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ABSTRACT

In this study, Mugil cephalus was exposed to copper, lead and zinc under
sub-chronic toxicity test to investigate the effects of growth in terms of
gaininlength, weight and condition factor of thetest organism. The chronic
valuesfor copper, lead and zinc was 28, 140, and 93 pg/1 respectively. From
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the data obtained, it isclear that the concentrations of copper, lead and zinc
significantly reduced the growth of Juvenile Mugil cephalus when com-
pared with control. Growth effects was observed with the lower concentra-
tions of copper and zinc when compared with lead, at higher concentrations
of copper, lead and zinc the rel ationship with growth was highly significant
at P< 0.001. Finally the relationship between concentrations of heavy met-
alsand the growth of the juvenile Mugil cephaluswere significant at P<0.05,

0.01and 0.001.

INTRODUCTION

Estuarineareimportant areasfor thereproduction
and growth of many fish and crustacean species. Many
fish speciesutilizeestuariesas nurseriesfor feedingand
growth during their planktonic phasé®®. Thereisa
growing concernfor chemica sand metalsthat aresus-
pected of disrupting reproduction inaguatic organisms.
Thesearetied to observationsin humansand wildlife
over thelast 40 years of worrying trends of adverse
effectd®. Cadmium and lead are not required evenin
gamadl amountsby living organisms. However, other heavy
metd sarepotentialy harmful to most organismsat some
level of exposure and absorption*. Most commonly
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used stressor end pointsare variablesrelated to growth
performance. Thebody size correlateswith many eco-
logicd aswell aslifehigtory traitsand thusinfluencethe
abundance of speciesaswell as population structure
and dynamicd®¥. Growth ratehhasbeen frequently used
asameasure of performance of theindividual andis
believed to be amore appropriate measure of toxico-
logical effects. Essentia and non-essential metalscan
producetoxic effectsinfish by disturbing their growth,
physiology, biochemistry, reproduction and mortality.
Hence, fishesare considered asone of the best indica
torsof heavy metal contamination in coastal environ-
ment(®,

Behaviour studiesare useful for studying effects
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of environmental pollutants becauseit can providea
bioassay to determine an ecol ogica death that may
occur after much lower exposuresto the toxicant(@.
Altered behaviours caused by exposureto pollutants
may hence cause serious risks to the success of ani-
mal populationsand disrupt aquatic communities*?.
Condition Factor (CF), which assumesthat heavier
fish of agivenlengthisin better condition, isableto
indicatefishfitnessunder stressof pollution asmeta-
bolic trade-off isrequired to deal with detoxification
and the energy availablefor growth may thusbere-
duced. CFinfish wasreported to decline upon expo-
sureto heavy metal g% 491,

Inenvironmental studies, biomarkershavethead-
vantage of detecting early adverse effectsresulting
from stressexposure, well beforethey becomevisible
at the population level. In addition, a suite of
biomarkers, as measurable endpoints at molecular,
cdlular and physiological levels, may be necessary for
asuccessful perception on the health status of popu-
lations, and once selected for aparticular case, they
can be adapted to different ecol ogical scenariog™”.
Hence, inthe present study the sub-chronic effects of
copper, lead and zinc was studied in the juveniles of
Mugil cephalus.

MATERIALSAND METHODS

Juvenile specimens of Mugil cephalus (1.5
+0.3cm in length and 0.22 +0.02g) were collected
from Ennore creek (13°13°54.48" N, 80°19'26.60"
E, Tamilnadu, India). Juveniles of M.cephaluswere
immediately transported to thelaboratory inair-filled
plastic bags. Test organismswereacclimatizedin glass
aguariawith aerated natural filtered seawater for a
period of 8 dayswith 29 PSU salinity, temperature of
2942 °C, dissolved oxygen of 5.9 mg/l and pH of 8.
Captured wild organismswere quarantined immedi-
ately with Oxytetracycline. After aday of acclimatiza-
tion, M.cephal uswasthen fed with pelletsof ricebran
and oil cake. Thedead anima swereremoved imme-
diately. Theremaining detritus wereremoved by si-
phoning?,

Prior to toxicity tests and stock solution prepa-
rations, all the glassware’s were washed in 10 per
cent nitric acid and rinsed with deionized water.

Stock solutionsof copper, lead and zinc werefreshly
prepared by dissolving the proper metal salts (CuCl,
for Cu, Pb (NO,), for Pb and ZnSO,.7H,Ofor Znin
deionized (double distilled) water with glass stan-
dard flasks. Stock solutionswere acidified by the
addition of 0.1 ml of concentrated nitric acid per li-
tre of stock solutiont®. Fresh stock solutions were
prepared daily. These solutionswere serially diluted
to get the experimenta concentration for thetoxicity
test.

The experimental method includes static renewal
(24-hour renewal) test by foll owing the method of 14,
Five concentrationsin ageometric seriesincluding
control were prepared for the test for 30 days for
short-term chronic toxicity test!®!. Toxicant and sea-
water werereplaced on daily basis. Each series of
test chambers consisted of duplicateswith 10 ani-
malsin a5 L glass trough. Test chambers were
loosely covered to reduce evaporation, to minimize
the entry of dust into solutions, and to prevent loss
of test animals. All the experimentswere conducted
at salinity of 28 PSU, temperature of 28+2 °C, dis-
solved oxygen of 5.6 mg/l and pH of 8.01 with gentle
aeration. Test animalswerefed regularly threetimes
aday.

Commencement of theintroduction of test organ-
iIsmsto the chronictoxicity test al thetest organisms
were subjected to physical measurementsin terms of
length and weight. Correspondingly, at theend of the
test the survived organisms underwent physical mea-
surements. Theca culated val ueswere compared with
control values. Condition factor (K) of theexperimen-
tal animal wascalculated by,

K _ 100w
L 3

TheTota Length (TL) of thetest organism was
messured fromthetip of theanterior or part of themouth
tothe caudd fin (fish) using ruler cdibrated in centime-
ters. Test organismswere measured to the nearest cen-
timeter. Weight was measured after blot dryingwitha
pieceof clean hand towel . Weighing wasdonewith a
tabletop digitd weighing balance (Metller), tothe near-
est gram. One-way ANOVA (Dunnett’s multiple com-
parison test) was carried out using Graphpad Prism
Software.
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RESULTSAND DISCUSSION

The well-being of the fish was degraded notably
(P<0.001) when exposedto 10, 20, 40, 80 and 160 ng/
| Cu. Significant (P<0.01) reduced weight wasobserved
in20and 40 pg/1 copper concentrations. There was sig-
nificant (P<0.001) differenceinlength exposedto 10,
20, 40, 80 and 160 pg/1 concentrations of copper. The
condition of fishwassgnificantly (P<0.001) reducedin
40 and 160 pg/1. Fish exposed to 20 and 80 pg/1 for 30
daysa so showed significant (P<0.01) dropincondition
factor. M.cephal usjuveniles exposed to lead concen-
trations observed significant (P<0.001) reduced weight
in76, 114,171 and 256 pg/1 also significant (P<0.01)
changewasbrought by 51 pg/l1. The condition factor of
thefish wasreduced significantly (P<0.01) in 76 and
114 pg/l, severe changes was observed in 171 and 256
pg/l copper concentrations which were significant
(P<0.001) with control. Significant (P<0.001) reduced
wel ght was brought about inthe 118 and 188 pg/1 zinc
concentrations, significant reduced weight wasa so ob-
servedin 46 (P<0.05) and 74 pg/1 (P<0.01) zinc con-
centrations Thehedth of thefishwasdtered sgnificantly
(P<0.05) in29 pg/l. Significant (P<0.01) reductionin
condition factor was also observed in 46, 74 and 118
pg/l zinc concentrations. The change was extreme in 188
ug/l, and significant at P<0.001.

Thefishesinthe control werein good healthwhen
compared to treated fishes. Chronic exposuresto cop-
per affect the growth of juvenilefisht®. Waiwood and
Beamish?d observed a20 per cent reductioningrowth
rateinrainbow trout exposed to 23 pg/l Cu over a 30-
day test. Similarly, Seim et al .Y observed that fish ex-
posed to 31 pg/l Cu were approximately 20 per cent
smaller than controls. The present study indicatesthe
results closer to the cited observations, in the short-
term chronictoxicity test, 20 pg/1 produced a significant
(P<0.001 and P<0.01) effect on the growth of the
M.cephalusand significant (P<0.01) effect upon con-
dition factor. Waiwood and Beamishi? showed thet 4,
23, and 168 ug/1 of copper could produce 20 per cent
reductioningrowth rate.

Studieson non-samonid speciesshowed asimilar
relationship whereareduction in growth was observed
at concentrations that were lethal, but no effect on
growth was observed at
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TABLE 1: Gain in weight (%), length (%) and condition
factor (%) of M.cephalusexposed to copper, lead and zincin

sub-chronictoxicity test

Gainin  Gainin
Metal Concentration mean mean  Condition
(ug/h weight length  factor (%)
(%) (%)
0 1.78 £0.27 0.36+0.93 0.85+0.02
0.63
10 1.47 £0.28 s 0.87 +£0.03
20 1.15 0.54 0.72
+0.50%*%  £]1.19%**  1(.04**
Cu 0 0.08 0.15 0.61
+0.68%*  £0.63%%*  £(.Q]%***
80 -0.17 0.21 0.67
+0.01  £0.72%%*%  £0.02%**
160 0.16 0.30 0.60
+0.02%%* L] 27**%k £, (Q3%%*
0 1.54+0.01 2.26+0.43 0.71+0.02
0.85 0.88
51 L01TE 40 09%* 0.63+0.03
76 0.33 1.29 0.58
+0.12%*%* 40, 13%*  £0.01**
Pb 114 0.16 0.97 0.55
+0.35%*%* 4] 12%*  £0.02%**
171 0.03 0.06 0.52
+0.42%%*  £0,08***  £(.0]%**
256 0.08 0.00 0.41
+0.47%%*  £0.01***  £(0.03%**
0 2.23+0.50 3.00+0.85 0.84+0.01
0.69
29 2.24+£0.83 3.77 £0.95 10.05*
6 1.15 1.68 0.69
+0.50* +1.20* +0.05%*
Zn 74 0.72 0.99 0.66
+0.23%*%  £0.67*%*  +0.02%*
118 -1.35+ -0.06 0.67
0.06***  +£0.09**  +0.03**
188 -5.14 -0.66 0.53
+0.40%*%* (0, 93%* £, (Q2%**

***yalues are significant at P<0.001, ** values are significant
at P<0.01, * values are significant at P<0.05. One-way ANOVA
(Dunnett’s multiple comparison test (¢=0.05)); Values are the
mean and standard deviation; The concentration used column
(mg/l) contains “0’ indicating control, in triplicate.

sublethal exposures®. Reduced growth was observed
inAtlantic salmon alevinsexposed to 0.47 pg/l Cd?,
Inthe present study, asignificant decrease of growth
rate as well as the decrease of the locomotion after
exposureto evenlower concentrationswas observed.
Similar results have been described earlier(*.
Szczerhik? reported the mean growth rate of fishin
the group fed with adose of 10,000 pg/g was signifi-
cantly lower thanintheother groups. The negativein-
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fluenceon growthisawell-known effect of heavy meta
actioninfishand other aguatic organismg*?.

Thegrowthinhibitioninthegrouprecavingthehigh-
est heavy metal concentration observed in our experi-
ment could bedueto theinfluence of heavy metalson
food intake and assimilation!®. Waiwood and
Beami shi®! observed reduced growth ratesin response
to copper inrainbow trout juvenilesexhibiting depressed
gppetite and decreased food consumption. Inour study,
qualitative observations of fish feeding behavior indi-
caedthat fishindl groupsfed actively, dthough adight
reductioninfeeding activity level wasobservedinthe
highest copper exposure. The extent to which reduced
growth caused by copper exposureisassociated with
suppressed feeding, which may berelated to exposure
levels. Fish growth becomes significantly reducedin
copper treatments compared with controls over the
exposures?®,

Increased metabolic demandsdivert resourcesfrom
norma growth processes4. Waiwood and Beamishi
presented evidenceto suggest that exposureto copper
influencesthebasa metabolic rateof salmonids, which
could limit growth through decreased efficiency of en-
ergy utilization coupled with increased metabolic main-
tenance costs. Matherset d .18 reported thet, high frac-
tion of food energy was utilized for increased metabolic
activities, lessenergy wasleft for growthin Micropterus
salmoides. Dang and Wang!” reported that the cad-
mium exposed and control fish, had no significant dif-
ferencein wet weight, Standard Length (SD), condi-
tionfactor (K). Present study revea sthat theweight,
length and the condition factor of test organismsvaried
significantly (P<0.001 and P<0.01) with exposed con-
centrations.

CONCLUSION

Mugil cephal usexposed to essential heavy metas
showed sgnificant gaininweight and gaininlengthwith
control, there was reduced growth induced by non-
essential heavy metalsand the conditionfactor sore-
duced significantly from control (P<0.001 and P<0.01).
Thesengitivity of aspeciesto growth effects caused by
copper, lead and zinc exposure may beinfluenced by
there ative growth rate of the species. Environmental

conditionscan significantly influencethe physiology of
fishes, and therefore, modify the growth potential . Al-
though anumber of physiological effectsof copper, lead
and zinc have been well characterized in variousfish
species, relativeto other metals, littleisknown about
thetoxic mechanisminfish. Heavy metalsmay have
different behaviord effectsat concentrationsmuchless,
than at which they haveletha effects, suggesting that
regulatory pollution limitsbased upon standard toxico-
logical studies may betoo high to prevent damageto
aguatic communitiesthrough the subletha behavioura
effects.
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