


PESTICIDE LEVELS IN TWO FISH SPECIES FROM A SECTION OF THE NIGER RIVER, ANAMBRA STATE, NIGERIA.



ABSTRACT 
Examination of pesticides from various fish species in the Nile River Anambra state was used to assess the level of contamination in the Niger River. With the assistance of a fisherman, two distinct fish species were gathered from two different spots along the river. Tilapia (tilapia zillii) and Elops machnata( machnata tenpounder or African ladyfish) are the species. A BUCK M910 gas chromatography (GC-FID) was used to identify the species' organochlorine pesticides (OCPs) and organophosphates (OPPs). Eleven distinct pesticides, including four organophosphates and six orgaochlorine pesticides, were found in each of the two sites. It was concluded that tilapia has a mean concentration of 3.1312±2.8362µg/ml, whereas elopsmachanata has the highest at 6.8618±9.8199µg/ml.
For both sites, ΣOCPs revealed that the highest concentration of organochlorine is found in elopsmachanata. Whereas ΣOPPs in tilapia have values of 2.2167 and 0.2626 on locations A and B, respectively, their values in site A were 5.7358 and 0.8732. Since the contamination of fish samples was a sign of river contamination, these values exceeded the Federal Environmental Protection Agency's (FEPA) acceptable limit of ˂0.02, which suggests possible adverse effects on consumers. Statistical analysis shows no significant difference in the two species and locations.
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1. INTRODUCTION

The European Parliament made a decision in response to the quest to preserve natural resources, uphold high standards of animal care, and integrate best environmental practices. The commission defines organic production as a comprehensive approach to food production and farm management that incorporates a high degree of biodiversity. The use of synthetic pesticides in organic production is prohibited by a rule passed by the European Parliament that addresses a number of issues. In line with consumers expectation, the organic sector aims to minimize contamination of organic produce with such substances  (EU, 2018). The unintentional usage of chemicals that aid in production has increased due to the significant expansion in the human population. This use directly harms the ecosystem, causing contamination of the air, water, and soil, which in turn degrades the health of plants and animals and their existence (Fernandez-Alba, et al., 1998, Kalyoncu, et al., 2009). Among these substances are insecticides, which are utilized in veterinary medicine, public health, agriculture, and environmental health (Akumsek, et al., 2002). According to Chen et al. (2007), pesticides are chemicals used to prevent, control, or lessen biological organisms that are harmful to humans and animals as well as the ecosystem in which they live, such as insects, plant pathogens, weeds, mollusks, birds, mammals, fish, nematodes, and microorganisms (Chen, et al., 2007). Insecticides, herbicides, fungicides, rodenticides, and algaecide are all considered pesticides. These consist of substances categorized as (i) insecticides, including carbamates, organophosphates, and organochlorines; (ii) rodenticides, including anticoagulants; and (iii) herbicides, including 2,4-dichlorophenoxyacetic acid, paraquat, and diquat Ellenhom, et al., 2002) Numerous studies have been conducted to develop new and more potent pesticides to counteract the rising demand for food as a result of this, and the results have been overwhelmingly positive (Mostafalou and Abdollahi, 2013). this research and finding were geared because of the attack by pest and relevant diseases on vegetables, fruits and cereals causing loses of quantity as well as quality of food stuff
Despite the advantages, a number of writers have documented a number of negative impacts on plants, animals, and the ecosystem ( Oliveira, et al., 2021, Riedo, et al., 2021, Trudi, et al., 2021).
When these compounds are misused or applied improperly, they can harm nontarget organisms, causing pollution or even death. Among the different POPs, organochlorine (OCPs) has been used extensively in Africa throughout history, and it has been documented that they are present in food (Babayemi, 2016). Tufan and Canan (2020) conducted research on the detection of pesticides and heavy metals in fish samples from four distinct Aegean and Marmara Sea locations. 
Their findings showed organochlorine and organophosphates insecticides (Tufan and Canan, 2020). Organophosphates are frequently encountered in surface water and groundwater coming from agro-industrial processes. They are toxic and can be bioaccumulated (	Ricardo, et al., 2018). These organophosphates are widely used pesticides in United states for both agricultural and residential applications and sometimes wrongly used. This wrong use maybe in the form of careless application, intensive use and the non-use of the required dosage. Pollution of the soil or aquatic ecosystem by these chemicals can be achieved by the transportation of these pesticides through surface streams, evaporation into the atmosphere, absorption/desorption processes through filtration to the plants or photodegradation of the chemicals from one ecosystem to the other. These processes brought about threat to life of the environment (Munshi, et al., 2004).
The rate at which these pesticides are transported from one medium to another depends on the chemical properties of the pesticides such as water solubility, vapor pressure, soil tendency and resistance to time of disintegration. The hydrophobic nature of most pesticides and their organic molecular structure results to their ability to be suspended on the water surface or accumulate in the sediment layer at the bottom of lakes and compared to benthic, bottom fish, and other animals that feed sediment, pelagic organisms are less likely to become contaminated by these chemicals. It has been observed that pesticides can be discovered in amounts that potentially have an ecotoxicological effect in aquatic environments, even though current pesticides have modest bioaccumulation qualities. Through their digestive systems, gill epithelium, and epidermis, these aquatic species can absorb pesticides (Ayas, et al., 1997).
During agricultural operations, this pollution source is purposefully released into the environment. Its toxicity potential raises concern due to their negative impacts (Abdollahi, et al., 2004). Depending on their chemical classifications, these substances can be divided into organic and inorganic pesticides. While organic pesticides are more complicated and have serious long-term impacts, inorganic pesticides contain copper sulfate, copper, sulfur, ferrous sulfate, and lime (Kim, et al., 2017). According to Gilden et al, 2010, 80% of the pesticides produced are used in the agricultural sector while the remaining 20% are consumed for the public health activities like controlling vector-borne diseases, unwanted or extra plants while in industries to control insects, fungi, bacteria, pest’s algae in electrical appliances, daily used equipment and food packaging (Gilden, et al., 2010). Alavanja (2009) reported that an estimated 5.6 million pounds of pesticides are used annually worldwide, a figure that is surprisingly rising (Alavanja, 2009). Bourquet and Guillemaud (2016) reported that Europe accounts for 45% of the world's annual pesticide use, followed by the United States at 25% and the rest of the world at 25% (Bourguet and Guill. 2016). South Asian records show that China and the United States are at the top, with Pakistan coming in second (Yadav et al., 2015; Waheed et al., 2017). The eating of these tainted fish carries a danger of mortality as well as severe harm to the kidney, liver, brain, nerves, and skin (Cobbina, et al., 2015). In certain nations where their use is prohibited, the majority of these pesticides tend to decrease, but some, such as lidane and endosulfan, did not (Ibrahim, 2007). Additionally, pesticides can alter a plant's nutritional and metabolic processes. These alterations may have additional detrimental impacts on ecology, such as the formation of toxic and persistent mutagenic metabolites (Brain and Solomon, 2009).


2. MATERIALS AND METHODS
2.1. SAMPLE COLLECTION :Two distinct fish species (4 composite samples) were gathered from two distinct Onitsha River Niger localities. Onitsha is located on the Niger River's east bank. In the Onitsha South Local Government Area of Anambra state, the extensively industrialized and commercialized city of Onitsha is traversed by the portion of the Niger River that is the subject of this study. place A's latitude and longitude are 6.7738 and 6.1581, respectively, while place B's are 6.1740 and 6.7820. A fisherman assisted in the collection of these fish species. The species of fish were weighed and cleaned. They were brought to the lab for examination.
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	Figure 1: Map of Nigeria showing Anambra State.  (Source: Ezeomedo, I.C. (2019)
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3. Figure 2: Map of AnambraState Showing Onitsha North L.G.A. (Source: Ezeomedo, I.C. (2021)


3.1. PREPARATION OF SAMPLES FOR PESTICIDE ANALYSIS
Method used by Okonkwo,et al (2017) was adopted with little modification. Using N-Hexane and a Soxhlet device, 20g of the fish sample was extracted. The oil from the fish samples was extracted using 100 milliliters of N-Haxene. After weighing and transferring 1g of the extracted fish oil sample to a test tube, 10ml of 50% potassium hydroxide and 15ml of ethanol were added. For sixty minutes, the test tube was left to react in a water bath set at sixty degrees Celsius. The reaction product in the test tube was moved to a separatory funnel following the reaction time. After successfully washing the tube with 20 milliliters of ethanol, 10 milliliters of cold water, 10 milliliters of hot water, and 3 milliliters of hexane, the mixture was moved to the separating funnel. Ten milliliters of a 10% ethanol aqueous solution were used to mix and wash these extracts three times. Anhydrous sodium sulfate was used to dry the solution, and the solvent was then removed by evaporation. 200 µl of the 1000 µl of pyridine that was used to dissolve the sample was then transferred to a vial for pesticide analysis (Okonkwo, et al., 2017).

3.2. QUANTIFICATION BY GC-FID
A BUCK M910 gas chromatography system with a flame ionization detector was used to analyze the insecticide. A 15 m × 250 µm × 0.15 µm RESTEK MXT-1 column was utilized. Helium 5.0pa.s was the carrier gas, flowing at 40ml/min, and the injector temperature was 280oC with a splitless injector of 2µl of sample and a linear velocity of 30cmS-1. The detector ran at 320°C after the oven, which started at 200°C, was heated to 330°C at a rate of 3°C per minute and maintained there for five minutes. The area of the discovered compounds and the mass of the internal standard were compared to determine the PCB components.

Quality assurance and control
Recovery analysis was used to examine the procedure's accuracy and precision. The amounts of pesticides in both spiked and unspiked samples were measured to ensure the quality assurance protocol. Standard solutions of 20 ppm environmental pesticides were made in 50 ml volumetric flasks. The composite samples were precisely weighed in three pieces, each weighing 2g. While the others were spoked with 1 milliliter of the standard, one was left unspiked. Sonication was used to move both the spiked and unspiked samples through the extraction procedure. GC-MS was used to clean up the extracts and analyze them for pesticides. The following formula was used to get the percentage recoveries: 
Recovery Percentage = X-Y/Z ×100
where Z is the concentration of the additional spike, X is the concentration of the spiked sample, and Y is the concentration of the unspiked sample. The recovery percentage were in the range of 80-110%

4. RESULTS :
Table 1: Concentration of pesticides (µg/ml ) from two different species of fish collected on two different locations.
Location A
	Pesticides
	Tilapia
		Elopsmachanata

	Isopropylamine
	0.0046
	0.4264

	2,4- DDT
	0.0303
	1.2768

	Dichlorovos
	0.0003
	0.3422

	Aldrin
	0.9640
	0.0000

	g-chlordane
	2.1636
	7.6409

	Profenofos
	0.0084
	0.8579

	Tetradifon
	0.0022
	0.2503

	Heptachlor
	0.0135
	0.4140

	Glyphosphate
	0.3895
	0.0003

	Carbfuran
	0.2142
	0.0128

	Dicophol
	0.0277
	1.9734

	Total
	3.8183
	13.195




Table 2: Concentration of pesticides (µg/ml ) from two different species of fish collected on location B.
	Pesticides
	Tilapia
		Elopsmachanata

	Isopropylamine
	0.0010
	0.0108

	2,4- DDT
	0.0424
	0.0181

	Dichlorovos
	0.0110
	0.0321

	Aldrin
	0.0012
	0.3956

	g-chlordane
	0.1814
	0.0951

	Profenofos
	0.0010
	0.0013

	Tetradifon
	0.0104
	0.0026

	Heptachlor
	0.3303
	0.0299

	Glyphosphate
	0.0087
	0.2179

	Carbfuran
	0.0008
	0.4928

	Dicophol
	0.0111
	0.0395

	Total
	0.5993
	1.3357



Table 3: Mean concentration of Pesticides (µg/ml) from two different fish species collected from two different locations.
	Pesticides
	Tilapia
		Elopsmachanata

	Isopropylamine
	0.0028±0.0026
	0.1473±0.2418

	2,4- DDT
	0.364±0.0086
	0.3251±0.6345

	Dichlorovos
	0.056±0.0757
	0.1872±0.2193

	Aldrin
	0.4826±0.6808
	0.1978±0.2797

	g-chlordane
	1.1725±1.4016
	3.8629±5.3285

	Profenofos
	0.0047±0.0052
	0.4296±0.6057

	Tetradifon
	0.0063±0.0058
	0.1215±0.1681

	Heptachlor
	0.1719±0.2240
	0.2220±0.2716

	Glyphosphate
	0.1991±0.2693
	0.1091±0.1539

	Carbfuran
	0.1075±0.1509
	0.2528±0.3394

	Dicophol
	0.0194±0.0117
	1.0065±1.3675

	Total
	3.1312±2.8362
	6.8618±9.8199




Table 4: FDA Permissible limits for pesticides (ppm).(FDA,2000).
	Peticides
	values

	Aldrin and Dieldrin
	0.3

	Chlordane
	0.3

	DDT, DDE and TDE
	5

	Dichlorvous
	0.1

	Endrin
	0,3

	Heptachlor and Heptachlor Epoxides
	0.3

	Hexachlorobenzene
	0.3

	Lindane
	0.3

	Methoxychlor
	1

	Mirex
	0.1

	Toxaphene
	5



G-chlordane has the highest pesticide concentration, 2.1636µg/ml in tilapia and 7.6309µg/ml in elopsmachanata, according to Table 1, which displays the concentration of pesticides on these two fish species that were collected from two different locations on the Onitsha River in Niger. Eleven different pesticides were found in the two fish species.


Fig 3: Graph of Pesticides concentration from two different fish species.

4.1. Discussion:
The pesticide concentrations in tilapia and elopsmachanata collected from two distinct sites on the Onitsha River in Niger are displayed in Table 1. The two fish species were found to contain eleven distinct pesticides. Organochlorine and organophosphates are these pesticides. The highest concentration of G-chlordane is found in tilapia (2.1636 µg/ml) and elopsmachanata (7.6309 µg/ml). G-chlordane is the pesticide with the highest concentration in the graphical representation of pesticides in Figure 1.
The surface runoff waters that residents find in the wetland can allow pesticides and other agrochemicals to infiltrate aquatic bodies. A river may become contaminated due to these and other causes. Results from this analysis as shown in table 1 presented high accumulation of pesticides with total of 13.195µg/ml in elopsmachanata to compare with the other species of tilapia with 3.8183µg/ml in location A , while location B recorded the concentration rate of 1.3356µg/ml in elopsmachanata and 0.5993 in tilapia as presented in table 2. The overall highest concentrations of OCs and Ops were recorded in location B(Odekpe). This could be attributed to the industrial and agricultural sites located in site B. that might increase the flow of insecticides, herbicides, and pesticides into the water bodies, and every effort must be made for its reversal.
 G-chlordane's mean concentration is 3.8629±5.3285, the highest pesticide concentration in elopsmachanata, and 1.1725±1.4016 in tilapia. The mean concentration in elopsmachanata was 6.8618±9.8199 and in tilapia it was 3.312±2.835. The most common pesticide in both aquatic biota and a major contributor to the overall pesticide concentration was G-chlordane, however, all eleven of the examined chemicals were discovered in the elopsmachanata at location A, except Aldrin. A one-way Anova revealed that there was no statistically significant difference in the pesticide content in the fish samples (p=0.812)
 The results of Kaur et al.'s study in North India, which showed DDT to be the most common pesticide, differ from this one. Comparing the levels of these pesticide concentrations with those set by the FDA and WHO revealed that some fall within the permitted ranges for human consumption, while others do not(Table 4). In their 2020 study, Tufan and Canan identified endosulfan as the most prevalent pesticide species in fish samples from the Aegean and Marmara Seas. In their research on the concentration of organochlorine pesticides in brackish water fish from the Niger River, Unyimadu et al. (2018) found that heptachlor had the greatest concentration, at roughly 509.9µg/kg. In their research on the assessment of persistent organochlorine pesticide residues in fish from the River Majidum in Lagos, Nigeria, Edwin, et al. (2021) found 21 different organochlorine residues, including 1 µg l 1 (Methoxychlor), p'p'DDT, Lindane (γHCH), Dieldrin, Heptachlor, Aldrin, Chlordane, Endrin aldehyde, Endrin ketone, Methoxichlor, and Endosulphan. Methoxychlor was 123.83 µg kg1 and lindane ((γ) HCH) was the highest in Macrobrachium vollenhovenii (39.35 µg kg1). Endrin ketone was present in high concentrations in Callinectes pallidus (133.13 µg kg1). The highest quantity of endrin ketone (110.35 µg kg1) and pp'DDT (41.40 µg kg1) were found in Tilapia zilli.These values exceeded those found in this investigation (Edwin, et al., 2021).Shinggu, et al., (2015) reported Dieldrin pesticide residue to have  the highest value of 0.566 mg/Kg and 0.456 mg/Kg in samples of catfish (Chrysichthys nigrodigitatus) examined in the wet and dry seasons, respectively. Dieldrin, lambda-cyhalothrin, endosulfan I and II, alpha BHC, and pp' DDT were found in catfish, but only in tilapia. During the dry season, heptachlor was found in only catfish, while dieldrin was found in only tilapia and catfish. DDT was found at a value of 0.043 mg/kg only in catfish. Given that Lake Geriyo is located in the state capital, which has a dense population, the high quantity of DDT in the lake may be the result of extensive usage of this chemical to control mosquitoes. The town's municipal garbage may enter the lake and build up in the sediment and water(Zeshan, et al., 2021). The DDT and hexachlor levels found in this study were greater than those found in Edwin, et al. (2021) and Shinggu et al. (2015).


4.2. ORGANOCHLORINE AND ORGANOPHOSPHATE PESTICIDES.
Table 5: Summation of organochlorine(OCPs) and organophosphates Pesticides (OPPs) from two fish species. 
	Organochlorine
	tilapia
	elops
	Organophosphate
	tilapia
	elops

	DDT
	0.364
	0.3251
	Isopropylamine
	0.0028
	0.1473

	Aldrin
	0.4826
	0.1978
	Dichlorvos
	0.056
	0.1872

	G-chlordane
	1.1725
	3.8629
	Glyphosphate
	0.1991
	0.1091

	Tetradifon
	0.0063
	0.1215
	Profenofos
	0.0047
	0.4296

	Dicophol
	0.0194
	1.0065
	
	
	

	Heptachlor
	0.1719
	0.2220
	
	
	

	ΣOCPs
	2.2167
	5.7358
	ΣOPPs
	0.2626
	0.8732


 
Table 5 displays the average concentrations of organochlorine pesticides (OCPs) and organophosphate pesticides (OPPs). Some organophosphates, such as isopropylamine, dichlorvos, glyphosphate, and profenofos, were also found, along with organochlorines, such as DDT, Aldrin, G-chlordane, Tetradifon, Heptachlor, and Dicophol. 2.2167 for tilapia and 5.7358 for elopsmachanata were its mean concentration values for ΣOCPs, whereas 0.2626 for tilapia and 0.8732 for elopsmachanata were those for ΣOPPs.
The highest OCPs and OPPs were found in elopsmachanata, with a G-chlordane value of 3.8629 and Dichlorovos value of 0.1872, respectively. Aldrin and chlordane are frequently used in seed preservation to inhibit or stop weevil growth. The fish samples used in this investigation had much higher OCP concentrations. Additionally, they are higher than the ˂0.02 ppm acceptable limit set by the Federal Environmental Protection Agency (FEPA). Fish species' varying eating habits and metabolic traits may be the cause of the diversity in OCP concentrations found in these species. 
OPPs can readily deactivate and degrade by microbial activities, whereas OC pesticides like DDT (and its metabolites) are resistant to microbial and photolytic degradation and persist more in the environment (soils and water) where they are applied. This is why there is variation in the values realized for OCPs and OPPs concerning each fish species, as shown in Table 4. This finding is consistent with research by Tufan and Canan (2020). In their research on pesticides, Oluwole-Banjo et al. (2022) found various OCPs and OPPs in the various feed species they examined. P.p. DDT, Dieldrin, Endrin, Endosulfan, Endosulfan 11, Heptachlor, and Methoxychlor were the OCPs he found. 
The corresponding values are 0.29±0.04, 1.47±0.38, 0.10±0.02, 0.95±0.37, 0.24±0.04, 0.63±0.06, and 1.83±0.44. The mean concentrations of the OPs, which included coumaphos, diazinon, dichlorvos, dimethoate, ethyl parathion, malathion, parathion, and trichlorfon, were 0.25±0.10, 1.95±0.10, 1.44±0.11, 0.91±0.06, 0.76±0.04, 2.20±0.06, 1.87±0.11, and 6.04±0.35 mg/kg, respectively (Oluwole-Banjo, 2022).

5. CONCLUSION:
The Onitsha River in Niger has been found to contain pesticides, particularly organochlorine insecticides, according to this study. Local agriculture practices and other human-caused factors are to blame for this. The analysis's findings demonstrated that the river's aquatic biota, including humans, are exposed to pesticides, including ones that were outlawed decades ago. This pesticide dosage, particularly the organochlorine, indicated a risk factor for both humans and aquatic organisms. The safety and preservation of these natural resources are absolutely essential to human health and well-being. Even while this initial analysis might not provide sufficient proof of the dangers of consuming aquatic 
Thus, this study can be used as a useful tool and information for ERA. It has also become an eye-opener to uncover a health concern in this ecosystem, and an urgent need to preserve the water bodies. More analysis of the risk factors, Hazard Quotient, and Cancer risk assessment should be carried out on this river to ascertain the true value and risks associated with the consumption of fish from the river. This study is a good effort to monitor and assess the hazardous effects of pesticides to the environment and human well-being. It will specifically focus on determining the concentration of pesticide residues causing biomagnification.It also aims to evaluate pesticide utilisation methods and the potential hazards of pesticide residues in the aquatic environment. In the future this type of study would be valuable to assess the human health risks linked to pesticide application randomly and unscientifically
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