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Acute toxicity and behavioural responses of a freshwater mussel Lamellidensj
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marginalis (Lamarck) to dimethoate exposure
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Abstract

Dimethoate is a commonly used organophosphate pesticide (OP) in agricultural practices, from where they reach into natural
freshwater bodies through surface run-off, affecting the life of non-target aquatic organisms. Molluscs accumulate
contaminants in their body tissues and thus are used as bio-indicator for evaluating water quality and habitat degradation.
The mussels have great economic value, since they are consumed as food and have therapeutic significance. In this study
96h static acute toxicity test was carried out for dimethoate in freshwater mussel, Lamellidens marginalis. The mussels were
exposed to 8 different concentrations of dimethoate (35.00, 37.00, 39.00, 41.00, 43.00, 45.00, 47.00, and 49.00 mg L") and
control (00.00 mg L-"). The mortality data were subjected to EPA Probit analysis (version 1.5) statistical software based on
Finney's method. The 24, 48, 72 and 96h LCso values of dimethoate for freshwater mussel were determined as 45.09, 40.52,
38.71 and 36.35 mg L respectively. Mussels show behavioural responses during exposure by exhibiting increase in duration
for shell closure, increase in mucus secretion and decrease in oxygen consumption.
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INTRODUCTION

Pesticides are the chemicals specially designed to Kkill
unwanted organisms. Besides killing the target organisms these
pesticides may be washed into water reservoirs and adversely affect
the life of aquatic organisms (1, 2, 3). According to an estimate over
200 poisonous chemical pesticides are used in agriculture in different
parts of the world (4). The ever increasing use of pesticides is
reaching an alarming stage, throughout the world posing a great
threat to the environment. Pesticide residues in food are global
problem (5, 6, 7). According to WHO, developing countries use about
25% of pesticides in the world (7). India is the largest manufacturer
of pesticides among South Asian and African countries and ranks
twelfth in the world for the use of pesticides with exception of Japan
(8).

Aquatic system is the major part of the globe and important
base for survival of aquatic fauna. It's contamination by pesticides
induce physiological, haematological, pathological and behavioral
changes in inhabiting aquatic organisms and results in death (9, 10,
11,12, 13, 14, 15, 16, 17 and 18).

Organophosphate (OP) pesticides are used preferably as
insecticides in different parts of the world due to their
biodegradability, high effectiveness and low persistence in the
environment (19). In developed countries use of OP are restricted
due to their high morbidity, but in developing countries like India, the
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use is still highly prevalent (20). OP are generally known to have
increased toxicity with increase in temperature (9, 21) and directly
inhibit acetyl cholinesterase activity, resulting in accumulation of
acetylcholine in nerve tissue and effecter organs and are responsible
for paralytic death of molluscs and fishes (9, 22, 23, 24, 25 and 26).
Among the OP, dimethoate [I[UPAC Name- O, O dimethyl S — (N-
methyl carbamoylmethyl) phosphoro-dithioate : CAS No. 60-51-5] is
an effective insecticide used on large scale in agriculture due to
moderate toxicity in birds and mammals (27). Recently, however,
European commission has banned the use of dimethoate for
vegetable crops (28).

The molluscs are usually used as bio-indicator for monitoring
and evaluating water quality and habitat degradation. These
organisms take up and accumulate contaminants in their body tissue
much above to the level found in their surroundings enabling the
identification of “Hot Spot” in aquatic system (5, 6, 29, 30 and 31).
Among the molluscs, freshwater mussel are widely employed in
toxicity evaluation because they circulate large quantity of water
through their body to obtain oxygenand food, their mantle acts as
bio-filter in organic recycling or pesticide recycling and foot is
sensitive to chemical composition of water (11, 32). Apart from these,
the mussels have great economic value, since they are consumed as
food in certain areas (33) and for treatment of arthritis in
experimental animals (34).

There are few reports on the toxicity of some OP pesticides
on freshwater mussels (9, 10, 35, 36, 37 and 38). To the authors
knowledge there exist no published data on dimethoate toxicity on
freshwater mussel, therefore, the present study was conducted to
determine the static acute toxicity of dimethoate and its impact on
physiological responses of the freshwater mussel, Lamellidens
marginalis.
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MATERIAL AND METHODS
Mussels and maintenance conditions

Healthy freshwater mussel Lamellidens marginalis (Lamarck)
were collected from river “Gomati” and carefully brought to the
laboratory and acclimatized for 10 days under laboratory conditions
in a 60 L capacity earthen tank. The crushed leaves of aquatic plants
along with river water were provided as food on alternate days. Food
was not given 24h before start of the toxicity test. The experiments
were conducted during month of July-Aug 2008 (temp. 28 + 0.50C
and natural photoperiod of 12.51: 11.09+0.31, light: dark). The
mussel of equal size (6.9 £ 0.29 cm length and 3.0 £ 0.30 cm width)
and weight (33.4 £ 2.24 g) were selected for the toxicity test.

Physico-chemical characteristics of test water

The physico-chemical characteristics of test water was
measured regularly during the experiment, following standard
methods (40).The physico-chemical characteristics of test water are
described in Table 1.

Toxicity test

The experiment was carried out in glass troughs of 15 L
capacity in static laboratory condition. Before starting the test, all-
experimental glass troughs were cleaned and filled with 14 L tap
water. The stock solution was prepared by dissolving dimethoate
(Rogor, 30% EC, Rallis India Ltd. Mumbai) in absolute alcohol.
Pesticide was mixed well before Yzh of transferring the animals. The
range finding test prescribed by APHA (39) was used to determine
the concentration range of dimethoate. The mortality was regularly
assessed at 24, 48, 72 and 96h. The animals were considered dead,
when the mantle edge no longer responsive to touch (Tapping
response) and failed to close the shell valve. The dead mussels were
removed immediately from the troughs. After determining the test
range, eight acclimatized mussels in four replicates for each
concentration (35.00, 37.00, 39.00, 41.00, 43.00, 45.00, 47.00, and
49.00 mg L") were released in 15 L capacity water troughs for 24,
48, 72, and 96h acute toxicity test. A control set with equal number of
mussels was also run simultaneously. LCso values were calculated
from the data obtained in acute toxicity tests by using EPA-Probit

analysis version 1.5 statistical software,
(http://www.epa.gov/nerleerd/stat2.htmi#tsk) based on Finney's
method (40).

Behavioral responses

Besides mortality data the behavioral responses (shell
closure, mucus secretion and decrease in Oz consumption) of the
mussel were also taken into account. For this another set of
experiment was conducted to evaluate these responses. Eight
acclimatized mussels were subjected to 75% of 96 h LCso
concentration of dimethoate (27.27 mg L) for 01, 24, 48, 72 and 96h
exposure. The mussels usually keep the shell marginally open but
when prodded by a rod shut their shell quickly. This closing response
gradually decline in the exposed mussels. The time taken in shell
closure was recorded in all groups at different intervals. During
experiment the animals release large quantity of mucus and excreta
which increases the quantity of suspended particles in the medium.
This changes the color of water of treated aquaria to milky. To
evaluate the change in medium the optical density (OD) of trough
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water was examined on 610nm wavelength of digital
spectrophotometer. The DO in trough water was measured at
different intervals. The protocol of the research project has been
approved by Animal Research Ethical Committee of the Kamla
Nehru Institute of Physical & Social Sciences.

Statistical analysis

Statistical analysis in the present study was performed with the
help of “Microsoft Excel data analysis program”. The results were
expressed as mean + SD. Statistical differences between groups
were analyzed using one and two way ANOVA. In addition, the data
for control and treated groups of each time interval were subjected to
t-test.

RESULTS
LCso0 and Mortality

The LCso values and their corresponding 95%upper and lower
confidence limits for 24, 48, 72 and 96h are given in table 2. The
LCso values suggest that dimethoate is moderately toxic to
freshwater mussel, Lamellidens marginalis and toxicity is time and
dose dependent. For example when mussel were exposed to 35 mg
L concentration of dimethoate, 28% mortality occurred within 96h of
exposure, whereas at 49 mg L' concentration mortality is 66% within
24h but 100% mortality does not appear at any concentration range
in 24h of exposure. No mortality occurred below 35 mg L
concentration up to 96h of exposure and at 45 mg L' concentration
mortality recorded is 50% at 24h, 72% at 48h, 81% at 72h and 100%
at 96h. One way ANOVA of mortality data suggest significant
differences in rate of mortality (F=6.63, P<0.001) with in sample
along with gradual increase in concentration of dimethoate from 35
mg L' to 49 mg L-'. The freshwater mussel when exposed against
dimethoate exhibit certain physiological and behavioural responses,
out of which Oz consumption (respiratory rate), mucus release and
shell closure time (tapping response) is considered as symptoms of
toxicity in the present investigation.

Behavioral responses

To evaluate toxicity symptoms, mussels were exposed to a
sub-lethal concentration (75% of 96h LCso) of dimethoate (27.27 mg
L") after determining LCso value. The control and test animals both
release mucus during the experiment. In control, the secretion of
mucus, usually started slowly and continued up to 96h causing a
significant (F=154.97, P<0.0001, One way ANOVA) color change at
96h when compared to 01h. Whereas the water in the test solution
becomes milky, immediately after dissolving the dimethoate, which is
recorded as high OD (Significant, P<0.0001) at 01h (fig 1), when
compared to control. Dimethoate exposed animals release
comparatively large quantity of mucus, which get precipitated quickly
and forms polythene like layer over the surface of water and
gradually increases the milkiness with the exposure time causing
decreased transparency, which is recorded as OD by
spectrophotometer (fig. 1). A t-test values for 01h, 24h, 48h, 72h and
96h indicated statistical significant differences (P<0.0001) in the
milkiness of test water in treated aquaria when compared to control.
Results of two way ANOVA suggest significant differences between
samples (F=2422.02, P<0.0001), within days of exposure (F=878.09,
P<0.0001) and between the interaction of samples and days of
exposure (F=255.26, P<0.0001).
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The water of dimethoate exposed mussel troughs show a
significant decrease in Ozlevel in the first 24h, and this decrease
continued slowly up to 96h. When this data is compared with the
controls, it shows that DO level in the troughs records slow decrease
indicating that the animals utilize less Oz as compared to exposed
mussels (fig. 2). A t-test values for 24h, 48h, 72h and 96h indicate
statistically significant differences (P<0.0001) in the status of
dissolved oxygen in dimethoate treated test water aquaria. Results of
two way ANOVA suggests significant differences between samples
(F=1360.43, P<0.0001), within days of exposure (F=993.79,
P<0.0001) and between interaction of the samples and days of
exposure (F=87.02, P<0.0001).

The mussels in tap water usually open their shell and extend
their foot and close their shell valves quickly. Time taken to close the
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shell valve and foot retraction was recorded with the help of a digital
stopwatch. The mussels up to 24h of exposure exhibit a quick
response of shell closure and foot retraction. Thereafter, the time of
shell closure response exhibits a gradual increase in dimethoate
exposed mussels up to 96h, when compared to controls (fig. 3). A t-
test values for 24h, 48h, 72h and 96h indicate statistical significant
differences (P<0.0001) in the time taken to close the shell valve
(Shell closure response) in treated mussels. Results of two way
ANOVA suggests significant differences between samples
(F=213.00, P<0.0001), within days of exposure (F=321.13,
P<0.0001) and between interaction of the samples and days of
exposure (F=165.55, P<0.0001).

Table 1. Physico-chemical characteristics of water used in the experiment.

SI. No. Characteristics of water
1 Dissolved oxygen 7.8510.2 (mg L)
2 Free CO2 6.0 £0.5 (mg L)
3 pH 7.4£0.11
4 Temperature 28+0.5 (°C)
5 Total Hardness 274 £3.74mg L
6 Alkalinity (as CaCOs) 180 +4.50 mg L+

Table 2. LCs values against dimethoate in Lamellidens marginalis

Fig 1. Optical density of test water at 610.m wavelength for different times on exposure to sub lethal concentration (27.27 mg L1, 75% of 96h LCso) of dimethoate. Values

are mean + SD of eight animals. Asterisks indicate insignificant (+) and significant (**) differences at P < 0.0001 level from control.

SI No. Duration LCsovalues (mg L") | Lower confidence limit (mg L-*)] Upper confidence limit (mg L) Intercept Slope
1. 24h 4510 43.88 46.70 -19.90 15.05
2. 48h 40.52 39.56 4141 -24.82 18.55
3 72h 38.71 37.86 39.46 -32.89 23.86
4. 96h 36.34 35.30 3712 -36.29 2645
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Fig 2. Status of dissolved oxygen in test water on different times on exposure to sub lethal concentration (27.27 mg L1, 75% of 96h LCso) of dimethoate. Values are mean
+ SD of eight animals. Asterisks indicate insignificant () and significant (**) differences at P < 0.0001 level from control.
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Fig 3. Shell closing response in freshwater mussel Lamellidens marginalis at different times on exposure to sub lethal concentration (27.27 mg L', 75% of 96h LCso) of
dimethoate. Values are mean + SD of eight animals. Asterisks indicate insignificant (*) and significant (**) differences at P < 0.0001 level from control.
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Parameters Estimate Std. Err. 95% Confidence limit

Intercept -36.281982 6.024833 (-48.090656, -24.473310)

Slope 26.454550 3.811673 (18.983671, 33.925430)
Theoretical Spontaneous Response Rate = 0.0000

Fig 4. Plot of adjusted probits and predicted regression line for dimethoate to freshwater mussel Lamellidens marginalis after 96h of exposure.
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DISCUSSION

The toxicity tests of several mussel species are known with
respect to different insecticides (9, 10, 35, 38, 40 and 41). The LCso
value of methyl parathion to Parreysia favidens were reported as
33.5, 30.5, 23.5, and 15.5 mg L' for 24, 48, 72 and 96h and for
another species Parreysia cearulea the LCso values recorded were
32.0, 24.0, 22.2 and 17.0 mg L' for 24, 48, 72 and 96h (38). In
another study, Keller and Ruessler (10) reported variation in LCso
values of malathion in three different species of mussels with respect
to environmental temperature at 25°C. The LC 50 for Elliptio icterina
record a variation from 61 mg L' for 24h to 32 mg L' for 96h,
Lampsilis straminea clibornensis record a variation from 62 mg L for
24h to 24 mg L for 96h and Lampsilis subangulatus record a
variation from 43 mg L' for 24h to 28 mg L' for 96h. For some other
species (Utterbackia imbecillis, Villosa villosa, Villosa lienosa) the
LCso recorded, were very high (391 to 263 mg L' for 24h and 180 to
40 mg L-" for 96h) at 320C (10). Moorthy et al. (35) reported 48h LCso
value for phosphamidon in freshwater mussel Lamellidens marginalis
as 20 ppm. In present investigation the LCso values for Lamellidens
marginalis were recorded as 45.09, 40.52, 38.71 and 36.34 mg L
for 24, 48, 72 and 96h. These values indicate moderate toxicity of
dimethoate towards the Lamellidens marginalis.

Koprucu and Seker (41) observed highly toxic effect of
synthetic pyrethroid deltamethrin on Unio elongatulus eucirrus as
8.99, 8.09, 7.30 and 6.60 mg L for 24, 48, 72 and 96h. Recently,
Koprucu et al. (42) reported LCso values for cypermethrin on Unio e.
eucirrus as 96.50, 77.96 and 59.20 ug/l for 48, 72 and 96h
respectively. This indicates that pyrethroids are more toxic when
compared to OP insecticides reported in the above discussion.

Lamellidens marginalis when exposed to dimethoate release
huge quantity of mucus as compared to controls. Keller and Ruessler
(10) also reported release of large quantity of mucus in bivalves
when exposed to 150 mg L' of malathion. The release of mucus
after insecticide exposure appears as a quick response of the animal
to cover the soft body surface for protection.

The decrease in the DO content of water in troughs containing
dimethoate exposed animals, clearly indicate more utilization of O
by the mussels present in the water. The data clearly indicate that
exposed mussels are highly stressed due to insecticide and utilize
more O for their survival, when compared to control animals.
Increased Oz consumption in the initial exposure has been reported
by several workers after pesticide exposure (36, 37, and 43) and
exposure to metal (12).

Dimethoate exposed Lamellidens exhibit a decrease in
closure time of gaped-shells up to 24h of initial exposure when
compared to controls indicating more sensitivity by quick closure of
their shells. However, their muscular response becomes gradually
slow with the increase of exposure time. A similar response in
muscle closing reflex was reported by earlier workers when exposed
to pesticides (9, 10, 43 and 44). Moulten et al. (9) observed the
decrease in muscle closure response was due to decline in
cholinesterase activity in adductor muscle in dose related fashion to
acephate and aldicarb. They also reported increase in cholinesterase
activity when the exposed animals were subjected to recovery. They
suggested that retarded shell closure response to shell-tapping may
indicate a physiological dysfunction of the bivalves. Devi et al. (22)
observed the inhibition in cholinesterase activity of clam after OP
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pesticide exposure in order of potency (chlorpyriphos > dichlorvas >
methyl parathion).

The results indicate that insecticide, dimethoate stress was
responsible for respiratory disorders, increased mucus secretion and
decrease in shell closure responsiveness of the freshwater mussel.
These parameters may be used as biomarker for the assessment of
actual health of the organisms living in the polluted water.
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