
Assessment of Heavy Metal Concentrations in Smoked Clarias Gariepinus (Catfish) And Thryonomys Swinderianus (Grasscutter) from Ayede-Ogbese and Emure-Ile Markets, Ondo State, Nigeria
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ABSTRACT 

	
Fish and meat are classified as a protein food source, important for tissue building and repair and very protein and a major part of a nutritional meal. This study assessed the concentrations of iron (Fe), manganese (Mn), nickel (Ni), cadmium (Cd) and chromium in Clarias gariepinus and Thryonomys swinderianus, estimated the daily intake (EDI), target hazard quotient (THQ) and hazard index (HI) of heavy metals in the fish and bush meat and; compare the obtained concentration level with the World Health Organisation (WHO). The digestate of the C. gariepinus and T. swinderianus was examined for heavy metals using the Atomic Absorption Spectrophotometer (AAS). The results showed that Fe in the fish ranged from 149.0±7.762-155.0±5.099 mg/kg, while that of T. swinderianus ranged from 115.0±2.160-117±2.450 mg/kg. The concentrations of Fe exceeded the WHO limits of 100 mg/kg. The concentrations of Mn in C. gariepinus ranged from 1.0±0.817-2.0±0.817 mg/kg and in T. swinderianus from 2.03±0.817-3.00±1.414mg/kg. The result also exceeded the Mn limit of 1 mg/kg and 0.0094mg/kg. Nickle ranged from 0.00±0.00-1.00±1.414 mg/kg in fish and while in grasscutter, the concentrations were below the equipment detection limit of 0.008 mg/kg. The concentrations of Cd and Cr were below the equipment detection limits of 0.0028 and 0.005 mg/kg. The average EDI in both adult and children in fish and grasscutter in Fe and Mn were higher than their reference doses of Fe 0.007kg/person/day and 0.00014kg/person/day respectively, also the order of EDI in both fish and grasscutter was Fe>Mn>Ni>Cr>Cd. The THQ and HI values were less than 1, implying no carcinogenic effects on the consumers. This study concludes that heavy metal pollutants were not detected in the smoked fish and grasscutter, but recommends further study in the same site as well as enlightening the fish and grasscutter sellers on the nature of materials that are suitable for smoking and the health risks associated with heavy metals.
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1. INTRODUCTION 

[bookmark: _Hlk200145413]Fish and meat are classified as a protein food source, important for tissue building and repair and very protein and a major part of a nutritional meal. Across sub-Saharan African countries, particularly in Nigeria, the smoking process and the addition of salt are used for domestic food preservation (Belichovska et al., 2019). Smoking of fish and meat is one of the oldest food preservation methods. In recent times, new smoking techniques have been developed for smoking fish and meats in a bid to reduce pollutants like carcinogenic polycyclic aromatic hydrocarbons (PAHs), heavy metals, nitrosamines and atmospheric contaminants such as total volatile organic compound (TVOC), methanol and formaldehyde from smoked food products (Nwaichi & Ntorgbo, 2016; Rascón et al, 2019). The new method also helps lower the quantity of sodium used to preserve the smoked product (Mkhwebane et al., 2023). In West Africa, 20% of the fish and meat (bushmeat) sold in most markets and mostly procured for special delicacies, traditional, marriage and naming ceremonies and other occasions (Cowlishaw et al., 2004; Chaber and Cunningham, 2015; Quarshie et al., 2023).
Heavy metals comprise moderately dense and unsafe elements at low concentrations (Sonone et al., 2020). They are ubiquitous and can be found in aquatic and terrestrial ecosystems. Heavy metals have generally been categorized into essential and non-essential metals (Georgieva et al., 2014). Essential metals are needed by organisms in large quantities for important biological processes like growth, development and metabolism, while the non-essential metals are required in smaller quantities. Essential metals include iron (Fe), copper (Cu), zinc (Zn), cobalt (Co) and nickel (Ni) (Chandrapalan & Kwong, 2021), while non-essential metals are lead, mercury (Hg), cadmium (Cd) and arsenic (As) (Koch et al., 2022).  Heavy metal sources are natural sources like volcanic eruption, natural or parent soil erosion and weathering and anthropogenic sources such as mining, industrial and agricultural run-off, open solid and electronic waste. Heavy metals may pollute the water, sediments and organisms (Koch et al., 2022). In addition, the aquatic ecosystem food chain is usually affected by the introduction of heavy metals. In the water bodies, the metals have more impact because of their persistent nature and thereafter bioaccumulate by causing water degradation (Dökmeci et al., 2019).
Water is an important natural resource that is needed by all forms of life and is often polluted by natural and human activities. Previous studies have revealed that approximately 90% of the wastewater generated across the globe is emptied directly into the environment (Dökmeci et al., 2019) This percentage is high because almost 71% of the Earth's surface is made up of water and about 97% is marine and 1% is domestic water use for domestic and freshwater organisms. Heavy metals are more abundant in sediments and especially in benthic organisms (Kumari et al., 2017). In the freshwater ecosystem, for example, heavy metals have been reported to be the leading pollutants due to their persistent and poisonous nature and may result in hazardous diseases in fish and other organisms. The pollutants can also biomagnify in biological indicators, for instance, fish, molluscs and other organisms (Saher and Siddiqui, 2019; Wang et al., 2019). Smoking of fish and meats that have been contaminated my dangerous for the consumption of humans and lead to serious health risks. 
[bookmark: _Hlk200153604]Previous studies have reported that smoked fish and meats have some health benefits if not contaminated, for example, both smoked bush meats and fish can retain important nutrients. More so, smoked fish consists of Omega-3 fatty acids, essential for the health of the human heart (Kiczorowska et al., 2019; Rascón et al, 2019). Smoked fish and meat have also been linked to different vitamins and essential metals, like iron is important for healthy human blood. Apart from heavy metal contamination from water, air and feed, fish and meat can also be polluted through exposure during smoking for preservation. Fish and meat can accumulate mercury, cadmium and lead. However, essential metals are needed by organisms and have beneficial health properties, when they exceed the regulatory permissible limits (Iko Afé et al., 2021). Heavy metals like arsenic, lead, cadmium and mercury have been linked to some chronic and carcinogenic health issues (International Agency for Research on Cancer, IARC, 2009). Examples of health issues linked to heavy metal toxicity include impaired mental and central nervous system function, exhaustion and blood disorders, chronic obstructive pulmonary disease, renal disease and damage to other vital organs. Previous studies have also reported that long-term exposure to heavy metal toxicity may result in slow development, neuromuscular disorder, multiple sclerosis and even cancer (Sehrin et al., 2025). 
In Nigeria, the smoking process is the best method for serving good meals. Only a few studies have investigated the presence of heavy metals in both meat and fish (Iko Afé et al., 2021; Ezeagwu et al., 2023). More studies have determined metals in fish (Ibrahim & Abubakar, 2017; Olayinka-Olagunju et al., 2021; Bwala et al., 2022) and bush meat (Adelakun et al., 2020; Ogundipe et al., 2023). This study is important to provide data on the assessment of heavy metals in smoked Thryonomys swinderianus (grasscutter bush meat) and Clarias gariepinus (catfish). 
The objectives of this study were to: assess the concentration values of heavy metals iron (Fe), manganese (Mn), nickel (Ni), cadmium (Cd) and chromium in C. gariepinus and Thryonomys swinderianus; estimate the daily limit, target hazard quotient and hazard index in the fish and bush meat and; compare the obtained concentration level with the World Health Organisation.

2. Materials and methods 

[bookmark: _Hlk200145588]Study location
This study was carried out in two locations, Emure Ile market, Owo and Ayade Ogbese market, Ogbese where smoked fish and bush meats were commonly sold. Emure Ile market, Owo, is situated at Latitudes 7.226773º N to 7.241370º N and Longitudes 5.500791º E to 5.519730º E along Akure-Benin road (Falowo et al., 2016; Odeyemi et al., 2021). Emure Ile, junction, is known for the sales of smoked bush meat to passersby (Cadmus et al., 2023). In addition, Ayede-Ogbese market (Fig. 1) is located along Akure-Benin Expressway, Ondo State, between latitude E6°SE8° and longitude N4°N6°E, with the river originating from Ayede-Ekiti in Ekiti State and traversing Ogbese in Ondo State before reaching Edo State.
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2.1 Sample collection   
Smoked dried Clarias gariepinus (catfish) samples were procured from three different fish sellers in Ayade-Ogbese market, while smoked Thryonomys swinderianus (grasscutter) samples were procured from three different traders at Emure Ile market, Owo Ondo State. The samples were wrapped in aluminum foil, kept in a ziplock bag, and transported to the Animal and Environmental Biology laboratory. The samples were air-dried in the laboratory for seven (7) days, after which they were ground, sieved and homogenised.
Materials and reagents
Concentrated nitric acid (HNO₃), concentrated hydrochloric acid, deionized water, Whatman No 1 filter paper (125mm), deionised water, and a hot plate.
Digestion Process
The protocol of the Association of Official Analytical Chemists (AOAC, 2023) was adopted in this study. 0.5g of the pulverized smoked fish and grasscutter samples were weighed into beakers; thereafter, 9 ml of concentrated HNO₃ as well as 3 ml of HCl were measured and transferred into the beaker. The mixtures were thoroughly mixed and placed on the hot plate for 900. The mixtures were allowed to cool and washed out of the beaker with deionized water. The mixtures were centrifuged and filtered using the Whatman filter paper and were poured into a volumetric flask and the volume of the mixture was then brought to the 100ml mark on the volumetric flask and thoroughly mixed with deionised water for heavy metal analysis (Olayinka-Olagunju et al., 2021; Faseyi et al., 2022, Ibrahim et al., 2023).
Heavy Metal Analysis
The digestate was used for the analysis of heavy metals using the Atomic Absorption Spectrophotometer (AAS) modeled by AA990 PG Instrument Ltd, England. The concentration of each element was read out in part per million (ppm). The calibration was done with standards before the determination of each metal (Bwala et al., 2023). Before the determination of each metal analysis, calibration was done with standards and the AAS detection limits for Fe, Cd, Cr, Ni, and Mn were 0.0046 mg/kg, 0.0028 mg/kg, 0.005 mg/kg, 0.008 mg/kg and 0.002 mg/kg, respectively

2.1.1 Data Analysis 
Statistical Analysis
R Studio software version 4.3.2 (2023-10-31 ucrt) was used to check the mean concentration and  standard deviation of heavy metals. A one-way ANOVA of the significance level at p<0.05 was also done to compare the heavy metal concentration results from C. gariepinus and T. swinderianus. Microsoft Excel was used for all graphical presentations.
Health Risk Assessment 
Estimated daily intake (EDI)
The estimated daily intake of Fe, Zn, Cd, Ni and Cr from the fish and grasscutters was calculated using the following equation provided by Iniaghe et al. (2024) and Jules-Christophe (2024). 
                                       (1)

Where Frequency of exposure (EF) = 365 (days/year), ED = exposure duration (64.44 years which is the life expectancy in Nigeria in 2022) (WHO, 2024); FIR = ingestion rate for fish (30.96g/person/day) FIR = fd for meat 19.09 g/person/day (Emurotu et al., 2024), C = Concentration (C) of heavy metals in the selected fish tissues (mg/kg, ww); BW= average body weight (70kg) children (30 kg) (Emurotu et al., 2024) and AT: average exposure time 21787 days. FC = fish consumption of the region (Nigeria) in a day, 0.04kg/person/day (Ezemonye et al., 2017; Wangboje & Miller, 2018) and the annual fish consumption in Nigeria stands at 13.3 kg/person/ year (World Fish Center, 2021)
 Target hazard quotient (THQ) 
The study's THQ was calculated using IRIS (2015) and US EPA (2019). The oral reference doses (RfD) for Fe, Cd, Ni, Mn, and Cr are 0.7, 0.001, 0.011, 0.14 and 0.03 (mg/kg BW/day), respectively. The equation below was used to calculate THQ. 

		(2)

Where: EFr is the time of exposure (365 days/year); 
ED is the period of exposure (70 years); 
FIR is the food ingestion rate (9.3g/person/d); 
MC is the mean concentration of metal in the fish (mg/kg); 
RfD relates to the oral reference dose (mg/kg/d); 
BW expresses the average body weight, adults (60 kg), children (30 kg); 
AT is the average exposure time (365 days/year × the number of exposure years, assuming 72 years in this study). 
If the value is less than one, it means the fish will not pose any health risk for humans, and if it is equal or greater than one, consumers might be exposed to non-carcinogenic health risks (Hosseini et al., 2015; Naseri et al., 2021)
Hazard Index (HI) 
The HI evaluates the risk of exposure to more than one metal and is measured by summing each metal's THQ.  

HI = Σ THQ = THQ Cd + THQ Mn + THQ Fe + THQ Ni + THQ Cr 	(3)

Where ΣTHQ is the sum of target hazard quotients of metals (iron, chromium, nickel, cadmium and manganese). According to Huang et al. (2008), a HI value greater than one (HI > 1) represents a potential carcinogenic adverse effect. At the same time, HI less than one (HI < 1) is considered safe, non-carcinogenic, and has health benefits for fish consumption.
  

3. results and discussion

Tables 1 and 2 show the concentrations of metals analysed in the C. gariepinus and (T. swinderianus) respectively. From Table 1, Fe ranged from 149.0±7.762-155.0±5.099 mg/kg while that of T. swinderianus ranged from 115.0±2.160-117±2.450 mg/kg. The obtained results for C. gariepinus, however, exceeded the World Health Organisation (WHO) limits of 100 mg/kg presented in Table 3. In addition, when the results of T. swinderianus were compared to the WHO permissible limits of 56 mg/kg, the observed results were higher. The increase in concentrations of iron may be due to the types of materials used to smoke (charcoal, wood, plastic, or fuel) as well as from the water source. 
Iron is an essential metal and valuable nutrient needed by humans and animals, but it must not exceed the regulatory limits set by FAO/WHO and each country’s regulatory limit in fish and meat. Previous studies have shown that iron produces heamoglobin in human red blood cells and myoglobin in muscle. In addition, iron boosts the immune system in humans as well as animals.  Human gets iron from the consumption of protein, fish and meat (Alas et al., 2014). The deficiency of iron in humans and animals may result in major health effects like anaemia and osteoporosis. The concentrations from this study are however, exceeded the WHO limits, differ from the findings of Arthur et al. (2021), whose concentrations in Sciaenops ocellatus ranged from 1.82 to 9.42 mg/kg, but are similar to Uluozlu et al. (2007), with concentrations ranging from 68.6 and 163 mg/kg obtained the Black Sea and Aegean Sea fish. The results obtained in grasscutters are similar to the findings of Quarshie et al. (2023), who obtained Fe concentration that exceeded the WHO limits from grasscutters in Ghana. 
In addition, the concentrations of Mn in C. gariepinus samples ranged from 1.0±0.817-2.0±0.817 mg/kg. The limits of Mn in the smoked fish proposed by WHO, presented in Table 3, further showed that fish samples from sellers B and C exceeded the limit of 1mg/kg. On the other hand, the concentrations of Mn in T. swinderianus ranged from 2.03±0.817-3.00±1.414mg/kg. The permissible limit of FAO/WHO manganese in Table 3, 0.0094mg/kg, is lower than the observed values. Like Fe, Mn is also an essential metal with important health benefits, which include bone development, neurological and psychological regulation, improving metabolic processes and blood clotting (Erikson and Aschner, 2003). The results from C. gariepinus showed that the concentrations from two fishmongers exceeded the WHO limit of 1 mg/kg and similar to the findings of Tarley et al. (2001) and Arthur et al. (2021) in smoked fish. On the other hand, the obtained concentration of Mn in grasscutters exceeded the FAO limit of 0.0094 mg/kg and differs from the findings of Quarshie et al. (2023).
The concentrations of Ni ranged from 0.00±0.00-1.00±1.414 mg/kg. The lowest value was seen to be below the detection limit of 0.008 mg/kg. When the concentrations were compared with the WHO limits of 0.5-0.6 mg/kg, the results showed that fish samples from fishmonger B exceeded the proposed limit. More so, in the grasscutter, Ni values obtained in the study were below the equipment detection limit of 0.008 mg/kg. Nickel is an essential metal like Fe and Mn (Can et al., 2014). The element is needed by humans and animals, but only in very small concentrations. Nickel helps to increase the absorption of iron, thereby reducing anaemia and osteoporosis. Macomber and Hausinger (2011) revealed that Ni can act as enzyme cofactors like urease, acireductone dioxygenase, hydrogenase, etc. Results from this study are contrary to the finding of Aurthur et al. (2021), whose Ni concentrations from three different fish species ranged from 0.44 to 7.14 mg/kg and exceeded WHO limits. 
Cadmium and chromium concentrations were below the detection limits of 0.0028 mg/kg and 0.005 mg/kg, respectively in both C. garienpinus and T. swinderianus. These two metals may cause carcinogenic-related diseases, and also affect reproduction and growth in organism (Burger & Gochfeld, 2005). The findings from this study were consistent with the findings of Olayinka-Olagunju et al., 2025 who observed 0.00 mg/kg in smoked fish procured from Owo and Akungba-Akoko, Ondo State, Nigeria, but differ from Ayaobu-Cookey et al., 2024 and Rakib et al., 2021.
Table 1: Heavy metal concentrations in Catfish
	Fish s
	SAMPLE CODE
	Fe ppm
	Mn
	Ni
	Cd
	Cr

	Clarias gariepinus 
	A
	149.0±7.762
	2.0±0.817
	0.00±0.00
	0.00±0.00
	0.00±0.00

	Clarias gariepinus
	B
	[bookmark: _Hlk188502625]155.0±5.099
	1.0±0.817
	1.00±1.414
	0.00±0.00
	0.00±0.00

	Clarias gariepinus
	C
	152.0±4.083
	1.5±0.817
	0.50±0.408
	0.00±0.00
	0.00±0.00







Table 2.     Heavy metal concentrations in Grasscutter
	Concentrations (ppm)
	Fe mg/kg
	Mn mg/kg
	Ni mg/kg
	Cd mg/kg
	Cr mg/kg

	Grasscutter A
	115.0±2.160
	3.00±1.414
	0.00±0.00
	0.00±0.00
	0.00±0.00

	Grasscutter B
	117±2.450
	2.03±0.817
	0.00±0.00
	0.00±0.00
	0.00±0.00

	Grasscutter C
	116±2.828
	2.50±1.109
	0.00±0.00
	0.00±0.00
	0.00±0.00



Table 3: Heavy metal limits recommended by the World Health Organization for meat and fish. 
	Heavy metals 
	Fish (mg/kg)
	Meat (mg/kg)

	Manganese (Mn)
	1
	0.0094mg/kg (FAO)

	Iron (Fe)
	100
	56

	Chromium (Cr)
	0.15-1.0 
	0.05

	Cadmium (Cd)
	0.01
	0.05-0.15

	Nickel (Ni)
	0.5-0.6
	0.1-0.5



Estimated Daily Limit (EDI)
EDI of Clarias gariepinus 
Figure 2 shows the estimated daily intakes result from analyzing metals in C. gariepinus. The highest EDI value was seen in Fe, which ranged from 0.0717- 0.0746. For Mn, the EDI ranged from 0.00048 to 0.00096, Ni from 0.00 to 0.00048, and Cr and Cd from 0.00. The highest EDI was observed in the fish sample B. The average EDI order is Fe>Mn>Ni>Cr>Cd. Results from this study are, however, similar to the findings of Olayinka-Olagunju et al (2025) who observed that Fe had the highest values of EDI, followed by Mn, Ni and Cd in hawked smoked fish from Owo and Akungba markets of Ondo State. The overall results showed that the fish species cannot be linked to cancer because the values are below 1 (EDI<1).
The EDI in results in children who consumed C. gariepinus are presented in Fig. 3. Iron (Fe) EDI ranged from 0.3079-0.3141, Mn 0.0021-0.0031, Ni 0.00-0.0021 while Cd and Cr were 0.00. The results showed that the highest EDI was seen in Fe which may be due to the high concentration values that exceeded the WHO limits. Results from the study are similar to the findings of Salam et al., (2019). When the EDI in adults and children were compared, it was observed that the EDI was higher in children than that of the adults, implying that children in the community where this fish is smoked are likely to have a harmful health risk from consumption.  However, the results obtained are below 1 (<1) implying no carcinogenic health risk is associated with the fish consumption from Ayede Ogbese, Ondo State. This result is similar to the findings of Rakib et al (2021) and Ali et al., (2020) who observed low EDI from fish consumed in Bangladesh. 


Fig. 2: Clarias gariepinus EDI in Adults

Fig 3: Clarias gariepinus EDI in Children


EDI in Thryonomys swinderianus (grasscutter)
The estimated daily intake values for metals analysed in the consumption of Thryonomys swinderianus by adults and children are presented in Fig. 4 and 5. From the adult result, it can be seen that Fe also had the highest EDI and it ranged from 0.0341 to 0.0347, followed by Mn, which ranged from 0.00059 to 0.00089, while Ni, Cr, and Cd had a value of 0.00. Also, from Figure 5, Fe and Mn ranged from 0.1464-0.1489 and 0.00255-0.0038, respectively, while Ni, Cd and Cr recorded 0.00. It can be seen from the Figures that the EDI in the children who consume grasscutter meat was higher in values than the meat consumed by adults. The values obtained from this study are higher than the reference doses recommended for Fe (0.007kg/person/day) and Mn (0.00014kg/person/day). However, an increase in the frequency of fish EDI value is seen in Fe in meat sample B, and Mn in sample A. The average EDI order is Fe>Mn>Ni>Cr>Cd. The EDI values from this study are within estimated limits as none exceeded 1.

 
Fig. 4: EDI of Thryonomys swinderianus in Adult 

Fig. 5 Thryonomys swinderianus EDI in Children 
Target Hazard Quotients (THQ) and Hazard Index
The target hazard quotients in adults who consumed C. gariepinus are presented in Table 4. The THQ of Fe ranged from 0.0001-0.0105, Mn from 0.003397-0.006795 and Ni from 0.00-0.0140, while Cd and Cr were 0. The result showed that the THQ were < 1, implying that the fish samples were safe for consumption and the consumers will not be affected by any of the five metals investigated. Since catfish are served as protein along with other meals in Nigeria, smoked catfish from this study site does not pose any cancerous risk as at the time of this study. From the mean concentration of the analysed metals, Fe exceeded the FAO/WHO limit; however, the THQ was below the cancer limit <1. In addition, the health index (HI) of the fish samples is <1 after adding the THQ of all the analysed heavy metals. The results from the study agrees with the findings of Salam et al., (2019).

Table 4: Target Hazard Quotients of Clarias gariepinus in adults
	C. gariepinus
	Procurement points

	Metal
	A
	B
	C

	Iron (Fe)
	0.0101
	0.0105
	0.0001

	Manganese (Mn)
	0.0068
	0.0034
	0.0051

	Nickel (Ni)
	0
	2.38E-05
	1.19E-05

	Chromium
	0
	0
	0

	Cadmium
	0
	0
	0

	Hazard Index
	0.0170
	0.0140
	0.0052



Table 5: THQ in Clarias  gariepinus for children 
	C. gariepinus
	Procurement points

	Metal
	A
	B
	C

	Iron (Fe)
	0.0405
	0.0421
	0.0413

	Manganese (Mn)
	0.0272
	0.0136
	0.0204

	Nickel (Ni)
	0.00
	9.51E-05
	4.76E-05

	Chromium
	0.00
	0.00
	0.00

	Cadmium
	0.00
	0.00
	0.00

	Hazard Index
	0.067675
	0.0558111
	0.0617436



More so, the THQ values of Fe, Mn and Ni in children ranged from 0.040496-0.042127, 0.0136-0.0272 and 0.00-9.51E-05, respectively while Cd and Cr were 0.00. The THQ, a tool used for the determination of risk assessment of metals in contaminated food, proteins or water for consumption. Iron had the highest THQ values, while Cd and Cr had the least values of 0.00. The order of the THQ in children is as follows Fe>Mn>Ni>Cd>Cr.  The metals examined had THQ values below 1 as well as hazard index <1. Results from this study are similar to the findings of Rakib et al (2021) who observed that Fe had the highest THQ in the but differs from the same study because their finding hazard index values were greater than 1 (1>). Furthermore, the result is similar to the findings of Yi et al. (2017) and Kortei et al. (2020) who reported THQ below 1 in both children and adults and that the fish samples do not have detrimental health effects.  This present study results implied that smoked Clarias gariepinus does not have harmful health effects on its consumers. 


Target Hazard Quotients of grasscutter 
Table 6: Target Hazard Quotients of Grasscutter in adult
	C. gariepinus
	Procurement point

	Metals
	A
	B
	C

	Iron (Fe)
	0.004812
	0.004896
	0.004854

	Manganese (Mn)
	0.006276
	0.004184
	0.00523

	Nickel (Ni)
	0
	0
	0

	Chromium
	0
	0
	0

	Cadmium
	0
	0
	0

	Hazard Index
	0.011088
	0.00908
	0.010084



The target hazard quotient values of grasscutter consumed by adult is shown in Table 3. Iron (Fe) THQ ranged from 0.004812-0.004896 and Mn ranged from 0.004184-0.006276 meanwhile Ni, Cd and Cr metals is 0.00. The metals were less than 1 implying that the meat does not have carcinogenic. 
More so, in the children THQ, Fe ranged from 0.019247-0.019582 and Mn ranged 0.016737-0.025105, Ni, Cd and Cr is 0.00. The THQ values are less than 1 implying that the heavy metals do not have detrimental health risks on adults and children. The results from this study agreed with the findings of Quarshie et al., (2023) who reported THQ less than 1 in grasscutters from Ghana the highest metal was Fe with a low level of toxicity. This result therefore suggests that the smoked grasscutter does not have any carcinogenic effects on both adults and children. On the other hand, the hazard index values in both adults and children were <1 indicating that the grasscutter meat is safe for consumption.  

Table 7: Target Hazard Quotients of Grasscutter in Children
	Grasscutter
	Procurement point

	Metal
	A
	B
	C

	Iron (Fe)
	0.019247
	0.019582
	0.019415

	Manganese (Mn)
	0.025105
	0.016737
	0.020921

	Nickel (Ni)
	0
	0
	0

	Chromium
	0
	0
	0

	Cadmium
	0
	0
	0

	Hazard Index
	0.044352
	0.036319
	0.040336




4. Conclusion
 
The aim of this study was to detect the presence of heavy metals in smoked fish and grasscutter from Ayade-Ogbese and Emure-Ile, respectively. The study observed the presence of Fe, Ni and Mn, while those of Cd and Cr were below the equipment limits. The concentrations of iron and manganese exceeded the WHO regulatory limits. The study concluded that the high concentration might be due to the type of smoke material used, from the source of the fish, or the feed the animals consumed. 
The study therefore recommends further study in the same site, as well as enlightening the fish and grasscutter sellers on the nature of materials that are suitable for smoking and the health risks associated with heavy metals.
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