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ABSTRACT 

	Heavy metal pollution of fresh water bodies is of grave concern as it may lead to fish contamination posing a health risk to the consumer population. We explore the heavy metal concentrations (Fe, Pb, Cd, Cu, Mn, Zn, Ni) in fish samples from Jibia Dam, Jibia Local Government Area Katsina State, Nigeria, using Spectrophotometry. Health risks to the population from the consumption of the fish samples were evaluated using the target hazard quotient (THQ) and health risks indices (HRI) for the non-cancer health risks. While for the cancer risks incremental lifetime cancer risk (ILCR) and cumulative incremental lifetime cancer risk (ΣILCR) were used. From the results the fish samples Ameiurus nebulosus and Tilapia zilli exhibited mean concentrations of the heavy metal Pb above the permissible maximum allowable concentration, while the Pb concentration in the Clarias gariepinus sample and the rest of the evaluated heavy metals in the three fish samples were within the safety limit for heavy metals in fish samples. The computed target hazard quotient (THQ) for all the fish samples in the children and adult population were below one (1), In contrast the calculated health risk index(HRI) for Ameiurus nebulosus and Tilapia zilli was above one (1) in the children population. While the calculated HRI for Clarias gariepinus in the children population and for the HRI for all the three samples in the adult population were below one (1). The risk assessment for carcinogenic exposure effect has revealed that the incremental lifetime cancer risk (ILCR) were all above the safe limit for cancer in the children and adult population for the heavy metal Ni. There is an indication of heightened risk of non-cancer and cancer risks to the population from consumption of the study fish samples.
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1. INTRODUCTION 

Fish constitutes an affordable and accessible source of high-quality protein for approximately one billion people worldwide, irrespective of socio-economic status (FAO, 2020). The global increase in fish consumption is largely attributable to its recognised role as a rich source of essential nutrients beneficial to human health (FAO, 2020; Varol et al., 2017; Adegbola et al., 2021). However, the contamination of aquatic ecosystems with heavy metals poses a significant risk, as it may lead to the bioaccumulation of these toxic elements in freshwater fish, with consequent adverse health implications for human consumers (Miri et al., 2017; Fakhri et al., 2018; Yaradua et al., 2022). Heavy metals are capable of undergoing biotransformation and tend to accumulate progressively along the food chain, thereby increasing exposure risks at higher trophic levels (Soltani et al., 2019; Nargis et al., 2021; Yaradua et al., 2023a). While the toxicity of these elements is often concentration-dependent, certain non-essential heavy metals, including cadmium (Cd), lead (Pb), mercury (Hg), and the metalloid arsenic (As), are known to exert toxic effects even at relatively low concentrations (Aljohani et al., 2023). These contaminants enter aquatic environments through both natural and anthropogenic pathways. Natural sources include geological weathering processes and volcanic lava deposition, whereas anthropogenic contributions arise primarily from industrial discharges and municipal waste effluents, thereby exacerbating environmental accumulation (Ali et al., 2019; Ezemonye et al., 2019; Salam et al., 2019; Mahmuda et al., 2020; Yousuf et al., 2022; Saidon et al., 2024).
The toxicological effects of heavy metals are well documented, with primary impacts observed in critical organs such as the brain and kidneys. Additionally, exposure to specific metals is associated with distinct pathological outcomes, including hypertension linked to lead exposure, carcinogenic effects associated with arsenic, and nephrotoxicity resulting from cadmium accumulation (Kabir et al., 2024). Furthermore, the consumption of food contaminated with heavy metals may interfere with the absorption and utilisation of essential nutrients, thereby compromising immune function, impairing growth, and contributing to malnutrition (Bala et al., 2024).
The consumption of fish contaminated with heavy metals brings many a times  represents a potential health risk for the human consumers (Yaradua et al., 2022; Znad et al., 2022). Studies have revealed that heavy metal pollution of the aquatic system has detrimental health effects on both the aquatic organisms and humans (Nyarko et al., 2023; Alam et al., 2023), including an increased incidence of cancer in humans (Aljohani et al., 2023).  Aljohani et al. (2023) have reported that aquatic biota may serve as a biological measure of heavy metal degree of contamination in water bodies and of a toxicological degree of standard for human use. It is therefore in line to put forward a hypothesis that consumption of  fish  polluted by heavy metals may present a potential health risk.
The study was conducted in Jibia town, the administrative headquarters of Jibia Local Government Area in Katsina State, Nigeria. The area has become notable for extensive illegal mining activities, which have significantly shaped its socio-economic and security landscape. In mining communities, illicit extraction practices have been associated with a range of adverse outcomes, including armed conflict, banditry, criminality, widespread violence, and kidnapping, often driven by competition among rival groups for control over mineral resources (Amosu and Adeosun, 2021). In Nigeria, the situation is further exacerbated by the involvement of organised armed groups, including bandits and insurgent elements, which intensify insecurity and undermine governance structures (ENACT, 2024). Jibia is endowed with substantial deposits of solid minerals, particularly gold and quartzite, which constitute major targets for illegal mining due to their high economic value. The predominance of alluvial gold in the region enhances its attractiveness, as such deposits are relatively easy to extract using rudimentary techniques. Furthermore, alluvial gold is highly fungible and readily transportable, facilitating its illicit trade and cross-border smuggling. Alongside neighbouring areas such as Anka and Birnin Gwari, Jibia has emerged as a focal point of illegal mining and banditry in north-western Nigeria. Within Jibia, armed groups are reported to exert control over extensive mining sites, particularly in the Wagini community of Batsari, located approximately 54 kilometres from Jibia town. Access to these areas is often restricted to individuals who demonstrate allegiance to these groups, thereby reinforcing their dominance over local resource extraction (ENACT, 2024). Recent empirical studies have further identified illegal mining activities and associated armed banditry as significant contributors to environmental contamination, particularly the accumulation of heavy metals in the region, with potential implications for public health (Yaradua et al., 2023a, b, c, d).
Therefore, the current study was conducted to evaluate heavy metals in edible fish samples from Jibia dam. The main objective  of the current study was to analyse the heavy metal concentrations in the fish samples and to quantify the health risks linked to consumption of these fish samples. With the hope that, findings from the study may give insight into possible heavy metal burden of the fish samples and their health implications. 

2. material and methods 

2.1 Sampling Area
Jibia Dam located in Jibia town, Jibia Local Government Area, Katsina State, Northwest Nigeria was used for sampling. The Dam has a water storage capacity of 142,000,000m3, with a potential to irrigate 5000Ha of land during the dry season. Jibia Local Government Area was curved out from the present Katsina Local Government Area in May 1989, in Katsina State of Nigeria. The coordinates of Jibia Local Government Area fall within latitude 13°05’18.00’’N and longitude 7°13’2.00’’E, spanning an Area of 1037km2, with a mean temperature and relative humidity of 29°C and 67% respectively (Katsina State, 2016). The Niger Republic borders the local government to the north, bordered to the South by Batsari Local Government, to the east by Katsina Local Government, and to the west by Zurmi Local Government area of Zamfara State. The population of the Local Government Area stood at 169,748 as of 2006 census (Fig. 1). 
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Fig. 1 Map of Katsina state showing Jibia local government area (sampling site)

2.2 Fish Sampling (Clarias gariepinus, Ameiurus nebulosus and Tilapia zilli)
Sampling in the study area includes eight fish samples per species collected from commercial anglers, was performed in February 2026, according to earlier literature (Yaradua et al., 2018a). The fish samples  (whole)were transported to the laboratory in an ice-packed container. The samples were then kept in a deep freezer after washing with clean water. The frozen samples were allowed to thaw before being transferred into labelled sample bottles prior to heavy metal analysis.  
2.3 Heavy Metals Determination
Using standard methods (AOAC, 1995), heavy metals in the samples were determined with the help of AA210RAP BUCK Atomic Absorption Spectrometer flame emission spectrometer filter GLA-4B Graphite furnace (East Norwalk USA), after ashing and digestion, as reported by Yaradua et al. (2018a) and the metal concentrations in the samples were reported in mg/kg. In summary, each 5 g of composite fish sample was made to dry at 800C spanning 2 hours with the use of a Gallenkamp hotbox oven (CHF097XX2.5), after which the dried samples were blended. About 0.5 g of each sample was measured followed by ashing at 5500C for 24 hours using electric muffle furnace (Thermolyne FB131DM Fisher Scientific). The dilution of the ash was performed with 4.5 ml concentrated hydrochloric acid (HCl) and concentrated nitric acid (HN03) in a mixed ratio of 3:1 and the volume made up to 100ml by adding 50 ml of deionized water in a volumetric flask.
2.4 Daily Intake of Metals (DIM) from Consumption of Samples
To calculate the daily intake of metals from presumed ingestion of the samples, the equation below was used 
DIM = (Cmetal x Cfactor x Dintake)/Bweight …eqn. (1)
With, C metal, C factor, D intake and B weight representing the concentrations of evaluated metals in the samples, the conversion factor, the daily intake of the sample and the mean body weight, respectively. To compensate for the drying of the samples, the conversion factor (CF) of 0.085 was used (Jan et al., 2010). The WHO 24.7 g/d per capita consumption of fish was used for the estimation of daily intake of fish (FAO/WHO, 2011).  The body weight for the adult and children population were all adopted from the literature as 60 kg (Orisakwe et al., 2015) and 24 kg (Ekhator et al., 2017).
2.5 Determination of Non-Cancer Risks from Ingestion of Samples
 Non-carcinogenic risks for individual heavy metal of the samples were evaluated by computing the target hazard quotient (THQ) using the following equation” (Micheal et al., 2015).
THQ=CDI/RfD ………………. eqn. (2)
“CDI was the chronic daily heavy metal intake (mg/kg/day) obtained from the previous section and RfD is the oral reference dose (mg/kg/day) “The following reference doses were used (Pb = 0.6 mg/kg, Cd = 0.5 mg/kg, Zn = 0.3 mg/kg, Fe = 0.7mg/kg, Ni = 0.4 mg/kg, Cu=0.04 mg/kg)” (Li et al., 2013; US-EPA, 2002). ”The evaluation of the potential risk to human health through more than one heavy metal depicted as the hazard index (HI) was obtained as the sum of all hazard quotients (THQ) calculated for individual heavy metals for a particular exposure pathway” (NFPCSP Nutrition Fact Sheet, 2011). It was calculated as follows:
HI=THQ1+THQ2+⋯+THQn……… eqn. (3)
Where 1, 2 …. n are the individual heavy metals in samples.
The population was assumed to be safe from non-cancer heavy metal risks when HI < 1 and in a level of concern when 1 < HI < 5” (Guerra et al.,2012).
2.6 Cancer Risks from Consumption of Samples
The possibility of cancer risks in the studied samples through intake of carcinogenic heavy metals were estimated using the Incremental Lifetime Cancer Risk (ILCR) (Liu et al., 2013).
ILCR=CDI x CSF ………………. eqn. (4)
Where, CDI is the chronic intake of chemical carcinogen, mg/kg BW/day which represents the lifetime average daily dose of exposure to the chemical carcinogen. The following cancer slope factor (CSF) for specific heavy metals were used; Pb = 0.0085 mg/kg/day (Kamunda et al., 2016), Cd = 0.38 mg/kg/day (Yang et al., 2018), Ni = 1.7 mg/kg/day (Javed et al., 2016). The level of acceptable cancer risk (ILCR) for regulatory purposes was considered within the range of 10−6 to 10−4 (Li and Zhang, 2010). The CDI values were calculated on the basis of the following equation:
CDI = (EDI x EFr x EDtot)/AT …eqn. (5)
“Where EDI was the estimated daily intake of metal via consumption of the samples; EFr is representing the exposure frequency (365 days/year); EDtot is the exposure duration of 60 years, average lifetime for Nigerians; AT is the period of exposure for non-carcinogenic effects (EFr × EDtot), and 60 years’ lifetime for carcinogenic effect” (Micheal et al., 2015). “The cumulative cancer risks in the samples as a result of exposure to multiple carcinogenic heavy metals due to consumption of a particular type of food were assumed to be the sum of the individual heavy metal increment risks and calculated by the following equation” (Liu et al., 2013). 
ΣILCR=ILCR1+ILCR2+⋯+ILCRn…… eqn. (6)
Where, n = 1, 2 …, n is the individual carcinogenic heavy metal.
2.7 Statistical Analysis
The data from this present study were analysed using the SPSS 24 statistical package. Using the analysis of variance (ANOVA).

3. results and discussion

The present study assessed the concentrations of selected heavy metals (Fe, Pb, Cd, Cu, Mn, Zn, and Ni) in three freshwater fish species. As presented in Table 1, the findings indicate that, with the exception of Clarias gariepinus, which exhibited mean lead (Pb) levels within permissible limits, both Ameiurus nebulosus and Tilapia zilli demonstrated mean Pb concentrations exceeding the maximum allowable limit of 0.05 mg/kg established by regulatory authorities (FAO/WHO, 2011). Apart from cadmium (Cd), which was below the detection limit (BDL) in Clarias gariepinus, all other analysed heavy metals across the three fish species were found to be within the recommended safety thresholds (Cd: 0.5 mg/kg; Fe: 123.5 mg/kg; Ni: 0.5–0.6 mg/kg; Mn: 10 mg/kg; Cu: 30 mg/kg) as stipulated by FAO/WHO (2011). The elevated Pb concentrations observed in the present study are consistent with earlier findings reported in fish samples from Katsina State (Yaradua et al., 2022). Previous authors attributed such contamination to proximity to quarrying activities, vehicular emissions, agricultural runoff, and the washing of transport vehicles within the study vicinity. However, in the context of the current study, illegal mining activities are likely to represent a more significant source of contamination. This assertion is supported by earlier investigations conducted within the same local government area, which documented elevated heavy metal concentrations in various food samples and linked these findings to environmental contamination arising from artisanal and illegal mining operations (Yaradua et al., 2023a, b, c, d).
[bookmark: _GoBack]Furthermore, the mean Pb concentrations recorded in this study are comparable to those reported in freshwater fish from the Turag–Tongi–Balu river system in Bangladesh (Hossain et al., 2024) and from Ajiwa Dam in Katsina State, Nigeria (Ibrahim et al., 2021). Conversely, the Pb levels observed in Ameiurus nebulosus and Tilapia zilli exceed those previously documented in fish from Jabi Lake, Abuja, Nigeria, and Zhejiang Province, China (Moise and Karimatu, 2020; Han et al., 2021). Among the species examined, Tilapia zilli exhibited the highest mean concentrations of the analysed heavy metals, whereas Clarias gariepinus consistently showed the lowest levels. Statistical analysis revealed that the mean concentrations of metals differed significantly among the three species (p < 0.05). These interspecies variations may be attributed to differences in bioaccumulation dynamics, which are influenced by multiple factors, including ambient metal concentrations in water, duration of exposure, feeding behaviour, trophic level, and environmental parameters such as temperature, pH, and dissolved oxygen. Intrinsic biological characteristics, including age, metabolic rate, and habitat preference, also play a crucial role in determining metal accumulation in fish (Nyarko et al., 2023). Notably, the mean concentrations of heavy metals reported in the present study are lower than those documented in comparable studies conducted in Algeria, Iraq, and selected regions of eastern and western Nigeria (Leizou et al., 2016; Mansoor and Said, 2018; Mehouel et al., 2019; Adegbola et al., 2021).

Table 1: Heavy Metals Concentration (Mean ± Standard Deviation) (mg/kg) in Fish Samples from Jibia Dam, Jibia Local Government Katsina State, Nigeria
	Sample
	
	
	
	Heavy metal
	
	
	

	
	Fe
	Pb
	Cd
	Cu
	Mn
	Zn
	Ni

	C. gariepinus
	0.6259 ± 0.0012
	0.0743 ± 0.0003
	BDL
	0.0502 ± 0.0007
	0.0524 ± 0.0005
	0.2533 ± 0.0013
	0.2002 ± 0.0004

	A. nebulosus
	1.7225 ± 0.0023
	0.4345 ± 0.0006
	0.0140 ± 0.0004
	0.0592 ± 0.0004
	0.1428 ± 0.0006
	0.3997 ± 0.0010
	0.2285 ± 0.0004

	T. zilli
	2.0274 ± 0.0008
	0.7164 ± 0.0004
	0.0340 ± 0.0006
	0.0737 ± 0.0006
	0.1092 ± 0.0004
	0.6302 ± 0.0004
	0.4007 ± 0.0006




Table 2: Daily Metal Intakes in Children from Consumption of the Fish Samples from Jibia Dam, Jibia Local Government Katsina State, Nigeria
	Sample
	
	
	
	Daily metal intake
	
	
	

	
	Fe
	Pb
	Cd
	Cu
	Mn
	Zn
	Ni

	C.  gariepinus
	0.0548
	0.0065
	BDL
	0.0044
	0.0046
	0.0222
	0.0175

	A.  nebulosus
	0.1507
	0.0380
	0.0012
	0.0052
	0.0125
	0.0350
	0.0200

	T.  zilli
	0.1774
	0.0627
	0.0030
	0.0065
	0.0096
	0.0527
	0.0351



Table 3: Daily Metal Intakes in Adults from Consumption of the Fish Samples from Jibia Dam, Jibia Local Government Katsina State, Nigeria
	Sample
	
	
	
	Daily metal intake
	
	
	

	
	Fe
	Pb
	Cd
	Cu
	Mn
	Zn
	Ni

	C. gariepinus
	0.0232
	0.0026
	BDL
	0.0018
	0.0018
	0.0089
	0.0070

	A.  nebulosus
	0.0603
	0.0152
	0.0010
	0.0021
	0.0050
	0.0140
	0.0080

	T.  zilli
	0.0709
	0.0251
	0.0012
	0.0026
	0.0038
	0.0221
	0.0140





The computed target hazard quotient (THQ) for all the fish samples in the children and adult population were below one (1), an indication that the individual heavy metals on their own will not pose a threat of increased non-cancer risks to the population. In contrast the calculated health risk index (HRI) for Ameiurus nebulosus and Tilapia zilli was above one (1) in the children population. While the calculated HRI for Clarias gariepinus in the children population and for the HRI for all the three samples in the adult population were below one (1). The implication of the above observation is that the combine toxicity effect of the study heavy metals in the Ameiurus nebulosus and Tilapia zilli samples will increase the risks of non-carcinogenic diseases in the children population. The observed calculated THQ in the children population for the Ameiurus nebulosus and Tilapia zilli samples was similar to the reported THQ for the general population in an earlier study conducted in Katsina State, Nigeria (Ibrahim et al., 2021).


Table 4: Heavy Metal Target Hazard Quotients (THQ) and Health Risk Index (HRI) in Children from Consumption of Fish Samples from Jibia Dam Katsina State, Nigeria
	Sample
	
	
	
	THQ
	
	
	
	HRI

	
	Fe
	Pb
	Cd
	Cu
	Mn
	Zn
	Ni
	

	C.  gariepinus
	0.0078
	0.0011
	BDL
	0.0110
	0.3274
	0.0739
	0.0438
	0.5451

	A.  nebulosus
	0.2153
	0.0634
	0.0025
	0.1295
	0.8921
	0.1166
	0.0500
	1.4692

	T.  zilli
	0.2534
	0.1045
	0.0060
	0.1612
	0.6823
	0.1755
	0.0876
	1.4705





Table 5: Heavy Metal Target Hazard Quotients (THQ) and Health Risk Index (HRI) in Adults from Consumption of Fish Samples from Jibia Dam Katsina State, Nigeria
	Sample
	
	
	
	THQ
	
	
	
	HRI

	
	Fe
	Pb
	Cd
	Cu
	Mn
	Zn
	Ni
	

	C.  gariepinus
	0.0313
	0.0043
	BDL
	0.0439
	0.1310
	0.0296
	0.0175
	0.2576

	A.  nebulosus
	0.0861
	0.0253
	0.0010
	0.0518
	0.3569
	0.0466
	0.0200
	0.5877

	T.  zilli
	0.1014
	0.0418
	0.0024
	0.0645
	0.2729
	0.0735
	0.0351
	0.5915




The risk assessment for carcinogenic exposure effect has revealed that the incremental lifetime cancer risk (ILCR) for the heavy metal Ni were all above the safe limit  (The acceptable cancer risk level (ILCR) for regulatory purposes was considered to be within the range of 10^-6 to 10^-4)for cancer in the children and adult population. While it lies in the safe limit for cancer risks for the heavy metals Pb and Cd (Tables 6 and 7). Likewise, the cumulative lifetime cancer risks (ΣILCR) for the adult and children population were above the safety limit, with the heavy metal Ni contributing to that effect. A similar observation of Ni contributing to cancer risks to the population was made in an earlier study on health risks evaluation in fish samples from the study area (Yaradua et al., 2022). The observation was also in concordat with the report of a study carried out in an industrially polluted Ogun and Eleyele Rivers, Nigeria (Adegbola et al., 2021), that recorded heightened cancer risks to the population from fish samples, and the results for cancer risks in marine fish samples caught from the coastal waters of Ghana (Nyarko et al., 2023).
The observation of Ni to increase the risks of cancer in the population of the study area is disturbing and requires attention from concerned environmental agencies. This is because earlier studies conducted by the Authors of the current study in environmental and various food samples from 2017 through 2020 recorded the heavy metal Ni as below detection level (Yaradua et al., 2017; Yaradua et al., 2018a, b; Yaradua et al., 2019a-g; Yaradua et al., 2020a, b).  However, in most of the studies conducted by the Authors from 2022 through 2024 in the study area the heavy metal Ni was detected in the samples that were evaluated (Yaradua et al., 2022; Yaradua et al., 2023a-d; Yaradua et al., 2024), observations attributed to metal emissions from a quarry site, vehicular exhaust contamination, agricultural activities, illegal mining and E-wastes. E-waste especially had been blamed in a previous study of the heavy metal Ni build up in the environment (Zheng et al., 2016). However, when the contribution of Ni to cancer burden of the population was compared to previous studies conducted in Are dam Katsina State Nigeria and an E-waste recycling site in China (Yaradua et al., 2022; Zheng et al., 2016), the current study has a lower value. Both the previous studies (Yaradua et al., 2022; Zheng et al., 2016) have E-waste as a contributor to the heavy metal Ni contamination. A possible explanation for the observation.

  
Table 6: Incremental Lifetime Cancer Risk (ILCR) and Cumulative Life Time Cancer Risk (ΣILCR) in Children from Consumption of Fish Samples from Jibia Dam, Katsina State, Nigeria
	Sample
	
	ILCR
	
	

	
	Pb
	Cd
	Ni
	

	C.  gariepinus
	5.5245E-05
	BDL
	2.9773E-02
	2.9778E-02

	A.  nebulosus
	3.2308E-05
	4.6539E-05
	3.3980E-03
	3.4768E-03

	T.  zilli
	5.3266E-05
	1.1302E-04
	5.9590E-03
	6.1253E-03



Table 7: Incremental Lifetime Cancer Risk (ILCR) and Cumulative Life Time Cancer Risk (ΣILCR) in Adults from Consumption of Fish Samples from Jibia Dam, Katsina State, Nigeria
	Sample
	
	ILCR
	
	

	
	Pb
	Cd
	Ni
	

	C. gariepinus
	2.2099E-05
	BDL
	1.1909E-03
	1.1931E-03

	A. nebulosus
	1.2920E-05
	1.8615E-05
	1.3593E-03
	1.3907E-03

	T. zilli
	2.1308E-05
	4.5209E-05
	2.3836E-03
	2.4501E-03



.

4. Conclusion

Heavy metal health risks to the population in fresh water fish samples from a site that may have possibly been contaminated through illegal mining activities was carried out in the present study. Results from the study have revealed the heavy metal Pb mean concentrations in two (2) of the fish samples (Ameiurus nebulosus and Tilapia zilli) were above the permissible limit. While the mean Pb concentration in the Clarias gariepinus sample, and the rest of the investigated heavy metals mean concentrations in the 3 fish samples were within the permissible limits. Consumption of the three fish samples may not pose a non-cancer risks to the population as far as the individual heavy metals toxicity effect are concerned as depicted by the THQ of below 1 for all the fish samples. But there is a degree of concern for the children population non-cancer risks for the Ameiurus nebulosus and Tilapia zilli samples, as the combined toxicity effect of the study heavy metals represented by the HRI were above 1. Similarly, the risk assessment for carcinogenic exposure effect has revealed that the cumulative incremental lifetime cancer risk (∑ILCR) were all above the safe limit for cancer in the children and adult population in all the 3 fish samples, with the heavy metal Ni contributing to that effect. There is an indication of heightened risk of cancer and non-cancer risks to the population from consumption of the study fish samples. Therefore, proper awareness must be created and necessary government environmental health management agencies must put in place necessary regulations. In addition, the regular monitoring of heavy metals in fish is recommended in this area. There is also the need to investigate the distribution of heavy metals in various organs  of the fish in the study.
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