



HEALTH RISK ASSESSMENT OF HEAVY METAL EXPOSURE THROUGH CONSUMPTION OF SMOKED-DRIED FISH FROM AFOR-UGBOLU MARKET, DELTA STATE, SOUTHERN NIGERIA


[bookmark: _GoBack]ABSTRACT
Smoked-dried fish is widely consumed in Nigeria due to its affordability, extended shelf life, and nutritional value; however, it may also serve as a route for human exposure to toxic heavy metals. This study assessed the concentrations of selected heavy metals in popular smoked-dried fish sold at Afor-Ugbolu Market, Delta State, Nigeria, and evaluated the associated non-carcinogenic health risks to adult consumers. Fish samples were collected from different vendors and analyzed for metal content using standard analytical procedures. Dietary exposure was assessed through estimated daily intake (EDI), hazard quotient (HQ), and hazard index (HI) models based on established risk assessment guidelines. The results revealed the presence of multiple metals across the analyzed fish species, with concentration levels varying among species. Although individual metal hazard quotients were generally below the recommended safety threshold, arsenic and cadmium contributed notably to overall exposure in some samples. The cumulative hazard index indicated a low to moderate non-carcinogenic health risk under the assumed consumption scenario. These findings highlight the need for continuous monitoring of smoked-dried fish sold in local markets and improved handling and processing practices to minimize long-term dietary exposure to heavy metals and protect public health.
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1.0 INTRODUCTION
Fish is one of the most widely consumed animal protein sources globally and plays a particularly important role in the diets of populations in developing countries, including Nigeria. Owing to its affordability, wide availability, and high nutritional value, fish contributes substantially to dietary protein intake and serves as a major source of essential nutrients for many households (Akinrotimi et al., 2019; Elinge et al., 2019). In Nigeria, smoked-dried fish is especially popular because it improves shelf life, enhances flavour, and facilitates transportation to inland markets (Akinhanmi et al., 2021).
Despite its nutritional benefits, fish can also act as a significant pathway for human exposure to environmental contaminants, particularly heavy metals. Aquatic ecosystems receive heavy metals through natural processes as well as anthropogenic activities such as industrial effluents, agricultural runoff, urban wastewater discharge, and improper waste disposal (Ahmed et al., 2020; Zhong et al., 2018). These metals persist in water and sediments and may be accumulated by fish through direct absorption and dietary intake, thereby posing potential health risks to consumers (Griboff et al., 2017; Ozturk et al., 2021).
Traditional fish processing methods, especially smoking and drying, may further influence metal contamination levels. Smoked-dried fish products are often exposed to combustion residues, contaminated surfaces, and ambient air during processing, storage, and marketing (Anarado et al., 2023). In many Nigerian markets, smoked fish is displayed openly in environments with high vehicular activity, increasing the likelihood of additional metal deposition from dust and emissions (Chukwurah et al., 2023).
Heavy metals such as lead, cadmium, arsenic, and mercury are of particular concern due to their toxicity, persistence, and tendency to bioaccumulate in biological tissues. Chronic exposure to these metals has been associated with adverse health effects, including neurological impairment, renal dysfunction, cardiovascular disorders, and increased cancer risk (Chamoli & Karn, 2024; Ozturk et al., 2021). Although some metals are essential at trace levels, excessive intake through contaminated food sources may pose serious public health concerns (USEPA, 2004).
Health risk assessment models are widely employed to evaluate potential adverse effects arising from dietary exposure to heavy metals. Approaches such as estimated daily intake, hazard quotient, and hazard index integrate contaminant concentrations with consumption rates and toxicological reference values to assess non-carcinogenic health risks (Ahmed et al., 2020; Griboff et al., 2017; USEPA, 2004). These methods provide a structured framework for identifying risk-driving contaminants and vulnerable exposure pathways.
Several studies have reported heavy metal contamination in fish and fish products sold in Nigerian markets (Akinhanmi et al., 2021; Elinge et al., 2019; Iyorah & Uzoamaka, 2023). However, information on the health risks associated with consumption of smoked-dried fish remains limited, particularly for local markets serving as major distribution hubs. Afor-Ugbolu Market in Delta State is a key outlet for smoked fish sourced from surrounding coastal and riverine areas, yet data on metal exposure and associated health risks linked to fish sold in this market are scarce.
This study therefore aimed to determine the concentrations of selected heavy metals in popular smoked-dried fish sold at Afor-Ugbolu Market and to evaluate the potential non-carcinogenic health risks associated with their consumption. The findings provide valuable information for food safety monitoring and contribute to public health risk assessment of traditionally processed fish products in Nigeria.
2.0. MATERIALS AND METHODS
2.1. Study Location: The investigation was conducted at Afor-Ugbolu Market, located in Ugbolu town within Oshimili North Local Government Area of Delta State, Southern Nigeria. The community lies close to Asaba, the state capital, at approximately 6.30844° N latitude and 6.68886° E longitude. Afor-Ugbolu Market was selected due to its high commercial activity and its role as a major distribution point for smoked-dried fish in the region. The market’s strategic importance makes it suitable for assessing potential dietary exposure to heavy metals among consumers.[image: ]
Figure 1: Map of Ugbolu community showing the study area
2.2. Sample Collection and Preparation: Four commonly consumed smoked-dried fish species—Clarias gariepinus, Scomber scombrus, Ethmalosa fimbriata, and Gymnarchus niloticus—were obtained directly from vendors at Afor-Ugbolu Market. Multiple samples of each species were purchased to ensure representativeness. Samples were placed in sterile polyethylene bags, properly labelled, and transported to the laboratory under hygienic conditions.
In the laboratory, muscle tissues were excised using stainless steel instruments to avoid contamination. The tissues were chopped into small portions, homogenised using a clean mortar and pestle, and sieved through a 2-mm mesh to obtain fine powder. The processed samples were stored in airtight containers within a vacuum desiccator prior to chemical analysis.
2.3. Sample preparation and digestion: Sample digestion was carried out using a wet-acid digestion procedure adapted from AOAC (2005). Approximately 2 g of homogenised fish tissue was weighed into digestion flasks, followed by the addition of an acid mixture consisting of concentrated nitric acid (HNO₃), perchloric acid (HClO₄), and sulphuric acid (H₂SO₄). The mixtures were heated gradually on a hot plate until complete digestion was achieved, indicated by the formation of a clear solution. After cooling, the digests were diluted to a final volume of 100 mL with distilled water, filtered through Whatman No. 45 filter paper, and transferred into acid-washed polyethylene bottles for metal determination.
2.4. Heavy Metal Determination: Concentrations of zinc (Zn), lead (Pb), cadmium (Cd), copper (Cu), and arsenic (As) were quantified using Atomic Absorption Spectrophotometry (Buck Scientific Model 200A). Analytical calibration was performed with certified standard solutions, and reagent blanks were analysed alongside samples to verify the absence of contamination. Metal concentrations were expressed on a dry-weight basis as milligrams per kilogram (mg/kg).
2.4.1. Method Validation: Analytical accuracy was assessed through the analysis of certified reference materials for fish tissue. Method detection limits were established using replicate blank measurements, while recovery studies were conducted by spiking samples with known metal concentrations. Recovery values ranging from 85% to 105% confirmed the reliability and precision of the analytical procedure.
2.5. Health Risk Assessment: Human health risks associated with consumption of the smoked-dried fish were evaluated using established noncarcinogenic and carcinogenic indices. Estimated Daily Intake (EDI), Target Hazard Quotient (THQ), Hazard Index (HI), and Lifetime Cancer Risk (LCR) were calculated following USEPA-based models, with exposure parameters adjusted for adult and child populations as described in previous studies (Griboff et al., 2017; USEPA, 2005).
2.5.1. Estimated Daily Intake (EDI): The Estimated Daily Intake (EDI) of each metal was calculated using the equation (Griboff et al., 2017):

EDI= 
Where:
C = concentration of the metal (mg/kg), 
IR = ingestion rate of fish (g/person/day), and 
BW = average body weight (70 kg for adults).

2.5.2. Noncarcinogenic risk assessment: Target Hazard Quotient (THQ) was used to evaluate the noncarcinogenic risk. THQ was defined as: the

THQ=   (USEPA, 1989)
Where:
 RfD is the oral reference dose for each element (mg/kg/day). The reference doses applied according to Varo et al., 2017 were: Zn (0.3), Cu (0.04), Pb (0.004), Cd (0.001), and As (0.0003) 
2.5.3. Hazard Index (HI): The cumulative risk from simultaneous exposure to multiple metals was expressed as the
Hazard Index HI = ΣTHQ
A THQ or HI greater than 1 indicates a potential noncarcinogenic health concern (Faisal et al. 2024)
2.5.4. Lifetime Cancer Risk (LCR): The Carcinogenic Risk (CR) is a measure of the likelihood that a potential carcinogen during life will raise the incidence of cancer. Given that the USEPA defines the cancer scope factor (CSF) for lead (USEPA 2004), the carcinogenic risk of this metal is calculated using the formula:
LCR=EDI×CSF
Where:
CSF is the Cancer Slope Factor, with values of 6.1 (Cd), 1.5 (As), and 0.0085 (Pb) (mg/kg/day) ⁻1 (USEPA, 2005). Acceptable risk levels range from 10⁻⁶ to 10⁻⁴, with values above this threshold indicating an elevated potential cancer risk.
2.6. Statistical Analysis 
Before data analysis, the normality and homogeneity of variance were assessed using the Shapiro-Wilk and Levene's tests, respectively. Furthermore, the significant variations in metal levels among the different species of the dried samples were evaluated using one-way analysis of variance (ANOVA). Differences between the means were identified using Turkey's multiple comparison test when a difference was detected (P < 0.05).
3.0. RESULTS
3.1. Heavy Metal Concentrations
Table 1 shows the heavy metal concentrations in smoked-dried fish species from the Afor-Ugbolu market compared with the permissible limits. The concentrations of arsenic, cadmium, copper, lead, and zinc in the smoked-dried fish species commonly sold at the Afor-Ugbolu market vary among species, indicating differences in habitat, feeding style, and bioaccumulation potential. All values were clearly below the permissible limits set by the World Health Organisation and the Federal Ministry of Environment. Arsenic concentrations ranged from 0.01 to 0.03 mg/kg. The highest value was observed in G. niloticus, whereas C. gariepinus recorded the lowest. Cadmium concentrations were also highest in G. niloticus (0.21±0.13 mg/kg) and lowest in C. gariepinus (0.03±0.01 mg/kg), with intermediate values in the other species, indicating differences in the tendency of these fish to bioaccumulate the metal. The trend was quite different in copper, with C. gariepinus recording the highest concentration (0.74±0.04 mg/kg) and G. niloticus recording the lowest (0.12±0.02 mg/kg). Lead levels were relatively low across all species, with the highest at 0.15±0.01 mg/kg in Scomber scombrus. The results also show that the heavy metal zinc was the most abundant in all species, with the highest levels in Gymnarchus niloticus (8.01±0.61 mg/kg) and the lowest in C. gariepinus (2.63±0.17 mg/kg).
 
Table 1: Heavy metal concentrations (mg/kg, mean±SD) in smoked-dried fish species from Afor-Ugbolu market compared with permissible limits (WHO/FME)
	Metals 
	G.niloticus
(Asa fish)
	E.fimbriata
(Bony fish)
	S.scombrus
(Mackerel fish)
	C.gariepinus
(Catfish)
	FAO/WHO Limit (mg/kg) (FAO/WHO, 2003)

	Arsenic (As)
	0.03±0.01
	0.02±0.01
	0.02±0.01
	0.01±0.02
	0.05

	Cadmium (Cd)
	0.21±0.01
	0.12±0.01
	0.05±0.13
	0.03±0.01
	0.50

	Copper (Cu)
	0.12±0.02
	0.25±0.03
	1.12±0.03
	0.71±0.04
	3.00

	Lead (Pb)
	0.02±0.11
	0.04±0.11
	0.15±0.01
	0.02±0.03
	0.50

	Zinc (Zn)
	8.01±0.61
	6.26±0.12
	4.05±0.31
	2.63±0.17
	99.40


The concentrations of heavy metals varied significantly (p<0.05) among fish species.


Figure 1: Level of Arsenic in the different fish species sold in Afor-Ugbolu market




Figure 2: Level of Cadmium in the different fish species sold in Afor-Ugbolu market


Figure 3: Level of Copper in the different fish species sold in Afor-Ugbolu market


Figure 4: Level of Lead in the different fish species sold in Afor-Ugbolu market


Figure 5: Level of Zinc (Zn) in the different fish species sold in Afor-Ugbolu market

3.2. Estimated Daily Intake (EDI)
Table 2: All fish species, Estimated Daily Intake (EDI) of heavy metals from smoked-dried fish consumption
	Fish Species
	Metal
	EDI Adult 
(mg/kg.bw/day)
	EDI Child
(mg/kg.bw/day)

	G.niloticus
(Asa fish)
	As
	2.10X10-5
	3.0X10-5

	
	Cd
	1.50X10-4
	2.1X10-4

	
	Cu
	8.60X10-5
	1.2X10-4

	
	Pb
	1.40X10-5
	2.0X10-5

	
	Zn
	5.72X10-3
	8.01X10-3

	E.fimbriata
(Bony fish)
	As
	1.4X10-5
	2.0X10-5

	
	Cd
	8.6X10-5
	1.20X10-4

	
	Cu
	1.79X10-4
	2.50X10-4

	
	Pb
	2.9X10-5
	4.0X10-5

	
	Zn
	4.471X10-3
	6.26X10-3

	S.scombrus
(Mackerel)
	As
	1.4X10-5
	2.0X10-5

	
	Cd
	3.29X10-4
	4.6X10-4

	
	Cu
	8.0X10-4
	1.12X10-3

	
	Pb
	1.07X10-4
	1.50X10-4

	
	Zn
	2.893X10-3
	4.05X10-3

	C.gariepinus
(Catfish)
	As
	7.0 X10-6
	1.0 X10-5

	
	Cd
	2.1 X10-5
	3.0 X10-5

	
	Cu
	5.07 X10-4
	7.10 X10-4

	
	Pb
	1.43 X10-5
	2.0 X10-5

	
	Zn
	1.879 X10-3
	2.63 X10-3



Table 3: Estimated Daily Intake (EDI) of heavy metals from smoked-dried fish consumption
	Metal
	Highest Concentration (mg/kg)
	EDI Adult (mg/kg/day)
	EDI Child
(mg/kg/day)
	Reference Dose (RFD, mg/kg/day)

	Zn
	8.01
	5.721 X10-5
	8.01 X10-3
	3.0 X10-1

	Cu
	1.12
	8.0 X10-4
	1.12 X10-3
	4.0 X10-2

	Cd
	0.21
	3.29 X10-4
	4.6 X10-4
	1.0 X10-3

	Pb
	0.15
	1.07 X10-4
	1.5 X10-3
	4.0 X10-3

	As
	0.03
	2.14 X10-5
	3.0 X10-5
	3.0 X10-4



3.3. Target Hazard Quotient (THQ) and Hazard Index (HI) 
Table 4: Target Hazard Quotient (THQ) and Hazard Index (HI) for heavy metals for Adults
	Metal
	EDI (mg/kg/day)
	Reference Dose (mg/kg/day)
	THQ= EDI/RfD

	Zinc (Zn)
	5.721 X10-3
	3.0 X10-1
	0.0191

	Copper (Cu)
	8.0 X10-4
	4.0 X10-2
	0.0200

	Cadmium (Cd)
	1.65 X10-4
	3.57 X10-4
	0.462

	Lead (Pb)
	1.07 X10-4
	5.0 X10-4
	0.2140

	Arsenic (As)
	2.14 X10-5
	3.0 X10-4
	0.0713

	Hazard Index (HI)
	
	
	0.7864



Table 4: Target Hazard Quotient (THQ) and Hazard Index (HI) for heavy metals for Children
	Metal
	EDI (mg/kg/day)
	Reference Dose (mg/kg/day)
	THQ= EDI/RfD

	Zinc (Zn)
	8.01 X10-3
	3.0 X10-1
	0.0267

	Copper (Cu)
	1.12 X10-3
	4.0 X10-2
	0.0280

	Cadmium (Cd)
	3.50 X10-4
	3.57 X10-4
	0.980

	Lead (Pb)
	1.5 X10-4
	5.0 X10-4
	0.3000

	Arsenic (As)
	3.0 X10-5
	3.0 X10-4
	0.1000

	Hazard Index (HI)
	
	
	1.4347



[image: ]
Figure 6: Comparison of Hazard Index (HI) values for adults and children exposed to heavy metals through consumption of smoked-dried fish from Afor-Ugbolu Market, Delta State, Nigeria. The reference line indicates the acceptable risk threshold (HI = 1).

[image: ]Figure 7: Target Hazard Quotient (THQ) values for individual heavy metals (Zn, Cu, Cd, Pb, and As) in adults consuming smoked-dried fish from Afor-Ugbolu Market, Delta State, Nigeria. The horizontal reference line indicates the threshold value (THQ = 1).

[image: ]
Figure 8: Target Hazard Quotient (THQ) values for individual heavy metals (Zn, Cu, Cd, Pb, and As) in children consuming smoked-dried fish from Afor-Ugbolu Market, Delta State, Nigeria. The horizontal reference line represents the non-carcinogenic risk limit (THQ = 1).

4.4. Lifetime Cancer Risk (LCR)
Table 5: Lifetime Cancer Risk (LCR) from heavy metal exposure
	Metal
	EDI (mg/kg/day)
	Cancer Slope Factor (CSF,
(mg/kg/day)⁻¹)
	LCR = EDI × CSF
	Risk Range (USEPA)

	Arsenic (As)
	3.0 X10-5
	1.5
	4.5 X10-5
	Acceptable (10⁻⁶ – 10⁻⁴)

	Cadmium (Cd)
	4.6 X10-4
	6.1
	2.806 X10-3
	Above safe limit

	Lead (Pb)
	1.5 X10-4
	0.0085
	1.275 X10-6
	Acceptable (10⁻⁶ – 10⁻⁴)



[image: ]Figure 9: Lifetime cancer risk (LCR) associated with dietary exposure to arsenic (As), cadmium (Cd), and lead (Pb) from consumption of smoked-dried fish sold at Afor-Ugbolu Market, Delta State, Nigeria. The horizontal reference lines denote the acceptable risk range (10⁻⁶–10⁻⁴) recommended by the USEPA.

4.0. DISCUSSION
This study evaluated the concentrations of selected heavy metals in popular smoked-dried fish sold at Afor-Ugbolu Market and assessed the associated non-carcinogenic health risks to consumers. The detection of multiple metals across the analyzed fish species confirms that smoked-dried fish can serve as a pathway for dietary exposure to environmental contaminants. Differences in metal concentrations among fish species may be attributed to variations in habitat, feeding behavior, trophic level, and bioaccumulation potential, as well as differences in processing and handling practices (Griboff et al., 2017; Zhong et al., 2018).
The presence of metals such as lead, cadmium, arsenic, and chromium in smoked-dried fish is consistent with previous reports indicating that aquatic environments are continually impacted by anthropogenic activities, including industrial discharge, agricultural runoff, and urban waste disposal (Ahmed et al., 2020; Elinge et al., 2019). In addition, traditional smoking and drying techniques may contribute to metal contamination through exposure to combustion by-products, contaminated drying surfaces, and ambient air during processing and marketing (Anarado et al., 2023; Chukwurah et al., 2023).
Estimated daily intake values obtained in this study indicate that exposure to heavy metals through consumption of smoked-dried fish varies depending on the type of metal and fish species consumed. Similar patterns of dietary exposure have been reported in studies conducted in other Nigerian markets, where metal intake levels differed among fish species and processing methods (Akinhanmi et al., 2021; Iyorah & Uzoamaka, 2023). Although individual metal intake values were generally within recommended safety limits, long-term consumption remains a concern due to the cumulative nature of heavy metal exposure (USEPA, 2004).
Hazard quotient values for most of the analyzed metals were below unity, suggesting a low likelihood of adverse non-carcinogenic health effects arising from individual metal exposure under the assumed consumption scenario. However, arsenic and cadmium emerged as notable contributors to overall risk in some fish species, reflecting their high toxicity and relatively low reference doses (Ozturk et al., 2021; USEPA, 2004). These findings align with previous studies that identified arsenic and cadmium as key risk-driving metals in fish and fishery products (Ahmed et al., 2020; Zhong et al., 2018).
The hazard index, which represents the combined effect of multiple metals, provides a more comprehensive assessment of potential health risk than individual hazard quotients. Although the overall hazard index values remained within acceptable limits, the contribution of multiple metals highlights the importance of considering cumulative exposure, particularly for populations with frequent fish consumption (Griboff et al., 2017; USEPA, 2005). Continuous intake of low-level contaminants may lead to gradual accumulation in the human body, thereby increasing the likelihood of adverse health outcomes over time (Chamoli & Karn, 2024).
The findings of this study underscore the need for routine monitoring of smoked-dried fish sold in local markets. Given the reliance of many households on smoked fish as a primary protein source, even modest increases in contaminant levels could pose public health concerns if exposure is sustained over long periods (Elinge et al., 2019; Oriji & Nwabekee, 2025). Improving smoking techniques, enforcing hygienic handling practices, and regulating market environments may help reduce contamination and enhance food safety.
While this study provides valuable insight into dietary exposure to heavy metals from smoked-dried fish, certain limitations should be acknowledged. Risk estimates were based on standard consumption rates and adult body weight assumptions, which may not reflect exposure patterns among children or high-frequency consumers. Future studies should incorporate site-specific dietary surveys, evaluate the influence of different smoking methods on metal concentrations, and extend risk assessment to include carcinogenic risk endpoints (Ahmed et al., 2020; USEPA, 2005).
Overall, the results highlight the importance of continuous food safety surveillance and targeted risk assessment of traditionally processed fish products. Ensuring the safety of smoked-dried fish is essential for protecting public health while maintaining the nutritional benefits that fish provides to Nigerian diets.
5.0. CONCLUSION
Our study effectively evaluated the concentrations of Arsenic, Cadmium, Copper, Lead, and Zinc in four species of smoked-dried fish commonly sold at the Afor-Ugbolu market, Delta State. Our results revealed that heavy metal concentrations vary among species. Although Gymnarchus niloticus consistently had the highest levels of Zinc, Cadmium, and Arsenic, Scomber scombrus had the highest lead concentration, and Clarias gariepinus exhibited the highest copper levels. All metals detected were below the acceptable limits established by the Federal Ministry of Environment (FME) and the World Health Organisation (WHO). However, the finding of lead and Cadmium, even at sub-threshold levels, raises concerns regarding long-term dietary exposure. The hazard index (HI) was less than 1 for the adult population, suggesting no potential health hazard from eating these fish species, but was greater than 1 in the children's population, indicating a possible health risk from these selected heavy metals.
Furthermore, the lifetime cancer risk (LCR) values revealed that Cadmium (2.806 × 10⁻3) exceeded the USEPA's acceptable level, suggesting that long-term consumption may be carcinogenic, particularly in species such as G. niloticus. Consequently, we recommend that heavy metal monitoring of smoked-dried fish receive greater attention. Species like G. niloticus should be effectively monitored as they show the most significant capacity to bioaccumulate these metals. More hygienic smoking and handling procedures should be implemented to reduce contamination during processing. Public health officials should also encourage dietary variety to lower the chance of long-term exposure to lead and Cadmium.  
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