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Abstract 

Acute toxicity test(96hr.l was carried out to determine the toxic effects of the organochlorine 
pesticides and heavy metals on larvae of crab Macrophthalmus erato. The 96hr. LC 50 values 
were 0.48,3.2,90.0 and 152.0 pg/L of endosulfan, HCH, copper and zinc respectively for the 
first zoeal stage. The order of toxicity to the larvae was Endosulfan > HCH > Copper > Zinc. 
The calculated safe concentrations were 0.0048,0.032, 0.900 and 1.52 pg/L for endosulfan, 
HCH, copper and zinc respectively. 

Acute toxicity tests constitute a major 
tool for evaluating the impact of toxic 
chemical on marine organisms. In and 
around Pichavaram mangroves, among 
the organochlorine pesticides, endosulfan 
and HCH are widely used (an average of 
about 871 liters of endosulfan per month) 
to control the pests (Rajendran, 1984). 
Copper and zinc are used in the form of 
copper sulfate and zinc sulfate respec- 
tively. Zinc and copper concentrations in 
the waters of the Pichavaram mangrove 
area have been reported to range from 
10.38 - 62.8 pg/L and 0.28 - 4.6 pg/L 
respectively (Sundaramoorthy, 1987). 
Hence endosulfan, HCH, copper and zinc 
were selected and used in the present 
study to demonstrate their acute toxicity 
on the larval (first zoea) stage of the crab 
Macrophthalrnus erato which is available 
throughout the year in Pichavaram man- 
groves. 
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The berried remales of M. erato were 
collected at low tide from the Pichavaram 
mangroves (Lat. 11 "29'N; Long. 79O49'E) 
and kept in the laboratory in isolation till 
the eggs hatched. The filtered, well aer- 
ated estuarine water whose salinity, tem- 
perature, dissolved oxygen and pH were 
kept constant as 25 1 ppt, 27 1°C, 4.80 
+ 0.25 ml/l and 7.2 to 7.5 respectively 
throughout the study period. 

The required quantity of Endosulfan 
and HCH (Table 1) were dissolved in 100 
ml of technical grade acetone and used as 
a stock solution. The required test solu- 
tions were prepared by adding appropri- 
ate volumes of the stock solution to re- 
quired quantities of water prior to the 
start of the experiments. 

Analytical grade copper sulfate (C,So,. 
5H20) and zinc sulfate (ZnSo,. 7H20) 



Table 1. Pesticide characteristics 

Pesticide Supplied by Tech. Chemical name Alternate name 
Grade 

Endosulfan EID Parry (India) 99.9% 6, 7, 8,9, 10 hexachlo Thiodon 
Ltd., Ranipet. 1, 5, 5a, 6, 9, 9a Thimul Thifor 

hexahydro 6, 9 methano Thionox 
2, 4, 3, 
benzodioxathiepin 3 - 
oxide 

HCH EID Parry (India) 97.5% 1, 2, 3, 4, 5 6- Hexachlor 
Ltd., Ranipet hexachIorocyclohexane Soprocide 

~exafor  BHC 

were used as the source of copper and 
zinc. Estuarine water was used as the 
control medium. 

Acute toxicity tests were carried out 
using the continuous flow method as rec- 
ommended by Parrish (1985). The acute 
toxicity tests were basic 96 hr. tests using 
the larvae of M. erato reared in the labo- 
ratory (Pasupathi and Kannupandi, 1988). 
Fifty numbers of first zoeal stage larvae of 
M. erato were exposed to each test concen- 
trations viz. 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 
pg/l endosulfan; 2.0, 4.0, 6.0, 8.0 and 
10pg/1 HCH; 20,40,80,100 and 120 pg/ 
1 of copper; and 100, 120, 140, 160 and 
180 pg/l of zinc. The bioassay was re- 
peated in triplicate. Larvae, obtained from 
the single females, were used within 
10 hr. after hatching. All the larvae were 
very active and seemed to have sufficient 
food reserves, hence were not fed during 

larvae were removed when observations 
and recordings were made. 

Data from the acute toxicity tests were 
processed following the method as de- 
scribed by Ajmalkhan et al. (1986), to 
calculate the 96 hr. median lethal concen- 
tration (LC,) with 95% confidence limits 
and the slope function(s). The estimation 
of safe level was based on the recommen- 
dation made by the Committee on Water 
Quality Criteria (1972). 

Results 

Degree of tc,---., 

The 96 hr. LC,, value of different 
contamina nts for the first larval stages 
with confiden-ce limits and slope are 
shows in Table 2. Based on the 96 hr. LC, 
values, the degree of toxicity of the pes- 
ticides and heavy metals to the larvae 
were as follows: 

the acute toxicity test (CMTTAO, 1975). Endosulfan > HCH > Copper > Zinc 
Two controls were maintained simulta- 
neously for each bioassay one with ac- Behavioral changes 
etone and other without acetone. Record- In the acute toxicity tests, when the 
ing of survival was done at an interval of larvae were first exposed to different con- 
24 hours. The criteria for identifying death centra tions of the contaminants, they often 
was the absence of any movement when stayed motionless for a few seconds on 
the larvae were kept for 1-2 minutes. IJead the bottom of the tanks, then they moved 



Table 2. Median lethal concentration (LCJ in pg/l for difierent contaminants for 96 hr intervals and other 
statistical varametets. 

Contaminants tested LC, and 95% limit 

Endosulfan 0.48 (0.33 - 0.69) 

HCH 3.2 (2.13 - 4.8) 

Copper 90.0 (64.28 - 126) 

Zinc 152.0 1 

itching 
haviouri 

erratically with tail lashing ror several 
seconds before adopting a characteristic 
vertical swimming pattern. The effects 
became more pronounced with time and 
the zoeae manifested abnormal swimming 
behaviour, followed by disoriented 
tw ~ents .  Though similar 
be1 ns were observed in all 
treated larvae, rnere were variations in 
the duration of onset of behavioural 
abnormalities. 

moven 
sl patter 

fiL 

Safe concentration 

The safe concentrations for the four 
different contaminants used in the present 
study were 0.0048 pg/l, 0.032pg/l, 0.900 
pg/l and 1.520 pg/l for endosulfan, HCH, 
copper and zinc respectively. 

Discussion 

The 96 hr. LC,, reported for endosul- 
fan in the present investigation using M. 
erato larvae was closely similar to 96 hr 
LC ,, of methoxychlor, lindane and 
hepatachlor on crab larvae, Cancer mag- 
ister, Eurypanopeus depressus and 
Neoepisesarma (M) teragonium (Armstrong 
et al., 1976; Caldwell, 1977; Shirley and 
McKenney, 1987; Sundaramoorthy, 1987). 
However, from the LC, values observed 
in the present study, HCH appeared to be 
less toxic to the larvae of M. erato than 
other pesticides. 

Slope and 95% confidence limit 

2.32 (1.45 - 3.72) 

2.48 (1.18 - 5.21) 

2.26 (1.43 - 3.57) 

1.69 (1.16 - 2.45) 

Larvae of M. erato used in the present 
study appeared to be more sensitive to 
zinc than the larvae of Paragrapsus 
quadridentatus (Ahsanulla and Arnott, 
1978), the hermit crab Claibanaritis 
olivaceus (Ajmalkhan et al., 1986) and N 
(M). tetragonium (Sundaramoorthy, 1987). 
Ahsanullah and Arnott (1978) using lar- 
vae of P. quadridentatus reported that 96 
hr. LC, of 170 pg/l copper which is al- 
most twice the value that was obtained in 
the present study using the larvae of M. 
erato and thus more sensitive to copper 
also. However, the 96hr. LC, of copper 
was in close agreement with that observed 
for N (M). tetragonum (Sundaramoorthy, 
1987). 

The LC, values obtained for copper on 
the larvae of M. erato were closely similar 
to those observed for C. olivaceus and N(M) 
tetragonium. However, the LC, value for 
copper differed from that of P. 
quadridentatus. LC,, values obtained for 
zinc on the larvae of M. erato, C. olivaceus 
and N(M). tetragonum were closely simi- 
lar but differed from that of P. 
quadridentat us. 

Thurberg et al. (1973) opined that the 
interpretation of the effects of contami- 
nants based on LC, values differs among 
contaminants, among species and among 



experimental conditions. However, LC,, 
values would certainly reflect the impact 
of specific contaminants under experimen- 
tal conditions and the results could be 
applied to particular species and contami- 
nants in a given environment. 

Behavioural abnormalities induced by 
organochlorine toxicants in crab larvae 
are characterised by hyperactivity, erratic 
swimming and loss of balance (Klein and 
Lincer, 1974). These types of behavioral 
characters were also observed in the 
present study with the larvae of M. erato. 
These observations also agree with that of 
Capaldo (1987), who exposed the larvae 
of Uca minax to carbaryl (sevin). 

Organoclorine pesticides were found 
to affect the central nervous system 
(Venugopalan and Sasibhushana Rao, 
1979) resulting in the impairment of the 
neuromuscular system and hyperactivity 
followed by exhaustion and death. Simi- 
lar behavioral abnormalities were also 
observed in the present investigation. 

Impairment of swimming activity was 
observed in the larvae treated on the 
copper and zinc contaminants. The lar- 
vae displayed rapid twitching movements 
of the body accompanied by rapid move- 
ments of the maxilliped. Furthermore, 
spinning or circular swimming patterns 
were observed in the treated larvae. These 
swimming irregularities were very similar 
to the behavioural changes described for 
zoeae of U. minax exposed to mercury 
(DeCoursey and Vernberg, 1972). 

the Committee on Water Quality Criteria 
(CWQC, 1972) suggested an arbitrary 
factor, 0.01 as the 'application factor' to 
provide some margin of safety for sensi- 
tive species and to obtained the maximum 
permissible concentration for the receiv- 
ing water, so as to safeguard the various 
uses of aquatic environments. Thus, the 
safe concentrations for endosulfan, HCH, 
copper and zinc are 0.0048 pg/l, 0.032 
pg/l, 0.900 pg/l and 1.520 pg/l respec- 
tively. The safe levels reported by CWQC 
(1972) and Ahsanullah and Arnott (1978) 
for the contaminants used in the present 
investigation viz., endosulfan, copper and 
sinc are 0.003 pg/ l  1.7 pg/l and 12.3 pg/ 
1 respectively and are therefore within the 
range of safe levels. 
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