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Abstract The aim of this work is to assess the 
concentration of some heavy metals in roasted meat 
that are sold along the road sides in Anyigba with 
the view of estimating their potential health risk 
using contamination indices. Roasted meat samples 
were collected from four different sample locations 
in Anyigba and were screened for the presence of 
Fe, Mg, Zn, Pb and Cd. The filtrates were analyzed 
for the presence of some heavy metals analysis using 
Atomic Absorption Spectrophotometer (AAS). The 
results obtained indicated that the mean 
concentrations of the analysed heavy metals were: 
40.4 ± 0.26 -74.8 ± 0.84 mg/kg (Fe), BDL - 9.00 ± 
1.20 mg/kg (Mg), 0.60 ± 0.14 - 6.80 ± 0.23 mg/kg 
(Zn), BDL - 2.60 ±0.65 mg/kg (Pb), BDL - 0.20 ± 
0.16 mg/kg (Cd). Concentrations of Pb (1.03 ± 0.02) 
and Cd (0.20 ± 0.01) were above some 
recommended limits (EC, 2001; FAO/WHO, 2010). 
Also, mean concentration of Fe (46.5 ± 0.64) mg/kg 
was slightly above NASEM (2001) recommended 
limit while calculated EDI, ILCR and THI were 
within the permissive limit (except for the THI for 
Pb in adult).  
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1.0 Introduction 
Heavy metals are those metals whose density is 
greater than 5 g/cm3 (Eddy et al., 2004; Yahaya et 
al., 2012). They are generally known for their 
toxicity when the observed concentration is above 
critical value (Ekop and Eddy, 2009). The present of 
heavy metals in the environment has generally been 
reported in various forms and in all the components 
of the ecosystem including aquatic, soil, plants and 
animals (Essien and Eddy, 2015). Their impacts on 
the health of man and other components of the 
environment have also been documented Eddy and 
Udoh, 2006). Few of the challenges facing the 
control of heavy metal distribution in the 
environment is their tendency to be transfer from 
lower organism (such as plant) to higher organism 
(such as animal that feed on contaminated plant) and 
even to man through the food chain (i.e consumption 
of contaminated plants or animals)( Even and 
Ghaffari,  2011; Yahaya et al., 2012). Also, some 
organism has the tendency to bioaccumulate some 
heavy metals in their system through inhalation 
(Ekhator et al., 2017). Unfortunately, 
bioaccumulation of heavy metals.   Several 
anthropogenic activities including power 
transmission and advancement in food technology 
could probably lead to contamination of food with 
different toxic heavy metals including Hg, Cd and 
As caused by environmental pollution (Tukura et al., 
2005). Some heavy metals such as iron and 
magnesium have biochemical functions in the 
human system are needed for body grow while metal 
like zinc are metallogenic enzyme because trace 
concentration of this metal is required to speed up 
the activities of enzyme in the body system (Yahaya 
et al., 2020). Some heavy metals like (including Cd, 
Pd, As and Hg) are toxic at very low concentration 
and have no unique biological functions but will 

rather bioaccumulate to toxic concentration and 
subsequent impact (Taiwo et al., 2020; WHO, 2000; 
Yahaya et al., 2012). The surplus heavy metals 
could lessen some essential nutrients in the body 
system resulting into diminished psycho- social 
behaviours, reduction in immunological resistances 
and probably upper gastrointestinal disorder (Arora 
et al., 2008). For example, cadmium has the capacity 
to replace calcium or act freely on bone tissue, 
leading to bone diseases (Kjellstrom, 1992; D’Haese 
et al., 1999; Järup, 2002). It has been reported by 
Kjellstrom, (1992) that cadmium-induced 
osteomalacia caused itai-itai  (ouch-ouch)  disease  
in Japan.  
Meat is cut into sheets, fix in a stick arranged round 
the fire or placed on the wire gauze and roasted on 
open charcoal fire with addition of salt, ground nut 
oil, dried pepper and monosodium glutamate as 
spice (Garba et al., 2017). 
Processing methods for meats are barbequing, 
boiling, grilling, pan frying, stir frying and roasting 
which is done to increase its flavor, taste, 
palatability and to make it tender (Joyce et al., 
2016). Roasting of meats is a common and one of 
the most patronize forms of meat processing in 
Nigeria. Consequently, some studies have reported 
the presence of heavy metals in fresh and roasted 
meats. For example, Ndu and ThankGod (2018) 
reported significant concentrations of Fe, Ni, Cd, Pb 
and chromium in some roasted meat samples sold in 
Port Harcourt by hawkers. Similar reports were also 
reported for roasted meats samples in Enugu (Okeke 
et al., 2018). However, in spite of some of the 
reported cases of heavy metals concentrations in 
roasted meat, literature cited heavy metals 
concentrations in meats roasted within Kogi State 
has not been reported. Therefore, the present study 
is aimed at investigating levels of concentrations of 
heavy metals in roasted meats (sold within Ayigba) 
and assess their potential public heat risk. 
2.0 Materials and Method 
2.1. Materials 
Polyethene bags, refrigerator, analytical balance, 
crucibles, drying oven, spatula, mortar and pestle, 
beakers, filter paper, volumetric flasks, deionised 
water, concentrated nitric acid and Atomic 
Absorption Spectrophotometer (AAS).  
2.1.1 Sample collection 
Samples of roadside roasted meats (suya) were 
randomly collected from four different selling points 
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(Beside Ogohi Hotel (A), Opposite Jayus Plaza (B), 
Stadium Road Junction (C) and Anyigba Garage (D) 
and raw meat samples from each sampling point in 
Anyigba town. In order to prevent contamination 
during sampling, transportation and storage, 
polyethylene bags were used in the collection and 
labeled for easy identification of various location of 
collection. They were stored in refrigerator at 
temperature of −4oC before analysis.  
2.1.2 Sample preparation and analysis 
The samples were pulverized and homogenized to 
aid digestion using agate mortar. The ground and 
homogenized samples were transferred into labeled 
crucibles (which were washed with a 10% nitric 
acid, rinsed with deionised water and dried in an 
oven at 450 oC for 1 hour. 5g of each sample were 
digested with 10 ml of 1 M solution of nitric acid in 
100 ml volumetric flask at 100 o C for 2 hours. The 
digested sample was allowed to cool before 
filtration into a 50 mL conical flask using a 
Whatman filter paper No. 42. The filtrate was made 
to the mark with distilled water and was used for 
heavy metal ion determination using Atomic 
Absorption Spectrophotometer (AAS) (Perkin 
Elmer Analyst 200 model). 
 

2.2 Statistical analysis 
The software application used for the analysis of 
data was Statistical Programs for Social Sciences 
(SPSS). The data were analyzed for analysis of 
variance (ANOVA), mean, standard deviation and 
regression analysis were done using statistical 
significance was proven when p < 0.05. 
2.3 Risk Assessment 
Estimated daily intake (EDI) is the initial 
investigation of food contaminant potential risk 
based on its consumption rate. For instance, 
consumption of roasted meat daily or seven times in 
a week.   

Internationally recommended method was used for 
the risk assessment (UNEP, 1996; US EPA,1989; 
1997 and 2000a). For the estimation of daily intake 
(EDI), equation 1 was adopted (Copat et al., 2012, 
2013),  

𝐸𝐷𝐼 =
𝐼𝑅 × 𝐶

BW
                                        (1) 

Where: C is the concentration of the heavy metal; IR 
is the ingestion rate = 227g or 0.227 kg (meal size) 
for adult with body weight (BW) of 70 kg; IR in 

6years old child= 0.114kg and BW = 16 Kg (US-
EPA, 2000a and 2000b) 
 
Target Hazard Quotient (THQ), is defined as the 
ratio of exposure to the reference dose. It is 
evaluated  using an integrate US-EPA risk analysis. 
Target Hazard Quotient (THQ), implies the ratio of 
exposure rate to the reference dose and can be 
expressed equation 2.   

𝑇𝐻𝑄 =
𝐸𝐹 × 𝐸𝐷 × 𝐼𝑅 × 𝐶

𝑅𝑓𝐷𝑜 × BW × 𝐴𝑇
                               (2) 

 

where: EF is the exposure frequency = 350 
days/year for people taking Suya times in a week; 
ED is exposure duration = 70 years for adult and 6 
years (Child); IR is the food ingestion rate 0.227 kg 
in adult 0.114 kg in children.   C is the concentration 
of metal in Suya (µg /g, wet weight);  
RfDo oral reference dose (µg/g/day), Pb = 0.0035 
and Cd. 0.001 (Song et al., 2015); body weight 
(BW), AT is the averaging time = EF (350) × ED 
(70).  If THQ risk is greater than 1, it is assumed that 
there is potential health risk (US-EPA, 2000a and 
2000b; Yahaya et al., 2017; Antoine et al., 2017).  
Incremental lifetime cancer risk (ILCR) is used to 
estimate the probable carcinogen risk base on the 
exposure at dignified dose of pollutant or 
contaminants using the Cancer Slope Factor (CSF). 
For the evaluation of incremental lifetime cancer 
risk (ILCR) equation 3 was applied for the 
estimation of potential carcinogenic risk.  

𝐼𝐿𝐶𝑅 =
𝐸𝐹 × 𝐸𝐷 × 𝐼𝑅 × 𝐶

𝐶𝐹𝑆 × BW × 𝐴𝑇
                               (3) 

 

where: CSF is the cancer Slope Factor (µg/g/day) for 
Pb = 0.0085 and Cd = 15 mg/kg (US EPA, 200a; 
Zeng et al., 2015; Hossian et al., 2018).  If 
incremental lifetime cancer risk (ILCR) risk is great 
than 10−5 value as recommended by US-EPA, it is 
presumed as an acceptable risk for cancer (US-EPA, 
1997 and 2000a) 
 

3.0 Results and Discussion  
Mean concentrations of heavy metal ions (Table 1) 
in the samples were 40.4 ± 0.26 -74.8 ± 0.84 mg/kg 
(Fe), BDL - 9.00 ± 1.20 mg/kg (Mg), 0.60 ± 0.14 - 
6.80 ± 0.23 mg/kg (Zn), BDL - 2.60 ±0.65 mg/kg 
(Pb), BDL - 0.20 ± 0.16 mg/kg (Cd) (Table 1).  
Also, there was no significant difference in  Suya 
samples because the values obtained were closely 
related irrespective their sampling points or 
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locations (p>0.05)  In raw meat (unprocessed) all 
metals were found at  low concentrations with Pb 
and Cd not detectable.  The level of Fe, Mg and Zn 
were within the NASEM, recommended value 
(Table 2) in the sampling points B, C, D except in A 
where Fe (46.5   ± 0.64) mg/k g was slightly above 

NASEM value 45 mg/kg. Mean concentrations of Fe 
and Zn were higher than those reported by Dibofori- 
 
Orji and ThankGod (2018) and Olajide et al., 
(2019). for some roasted meat. 

Table 1: Mean concentrations of some elements (mg/kg) of studied meat samples 
 

Metals                    Roasted meat (Suya                                               Raw Meat 
                            A                      B                  C                       D                      E          

 
Fe               74.8 ± 0.84   36.9± 0.01      51.5 ± 0.05     43.6 ± 0.01          40.4 ± 0.26                                                 
Mg              9.00 ± 1.20   9.00± 1.00     BDL               7.40 ± 1.06           6.40 ± 0.18    
Zn  6.50 ± 0.08    6.80 ± 0.23    2.60± 0.16     6.70± 0.12             0.60 ± 0.14 
Pb               2.60 ±0.65     1.60 ± 0.14   0.90 ± 0.12     0.60 ± 0.14           BDL 
Cd 0.20 ± 0.01   0.20 ± 0.00    0.20 ± 0.10     0.20 ± 0.16            BDL    
   

** Mean ± standard deviation of triplicate analysis, BDL = blow detection limit    
 
The observed concentrations of Fe, Mg and Zn are 
not in the toxic zone since they are essential minerals 
required for body metabolism such as proper 
functioning of muscle and nerve, maintenance of 
healthy immune system and a steady heartbeat, 

facilitates blood formation (Fe), effective cell 
growth enzymes (Zn) among others (Lieu et al., 
2001; Haug et al., 2007; FAO, 201; Vormann, 
2016). 

Table 2: Comparison concentrations of analyzed metal in Suya with EC, NASEM, FAO/WHO 
 

Metals Mean 
concentration 
(mg/kg)               

MCL (mg/kg) 
(EC, 2001) 

DRI-TUILE (mg/d) 
(NASEM, 2001) 
 

TIVTMA 
(mg/kg) 
(FAO/ WHO 
2010) 

Fe 46.5   ± 0.64                                                  ---- 45 ---- 
 Mg 6.47   ± 0.14                                                 ----- 350 ----- 
Zn  4.22 ±   0.15                                                  ----- 40 ----- 
Pb 1.03   ±   0.02                                         0.5 0.2 FAO/WHO 0.025 
Cd  0.20   ±   0.01                                        0.005 0.05 FAO/WHO 0.007 

 

European Commission Regulation (EC, 2001); 
maximum contaminant levels (MCL); Dietary 
Reference Intakes Tolerable Upper Intake Levels, 
Elements (DRI-TUILE).  A Tolerable Upper Intake 
Level (TUL) is the highest level of daily nutrient 
intak.. National Academies of Sciences, 
Engineering, and Medicine (NASEM), Tolerable 
intake values of selected toxic metals for adults per 
week (TIVTMA) (Olajide Et al., 2019; 
www.nap.edu)  
The observed mean concentration of lead in the meat 
samples was less than those reported by Garba et al. 
(2017), Olajide et al.  (2019) and Ojebah and Ewhr, 
(2015) for meats obtained from various locations 

while mean concentration of cadmium ion was 
closely comparable to those reported by Ojebah and 
Ewhr, (2015). The concentration of Cd detected 
agrees with the values reported by Ojebah and Ewhr, 
(2015) and Dibofori-Orji and ThankGod (2018) 
respectively.  However, mean concentration of lead 
and cadmium in our samples reported were above 
the EC maximum contaminant limits of 0.5 mg/kg 
and 0.005 mg/kg (EC, 2001) and FAO / WHO 
(2010) limits of 0.025 mg/kg and 0.007 mg/kg 
respectively.   Since these meats are normally kept 
on the road side, some studies have suspected that 
vehicular emission and industrial chimney can 
significantly contributes to the level of lead and 
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cadmium in the exposed meat (Ibeto and Okoye, 
2010; Dan’azumi and Bichi, 2010; Garba et al., 
2017).  The target organ for lead is the blood and the 
brain.   High concentration of Pb in blood system 
may cause infertility, heart diseases and cancer in 
adult as well as low intelligence and antisocial 
behaviour in children (Tuormaa, 1995; Ojebah et al., 
2015).  Spices may contain Cd (200 ng g-1) 
depending on the soil that they were grown, 
Therefore, interaction of the spices with the meat 
may also increase concentration of this and other 
heavy metals in the meat. Epidemiological studies 
revealed that the half-life of Cd in human kidney 
range from 10 to 30 years (Fox Spivey,1987). 
Hence, longtime exposure to Cd may result to 
nephrotoxicity in humans (Nordberg, 1999).  
Calculated pollution indices for lead and cadmium 
are presented in Table 3. Calculated EDI values for 

lead and cadmium were lower than FAO/WHO 
recommended limits.  
The observed EDI (Table 3) values are 3.296 × 10-3 
and 7.313 × 10-3 for Pb and 6.4 × 10-4 and 1.42 × 10-

3 for Cd in adult and children respectively. Since, the  
tolerable upper intake level is the maximum 
concentration of daily nutrient intake that could 
probably pose no risk of adverse health effects both 
adult and child on consumption Suya (FAO/WHO, 
1972; 2010), 
Calculated THQ values are less than unity (except 
for lead in adult profile) indicating that the observed 
concentrations may not have potential health risk 
except for adult less than 1 except in adult where the 
concentration of Pb is higher than 1 (US EPA,1989, 
2000a and 2000b) Furthermore, all the ILCR values  
are less than the expected limit indicating that there 
is no imminent potential risk to cancer. 
 

Table 3. EDI, THQ and ILCR (mg/kg/day) of Pb and Cd in adult and children 
 

                       Pb  
 Adult                                Children 

                              Cd                                                               
Adult                                            Children 

EDI 3.296 × 10-3 7.313 × 10-3 6.4 × 10-4 1.42 × 10-3 
THQ 1.164 0.479 0.793 0.093 
ILCR (mg/kg/day) 0.497 0.895 5.276 × 10-5 9.5 × 10-5 

4.0 Conclusion 
Suya samples at the different locations were 
analyzed for heavy metal and their potential health 
risk was assessed.  The results revealed than Pb and 
Cd were above the WHO maximum permissible 
limits. The EDI, ILCR and THI were within the US 
EPA recommended limits except the THI for Pb in 
adult which signifies the potential health. Pb and Cd 
have no biological importance in human body. Since 
roadside dust, pollutants released from vehicle 
exhausts and pyrolysis of spices are the potential 
sources of these toxic metals, therefore, there is need 
for adequate monitoring the processing of Suya   as 
to prevent the adverse health effect of these metal.  
Acknowledgement A sincere gratitude to EBIGO 
for the publication fee, Mr. A. U. Ochala, 
Laboratory Unit, Chemistry Dept. Kogi State 
University, Anyigba and Prof. Nnabuk Okon Eddy, 
Department of Pure and Industrial Chemistry 
University of Nigeria, Nsukka, Enugu State, 
Nigeria, for their inputs.  
 5.0 Reference 

Antoine, J.M., Fung, L.A.H. & Grant, C.N. (2017). 
Assessment of the potential health risks 
associated with the aluminium, arsenic, cadmium 
and lead content in selected fruits and vegetables 
grown in Jamaica. Toxicology reports, 4, pp.181-
187. 

Arora, M., Kiran, B., Rani, S., Rani, A., Kaur, B. & 
Mittal, N. (2008). Heavy metal accumulation in 
vegetables irrigated with water from different 
sources. Food Chemistry,   11, pp. 811-815.  

Copat, C., Conti, G.O., Signorelli, C., Marmiroli, S., 
Sciacca, S., Vinceti, M. & Ferrante, M., 2013, 
July. Risk assessment for metals and PAHs by 
mediterranean seafood. Foog ad Nutritional 
Science, 4, pp. 10-13.  

Copat, C., Bella, F., Castaing, M., Fallico, R., 
Sciacca, S. & Ferrante, M.  (2012). heavy metals 
concentrations in fish from sicily (mediterranean 
sea) and evaluation of possible health risks to 
consumers. Bulletin of Environmental 
Contamination and Toxicology, 88, 1, pp. 78-83.  

Dan’azumi, S. & Bichi, M.H. (2010). Industrial 
pollution and heavy metals profile of Challawa 



Communication in Physical Sciences 2020, 6(1): 746-752     751 
 

 

river in Kano, Nigeria. Journal of Applied 
Science and Environmental Sanitation, 5, pp. 23-
29. 

Dibofori-Orji, A., ThankGod P. (2018). Analysis of 
heavy metals in hawked charcoal roasted beef 
(suya) within port harcourt metropolis. European 
Journal of Pure and Applied Chemistry, 5, 2, pp.  
2398-1385. 

D’Haese,  P. C., Couttenye,  M. M. , Lamberts 
LV et al. Aluminum, iron, lead, cadmium, 
copper, zinc, chromium, magnesium, 
strontium, and calcium content in bone of 
end-stage renal failure patients. Clinical 
Chemistry, 45, pp. 1548–1556.  

 Eddy, N. O., Udoh, C. L. & Ukpong, I. J. (2004). 
Heavy metals in the sediment of the Cross River 
Estuary at Oron, South Eastern Nigeria.  
African Journal of Environmental Pollution 
and Health, 3, 1, pp.  6-10. 

Eddy, N. O. & Udoh, C. L. (2006).  Introduction to 
Environmental Chemistry. Patom Press, Nigeria 

Essien, N. B. & Eddy, N. O. (2015). Adsorption of 
lead and chromium ions from aqueous solution 
using Sorghum waste. International Journal of 
Engineering and Research, 3, 6, pp. 662-672 

European Commission Regulation (2001). No 
466/2001 of 8 March 2001 setting maximum 
levels for certain contaminants in foodstuffs 
(Text with EEA relevance) (OJ L 77, 16.3.2001, 
p. 1).  

Ekhator, O. C., Udowelle, N .A., Igbiri, ,S., 
Asomugha, R. N., Igweze, R. Z., & Orisakwe, 
O.E. (2017). Safety Evaluation of Potential 
Toxic Metals Exposure from Street Foods 
Consumed in  Mid-West Nigeria. 
Hindawi Journal of Environmental and Public 
Health. https://doi.org/10.1155/2017/8458057 

Ekop, A. S. & Eddy, N. O. (2009). Adsorption of 
Pb2+, Zn2+ and Ni2+ from aqueous Solution by 
Helix aspera shell. E. Journal of Chemistry, 6, 4, 
pp. 1-6. 

Even, J & Ghaffari, S. (2011). Determination of 
Cadmium and Lead in Northern Pike from the 
Missouri River. American Journal of 
Undergraduate Research, 10, 3, pp. 15-20. 

FAO/WHO (2010). Summary report of the seventy 
third meeting of JECFA. Joint FAO/WHO 
Expert Committee on Food Additives. Geneva. 
https://www.euro.who.int/__data/assets/pdf_file
/0003/97446/4.4.pdf  

FAO/WHO (1972). Evaluation of certain food 
additives and the contaminants Hg, Pb and Cd 
Sixteenth Report of Joint FAO/WHO Expert 
committee on food additives, Geneva. April, 
1972. 

Fox Spivey,  M. .R., (1987).  Assessment of 
cadmium, lead and vanadium status of large 
animals as related to human food chain, Journal 
of Animal Science, 65, pp. 1744-1752.  

Garba, A., Ibrahim K. K., Erhabor O. & Asokan C. 
(2017). Lead Content of Three Common Suya 
Meats Sold on Major Streets in Sokoto 
Metropolis, Nigeria. BAOJ Med Nursing,  3, 3, 
pp. 1-4.  

Hossain, M.T., Hassi, U. & Huq S.I. (2018) 
Assessment of concentration and toxicological 
(Cancer) risk of lead, cadmium and chromium in 
tobacco products commonly available in 
Bangladesh. Toxicology reports, 1, 5, pp. 897-
902. 

Ibeto, C.N. & Okoye C.O.B. (2010) High levels of 
heavy metals in blood of the urban   population 
in Nigeria. Research Journal of Environmental 
Science, 4, pp. 371-382 

Järup, L., 2002. Cadmium overload and 
toxicity. Nephrology Dialysis Transplanta-
tion, 17 (suppl_2), pp.35-39. 

Joyce, K., Emikpa, B. O., Asare, D. A., Asenso, T. 
N., Richmond, Y., Jarika, T. A. & Afusat, J. 
(2016). Effects of different cooking methods on 
heavy metals level in fresh and smoked game 
meat. Journal of Food Processing and 
Technology, 7, 9, pp. 617.  

Kjellstrom T. Mechanism and epidemiology of 
bone effects of cadmium. IARC Science 
Publicaton, 1992, pp. 301–310 

Ndu, D.O.A. & Princess, T. (2018) Analysis of 
heavy metals in hawked charcoal roasted beef 
(suya) within Port Harcourt metropolis. 
European Journal of Pure and Applied 
Chemistry, 5, 2, pp. 12-20.  

Nordberg G., (1999), Excursions of intake above 
ADI: Case study on cadmium, Regulatory 
Toxicology and Pharmacology, 30, pp. 57-62.  

Okeke, O.,  Aburum, C. M.,  Ozuah,  A. C. &  Ezeh,  
E.(2018).  Effect of Application of 
Seasonings/Spices and Heating/ Processing 
Methods on the Levels of Polycyclic  Aromatic 
Hydrocarbons and Heavy Metals in Cooked, 
Fried and Roasted Meats Sold  within 



Communication in Physical Sciences 2020, 6(1): 746-752     752 
 

 

Enugu Metropolis. International Journal of 
environmental Science and Natural  Resources, 
12, 4, 555844. doi:10.19080/IJESNR.2018. 
12.55844. 

Olajide, A. J., Olajide, O. E., Salami, I. T., Adeyemi, 
A. T. & Abiodun, S. L. (2019). Assessment of 
Heavy Metals Concentrations in Selected Road-
side Fast Foods in Ibadan Oyostate, Nigeria. Int. 
Journal of Science and Engineering Research, . 
10, 2, pp. 1341-1347 

Song, D., Zhuang, D., Jiang, D., Fu, J. & Wang, Q. 
(2015). Integrated health risk assessment of 
heavy metals in Suxian County, South 
China. International Journal of Environmental 
Research and Public Health, 12, 7, pp. 7100-
7117.  

Taiwo, A. M., Aigbodion, C. O., Ojekunle, O. Z. & 
Akinhanmi., T. F. (2020). Health risk assessment 
of metals in selected drinks from Abeokuta, 
Southwestern Nigeria. Biological Trace Element 
Research, 197, pp. 694–707  

Tukura, B. W., Kugbu, J. & Gimbia, C. E.  (2005), 
Bioaccumulation of Trace Metals in Fish from 
Ahmedu Bellow University Dam Nigeria, 
Journal of Science Resources, 5, 1, pp.  91-98. 

Tuormaa, T. E. (1995), The role of chromium, 
selenium and copper in human and animal 
metabolism, Journal of Orthomolecular 
Medicine, 10, pp. 149-164. 

US-EPA (1998). Risk assessment guidance for 
superfund volume 1. Human Health Evaluation 
Manual (Part  A)”, Interim Final. EPA 
540/1-89/002,” United States Environmental 
Protection Agency,  Washington DC, 1989.  
http://www.epa.gov/spc/pdfs/rchandbk.pdf  

 US-EPA (1997). Exposure factors handbook. 
National Center for Environmental Assessment, 
Washington DC,  1997.  
http://www.epa.gov/spc/pdfs/rchandbk.pdf 

 US-EPA (2000). Risk-based concentration table.  
United States Environmental Protection Agency, 

Philadelphia, 2000a.  http://www.epa.gov/spc/ 
pdfs/rchandbk.pdf 

 US-EPA (2000). Risk characterization handbook. 
US Environmental Protection Agency, 
Washington DC,  2000b.  
http://www.epa.gov/spc/pdfs/rchandbk.pdf 

UNEP (1996). Mediterranean Regional Report. 
Regionally Based Assessment of Persistent Toxic 
Substances. 1996.  http://www.chem.unep.ch/ 

WHO (2000).  Lead, In: Safety evaluation of certain 
food additives and contaminants, Fifty-Fifth 
Meeting of the Joint FAO/WHO Expert 
Committee on Food Additives (JECFA), 
Geneva: WHO Food Additives Series, 44, World 
Health Organization, Geneva, pp. 273-312. 

Yahaya, A., Ayeni, G., Ochala, A. U., Larayetan, R. 
A.  Onoja, A.D.  Omale, T. C., Omale, V. F. &  
Akor, J. A. (2020).  Evaluation of mineral in the 
indigenous and industrially produced soya milk 
in Anyigba, Kogi State. Communication in 
Physical Sciences,   5, 2, pp. 688-693  

Yahaya, A., Adegbe, A. A. & Emorutu, J. E. 
Assessment of heavy metal content in the surface 
water of Oke – Afa canal, Isolo- Lagos Nigeria. 
Scholars Research Library: Archives of Applied 
Science Research, 4, 6, pp. 2322-2326. 

Yahaya, A., Okoh O. O. & Adeniji, A. O. (2017b). 
Occurrences of organochlorine pesticides along 
the course of the Buffalo River in the Eastern 
Cape of South Africa and its health implications. 
International Journal of Environmental 
Research and . Public Health,  2, 14, pp.  1–16 

Zeng, F., Wei, W., Li, M., Huang, R., Yang, F. & 
Duan, Y. (2015). Heavy metal contamination in 
rice- producing soils of Hunan province, China 
and potential health risks. International Journal 
of Environmenta lRresearch and Public 
Health, 12, 12, pp.15584-15593. 

 

Conflict of Interest 
The Authors declare no conflict of interest

 
 


