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ABSTRACT

Knowledge of acute toxicity of a pollutant can be used in predicting and preventing the possible
damage to organisms, which help in regulating toxic waste discharges into the waters in which they
live. Toxicity tests were carried out on the fish Therapon jarbua, the common speciesfound along the
near shorewaters of Mumbai. Toxicity of Cu, Zn and mixturesof Cuand Zn at 22 + 2 %o and 32 + 2 %o
salinities were studied. The response of the fish wasfound to be varying very little between 24 and 48
hwhileat 72 and 96 h the difference was appreciable. It was evident from the experimentsthat salinity
playsasignificant role in the toxicity of metalsto estuarine and marine organisms. The LC, values of
Cuwere found to be 2-3 timeslesstoxic in 22 + 2 %o salinity than that observed at 32 + 2%.. The LC,;
values of Zn were 1.1-1.7 times less in lower salinity than that observed at higher salinity.

INTRODUCTION

Pollution of the marine ecosystems by metalsis aworldwide problem and ecologiststry to identify
variouswaysto control and monitor metal pollution in order to maintain the natural equilibrium of
the ecosystem. Data on toxicity by bioassay testsof heavy metals and their effectson aguatic organ-
isms are basic for determination of ecotoxicological risks of heavy metals for the aquatic ecosys-
tems. Knowledge of acutetoxicity of apollutant can be used in predicting and preventing the possi-
ble damage to organisms, which help in regulating toxic waste dischargesinto the watersin which
they live. Copper and Zn are essential elements playing avital role in the physiological and meta-
bolic processes of many organisms. However, in high concentrations they can be toxic. Although
acute toxicity of heavy metalsto marine organisms has received considerable attention (Brown &
Dalton 1970, Eider & Gardner 1973, Selvakumar 1981, Veenaet a. 1997, Bu-olayan & Thomas
2005), the effect of varying salinitiesreceived little attention. Salinity and temperature are important
factors for determining the rate of many physiological functions (Bahner 1974) of estuarine and
marineorganisms. In Mumbai salinity variations are well defined due to the influence of the monsoon,
varying between 219 to 35.7 %o (Krishnamurti & Nair 1999). Considering thisfact, the present study
was undertaken to assess under two different salinitiesthetoxicity of Cuand Zn, individually andin
combination, which contributed to the major percentage of the metal sto fish from the Thane-Bassein
Creek system (Krishnamurti 1991).

MATERIALS AND METHODS

Toxicity tests were carried out following the standard methods (FAO 1977). Therapon jarbua
(Forsskal), the common species of fish found along the near shore waters of Mumbai was used for
theteds. Thefishwere collected from aclean areaand acclimatized for aperiod of one week. They
were fed except for a day preceding the test. The length and weight of the fish selected for the
experiment varied from 3-5 cm and 1-2 g respectively. Seawater collected from aclean locationwas
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filtered and aerated before the experiment. Continuous slow aeration was used throughout the ex-
periment to keep the DO content above 5 mg/L. Toxicity of Cu, Zn and mixtures of Cuand Zn at 22
+ 2 %0 and 32 + 2 %o salinities were studied. 10 fish were placed in each tank. Each concentration
was tested in triplicate and a control was maintained along with each test. Each test was repeated
thrice. Mortality was noted and dead fish wereremoved immediately. Observations were continued
for 96hrsand LC_ values were calculated by probit analysis. Relevant parameters like DO and pH
were monitored during the experiment. All the experimentswere conducted at room temperature.

RESULTS AND DISCUSSION

During the experimental period, pH of thetest water varied from 7-7.5, whilethe DO from 6.0-8.5
mg/L. The temperature during the experiment was29.5+ 1.5°C. TheLC_ valuesare givenin Table
land Fig. 1 for Cuand Zn, and Table 2 and Fig. 2 for the effect of Cu and Zn in combination.

Copper: At 19 mg/L 100% mortality wasobserved within 24 h, while 100% mortality wasrecorded
at aconcentration of 14 mg/L during 96 h period at 22 + 2 %o salinity.

The response of the fishwasfound to be varying very little between 24 and 48 hwhile at 72 and
96 h the difference was appreciable. At asalinity of 32+ 2 %0 there was awell defined decreasein
toxicity. The fish died within afew hours at a concentration of 10 mg/L. 100% mortality was ob-
served at concentration of 7.5 mg/L after 24 h while at 6 mg/L the same was recorded at 96 h.

Zinc: At asalinity of 22 + 2 %0, 100% mortality was observed after 24 h at a concentration of 25
mg/L while after 96 h the 100% mortality was observed at a concentration of 20 mg/L. At asalinity
of 32+ 2 %0 100% mortality was observed at a concentration of 25 and 16 mg/L respectively after 24
and 96 h.

Syner gistic effect: Different combinations of Cu and Zn were tested and the LC, valueswere cal cu-
lated according to Brown (1968) and Brown & Dalton (1970). The predicted concentrations of the
mixture tried ranged from 0.5-2 mg/L for both salinities. When the test concentration was based on
the L C,,values obtained for individual metals, 100% mortality occurred within afew hours. When
the concentration of Cu + Zn was 2 mg/L, 100% mortality was observed at about 96 h.

It was evident from the experimentsthat salinity playsasignificant roleinthetoxicity of metals
to estuarine and marine organisms. The L C, valuesof Cu were found to be 2-3 timeslessin 22 + 2%o
salinity than that at 32 + 2%.. The LC_ valuesof Znwere 1.1-1.7 timeslessin lower salinity than that
at higher salinity. The 96 h LC, vauesof Cureported earlier in T. jarbua were found to be 56 to 74.6
times lower at 30 + 2 %o than the values recorded in the present study (Selvi 1978, Kumaraguru
1980, Selvakumar 1981). However the present resultsare close to the valuesreported by Krishnakumari

Table 1: LC, valuesof Cuand Zn (mg/L) for 24, 48, 72 and 96 h to Therapon jarbua at different salinities. Values given are
in average with ranges in parenthesis.

LC,
Salinity (%o) 24h 48h 72h 96h
Copper
22+2 6.57 (6.02-6.76) 6.01(4.78-7.41) 6.10(4.67-7.97) 4.26 (3.98-4.46)
32+2 3.16(2.95-3.31) 3.23(3.16-3.23) 2.57(2.13-3.00) 2.24(1.99-2.45)
zZinc
22+2 19.45(17.78-19.95) 17.78(16.59-18.62) 17.37(16.21-18.19) 14.45(13.48-15.13)
32+2 17.38(16.21-18.62) 13.70(12.73-14.12) 11.75(11.45-12.61) 8.70(8.12-9.54)
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Table 2: LC,,values (mg/L) for mixture of
Cu and Zn for 96h to Therapon jarbua at
different sdinities. Valuesgivenin average

and range (in parenthesis).

Salinity(%o) 9%6h
22+2 1.14 (1.05-1.24)
3242 1.17 (1.09-1.26)

et a. (1983) for T. jarbua in 35%o. salinity. The LC_ values of
Zn were comparable to earlier reports (Kumaraguru 1980,
Selvakumar 1981, Krishnakumari et al. 1983). The synergistic
effect of Cuand Zn obtained from predicted L C, valuesdid not
show appreciable variation with salinity difference. However,
the LC, valueswereat alower concentration than that obtai ned
forindividual concentrations.

The marine life found around the Mumbai coast is already

under pollution stress and thiswill haveits ownimpact evenin fish collected from clean locations.
Thismay lead to elevated levels of LC, values compared to reports from unpolluted environment
and such instances have been reported (Mathew 1989). However, the present LC_ values may serve
to assessand monitor in futurethe coastal ecosystem of Mumbai. A comparison of the field datawith
that of the experimental valuesindicates comparable trend in the bioconcentration of Cu and Znin
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Fig. 1: Mortality rate of Therapon jarbua at different concentrations of Cu (A & C) and Zn (B & D).
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100~ fishes from Thane creek which experiences marked
: variationsin salinity (Krishnamurti & Nair 1999). The
80} reported toxicity of Cu and Zn to freshwater fish
L (Pickering & Henderson 1966, Brungset al. 1976) com-
ol pared to the present study indicate higher tolerancein
freshwater than seawater. The observed trend suggests
B that extrapolation of resultsobtained for freshwater fish
40—

to marine condition needs to be considered with cau-
tion. Toxicity criteriafor aguatic organismsfor fresh-
water and seawater need to be evaluated separately for
monitoring the ecosystem.
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Fig. 2 Mortality of Therapon jarbua a different Thefirst author isthz_ankful_to CSIR, New Delhi _for the
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REFERENCES

Bahner, H.L. 1974. A salinity controller for flowing water bioassays. The ASB Bulletin, 21(2): 37.

Brown, V.M. 1968. The calculation of the acute toxicity of mixtures of poisonsto Rainbow trout. Water Res., 2: 723-733.

Brown, V.M. and Dalton, R.A. 1970. The acute lethal toxicity to Rainbow trout of mixtures of copper, phenol, zinc and
nickel. J. Fish. Biol., 2: 211-216.

Brungs, W.A., Geckler, JR. and Gast, M. 1976. Acute and chronic toxicity of copper to the fathead minnow in surface water
of variable quality. Water Res., 10: 37-43.

Bu-olayan, A.H. and Thomas, B.V. 2005. Toxicity and bioaccumulation of heavy metals in mullet fish Liza klunzingeri
(Mugilidae: Perciformes). Chemistry and Ecology, 21(3): 191-197.

Eider, R.and Gardner, G.R. 1973. Acute toxicity to an estuarine teleost of mixture of cadmium, copper and zinc salts. J. Fish.
Biol., 5: 131-142.

F.A.O. 1977. Manual of Methodsin Aquatic Environment Research, Part 4, Food and Agriculture Organization, pp.31.

Krishnamurti, Asha Jyothi. 1991. Studies on selected metalsin marine organisms from the coastal waters of Bombay. Ph.D.
Thesis, Andhra University, India.

Krishnamurti, A.J. and Nair, V.R. 1999. Concentration of metals in fishesfrom Thane and Bassein creeks of Bombay, India.
Indian J. Mar. Sci., 28: 39-44.

Krishnakumari, L., Varshney, P.K., Gajbhiye, SN., Govindan, K. and Nair, V.R. 1983. Toxicity of some metals on the fish
Therapon jarbua (Forsskal 1975). Indian J. Mar. Sci., 12: 64-66.

Kumaraguru, A .K. 1980. Studieson the chemical and biological transport of heavy metal pollutants copper, zinc and mer-
cury in Vellar estuary and the toxicity of these pollutants to some estuarine fish and shellfish. Ph.D. Thesis, Annamalai
University, India

Mathew, A. 1989. Marine benthos of the creek and coastal environments of Bombay. Ph. D. Thesis, University of Bombay,
India

Pickering, Q.H. and Henderson, C. 1966. The acute toxicity of some heavy metalsto different species of warm water fishes.
Int. J. Air Wat. Pollut., 10: 453-463.

Selvakumar, R.A. 1981. Effects of copper, zinc and cadmium on Therapon jarbua (Forsskal). Ph.D. Thesis, Annamalai
University, India

Selvi, D. 1978. Toxicity of heavy metal pollutants copper, zinc and mercury to some estuarine animals. M.Sc. Dissertation,
Annamalai University, India.

Veena K.B., Radhakrishnan, C.K. and Chacko, J. 1997. Heavy metal induced biochemical effects in an estuarine teleost.
Indian J. Mar. Sci., 26: 74-78.



