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ABSTRACT
This study was conducted to investigate the physico-chemical effect of imidacloprid
(Imidacloprid 200G /L SL exposure on Clariasgariepinus juveniles.

Four (4) weeks old C. gariepinus juveniles werepurchased at the Department of Fisheries,
Faculty of Agriculture, University of Benin. The experimental fishes were kept and used for
twenty-eight (28) days in a static renewal bioassay. At the end of the 28 days exposure, juvenile
samples were prepared for physico-chemical parameters using standard procedures. This study
investigated the effects of imidacloprid on Clariasgariepinus and examined Albumin function in
the liver and muscle. Albumin constitutes a major part of the proteins in the body. Functions of
albumin includes distribution of extra cellular fluid, regulation of osmotic pressure ,acts as
transport agent for hormones,lipids and vitamins. Increased levels are found in dehydration and
decreased levels are found in liver disease, malnutrition and kidney disorders. Standard
physicochemical analyses of the experimental water yielded the following parameters:
temperature 28 °C, pH 5.74, electrical conductivity 32 pS/cm, total dissolved solids 16 mg/L,
turbidity 2 NTU, dissolved oxygen 6.6 mg/L, biological oxygen demand 2.7 mg/L, hardness
18 mg/L, alkalinity 8 mg/L, and chloride 14.12 mg/L.

Fish were exposed to imidacloprid at three concentrations—5 pg/L (Concentration A), 10 pg/L
(Concentration B), and 15 pg/L (Concentration C)—with an unexposed group serving as the
control (Concentration D). These results suggest that imidacloprid exposure led to changes in

albumin levels. At lower concentrations imidacloprid may affect albumin synthesis and at higher

concentrations there was a significant increase in albumin levels. Increase in Clariasgariepinus,
potentially serving as a protective mechanism against pesticide-induced oxidative damage. The
research work shows the importance of antioxidant responses in aquatic environments on their
exposure to neonicotinoid pesticides and teaches the management of contaminated aquatic
systems



CHAPTER ONE

INTRODUCTION

Background to the study
Fishes are aquatic vertebrates with gills and limbs in the shape of fins(Peter Nelson 1994),

Fishes are poikilothermic ,aquatic chordates with appendages (when present)developed as fins
,whose chief respiratory organs are gills and whose body is usually covered with scales(Tim
Berra 1981).

The African catfish ,Clarias gariepinus is a freshwater fish species in the family Claridae
and belongs to the order Siluriformes (Nnatuanya et al .,2023).

Central and Western African countries began farming Clarias gariepinus in early
1970s(Temitope,2017).

The African sharptooth catfish ,Clarias gariepinus ,is in many senses a remarkable beast
considering its phenomenal natural distribution ,Clarias gariepinus is an extremely hardy and
adaptable animal efficiently able to exploit a variety of both animal and protein under diverse
conditions. It is one of the most promising fish species for developing an aquaculture industry in
Africa (Ali et al ., 2005).

There is a massive aggregation of catfish before spawning amd courtship is preceeded by
aggressive encounters between males.

Mating takes places between isolated pairs in shallow water among indundated or semiterrestrial
aquatic grasses and sedges.

There is no parental protection of the young as found in many other catfish families.

Egg and larval development is rapid and the larvae is capable of swimming strongly within
48hours of fertilization. The larvae are secretive and feed on small invertebrates which are
abundant in the shallow inshore areas which they inhabit.

1.2 Justification of Study

The neonicotinoid imidacloprid is under revaluation by regulatory agencies because of the poor
current information available regarding its potential effects.One of the goals was to determine
imidacloprid uptake and distribution in the Clarias gariepinus fish.

The pollution of water by pesticides directly or indirectly can lead to the death of fish and an
increase in undesired substances in healthy fishes.
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This can negatively impact human health through consumption(Olatoyebet al .,2021).

1.3 Aims and Objectives
The aim of this study was to determine the biochemical reaction of Clarias gariepinus after
exposure to imidacloprid.

The specific objectives were to;

1. Evaluate the Albumin level in the muscle of C.gariepinus juveniles after
exposure to imidacloprid.
2. Evaluate the Albumin level in the liver of C.gariepinus juveniles after exposure to
imidacloprid.



CHAPTER 2

LITERATURE REVIEW

2.1 The role of Clarias gariepinus in the Ecosystem
The morphological and behavioural adaptations for feeding in Clarias gariepinus shows how it is
well equipped to feed on a wide variety of food items.

An important aspect of their success as predators is their ability to switch from one prey to
another.

They are need to dampen fluctuation in prey abundance and to restrict the distribution of prey
under certain conditions.

2.2 The Effect of Water Pollution on Aquatic organisms

Imidacloprid is a systemic insecticide that belongs to the neoncotinoid class of chemicals that
act on the central nervous system of insects .It is used to prevent and control sucking and
chewing insect and as a result end up in aquatic environments via runoffs and
discharges.Although its effects have been known to have serious implications ,they deserve more
attention.

(Nosakhare et al.,2023)

2.2 The Effect of Water Pollution on Aquatic organisms

The neonicotinoids are one of the most widely used insecticides in the world .DNA damage is
considered an early biological effect which could lead to reproductive and carcinogenic effects
.These results show that short term exposures to environmentally relevant concentrations of IMI
could affect the integrity of fishes through oxidative damage.[Castillo et a/ 1977]

To avoid the deleterious toxic impacts of IMI this pesticide use should be stopped
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Test Chemicals

Liquid Imidacloprid ,Imiforce (manufactured by Jiangsu Noon Crop Science Co.LTD ,North of
North Xuija fast track Xuzhou industrial park ,Jiangsu ,China ) with Imidacloprid 200G/L SL as
the active ingredient ,was purchased from the market place.

3.2 Experimental design and treatment

A batch of 400 eight week old Clarias gariepinus juveniles were purchased from Otaniyen
farm,lkpoba hill and taken care of at the Department of Animal and Environmental Biology .
After being acclimatized fifteen juvenile fish were distributed to each tank and half filled with
15L of water, the fishes had an average weight of 5.29g and average standard length of 8.24cm.
They were fed 2mm of commercial fish feed from Blue crown (Olam Group) twice a day at an
eight hour interval and their water was changed every two days.

The fishes were exposed to three concentrations (5,10 and 15g/L ) of Imidacloprid the tanks
were labeled IMI1(A,B,C), IMI2(A,B,C), IMI3(A,B,C) respectively and control(0.0g/L) in a
bioassay procedure for a period of twenty eight days /four weeks. At the end of the twenty eight
day period the brain,muscle and tissues were harvested from all tanks including control and
taken to the laboratory for analysis,

3.3 Extraction of tissue samples

At the end of the twenty eight days period fish specimens from the treatments and control tanks
were dissected using a dissecting kit and then the brain, liver and muscle were deposited in an ice
chest after collection. After which they were taken to the laboratory for analysis.

3.4 Biochemical analysis
For this analysis samples were collected from each of the tanks from treatment and control tanks
alike at the end of the exposure period.

3.4.1 Albumin
Albumin which creates the colloid osmotic pressure blood plasma and is involved in lipid
transport and other functions.
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It is a functional protein that is highly beneficial for human health and vertebrates health
especially in healing as it accelerates recovery .

Albumin the major serum protein binds a wide variety of lipophilic hormones and several
xenobiotics that bind to receptors for steroids and other hormones.

It protects animals from endocrine inhibition caused by xenobiotics



CHAPTER FOUR

RESULT

Table 4.1: Physico-chemical parameters
PARAMETER UNITS BOREHOLE
Ph 5.74
Conductivity pS/cm 32
TDS mg// 16
Turbidity NTU 2
Dissolved Oxygen mg/L 6.6
B.O.D mg/L 2.7
Hardness mg/L 18
Alkalinity mg/L 8e
Chloride mg/L 14.12
Temperature °C 28




Table 4.2: Result of Albumin

So/No Name on
Bottle
Liver Sample Albumin Muscle Albumin
Result (g/1) Sample Results (g/1)
1 I1A1 13.97 IA1 4.65
2 1A2 5.10 1A2 6.92
3 IB1 4.84 IB1 7.10
4 IB2 11.0 IB3 5.6
5 IC1 3.9 IC1 5.12
6 IC3 3.1 IC2 4.07
7 D2 5.47 D1 3.29
8 D3 6.4 D3 4.13




4.1Imidacloprid concentrations on exposure to prolactin (Table 4.1)

The mean Prolactin concentration was 2.63 = 0.315 ng/ml, with values ranging from 2.22 to 3.171
ng/ml. The coefficient of variation (CV% = 11.98%) suggests a moderate level of variation in
Prolactin levels across samples. The p-value (p < 0.05) indicates that the differences in Prolactin
levels between groups are statistically significant, suggesting that the experimental conditions had

an impact on Prolactin concentration.

The mean FSH concentration was 3.872 + 0.152 mIU/ml, with values ranging from 3.67 to 4.086
mlU/ml. The coefficient of variation (CV% = 3.93%) is relatively low, indicating that FSH levels
were more consistent across the samples. The p-value (p < 0.05) confirms that the observed
differences in FSH levels are statistically significant, implying that the experimental treatment

influenced FSH concentration.

Liver Albumin had a mean concentration of 6.723 + 3.775 g/L, with a wide range from 3.10 to
13.97 g/L. The coefficient of variation (CV% = 56.15%) is quite high, indicating substantial
variability in Liver Albumin levels among the samples. The significant p-value (p < 0.05) suggests
that the differences observed are statistically meaningful, showing that the treatment had a

significant effect on Liver Albumin concentration.

Muscle Albumin had a mean concentration of 5.110 + 1.365 g/L., with values ranging from 3.29

to 7.10 g/L. The coefficient of variation (CV% = 26.71%) is moderate, showing some variability

in Muscle Albumin levels across the samples. The p-value (p < 0.05) indicates that the differences



in Muscle Albumin levels are statistically significant, suggesting that the treatment influenced the

protein content in muscle tissue.
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Table 4.3: Imidacloprid concentrations on exposure to prolactin

Parameter Mean +SD Cv% P-value
(Min-Max)
Prolactin (ng/ml) 2.63+0.315 11.98% p<0.05
(2.22-
3.171)
FSH (mlu/ml)  3.872+0.152 3.93% p<0.05
(3.67-4.086)
Liver Albumin  6.723£3.775  56.15% p<0.05
(g/) (3.10-13.97)
Muscle Albumin  5.110+1.365 26.71% p<0.05
(g (3.29-7.10)

11
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Fig 4.1: Effect of Imidacloprid on Prolactin, FSH, and Albumin Levels
in C. gariepinus
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ANOVA

Source of
Variation SS Df MS F P-value F crit
Between 73.3968 24.4656 6.02708 0.00266 2.94668
Groups 6 3 2 3 4 5
Within 113.659
Groups 8 28 4.05928

187.056
Total 7 31

Since p < 0.05, there is a statistically significant difference among the four groups (Prolactin,
FSH, Liver Albumin, and Muscle Albumin).

This suggests that at least one of the parameters differs significantly from the others.
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4.2 Percentage change in albumin level (Table 4.3)

Control Group: The albumin concentration in the control group was 5.935 g/dL, serving as
the baseline for comparison.

IA (Highest Concentration): The albumin level increased significantly to 9.535 g/dL,
representing a 60.66% increase compared to the control. This suggests that imidacloprid at
this concentration may stimulate albumin production, possibly as a physiological response
to stress or toxicity.

IB (Moderate Concentration): A rise in albumin levels was also observed in this group,
reaching 7.92 g/dL, which corresponds to a 33.45% increase relative to the control. This
indicates a dose-dependent response, though the increase is lower than that observed in IA.
IC (Lowest Concentration): Unlike the previous groups, albumin levels dropped
significantly to 3.50 g/dL, reflecting a 41.03% decrease. This suggests that at this exposure

level, imidacloprid may be suppressing albumin synthesis,

14



possibly due to liver dysfunction or stress-related metabolic disruption.
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Table 4.2 Percentage change in albumin level

Parameter ALBUMIN % CHANGE

CONTROL 5.935 -
IA 9.535 60.66
IB 7.92 33.45
IC 3.50 -41.03
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4.3 Toxicity- induced albumin reduction factor (Table 4.3)

e Control Group: Albumin level was 5.935 g/dL, serving as the baseline for comparison.
Since there was no imidacloprid exposure, TIARF is not applicable ("-").

e IA (Highest Concentration): The albumin level increased to 9.535 g/dL, and the TIARF
value was 0.62. A TIARF value below 1 indicates that albumin levels rose rather than
decreased, suggesting that at this high concentration, imidacloprid might be triggering an
acute stress response leading to albumin overproduction.

e IB (Moderate Concentration): The albumin concentration was 7.92 g/dL, with a TIARF of
0.75. This is also below 1, meaning that although there was an increase in albumin, the
effect was less pronounced compared to [A. This suggests that at this lower concentration,
imidacloprid negatively affects albumin synthesis, possibly due to liver damage or
metabolic suppression

e [C (Lowest Concentration): Albumin dropped to 3.50 g/dL, with a TIARF of 1.70. Since

this value is greater than 1, it indicates a toxicity-induced reduction

Table 4.3 Toxicity- induced albumin reduction factor

Parameter ALBUMIN TIARF
CONTROL 5.935 -
T1A 9.535 0.62
IB 7.92 0.75
IC 3.50 1.70

17
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4.4Liver-to-Muscle Albumin Ratio (LMAR) (Table 4.4)

In IA (highest imidacloprid concentration), the liver albumin was 9.535 g/dL, and muscle albumin
was 5.785 g/dL, resulting in an LM AR of 1.65. This indicates that albumin synthesis and retention
in the liver were elevated, likely as a response to high exposure levels. In IB (moderate
concentration), liver albumin was 7.92 g/dL, and muscle albumin was 6.35 g/dL, with an LMAR
of 1.25, showing a decline compared to IA but still reflecting a predominance of albumin in the
liver. However, in IC (lowest concentration), liver albumin dropped to 3.50 g/dL, while muscle
albumin was 4.6 g/dL, leading to an LMAR of 0.76, indicating a reversal where albumin levels in

muscle exceeded those in the liver.

Parameter LIVER/MUSCLE LMAR
ALBUMIN
T1A 9.535/5.785 1.65
IB 7.92/6.35 1.25
IC 3.50/4.6 0.76

19



LMAR

18 1.65
16

14 1.25
12

0.76 -
08 Total

Frequence

0.6
0.4

0.2

4.5 Different concentrations of Toxicants (TRC) (Table 4.5)
In the control group, the albumin level was 5.935 g/dL, serving as the baseline with no TRC value

assigned. In TA (highest imidacloprid concentration), albumin increased to 9.535 g/dL, resulting
in a TRC of -60.66, indicating a substantial rise in albumin levels, possibly as a compensatory

response to stress or toxicity. IB (moderate concentration) also showed an increase in albumin to

20



7.92 g/dL, with a TRC of -33.45, suggesting a similar but less pronounced effect. However, in IC
(lowest concentration), albumin dropped significantly to 3.50 g/dL, with a TRC of 41.03,

indicating a toxicity-induced reduction.

Toxicity Response Coefficient (TRC)
60

40

zo -
0 — (E— —

20 | na- IC

-40

-60

-80

EALBUMIN =TRC

Parameter ALBUMIN TRC
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CONTROL 5.935 -
IA 9.535 -60.66
IB 7.92 -33.45
IC 3.50 41.03

Table 4.5: Different concentrations of Toxicants (TRC)
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CHAPTER 5
DISCUSSION

Albumin which is synthesized in the liver constitutes a major part of the proteins in the body.
Functions of albumin includes distribution of extra cellular fluid, regulation of osmotic pressure
acts as transport agent for hormones,lipids and vitamins. Increased levels are found in dehydration
and decreased levels are found in liver disease,malnutrition and kidney disorders. The results of
this study demonstrate the effects of imidacloprid on liver albumin, and muscle albumin levels.

The data revealed significant differences in these parameters among the treatment groups.

5.1 Effects of Imidacloprid on Liver Albumin and Muscle Albumin

Liver albumin had a mean concentration of 6.723 + 3.775 g/L, with a high coefficient of variation
(CV% = 56.15%) indicating substantial variability among samples. The significant p-value (p <

0.05) suggests that the differences observed are statistically meaningful.

Muscle albumin had a mean concentration of 5.110 + 1.365 g/L, with a moderate coefficient of
variation (CV% = 26.71%). The significant p-value (p < 0.05) indicates that the differences in

muscle albumin levels are statistically significant.

5.2 Biochemical assessments

5.2.1 Percentage Change in Albumin Level

The results show that imidacloprid exposure led to significant changes in albumin levels. The

control group had an albumin concentration of 5.935 g/dL. In contrast, the IA group (highest

23



concentration) showed a significant increase in albumin levels to 9.535 g/dL, representing a

60.66% increase.

The IB group (moderate concentration) also showed an increase in albumin levels to 7.92 g/dL,
corresponding to a 33.45% increase. However, the IC group (lowest concentration) showed a

significant decrease in albumin levels to 3.50 g/dL, reflecting a 41.03% decrease.

5.2.2 Toxicity-Induced Albumin Reduction Factor (TIARF)

The TIARF values indicate the extent of albumin reduction due to imidacloprid toxicity. The
control group had a TIARF value of "-", indicating no exposure to imidacloprid.

The A group had a TIARF value of 0.62, indicating that albumin levels increased rather than
decreased. The IB group had a TIARF value of 0.75, also indicating an increase in albumin levels.

In contrast, the IC group had a TIARF value of 1.70, indicating a toxicity-induced reduction in
albumin levels. This suggests that at lower concentrations, imidacloprid may negatively affect
albumin synthesis, possibly due to liver damage or metabolic suppression.

5.3 Recommendations
Wastes from imidacloprid should be disposed properly or dropped off in a landfill approved for

pesticide disposal or according to the Federal Governments rules.

5.4 Conclusion
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Studies have shown that exposure to imidacloprid can Imidacloprid can impact the physiological
processes in Clariasgariepinus. it may affect their respiratory function, leading to decreased
oxygen, bioaccumulation of imidacloprid in the tissues of Clariasgariepinus. This means that if
these fish are consumed by predators or humans, the chemical could accumulate in higher
concentrations, posing health risks. Also the runoff of imidacloprid into aquatic ecosystems can
lead to harmful impacts, affectingClariasgariepinus and other aquatic organisms thereby
diminishing the ecosystem.In conclusion, imidacloprid poses significant risks to
Clariasgariepinus, affecting their behavior, physiology, and survival. Understanding these impacts

is needed for the future of aquatic ecosystems and practicing safe use of pesticides in agriculture.

25



REFERENCES
Adelakun, K., Mustapha, M., Patrick, R., & Mohammed, N. (2017). Seasonal variation in
nutritional quality of catfish (Clariasgariepinus) from Upper Jebba Basin, Nigeria.
*Journal of Nutrition & Food Sciences, 07*. doi:10.4172/2155-9600.1000622.

Alak, G., Ucar, A., CilingirYeltekin, A., Parlak, V., Nardemir, G., Kizilkaya, M., ... &Yanik, T.
(2019). Neurophysiological responses in the brain tissues of rainbow trout
(Oncorhynchus mykiss) treated with bio-pesticide. *Drug and Chemical Toxicology,
42%(2), 203-209.

Bruton, M. N. (1979). The breeding biology and early development of Clarias gariepinus (Pisces:
Clariidae) in Lake Sibaya, South Africa, with a review of breeding in species of the
subgenus Clarias (Clarias). The Transactions of the Zoological Society of London, 35(1),
1-45.

Castillo, L. E., De La Cruz, E., &Ruepert, C. (1997). Annual review: Ecotoxicology and
pesticides in tropical aquatic ecosystems of Central America. *Environmental Toxicology
and Chemistry, 16%(1), 41-51.

Daramola, O. S., William, G. J., David, C. J., Gurinderbir, S. C., &Pratap, D. (2022). Spray water
quality and herbicide performance: A review. *Weed Technology, 36*(6), 758-767.

Duchet, C., Kraft, A., & Stark, J. D. (2018). Effects of environmentally realistic concentrations
of neonicotinoid insecticides on an aquatic invertebrate community. *Salish Sea
Ecosystem Conference*. Retrieved from
[https://cedar.wwu.edu/ssec/2018ssec/allsessions/398](https://cedar.wwu.edu/ssec/2018ss
ec/allsessions/398). (Accessed June 19, 2020).

Erhunmwunse, N. O., Pajiah, T. J., Victory, O., &Ewere, E. (2022). Does short-term exposure to
a Neonicotinoid insecticide trigger Biochemical and Physiological responses in Juvenile
catfish

Fleeger, J. W., Carman, K. R., &Nisbet, R. M. (2003). Indirect effects of contaminants in aquatic
ecosystems. *Science of the Total Environment, 317%, 207-233.

26



Froese, R., &Pauly, D. (Eds.). (2022). *Clariasgariepinus* Species summary. *FishBase*.
Retrieved from
[http://www.fishbase.se/summary/1934.com](http://www.fishbase.se/summary/1934.com
). (Accessed May 11, 2023).

Gergs, A., Classen, S., Strauss, T., Ottermanns, R., Brock, T. C. M., Ratte, H. T., Hommen, U.,
&Preuss, T. G. (2016). Ecological recovery potential of freshwater organisms:
Consequences for environmental risk assessment of chemicals. In P. de Voogt (Ed.),
*Reviews of Environmental Contamination and Toxicology*. Springer International
Publishing, Switzerland.

Ghiselli, A., Serafini, M., Natella, F., &Scaccini, C. (2000). Total antioxidant capacity as a tool to
assess redox status: Critical view and experimental data. *Free Radical Biology and
Medicine, 29*, 1106-1114.

Hoseinifar, S. H., Yousefi, S., Doan, H., Ashouri, G., Gioacchini, G., Maradonna, F., &Carnevali,
0. (2021). Oxidative stress and antioxidant defense in fish: The implications of probiotic,
prebiotic, and synbiotics. *Reviews in Fisheries Science & Aquaculture, 29%*, 1-20.
doi:10.1080/23308249.2020.1795616.

Jansen, H. C., &Harmsen, J. (2011). Pesticide monitoring in the Central Rift Valley 2009-2010:
Ecosystems for water in Ethiopia. *4lterra, Wageningen UR*. Retrieved from
[https://library.wur.nl/WebQuery/wurpubs/406938](https://library.wur.nl/ WebQuery/wurp
ubs/406938). (Accessed May 18, 2020).

Jeschke, P., Nauen, R., Schindler, M., & Elbert, A. (2011). Overview of the status and global
strategy for neonicotinoids. *Journal of Agricultural and Food Chemistry, 59*, 2897-
2908.

Kalueft, A. V., Echevarria, D. J., Homechaudhuri, S., Stewart, A. M., Collier, A. D., Kaluyeva, A.
A., ... & Song, C. (2016). Zebrafish neurobehavioral phenomics for aquatic
neuropharmacology and toxicology research. *4quatic Toxicology, 170%,297-3009.

27



Konings, A., Freyhof, J., FishBase Team RMCA, &Geelhand, D. (2019). *Clariasgariepinus*.
*IUCN Red List of Threatened Species*. 2019: . T166023A155051767.
doi:10.2305/IUCN.UK.2018-2.RLTS.T166023A155051767.en. Retrieved April 3, 2024.

Kurikose, S., Verma, P., &Sawarkar, D. B. (2022). Histopathological effect of the insecticide
imidacloprid on the kidney of Clariasgariepinus (Burchell, 1822)(Siluriformes:
Clariidae).

Kwok, K. W., Leung, K. M., Lui, G. S., Chu, V. K., Lam, P. K., Morritt, D., Maltby, L., Brock, T.
C., Van den Brink, P. J., Warne, M. S., & Crane, M. (2007). Comparison of tropical and
temperate freshwater animal species’ acute sensitivities to chemicals: Implications for

deriving safe extrapolation factors. *Integrative Environmental Assessment and
Management, 3*(1), 49-67.

Lisachov, A., Ahmed, S. F., Panthum, T., &Singchat, W. (2023). Emerging importance of
Bighead catfish and North African catfish as a bioresource and their genomic perspective.
*Aquaculture, 573*, 2-10.

Nasaar, A., Abdel-mobdy, H. E., Abdel-Aal, H., Souzan, S., &Nassar, A. (2021). Nutritional
value of African catfish (Clariasgariepinus) meat. *4sian Journal of Applied Chemistry
Research*. doi:10.9734/AJACR/2021/v8i230190.

Nnatuanya, I. O., Ugwumba, B. A., Ikeh, I. M., Okeke, O. A., Nwadike, C. C., Aniefuna, C. O.,
&Ishar, C. O. (2023). Prevalence and intensity of helminth parasite of Clariasgariepinus
from the wild and pond habitat in Anambra State. * The Bioscientist Journal, 11*(1), 8-
14.

Pandey, S., Kumar, R., Sharma, S., Nagpure, N. S., Sirivastava, S. K., &Verma, M. S. (2005).
Acute toxicity bioassays of mercuric chloride and malathion on air breathing fish Channa
punctatus (Bloch). *Ecotoxicology and Environmental Safety, 61*, 114-120.

Pane, Y., Ridwan, F. M., Hassan, Z., &Sembiring, D. P. S. (2023). Analysis of water pollution
problem Belawan waters. *International Conference on Civil and Environmental
Engineering, 1135% 1-10.

28



Pragg, C., & Mohammed, F. K. (2018). Pollution status, ecological risk assessment and source
identification of heavy metals in road dust from an Industrial Estate in Trinidad, West
Indies. *Chemistry and Ecology, 34*(7), 624-639. doi:10.1080/02757540.2018.1482887.

Prince, U., Ewuzie, U., &Onwuka, C. (2020). Environmental pollution: Causes, effects, and the
remedies. 10.1016/B978-0-12-819001-2.00021-8.

29



