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Abstract
Temperature is a crucial determinant of biogeography, directly affecting the behavioral responses
of the organisms. An acute static bioassay was conducted to evaluate the effect of temperature on
dimethoate toxicity in a freshwater mussel Lamellidens marginalis. The mussel, were exposed for
96 hr at different concentrations of dimethoate (155.00, 160.00, 165.00, 170.00, 175.00, 180.00,
185.00, 190.00, 195.00, and 200.00 mgl1 ) in the month of January when water temperature was
14.9±1.2 0C and at concentration 35.00, 37.00, 39.00, 41.00, 43.00, 45.00, 47.00, and 49.00 mgl 1 in
the month of August when the water temperature was 28.0±0.5 0C. The LC50 values were calculated
from the mortality data obtained (using EPAProbit analysis version 1.5, statistical software). The
96 hr LC50 value recorded at higher temperature was 36.34mgl1 and at low temperature was 163.59
mgl1. The mussel exposed at higher temperature showed more sensitive behavioral responses like
huge mucus secretion, sudden closure of shell valves, quick postmortem changes and increased
oxygen consumption in comparison to exposure at low temperature. Therefore, the increasing
threat of global warming increases the risk of pesticide toxicity in the exposed organisms
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Introduction
Pesticides are substances used to mitigate or repel
pests such as bacteria, nematodes, insects, mites, molluscs,
birds, rodents, and other organisms that affect food
production or human health. The pesticides from the
agricultural, domestic and industrial discharges reach water
bodies through surface run-off, erosion etc. (Pereira et al.,
1996; Toshiro and Yutaka, 2004). A major environmental
impact of waterways contamination by pesticides leads to
bioaccumulation and widespread mortality of fish and other
aquatic organisms (Uno et al., 2001; Malik et al., 2009;
Chopra et al., 2011).
Among the pesticides, organophosphate (OP) is
commonly used to control insect pests world widely. They
act by inhibiting the enzyme acetylcholinesterase (AchE)
© Triveni Enterprises, Lucknow (India)

that breaks down the neurotransmitter acetylcholine (Ach)
at the nerve synapse, blocking impulses and causing
hyperactivity, swimming impairment, paralysis and death of
fish and molluscs (Moulten et al., 1996; Devi et al., 2005;
Rao et al., 2005; Amanullah et al., 2010; Tilton et al., 2011).
Dimethoate is an effective insecticide used on large scale in
agriculture due to moderate toxicity in birds and mammals,
due to rapid degradation in the liver and elimination of its
products (EHC-90, 1989; Akhtar et al., 2009). According to
European Commission Report (2003) dimethoate has great
solubility in water (38.8 g l-1) and maximum permissible limit
of 0.07µg l-1.
Temperature is a crucial determinant of
biogeography, directly affecting the physiological and
behavioral characteristics of the organisms. Ever-increasing
environmental temperature due to increase in population
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and exploitation of green plants produces danger of global
warming (Mainka and Howard, 2010). Alterations in
temperature leads to pesticide induced mortality (Moulten
et al.,1996; Heinonen et al., 2001; Pernet et al., 2007; Pandey
et al., 2008), behavioral changes (Pandey et al., 2008;
Surwase et al., 2009) and changes in spawning season in
molluscs and fishes. Molluscs have great economic value
as food around the world and are considered as useful
indicator for biological assessment of water quality and
habitat degradation (Rittschof and McClellan-Green, 2005).
The present study was conducted to evaluate the
toxicity levels of dimethoate at two different water
temperatures 14.9±1.20C (January) and 28.0±0.50C (August)
on the freshwater mussel, Lamellidens marginalis.
Materials and Methods
Mussels and maintenance conditions: Healthy freshwater
mussel, Lamellidens marginalis (Lamarck) were collected
from river “Gomti” and carefully brought to the laboratory
and acclimatized for 10 days under laboratory conditions in
a 60 l capacity earthen tanks. The crushed leaves of aquatic
plants along with river water were provided as food on
alternate days. Food was not given 24 hr before the toxicity
test.
Acute toxicity test: A static non-renewal bioassay was
conducted under natural photoperiod for 96 hr, in the month
of January (10.25: 13.35 ± 0.08, light: dark) and August (12.51:
11.09 ± 0.31, light: dark) at water temperature 14.9±1.20C and
28.0±0.5ºC, respectively. The mussels of equal size (6.9 ±
0.29 cm long and 3.0 ± 0.30 cm wide) and weight (33.4 ± 2.24
g) were selected for the toxicity test. The physico-chemical
characteristic such as dissolved oxygen (DO), temperature,
pH, total hardness, alkalinity (CaCO3) and free CO2 of the
tap water (used in experiment) were recorded, following the
standard methods of APHA (2005) is presented in Table 1.
The experiment was carried out in glass troughs of 15 l
capacity, in static laboratory condition. Before starting the
test, all the 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 30 min of
transferring the animals. The range finding tests prescribed
by APHA (2005) was used to determine the concentration
range of dimethoate. Mortality was assessed at 24, 48, 72
and 96 hr regularly. The animals were considered dead when
their mantle edge was no longer responsive to touch (tapping
response) and failed to close the shell valve. The dead
mussels were removed immediately from the troughs. In the
range finding test, there was no mortality below 155.00 mgl-1
in January and 35.00mgl-1 in August, whereas, at 200.00mgl-1
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in January and 49.00 mgl-1 in August 100% mortality occured
within 96 hr. After determining the test range, different
concentrations of dimethoate in the month of January
(155.00, 160.00, 165.00, 170.00, 175.00, 180.00, 185.00, 190.00,
195.00, and 200.00 mgl-1) when water temperature was
14.9±1.20C and in the month of August (35.00, 37.00, 39.00,
41.00, 43.00, 45.00, 47.00, and 49.00 mgl-1) when water
temperature was 28.0±0.50C were selected for the acute
toxicity test. After determining the test concentrations, 8
acclimatized mussels in 4 replicate (Total 32) for each
concentration were released in 15 l capacity glass troughs
for 96 hr to find out mortality data for acute toxicity test.
The mortality data obtained after 24, 48, 72 and 96 hr were
used for the calculation of lethal concentration (LC). A
control set with equal number of mussel was also run
simultaneously.
Behavioral responses (shell closure, mucus secretion
and change in DO level in test water) of the mussel were
evaluated in eight acclimatized mussels after exposure to
75% of LC50 concentration of dimethoate i.e. 27.27 mgl-1
(August) and 122.69 mgl-1 (January) for 96 hr exposure. The
time taken in shell closure was recorded both in control and
treated groups at different intervals up to 96 hr. To evaluate
the mucus secretion, change in water turbidity was measured
at optical density of 610 nm wavelength of digital
spectrophotometer (Spectronic-20). The DO of water was
measured at different intervals and assessed for total
decrease in dissolved oxygen.
Statistical analysis : The LC50 values after 24, 48, 72 and 96
hr were calculated from the mortality data obtained using
EPA-Probit analysis version 1.5, statistical software based
on Finney’s method (1971). Statistical analysis in the present
study was performed with the Microsoft Excel data analysis
program. In addition, the data for control and treated groups
of each time interval were subjected to t-test.
Results and Discussion
The statistical analysis of mortality data of
dimethoate exposed mussels by using two way analysis of
variance (ANOVA), showed significant difference (F=
65.54427, P<0.0001), in mortality month of January and
August with increase in concentration of toxicant and period
of exposure. In month of January, at low temperature mussels
appeared more tolerant towards toxicant in comparison to
August (at high temperature) as represented in Table 2. In
the present study, 96 hr LC50 value in the month of August
and January were recorded as 36.34 and 163.59 mgl-1
respectively (Fig. 1 and Table 2). The huge difference in
LC50 values at 24, 48, 72 and 96 hr at two different months
showed that the freshwater mussel was more sensitive to
dimethoate at higher temperature in the month of August as
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compared to low temperature in January (Table 2).
The change in LC50 values of two different months
(January and August) of exposure were mainly due to change
in temperature and photoperiod. Similarly, change in LC50

with respect to temperature has been earlier reported by
several workers (Moulten et al., 1996; Keller and Ruessler,
1997; Heinonen et al., 2001; Surwase et al., 2009). Moulten
et al. (1996) recorded increased mortality in freshwater
mussel Elliptio complanata and Asiatic clam Corbicula

96 hr LC50 (January)
Probit
10+
o o
9+
8+
.
7+
.
..
.o
...
....
6+
....
...o o
o...
o ....
....
5+
o ...
....
....
...
....
4+
....
.... o
...
..
..
3+ .
-.
2+
1+
0+
-+———————+————+————+————+———+—————+EC01
EC10
EC25
EC50
EC75 EC90
EC99

96 hr LC50 (August)
Probit
10+
o
9+
8+
.
7+
.
..
.. o
o..
....
6+
o....
....
...
o....
....
5+
...
....
....
... o
....
4+
....
....
...
..
..
3+ .
-.
2+
1+
0+
-+———————+————+————+————+———+—————+EC01
EC10
EC25
EC50
EC75
EC90
EC99

January (14.9±1.2 0C)

August (28±0.5 0C)

Parameter s

Estimates

Std. Err.

95% Confidence limit

Estimates

Std. Err.

95% Confidence limit

Intercept

-63.006611

7.629272

(-77.959984, -48.053238)

-36.281982

6.024833

(-48.090656, - 24.473310)

Slope

30.720007

3.424479

(24.008028

26.454550

3.811673

(18.983671, 33.925430)

Theoretical Spontaneous Response Rate = 0.0000

37.431988)

Theoretical Spontaneous Response Rate = 0.0000

Fig. 1: Comparative accounts of plot of adjusted probits and predicted regression line for 96 hr LC50 of dimethoate when freshwater mussel
Lamellidens marginalis are exposed in two different seasons and temperatures (January and August)
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Table 1 : Physico-chemical characteristics of water used in bioassay during January and August
Physico-chemical characteristics

January

August

t-test

Photoperiod

10.25:13.35
±0.08, light: dark
15.0±1.0
14.9 ±1.2
16.2±2.5
8.2±0.3
7.3±0.10
278.5±7.50
186.9±4.80

12.51:11.09
±0.31, light: dark
28.7±2.2
28.0±0.5
6.0±1.4
7.8±0.2
7.4±0.11
274±0.11
180±4.50

Significant(P<0.0001)

Air temperature (ºC)
Water temperature(ºC)
Free CO2 (mg l-1)
Dissolved oxygen (mg l-1)
pH
Total hardness (mg l-1)
Alkalinity (mg l-1)

Significant (P<0.0001)
Significant (P<0.0001)
Significant(P<0.0001)
Significant (P>0.0001)
Insignificant(P<0.0001)
Insignificant(P>0.0001)
Insignificant (P<0.0001)

Values are mean of eight replicates + SD
Table 2 : Mortality data and LC50 value of freshwater mussel
Lamellidens marginalis exposed to different concentrations of
dimethoate
Season

Concentration
of toxicant
(mgl -1)

August
(28.0±
0.50C)

35
37
39
41
43
45
47
49
LC50 value (mgl-1)
January
155
(14.9±
160
1.20C)
165
170
175
180
185
190
195
200
LC50 value (mgl-1)

Number of mussels died
(Number of exposed animal for
each concentrations = 32)
24 hr

48 hr

72 hr

96 hr

00
04
06
08
15
16
19
21
45.10
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

00
10
16
18
22
23
27
31
40.52
00
01
03
03
04
05
05
06
06
07
233.50

00
14
22
23
26
29
31
32
38.71
03
14
16
16
18
19
21
22
24
26
172.11

09
20
27
29
30
32
32
32
36.34
04
16
20
23
25
26
30
32
32
32
163.59

NM= No mortality

fluminea after acephate and aldicarb exposure when
temperature was raised from 21 to 30ºC. Keller and Ruessler
(1997) reported variation in LC50 of malathion in three
different species of mussel with respect to change in
environmental temperature from 25 to 320C. Heinonen et al
(2001) compared the toxicity of pentachlorophenol at two
different temperatures, 5 0 C (April) and 19 0 C (July) on clam,
Pisidium amnicum. Mean survival time was 5 to15 times
longer in winter than in summer. Surwase et al. (2009) also
observed increased mortality in summer than monsoon and
winter. In the present study, the 48, 72, and 96 hr LC50 values
for dimathoate to Lamellidens marginalis were recorded as
233.50, 172.11 and 163.59 mgl-1 in winter (14.9±1.2ºC) and
Journal of Environmental Biology, March 2013

40.52, 38.71 and 36.34 mgl-1 in summer (28.0±0.5ºC). In
addition, the L. marginalis recorded 24 hr LC50 value for
dimethoate in summer as 45.09 mgl-1 whereas; in the winters
mussels did not record any mortality up to 24 hr at test
concentration of 200 mgl-1. These values indicate that
pesticide dimethoate is more toxic at higher temperature.
The mussels exposed to dimethoate in winter protect
themselves from pesticide action by closing their shell
valves due to which the mussels did not record any mortality
within 24 hr exposure up to dimethoate concentration of
200 mgl-1. At 48 hr exposure, the mussels exhibit opening of
the wall of pallial line without marked foot extension, and
mucus release. After 48 hr of exposure, secretion of mucus
begins in very small quantity and exhibit marked foot
extension. Thereafter, foot extension gradually increases
with the decrease in power of its retraction. At 72 hr, the
mussels showed marked mucus release and foot extension.
In 96 hr of exposure, several mussels are unable to retract
their foot and also unable to close their shell valves. The
mussels which died during the exposure usually remained
closed in shell and float over surface of test water without
post-mortal foul smelling. In contrast, during summer (at
high temperature), the mussels released very small quantity
of mucus in first 24 hr of exposure, together with a gradual
decrease in shell closure ability (tapping response).
Thereafter, a gradual increase in mucus release and a
decrease in shell closure ability were marked up to 96 hr of
exposure. The mucus released during the experiment gets
precipitated and forms polythene like layer on the surface
of test water and turned it milky. Immediately after death in
summer, the body of mussel gets separated from the shell
and exhibits quick post-mortal deteriorative changes with
foul smell. A comparative account of behavioral responses
of freshwater mussel demonstrated that the mussels exposed
in summer (at high temperature) released huge quantity of
mucus (increase in the OD of test water; Fig. 2), suddenly
closed their shell valve (tapping response; Fig. 3), utilize
less oxygen (decrease in DO of test water; Fig. 4) and showed
quick post-mortem changes. Statistical analysis of behavioral
parameters studied during the toxicity test of two different
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Control Summer

Control
Control Summer
Summer Treated
Treated Summer
Control Winter
Treated Winter
Winter
Summer Control
Winter Treated

Treated Summer

Control Winter

Treated Winter

9
0.6

*
**

8

0.5

*

7
**

6

0.4

5

**

**

0.3
**

**

4
**

0.2

**

3
**

0.1

**

**
**

**

**

**

2

**

**

**

1
0
01h

24h

48h

72h

96h
0

Duration of Exposure

01h

24h

48h

72h

96h

Duration of Exposure

exposed to sub-lethal concentration of dimethoate in January
(122.69 mgl-1) and August (27.27 mgl-1). Values are Mean±SD of
eight animals. Asterisk indicate significant (**) differences (P<0.05)
against control

Comparative accounts of status of dissolved oxygen levels
Lamellidens marginalis were exposed
to sub-lethal concentration of dimethoate in January (122.69 mgl1
) and August (27.27 mgl-1). Values are Mean±SD of eight animals.
Asterisk indicate insignificant (*) and significant (**) differences
(p<0.05) against control

months (winter:summer) using students t-test suggests
Control Summer

Treated Summer

Control Winter

Treated Winter

35
30

**

25

20

**

Freshwater mussels protect themselves from adverse

15
10

5

**
*

*

**
**

**
** **

0
01h

24h

48h

72h

96h

et al., 2010). Moulten
(1996) earlier reported reduced shell closure response
0
C than at 210C in mussel Elliptio complanata and
when exposed to 5.0 mgl-1 aldicarb and
et al. (2009) observed maximum

Duration of Exposure

concentration of dimethoate in January (122.69 mgl-1) and August
(27.27 mgl-1). Values are Mean±SD of eight animals. Asterisk indicate
insignificant (*) and significant (**) differences (P<0.05) against
control

recorded release of huge mucus in bivalve when exposed to
150 mgl-1 of malathion. In the present study, quick foot
extension during summer was due to the presence of suitable
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temperature for enzymatic reaction, as the enzyme activity
is better between temperature ranges 22 to 42ºC. Similarly,
delayed post-mortem changes in winters (no foul smell)
were due to inhibition of enzymes required for such changes
but increased temperature in summer activates the enzymes
and leads quick post-mortem changes (foul smell).
Respiration is a significant parameter for animal survival
and health. Temperature affects rate of respiration in
bivalves (Masilamon et al., 2002; Chati et al., 2009). At low
temperature bivalves induce their metabolism and utilize
more oxygen than at high temperature (Pernet et al., 2007;
Survase et al., 2009). In the present study, freshwater mussel
Lamellidens marginalis exposed to dimethoate also utilize
more oxygen in winter in comparison to mussel exposed in
summer, leading to a gradual decrease in oxygen level in
test water up to 96 hr of exposure.
The results of present study conclude that the
toxicity of dimethoate was significantly high in summer when
compared to winters. Thus, increasing threat of global
temperature may produce severe damage in pesticide
polluted aquatic habitats and present a challenge to living
organisms. Therefore, these parameters can be used as
biomarker for the assessment of pesticide toxicity in bivalve
molluscs.
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