium and cspper intoxicetions;
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in liver and auuscle, an inverse relationsui, between tue
coucentrution of codmium vr copper snd fall in glycogen
content wce observed., e stated that the coagulated nucus

on the gills of the fishes uight have reduced the 02 transfer
to vorious internul organs which in turn @ignt nave coused

tie pracess of tispuo acidosis. The accumulation of lactic

vcid iu serum wos reluted to the above processes.

The resulte of the presont investigoations are in good
agreement witu the above observations, though the comparisosn

made is botween fishes and mdlluscs.



CHAPTER 7
KINETICS OF HEAYY METAL UPTAKE AND LOSS
PART 1. KINETICS OF HEAVY METAL UPTAKE
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CHAPRER T
YINETICE OF MAVY METAIL UPRAKL AND &e

PART T XI¥STICE OP NEAVY ¥ETAL UPTAZH

As mentioned earlier, certain bivalve molluses are
important in further concontratiiig troce motols frow their
environment to & vory aigh level. Sianece, tuese srgonisas
invariably roflect tne metal levels of the aubient water in
tueir tissues, they are widely recognised as enviropmentcl
iundicator orgonisms for trace actol por2llutants. 9 a study
on the xinetics 5f heavy metal accumuzlation by the three
bivalve molluscs ond tne distribution of the metals aaong the
varisus osrgans is all important in unacrstanding whether ituege
benthic osrganisms if oxposed to wetallic pollutants would refl
alovated concentration in their tiscues. The great variety of
bivalve mslluscs available in urppolluted estuarine arcus and
tue euse witn wnich they are caugnt and mointuined contribute

to thueir usefulness ae test animols in tuis regard.

The trace wetial accumulation 3f estuarine molluses nad
véon studied by varioue workers (Irukaysma, 1967; “kiduore,
1964; Brookes ond Rumsby, 19653 “iseoly oaud 3lick, 1967;
“ringle ot al., 1968; Arthur and leonard, 19703 Jernelov and
Lann, 1971; Witta, 197:; Cunningnawm and Tripp, 1973, 1975
Ayiing, 1974; ‘ustace, 1974; Schulz-Raldes, 1974, 197&;

Rotkowsky et ul., 19743 Smith et al., 1975; Phillips, 1976c,b,
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1975; Srungs—et—al—19763 lavies, 19765 Duvies and “irie,
1578; Eganhouse ond Young, 1978; Isas Aoyoama et ol., 1978

gud Sicpson, 1979).

The literature survey saowed that very little cttention
has been bestowed ou the traee metal accumulation or loss sludies
in species from Indian waters (Xrishnon TUaanbisan et al., 19773
Laksumonon and Krishnon ‘ambisan, 1979; D'Silva and *ureisay,
1978). llence an attenpt wae mode to study tue kineties of
accumulation 2f some heavy wmetals vig. ilg, "u, 4n and ”b by

the bivalve molluscs, 2. viridis, V. cyprinsides and Y. casta.

Tale matnrialp ong methods

“ho kinctics of heavy metal uptoke was studied by
exposing a fixed number 2f organisms to various environmental
levels of the metal, odded ae metal salt sslutions t9 seawuter
and ostimoting the metal content in the saft parts of the
animele at fixed intervals of time (giveu i: the tables 7.25 1o
7.13c). 7he detoils sf thue methodc odopted are deseribed in
section 2.8c. The conecontritions of tne metal ions tested for
coen spocles cnd tine characterieties of water uesed ete. are

presented in table 7.1.
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Te2. :HeBULlLS

The resulte 5f the invesiigation are prescnted oetalwi
»
in the ollowing subsocuions. Tho term concentration factor

is extensively usea to describe the toxicunt accumluiion dat

A. Accuuulatiosu o5f aorcury

o) 'y Perpa viridis:- T™he mercury content in tane whole

eoft tissues analyecd at definite intervals of time arc given

Yorcury eoutent of the whole saft parts of the wuseel
in u1l tne experisental tanke increusod considerably, when
compared to the backgraund level of iz in the body. It
incresseu from o baciground level of 0.1 pg/g to =5.16 pg/g
(wet wt.) 1u 0.2 ppa :ig ®o2lutiosn witnin 5 days. It is scen
thuot tho u_.take was proporiional t2 the eonceniration of Hg2+

i tue wedium.

At bigher concentrations there was rapid initiol uptak
“he rate decreased subscyuently. Toe concentration fagtor wa
moxiouw in 0.05 pym (403.6 aftor expossure for 6 duys) and the
wus a gradation in tone eoncentration foctor with inecroasing

concontratioi of mercury(Toble 7.2a).

«'toncontration fuetor® (CF) is dofined ss the ratio of the
tissue conceniration 9t the metal (in ppm) 1o the concon-
tration in woter (in p;m)



MERCURY IR  jjg/grom WET WEIGHT
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| / Atter
14} / O——0 2dop
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GON. OF Hg(ll) IN PPM

iridls, (b) V. cyprinoides and (c) M. cdsta
ig 7. Accumulation of mercury by {a) P yiridis, v N casis
Flo 71 in reiotion 10 mercury concentration in the medium at different perlods of t
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Histrivution 95 adrcury in orgaps:-~ The digiribution pattern

oY g awonyg disferent srgans on oxposure 94 the animul to 0.1
ppw ﬁ32+ and their councentrution fectors are givem in Pig 7.%a
aic tavle 7.2b roepectively. Yercury wos rapidly accur: lates

iu all tue organe, but gills had the highest conceatratiosa of
gercur; 8% 0ll times. It was distributled rather uusiforwily io
all other orgape. The order of cecumulation in different organs

are Gills > Vicgoera ™, #uscle > “antle.

Table T.2u

Accumilation o9f g in the tissues 5f the mussel, lerno viridis
(Tiunceus ) oxposcd to vorious eoncentrations of EIgCl2 s2lution

iz sea water of salinity, 25%° for varying longths of time.

Pert oo, Tissue cou. 9f llg, ug/z wet wt.

. Pl Mon.
of wercury - -ean £ 4.0, Tactor ut
ia ppm 2 doye 4 days 5 doye 6 days o days
0.05 2.5005 10.560 15.200 20,180 40%.60
0.24 0.81 0.96 0.97
510 6.004 15.6c2 18.650 21.286 212.86
0.32 0.59 1.09 1.05
0.20 $.756 21.634 25.180 - 125.90
0.72 1.22 1.31 (ot 5 days

Control 0.0801




“UoI4N|0S
+2PH wdd 004 w *BI5D5 ‘| 40 supBuo

snoupa buowp Asnosew jn wONDINWNOdY QG By
(SAV(A) 3INIL IF¥NSOdX3
8 Z 9 ] y € 2 I 2
1 [ { T 1 T L
ISELLIFY |
ETRELIY 2
& 3
5
=
4¢ Iﬁ
a
3
£
4vZ
\.\
3iupy \ «
/ s
/
/
\
/ A 9

‘YOUMOos +uox wddt
1D SIPJIA g 40 SUDBIO SNOUDA
Huowpb Amdlew O UOUDINWNIIY

(SAVG) 3WIL 3¥NSOdX3

g8 L 9 & ¢+ & 2

weL By

}
T 7T 71T Vv T T %

ojl{uoy
IS
DJBSSIA

s8jli9

A
0

) 1
o o
enssit ui By

o
o

L)

m

0 O
) '%‘_/6

H 1
2 3
ra ¥ IR ]

J
<Q
A




143

Tuble T7.2b

fhocumulution of g among various odrgoang »f the mussel,
‘orua viridis expoged to O.1 ppm moreury eolution in sea

water of salinity, 25¢°,

s —— - -

“on. of Yg, pi/s wet wi.

% of gy ne/g ¥ean + £.D. £on.
rean body wet wi. —— - fact
weight {control) Exposure tice ut 6

2 days 4 days 6 days

“uscle 26.71 0.075 2.800 ©.925 10.493 104 .9
0.004 0.102 0.186 0.180

rantle 32.47 0.077 2.760 6.730 10.095 100.9
0.005 C.108 0.114 0.370

5111s 16.75 C.195 23.050 32.306 45.097 456.9
0.011 1.0 1.814 0.850

Viscera 24 .04 0.062 2.640 7.220 12.522 125.2
0.004 0.079 0.211 0.330

b} By Villoriia cypripoides:- V. cyprinsides acumuloted

g from tue mediuw vna it waes found that taoe uptake was linear
("able 7.3a). There wos about 100 fo2ld inerease in the tissue
conecentration of lg in the clow kept in 2 ppw !ig eolution at t
end of 6 days. The eoneentration factor was the hirvnesti at

0.25 ppm (the lowest coucentration of ilg tested) and it deerea

with increasing conceantrations.

It cai: be seen that (Tabvle 7.3a) the rate of ujptake

decreases witnu time in all the concentratiosns tesmted. sAfter a
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c¢xposure tiwe of 2 days the weorcury eoncontrutions in the
tissue of the clasme wore 1.820, 2.950, 5.029 ond 8.682 ug/g
(wet wt.) 1. 0.25, 0.50, 1.00 and 2.00 ppw of 'ig reepoctively
and at the end of & days the corresponding valuecs were ounly

4.094, 8.165, 13.438 und 22.646 P,»;/g (wot wt.).

Tavle T.3a

‘eccumulation of Hg in the tissues of Yillorita cyprinpides
var. cocuiinensis expossed to various conecentrations of chl2

£olution in sea water of salinity, 5%° for vurying lengths
of time.

Tissue eon. of Hg, (ug/g wet wt.)

Con. of , Con.

meToury “eon + S.D. foctor

in ppn Expoeure time at © days
2 days 4 doys 6 days

0.25 1.820 2.686 4.094 16.38
0.056 0.088 0.069
0.077 0.105 0.152

1.00 5.02y 9.540 13.938 13.94
0.067 0.092 0.196

2.00 8.682 16.209 22.646 11.32
G.135 0.142 0.337

Countrol 0.232

(Disirivution of Hy omduag various orgons of the clum, was not

studied)



145

¢) 2y “eretrix casta:- The rate 3f lig uptake anu the

tiesue lovel of iig in the clam at verious coneentrations »f
gercury orce given in the tuble (7.4a). The nature of uptake
cun be seen frow Pi, 7.1c . The metcl uptoke was proportional
to the wercury ion councontrotion in the medium. !'swever, the
rate of dccuwnlation of lg by ¥. custa scewod tO bo 0 slow
process compared 19 the oSther twd species, as indicated by the
concentrution factors. llere the “.F. appeared to be uiore or
lese samo Gl Q@ll concentroiions 9f lig (Table 7.40). The tissue
coaieentration showed @ = 12 fold increose of morcury level in
1.09 puiw solution and 60 fold increaso in .00 ppm s2luiion.
The hizhest level of tissuc lig content wos 12.12 pg/g(wet wt.)
in 5 pik s2luition during b doys puriod.

Table T.4u

iccumalation of ig in the tissues of Yerctrix casta oxpossed to
various concentrations of HgClz solution in sea water of salinity,
10%° for varying lengtne of time

Yissue con. of Hy, (ug/z wet wt.)

Con. of ; f'on.

peroury ﬁcun % S.-D. factor

in ppm Exposure time at 6 doys
2_days 4 days 6_days

1.00 1.022 1.845 2.500 2.50
0.050 0.049 0.051

2.00 2.147 3.894 5.450 2.73
0.0606 0.087 C.175

3.00 2.675 4.942 7.004 2.3%4
0.082 0.090 0.080

5.00 4.714 8.50% 12.120 2.42
0.080 0.090 0.195%

Control 0.195
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Digtribution 9f sercury ic orguns:-— lMerecury content

increcsed in cll tne body compononts siudicd. [owover, thne
rate of uptake cu¢ cisitributioc patiern varied with orgons
(Table 7.4b wad Pig 7.5¢). Highest tissue burden of g woeo
found in the gills (6.815 Pg/g wet wt. afier 6 days) wiich
wos Obout 3 ti.ece 0f tne whole eoft port concentration. The
order 2f ceccumuletion smong various eowmponents were Gills >

ontle > “uscle > Viscora,

Table T.4b

‘fccuctmloiion oi g omong varisue organs of Meretrix casta
expoeeca $25 1.00 pym 9L wercury gdlution in ses wster of
soli=ity, 107",

Con. 2f iig, Pg/g wet wt.

% of Hgy Mu/E ¥ean + S.D. o,
Urgun body wet wt. - fuctor
woight (cantrol) Axposurce time ut 6 days
2 days 4 days 6 days
kuscle 27.58 0.135 0.625 1.190 2.085 2.08
0.01 0.058 0.127 0.104
“eantle 23.37 0.146 1.7686 3354 4.701 4.70
0.012 0.071 0.215 0.161
Gills 12.78 0.203 2.935 3.873 6.815 6.82
0.012 0.110 0.167 0.195
Viscera 36.27 0.078 0.456 0.612 1.182 1.18

0.005 0.036 0.08 0.059




T. Accumalution of ecopper

o) %y Merns viridis:-~ The results of the investigutious

on tuc accuamlution of copper b; P. viridis is shown in table

7.5 and PFig T.2a .

“oe tissue concentration of copper in the mussel increo-
ged in all the councentrotion studied. “'he hizhest level of
ecopper (120.70 Pg/g dry wt.) wos found iun enioels from 0.1 ppa
solution after an exposure period of 6 deys. The efficiency

nf ogcurmlatiosn can be ossessed from the ¢oineentroiion foctors,

Table 7.5a

Accunulaiion of Cu in the tissuos of tho wussel, P. viridis
exyosed to various coucentrations of CuSO4 solution in seu
wuoter of salinity, 25%° for vorying lengtus 3f time.

Tissue con. of Cu, gg/g ary wt.

Jon. of Metn + U.D. 0dide

Copper factor

in ppm Exposure tiue at 6 days
2 days 4 duys 6 days

0.025 22.80 43.79 61.25 2450.00
2.08 2.50 2.86

0.050 28.67 58.20 80.34 1606.80
<.49 1.64 2.83

0.100 37.20 81.23 120,70 1207.00
2.7 4.98 4.06

Control 17.72

0.93
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It wue found tust the C.P. decrcascs with increasing concen-
trution, the higheost vulue being; 2450 ot 0.025 ppm ane the
lowest value (1207} at 0.1 pym soluiion. "his ogain shows
thut the efficiency of uptuke is mexisum 81 lower concontra-
1io.@. <0 exumination of the u tuke dota at different inter-
vale snowed tnot the rote deocroased witn time. lYiowever, the
raotc 9f uptake wae found io be reloted to the nmetal concentra-

tion i the cnvirsn.entol water.

Distribution 2f copper among variosue srgans:- The distributiosn

puttern 2f copper in various organs woe studied at 0.1 ppm
copper &3lution; the results ore given in Table 7.5b and
Pig 7.6a .

Table 7.5b

Accuumrluilon of Cu uwong verious orguns of P. viridis exposed to
0.1 ppz copper aslution in sea water of salinity, 25%°.

- fou. 2T Cu g dry wt.
% of Cu, pg/g MGOL,ggg.D. Con.
Orgoan vody dry wt. foctor
woight (control) Exposure tiwe ot 6 days
< _doys 4 doys b_days -
Fuscle 22.84 26.71 36.99 29.%9 58.38 583.75
1.07 1.79 1.56 1.80
“untle  3T7.73 21.27 32.60 58.44 76.87 768.70
1.03% 1.68 2.32 2.71
Gills 13.72 45.71 76.93 119.54 166.18 1661.80
1.04 3.12 3.35 4.30
Viscers 25.69 27.17 56.28 £8.18 115.56 1195.60

1.1 1.94 3.46 3.98
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Copper was found t9 be accumulated by wll the componcutis
gtudied. 7Tn all the experimcnte tne highest conceuntration of
coppor wus Tound in toe gills. The orxrder of distribution wos

3ills > “iscers > Manile > usclae.

o) Vy Villorita cyprimdides:~ The resultis of the accumu-

lovion etudies are given in Table 7.68 ond Fig 7.Cb .

The accumulation of cojper wie found 19 be dependeont on

tue envirosnwenial level of the wetul. Tho highoet tissue cancon-

tration of copper waa found at 2.00 ppm Cu solution

Toble T.vo

Accusulstion of Cu in the tissues of the clam, V. cysrinoides
¢rpoeed to va riosus concenirations of Cuf:O4 solution in sea
witor of salinity, 5%°, for verying lengtibs of tize,

Tispuc con. of Cu,aug/g dry wt.

Con. of .', Tov,
Gopper wean 3 o.b. facior
i pow Exposure tice Gt 6 days
2 days 4 days 6 days
0.25 z1.08 37.62 44.29 177.16
0.81 1.35 1.87
0.50 45.12 66.81 82.70 165.40
1.25% 2.16 2.44
1.00 67.38 110.56 141.67 141.67
1 .70 2085 4.37
2.00 £0.63 132.77 165.68 t4.34
1.61 2.93 2.66
“ontrsl 20.32

0.65
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(166.68 pg/g dry wi.) ut the ond of 6 days. At the lowest
concentration tested (0.25 ppw;, tissue copper content ineressed

by 1.6 tices that in the eontrol aniwols.

The eonecentration factor wae higheet. (177.16) in 2.25 p o
and the 2.P. value decrcosed with increuging otal eonceutratiou,

Thus at 2.00 ppm eopper, it was only 84.34.

Distribution of coppexr among various orgons:- The ncture of

uptake and distrioution pattern of copper among tho varisue
orguns 2f the cluuw, V. cyprinoides are presonted in Table 7.60

snd Plg 7.6b .,

Table 7.6b

Agcumulatio:. of Tu among vorious orgons of V. cyprinoides
cxposed to 0.5 popm eodppor sdlution in scu wator of salinity, 5%°.

e —

Con. 2f Cu, Pg/g dry wt.

% of Cu, pg/g “ean + S.D, ~on.
Organ body ary wt. fuetor
weight (control) Exposure time at 6 days
¢ duye 4 days 6 days
Yuscle 22.43 15.81 43.73 02.40 §1.98 163.96
1.54 2.46 2.22 2.90
Moantle 10.04  15.99 3u.07 53%.36 68.47 136.94
0.85 2.16 2.0y 2.02
Gillse 11.01 37.39 6t .28 95.75 136,58 273.16
1.67 2.20 2.41 3. 11
Viscera 50.53 24.25 460.92 65.84 .68 181.36

1.3:: 1042 2045 2032
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Gill tissuec of the clam wos found to be the wujor
site of copper deposition  The ecopper content in the gills
increased from 6 wbckgrounu level of 37.39 Pg/g (dry wt.) to
the ighest value of 136.58 Pg/5 (dry wt.} afier an exposure
time of 6 doys. The next mnjor site 5f accuaulation was
viscera (990.648 Pg/g) followed by the muscle and then the
uwentle. ‘"he nignest concentration faetor was found with the
gille. Tuwe C.P. accreascd in tue order: Gille 7> Viecera

vuscle > “antle (tane rotio being 20:13:12:10).

¢) By “eretrix cesta:- The accumulation 9f copper from

voriosus envirsnsental levels 5f the metal f{on snd toe cosncen-
trotiou faclor deterwmined at & dayes are shown in sic Table 7.7a
Table T.74

tcecuasmlation of eopper in the tiesues of ¥, casta exposed 1o
varicus concentratious of CuSO4 seolution in sea water of sali-
nity, 10%° for varyiug lengths of time.

Tissue con. 2% Cu, gg/g dry wt.

Con. of Wean + . “oun.

Copper - foetor

in ppm Exposurc time 4t b6 day
2_duys 4 daye 6_days

0.50 40.85 72,02 96.81 193.61
1.25 2.35 2.21

1.00 51.10 85.3%2 116.52 115,52
2.17 2.52 2.63%

2.90 63.95 101.53 132.65 66.33
2.33 2.78 3.17

Zontrol 19.064

0.7
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Copper was toaxen up in the tissues of . cueio at all
cuvirsnmental conecutretions. The uptake was found tos be
dependent o the metal isn concentration im the wmedium (Pig
T.2¢c). At the end of 6 days, the tiesuec level 2f copper
incressed froau 19.04 pg/g to o moximum value 2f 132.65 Pg/g
(dr. wt.) in 2.00 ppa so2lutisu. ilowever, the eo>ncontratisan

factors decreased with incrcasing conecentration of Letal.

Distrioution of eopper amony various orguns:~ The results

are given in “oble T.7b and Pig 7T.6c .

Taole 7.7b

Accusatlation of copper among various organs of 1. costa exsoscu
t3 1.00 ppm coppor soslution in sea water salinity, 1049,

Cou. of Cu, pg/g dry wt.

< of Cu, pg/y Yeau + .0, “on.
JrE0t vody dry wt. - ———-w-= factor
weignt (eontrol) Expoeure iiue et & days

2 daoys 4 doys 6 duys

Muscle 30.86 30.59 59.70 102.69 128.00 12,00
2.23 2.59 4.16 536

“antle 20.11 19.53 38.92 46.05 57.14 57.14
1.80 3.08 5.44 Z.54

Gille 959 65.3%4 95.37 145.10 179.76 179.76
.11 5.497 6.96 5.24

Viscera 39.44 25.7Y 37.76 50.8% 58.39 58.39

1.1 2.76 3.64 2.96
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“he cupper content rogistered a significant increuse
in all tue couwponerite studied. Gille of the eni:gl woe apain
found 10 Berve as ine sujor sito 2f aetal aecusulation. The
copner eontent in tae gills incrcused from ©85,34 Pg/g (dry wt.)
(9f esatrol anisnls) t5 o value of 179.7b pg/g during e 6 day
neriod. 7The muecle tissue wos the noxt mojor site of cop:er
secuznlation (128.60 pg/g) in 6 days poriod. Tho levels of
coppor in mentle and viscera followed almost a sizilar pattorn
during the experimental period. The oraer of copper uilstri-

bution in . costa was: Gills > Nusele ) Yisceru > Yantle,

C. secumalction o9f zine

———

a) By P&rnn virlidis:- . viridis, whon ocxposed %o

£y
=

various concentrations of zinc ions (in the mediuw), 102k up

tne metul in its tiseues. The resulie are givon in Table 7.bo
“he uptake pattern woe aluost lincar with time (Fig 7.3a). +he
ziuc contont in tac tissue showed & 4 £21d increacse in 2,90 ppm
e3lution at the end of o duys. At 0.5 pym and 1,00 ppm eolu-

tions, an inercase of 1,5 ond about 3 fold were recorded during
the scme length 2f tiwo. The coneentration faetosr on the otaer
nand decreased frow 0.5 ppm to 2.07 ppm solutions snd tho valuee

ranged from 219.04 to 144.25.
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Table T7.50

‘coumalution 9f n in the tisesucs of . viridis exposed to
variosus conucentrations of Eu£04 golution in seca water of
salindty, 25%° for varying lengtihs of tiao.

- s - -

Tiseue con. of “n, ug/g dry wt.

Ton. O% Yean + .01, Cort.
“ine —— faetor
in ppuw Exposure tice at O days
2 daye 4 doys 6 days
0.50 £6 .04 97.85 109.82 219.04
2.25 2.60 3.19
1.00 123.40 102.18 211.09 211.09
3.64 4.64 4.90
2.00 155.37 226 .36 285.50 144.25
4.75 5.61 7.86
Contrsl 73.20
2.34

Distributian of ginc omong verious Jrgans:- The results of

the onalysis »f various tissue compononts are given in Table

T.80 ond Plg T.7c .

Zinc wue accumuloted in all the body components tested,
noweveor, diffe:ed in mognitude., ¢Cills ond viscera were the
wa3or site of Zn accuculation and gills showed the higheset value
{247.50 Pg/g dry wt.) at tho cna of 6 days. The rouking was
in the order:s Gills > Viscera > uscle > Yantle, based on the

concertravion foctors.
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Table 7.bBb

Accusulation of Zn among varisus organe of P. viridis exposed
v 1.00 pem zine eolution in seca wotor of scliniiy, 25%°.

< ot  7n, pu/e Can. o{ogﬁ,+pg/% dry wt. ot
‘rgan  budy  dry wt. e - e factor

weight (contral) “xposure time at 6 days
2 days 4 doys 6 doys

‘uscle 2U.62 98.73 151.36 182.30 194.3%4 1Y4.%4
2.52 557 4.23 5.64

vantle 39.59 91.88 106.61 129.3%% 142.75 142.78
2.51 2.94 4.76 4.63

3ills 14f11 154.26 162.58 226.19 247.50 247.50
3.92 4.65 5.96 9.32

Viscera %.08 134.05 169.22 200.48 223.63 223.63
2.7% 3.99 6.35 6.19

b) 3y Villorite cyprinoideg:- 7“he tissue coneentration of
zine i:crecased at all levels 9f onvironmentol zine ione and the
voluecs were dependent on the goncentraiion 9f 'n in the medium.

"he re:ults are shown in Table 7.9a aend ¥ig 7.3b .,

“herc was o 2 £21d increcase in the level of tiscsue
roncentrotion of "n in 2.00 ppm sslution after 6 days. The
1pteke of “n showed little difrfercnco at aighor ooncentirations
(6.8. 1.00 and 2.00 ppm). Phe concemiration fmctor woe the
hignest ut 0.25 ppe of Zn  (534.28) wua lowest at 2.00 ppm
(101.17}.



Table 7.90

Accunmlation of Zn in the tissues 2f V. cyprianoides exposcd
12 variosus concentrotione of Znso4 s8olution in ses water »of
salinity, 8%° for varying lengihs Of time.

Pissuec cou. of Zn, Pg/g dry wt.

{on. 3f ¥ecan + S.D. Con.

Zinc - faoctor

in ppm Exposurc timo at 6 days

2 days 4 days 6 days

0.2% 105.09 121.07 133.57 534.28
2.33 2.51 4.97

0.50 118.96 133.17 152.30 304.60
2.06 3.67 4.92

1.00 135.80 159.52 191.48 191.48
2.71 ©.52 5.67

2.00 141.80 168.32 202.33%  101.17
3.73 5.04 5.76

Control 98.72
3.50

vistribution of ginc emonywarious osrguns:- The rate of

uptaxe and distribution patteri of Zn among the various tissue

componcnts are presented in Table 7.9b and #ig 7.7b .

The hignest concentrotion was found in the gill tissues
(218.34 Fg/g). Muscle and viscera followed almost a similar
type of uptuike. The order being: Gills > Yontle > Muscle >

Viscers,



7able T.%0

Accumulotion o9f Jn dwong various organs of V. cysrinoides

cxposea t2 1.0U ppm zine solution in seu water of sclinity,
16%°.

[y - - " At b o o

Con. of Zn, pg/g dry wt.

% of  Zn, Fg/g wean + §.D. Coti.
Orgen bady  dry wt. factor
weight (eontral) Exposure timo ot 6 days

2 daye 4 days 6 days

-

‘uscle 28.87 63.60 T12.87 680.48 93.52 932.52
2.34 3.18 3.11 2.72

“aavle 11,31 95.37 115.63 136.46 143.25 143.25
2.42 3.65 3.30 4.70

Gille 9.54 119.40 148.69 183.75 218.34 218.34
2.86 3.76 4.21 13.00

Vigcern 50.28 58.17 64.23 72.19 83.70 83.70

1.01 2.21% 2.51 2.63

c¢) ly feretrix custo:- The rato of uptoke of ‘n by the

claa frouw different environmentol levels 5f the metal ure

given in Table 7.10Ca .,

The tissuc level of 'n wis highest (298.25 Pg/g) at
2.00 ppm concontrution ond lowest (109.56 pg/g) at 0.5 ppm
after an expaosure tiwe of 6 dayes. 7The uptake of Zn was found
t2 be proporiionul t5 tne environmental comcentiration of tue

metal. The uptake bebaviour cun be soen frow the Pig T7.3c .

The coneentration factor deerecascd with increseing con-

centration o2 Zn. Tune values rapged from 149.13 to 219.12.
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Table T.10u

Acecusmlation of Zn in the tissues of M. castia eoxposed to
variosus concentrotions of Zﬂ804 solution in sen wutor of
solinity, 25% <for wurying leagths of tiae.

Tissuc con. of m, pg/s dry wt,

Con. of “eaun + &.D. con.

7ine factor

ir. ppm Exposure ti.e at 6 dayse

2 duys 4 days 0 days

0.50 72.85 93.70 109.56 219.12
2.T17 2.57 3.01

1.00 97.34 174 .82 166.79 166.79
3.11 3.51 6.52

2.00 125.70 226.60 298.25 149.13
3.96 7.31 8.89

Tantrol 54.10
1.36

vis.cribution of zine vmong various organs:- Zine was caistri-

buted in all the body com;:ononts studied, but diffeored in
sugnitude, illghest lovels were fouud in tue gill tiscues
(310,22 ug/g) anc muscle tiseuc (283.91 pg/g! during 6 days
peris>d. Viscora and montle accumulated comparatively lesser
auounts 3f the wetsl. The oraor of disiributiou being:Gills>
¥uscle > Viscera > ¥onile, with respect to the C.P. he
details of the rcsults are presented in Table 7.10b aond

iy T.7¢ would indiecote the general trend in the uptoke

pattern.
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Table 7.12b

Accumulation of Zn uuong various organs of M. casta exposeod
to 2.00 ppm 2inc s2lution in seca water of sulinity, 10%°,

Con. of in, ug/g dry wt.

“ of  In, pg/ﬁ ¥ean + S.D. Con.
organ body ary wt. factor
weignt (coutral) Exposure time - ot 6 days

2 days 4 duys 6 days

"usele 29.44 T0.79 147.98 217.62 283.91 141.96
2.27 4.46 8.83 .58
1.78 2.56 3.04 3.30

Gills 10.38 109.95 177.76 245.05 310.22 155.11
3.79 5.05 7.45 9.85

Yiseera 37.57 59.09 L8.78 87.46 95.89 47.95
2.05 1.98 2.34 2.70

. Lecumulation of lead

a) 3y Perno yiridis:- load was found to be concentrated
to a very high level in the aussel tiscue. The metal uptake
was found t2 be directly proportiscal to the concentration of
lead in the medium. Tue roeulis are given in the Table 7.11a

auna Fig 7T.40 .

The levels 27 lead iu the tissue incereased from a
background value of 10.03 pg/s to 429.18 pg/g (dry wt.) in

0.5 ppm oad to 4938.01 pg/g (dry wt.) in 2.00 ppm eavironmenta
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lcad. Thus at 2.00 ppm, there was o maguitication of about
4492 timce durinz 6 days. At lower concontrations the increase
were 47.8, 75.5 and 213.5 f9old in 0.2%, U.5 and 1.C0 ppm salu~
tions respectively. In tue case of lead uptoke, the concen-
tration foace .or increasca withk inerousing cosscentration 2f lead

in tne modius (Table 7.11a).

Tavle 7T.11a

Accumulation of Tb in the tissues of P. viridis oxposed t2
varioue councentrations of Pb(H03)2 solution in sea water of
solinity, 25%° for varying lengths of tiuwe.

Tiesuc cou. of Pb, ug/y dry wt.

Cou. 2f Hean + S.D. Con.

lcud factor

i ppm Exposure time at 6 days

¢ duys 4 days 6 doys

J.25 185.74 296.45 429.18 1716.72
6.57 5.38 1.06

J.50 329.64 501.30 757.18 1514.306
B.9Y9 20.43 22.38

1.00 851,03 1505.63 2141.69 2141.69
15.19 21.27 25.53

2.00 1821.18 3571.19 4935.21 2469.01
23.55% 34.41 38.40

Control 10.03

G.44
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sietribution of lowd amon,: vurisus srganss- The rate of

uptoke o2 leaa was high for all the orgona. ’‘iowever, it wos
dgistributed rother unevenly onong these vorisus tisrue compo-
nents. 1ills oX the wursel was by Lur the major site of lead
asccutmlationn. 7Tho tissue burden 9f lead in the gills wus as
nigu us 5330.74 pg/g ot the ena of 6 days. The next major
rite of lend secumulotion was tue vieceral part(2995.61 pg/g)
in 6 days). The distributisn pottern is, Gille > Viscera
*ugele > ‘antle. e resulie olong wita the C.P. values aro

preccnteod in Teble T.11b . ‘he nature 2f uptake con be seen

frow the Pig T.ou .

“avle T.11b

secuculotion o9f Pb vadng various organs of P. viridis exposecd
to 2.00 ppm of lcuad so2lution in sea water of salinity, 25 2,

Con. of b, g dry wt.
% of Pb, ug/g Yoan + S.D. Con.
Zrgan  body dry wt. foctor
woight s2u 5091} ixposure time at 6 days

2 days 4 days 6 days

Muscle 30.30 Y.72 8u1.77  1530.29 2240.17 1120.0%
0.23 25.36 35.717 44.48

mntle  42.77 6.35 440.41 835.31 10£3.26 541.63
0.18 25.37 28.98 26.88

Gills  10.46  13.45 1988.72  3801.67 5330.74  2665.37
0.45 22.70 47.23 68.95

Viscera 16.47 8.84 1046.35 2118.95 2995.61 1497.81
0.22 12.48 33.10 34.44
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b) By Villoritu gyprindides:- 7here was a greater

rate of uptake of leud in the tissues of the clam. 7The lead
eoutent in tue soft parte went up to 1240.78 pg/g (dry wi.) in
2.00 ppa solution at thwe end of 6 doys from o background valuco
of 10.05 ug/g. Tuis wos eyuivalont t5 a 123.5 fsld incroase.
T 1.00 ppw s2lution the leod eontont in the tissue incrcased
by 6% fold eosmpored to the eontrol aniaale. “he €.P. wus
higheet (952.8) ut 0.25 p;m Bd2lution and decroased with inerca-
sing conecentration af tue wetal. TRorulte are given in Table

7.12a . 7“he u;take bechuviour can bo seen from the ¥ig 7.4b .

Zable 7.12a

Accuxzulation of Pb in the tissuos >f V. cyorindides exposed to

variosus econecentrations of ?b(WOB)z s72lutiou in seca water of
sulinity, B%° for varying leugine of timo.

iissuc con. of ¥b, pg/g dry wt.

Cou. of dean + S.D. Con.

T.oad factor

in pum ixposure tioo at 6 days
2 days 4 daye 6 days

0.25 139.17 185.21 238.20 Y52.80
5.20 6.72 9.04

0.50 184.03 204,75 352.2% 704.50
6.79 ©.58 .90

1.00 247.81 380.82 ©33.48 633.48
8.74 $.08 15.06

2.00 395 .14 876.39 1240.78 ©20.39
14.62 23.14 25.09

~a..%:001 10.05

0.39



Dietribution of lead among varijus Jrgoans:- 7Table 7.12b0 gives

t:uc lecad eoutont in the various organe 32f the asnimtl on exposure
to 2.0 ppuw solutions 9f lead. The rate 2f upteke of lead wao
ulgbost wit the gills. ‘‘he glll tissue content of lead incre-
speld o 3208.74 pg/g (dry wi,.) from o cuntrol value 28 2:.47 pg/
T“he oracr 9f dieiribution being: Gills>> “entle > Viscera >
raeele.  The upteke pattorn wos o0lmost lincar with time (Pig

7.80). The concentrotion factors ranged frow 316.20 to 1604.37.

Table 7.12b

Accuualation of Tb among various orgons of V. cy. r.noides
exposed t2 2.00 ppm of lead solution in sca wutor of sulinity,

g e,
Ton. of b /g dry wt.
“ of Db, Mg/g ?oan’:rg.ﬂ. Con.
srgan  bady  dry wt. - - factor
weight (eontrol) Exposure time at 6 duys
2 days 4 doys 6 days
Tusele 29.97 9.46 286 .45 463.57 632.39  316.20
0.18 9.85 12.46 14.24
“antlo 9.46 14.58 062.73 1169.63 1636.44 818.22
.37 15.45 27.32 38,80
Gille 12.7C 20.47 1274.52 2280.49 3208.74 1604.37
1.00 29.94 37.51 47.94
Yisecera 47.83 T.54 312.50 534.30 T44.80  372.43

O.1& 9.37 11.80 17.50
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c) By Merotrix costo:- Leoad was found to be accumulated

to & very nigh level in the tiseues >f the clam from environ-
mentoal woter. The highest value wae found in 2.00 ppm b
(718.3: Fg/g dry wt.) and loweet in O.% ppym solution {287.18
Pé/g) auring 6 days period. The highest coneentration factor
was obtained 8t 0.50 ppw (5T74.36) ond it decrcused with incres-
£ing conecontratiosn af the metal. The results are given in

Tatle 7.13a .

It can be soen that the woynitications were v7.6, 37 ond
27 £9lds in 2.00 ppm, 1.00 ppm ond 0.5 ppa so9lutious respecti-

vely.

Table 7.13a

Accumulation of Pb iu the tissues d>f M. casto exposed to various
conccutrations of Pb(M03)2 solution in seo water or salinity,
11.59¢ for varying lengths 5f time.

Tissue con. of "b, mg/g dry wt.

fon. of ¥ean + T.D. non.

Lead factor

in ppa #xposure time at 6 doys

2 daoys 4 days 6 doys

2.50 149.88 212.64 287.18 574.36
5.48 10.54 9.56

1.00 182.90 303.55 392.33 392.3%
5.69 14.06 10,34

2.00 211.66 502.24 T718.32 359.16
12.50 13.17 17.57

O.ntrol 10.63

0.46



Sistriovution o lcud snmong vorisus srganes- Tune distribution

i leud auong the varisus body coaponents 3f the clam are pre-
gcoted in Tudble T7.Bb . The general tremd followed in the

aptuake venhaviosur can be appreciated from the Pig 7.82 .

Rate of lead accuisulation wue toe auighest in the gills,
The weval content was 924.35 Hé/g(dry wi.)at 6 doys. The

rauszing ollowed the order: Gills > ‘ascle > Yiscera > “zntle.

Tavie T.13b

hccumlation of Pb, amdng voarious organs of i, castd exposed
to 2.00 pum leod solution iu seu water Of sulinity, 11.5%9.

Cou. of Pu, ps/g dry wt.

7 of  Pb, Mg/s ¥can ¢ ©.D, N311.
Crgan body  dry wt. - foctor
weiznt (esatrol) Txposure tiwe at 5 days

2 days 4 days 6 dayse

*uscle 29.46 10.56 298.90 492.05 695.81 335.41

""011t10 18.60 7-0’ 216045 306013 484023 242.12
.18 9.92 10.23 14.23

5ills 7.94 13.23 389.76 640.67 924.38 462.19
0.51 16.27 18.47 26.92

Viecera 44.00 7.39 252.84 420.59 589.27 294.64

0.21 9.55 11.71 15.90
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Fig 7.8c. Accumulation of lead among various organs

of M.casta, at 200 Pb2% solution.
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7.3. Discussion

Taples T7.28 to 7.13b woula clearly show the ability of
the throc bivalve mollusce t9 sccumulote heavy wetals froom the
environaerntal water cuch above the azbient levels. ‘lowever,
they 8leo indicate discimlilarities im the res; onse pattern
followed by the threc epecice. 7The important observation was
that the swunt 5 metals found in the tissue of the anicicls
was vory much dependent on the concentration 2f the metal in
the wediuw. %he tissue concentratiosn 9f all the four wetals
tested {(viz. 'ig, 0i, Zn und Pb) showed an increasc with increa-
ein; vime °f exposure aud alsd with lncrecasing concentratiosn of

metal ions (Tevler 7.2a to 7.13b and ¥igs 7.1a to 7.ue).

In the casc 9f wercury, higonest conecentration faoctor
wos obtained for P. viridis at all concentrations. In V.

cyprinsices and Y. cosis the valuce wore quite low (Tables

7.30 % 7.4a). The bisaccumulation factor f£or copper was also
nighest in F. viridis. In the sther twd spocies the C.T. WO
cpproximately 10 and 20 times lower thon that in P. viridis.
Towever, the rate of uptaxe of copor woe generally high in
all tne turec animuls aud the nigh rate »>f accumalation of
the xetal indicate thet there is little rorulation of inis

ion oy these mdollusce.
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Zine uptoke scowed 1o be rather restricted in all the
spocies (Tables 7.8a, 7.9 & 7.10a). There was snly about 2

£514 incroose in the tissue concontration of Zn in V.cyprinoides

at the highest concentrution tested (2.00 ppm) after 6 doays of
oxposure. In P. viridis tuere was 4 fold increase und in 4.castao
about 5.5 times inecrease in Zn content unaer the same conditions

»f motal comecentrotion and tioe.

Tt would be secn that the conecentrution factor for the
above threc metal iosne (lig, Cu and Zn) deereosed with incressing
concentration of the metal in the medium showing greater uptoke
efficiency ot lower concentirotions. This moy probably be due to
the doactivating effeet of tho metul ions at higher csucentra-
tions on the srgunisms. Another factor would be the lower
bioavailability of the metal at higher coucentrations. 4 visible
precipitate was seen at the surface of the wedium as well as on
the sides of the experimental trough at higher concentrations of
copper. “‘he precipitatod particles ore beyond the size range of

the filter feoders and thercfore, would not be assimiluted.

However, the uptake pattorn for lead was different from
the other throe metals. It was tuken up to a very high level,

without any restriction by the bivulves. The ausseel, . viridis

ranks first in Pb accumulation. Thus a eoncentration factor
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68 high &8 2469 wus obtained &t the end of 6 days. In

Yillorita and %retrix «leo, tne rate of uptake and the amount

»f lead incorporanted was the alghest compared to other actals.
The muxiowuas .F. attuined oy these spocies were 953 und 574
reepectively. An iaportont feuture of lecd accumulation by the
sucecl wus thot the C.F. eoutinmueu to inercase with increasing
coreentrution 9f tne metal, showing that tue c¢fficiency of uptake
was not at all iapared b; wbigher concentrations. It may be
reucncered tnat the actal wos non-letbcl t5 the anianle at tuese

concentrations (feec 9.2).

“"he rosulte obtoined from the study ogain indicated that
agccuunulotion pattorn s tracemetals in mdolluses con vary as a
funetion of tue spocies 51 wm-llusce and the motul ions etudied.

Thus, the osccuaulaiion of metals by the aninsle £2llow the order

P. viridis: Fo> M™u > Hg > 4n

¥. geyprinoides: Pbd> ima > Cu) lg

¥. costa: Fb> m Yy Su Y lg

Toe avility of the bivalves to coucentrate these mctuls

also differed as follows

ilg:e 2. viridis > V. cyprinoldes > Y. casia

-
ey

Cur 2. virieis > . casto > V. eyprinosides

Zn: V. cyprindiaee > P. viridis> ‘. casto

g

Po: 2. viriais > ¥. eyprinoides > ¥. coe
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Thus, 1t can be secn that ithe mussel P. viridis hus
the highesi biomugnifying potential (excopt for Zn) thon the

two clams. . casta scemed €D possese the least ability for

wetal integration.

The difference in the response pattern towarde heavy
metil accumulation moy partially be atiributed to the difference

in the physioslogical functions 2f these animanls.

Drookes and Rumeby (1965) studied the uptoke of trace
metesls by some Nowzealand bivoalves. They found high rate of
cecumulation of certain heavy motals including Cu, Cr, ®b, 7n
cte. by these orgoanieass and the levels vu{?ing in scullops,
musecle and oystere. Tracce metal (Cu, Pb, Zn, Pe, Cd and
"r' aecusmulation by certuin estuarine molluscs had been studied
by “ringle et al. (1968 who showed that the uptako of metals
by woslluse was directly proportiosmul to the external concentra—

tion. 7he rate of uptaoke would also depend upon

(i) <cpecies aiffercnces.

(1i) Zovironmental conecentrution lovel ¢o which the
species may be subjoected und duration of exposure.

(iii) Tempcrature, salinity, dissolved 02 and physiolo-

giecol conditions of the aninal,
The prosent fimdings oro in good agrocmont with tne above reosulta.

Lavies aud Pirie(1978) als> found that, the mussel, ¥ytilus

edulis, uccurately reflectod the mean total mercury coneentration
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in the surrounding water. Smith and Green (1975) found in
throe species of cluse (family Unionidue) that the rate of

lg uptoke increascd with incereased coacentrotion in wator.

Schulz-3oldos (1974) who uod studioed extensively on
lead uptalke and lead loss in the conmon mussel ¥. edulis found
that a counstant rate of b uptake, linearly depcndent sn the ™d
concentration of the medium was toking place. Theseo obeerva-

tiong sgain give support to the presont data.

Tistribution among the osrgans:- All the exporiments indliocated

211lls as the =major site of g accumulation in the molluscs,
regordless of the concentration of the motal in solution. This
is expocted from filtor feeders like the mollusce in which
uptuke occurs acrose this organ. Smiti et al. (1975) pointed
out tnis fact and rcmarked that the positive polyvalent ious
aduere to the mucus foeding shoets 2f oysters. Since the mucue
shcets pass across the gills some of the worcury measured

may be due 19 contaminoted mucus. Gther orgons contoined less

awmounts o2f lig.

The ranking order 5f differonut organs in the molluscs

against rates of Hg uptoke observed in the present studios is

P. viridis: Gills > Viecera > Muscle > ¥antle
Y. cyprinoides: N.D.

¥. costa: Gills > 'antle > “uscle > Viscera
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Jrookes end humsby (1965 ) huid obeerved ropid accuauletion
ons large eoncentrutiou o9f g and osther trace actals in gill
tissuce of some owzecalund vivalves (Bcollops, wmuesels sng
syetere ). The f:vourecd sites wore gills, viscoral muss and
intestincs and considered that it was duc to ingestion of
scdimentary atericl of susll partiecle size. Cunninghom ond

203 |

Trip. 1975) faund thut on oxposure 1o 'lig solution, the

iperican soyeter, Crogeostreu virginlea coueccntrnted the metal

in the following order: Gills  digestive systea wmantle

gonuaa maecle. Tentrcuth (1976) had also obeerved hisn conecen-

203

trotisn of g in thie gills of tine plaice, Fleurosncetos platessn

203,

wuen exposed 10 Lig 12 in seu wuteor; tue nigh value for ‘g iu
the 1ll¢ wae related 1o tue amount 2f particulute matteor in tie

tunk wtter anu thne azuvunt >f adnerent amcus.

fopper nlsd was found significantly in higher amouuts in
tae £1l1l tissuce in all the cnisals. The aistribution 2f copper

awyng various organs followea the order

P. viridie: wills > Visceru > “astle > “uscle

¥. cyprinoides: uills > VYisecru > ‘uscle> ‘‘antle

M. casiu: Gills > Musele > Viscer: > Yantle

Phe high concentrotisn of the metul in ine gille moy again bde
attriouted to the filter feeding noture of the auialals, obsor-

ption to the mucus sucets otc. “‘'ie relatively high content oy
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copper founad in the viscera of P. viridis ond V. cyprinoides

may be due v the nigh rate of uptake and subseyucnt loss 2.
gome Ju in tue fecul matter. {imilur Svservations were woode
by ‘’rookes ond {umsby (1965; in tae caso of bivelves from

Howgenland.

sn the J2ther hend, in ‘. costa, cascle contcined more
“u tnun in viseers, probably due to the poerminent fixing of the

petal to the tissue wnd less in the vieceral part.

Por the sthes twd less toxic wmetols, in wi:i Tp, gill
vissues were again foune to contain the hizuest concentraiion
of tne mctuls in 41l the specios. DJueed on the concentration
faetor attoined by cacu bouy component, the order of distri-

bution 9f Zu in the turec orgonisms is

L. viridis: Gills > Viscersc > Huscle > ¥antle

V. cyprinsidess Gills > ~-ontle > uscle > Viscera

. custas wills > ‘*uscle > Vieecora > *untle

The high z. content in tae visceral pert 5f the wmuseol
("able 7.5.b) probubly iadicatos Zn exeretion through feeal
motter. flowever, no such cxplanation holds o024 in the two

clums where visceral Zn level is c.mparociively low.

he roukin; in tne disiribution of Pb among variasus

organs of tune mollusce is given below
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v, yiridig: Gills > Viecera > ‘“uscle > ‘untle

V. eypriunsides: Gills > untle > Viscera > uscle

“. cogtas “ills > “uscle > Yiscera > sntle

Tt suould be noted that the socond s6jor site of Pb
accuzmlution in tue oussel waes viscorn. Jowever, iu the other

two anianls this orgon occupied tuird position in accumuletion.

Cehulz-3aldes (1974) found thet lexd woe -ontinususly

~)

token up in the soft poarts of the mussel, . edulis. The

uptake sogueunce ootaiuned was kiduey gills adductor mscle
digeetive glouan $0ot mentle. This is in close asgreement
witn the prescnt finainge. The level of ?b coucentrated by

the musesel wos 0lsd compursble.

cuggested potuways of neovy meial uptake

The octual mochnunien winercby tne trace wmetels are
coucentrated in the wurine biospherc is gtill not well under—
£1ood. ho sugsestod pothways, aecording to Pringle ot al.

{(196&) are

(1) Particulote ingestio.. 9f suspeonded waterisl from
soo wotoer.
(ii® Tngestion 2f elemente vis their pre-concentrotion
in faod moterial.
v1ii) owplexing of metals by coordinate linkages with

appropriate orgonic moleculee.
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(1v) The incorporation of metul ious in the physiosloricolly
tuportont systcue.
(v) Uptake by excubnge (0g.) in to mucus siecets of the

Jystor.

% spoecinl choracteristic of ncavy mwiol cuomicols is
tacir strong attraction to idlogical tissuec ona in general,
the e€low cifuinction of these auiericls from biological systcas.
nee sosorved in taoe body, theso metals are capuble 21 reacting
with & variety 21 binding siteoe. “etal complexes (ecoordinate
c.a ounds ) are formod witn -SH groups anc 13 & leseor degro®
with owino, phosphate, carbodylate, imidozol end hydroxyl groups
of ongyows u:xud viner essentiial biolsgical proteins
(Ocheme, 1978). “rirgle et al. (1968) h.d also suggestied
coordination of the motals through orgoiic mdolecules presamably
ueing to <K cud or -7 groupinge of tbe protein avlecules.
Zevies (1976) mnwd suggested the possibility of an -C-¥-C-linksge
in piological systeuws. oombs (1972 found that free Zn asd Cu
were not prec.nt iun tue systers, and suggestca that large fro-
ctione 3f thesc clewentes were bound 1o wmcaobrane acind groups.
¥0)lf (1970) demonsirated that 98% of the “n in Crosszosirca
virginica wus acsoclated wivh protein perhap: os metallosthio-
nciope. ‘!owever, notolng much is known =t present about the

nature or c:ompoeition 2f such complexes.
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The electron mieroprosbe X-ray analysis oI tissues of
the 'grecnsick' oystors slong with unpolluted oysters gives
direct evidenee for the struciural comparimentation of Cu and
Z2n in separate, specific granular awdebocytes, where it is
further iamobiliscd in acwbrunce limited vesicles as different
chomical compounds. This moy be one poisslble mecuonisw of
detoxicution and storage of Cu and Zn by the oyster, Ostrea

edulis (1) (George et al., 1978).

Yallusece ag indieator orgonisme:-~ The rosults 2f the investi-

gation cleorly indieute that all the three bivalve molluses are
able %9 reflect the environmental eoneentroution of the metals in
thicir tissuc. The motal conteont in the body of the wolluses
increosed with inercased concentration of the metal iosne in the

experivental tank.

Tnere was metal loss from the tissues of the molluscs
(altuough complete clearsnce csuld not be aculcved) when irans-
ferred to poallution-frec wedis (see cuapter &). Thus, the three

organisas P. viridis, V. cyprinjdides und ¥. casta satisfy cri-

teria reoquired for indicator orgonisms 5f heavy wmetols. They
o0y be ronked as efficient metul iutegruior in the order:

2. viridis > ¥. cyprinoides > ¥. coeta {(oxcept for In). 'owever,
tue response patieru werc different. 3osed on the concentration
factor for the four metals, 1% wae roalised thot ©. viridis is

the woet sensitive ilndiecoator organisa of fig, Cu, Zn and Po.
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KINETICS OF HEAVY METAL UPTAKE AND LOSS
PART II.  KINETICS OF HEAVY METAL LOSS
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CHAPTER 8
KINETICS OF HwAVY ¥ TAL UPTAKES AND LOSE

PART II RINITICT OF HEAVY YETAL LOEE

The kinetice of metol loss from the aniaul body is as
importont as the toxicant accumilation by the onimols. ‘lowever,
very litile attention hos beon bestowe€d on the depuration of
tuese metale. 7o better understand the tronsfer of toxicants
through &n estuarine truphic level, detalled retention teste
should be ¢ .nducted as an integroal part 3f accumulecition experi-
ments. “he contributisasalresdy made iu this field were by
Tockhart et al., (1972), Schulz-DBaldes (1974, 1976), Pentrooth
(1976) and Pyne (1977).

Ilere, on attecpt was mode to study the kineties of
heuvy metal depuration by the three bivalves, vig. P. viridis.

Y. cyprindides aud ¥. coste using mercury, copper, zZinc and

lead ious.

8.1, Yateriale and mothosde:—

The pre-treated uniwmals were maintoined in metal-free
media and the tissue metul content at varisus intervals of time
wong eetimcted. The deiails of the experimontol methods are

giveu in section 2.84.

8.2. Results

o) Rate of loss of wercury:- “he rate of loss of mercury

and the emount 2f the metal retained in the tissues 2f the two
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clane can be scen from tables 8.2 & 8.3 and Fig 8.1,

Tiseue concentration 2f mercury declined in both the
clams when they wero moeintained in a metal frec medium. However,
ouly 30% of the accumuloted Hg was 1loet in V. gyprinvides in a
24 day period. The clearancc of g sccmod t5 be @ very slow
process when compared ts rate of uptdke. In 3. easta on the
sther hond about 48% of ''g was depuratcd in 20 daye' perioad.

The rote of loss 2f iig wos rapid at the initial stage; thus
about 34.6% of the accumulated !ig was depurated in the first
10 days ond osuly 13.4% waas lost during tue next 10 days. Total
sclf purification could not be achieved by both the clans

during the experimental period.

b) Rate of loss of copper:- The results of the depuration

experiments oare given in tables 8.1 to 8.3 and Pig 8.2 for

tnc three species of mrlluscs.

Copper was found to be depurated faster in all <he

spocios. Thus tissue eosncentiration of copper im P, viridis

declined from 71.78 Pg/g {of the copper treated aninmals) to
37.42 pg/g (dry wt.) in 24 doys. About 33.7% of the accumu-
loted copper wos retained in the body ofter this period. In

V. cyprinsides 90% aud in Y. casta about Y3¥ of the accuumulated
copper was 1lostl during a depuration periosd of 24 and 20 days

respectively.
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¢) Rote of lose of sinc:i- The results for the three

speclies ore presented in Tables b.1 to 8.3 ana Pig 8.3 .

Zinc loss iu F. viridis sunowed ratner ua exponcential
decrouso. ‘Tuus at the ena of B doys, 23%.407 of the accuaulated
mctal was 196y, aftor 16 days anoviner 12,419 wae releosed an
during the last 8 days *.9%% or tue metal was lost mﬂkidg a

total of co 407 loses at the end of 24 days.

In ¥. cyprindides the rote of ziuc loss was rather
fistor and at the cnd 9¢ tine experivcental perisd (24 daye} 873
of the sccuauloted Zn wis found t9 be depuruted. The rate of

loses of in wus fostor at the peogluning and sloweca down with tiasc.

In ¥. costa, the rcleasc o1 the cecumulated gine secaeoc
19 be rathuer a slow process. Tuus, ©5% of the accumloated zine
was getained in the saft parts of the cluew even after keepiug
in o metol free eavironment for 20 days. At the cnd of 10 days
19.63%3" of gine was lost oud auring the seocoud hulf time only

14.79% 2 the wmetsol was lost.

d) Tote of lose of lead:~ "he experiucntal results for the

three orgonisas cre put in the Mables d.1 t0 8.7 ana ?ig 5.4 .

During 96 hr exposurc time in eeca water cantaining 1.00
ppiz leao, the mussel, D. viridis ceccum:lated a very higbh awount
of lcad, showing o foeter ujtake rate. ilowever, the rate of

leao loss in the auseel was founa o be a slow process. “hus,



S JO OO © SO (1) BiS0d SINEWMYH pup

(P ) ESITERS BISBIIA (o—) FFTTP OUTRY *eosryiow Jo APOG W4 WOi Wiz JO uououmsm3 801
.~ SAVQ 40 MIAGNNN

»2 03 9! 2 8 v 0
T Y T Y =T 1 N
!

PUIA d  TONLNOD Hm .‘8

Oi802 ‘N I0¥ANQD

NI DNz

P AM0 B0

Vo 40 ot
|

e

S3QIONINAAD WLIHATNA <7

t

ViSYD XINL3NIW O
SNICINIA YNY32 © <06



-oully JO UOHDURY B S ( (3—L1 ) TISED X[ysiey pun { F—)

SapioulitkD G)I4OHIA b {0——-0) BIDIIA DUlag *£2s0jjous oul jo Kpoq 3yl wSs PPA} O WOBDUIMNE ok Bid

“«t—— SAVA 40 YHIGANN

pe *02 ol 2\ 8 & 0
L4 - . ¥
sopio4dAd> ‘A JONLINOD

B ", -
——
- e %
—
T — 3
——
,’i
~
Pl
’ -,\’l.all
"""."
———
T e
-
TN e
—
I SN
——
-
A4
—O—
-
lf!-l@.’il?{

© viSYD Xi¥iNIN O

S3ICIOMNIAD VLHOTIA 7 é//@

S10I¥A YNN3d (®

i

1

c0o8

o0 4

009

000l

0021

oo%i

Q03!

i

«— M ANG B/Bf N Qw37



182

up much os B1.5% of ftue accumulated motal wos retained in
tue tiseuos at tie cnd 27 o 24 doy depuration period. The
nature 21 the zraph Pig B.4) indicatee that tae leac loss

iy the wussel is lingar.

Tnere wero faster rotos of relecse of leed in both
tae cloms, V. cyprinslies and Y. casta. Thus about 50% of
tue accunuloted leud wae lost in Villorita during z4 days
dep:ration tiwe, e rate 9f 1986 wos found ¥o be approxi-
witely lineor (Fig 8.4). <uus, 17.68% was released at the
end oI 8 days, 32.71% after 1o days and 50.26% lecod loss at

tie cud of Z4 duys was obscrved.

In ¥. cosia, 30.58% of the accumulated icad was rele-
ascd 0% tne end of 20 days of which 28.45% metal was lost during
the first 10 days period. The rete of relesse of lead wes auch

foster -t the initial stoge and @ slower rate with lapse of timo.

2.%. Discussion

‘ine resul:s of the experiuvents clearly indicated & rapid
los8s of moiar frection of !z at the initiol etage in ell the three
bivalves. ‘his rapidly lost wereury msy be due to @ more labile
froaction of the accusuloted metasl. “he lg, that was asesosciated
witiu sucus in the £111s wight be eliminoted before being perma-
nently aveoruved 12 tue wojor tissuecs. She other fraction of i'g
sust be involvea in strong complex forwutio. witu the enzyme or

protela system.
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Cunningham und Tripp (1975) monitored Hg 1loes in the

oyster, Crassostre¢a viryinica ana obsorved a significant
depuration in tue initiui stage. Thus in 10 ppb Hg group,
tue tissuo eoncentrution declined by 21% during the first

18 dags. In 100 ppb, a significtnt decrcvase of 437 in the
residue couceniration of !ig oecurred in the same pordiod.
Those authors suggested tnat tho bioslaogical nulf life value
(Bﬁ)' decreascs as internal concentration of g is inereased
and remarked that this pattern of loss would have osecurred if
‘ig wore associated prisarily with wandering amodbyeytes and
micus which would be rapidly eliminated from the body and not
ascocioted pormonently with mmjor tissues. Total cleorance
of ilg would not be achieved. Mettinen et al. (1970) gave
481440 days as tne bionlogical hulf-time (D) for the elimin-
ation of Hy injectcd into the fo3% muscle 2f Tapos decussatus()

{¥) as Cu3H5202e 3 They ulso distinguisned a rapid initiasl

loss o & small wwount of U5203§fast component) in sll orga-
nisme studiod - o fisn, & cruv and twd mollusce. In Tapes

decussotus (L) auna Mytilus gulloprovincialis, it was about 20%

of the administered amount. The present findinges are in
ogreenent with these resulte. Lockhort et al. (1972) had
gtudied the climiunation pattern of Cﬂ3ﬂg+ in tae Horthern pike

(Esox lucius) ond found that only 307 wos eliainoted in one

*"he biolo ic:l woli-life (B:) is the time required for a given
coucentretion (in tho aniszal bady) to be reduced to half its
original value,
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gear periosd. DPentreath (1976) alsy noticed o slow rolease

of ilg in the plaice, Pleuroncectes plestosse L.

‘s observed in the cese of wercury, copper was also
rapidly released by the twd clowms at the initial stage and
(Takles 324 23)-
after thot the rate slowed down, This phendmendn muy be ottri-
buted to tne sowme factors as given under !z release. The slow

rate 2f release 2f Cu in P

viridis e¢ven at the initial stoge
indicotes the possibility of forming sirong Cu-couplexeces with

the tissue componcnts,

fcott and #ojor (1972) reported tunt ¥ytilus cdulis

accumulated copper rapidly frow sslution and oxcereted the
petal in 2 netal froe wdium after scveral days. The nearly
complete elimination of copper in toe twd clams ie in good

agreenent with the above obscrvatlions.

“he depuration pattern for zinc waes aifferent in the
three species (Tables 8.1 $2 8.3 and Pig 8.3). Thus in
Villorita as much as B3% of Zn was releosea in 24 days
perisd. Ilowever, in the other twd species wore ZIn wus reto-

inod (%ebles 8.1 & &.3).

The difference in release pattern o2f tne motal in tne
onimale way be :due to tweir differonces in physioslogical pro-

cecses. The Yaster rate 2f Zn release ot the beginning can
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czoin bg attributed t2 tho mucus absorbed Z2n 9r the more
labile fraction in the snimnls. It is not clear whether the
rate of releasse is dependent on the concentration of the metal

iy the body.

Cooubs (1972) found that most of the Zn wos cosily

remove:d (dialysed)} from the oyster, Jsirea edulis ond suggosted

tuat eitunor it wos present as free ion, or it is bound to some
eutiller wmolecular weight compounds or it was very weakly bosund
aud reauily dissociated from @ protein molety. This observa-
tion uolds good for V. cyprinoides, where most of the accuma~-
luted Zn was lost (83%) during 24 doys period. In P. viridis
and _. casta, tae slow rolease of Zn owuy be due to the forma-
vi0:n o strongly bound compioxes with the protein system.

‘uch of the accumuloted lend was retaincd in F. viridis (81.5%)
vnd ¥. costa (63.42%) (Tables &.1 & 8.3). In Y. cyprinosides
agoout 50% leud was lost during 24 duys depuration period
(“able 8.2). The slow rate of release 5f lcad usy be due t2
its permonent fixatiosn 12 the orgtnic motrix. 7The lincar
relcase of lead in Y.cyprindides anad . viridis (Pig: 8.4)
indieutea a stoady clearance af Pb from these organisms. In

¥, custa @ roapid initial loss of lecod was sbserved.

Tringle et al. (1968) found that in "rassosiroa virginica,

lcnd loss was churacterised by on lnercose inm the Bi value with
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an increaac in body burden o9f lead. ¥hen tiesue residues

were high little locad was 1lost. 4And they sugugested permn-
nent deposition o1 the motols. With the limited data
availoble here, it is not possible to say whothor tiue above
thoory holde good or not. tHowever, it can be seen that, in
P. viridis, which hod the highest concentrotion of leed in

the tissue relecascd only 18.5% of the accunulated metal during

the experimental period.

Schulz-cldes (1974) cstablishod that the rate of loss

of lcad in the wussel, Yytilus ecdulis was very much depended

on the intcrnal lead concentratisn in the aningl. e also
obgorved @ linecar releaso 9f lead in the animel which is

congistent with the present result.



SUMMARY



187

SU¥ ARY

An investigation on the seasonal variations of
bizchepicul constituents ond some of the trace metals like
¢opper, zinc, iron and lead in tareo coumercially important

molluscs vig. Villorita eyprinoides var cochinensis, Meretrix

costa (Cheanitz) una “orna viridis (Tinracus) collected from

the Zocnin pbockwuters, at wmonthly intervale during 1976-'77
ana 1977-*78, huve becen carricd cut. Tho toxie offects of
some heavy mctal ions vig. Hg2+, Cu2+, Zu2+ ana sz+ on these
orgouisms and the 96 br L050 valucs for tucsc sotala have beoen
detorwined using the static bisessay procoedure. The studies
wore conducted at the hoabitat sclinity and tomperaturo condi-
tions. Tue physiological effects of motal pollutants on these
bivalves have 8lgo becen carriod ocut. The kinotice of accumu~—
lation of these metals by the above orgunisos have been under-
taken by exposing the test acimols 19 media containing the
motul ions ot different coucentroctions for varying lengths of
time c«ud analyeibg the soft parte for the metal contont. In
tue metol lomss study the treated animols worc transferred to
wetal freoe wedium and the setol conceniration in the tissue at
differont intervals of timwe werc anslysed. The loealisation
2y the motals in varisus organs of the moliuees has been inve-

stigated by diesectiinm: sut the snimals for muscle, sontle,
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gills sud viscern and deteraining the metal content in these
tigsues. Tue metal contont nos been deterained using Atonmic
absorption spectropuotometer or MWercury analyser (in the case

2f wmercury).

The results indicated that the tissue water c¢ontent and
other ltiocuemicol constituents studied viz. protein, carbo-
nydruote, lipia, ash countent, calcium and pnospuorous showed a
distinct seasosnal cycle 97 chauge in all the three bivalve
molliuscs. “ue tissue water content incroasod steadily during
tiie wonsoon periosde when the ecuvironmental water sclinity was
low. The wuter content varied frowm 74.40% $0 &3.109 in V.

cyprinoides, 77.11% to 85.45% iu X¥. casto aund from 78.28% to

83.74° in P. viridie. In gepeoral nigh values for water content
wage found during June to sugust in all the species. The bady
water content showed strong ncgative correlotisn with environ-
wmental water sulinity anda tne corresponding regression cqua-

tione are glven:

V. cyprinoides: Y = 81.9830-0.2155 X

and 2. viridis: Y = 91.7188-0.3440 X

where Y = boay woter content (') ond X = salinity (9°) of

u-bitat water.
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Protein and carbohydrate showod roeiprocal relations
in their varioations in c©ll the three bivalvea. The protein
cmximoe syncuronised wiith carbonydrate sinimo in these sjecics.
In V. rinsides, highor valucs for protein was found during
¥oveaber t2 Jonuary ond in ¥. coaete this perisd corres;onded
t> December t3 3pril. On the other bond, iu P. viridis higher
values for protein weafe sbsorved during June=July. Carbosuydrate
fluctusted widely iu @ll the orgonisme. The lipid was found
gonerclly nigu during the summer months (tae period of high
salinity) iu the two cluas, V. gyprinoides ond ¥. casta. 1t
wae goucrully low during June to sugust. In P. viridis, lipid
content was the bighest in July. he seusonal voriations in
tue blochemical parametors wore attributed in gonerul, to
factors like food availability, salinity of ambient water and
spowning. The higher values for protein and lipid closely
evincidoa with the periade of moaximum puytoplunkion abundence.
fizgnificant nogative correlations oxisted between pratein and

carbohydrate in the molluscs and the corresponding reogression

oyuations for V. rinsiaes, #. costa and P. viridis are

Y = 85.3344-1.1160 X
Y =107.2085-1.4652 X
and Y = 83.4272-1.1504 X

respoctively. (where X = protein ¢ aud Y = carbohydrate <)

Migher values of ash contont weve found during the poriads o7
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nigh salinity in oll the specios. Iike most other shollfish,
the turee species etudied are rich ia calecium content. ligher
volues for tissue calcium wos found, invariably during pre-
nonsoon énd post-monsocn periode, when the salinity of the

ocmbient water was nlgh.

The scusonusl variation in paorpnorosus coutent secwmed to
bear £004d relation tu 1lipid content. A higher perecntage of
puosphorous wos slwuays Gecompanied by a higher percentoge of
lipid in all the specics. The calorific content of the whole
tissue varied between 4.995 to 5.558 in V. ¢yprinoides, bet-
woenr 4.800 t2 5.384 in ¥. costa ond botween 4.874 to 5.599 in
P. viridis (iu Culs/g dry woight). iligher values for calorific
couteont wue obeerved during the time of high lipid and protein
coutent. It is suggosted that the fishing of the specics should
be onde when the protein content is ot the bhizhest, vis.

Deceunber to Pebruary for V. gyprinoides, Doccuwber to April for

. cogta and June-July, in the case of . viridis.

-fi?he conicentratione of the four traece wmetals situdied
viz. copper, gine, iron and lead in the threo bivalve molluses
zre well influcnced by seaeson. The highest conceniratione of
all tnese mntale{ in generul, woere found during the perisd of

0w

low solinity ond,pll of the hobitot wator (moneoon periods).

rotul concentrotions deercasod in thoso spocies during s ommer



191

months - the perisd of nighest sulinity ana pll values. Tromn
was b f:r the most abundant of the trace uctals in all the
three species. It voaried from 200.59 to 605.41 (pg/g) in Y.

cyorinoides, 181.22 to 338.82 (pg/g) io ¥. casts and from

203.33 t2 940.16 (pg/s) (on @ dry weight basie) in 2. viridis,
copyor coutent wae in the ronge of 18.3 to 44.46 pg/g in

Y. gyprinoides, 17.35 to 46.89 pg/g in ¥. costa and 11.40 1o
30.41 Pg/g in P. viriais (dry weight bosis). The lcvel of zinc
i: these bivulves were apparently similar in sognitude. The
variotious were frow 53.07 to 105.58 pg/g iv V. gyprinoides,
45.02 t5 83.39 pg/g in ¥. custo cna from 56.12 to 100.88 pg/g
in 7. viridis. 7The concentratious of lead in these organisus
were rather low in comparison to oiher metuls. The distribu-
tiosu of the actsl in the various specles were from 6.24 to
10.00 ps/s in Y. gyorinoides, 6.73 o 23.46 pg/g in ¥. custa
and from 5.23 to 9.80 pg/g in ®. viridis. The high concontra-
tisns of metuls observed during June to August in tho three
spocics of bivalvoe hos been attriouted to an increcose in the
biosvailubility of the weisls in their heblitat water, due i

o decroasc iu salinity and pH 5f the modium. The generally,
low coneentratious 9f the smetols in these specices during suamer
monthe DAV poen explaine¢ udue to low bisavailability of the
metol ions in water eince the salinity wnu pH were hizh and

nence, the poseiolility of forming inorgunic eomplexes. The



192

incorporation of metals oy puytoplonkton or detritus and
chelation by other extracellular products might also have

reduced free motal ions in water.

Yigonificant negative oorrolatione were found betwoon
trage metal content in tne tissue 5f the wolluses and environ-
mcntul wautor salinity. Thus, the regression eyuations betweoen

copper and solinity in the three spocies woro

V. cyprinoides: Y = 39.5060-0.9143 X

¥. custa: Y = 42.3707-0.0398y X
and ¥. viridis: Y = 55.9469-1.1204 X

The corresponding equotions for sinc are
Y = 83.3256-0.7209 X
Y = 79.3576-0.8067 X
ana Y =171,.1801-5.1761 X

Iron eontent a8lso beore a similar relation to environ-

menutal water salinity and the respoctive regroseiosn eguations

were
Y. gypringides: Y = 477.94-9.4728 X
ond . casto: Y = 290.91-1.9427 X

fowever in P. viridie no significant corrclation wae
found betwoen solinity onu coneentrations of the metals iron
ar lead. Por tue otaner twd species the reigression cyuations

for loud were
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Y. cyprinoides: Y = 5.1876-0.097¢Y

(where ¥ = sanlinity (¥°) and Y = metal content (pg/g) in all cases’

“early oll the four metals were found to2 be positively
inter-correlatea in the two cloame, V. cyprinoides aond Y. casta

(exception being Cu/Po combinution in V., eyprinsides). In

», viridis only few pairs (Cu/Zu, Cu/rb oud Zn/Pb) were found

1o uve significantly correlated.

The important observation of the present investigation
is thut the concentrotion level 5f the various motuls studied
{including that £or mercury), in the tureec bivalve mollusce are
woll bclow the permitted liwits recommended for these metals in

so>me morine proaductis.

"he toxicity studies using the heavy ametal ions, vie.

2+, Cu2+, Zn2+ and ?b2+ on the three bivalve anlluscs indi-

1A
cated thot tuoy are detrimental to all the species. Anong the
four wmet.ls stuaied, copper was found to be tue most taxie
wetsl ion 1o @all the speciece. The ordor of toxic effect was

2+ eould not

s, g% zn®%, ev?t. up to 10 pom, Pb
produce uny lethal effeet to these species in 10 doye period.

2. viridis wos found t9 be wore scmsitive to heavy wmetals than
thie two cloas. Tne 96 br LCSO valuo was found t2 be 0.174 ppm

Cu, 0.34 ppm 'y ond 3.0 pym 4n for tue mussel, P. viridis,
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whereas for the clow, Y. eyprindides the Yo hr ICSO values
wore 1.214 5)m Cu, 1.57 ppm 'g, and & 10 day LC5O value of
5.47 ppu zn. "he 96 hr ECSO values for ¥. casto were 3.25 pra
g, 2.188 ppuw Cu ond 0.67 pom 4n. 2. costo woe comparatively
more reeistaant €5 heavy motal pollutants. (except for Zn) which

cen be seen from tne high LC5O valuos.

The wusegel, 2. viridis exposea to lethal levels of Cu‘*,
HgZ* or Zn2+ always secreted mucus and reunined pascive with
reduced gape width. On tne other hand, on exposure to these

wetal ions V. cyprinsides showed moribund sywmptomg in addition

to the secretion of aucus. M. casto responded to the presence
of ﬂ52+ or Cu2+ in the medis by seercting aucus onu aleo by
closin: their shells. ‘““men exposed to Zn2+ poribund eyuptoms
were developod in the animole. Lead in the envirsnment (uptos
10 ppm) eould unot praduce ony visible toxic effoet osp these

organisis .

Tobe toxic effect o2f heavy mctols was oxpluined to be
duc to poisoning the cnzyme systom. The difference in the
toxic effect of the four metals to the molluscs is discussed
on the basis 91 their electronegotivity data, the ionic radii

and tne Xe values 2f the metal sulphices.

T2 test tne hypotuesis thut death frow acute metol

toxieity o9f aquatic osrgenisms is partly related to tissue
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bypoxia, luctiic acld ond glycogen content were weasured in

the molluses exposed to Hg2+ and Cu®'. The results indieated
lactie scid accusulution in the tissues aud glycogen depletion
in the nuscle sr liver of these osrgonisas. Uincoe the end pro-
duct of the onaernbic aegradation of glycogen being lactice acid,

tue inecreosed level of ihis coamponent in the tigsue was oxpla-

ined %2 be duec to severe hypoxic stross caused from bcavy metols.

iooccumulaotion of tac troece metals (Slg, Cu, Zn and ™b)
frum water occurred at all concentrations studied. The iaportant
suservotion is thotl the azount 2f metals found in the tissue of
tie molluses is very much dependeunt on the concentration of tue
mctals in the wedium. In all eoses (excopt for Zn) nigheost
concontration faetor was obtained by P. viridis. 7The uptoke
2i zinc scemed Lo bo rather restricitd in all the species.
V. cyprinoides snowed uigber C.P. fur copper, werciry and lead
than }¥. casta. <he nighest C.P, for 4n wos osdioined by Y. gasto.
The accumilotion of metals b, the aniwols frllowed the order

{foosed on their concentrotion factor)

P. viridig: Pb> Cu >'lg > “n

V. cyprinoides: Po > In > Cu > Tig

M. cocta: Pb > Zn > Cu > Hg

The conceniraiion facior decroascd with incressing cone-

centration of the metals in the medium (exeent for 'b) showing
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grecoter uptake efficiency at lower concentrotions. The
experisents inzcicoied gille os tie major site of metal secu-
miletion in the molluses. The rapxking order »f different

organs agsiust rotes of metal uptake for P. viridis:

gt Gills > Viscera > Muscle > ™antle
Cu: Gills > vVieagera > “antle > ¥uscle
in: vwills > Visceru > uscle > ‘antlo

“b: Gills > ¥Yiscera > Yusecle > ‘cntle

n the caee of V. cyprinoides the following order of

0f uptake rates wuas obsorveds

Higs W.D.
Cu: Gills > Viscera > uscle > “untle
sn: Gills > Mantle > Husele > Viscers

Pp: wille > Mantle > Viscera> Huscle
awi for . casta, tuec ranking was in the order:

Tg: vills > ontle > *uecle > Viseccrc
~us CGills > Husele > Viscera > ¥antle
Zn: Gills > uecle > Viscers > Yontle

~2b: Gills > “uselce > Viscera > antle

The depuruation of metals in tue molluscs was generally
slow, Total purificatiosu eosuld not be achieved in any casc

during the periosd of investigations.
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“ow certain conclusione cou be drawn frow the sbove
results. The molluscs wiuld provide a prowvising source of
animol protein for humen consumption and hence the aquaculture
of the species moy be popularised in the coastal waters. The
heavy metal ions, viz. Hg2+, Cu2+ and Zn2+ are extreaely toxic
and are deiricentcl to the wolluscs if present in the euvirOnf
mental water sboave the norasl lovcl*. Iead, though not letnnl
t0 tueee organisa, was taken up to2 @ high degree. The accumu-
lution aud storuge uf tue heavy wetols by tne orguunisms at
sub-letonl levels pose a greatcr turout than affecting the
orgonisae themsolves as theso metols mny find way to the uuman
body through the murine £o2d4 cnoiu. S92 the need for a clean
coastol water ie emphosisod. The prosent investigations aleo
establisu the uscfulness of benthic orgonisme like cloms and
mussels cs indicator of metvllic pollution. These species are
extremely gensitive to heavy metol pollutunts and respond quickly
to it. The inercaseo in the eoncentration 3f the motal ions
in the sabient wutor was clearly reflected in the tissue of
the orgunisas. llence, it is suggeeted that in viow >f the
above properties whic:. have been hignlighted ia the present
inveetigation, those bivalve molluses can serve as a natural

monitor of woter quality.

Jrunl levels in soawuter: Yercury = 0.00003 ppm, Copper =
0.0J% ppuy Zine = 0,01 ppm anu Iead = 0,.00003 ppm -
vaiuee reproaducea froiu Galdoerg (1963).
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