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Abstract 9 

Increased agrochemical based agricultural activities along the Volta Basin and aquacultural practices from the cage 10 
farms have raised concerns about the potential ecological risk to the aquatic ecosystem. To assess this, caged tilapia 11 
samples were analysed for polychlorinated biphenyls (PCBs) and organochlorine pesticide (OCP).Fish samples in 12 
acetone/hexane (2:1v/v) solvent medium were sonicated on ultrasonic bath, shaken electronically, cleaned by solid-13 
phase extraction and analysed by GC/ECD for OCPs and GC/MS for PCBs.The levels of OCPs reported in the fish 14 
ranged; ND – 2.310 µg/kg (fish farm A), <LOD – 4.260 µg/kg (fish farm B), <LOD – 6.109 µg/kg (fish farm C) and 15 
ND – 0.878µg/kg (control). The highest concentration of 6.109 µg/kg was encountered for δ-HCH in the muscles of 16 
Tilapia from fish farm C, whiles p,p'-DDE recorded the lowest in farm A. The levels of the OCPs detected in the 17 
cage tilapia were below the MRL proposed by the EU. Six PCBs congeners; PCB 18, PCB 28, PCB 52, PCB 101, 18 
PCB153 and PCB 180 were detected in the cage tilapia. The concentrations of the indicator congeners ranged from 19 
0.288 ng/g to 0.931 ng/g dw, 0.042 ng/g to 1.321 ng/g dw, 0.260 ng/g to 10.657 ng/g, and ND-0.298ng/g dw in fish 20 
farm A, B, C and control respectively. The highest mean concentrations of PCB 153 (8.524±1.5960ng/g) was found 21 
in farm Estimation of the EDIs and HQs for the pesticides do not present potential health risk to the consumers of 22 
the cage tilapia fish from the studied farms. 23 

Keywords: Fish, Contamination, Volta Basin, Risk assessment, Cage aquaculture farm 24 

Introduction 25 

Organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) are classified as persistent organic 26 

pollutants (POPs) by the Stockholm Convention of the United Nations Environment Programme due to their high 27 

persistence, toxicity and bioaccumulation to humans and wildlife (WHO 2009). Because of their great persistence 28 

and bioaccumulation, they can travel vast distances in the atmosphere and be detected far from where they are not 29 

used or manufactured. Their semi-volatility and chemical stability cause them to undergo long-range movement, and 30 

therefore, studies have shown their presence in the Arctic and Antarctic regions (Taiwo, 2019).  31 

OCPs and PCBs have been manufactured and applied in many items in recent years, including insecticides, flame 32 

retardants, transformer oil, coolants, antifouling agents, and building materials (Mwakalapa et al. 2018). Past 33 

industrial and agricultural activities have resulted in the contamination of the soil, air, water and wildlife with the 34 

OCPs and PCBs (Fu et al. 2018). Pesticides may enter and pollute the aquatic ecosystems in many ways, including 35 

spray-drift during pesticide application, accidental spillage or unauthorised recycling of their products (Cox & 36 

Surgan, 2006). Contamination of the aquatic ecosystem has become a real concern for fish and other aquatic life that 37 

are essential sources of protein (Akoto et al. 2016).  38 
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According to scientific evidence, most pesticide residues are consumed by humans through the food chain 39 

(Yohannes et al. 2014). Pesticides in the immediate environment are biomagnified by fish and are ingested by 40 

humans. The majority of epidemiological studies indicate that these contaminants may be associated with human 41 

cancer and may even affect thyroid hormone levels (e.g., Snedeker, 2001; Beard, 2006; Yohannes et al. 2014). As a 42 

result, regulatory bodies have established maximum levels of certain contaminants in food and are constantly 43 

reviewing their legislation. 44 

POP pesticides designated under the Stockholm and Rotterdam Conventions for agricultural and public health 45 

objectives were banned in developed and developing nations, including Ghana, in 1985. However, due to 46 

insufficient restrictions and oversight on the manufacturing, trade, and use of these chemicals, there is evidence of 47 

their continued usage in several countries, including Ghana, under various trade names (Darko et al. 2008; Adu-48 

kumi et al. 2010). 49 

Cultured fish are fed a set amount of food, primarily fish oil and fish meal from various sources, to assure their 50 

maximum growth rate and enhance their lipid tissue content (Botaro et al. 2011). Fish meal and fish oil make up 51 

around 50–70% of all ingredients in fish feed. Previous studies (e.g., Easton et al. 2002; Antunes and Gil, 2004; 52 

Hites et al. 2004; Navas et al. 2005; Bordajandi et al. 2006; Maule et al. 2007; Kelly et al. 2007; McKee et al. 2008; 53 

Serrano et al. 2008; Shaw et al. 2008; Botaro et al. 2011; Grigorakis &Rigos, 2011) found amounts of DDT, PCBs, 54 

and PBDEs in Atlantic salmon diets of 36.66, 10.9, and 36.66 ng g-1, respectively, in their Mediterranean 55 

mariculture investigation. These undesired contaminants in farmed high energy Atlantic salmon were caused by fish 56 

oils from contaminated pelagic fish species used as a feed element in salmonid diets (Berntssen et al. 2016). McKee 57 

et al. identified trace amounts of heptachlor, chlordane, HCB, dieldrin, lindane, and DDT in trout (Oncorhynchus 58 

mykiss) muscle and feed samples in 2008. Feed additives such as anti-caking agents, minerals, vitamin 59 

combinations, and supplements are also sources of PCBs and OCPs in animal feeds (Kim et al. 2007), and 60 

contaminated feed may transfer these toxins to farmed fish (Botaro et al. 2011). 61 

The Volta Basin, which contributes the most to Ghana's inland fisheries, with around 80% of the overall yield, is 62 

home to most large-scale commercial cage culture farms (Amenyogbe et al. 2018). The lake's common fish species 63 

include Oreochromis niloticus, Chrysichthys nigrodigitatus, Tilapia zilli, and Clarias gariepinus. In Ghana, these 64 

fish have a great commercial value and are eaten fresh, smoked, or salted. Apart from running through numerous 65 

agricultural fields and being contaminated by pesticides used for crop protection, the water in the basin is also 66 

vulnerable to bad fishing techniques and explosives (Gbeddy et al. 2012; Kuranchie-Mensah et al. 2012). Few 67 

studies on POPs such as OCPs and PCBs in Ghana's fresh and marine waters have been conducted (e.g., Gbeddy et 68 

al. 2015; Ntow, 2005; Gbeddy et al. 2012; Kuranchie-Mensah et al. 2012; Adu-Kumi et al. 2010; Asante et al. 69 

2013). However, current data on POPs in Ghana's cage aquaculture industry are insufficient to inform government 70 

policies and actions regarding POPs. The present study examines the residual levels of PCB and OCP in cage-71 

farmed tilapia from the Volta Basin and the potential health hazards to the general public. 72 

 73 
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Materials and methods 74 

Study area 75 

The study area comprises the Asuogyaman District in the Eastern region and the Shai Osudoku of the Greater Accra 76 

region of Ghana. Figure 1 is a map showing the location of the fish farms marked (), where samples were collected. 77 

The districts are situated roughly between latitudes 6o 34o N and 6o 10o N and longitudes 0o 1o W and 0o14E. the 78 

Basin has one of the largest hydroelectric Dams that generates power to the country and other neighbour countries 79 

such as Togo. The Basin also have an inland port which facilitates goods from the southern part Ghana to the 80 

northern territories and beyond. Rain-fed agriculture and irrigation are the major economic activities in terms of 81 

employment and rural income generation. To boost their crop yield, the farmers use agrochemicals extensively on 82 

their farms. As a result, the potential usage of restricted or banned pesticides cannot be ruled out. The area is 83 

characterised by a double maximum rainfall pattern, with the major season being from September to November and 84 

the minor season occurring from May to July.  85 

 86 

 87 

 88 

 89 

90 
Figure 1: Map of the study area of the Volta Basin, Ghana 91 
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Chemicals and reagents 92 

Pesticide grade ethyl acetate, distilled water (HPLC grade), acetone, and hexane (both of analytical grades) were 93 

supplied by Fisher Scientific (Loughborough, UK), silica gel, and sodium sulphate were purchased from E. Merck 94 

(Germany). Sigma-Aldrich Chemicals USA provided disposable solid-phase florisil cartridges (500mg/6mL). 95 

Dr.Ehrenstofer GmbHm (Germany) provided the certified, high purity (> 99.0 %), reference standards of α–HCH, 96 

γ–HCH, β–HCH, delta-HCH, endrin, heptachlor, aldrin, dieldrin,  o,p΄–DDT, p,p΄–DDT, p,p΄– DDD,o,p΄– DDD, 97 

p,p΄–DDE, o,p΄–DDE, α–endosulfan, β–endosulfan and methoxychlor, and they were kept frozen to prevent them 98 

from degrading. 99 

Sample collection and processing 100 

The study included 52 cage tilapias (Oreochromis niloticus) bought from three of the fish farms A= 19, B =16, and 101 

C =17 on the Volta Basin. Two of the tilapia fishes were pulled together as a composite working sample. 102 

Additionally, twenty (20) samples of wild Oreochromis niloticus were collected as controls from the upstream of the 103 

Volta Basin where aquaculture is not practised. All samples of fish were preserved in an airtight bag at 4 ° C and 104 

conveyed to the Ghana Atomic Energy Laboratory for further study. 105 

The morphometric data of the Tilapia taken were almost the same, while the fillets were removed using a stainless-106 

steel knife. The samples were then washed with deionised water and wrapped in a pre-cleaned aluminium foil and 107 

stored at -20℃ until extraction. After one week the tilapia samples were taken out of the freezer and defrosted. The 108 

muscle tissue was sliced between the dorsal and ventral parts of the fish and chopped into smaller pieces (Gbeddy et 109 

al., 2015).  The operculum was also removed, which eventually led to the removal of the gills. The samples were 110 

homogenised and blended in a Kenwood blender and the content emptied into a dish covered with aluminium foil 111 

for the extraction process. 112 

Extraction of fish for Organochlorine pesticides and Polychlorinated biphenyls 113 

The US EPA 3550C method, as described by Solomon (2016) and Adeshina et al. (2019) with a slight modification, 114 

was used to extract organochlorine pesticide residues from sediment samples. 10g of the grind fish and 5g of 115 

anhydrous sodium sulphate (Na2SO4) was weighed into an extraction jar. 50ml acetone and n-hexane (2:1 v/v) were 116 

thoroughly incorporated into the mixture. The organic extract was filtered through a Whatman filter paper into a 117 

well-labelled 250 mL volumetric flask after 30 minutes of sonication in a Bransonic 220 high-frequency ultrasonic 118 

bath at 60°C. The extraction process was repeated twice, and the combined extracts were concentrated to a volume 119 

of 25ml at a temperature of 45°C. 120 

 Sample clean-up 121 

In order to avoid interferences, the clean-up system is important for the pesticide residues analysis in a sample. 122 

Before the clean-up, silica gel was activated by heating it moderately to about 150℃ in an air-tight oven. This 123 

process removes water content in the gel and increases its adsorptive capacity significantly. The glass separating 124 

column (20cm) was packed with three layers. The agents were arranged with the activated charcoal at the top, 125 

followed by 2g of anhydrous granulated Na2SO4 and the bottom packed with 4g of activated silica gel (90% < 45 126 

µm). The activated charcoal removes colouration, the anhydrous Na2SO4 serves as a demoisturizer and the silica gel, 127 

removes co-extractants. Prior to cleaning, 10 mL n-hexane was used to condition the columns. The extracts were 128 
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loaded inside the column. The concentrate in the flask was rinsed with 5ml hexane and added to the column again. 129 

The eluate was concentrated to near dryness using a rotary evaporator at a temperature of 45°C and picked in 2ml 130 

ethyl acetate vial for Gas Chromatography analysis 131 

 Determination of the OCPs and PCBs residues 132 

A Varian CP-3800 gas chromatograph (Varian Association Inc. USA) with combiPAL auto-sampler and 63Ni 133 

electron capture detector was used to analyse the final extracts. VF-5 coated capillary column (30 m + 10 m EZ 134 

protection column, 0.25 mm inner diameter, 0.25 m film thickness) was employed for the analysis. The temperature 135 

of the injector and detector were set at 270 and 300 °C respectively. The furnace temperature was programmed as 136 

follows: 70 °C held for 2 min, ramp at 25 °C/min to 180 °C, held for 1 min and finally ramp at 5 °C/min to 300 °C. 137 

In order to compensate for the relative retention times and the response behaviour, the GC conditions and the 138 

detector response were determined. N was used as carrier gas with a flow rate of 1.0 ml/min and 29 ml/min as 139 

detector additive gas. The injection volume of the GC was 1.0 μl. The total running time for one sample was 31.4 140 

min. 141 

GC-MS analysis was carried out with Agilent Technologies 6890N (for GC) and 5975 (for MS) in EI mode. The ion 142 

source and interface temperatures were 300 °C and 280 °C respectively. Chromatographic separation was conducted 143 

on a Phenomenex ZB-5MS capillary column (30 m × 0.25 mm × 0.25 μm). The gas flow of the carrier was 1.1 144 

mL/min. The temperature of the injection was 265 ° C. The amount of the samples infused was 1μL. The 145 

temperatures were optimised as follows: The initial oven temperature was maintained for 1 min at 60 ° C, increased 146 

to 170 °C with a 20 ° C/min ramp, kept for 0.30 min and then increased by 10 ° C/min to 310 ° C with a maintaining 147 

time of 1.20 min. A mixture of PCB 18, PCB 28, PCB 52, PCB 101, PCB 153, PCB 138, and PCB 180, at a 148 

concentration of 10 µg/mL in isooctane from Sigma Aldrich, was injected into the GC 2µL to determine each PCB 149 

holding time. By comparing the mass spectra acquired with a database of system mass spectra, the PCBs were 150 

identified (NIST, NBS). 151 

Identification and quantification of OCPs and PCBs residues 152 

Residue levels of OCPs and PCBs were quantitatively measured by reference guidelines and residence time 153 

estimations. By matching the peak heights of the samples with the respective peak heights of the reference standards 154 

for specific concentrations, the residue levels were determined by the external standard procedure. The calculation 155 

was performed within the linear range of the detector. To obtain the concentration, the peak areas whose retention 156 

times correlated with the standards were subsequently extrapolated to their respective calibration curves. The lowest 157 

analyte level that could reliably and consistently provide recovery of 70% or more from the enriched samples 158 

described by Koranteng (2015) was used to determine the LOD for OCPs and PCBs in this paper.  Standard OCPs 159 

and PCBs mix solutions were serially diluted, and the standard deviation of the signals was measured using the 160 

lowest concentration whose recovery from fortified samples was greater than 70% and also gave a signal to noise 161 

ratio of 1:3. The standard deviation (SD) was multiplied by 3 to get the LOD (i.e., SD x 3 = LOD). The standard 162 

deviation for the LOD determination was multiplied by 10 to get the limit of quantification (LOQ) (i.e. SD x 10 = 163 

LOQ).The LOD and LOQ for the determined pesticides in sediment were set as 0.12μg/kg and 0.40μg/kg 164 

respectively. 165 
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 Quality assurance and Quality control  166 

The analytical system integrated quality control and assurance. Measures were taken to guarantee the reliability of 167 

the results. All glass apparatus used for research (extraction and cleaning) has been thoroughly rinsed with detergent 168 

and tap water. The glassware was cleaned with distilled water before being meticulously cleaned with analytical 169 

grade acetone and dried overnight in an oven set at 70°C. They were taken out of the furnace and placed in dust-free 170 

cabinets after cooling. To guarantee the quality of the OCPs and PCB residues, analyses of samples, procedural 171 

matrix blanks, and solvent blanks were done in triplicate. Each batch of analytical extracts was analysed 172 

simultaneously with procedural recoveries. Furthermore, with each batch of samples, recalibration curves were ran 173 

to ensure that the correlation coefficient remained above r2> 0.995. Recoveries for internal standards varied from 78 174 

percent to 95 percent for OCPs and 80 percent to 94 percent for PCBs, indicating that the approach used was 175 

reproducible. 176 

Statistical analysis 177 

In order to assess the normality of the data, the Kolmogorov-Smirnov (K-S) analysis was performed and at the p-178 

value less than 0.05, findings were considered to be statistically significant. Descriptive statistics such as the mean 179 

and standard deviation (SD) were used for the levels of OCPs, and PCBs. Ranges were computed for the 180 

contaminants. One-way ANOVA was used to test the differences in the contaminants from the fish farms and 181 

controls where samples were obtained, with a Tukey's post hoc test.  182 

Risk assessment 183 

The Estimated Daily Intake (EDI) (mg/kg/day) for the PCBs and OCP residues obtained in the various fish 184 

samples was calculated for each age category (Children <12 years and adult ≥12 years) using the equation 185 

below. 186 

EDI (mgkg-1day-1) = (C x IR  x EF x ED) (BW x AT)   ……………………….(Equation 1) 187 

Where BW is body weight in kg AT is the averaging time of exposure in years (life expectancy), C the 188 

concentration of the examined contaminants (OCPs and PCBs) in the fish, EF is the exposure frequency 189 

(days/year), ED is the exposure duration (years), and IR is the ingestion rate of Tilapia.  190 

The hazard quotient (HQ), which is also the ratio of the EDI to the Acceptable Daily Intake (ADI) or reference 191 

doses (Rfd), was used to assess non-carcinogenic risk. Using equation 1 and the Rfd, the HQ for non-192 

carcinogenic risk is: 193 

𝐻𝑄 =  𝐶 𝑥𝐼𝑅𝑥𝐸𝐹𝑥𝐸𝐷𝐵𝑊𝑥𝐴𝑇𝑥𝑅𝑓𝑑…………………………………. (Equation 2) 194 

If HQ ≤ 1 shows no harmful influence on health. However, if the HQ > 1.0, then there is a potential non-195 

carcinogenic adverse health effect but not demonstrated. 196 

The exposure thresholds, according to USEPA (2012) used for health hazard calculations through the ingestion 197 

of fish for children and adults, are shown in Table 1. 198 

 199 

 200 
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 201 

Table 1: Parameters of USEPA (2012) for the health risk estimations of OCPs & PCBs 202 

Parameters Units Children Adults 

Bodyweight (BW) Kg 15 70 
Exposure frequency (EF) Days/year 365 365 
Exposure Duration (ED) Years 6 30 
Ingestion Rate (IR) mg/day 200 100 
Average Time (AT) Days/yea 
For carcinogenic  365 × 70 366 × 70 
For non-carcinogenic  365 x ED 365 x ED 

 203 

The oral reference dose (Rfd) (µg/kg/day) of the pesticides were: (delta-HCH =0.3; o,p'-DDE = 0.5; p,p'-DDE 204 

= 0.5; o,p'-DDD = 0.5; p,p'-DDT = 0.5; Heptachlor = 0.5; Endrin = 0.3; methoxychlor = 5.0; PCB = 0.02; 𝛼-205 

endosulfan = 0.05 (Afful, 2015; Raslan et al. 2018; Omar & Mahmoud, 2017). The oral reference dose values 206 

for the individual indicator PCB congeners were not available in literature. The detected PCBs in the cage fish 207 

were therefore summed up and the general Rfd value for PCB, i.e. 0.02µg/kg/day (Omar & Mahmoud, 2017) 208 

used for the risk calculations. 209 

The target risk of cancer was determined by using the  equation: 210 TCR =  EDI x CSF …………………………………………………………………………. (Equation 3) 211 

Where CSF is the cancer slope factor of the individual pollutant and TCR is the target cancer risk. The CSF for 212 

carcinogens; 𝛿-HCH = 1.80mg/kg/day, p,p'-DDE = 0.34 mg/kg/day, p,p'-DDT = 0.34 mg/kg/day, heptachlor = 213 

4.5 mg/kg/day, endrin = 17.00mg/kg/day, and PCBs = 2.00mg/kg/day were obtained from US EPA(2014), 214 

Raslan et al. (2018) and Omar & Mahmoud (2017).The carcinogenic effect regulation was derived by setting 215 

the risk from 1.0 × 10−6 to 1.0 × 10−4 due to lifetime exposure (USEPA 2012). 216 

Results and Discussions 217 

The processed cage tilapia samples were analysed for the residues of 17 different types of OCPs comprising (α–218 

HCH, γ–HCH, β–HCH, delta-HCH, endrin,  heptachlor, aldrin, dieldrin,  o,p΄–DDT, p,p΄–DDT, p,p΄– DDD,o,p΄– 219 

DDD, p,p΄–DDE, o,p΄–DDE, α–endosulfan, β–endosulfan and methoxychlor) and 7 PCBs (PCB 18, PCB 28, PCB 220 

52, PCB 101, PCB 153, PCB 138 and PCB 180).The results indicate that ten OCPs and six PCBs were detected in 221 

the fish samples (Table 2 and Table 3). 222 
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 223 

Table 2: Concentrations (µg/kg) of pesticide residues in cage tilapia from fish farms 224 

 225 

Table 3: Mean concentrations (ng/g) of indicator PCBs in Tilapia from the cage fish farms 226 
227 

 FISH FARM A FISH FARM B FISH FARM C CONTROLS 

Pesticides Mean ±SD Range Mean ±SD Range Mean ±SD Range Mean ±SD Range δ-HCH 0.834 ± 0.444 <LOD - 1.40 2.078 ± 1.557 1.00 – 6.00 6.109 ± 4.530 0.42 – 12.00 0.546±0.093 ND– 0.64 

o,p′-DDE 1.393 ± 0.427 <LOD - 2.00 1.250 ± 0.500 <LOD – 2.00 2.828 ± 2.021 <LOD – 6.01 0.616±0.151 ND – 0.88 

p,p-DDE 0.455 ± 0.276 0.26 – 0.65 <LOD - 2.439 ± 3.338 <LOD – 9.00 0.532±0.074 ND – 0.62 

o,p'-DDD <LOD - 4.260 ± 0.994 3.22 – 4.36 < LOD - - - 
p,p'-DDT 2.310 ± 0.438 2.00 – 2.62 1.22  ND – 1.22 1.500 ± 0.707 <LOD – 2.00 - - 
∑DDT 4.158 ± 1.451 <LOD-2.62 6.730±1.494 ND - 4.36 6.767 ± 6.066 <LOD – 9.00 1.148 ± 0.225 ND – 0.88 

Heptachlor 2.126 ± 0.748 1.00 – 3.42 1.335 ± 0.670 <LOD – 2.34 2.890 ± 1.734 <LOD – 6.00 0.878±0.317 ND – 1.20 
Endrin ND - 2.170 ± 0.240 <LOD – 2.34 3.080 ± 2.557 <LOD – 6.00 0.820±0.298 ND – 1.24 
Methoxychlor <LOD - 3.171 ± 1.440 <LOD – 5.00 3.889 ± 3.343 <LOD – 10.25 0.546±0.093 ND – 0.64 
α-endosulfan 2.210 ± 0.790 <LOD– 3.00 2.305 ± 0.863 <LOD – 3.00 1.860 ± 1.316 <LOD –3.00 0.738±0.295 ND -1.12 
β-endosulfan 1.683 ± 0.639 1.00 – 2.41 1.340 ± 0.570 <LOD – 2.05 0.813 ± 0.506 <LOD – 1.20 0.520±0.111 ND – 0.62 
∑endosulfan 3.893 ± 1.429 <LOD – 2.41 3.645 ± 1.433 <LOD – 3.00 2.673 ± 1.822 <LOD – 3.00 1.258 ±0.406 ND – 1.12 

 Load=11.011  Load=19.129  Load=25.408  Load=5.196  

LOD (Limit of detection), SD-standard deviation, ND-Not detected   

 FISH FARM A FISH FARM B FISH FARM C CONTROLS 

PCBs Mean ±SD Range Mean ±SD Range Mean ±SD Range Mean ±SD Range 

PCB 18 ND - 0.300±0.0048 0.296-0.314 0.801±0.5640 0.296-2.574 0.163±0.013 ND – 0.172 
PCB 28 ND - ND - 0.360±0.1252 0.260-0.683 ND - 
PCB 52 ND - 0.054±0.0105 0.042-0.061 2.564±1.2977 1.098-3.435 0.285±0.154 ND – 0.230 
PCB 101 ND - ND - 2.592±1.4961 1.160-4.345 ND - 
PCB 153 0.494±0.0021 0.296-0.305 1.807±0.5142 1.321-0.253 8.524±1.5960 6.393-10.657 ND - 
PCB 180 0.296±0.1758 0.288-0.931 1.799±0.5129 1.113-0.302 5.835±1.9760 4.112-8.035 0.297±0.001 ND – 0.298 Ʃ𝐏𝐂𝐁𝐬 0.790±0.1779  3.960±1.0424  20.676±7.051  0.745±0.168  

ND- Non detected   
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 228 

The concentrations of organochlorine pesticides generally varied from ND to 2.310 µg/kg, <LOD to 4.260 µg/kg, 229 

<LOD to 6.109 µg/kg and ND to 0.878µg/kg in fish samples from farm A, B, C, and controls, respectively. 230 

Analyses of the fish samples showed the following order of concentrations: p,p-DDT> α-endosulfan> heptachlor > 231 

β-endosulfan>o,p′-DDE>𝛿-HCH >p,p-DDE; o,p'-DDD>methoxychlor> α-endosulfan> endrin >𝛿-HCH > β-232 

endosulfan> heptachlor >o,p′-DDE>p,p-DDT, 𝛿-HCH> methoxychlor > endrin > heptachlor >o,p′-DDE>p,p-233 

DDE> α-endosulfan>p,p-DDT> β-endosulfan and heptachlor > α-endosulfan>o,p'-DDE>𝛿-HCH=methoxychlor > 234 

β-endosulfan in Fish Farms A,  B, C and controls respectively. Generally, the mean concentration of OCPs recorded 235 

in the tissues of the fishes from all the farms ranges ND – 6.109µg/kg. The highest concentration of 6.109 µg/kg was 236 

recorded for δ-HCH in the muscle tissue of Tilapia in Fish Farm C, while p,p-DDE recorded the lowest 237 

concentration in the muscle tissue of Tilapia in fish farm A.The default Maximum Residue Level (MRL) for any 238 

pesticide in fish tissue in the European Union (EU) is 10 g/kg (Koranteng, 2015). Accordingly, all OCP residues in 239 

the muscle tissues of cage tilapia from fish farms were less than the MRL 240 

Regarding DDT metabolites, DDE (total p,p-DDE and o,p-DDE) was the predominant isomer in all farms except 241 

Farm A. This was expected, as DDE is more stable than DDT and degrades more slowly when exposed to microbes, 242 

heat, and ultraviolet rays (Kafilzadeh, 2015). Additionally, DDE has a longer half-life in fish (approximately 7 243 

years) than p,p-DDT (8 months) (Yahia & Elsharkawy, 2014). Similarly, the uptake of DDE from the environment 244 

in farms B, C, and controls, rather than DDT, indicates that no significant fresh DDT input occurred at those 245 

locations. Bioconcentration is dependent on food chain transfer and the feeding habits of individual fish; thus, the 246 

higher DDE levels in Farms B, C, and the controls could be attributed to differences in their bioconcentrations. The 247 

calculated ratio of p,p'-DDT/total-DDE in Tilapia for Fish Farm A was 1.25. This indicates the introduction of a new 248 

contaminated source of technical DDT into Farm A. 249 

The concentrations of ∑DDTs in fish muscle samples from Lake Taabo (109.35g/kg) (Roche et al. 2007), River 250 

Densu (16.82g/kg) (Afful et al. 2010), and Lake Bosomtwi (8.88g/kg) (Darko et al. 2008) were significantly higher 251 

than the reported values from farms A, B, and C. Fish samples collected from Lake Manzala in Egypt (1.89g/kg) 252 

(Kamel et al., 2015) and Lake Ziway in Ethiopia (4.15g/kg) (Yohannes et al. 2014) contained significantly less 253 

∑DDTs than those from farms A, B, and C used in the study. Jarvinen and Ankley (1999) reported adverse effects 254 

on freshwater fish exposed to ∑DDT at concentrations up to 0.500 g /kg ww. According to this argument, the total 255 

DDT concentrations detected in adult fish muscle from farms A (4.158g/kg), B (6.730g/kg), C (6.767g/kg), and 256 

controls (1.148g/kg) during the study could impair their normal physiological function and growth rate. 257 

Endosulfan is abroad-spectrum insecticide as well as acaricide marketed in Ghana with a trade name thiodan, and is 258 

used by many subsistence farmers for crop protection. Low concentration of this compound was observed in all 259 

samples. According to Botaro et al. (2011), this contamination can be traced back to the substances used in the 260 

production of fish feeds, particularly vegetable oils and meals. The endosulfan- α / β isomer ratio for the study 261 

ranged between 1.30 and 2.29. This ultimately was not different from the α/β ratio reported by Botaro et al. (2011) 262 

for Tilapia in Brazil. Relatively higher concentrations of α-endosulfan instead of-β were anticipated, given the 263 

higher concentration of the α-endosulfan isomer (70%) in technical endosulfan mixtures than theβ -isomer. 264 
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Furthermore, due to the faster metabolic rate of β-isomer in fish compared to α-isomer, the level of β-isomer in fish 265 

was much lower(ATSDR 2000). The ∑endosulfan concentrations measured in the fish muscle samples from Lake 266 

Taabo in Cote d'Ivoire (0.39µg/kg) (Roche et al. 2007), Ogbesse River in Nigeria (0.39µg/kg) (Ezemonye et al. 267 

2015) and Lake Geriyo in Nigeria (171.10µg/kg) (Shinggu et al. 2015) were higher than those obtained for this 268 

study. 269 

Endosulfan is a broad-spectrum insecticide and acaricide that is marketed in Ghana under the trade name thiodan. It 270 

is used to protect crops by a large number of subsistence farmers. This compound was found in trace amounts in all 271 

samples. Botaro et al. (2011) attribute this contamination to substances used to manufacture fish feeds, particularly 272 

vegetable oils and meals. The endosulfan- α / β isomer ratio for the study ranged between 1.30 and 2.29. This 273 

resulted in a ratio similar to that reported by Botaro et al. (2011) for Tilapia in Brazil. Relatively higher 274 

concentrations of α-endosulfan instead of-β were anticipated, given the higher concentration of the α-endosulfan 275 

isomer (70%) in technical endosulfan mixtures than theβ -isomer. Additionally, because β-isomer has a faster 276 

metabolic rate in fish than α-isomer, the level of β-isomer in fish was significantly lower (ATSDR 2000). 277 

∑Endosulfan concentrations in fish muscle samples from Lake Taabo in Côte d'Ivoire (0.39g/kg) (Roche et al. 278 

2007), the Ogbesse River in Nigeria (0.39g/kg) (Ezemonye et al. 2015), and Lake Geriyo in Nigeria (171.10g/kg) 279 

(Shinggu et al. 2015) were all higher than those obtained in this study. 280 

Additionally, delta-HCH was the only isomer detected, even though gamma-HCH, marketed under the trade name 281 

Gammlin 20, was widely used on farms and in animal husbandry in Ghana until 2007 when it was virtually phased 282 

out (Kuranchie-Mensah et al. 2012). The mean delta-HCH composition was generally greater in Fish Farm C than in 283 

Farm A, at 6.109 ± 4.550 µg/kg and 0.834 ± 0.444 µg/kg, respectively. The distribution of the delta-HCH isomer 284 

across all three farms and controls reflects the historical use of technical mixtures of HCH. 285 

Aldrin and dieldrin were not detected in fish samples, indicating that farmers in the basin do not use them in their 286 

farming practises. Heptachlor is a pesticide that disrupts the endocrine system. Adults exposed to heptachlor may 287 

experience congenital abnormalities, cancer, particularly hormonal malignancies, a delay in sexual development, 288 

and a delay in nervous system development. Heptachlor was detected in all fish samples taken from the farms, 289 

indicating that it is less water-soluble. As a result, it accumulates in fish when released into bodies of water. 290 

Heptachlor was detected in fish from farms A, B, and C at an average concentration of of2.126µg/kg, 1.335µg/kg 291 

and 2.890µg/kg, respectively. Because heptachlor was most likely converted in vivo via microsomal oxidation to 292 

heptachlor epoxide, a more hazardous molecule (US National Academy of Science 1992), the average level of 293 

heptachlor was lower in Farm B than in farms A and C. 294 

Methoxychlor concentrations in cage tilapia fish samples (Table 2) were highest in farm C (3.889 ± 3.343µg /kg, dry 295 

weight); however, methoxychlor concentrations from Farm A were below the detection limit. The elevated 296 

methoxychlor levels detected in farm C fish could be attributed to the fish's high lipid content and current pesticide 297 

application on farms closer to the basin (Taiwo et al. 2019). 298 

The allowable limit for methoxychlor, endrin, dieldrin, aldrin, and heptachlor in fish is 0.3 mg kg−1(300µg/kg), but 299 

the value for DDE, DDT, endosulfan, and DDD is 5 mg kg−1(500µg/kg) according to the US Federal Drug 300 
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Administration (Ezemonye et al. 2015). As a result, the levels of identified OCPs were found to be lower than the 301 

USFDA levels in all cage Nile tilapia. 302 

The pesticide loads (sum of all detected pesticides) in the Tilapia from the farms were;11.011 µg/kg, 19.129 µg/kg, 303 

25.408 µg/kg and 5.196µg/kg in fish farms A, B, C and controls respectively. The highest pesticide load of 25.408 304 

µg/kg was obtained from fish farm C. This could be due to their high lipid content, making them susceptible to 305 

bioaccumulation of more of the organochlorine residue. 306 

The findings of the current research are compared in Table 4 with those from other regions of the world, as well as 307 

with some from local studies in Ghana. Comparison of the mean OCP residue ranges in muscle tissues from the 308 

present study with results from other local studies shows that values from this study were lower. Whereas the 309 

highest local OCP concentration range in the muscle of fish (0.78 – 94.00 µg/kg) was quoted by Koranteng (2015) 310 

for fish species from the Afram arm of Volta Lake, that for this study was ND – 6.109 µg/kg. Comparing the results, 311 

however, to the ranges by some works from other regions of the world; the concentration range for this study was 312 

lower. For instance, as shown on Table 4, Abbassy (2018) reported a mean concentration range less than the limit of 313 

detection – 6.71µg/kg for fish species from Rosetta Nile branch estuary in Egypt; Deribe et al. (2011) also recorded 314 

a range of 1.86 – 6.90 µg/kg for species from Lake Koka in Ethiopia; Eqani et al. (2013) reported a mean 315 

concentration range 0.75 - 20 µg/kg for River Chenab in Pakistan while Polder et al., (2014) obtained a mean 316 

concentration range <LOD - 273µg/kg for OCPs in muscle tissues of Oreochromis niloticus from Lake Victoria, 317 

Lake Tanganyika, Lake Nyasa and Lake Babati in Tanzania. Cage aquaculture tilapia from the Ghanaian aquatic 318 

ecosystems can therefore generally be considered relatively less contaminated. 319 

In Table 4, the current study's findings are compared to those from other parts of the world and some from Ghanaian 320 

studies. When the mean OCP residue ranges in muscle tissues from the current study were compared to data from 321 

other local investigations, the present study's values were lower.  322 

Table 4: Mean concentrations of OCPs residues in fish muscles from local and international studies 323 
compared to the present study 324 

 325 

 326 

 327 

 328 

 329 

 330 

 331 

 332 

 333 

 334 

 335 

 336 

 337 

 338 

Reference No. of OCPs  Range (µg/kg) Location 

Studies from Ghana   
Afful et al. (2010) 14 OCPs 0.3 – 71.30 Densu basin 
Adu-Kumi et al. (2010) 17 OCPs ND –290.00 Weija, Bosomtwi and Volta 
Fianko et al. (2011) 15 OCPs 0.51 – 7.99 Densu River basin 
Gbeddy et al. (2012) 15 OCPs 0.10 – 17.35 Kpando (Volta Lake) 
Koranteng (2015) 3 OCPs 0.78 – 94.00 Afram Lake arm of Volta 
Present study    
Fish farm A 9 OCPs  ND - 2.310 Volta Basin 

Fish farm B 10 OCPs <LOD - 4.260 Volta Basin 

Fish farm C 10 OCPs <LOD - 6.109 Volta Basin 

Studies from other regions   
Abbassy (2018) 7 OCPs <LOD - 6.71 Rosetta Nile branch estuary 
Deribeet al. (2011) 8 OCPs 1.86 – 6.90 Lake Koka 
Eqaniet al. (2013) 11OCPs 0.75 – 20 River Chenab 
Norliet al. (2011) 11 OCPs 1.36 – 329 Superior Lake 
Polder et al. (2014) 10 OCPs <LOD – 273 Lake Victoria, L. Tanganyika, 

L. Nyasa and L. Babati 

ND-Non detected,  <LOD-Below detection limit 
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While Koranteng (2015) reported the highest local OCP concentration range in fish muscle (0.78 – 94.00 µg/kg) for 339 

fish species from the Afram arm of Volta Lake, the range for this study was ND – 6.109 µg/kg. When comparing the 340 

results to those of other studies worldwide, the concentration range for this study was lower. For example, Abbassy 341 

(2018) reported a mean concentration range less than the limit of detection – 6.71µg/kg for fish species from Egypt's 342 

Rosetta Nile branch estuary, while Deribe et al., (2011) reported a range of 1.86 – 6.90 µg/kg for species from 343 

Ethiopia's Lake Koka. Elsewhere, Eqani et al. (2013) had reported a mean concentration range of0.75 - 20 µg/kg for 344 

Pakistan's River Chenab, while Polder et al. (2014) obtained a mean concentration range <LOD - 273µg/kg for 345 

OCPs in muscle tissues of Oreochromis niloticus from Lake Victoria, Lake Tanganyika, Lake Nyasa and Lake 346 

Babati in Tanzania. Cage farming tilapia from Ghanaian aquatic environments can thus be deemed less polluted in 347 

general. 348 

The study focused on the seven PCB congeners CB-18, CB-28, CB-52, CB-101, CB-138, CB-153, and CB-180, 349 

which are considered primary and key indicators of biological loads (Asante et al., 2013). PCBs were found in the 350 

fish samples in varying amounts, as shown in Table 3. PCBs were found in large quantities in fish samples from 351 

farm C. In fish farm A, B, C, and controls, indicator congener concentrations ranged from 0.288 ng/g to 0.931 ng/g 352 

dry weight, 0.042 ng/g to 1.321 ng/g dry weight, 0.260 ng/g to 10.657 ng/g, and ND- 0.298 ng/g dry weight, 353 

respectively. The overall PCB concentrations ranged from 0.745 to 20.676ng/g. Farm C had the highest mean PCB 354 

153 concentrations (8.5241.5960ng/g), followed by PCB 180 (5.8351.9760ng/g) in the same farm. According to 355 

Kampire et al. (2015), the PCB-153's increased persistence in the freshwater ecosystem is due to its extended half-356 

life. 357 

Except for the controls, the dominance of PCB-153 and PCB-180 samples in the farms was similar to the dominance 358 

of the same contaminants found in other studies (Mwakalapa et al. 2018; Asante et al. 2013; Polder et al. 2016). 359 

Higher-chlorinated PCBs (such as PCB 153 and PCB 180) have a higher logKow than lower-chlorinated PCB 360 

congeners, which could explain why those congeners are found in higher concentrations in fish. Because there are 361 

more unsubstituted ring positions on their biphenyl rings available for metabolic attack, lower chlorinated PCBs 362 

have a lower propensity to leave the aqueous environment for organic compartments. Thus, when present in 363 

organisms, they are usually more rapidly metabolised than higher chlorinated congeners (Kuranchie-mensah et al. 364 

2011). PCB congeners (PCB-153 and PCB-180) profiles for study farms were comparable to the technical PCB 365 

mixture (aroclor 1260), indicating that it was used in Ghana. The level of PCB-153 in farm C fish was similar to that 366 

found by Kampire et al. (2015) in South Africa (8.57ng/g). 367 

CB-18, CB-28, CB-52, and CB-101, which are less lipophilic lower chlorinated congeners, had a lesser contribution 368 

in the fish samples. This could be due to the EPA and other regulatory agencies closely monitoring PCB sources 369 

closer to the Basin, such as fire retardants, paint pigments, lubricants, and plasticisers. ∑PCBs concentrations in fish 370 

muscle samples from Ghana's Brenya lagoon (150ng/g) (Asante et al. 2013) and Indonesia's Jakarta Bay (400ng/g) 371 

(Sudaryanto et al. 2007) were greater than the study's stated levels. Total PCB levels in the Indian Ocean (0.2ng/g 372 

and 0.6ng/g), in Tanzania (Mwakalapa et al. 2018) and the Napoleon Gulf in Uganda (0.073ng/g) (Ssebugere et al. 373 

2014) were lower than those in the study. Except in Fish Farm A and the controls, where the levels were low, the 374 
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total concentration of PCBs in the caged Oreochromis niloticus for the study was much greater than that found by 375 

Kuranchie-Mensah et al. (2011) on the same Volta Basin. 376 

 377 

Risk assessment 378 

Table 5 shows the estimated daily intake (EDI) of pesticides such as δ-HCH, o,p′-DDE,p,p-DDE, o,p'-DDD, p,p'-379 

DDT, heptachlor, endrin,  methoxychlor, α-endosulfan, β-endosulfan and PCB in children and adults from cage 380 

tilapia from aquaculture farms in the Volta Basin. The EDIs were much lower than the USEPA's recommended 381 

reference dose (Rfd) levels. The implication is that eating the Volta Basin Tilapia investigated does not pose any 382 

health risks to children or adults regarding OCPs and PCB contamination. 383 

A health hazard measure is the hazard quotient (HQ), which is the ratio of potential chemical exposure to the 384 

threshold at which no harmful effects are expected. The Estimated Daily Intake (EDI) is divided by the Reference 385 

dosage to get the HQ value. The HQ values of OCPs and PCBs for fish eaten by children and adults from fish farms, 386 

as well as the controls, were less than one (1) using the data set from the current study (Table 6). As a result, the 387 

consumption of cage tilapia from the Volta Basin farms poses no non-carcinogenic health risk to the population. On 388 

the other hand, children had a much higher non-carcinogenic risk than adults. Eating pesticide-contaminated cage 389 

fish put consumers at a higher non-carcinogenic risk than eating wild fish (Controls). The pesticide residue found in 390 

processed fish samples that has the potential to cause cancer was analysed for carcinogenic risk. 391 
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 392 

Table 5: Estimated Daily Intake (µg/kg/day) of pesticides in cage fish for Non-carcinogenic risk assessment 393 
 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 

 402 

 403 

 404 

 405 

 406 

 FISH FARM A FISH FARM B FISH FARM D CONTROL 

Pesticides Rfd Children Adult Children Adult Children Adult Children Adult 𝛅-HCH 0.30 1.11E-05 1.19E-06 2.76E-05 2.97E-06 8.12E-05 8.74E-06 7.28E-06 7.80E-07 

o,p′-DDE 0.50 1.85E-05 1.99E-06 1.66E-05 1.79E-06 3.76E-05 4.04E-06 8.21E-06 8.80E-07 

p,p-DDE 0.50 6.05E-06 6.51E-07 NIL NIL 3.24E-05 3.49E-06 7.09E-06 7.60E-07 

o,p'-DDD 0.50 NIL NIL 5.67E-05 6.09E-06 NIL NIL NIL NIL 

p,p'-DDT 0.50 3.07E-05 3.30E-06 1.62E-05 1.74E-06 2.00E-05 2.15E-06 NIL NIL 

Heptachlor 0.50 2.83E-05 3.04E-06 1.78E-05 1.91E-06 3.84E-05 4.13E-06 1.17E-05 1.25E-06 

Endrin 0.30 NIL NIL 2.89E-05 3.10E-06 4.10E-05 4.40E-06 1.09E-05 1.17E-06 

Methoxychlor 5.00 NIL NIL 4.22E-05 4.53E-06 5.17E-05 5.56E-06 7.28E-06 7.80E-07 

α-endosulfan 0.05 2.94E-05 3.16E-06 3.07E-05 3.30E-06 2.47E-05 2.66E-06 9.84E-06 1.05E-06 

β-endosulfan NIL 2.24E-05 2.41E-06 1.78E-05 1.92E-06 1.08E-05 1.16E-06 6.93E-06 7.43E-07 

PCB 0.02 1.05E-05 1.13E-06 5.27E-05 5.66E-06 2.75E-04 2.96E-05 9.93E-06 1.06E-06 

RfD= Reference dose (µg/kg/day) 

Table 6: Hazard Quotient of pesticides through consumption of cage tilapia for Non-carcinogenic 

 FISH FARM A FISH FARM B FISH FARM D CONTROL 

Pesticides Children Adult Children Adult Children Adult Children Adult 𝛅-HCH 3.70E-05 3.98E-06 9.21E-05 9.91E-06 2.71E-04 2.91E-05 2.43E-05 2.60E-06 

o,p′-DDE 3.71E-05 3.98E-06 3.33E-05 3.58E-06 7.53E-05 8.09E-06 1.64E-05 1.76E-06 

p,p-DDE 1.21E-05 1.30E-06 NIL NIL 6.49E-05 6.98E-06 1.42E-05 1.52E-06 

o,p'-DDD NIL NIL 1.13E-04 1.22E-05 NIL NIL NIL NIL 

p,p'-DDT 6.14E-05 6.61E-06 3.25E-05 3.49E-06 3.99E-05 4.29E-06 NIL NIL 

Heptachlor 5.66E-05 6.08E-06 3.55E-05 3.81E-06 7.69E-05 8.27E-06 2.34E-05 2.50E-06 

Endrin NIL NIL 9.62E-05 1.03E-05 1.37E-04 1.47E-05 3.63E-05 3.90E-06 

Methoxychlor NIL NIL 8.43E-06 9.07E-07 1.03E-05 1.11E-06 1.46E-06 1.56E-07 

α-endosulfan 5.88E-04 6.32E-05 6.13E-04 6.59E-05 4.95E-04 5.32E-05 1.97E-04 2.10E-05 

β-endosulfan NIL NIL NIL NIL NIL NIL NIL NIL 

PCB 5.25E-04 5.65E-05 2.63E-03 2.83E-04 1.38E-02 1.48E-03 4.97E-04 5.30E-05 
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 407 

 408 

409 

Table 7: Estimated daily intake of pesticides in fish for Children and Adults for carcinogenic risk 

 FISH FARM A FISH FARM B FISH FARM D CONTROL 

Pesticides Children Adult Children Adult Children Adult Children Adult 𝛅-HCH 9.53E-07 5.09E-07 2.38E-06 1.27E-06 6.98E-06 3.73E-06 6.24E-07 3.33E-07 

o,p′-DDE 1.59E-06 8.51E-07 1.43E-06 7.63E-07 3.23E-06 1.73E-06 7.04E-07 3.76E-07 

p,p-DDE 5.20E-07 2.78E-07 NIL NIL 2.79E-06 1.49E-06 6.08E-07 3.24E-07 

o,p'-DDD NIL NIL 4.87E-06 2.60E-06 NIL NIL NIL NIL 

p,p'-DDT 2.64E-06 1.41E-06 1.39E-06 7.45E-07 1.71E-06 9.16E-07 NIL NIL 
Heptachlor 2.43E-06 1.30E-06 1.53E-06 8.15E-07 3.30E-06 1.76E-06 1.00E-06 5.36E-07 

Endrin NIL NIL 2.48E-06 1.33E-06 3.52E-06 1.88E-06 9.37E-07 5.01E-07 

Methoxychlor NIL NIL 3.62E-06 1.94E-06 4.45E-06 2.37E-06 6.24E-07 3.33E-07 
α-endosulfan 2.53E-06 1.35E-06 2.63E-06 1.41E-06 2.13E-06 1.14E-06 8.43E-07 4.51E-07 

β-endosulfan NIL NIL NIL NIL NIL NIL NIL NIL 

PCB 9.03E-07 4.82E-07 4.53E-06 2.42E-06 2.36E-05 1.26E-05 8.51E-07 4.55E-07 

Table 8: Cancer Risk Estimations of pesticides in cage fish for Children and Adults from the Volta Basin 

  FISH FARM A FISH FARM B FISH FARM D CONTROL 

Pesticides CSF(µg/kg/day) Children Adult Children Adult Children Adult Children Adult 𝛅-HCH 1.80E-03 1.72E-09 9.19E-10 4.28E-09 2.29E-09 1.26E-08 6.73E-09 1.12E-09 5.99E-10 

p,p-DDE 3.40E-04 1.76E-10 9.47E-11 NIL NIL 9.48E-10 5.08E-10 2.07E-10 1.10E-10 

p,p'-DDT 3.40E-04 8.98E-10 4.81E-10 4.74E-10 2.54E-10 5.83E-10 3.12E-10 NIL NIL 

Heptachlor 4.50E-03 1.09E-08 5.86E-09 6.87E-09 3.68E-09 1.49E-08 7.96E-09 4.50E-09 2.41E-09 

Endrin 1.70E-02 NIL NIL 4.22E-08 2.26E-08 5.98E-08 3.20E-08 1.59E-08 8.52E-09 

PCB 2.00E-03 1.81E-09 9.67E-10 9.05E-09 4.85E-09 4.72E-08 2.53E-08 1.70E-09 9.10E-10 

CSF=Cancer slope factor 
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 410 

Table 7 shows the results of the EDI measurement for carcinogenic risk. The EDIs were significantly lower than the 411 

Rfd standards established by the USEPA in 2012. The cancer risk was computed using the computed EDI for 412 

carcinogenicity and the cancer slope factors for each pollutant and the results in Table 8. Cancer risk controls 413 

specified by the USEPA vary from 1.0 x 10-6 to 1.0 x 10-4. (USEPA 2012). The study's findings showed that the 414 

projected pesticide cancer risks from eating caged tilapia from the Volta Basin were within USEPA restrictions. As 415 

a result, OCPs and PCBs in processed fish samples from farms A, B, C, and controls at the time of investigation 416 

were unlikely to represent a carcinogenic risk to both young children and adults. 417 

Conclusion  418 

The study discovered a wide variety of PCBs and OCPs residues in the muscle of cage tilapia. The major pesticides 419 

found in the fish muscle were DDT metabolites, PCB 153, and PCB 180. Farm C had the highest pesticide load in 420 

the samples, implying contamination from many sources. Although most pesticides were present due to past inputs, 421 

their residues in the fish muscle tissue were below the EU's suggested MRL. According to US EPA regulations, fish 422 

samples from the fish farms investigated in this study do not represent a risk to human eating. As a result, the trend 423 

of these pollutants and their ecotoxicological effects on cage tilapia from aquaculture farms must be monitored 424 

regularly. 425 
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