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Abstract

Background and Objective: The toxicity of pesticides is found to significantly vary with some environmental variables such as
temperature, pH, hardness, etc. which adversely affect non-target organisms, particularly fishes and human beings. Therefore, the
objective of the work was to compare the acute toxicity of a neonicotinoid insecticide (Imidacloprid) to a freshwater fish, Clarias batrachus
(Linnaeus) in supply water and tube well water at two different selected pH strengths. Materials and Methods: There are a total of
720 acclimatized test fishes (5.0+0.5 cm) were taken for experiment in both supply water and tube well water at two different selected
pH strengths and natural hardness. A full-scale static bioassay test has been carried out for a period of 96 hrs to analyze the LCs, values,
95% confidence limits by Probit analysis (SPSS, Version-16), presumable safe and safe dischargeable concentrations of Imidacloprid
70% WG for the test fishes. Results: The 96 hrs LCs, of Imidacloprid 70% WG were noticed to be 233.436 and 251.641 ppm (p<0.05) at
pH5.5£0.2 and 8.5%0.2 for supply water however, these values were reported as 343.779 and 429.947 ppm (p<0.05) for tube well water
atpH 5.5%£0.2 and 8.5£0.2, respectively. Moreover, any alteration in behavioural response in the exposed fishes has also been noticed
during static bioassay. The safe or harmless concentrations of Imidacloprid 70% WG were estimated too high compared to safe
dischargeable concentrations for both waters. Conclusion: The toxicity (LCs, values) of a neonicotinoid, Imidacloprid is found to be
significantly altered with selected environmental variables and exposed fishes exhibit abnormal behavioral responses.
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INTRODUCTION

The pesticides adversely affect the growth, physiology,
reproduction, nutritional quality and survival of aquatic life,
particularly the non-target organismsincluding ichthyofaunal
species due to their persistence in the environment'?
Imidacloprid affects both target pests as well as non-target
species such asinsects that contain receptors through contact
and stomach action®.

Imidacloprid is a neonicotinoid insecticide that comes
under Chloronicotinyl nitroguanidine chemical family*,
employed in agriculture to control insects, fleaand termites on
domestic pets and also to treat soil, crops and seeds’. It
selectively acts on pests’ nervous systems through nicotinic
acetylcholine receptors and thus in case of human exposures,
it has afavorable toxicological profiles. Imidacloprid is cleaved
into water by photolysis’, upon hydrolysis Imidacloprid
produces the metabolite 1-[(6-chloro-3-pyridinyl)methyl]-2-
imidazolidinone®. Nevertheless, it has been also reported that
Imidacloprid is found to be stable against hydrolysis in neutral
or acidic conditions and hydrolysis enhances with anincrease
in alkaline pH and temperature®. Imidacloprid is generally
employed for non-agricultural purposes in urban areas for ant
control of properties around homes, bed bug treatment, flea
control on pets and management of lawn and garden
insect>'%. Further, Imidacloprid was reported to be acutely
toxic to adult fish at relatively high concentrations
(over 80 ppm) however, the juvenile stage of the fish was
found to be more susceptible to it. Recently, the use of
Imidacloprid has become more controversial due to its
potential effects on non-target organisms like aquatic
animals''. Moreover, due to its large-scale toxicity to bees'?'®
and other non-target organisms' ', it has been restricted in a
few countries. Since the non-target organisms, particularly fish
are found to be vulnerable to the harmful effects of aquatic
contamination's, therefore an attempt has been made to
elucidate the acute toxicity of Imidacloprid 70% WG to a
freshwater fish, Clarias batrachus (Linnaeus, 1758) in supply
water and tube well water to compare the toxicity strength at
selected environmental variables to secure the health of the
non-target organisms, particularly fishes.

MATERIALS AND METHODS

Study area and duration: This work was carried out in the
Department of Zoology, Laboratory of Jai Prakash University,
Chapra from August, 2020 to February, 2021.
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Experimental fish and pesticide solution: There are
numerous healthy freshwater fish, Clarias batrachus were
collected from local sources and were acclimatized separately
in a cemented tank of 500 L capacity for 21 days.
Approximately, equal sizes of 720 test fishes (5.00.5 cm)
were taken for the bioassay tests. Acommon stock solution for
Imidacloprid 70% WG was prepared by standard formula:

N,V,=N,V,
Where:
N, = Concentration of test pesticide
V, = Volume of test pesticide
N, Required concentration of pesticide to be prepared
V, = Volume of solution required for application

Further, the different concentrations of selected toxicant
were prepared by pouring the common stock solution
(with the help of a micropipette) into the measured diluents
supply water (natural hardness =260=%5 mg/L, pH=7.0£0.2)
and tube well water (natural hardness 540%5 mg/L,
pH = 7.2%+0.2). The water of selected pH strength, 5.5%0.2
and 8.51+0.2 of both supply water and tube well water were
prepared by adding HCl and NaOH, respectively. The series of
different concentrations of prepared water of both pH
strengths were used in the full-scale static bioassay tests
(up to 96 hrs), which are based on the progressive bisection of
intervals on logarithmic scales, utilized by Wast et al"’.

Preliminary/screening tests: The static bioassay test was
conductedina5 L plastic container for the evaluation of acute
toxicity (96 hrs) of Imidacloprid 70% WG to Clarias batrachus.
The range between the highest and lowest concentrations
(a critical concentration range) of selected pesticides at which
most of the test fishes died or survived in time intervals of
24,48, 72 and 96 hrs were determined by screening tests.

Full-scale static bioassay test: In full-scale bioassay, the test
containers of 5 L capacity filled with 3 L toxicant solution were
kept in three rows and each container was labeled with the
details of the experiment viz; date, time, concentration and
replicate number. There are 10 acclimatized tests fish were
kept in each experimental plastic container along with
controls. The fresh toxicant solutions were used after each
24 hrs and the experiments were continuously run for a period
of 96 hrs. The number of test fishes died in time intervals of
24,48,72 and 96 hrs in each concentration of toxicant solution
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were noticed carefully and removed periodically. The LCg,
values and 95% confidence limits for Imidacloprid 70% WG to
different concentrations and time intervals were estimated
statistically by the Probit analysis method documented by
Garakouei et a/'8. Further, presumable safe and dischargeable
concentrations of Imidacloprid 70% WG for Clarias batrachus
were calculated as per the standard formula utilized by
Nwani eta/'.Behavioural changes in the exposed fishes were
documented at each concentration of toxicant solutions.

Statistical analysis: The mortality data noticed at 24, 48,
72 and 96 hrs were subjected to the statistical software
(IBM SPSS-Version 16) to analyse the LCg, values (p<0.05),
Confidence Ratio (R) and Probit equation.

RESULTS

The 96 hrs exposure system and acute toxicity bioassay
for different concentrations of Imidacloprid 70% WG to (larias
batrachus in supply water (hardness 260%5 mg/L) and tube
well water (hardness 540£5 mg/L) at both pH levels,

55+0.2 and 85%+0.2 were summarized in Table 1-8.
Furthermore, the 24, 48, 72 and 96 hrs LCs, value of different
concentrations of Imidacloprid 70% WG to Clarias batrachus
were noticed as 318.872, 289.305, 256.461 and 233.436 ppm
(p<0.05) at pH 5.5%0.2 (Table 2) and 325.141, 304.606,
278.157 and 251.641 ppm (p<0.05) at pH 8.5£0.2 (Table 4),
respectively for supply water. Whereas, the 24, 48, 72 and
96 hrs LCs, value of different concentrations of Imidacloprid
70% WG to Clarias batrachus were reported to be 479.804,
414.325, 390.539 and 343.779 ppm (p<0.05) at pH 5.5+0.2
(Table 6) and 596.757, 540.007, 487.638 and 429.947 ppm
(p<0.05) at pH 85%0.2 (Table 8) for tube well water,
respectively. Moreover, safe or harmless concentrations of
Imidacloprid 70% WG to (larias batrachus were documented
as 78.893 and 83.064 ppm for supply water and 107.334 and
146.596 ppm for tube well water at pH 5.5£0.2 and 8.51+0.2,
respectively whereas, the safe dischargeable concentrations
were reported too low for the toxicant as 1.048 and 1.033 ppm
for supply waterand 1.076 and 1.051 ppm for tube well water
atpH 5.5%£0.2 and pH 8.5%0.2, respectively (Table 9).

Table 1: Mortality (%) and survival (%) rate of Clarias batrachus for Imidacloprid 70% WG during 96 hrs static bioassay

Duration of exposure

Imidacloprid Number of Mortality (%) Survival (%)
70% WG (ppm) exposed fishes 24 hrs 48 hrs 72 hrs 96 hrs (96 hrs) (96 hrs)
Control (0.00) 10 00 100
180 10 0 0 1 1 10 90
210 10 2 3 3 4 40 60
240 10 2 4 6 7 70 30
280 10 3 4 6 7 70 30
320 10 5 6 7 9 90 10
*Each observation is the total of three replicates. For supply water of hardness 260£5 mg/L and pH 5.5%+0.2
Table 2: LCs, value of Imidacloprid 70% WG to Clarias batrachus during 96 hrs static bioassay

LCs, value of Imidacloprid
Duration (hrs) 70% WG (ppm) LCL ucCL R Probit equation (P = Intercept+BX)
24 318.872 279.801 519.727 1.857 -3.564+0.011X
48 289.305 254.927 391.431 1.535 -3.184+0.010X
72 256.461 220.577 304.007 1.378 -2.981+0.012X
96 233.436 201.345 259.748 1.290 -3.749+0.016X

For supply water of hardness 260%5 mg/L and pH 5.5%0.2, UCL: Upper confidence limits, LCL: Lower confidence limits and R = Confidence ratio (UCL/LCL)

Table 3: Mortality (%) and survival (%) rate of Clarias batrachus for Imidacloprid 70% WG during 96 hrs static bioassay

Duration of exposure

Imidacloprid Number of Mortality (%) Survival (%)
70% WG (ppm) exposed fishes 24 hrs 48 hrs 72 hrs 96 hrs (96 hrs) (96 hrs)
Control (0.00) 10 00 100
210 10 0 1 2 2 20 80

240 10 2 3 4 5 50 50

280 10 4 4 6 7 70 30

320 10 4 5 6 8 80 20

370 10 7 6 8 10 100 00

*Each observation is a total of three replicates. For supply water of hardness 260%5 mg/L and pH 8.51+0.2
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Table 4: LCs, value of Imidacloprid 70% WG to Clarias batrachus during 96 hrs static bioassay

LCs, value of Imidacloprid

Duration (hrs) 70% WG (ppm) LCL UCL R Probit equation (P = Intercept+BX)
24 325.141 293.619 388.297 1322 -4.062+0.012X
48 304.606 270.032 358.406 1327 -3.497+0.011X
72 278.157 229.771 324.930 1414 -2.713+0.010X
96 251.641 215.118 277.074 1.288 -4.200+0.017X

For supply water of hardness 260+5 mg/L and pH 8.5+0.2, UCL: Upper confidence limits, LCL: Lower confidence limits and R: Confidence ratio (UCL/LCL)

Table 5: Mortality (%) and survival (%) rate of Clarias batrachus for Imidacloprid 70% WG during 96 hrs static bioassay

Duration of exposure

Imidacloprid Number of Mortality (%) Survival (%)
70% WG (ppm) exposed fishes 24 hrs 48 hrs 72 hrs 96 hrs (96 hrs) (96 hrs)
Control (0.00) 10 00 100
280.00 10 0 1 1 2 20 80
320.00 10 2 3 3 4 40 60
370.00 10 3 4 5 7 70 30
420-00 10 3 5 7 8 80 20
490-00 10 5 7 7 9 90 10

*Each observation is a total of three replicates. For tube well water of Hardness 540%5 mg/L and pH 5.5+0.2

Table 6: LCs, value of Imidacloprid 70% WG to Clarias batrachus during 96 hrs static bioassay

LCs, value of Imidacloprid

Duration (hrs) 70% WG (ppm) LCL UCL R Probit equation (P = Intercept+BX)
24 479.804 420.138 796.219 1.895 -3.377+0.0070X
48 414.325 363.885 515.484 1416 -3.137+0.0080X
72 390.539 339.863 455.536 1,340 -3.244+0.0080X
96 343.779 288.469 382.661 1,326 -3.601+0.010X

For tube well water of hardness 540£5 mg/L and pH 5.5%0.2, UCL: Upper confidence limits, LCL: Lower confidence limits and R: Confidence ratio (UCL/LCL)

Table 7: Mortality (%) and survival (%) rate of Clarias batrachus for Imidacloprid 70% WG during 96 hrs static bioassay

Duration of exposure

Imidacloprid Number of Mortality (%) Survival (%)
70% WG (ppm) exposed fishes 24 hrs 48 hrs 72 hrs 96 hrs (96 hrs) (96 hrs)
Control (0.00) 10 00 100
370 10 0 1 2 3 30 70

420 10 2 3 4 5 50 50

490 10 3 5 6 7 70 30

560 10 4 5 6 8 80 20

650 10 6 7 8 10 100 00

*Each observation is a total of three replicates. For tube well water of hardness 540%5 mg/L and pH 8.5+0.2

Table 8: LCs, Value of Imidacloprid 70% WG to Clarias batrachus during 96 hrs static bioassay
LCs, value of Imidacloprid

Duration (hrs) 70% WG (ppm) LCL UCL R Probit equation (P = Intercept+BX)
24 596.757 534.295 771.140 1.443 -3.797+0.0060X
48 540.007 469.847 665.468 1416 -2.986+0.0070X
72 487.638 402.803 569.846 1414 -2.711+0.0060X
96 429.947 348.362 477.921 1.371 -3.668+0.0090X

For tube well water of hardness 540£5 mg/L and pH8.5%0.2, UCL: Upper confidence limits, LCL: Lower confidence limits and R: Confidence ratio (UCL/LCL)

Table 9: Safe or harmless and safe dischargeable concentrations of Imidacloprid 70% WG to (larias batrachus for both water

Supply water (hardness 260%5 mg/L) Tube well water (hardness 540£5 mg/L)
Concentrations (ppm)
(Imidacloprid 70% WG) pH (5.5£0.2) pH (8.5£0.2) pH (5.5%0.2) pH (8.5%0.2)
Safe or harmless (C)) 78.893 83.064 107.334 146.596
Safe dischargeable (S) 1.048 1.033 1.076 1.051
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DISCUSSION

The current investigation exhibits 96 hrs LCsy's of
Imidacloprid 70% WG as 233.436 and 251.641 ppm at
pH 5.5%+0.2 and 8.5%£0.2 for supply water however, for tube
well water these values were recorded as 343.779 and
429.947 ppm at pH 5.5+0.2 and 8.5%+0.2, respectively.

However, the 96 hrs LC;, values of Imidacloprid were
reported as 21 mg/L for rainbow trout, Oncorhynchus mykiss
and 237 mg/L for golden orfe, Leuciscus idus*. The 96 hrs
LCs, values of Imidacloprid 70% WG for juveniles, males,
females and mixed population of Poecilia reticulata were
estimated as 68.443, 90.056, 180.593 and 117.614 ppm,
respectively?. Further, the 96 hrs LCs, values of technical
Imidacloprid (99.2% pure) and Admire (@ commercially
available formulated product) were reported as 65.43 and
17.44 ug/L for Hyalella azteca and 5.75 and 5.40 pg/L for
Chironomus tentans, respectively?'. It has been noticed that
Imidacloprid causes significant adverse effects on
invertebrates and may produce small effects on the
decomposition of organic matter in aquatic ecosystems if
exposed to >0.02 pug/L%. The LCs, value of Imidacloprid was
recorded as 227.33 mg/L in a common freshwater fish,
Pethia conchonius (Rosy barb) and reported higher DNA
damage and nuclear abnormalities than the control?.
Imidacloprid® treated (96 hrs) neotropical fish, Astyanax
altiparanae exhibits neurotoxic effects in muscle, oxidative
damage of lipids in the gills, muscle and increased
abnormalitiesin erythrocyte nucleus?. A significantly reduced
AChE and BChE enzyme activities in the muscle, brain and
serum has been reported in Labeo rohita when exposed to
one-third of LCs, concentration of both neonicotinoids
Imidacloprid (66.6 mg/L), clothianidin (30 mg/L) and its
combined formulation (range of 33.3+15 mg/L) for 42 days®.
The 96 hrs LCs, of Imidacloprid for Cyprinus carpio larvae was
foundtobe 1292.6 pug/L. Also, there are several malformations
in embryos and larvae of common carp have been noticed
due to exposure to 300 and 1000 ug/L of Imidacloprid®. It has
been observed that the nutritional quality of L. rohitamay be
adversely affected when exposed to sublethal concentration
of Imidacloprid (120 mg/L) for 64 days?’. There are changes in
the histology of liver and gill tissue and also oxidative stress
parameters along with lipid peroxidation (LPO) have been
noticed after exposure to 50 and 100 mg/L sub-lethal
concentrations of Imidacloprid in O. niloticus®. The LCs,
(48 hrs) for fertilized eggs of C. carpio was found to be
78 ppm?, an oxidative stress has been observed in freshwater
fish Australoheros facetus, exposed to environmentally
relevant concentrations (10-1000 pg/L) of Imidacloprid™.
A neurotoxic effect has been seen in rainbow trout after
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21 days exposure of Imidacloprid (5, 10 and 20 mg/L) due to
a decrease in AChE enzyme activity (relatively at high
concentration), increase in 8-OHdG activity and an oxidative
stress alteration®'. The 96 hrs LC;, value of Imidacloprid was
estimated to be 35.59 mg/L for Cnesterodon decemmaculatus
(Pisces: Poeciliidae) on acute exposure to environmentally
relevant concentrations and also increased in genetic damage
index (DNA damage) and activity of catalase has been
reported due to exposure of sublethal concentrations
(0.175,0.35 and 1 mg/L) of Imidacloprid for 96 hrs*. Further,
the LCs, values were analyzed in the ranges from 0.423 (24 hrs)
to 0.270 mL/L (96 hrs) during the study of acute toxicity
bioassay for Imidacloprid on zebrafish (Danio rerio)®.
The consequence of the current investigation in the context
of LCs, values is found to be concurring with the literature
cited by above mentioned authors. In the present work, the
safe or harmless and safe dischargeable concentrations of
Imidacloprid 70% WG to Clarias batrachus ranged from
78.893-146.596 and 1.033-1.076 ppm, respectively in both
water (Table 9), however these values were ranges between
21.948 to 56.079 ppm and 1.048 to 1.084 ppm for juveniles,
males, females and mixed population of Poecilia reticulata®.
Moreover, the approximate patterns of safe or harmless and
safe dischargeable concentrations of Imidacloprid 70% WG
withdrawn from the current investigation were also in
agreement with the various species of organophosphate
exposed fishes3+3,

Furthermore, the abnormal behavioral response in
Imidacloprid 70% WG treated Clarias batrachus such as erratic
swimming, restless movement, lack of coordination, jerky
movements, upside belly with whitish slimy substance
(after death) and reddish colour of gill were documented at
high concentration at low pH in both supply water and tube
well water in the current study. Whereas, different sublethal
concentrations (7.8, 15.6 and 23.4 ppm) of Imidacloprid
treated C carpio for 21 days illustrated abnormal behavior
like loss of equilibrium, restlessness, hyperactivity, erratic
swimming, jerky movements and reduced skin pigmentation?
which are also in accordance to literature cited by Wast et a/%.
It has been found that Imidacloprid exposure causes
significantly decreased swimming activity of zebrafish
(Danio rerio) larvae at both doses (45 or 60 uM) however, it
significantly decreased in novel tank swimming and enhanced
the sensorimotor response to scare stimuli at the low dose in
adolescent and adultzebrafish®”. The impaired visual behavior
(visual toxicity) in adult zebrafish (Danio rerio) was noticed
after exposure to Imidacloprid at 10 and 100 pg/L
concentration (for 21 days) due to disruption of opsin and
phototransduction genes®. Approximately, a more or less
similar behavioral response has beenrecorded in current work
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and was also corroborated with another organophosphate
exposed to different test fishes***'. It has been previously
reported by Clasen et a/** that contaminants can enter fishes
through the gills, skin and food through biomagnification
along the food chain in aquatic bodies. Human beings are
exposed to environmental contaminants (accumulated
pesticides) mostly through the consumption of fish*** and
chemically formulated pesticides are found to be harmful to
human health and the environment*# . Therefore, the use of
pesticides may exert severe adverse effects on fish bodies
which causes potential risks of health hazards to human
beings.

CONCLUSION

It has been concluded that the toxicity of Imidacloprid
70% WG s found to be higher at low pH and natural hardness
as compared to high pH and natural hardness in both water
and also Imidacloprid exposed fish exhibit abnormal
behavioral response. Moreover, awareness in the context of
the health condition of fish becomes very important, since
world most food is being supplied from fisheries sources,
which consequently affects human health. Further, it has been
recommended that users focus their attention on the
concentration of toxicants utilized in particular environments
since their toxicity significantly alters with selected
environmental variables.

SIGNIFICANCE STATEMENT

Awareness in the context of the health condition of fish
become very important since, world most food is being
supplied from fisheries sources, which ultimately affects
human health. Therefore, the study has been focused on
making people aware of the health hazards of fish and other
aquatic fauna, which are caused by to indiscriminate use of
Imidacloprid pesticides in the field. Since the toxicity of
Imidacloprid significantly alters with selected environmental
variables, therefore, it has been recommended to the
users of Imidacloprid that they should be aware while
using its environmentally safe concentrations to prevent
the deterioration of aquatic resources, particularly during
aquaculture.
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