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ABSTRACT

Imidacloprid, a neonicotinoid pesticide that was once thought to be a solution to environmental
pollution caused by previous pesticides like organophosphates and organochlorines has raised
global concern recently. The present study aimed at assessing the effect of Imidacloprid on the
behaviour of a commercially important fish species, Oreochromis niloticus. The study involved a 48

*Corresponding author: Email: honor.t.ifon@gmail.com;

Uttar Pradesh J. Zool., vol. 44, no. 1, pp. 15-21, 2023



Asuquo et al.; Uttar Pradesh J. Zool., vol. 44, no. 1, pp. 15-21, 2023; Article no.UPJOZ.1506

h sub-lethal toxicity test which was carried out with 0, 5, 10, 20, and 40 ppm of Imidacloprid.
Fingerlings of O. niloticus weighing between 18 and 32g were exposed to these concentrations in a
static bioassay with continuous aeration. Regular observation of the clinical signs revealed that fish
exposed to higher concentrations of Imidacloprid displayed behavioural abnormalities such as
erratic behaviour, respiratory stress, and irregular nervousness. The findings of this study revealed
that Imidacloprid is toxic and causes behavioural distress on O. niloticus fingerlings. Therefore,
there is urgent need for further studies to determine safe limit of Imidacloprid and other pesticides in
the environment. Unregulated disposal of toxic pesticides should be avoided, to ensure human

safety and environmental sustainability.

Keywords: Toxicity; freshwater habitat; neonicotinoid pesticide.

1. INTRODUCTION

The contamination of surface waters and
sediments by insecticides has been reported to
pose threat on the growth, reproduction and
survivability of aquatic organisms [1]. This can
ultimately affect fish recruitment and catch
thereby affecting fisheries and man that depends
on it for food. Apart from the reduction in
economic value of fish, elevated levels of
undesirable chemicals bio-accumulated in the
tissues of fish can pose danger on the health of
consumers [2].

Recently, there has been global increase in
mortality among fishes in various estuaries,
rivers, rivulets, streams, ponds and lakes [3].
This incidence may be reduced through the
application of pesticides screening measures that
are both effective and efficient. Such screening
will allow knowledge of the toxic potentials of
different pesticides. The strict use of only those
pesticides with minimal toxicity to fish and
humans could help reduce the danger of
pesticide contamination. However, there is
paucity of information on the safe as well as
tolerance levels of fish to pesticides. This often
neglected area would have helped in providing
information on the effects of different pesticides
on fish physiology.

Imidacloprid is a neonicotinoid pesticide widely
used for the control of insect pests of crops.
Although it is very toxic to insects, its effects on
non-target organisms including fish have been
reported to be minimal [4]. However, since no
exposure of humans to Imidacloprid has been
reported and the severity of effect on fishes was
assumed by Lohstroh [4] to be species specific,
there is need to determine the effects of the
insecticide on different species of fish.

Oreochromis niloticus (Nile Tilapia) is an
important aquaculture species and commercially
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important staple freshwater fish generally
captured in rivers, ponds, canals and lakes. It is
found widespread in many tropical countries
including Nigeria [5]. As important food fish, it is
pertinent to assess its behavioural response
when exposed to chemical substances.
Behavioural changes in fishes are the first and
most affective indicators of water quality problem
[6]. As such, they are considered as first basic
parameter in preliminary bio-monitoring.

There have been several reports on the display
of behavioural abnormalities among shell- and
fin-fishes due to pesticide and herbicide toxicities
as well as other environmental stressors [6,7].
Exposures to toxic chemicals can alter
physiological functions, resulting in disruption in
behavioural patterns of victims. Many such
chemicals can cause damaging effects on the
brain, seizures, and death of target organisms
[8]. The objective of this study was therefore to
evaluate the effect of different concentrations of
Imidacloprid on the behaviour of a commercially
important fish species, O. niloticus. The study
defines safe limit of Imidacloprid as the
concentrations with which fish exhibit normal
behaviour.

2. MATERIALS AND METHODS

Fig. 1 is the flow chart of how the testing process
was carried out. The test pesticide, Imidacloprid
was obtained from a local stall in Calabar, Cross
River State, Nigeria. The choice of this pesticide
was due to its wide patronage in Nigeria after
many previous pesticides like organophosphates
and organochlorines were reported to be toxic to
target and non-target organisms.

Fingerlings of O. niloticus which ranged in weight
between 18 and 32g were obtained from the
University of Calabar Fish Farm, Cross River
State, Nigeria in the morning and transferred
alive to the laboratory. In the laboratory, the fish
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specimens were acclimatized for 7 days in a 300
L tank made of fiberglass. Continuous aeration of
the fiberglass tank and daily feeding of the
specimens with Coppens feed was ensured
throughout the acclimatization period.

Before the end of this period, a range finding test
(RFT) was conducted to determine the range of
concentration of the test pesticide [9]. The
preliminary test took place for 24 h when the test
organisms were exposed to several dilutions of
Imidacloprid concentrations (5, 10, 15, 20, 25,
30, 35, 40, 45, 50 ppm). The RFT revealed a
range between 5 and 40 which was used for the
sub-lethal test.

After acclimatization, healthy fish specimens
were randomly selected for the static bioassay.

Twenty-four hours (24 h) prior to and during the
bioassay, specimens were starved to ensure that
food constituents do not inflate the end-results
[10]. The sub-lethal test conducted on
the test organisms was done in accordance
with the Organization for Economic Co-operation
and Development Guideline Test No. 203
[11].

Static bioassay with continuous aeration lasted
for 48 h as provided in the standard procedure of
APHA [12]. One hundred milliliter (100 mL) of
Imidacloprid was made to dissolve in 900 ml
distilled water to form 1000 ml stock solution.
The stock solution was therefore diluted to
different concentrations such as 5ppm, 10ppm,
20ppm and 40ppm following the formula C1V1=
C2v2 [13].

Collection of Imidacloprid and
Oreochromis niloticus fingerlings

y

Acclimatization

niloticus fingerlings in fiberglass tank

of Oreochromis

A

y

Range finding test

A

y

experiment

Static bioassay and control

Behavioural response of O. niloticus to
different concentrations of Imidacloprid

Fig. 1. Flow chart showing the testing process
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The concentrations and a control (freshwater
only) were arranged in triplicates per
concentration. The derived concentrations were
carefully poured into 25 L of freshwater in each
of the test aquaria and made to homogenize by
gently stirring with a clean glass rod. The study
adopted a completely randomized design with
stocking density of 5 fish specimens per 50 L of
freshwater.

The laboratory was maintained with 12 h of light
as well as 12 h of darkness to mimic normal day
and night by nature. Basic room and water
quality variables such as temperature, pH, and
total hardness were monitored daily till the end of
the experiment. Surface water temperature was
measured using thermometer, pH with pH meter,
while total hardness was measured following the
method described by APHA [12].

Fish were observed regularly for behavioural
changes in the different concentrations of
Imidacloprid and the control. Each clinical sign
exhibited by the test organisms were classified
according to Hassan et al. [13] and Norhan et al.
[6]. The flow chart showing the summary of the
testing process is depicted in Fig. 1.

3. RESULTS AND DISCUSSIONS

The results of the physicochemical test for water
quality during the bioassay are presented in
Table 1. The study revealed that there was no
significant difference (P>0.05) in all the tested
physicochemical variables between control and
treatments. Although the present study showed
no significant difference in levels of temperature,
pH and total hardness, mean values were higher
in treated group than control. Also, other water

quality parameters not observed in the present
study may be responsible for observed
behavioural abnormality in O. niloticus exposed
to Imidacloprid.

Fish and other animals are exposed to
contaminated water through three main routes
including skin, gills and mouth. The aquatic
environment in Nigeria and other tropical
countries of the world is constantly faced with
incessant pollution due to uncontrolled use of
pesticides. Agricultural runoff aggravates the
burden of contaminants in coastal areas leading
to fish kills and poisoning to man and other
higher trophic level organisms that depend on
fish for food [14]. Although exposure to
contaminated substances like Imidacloprid may
not cause instant fish kills, behavioural
distressed and reproductive abnormality are
likely to be observed. This can impact negatively
on survivability and fish recruitment thereby
affecting fisheries and the economy of the
coastal communities [15].

Table 2 is a record of the distressed behaviour of
O. niloticus exposed to different concentration of
Imidacloprid within 96 h. The distressed
behaviour was observed to increase with
increased concentration of the Imidacloprid. The
agitated behaviour that was recorded during the
48 h of experiment was aggression, stunned
posture, erratic swimming and regular movement
from surface to bottom of the aquaria. At higher
concentration 20 ppm, O. niloticus showed more
movement from surface to bottoms, and
moderate changes in erratic swimming. The fish
appeared weak in stunned position and generally
exhibited weak distressed behaviour at the
highest concentration.

Table 1. Ranges of physicochemical variables during the bioassay on the toxicity of
Imidacloprid to test organisms

Variables Control Imidacloprid
Temperature (°C) 27.8-28.2 27.8-29.2
pH 8.2-8.7 84-9.1
Total hardness (ppm) 200 — 233 219 — 255

Table 2. Distressed behaviour of O. niloticus subjected to Imidacloprid within 48 h

Clinical signs

Imidacloprid concentration (ppm)

0 5 10 20 40
Aggressiveness - - +++ ++ +
Erratic swimming - - + ++ +
Stunned position - - - - +
Frequent surface to bottom movement - + ++ +++ +

None (-), Weak (+), Moderate (++), Strong (+++)
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Table 3. Respiratory stress of O. niloticus subjected to Imidacloprid within 48 h

Clinical signs

Imidacloprid concentration (ppm)

0 5 10 20 40
Rapid opercula movement - + ++ ++ +++
Air gulping - - + ++ -
Ventral position with snout exposed - ++ +++ +++ +++
Secretion of mucus - - ++ o+ 4+

None (-), Weak (+), Moderate (++), Strong (+++)

Table 4. Abnormal nervous behaviour of O. niloticus subjected to Imidacloprid within 48 h

Clinical signs

Imidacloprid concentration (ppm)

0 5 10 20 40
Slow and twirling movement - - ++ ++ T+
Motionlessness - - + ++ F++
Sudden darting - ++ +++ 4+ +++
Found in different positions at a time - - ++ +++ +++
Moribund condition - - - + +4

Death

These distressed behaviours exhibited by O.
niloticus could be as a result of coordination
imbalance as fish responded to Imidacloprid
toxicity. The erratic swimming and irregular
surface to bottom movement could be prompted
by bioaccumulation of toxic substances in the
synaptic muscle and neuromuscular junction with
attendant failure in proper coordination of the
muscles [16].

Table 3 shows changes in respiratory behaviour
of O. niloticus at different concentrations of
Imidacloprid. The abnormal respiratory behaviour
increased as the concentration of Imidacloprid
increased. At concentration level of 5 ppm and
above, O. niloticus began to show mild to strong
changes in respiratory behaviour such as
frequent opercula movement, air gulping, ventral
position with snout exposed and secretion of
excess mucus. Air gulping by O. niloticus could
have been a tactic to avoid breathing in the
contaminated water. The mucus film observed on
the gill of the test fish could act as a barrier to
further entry of the toxicant into the fish.
Similarly, mucus secretion all over the body of
the fish could reduce the amount of toxicant
contacting the skin of the fish [17].

Table 4 gives an account of nervous behaviour of
the test organism. The fish samples were
observed to show sudden darting behaviour in 5
ppm and began to show slow and twirling
movement as the concentration of Imidacloprid
increased. Other behaviourial changes such as
motionlessness and moribund condition were

None (-), Weak (+), Moderate (++), Strong (+++)
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observed in highest concentrations. There was
no record of fish death in all concentrations of
Imidacloprid throughout the study. The control
experiment did not show any unusual behaviour
from the test organisms.

The cause for the abnormal nervous behaviour of
fish exposed to toxicant could be as a result of
nervous and muscular discoordination triggered
by the bioaccumulation of chemical substances
from Imidacloprid in nerves and muscles of fish
[18]. The slow and twirling movement as well as
sudden darting behaviour could be as a result of
the chemical imbalance of the aquaria water. The
moribund condition of the fish could be due to
undue stress imposed by the toxicant on the test
organisms.

Mortality was not observed throughout the 48h
exposure period. This could be because the
Imidacloprid concentrations used in the present
study did not reach the lethal dosage. This may
be an indication of low effect of toxicant on the
fish. Another reason could be that the liver of the
exposed fish was able to detoxify and excrete the
toxicant from the body [19]. At lethal dosage, the
toxicant can disrupt the detoxification potency of
the liver with attendant death of the exposed fish.
However, the toxicant residue in the sublethal
condition could not interrupt the normal
physiological function of the fish, thereby unable
to cause death [6].

4. CONCLUSIONS

The study revealed that O. niloticus exposed to
concentrations of Imidacloprid between 10 and
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40 ppm exhibited different  behavioural
abnormalities. The clinical signs ranged from
restlessness to moribund condition as the
concentration increased. There is therefore need
for further investigation on the safe limit of
Imidacloprid in the environment. Proper disposal
of the pesticide without impairing the aquatic
environment and compromising human safety is
advised.

ETHICAL APPROVAL

We hereby declare that "Guide for the Care and
Use of Laboratory Animals” (US National
Research Council Committee 8th edition) were
followed, as well as national laws where
applicable. All experiments have been examined
and approved by appropriate committee on
animal use and care.

ACKNOWLEDGEMENTS

We are grateful to the lab technologists at the
Institute of Oceanography, University of Calabar,
Nigeria for their assistance in the experimental
set-up.

COMPETING INTERESTS

We declare that there is no competing interest in
terms of finance or social relationships or
whatever that could bias this research.

REFERENCES

1. Maurya PK, Malik DS, Sharma AK.
Impacts of pesticide application on aquatic

environments and fish diversity. In:
Contaminants in Agriculture and
Environment: Health Risks and

Remediation. 2019;111-128.
2. Kim J, Yu Y, Choi J. Toxic effects on
bioaccumulation, hematological

parameters, oxidative stress, immune
responses and neurotoxicity in fish
exposed to microplastics: A review.

Journal of Hazardous Materials, 2021;413.
DOl:https://doi.org/10.1016/j.jhazmat.2021.
125423

3. Amoatey P, Baawain MS. Effects of
pollution on freshwater aquatic organisms.
Water Environmental Research. 2019;91
(10):1272-1287.

4. Lohstroh P. Updated risks from human
exposure to imidacloprid residues in well
water. Department of Pesticide Regulation.
2021;1 - 11.

20

10.

11.

12.

Froese R, Pauly D eds. Oreochromis
niloticus niloticus (Linnaeus, 1758). In:
FishBase. March 2022 version. Accessed
through: World Register of Marine
Species.
Available:https://www.marinespecies.org/a
phia.php?p=taxdetails&id=279200 on
2022-03-08

Norhan NAS, Karim NU, Daud HM, Melad
AAN, Zakariah MI, Hassan M. Behavioural
effects of Anabas testudineus (Bloch 1792)
towards sublethal paraquat exposure.
International  Journal of  Advanced
Research. 2019;7(11):1-7.

Liu, W, Qiu H, Yan Y, Xie X. Acute Cd
toxicity, metal accumulation, and ion loss
in southern catfish (Silurus meridionalis
Chen). Toxics. 2021;9(9):202.
DOl:https://doi.org/10.3390/toxics9090202
Balali-Mood M, Naseri K, Tahergorabi Z,
Khazdair MR, Sadeghi M. Toxic
mechanisms of five heavy metals:
mercury, lead, chromium, cadmium, and
arsenic. Frontiers in Pharmacology; 2021.
DOl:https://doi.org/10.3389/fphar.2021.643
972.

Florida Department of Environmental
Protection. Methods for Measuring the
Acute Toxicity of Effluents and Receiving
Waters to Freshwater and Marine
Organisms, Fifth Edition; 2021.
Available:https://floridadep.gov/water/dom
estic-wastewater/documents/methods-
measuring-acute-toxicity-effluents-and-
receiving-waters.

Georgieva E, Yancheva V, Stoyanova S,
Velcheva |, lliev |, Vasileva T, Bivolarski V,
Petkova E, Laszl6 B, Nyeste K, Antai, L.
Which Is More Toxic? Evaluation of the
Short-Term Toxic Effects of Chlorpyrifos
and Cypermethrin on Selected Biomarkers
in Common Carp (Cyprinus carpio,
Linnaeus 1758), Toxics, 2021;9(6):125.
DOI: https://doi.org/10.3390/toxics9060125
Organization for Economic Co-operation
and Development (OECD). Test No. 203:
Fish, Acute Toxicity Test, OECD
Guidelines for the Testing of Chemicals,
Section 2, OECD Publishing, Paris; 2019.
DOl:https://doi.org/10.1787/978926406996
1-en.

Baird RB, Eaton AD, Rice EW. Standard
methods for examination of water and
wastewater. American Public Health
Association (APHA), 23" ed., Washington
D.C. 2021;2671.


https://doi.org/10.1016/j.jhazmat.2021.125423
https://doi.org/10.1016/j.jhazmat.2021.125423
https://doi.org/10.3390/toxics9090202
https://floridadep.gov/water/domestic-wastewater/documents/methods-measuring-acute-toxicity-effluents-and-receiving-waters
https://floridadep.gov/water/domestic-wastewater/documents/methods-measuring-acute-toxicity-effluents-and-receiving-waters
https://floridadep.gov/water/domestic-wastewater/documents/methods-measuring-acute-toxicity-effluents-and-receiving-waters
https://floridadep.gov/water/domestic-wastewater/documents/methods-measuring-acute-toxicity-effluents-and-receiving-waters
https://doi.org/10.1787/9789264069961-en
https://doi.org/10.1787/9789264069961-en

13.

14.

15.

16.

Asuquo et al.; Uttar Pradesh J. Zool., vol. 44, no. 1, pp. 15-21, 2023; Article no.UPJOZ.1506

llyas ZM. Stock solution and preparation of
standards solutions (An easy and basic
way for preparation); 2020.
Available:https://www.researchgate.net/pu
blication/338478344

Nassar SA, Hassan AGA, Badran MF,
Abdel-Rahim MM. Effects of salinity level
on growth performance, feed utilization,
and chromatic deformity of the hybrid Red
tilapia, Oreochromis niloticus x O.
mossambicus. Egyptian Journal of Aquatic
Biology & Fisheries. 2021;25(2):49-61.
Petriki O, Patsia A, Vafeiadou A, Tekidis I,
Michalopoulou P, Samartzi S, Mallinis D,
Bobori DC. Tracking the causes of a mass
fish kill at a mediterranean river within a
protected area. Water, 2021;13:989.
DOl:https://doi.org/10.3390/w13070989
Jacquin L, Petitiean Q, Cote J, Laffaille P,
Jean S. Effects of Pollution on Fish
Behavior, Personality, and Cognition:
Some Research Perspectives. Frontiers in
Ecology and Evolution. 2020;8:86.

DOI: 10.3389/fev0.2020.00086.

17.

18.

19.

Kumar V, Swain HS, Das BK, Roy S,
Upadhyay A, Ramteke MH, Kole RK,
Banerjee H. Assessment of the effect of
sub-lethal acute toxicity of Emamectin
benzoate in Labeo rohita using multiple
biomarker approach. Toxicology Reports.
2022;9:102-110.

Nayak S, Patnaik L. Acetylcholinesterase,
as a potential biomarker of naphthalene
toxicity in different tissues of freshwater
teleost, Anabas testudineus. Journal of
Environmental Engineering and
Landscape Management. 2021;29(4):403—
409.

Kaloyianni M, Bobori DC, Xanthopoulou D,
Malioufa G, Sampsonidis |, Kalogiannis S,
Feidantsis K, Kastrinaki G, Dimitriadi A,
Koumoundouros G, Lambropoulou DA,
Kyzas GZ, Bikiaris DN. Toxicity and
functional tissue responses of two
freshwater fish  after exposure to
polystyrene microplastics. Toxics. 2021;
9:289.

© Copyright MB International Media and Publishing House. All rights reserved.

21


https://www.researchgate.net/publication/338478344
https://www.researchgate.net/publication/338478344

