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Abstract In the present study, acute toxicity data were obtained for different
organochlorine pesticides (DDT, lindane and endosulfan) to estuarine fishes and shellfishes
under continuous flow through system. Median lethal concentration (LCg) was obtained for
different time intervals (24, 48, 72, 96 and 120 hr.) and the toxicity curves were drawn using
these values to determine the incipient lethal concentration (ILCsy) values. Increase in the ex-
posure time decreased the LCsy values of the pesticides to the organisms. DDT was found to
be highly toxic to the organisms tested followed by lindane and endosulfan. Of the organisms
studied, Mugil cephalus was found to be most sensitive to the pesticides. Bivalves were highly
resistant to the pesticides tested than fishes. Behavioral responses of the test organisms to the
toxicant was also described in detail. Safe concentrations and the relative resistance of these
organochlorine pesticides to the organisms were discussed.

INTRODUCTION

Bioassay, in its widest sense is the measurement of the potency of any stimulus,
physical, chemical, biological, physiological or psychological by means of the reactions that
produces in living matter (Fvngy, 1971). Bioassays have been used for centuries and may
have began with the first food tasters who protected their masters from food poisoning.
Since then, the use of bioassays has been proliferated. With increased interest from public
and scientific communities in man’s use, abuse and misuse of the aquatic environment, a
diverse array of bioassay methods has evolved. This may probably be the most useful
method available to toxicologists for predicting the potential hazards of a pollutant.

Karz (1971) reviewed the role of application of aquatic bicassays. The publications of
Perxing (1972), Srepuen and Mount (1973) and Warpicuk (1973) were related to marine
bioassays. Seracus (1969, '70, '71, '73) presented a critical review of bioassay methods and
analyses of the data. Neciskr (1975) emphasized that accepted procedures, analyses and
data reporting were necessary if bioassay informations were to be meaningful. Different
bioassay methods have been reported by Kuvercame (1974), Craic (1975), Parker ef al
(1977) and Davis et al. {1978) which are of immense use. The status of aquatic toxicology
including various end points, fish species used and methodologies was reviewed by Tucker
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and Lerrzke (1979). Most of the bioassay experiments were designed in accordance with
the guidelines given by Seracue (1973), Cmrrao (1975), Epa (1978) and Arua (1985).

In recent years, static and continuous flow through bioassays are the two important
types of toxicity experiments used largely by toxicologists. The test procedures call for a
flow through bicassay where fresh toxicant is continuously presented to test animal and
allow the investigation of dynamic environmental processes. The use of this system is
essential in bioassays where it is necessary to prevent or reduce changes in the concentra-
tion of the test toxicant due to complexation, volatilization, degradation, bicaccumulation or
adsorption of the toxicant (Seracue, 1973; Epa, 1978; Apua, 1985). WarLen and EnceL
(1980) employed both static and continuous flow through bioassays and inferred that the lat-
ter generally give more reliable and applicable information than that can be obtained from
the former.

Water pollution by pesticides necessitates the establishment of water quality criteria and
the estimation of safe concentration for the aquatic organisms. Safe concentration can be
defined as the maximum concentration of a pollutant that has no observable harmful effects
after long term exposure (Arna, 1985). Seracue (1973) defined the term threshold lethal
concentration as the concentration in which there is no evidence of ill effect on test
organisms despite prolonged exposures. Incipient lethal level is the concentration at which
acute toxicity ceases, that is, the concentration at which 50% of the population can live for
an indefinite time. This had been described in different terms by different investigators e.
g., incipient lethal level (Fry, 1947; Apua, 1985); ultimate median tolerance limit (Douporrr
et al, 1951); lethal threshold concentration (Livop and Jorpan 1963) and asymptotic LCso
(BaLr, 1967). Bioassays are of primary value in determining the safe concentration of tox-
icants and it can be calculated by following this formula AF=MATC/Incipient LCs follow-
ed by SC=AFXILCs (Arua, 1985). Application factors (AF) are experimentally derived
and are multiplied by acute bioassay results in an attempt to obtain estimates of chronically
safe concentration (SC) and MATC is the concentration of toxicant that may be present in
the water without causing significant effect to organisms. Among the pesticides,
organochlorine pesticides are reported to be highly toxic to nontarget aquatic organisms.
JuINGrRAN (1974) in his publication on pollution of aquatic systems in India indicated complete
loss of fish life, primarily from increased use of pesticides in agriculture. The toxicity of
organochlorine pesticides to zooplankton (Rajenpran and Venucoraran, 1988) and to
planktonic eggs (VenucoraLan and Sast Buusnana Rao, 1979) of Vellar estuary was
reported. Eventhough number of investigations were carried out in India on the toxicity of
pesticides to fresh water organisms, very limited studies have been done on estuarine
organisms. Since all these experiments were static one, the more realistic continuous flow
through system was employed in the present study. Further, residues of organochlorine
pesticides in both abiotic and biotic components of Vellar estuary were monitored by Rajin-
DRAN (1984). In the present study, three organochlorine pesticides such as DDT, lindane
and endosulfan (Technical grade supplied by the Union Carbide of India and All India
Medical Corporation) were selected to determine the toxicity to the estuarine organisms and
an attempt was also made to find out the safe concentration of these pesticides to the
organisms.
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MATERIALS AND
METHODS

The continuous flow
through system used in the pre-
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sent study was designed as per

Arabian Sea
Bay of Bengat

the descriptions of Mount and

79:46'
Brungs (1967) and RaJENDRAN

(1984). A series of 35 liter
capacity rectangular fiber glass
tanks (considered nontoxic) hav-
ing smooth internal surface
were used. Estuarine water of
required salinity was used after
filtering the same through a

Fig. 1. Map of the study area. sintered glass column packed

with glass wool, Pesticide solu-

tion was prepared and kept in the dosing apparatus and allowed to flow into the first mixing

tank. The mixed water was then allowed to drain into the experimental tank. The flow of

pesticide solution and water was so adjusted as to get the required concentrations of

pesticides. The flow of the ongoing and outgoing test water was adjusted to provide 90%

replacement of water in 8 to 12 hours and constant surface level was maintained to keep the

dissolved oxygen content at saturation level and also ensure the correct pesticide concentra-
tions.

The test organisms used were of similar size groups with only a narrow range of varia-
tion in length. The oyster Crassostrea madrasensis (15-20 mm), clams Kalelysia opima
(10-15 mm) and Meretrix casta (12-17 mm) and fishes Mugil cephalus (100-110 mm) and
Mystus gulio (110-120 mm) were collected from the natural population of Vellar estuary
(11°29'N Lat., 79°46' E Long.), South India (Fig. 1). The test organisms were acclimatized
in the laboratory for ten days and fed with shellfish meat and plankton soup. The acclima-
tion water as well as test water were pumped from the Vellar estuary and stored in a
sump. The physico-chemical characteristics of the water were: salinity 27.4--0.5%0, pH
8.0-0.2, temperature 28.0-+0.5°C and dissolved oxygen 4.12-+0.2 ml/l. The test concentra-
tions were initially chosen arithmetically and this was later followed by logarithmic scale.
Two sets of controls were maintained with and without solvent. Acetone was used as car-
rier solvent for all the pesticides. Ten organisms were tested for each test concentration
and the experiments were conducted in duplicate. The mortality was observed for a period
of five days at regular intervals. The bivalves were considered dead when they kept open
their shell valves even after gentle prodding. The fish were considered dead when there
was no respiratory movements. The behavioral changes of the test organisms were also
monitored. The bioassays were terminated at the end of the test period. The LCsp and
95% confidence limits were determined by probit analysis (Finngy, 1971) using a computer
(TDC 316).
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RESULTS

Mollusks

DDT was toxic to all the three mollusks tested. The LCs values are shown in Table
1. C. madrasensis was more sensitive to DDT than K. opima and M. casta. 50% survival of
oysters was appreciably affected by exposure to a concentration of 9.36 ppb of DDT for 96
hours. The 96 hour LCsy values of DDT for K. opima and M. casta were 13.19 and 14.16
ppb respectively (Table 1).

Lindane was also toxic to all the mollusks, with K. opima being the most sensitive of the
three and the 96 hour LCsy value was 18.26 ppb. C. madrasensis was the least sensitive to
lindane with a 96 hour value of 26.36 ppb. M. casla was slightly more susceptible to lin-
dane than C. madrasensis exhibiting a 96 hour LCs value of 22.98 pph (Table 1). 96 hour
LCso value of endosulfan to C. madrasensis was 14.13 ppb. K. opima and M. casta were also
more or less equally susceptible to endosulfan, with 96 hour LCs values of 14.22 and 15.20
ppb respectively (Table 1).

In the present study, DDT was found to be more toxic than lindane and endosulfan.
The order of toxicity was DDT>endosulfan>lindane. The sensitiveness of the three
mollusks studied for the pesticides was in the order of C. madrasensis>K. opima>M.
casta. 'The behavioral responses of the mollusks varied in accordance with the test concen-
tration of the three pesticides. Relatively reduced activity was exhibited during the early
hours of exposure at all concentrations. The siphons were extended and food searching
movements contributed but eventually the clams appeared to have been paralyzed as they
could not retract their siphons even when mechanically stimulated. The pumping activity
of the clams was also affected by the pesticides. When compared to controls, the surviving
mollusks displayed excessive mucus secretion, sluggishness, gaping of shell valves and per-

Table 1. LCs values of organochlorine pesticides for Crassostrea madrasensis, Katelysia opima and
Meretrix casta (pph).

Pesticide Time (hr) C. madrasensis K. opima M. meretrix

bDT 24 24.82(35.42~17. 40} 16. 48(22.60—12.02) 24.04(32.68~—17.69)
48 16.19(21.13~12. 41} 15.78(22.60—12.02) 20.00(26. 26—15.24)
72 15.75(20.36—12. 18} 14.62(21.62— 9.88) 14.42(17.66—11.78)
96 9.36(11.30~ 7.75) 13.19(15.35—11.34) 14.16(16.69~—12.00)
120 9.28(11.04~ 7.81) 11.05(13.80— 8.85) 11.28(13.50~ 9.42)

Lindane 24 38.31(40.43-36. 30) 38.46(53.62—27.59) 25.15(29.45~21. 49)
48 37.17(43.11~32.04) 37.58(48.33—29.22) 24.02(26.87—21.47)
72 30.57(36.79~25.41) 22.95(32.24—16.34) 23.92(27.42~20. 86)
96 26.36(28.52—24. 36) 18.26(22.61~—14.74) 22.98(25.22-20.94)
120 25.09(26.93—23.37) 14.95(18.70~—11.95) 20.19(22.21—18. 35)

Endosulfan 24 27.24(36.63~20. 26) 22.36(27.87—17.94) 23.20(28.40~18.95)
48 20.54(26.16~16.12) 17.64(21.17~14.70) 16.75(20. 87—13. 44)
72 18.09(23.87—13.70) 14.48(16.70—12.33) 16.11(18. 16~14. 30)
96 14.13(18.52~10. 79} 14.22(17.62—11.47) 15.20(16.80~13. 75)
120 12.58(14.82~10.68) 13.05(14.38~11.84) 12.85(14.28—11.57)

Upper and lower confidence limits were given in parenthesis
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Table 2. LCy, values of organochlorine pesticides to Mugil cephalus and Mystus gulio (ppb).

Pesticide Time (hr) M. cephalus M. gulio
DDT 24 1.19( 1.24~ 1.15) 6.38( 6.93— 5.87)
48 0.72( 0.75— 0.69) 2.61( 3.13— 2.17)
72 0.40¢ 0.46— 0.34) 2.18( 2.84~ 1.90)
96 0.26( 0.31— 0.22) 1.13( 1.30— 0.98)
120 0.20( 0.23— 0.18) 1.08( 1.32— 0.89
Lindane 24 2.49( 2.81— 2.20) 21.70(25.26—18.64)
48 1.86( 2.16— 1.61) 20.16(24.19~16. 80)
72 1.83( 1.98~ 1.69) 16.92(19.17~14.92)
96 1.35( 1.64— 1.11) 11.15(12. 65— 9.84)
120 0.48¢ 0.62~— 0.37) 10.07(11. 74~ 8.63)
Endosulfan 24 24.17(27.39—21.32) 26.05(31.33—21.66)
48 23.32(24.89—21.85) 22.61(24.36—21.00)
72 20.14(21.53—18. 84) 20.36(21.81—19.00)
96 12.52(14.25—11.00) 19.52(22.51~—16.92)
120 12.08(13.70—10. 66) 16.08(19.50—13.27)
Upper and lower confidence limits were given in parenthesis
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Fig. 2. Toxicity curves for the organochlorine pesticides to estuarine fishes.

manently extended siphons. Oysters usually remained closed when exposed to pesticides
and physiological irritation was shown in the form of spasmodic and almost tetanic shell
movements and gaping of shell valves was also observed.
Fish

DDT, lindane and endosulfan were acutely toxic to both the fishes studied (Table 2).
M. cephalus was more sensitive than M. gulio exposed to DDT; the 96 hour LCs; value be-
ing 0.26 ppb. M. gulio had a 96 hour LCso value of 1.13 ppb. Thus M. cephalus seemed to
be four times more sensitive to DDT than M. gulio (Table 2). Lindane was also highly tox-
ic to M. cephalus. It was eight times more susceptible to lindane than M. gulio. The 96
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Fig. 3. Toxicity curves for the organochlorine pesticides to oyster and clams.

Table 3. The relative resistance of organochlorine
pesticides to the estuarine organisms.

hour LCsy for M. cephalus was 1.35
ppb whereas it was 11.15 ppb for M.
Both M. cephalus and M. gulio
were relatively less susceptible to en-
dosulfan (Table 2), The 96 hour LCg
values being 12.52 and 19.52 ppb

gulio.

Species DDT Lindane Endosulfan
Mugil cephalus 1.00 1.00 1.00
Mystus gulio 4.35 6.80 1.56
Crassostrea madrasensis  36.00 16,07 1.13
Katelysia opima 50.73 11.13 1.14
Meretrix casta 54.46 14.01 1.21

Table 4. Safe concentration (pph) of organochlorine pesticides

to the estuarine organisms.

respectively for M. cephalus
and M. gulio. 'The order of tox-

icity of the pesticides to the

fishes was DDT >lindane>en-

Species DDT Lindane Endosulfan
Mugil cephalus 0.03—0.13 0.14— 0.68 1.25—6.26
(0.17) (0.43) (0.97)
Mystus guliv 0.11—0.57 1.12~ 5.58 1.95-—9.76
(0.89) (1.33) (15. 85)
Crassostrea madrasensis  0.94—4.68 2.64—13.18 1.41—7.07
(8.13) (21.88) (11.22)
Katelysia opima 1.32—6.60 1.83— 9.13 1.42-7.11
(10.72) (12.59) (12.59)
Meretrix casta 1.42—7.08 2.30—11.49 1.52~7.60
(10. 00) (19.95) (12. 30)

dosulfan. M. cephalus was
more sensitive to all the three
pesticides tested.

Toxicity curves drawn us-
ing the LCsy values determined
in the experiments are shown
in Figs. 2 and 3.
LCsy values obtained from
these curves for the test

The incipient

ILCs values are given in parenthesis

organisms are shown in Table
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4. From these results, it could be noticed that an increase in the exposure decreased the
LCsy values of the pesticides. Behavioral effects observed in the fishes exposed to
pesticides were decreased swimming activity and accompanied by abnormal hyperkinetic ac-
tivity when disturbed. The latter was pronounced at higher concentrations of the
pesticides. Hyperkinetic activity was often followed by temporary paralysis which persisted
from a few seconds to over a minute before taken to a seminormal state. Most of the fish
which died during the experiments exhibited symptoms of poisoning such as change in color
as well as behavior. Initially, their color darkened and they swam erratically with their
body inclined downwards.

The terminal phases of both high and low intoxications were characterized by highly
agitated movements, intense opercular activity, tremors, convulsions, upside down swimm-
ing and loss of sense of direction. The increased opercular activity and frequent excursions
to the surface of the water were the responses of the fishes exposed to high concentrations
of pesticides. Frequently extreme restlessness was shown by the fishes and they tried to
jump out of the tank. This was followed usually by violent movements of the pelvic fins
and erratic and jerky swimming. These activities intensified with increase in the exposure
period at higher concentrations. Difficulty in swimming progressed until the fish swam
with their tails and dorsal fin breaking the water surface. Finally the fish lost its
equilibrium, swam upside down and died. The respiratory process might have been adverse-
ly affected as a result of gill damage.

DISCUSSION

In situations where no toxicity data are available, acute bioassays become extremely im-
portant. Necinsxr (1975) suggested that the development of acute toxicity bioassay data
must be viewed as a necessary first step for providing comparative toxicity information on
different toxicants and species of organisms. The published data on the toxicity of
pesticides to mollusks were chiefly concerned with the rate of shell growth in relation to
sublethal exposures to pesticides (BurLer, 1963, ‘66, '71; Epwarns, 1973; ExceL ef «l., 1971;
ScummMEeL ef al., 1977a, b). But in the present study, the mortality data were determined
since it would be a convenient and objective criterion for evaluating the organism’s response
to lethal concentrations. Burrter (1971) found that DDT, although toxic to oysters and
clams at a concentration of 10 ppb seemed to cause adverse effects even at a concentration
of 1.0 ppb regardless of the length of exposure. The 48 hour LCsy values reported by Porr-
ManN {1972) to Cardium edule for DDT (10 ppb), lindane (10 ppb) and endosulfan (10 ppb)
were lower than the 48 hour LCsy values obtained for oyster and clams in the present in-
vestigation (Table 1). The complacent explanation for the high values in the present study
might be that those experiments were static bioassays.

Since most of the reported data on toxicity to mollusks are ECsq values (effective concen-
tration that brings about reduction or inhibition of growth in 50% of the test organisms).
Hence there is no meaning in interpreting those data with the mortality data obtained in the
present study and this restricts further discussion in this line. The pumping activity of the
clams exposed to pesticides was affected. This was evident from the non retraction of the
siphons even when they mechanically stimulated. Rajenpran (1984) also observed similar
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behavioral responses in clams exposed to organochlorine pesticides. EisLer and WEeINSTEN
(1967) also made similar observations in Mercenaria mercenaria. The LCsy values reported
by Esier (1970) for different pesticides and various fishes and crustaceans ranged from 8 to
3250 ppb respectively. He concluded that clams were highly resistant to the pesticides
since they survived even at higher concentrations.

The bioassay results showed that the toxicity of the pesticides to M. cephalus and M.
gulio was a function of concentration and duration of exposure. In the present study, the
LCs values observed for DDT, lindane and endosulfan were not close to each other and the
range of concentrations was wide. However comparison of the toxicity data collected in the
present study with those of other results may not be meaningful because of the major fac-
tors influencing bioassays like temperature, species susceptibility and variability in bioassay
techniques adopted i. e. static or continuous flow. Results of acute toxicity tests of the pre-
sent study generally corroborate those of several other investigators who conducted
bioassays with organochlorine pesticides using estuarine animals. Further data pertaining
to LCso values for estuarine fish and shellfish in India are also rather sparse. Lincaraja and
Venucoparan (1978) reported fairly high values of DDT (3.6 ppb) for the estuarine perch
Therapon jarbua. Sast Buusuana Rao (1980) reported LCsy values of lindane for the
juveniles of the Therapon jarbua (57 ppb), Mugil cephalus (74 ppb) and Ambasis commersoni
(37 ppb) of Vellar estuary. 48 hour endosulfan LCsy values reported for Mugil curema was
0.6 ppb (Scroerrcer, 1970) and 96 hour value for M. cephalus was 0.38 ppb by continuous
flow system (ScammMeL ef al., 1977b). The reported toxicity data for temperate organisms
are higher than the values obtained in the present study and it indicates that M. cephalus
and M. gulio are more sensitive than their temperate counterparts.

Behavioral responses observed in the present study in M. cephalus and M. gulio were
similar to those observed in Ictalurus puntaius by Carter (1971); in Salmo gaivdneri by
WiLpisu ef al. (1971); in Carassius euratus by Davy et al. (1972); in Colisa fasciatus by VERMA
et al. (1974, ’75); in Therapon jarbua by Lincaraja and VenucopraLan (1978) and Lincaraja ef
al. (1979); in M. cephalus, T. jarbua, A. commersoni by Sast Buusuana Rao (1980) and in
Cyprinus carpio by Toor and Kamarpeer Kaur (1974) and Smcn ef el (1981) and in some
estuarine fish and shellfish by Rajenoran (1984). It is known that generally fishes respond
to toxic chemicals by increased opercular movements (Lincaraja and VENUGOPALAN, 1978).
Therefore the intense opercular activity exhibited by M. cephalus and M. gulio after ex-
posure to pesticides may be attributed to the hypoxic stress accompanied by a sequential in-
hibitory influence of these toxicants on the respiratory system. The route of entry of
pesticides in toxicity tests is generally agreed to be via the gill (HoLpen, 1962; Frrcuson ef
al., 1966) and hence the respiratory process may be adversely affected. This might arise as
a result of gill damage which might at first appear as mucus secretion. Lincaraja and
VenucopaLan (1978) observed copious mucus secretion in the test organisms in order to
reduce the irritating effect of the pesticides. Changes in the color of the test fish in the ex-
perimental tank might be due physiological discomfort exercised by the fish (Lincaraja ef
al., 1979). Loss of equilibrium usually proceeds death of fish exposed to lethal concentra-
tions of toxicants.

Organochlorine pesticides affect the brain and the nerves which result in
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neurophysiological alterations thus affecting the behavior of the fish and the functions con-
trolled by the central nervous system. DDT is supposed to exert its toxic effects on the
nervous system by inhibiting adenosine triphosphatase (Marsumura and PartiL, 1969).
Janickr and Kinrer (1971) suggested that the effects of organochlorine pesticides to fish may
be related to disruption of osmoregulatory transport mechanisms. The threshold or inci-
pient LCsp may be termed as the asymptotic part of the toxicity curve drawn using LCsg for
different exposures (Arua, 1985). It has greater theoretical significance than an LCsp for
some arbitrary time. Earon (1973) defined the term application factor as the ratio between
the concentration of a toxicant causing 50% mortality in two days to two weeks. Chronical-
ly safe concentration can be calculated for a particular toxicant and for a given species by
using these application factors where only acutely lethal concentrations have been estimated
(Earon, 1973). The tremendous differences in the ratios obtained from the results of acute
to chronic exposure indicates that the utility of these experimentally determined application
factors are more useful than the use of arbitrarily determined factors. Hawnsen ef al. (1977a,
b) supported the concept of scientifically derived application factor. They also opined that
scientifically calculated application factor for one species and body of water will be similar
to the factor determined for another species from another body of water. The relative
resistance of organochlorine pesticides to these organisms are calculated using 96 hour LCsg
values of the pesticides and are shown in Table 3. From these results, it could be inferred
that M. cephalus was highly sensitive to all the pesticides. The oyster and clams are found
to be resistant to these pesticides (Table 3). The differences in the toxicity values may be
due to biological variables and the chemical nature and hence it could be concluded that the
toxic nature may be species specific and/or chemical specific.

Estimated ILCso values and the safe concentration (SC) derived therefrom are tabulated
for the three pesticides used and for the respective bioassay organism in Table 4. The
reported ILCsp values of lindane for juveniles of A. commersoni, T. jarbua and M. cephalus
(Sast Buusnana Rao, 1980) were lower than the values observed in the present study. The
ILCso values of endosulfan determined in the present study for M. cephalus (10.97 pph) and
M. gulio (15.85 ppb) were also higher than the ILCsy value reported previously for
Pimephales promelas (0.86 ppb) by Macex ef el (1976). This might be expected to be due to
the constant flow, longer duration of the experiment, size of the organisms and species used
in the present investigation. In this study, the safe concentration ranged from 0.03 to 1.42
ppb for DDT, 0.14 to 2.64 ppb for lindane and 1.25 to 1.85 ppb for endosulfan were found
to have no harmful effect (mortality) to the test organisms. Further the reported concentra-
tion of these pesticides in Vellar estuary (Rajenpran, 1984) were lower than the safe concen-
tration obtained in the present study. Hence it could be inferred that the residual concentra-
tion may not pose any immediate threat to aquatic life. However the build up of these
pesticides in their tissues as reported by Rajenpran and Venucoraran (1983) for C. madrasen-
sis, may pose any danger to their physiological activities.
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