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Abstract- The content of heavy metals in poultry and local (free range) chickens raised within 

Gwagwalada Area Council of Abuja, Nigeria was investigated. The poultry chickens were obtained from 

poultry farms while the local (free range) chickens were bought from the natives within the study area. 

Samples were prepared by wet digestion method using nitric acid and the heavy metals determined by 

flame atomic absorption spectrophotometry (FAAS). The mean concentration (μg/g dry weight) of heavy 

metals in the Poultry chickens were 3.68 ± 0.86, 0.58 ± 0.36, 0.78 ± 0.02, 4.79 ± 1.27, 77.40 ± 66.44, 2.09 ± 

0.54, 1.44 ± 0.82 and 68.99 ± 23.90 for Pb, Cd, Ni, Cu, Fe, Co, Mn and Zn respectively. Also the heavy 

metal contents in the local chickens were 2.01 ± 1.25, ND, 1.07 ± 0.30, 3.00 ± 1.24, 108.88 ± 73.41, 1.36 ± 

0.46, 13.44 ± 6.14 and 75.49 ± 24.02 μg/g dry weight for Pb, Cd, Ni, Cu, Fe, Co, Mn and Zn respectively. A 

Pearson correlation analysis on the heavy metals in the chicken meat revealed positive strong correlations 

between Zn/Fe (r = 0.867), Zn/Mn (0.764), Zn/Cu (r = 0.591), Mn/Cu (r = 0.657) and Fe/Cu (r = 0.598) at 

p < 0.01 significant level. This is not unusual as Fe, Cu, Mn and Zn are essential elements and constitute 

part of expected components of the chicken. The human risk assessment conducted on the chicken 

samples revealed that Estimated Daily Intake (EDI) and Target Hazard Quotient (THQ) were in the safe 

levels, indicating that the exposure of adult population to individual heavy metals through consumption 

of poultry and local (free range) chickens will not pose adverse health effects. However, the Hazard Index 

(HI) value for the poultry chicken is suggestive of potential adverse health effect on the consumers. Also, 

the HI value of local (free range) chickens cannot be ignored because the accumulation of heavy metals in 

the human body over time can cause serious health effects. 

 

Keywords- Nitric acid, Flame Atomic Absorption Spectrophotometer, Heavy metals, Gizzard, Poultry 
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I. INTRODUCTION 

Poultry refers to all kinds of birds that are raised for meat, egg production or feathers, this includes chickens, 

pigeons, quails, turkeys, ducks, guinea fowls, ostriches and pheasants (Mozdziak, 2019). The poultry industry is 

one of the most commercialized sub-sectors in Nigerian agricultural sector and has continued to expand in 

recent year (Heise et al., 2015). Nigeria has the second largest chicken population in Africa after South Africa, 

its poultry industry accounts for about 200 million birds, producing 650 000 tonnes of eggs and 290 000 tonnes 

of poultry meat in 2013 (Sahel, 2015). Poultry meat accounts for about 30% of the world’s meat production 

making it the second most widely consumed meat in the world after beef at 38% (Raloff, 2003).  

 

mailto:noela.igwemmar@uniabuja.edu.ng
mailto:samuel.kakulu@uniabuja.edu.ng


 cognizancejournal.com 

Noela C. Igwemmar et al, Cognizance Journal of Multidisciplinary Studies, Vol.2, Issue.9, September 2022, pg. 43-57 

(An Open Accessible, Multidisciplinary, Fully Refereed and Peer Reviewed Journal) 

ISSN: 0976-7797 

Impact Factor: 4.843 

 

©2022, Cognizance Journal, cognizancejournal.com, All Rights Reserved                                            44 

Heavy metals are generally referred to as those metals that possess a density (specific gravity) of more than 5 

g/cm3 (Ali & Khan, 2018). These metals are prevalent in the environment. Some heavy metals such as cadmium 

(Cd), mercury (Hg), arsenic (As) and lead (Pb) are injurious to health, however, others like iron (Fe), manganese 

(Mn), zinc (Zn) and copper (Cu) are necessary for good health (Jadhav et al., 2007). Poultry meat is an 

important source of protein and is widely consumed in Nigeria. Marangoni et al. (2015) opined that given the 

nutritional composition of poultry meat, it can play significant roles for individuals in specific age groups 

(children, pregnant women, and the elderly). However, the quality of poultry meat may be affected with toxic 

metal contamination through anthropogenic activities (Akan et al., 2010). 

Meat contaminated with heavy metal poses a risk to human health, because as metal accumulation increases 

in the food chain it can cause various adverse health effects. The major pathways of heavy metals in chicken 

include contaminated poultry feeds, drinking water and processing (Lasky et al., 2004). Miranda et al. (2005) 

and Sabir et al. (2003) reported that contaminated animal feed and rearing of livestock in proximity to polluted 

environment were responsible for heavy metal contamination in meat. Also, trace metal can contaminate meat 

and its products during processing (through the raw materials, water, spices and packaging), penetration through 

the skin’s surface and by inhalation of air (Raikwar et al., 2008; Santhi et al., 2008). The threat associated with 

the exposure to heavy metals present in food products has stimulated widespread concern in human health 

(FAO/WHO, 2015). Advancements in the food processing and production technology has increased the chances 

of food contamination with various environmental pollutants, especially heavy metals. Ingestion of these 

contaminants by animals causes deposition of residues in meat (Sabir et al., 2003).  

 

Demirezen and Uruc (2006) and Baykov et al. (1996) reported that heavy metal contamination of food is a 

severe health hazard problem because of their toxicity, bioaccumulation and bio-magnification in the food 

chain. Heavy metals are non-biodegradable, having long biological half-lives and having the potential for 

accumulation in the different body organs leading to unwanted side effects (Banerjee et al., 2011; Jarup, 2003; 

Sathawara et al., 2004). In concentrations higher than the minimum body requirements, these metals can pose a 

significant health risk to humans (Gupta & Gupta, 1998). Several biological and physiological processes such as 

eating habits, growth rate, breeding and molting may influence concentration and distribution of heavy metals in 

birds (Kim et al., 2007). Heavy metals accumulation varies significantly between one animal and another and 

also from one tissue to another within an animal (Hejna et al., 2018).  

 

A number of serious health challenges can develop as a result of heavy metal uptake. Hassan et al. (1998) 

reported that toxic effects of heavy metals in chickens results in refusal of feed, weight loss, low digestibility, 

organ failure and death while in higher animals it includes, alteration of central nervous system and cancer, 

anemia, kidney and liver damage. Metal contamination in poultry meat have been broadly investigated. Shahla 

et al. (2012) in their study assessed heavy metals in different tissues of broilers and domestic layers. Mohammed 

et al. (2013) determined heavy metals in selected tissues of adult chicken layers (Gallus spp) while Hussain et 

al., (2012) assessed heavy metal (Cd, Pb and Zn) contents in livers of chicken available in the local markets of 
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Basrah city, Iraq. Also, Abdou et al. (2018) evaluated the heavy metal concentrations in layer farms at El-

Fayoum governorate. This study is therefore aimed at determining the content of heavy metals in poultry and 

local chicken raised within Gwagwalada Area Council Abuja, Nigeria. 

 

II. MATERIALS AND METHODS 

A. The Study Area 

Gwagwalada is one of the six area councils in the Federal Capital Territory (FCT) Abuja Nigeria together with 

Abaji, Abuja Municipal, Kuje, Bwari and Kwali (https://www.abuja-ng.com/federal-capital-territory.html). It 

has an area of 1,043 km2 and a population of 157,770 at the 2006 census 

(http://www.fctacss.org.ng/index.php/area-councils/gwagwalada-area-council). Gwagwalada, lies on the 

geographical coordinates of 8°56'21.48"N and 7°4'43.32"E. It is bordered in the South, East and North by Kwali 

Area council, Kuje Area Council and Niger State respectively. The temperature in the area ranges from 30.0 ℃ 

to 37.0 ℃ yearly with the highest temperature in March and mean total annual rainfall of approximately 1,650 

mm per annum. It is one of the largest satellite towns and the third largest urban centre in the Federal Capital 

Territory (FCT) (Ishaya et al., 2018). The major economic activity taking place in Gwagwalada area council is 

agriculture which includes farming, livestock farming and pond fishing. 

 

B. Sample Collection  

A total of 150 poultry chicken parts comprising head (n = 50), gizzard (n = 50) and muscle (n = 50) were 

obtained from different farms within Gwagwalada Area Councils in Abuja, Nigeria. The chickens were between 

8 - 10 weeks of age having weights ranging from 1.4 to 1.6 kg. The samples were transported in an ice box to 

the laboratory where it was prepared for analysis. Also, local (free range) chickens that scavenge for food on 

their own were bought from the natives in Gwagwalada. A total of 30 local chicken parts (n = 10, for head, 

gizzard and muscle each) was used for this study. The birds were between 18 –24 weeks of age and weight 

range of 1.2 - 1.4 kg.  

 

C. Sample Pretreatment 

The same parts of the chicken were merged together and properly washed with deionized water to remove blood. 

The chicken parts were dried in the oven at 105 °C until constant weight was obtained.  The dried samples were 

ground and homogenized in a micro grinder (A-10 Analytical mill Tekmar, Germany). Then they were stored in 

pre-washed air tight sample containers and labelled properly ready for analysis.  

 

D.  Reagents 

All reagents used in this study were of analytical grades. Nitric acid (65% HNO3) was manufactured by Sigma 

Aldrich, UK. Standard stock solution (1000 mg/l) of Pb, Cd, Ni, Cu Fe, Co, Mn, and Zn were products of Merck, 

Germany.  

 

https://www.abuja-ng.com/federal-capital-territory.html
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E.  Treatment of Sample Containers and Glassware   

Sample containers and glassware were washed with a detergent solution, rinsed many times with tap water and 

soaked overnight in 10 % (v/v) nitric acid for 24 hours. The containers and glasswares were later rinsed 

severally with deionized water. They were dried properly before use.  

 

F.  Sample Digestion  

The method described by Khan et al.  (2015) was adopted with little modification. Accurately 2.0 g of chicken 

samples (head, gizzard and muscle) was weighed into 250 ml conical flask separately. To this was added 20 ml 

of concentrated HN03. The flask was placed on a hot plate and digested at 90 - 100 ℃ for about 2 h until a clear 

solution was obtained. The digest was allowed to cool, filtered through Whatman grade 41 filter paper into 100 

ml volumetric flask and diluted to mark using deionized water. The filtered solution was stored in sample 

containers and kept in a refrigerator at 4 ℃ prior to elemental analysis. A blank was carried through the 

complete procedure using deionized water. Digestion was done in triplicate for each sample. 

 

G.  Preparation of Standard Solution 

Working standard solutions were prepared by serially diluting appropriate aliquot of the standard stock (1000 

mg/l) solution of Pb, Cd, Ni, Cu Fe, Co, Mn, and Zn. All the working standard solutions were prepared fresh 

daily. Calibration blanks were also prepared for calibration of analytical instrument.  

H.  Analytical Determination of Heavy Metals  

The heavy metal levels in the digested sample solutions were determined using Flame Atomic Absorption 

Spectrophotometry (FAAS) (Thermo Scientific iCE 3000 series, UK). The determinations were carried out 

according to the instrument working conditions for analysis. Measurements of the metals were made at the 

wavelengths (nm): Pb (217.0), Cd (228.8), Ni (232.0), Cu (324.8), Fe (248.3), Co (240.7), Mn (279.5) and Zn 

(213.9). Air-acetylene flame was used for the determination of each metal.  

 

I.  Statistical Analysis 

The results were analyzed using analysis of variance (ANOVA) to determine any statistically significant 

difference in the heavy metals in the chicken parts (gizzard, head and muscle) followed by Duncan’s multiple 

range post hoc test to identify the pairs that differ. Pearson correlation analysis was performed to evaluate the 

correlations between heavy metal in the chicken meat. Differences were considered significant at p-values < 

0.01 and < 0.05. All statistical analysis was performed using SPSS version 23.0. 

 

J.  Human Health Risk Assessment  

The health risks assessment indices were used to determine the risk of consuming food contaminated with heavy 

metals and this has been based on the determination of the estimated daily intake (EDI), target hazard quotient 

(THQ) and hazard index (HI).  
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1)  Estimated Daily Intake (EDI): The estimated daily intake of heavy metal is dependent on the metal level in 

food and the consumption rate. The metal content in the food item (chicken meat) was calculated and multiplied 

by the respective consumption rate. The estimate daily intake was determined using the equation by Arora et al. 

(2008) and Sajjad et al. (2009): 

Estimated Daily Intake (EDI) =      ……… Equation (1)  

Where, Cm = metal concentration in the chicken parts (mg/kg dry weight) 

IR = ingestion rate, which is taken as 50 × 10−3 kg/day. This consumption rate was used in health-risk 

assessment. 

BW = average body weight of adult Nigerian which is 60.7 kg (Walpole et al., 2012).  

 

2)  Target Hazard Quotient (THQ): The target hazard quotient (THQ) offers an indication of risk level rather 

than a quantitative estimate of the probability of experiencing a reverse health effect if a population is exposed 

to pollution (Kayame, et al., 2013).  

THQ is calculated by the equation: 

    ……… Equation (2)    

Where, THQ is non-carcinogenic risk and is dimensionless. 

 EF = Exposure frequency (365 days/year). 

 ED = Exposure duration. In Nigeria, life expectancy for male is 54.7 years and for female 55.8 years, therefore 

the average of the two was taken which is 55.2 years WHO (2018). 

RfD = Oral reference dose of individual metal (mg/kg/day) (US EPA, 2015; USEPA, 2012). RfD is an estimate 

of a daily oral exposure for the human population, which does not cause deleterious effects during a lifetime.  

BW = average body weight of adult Nigerian is 60.7 kg. 

ATn = Average exposure time for non-carcinogens (365 days/year × ED) (USEPA, 2011). 

 

3)  Hazard Index (HI): The hazard index (HI) was developed to estimate the overall potential health risk posed 

by more than one metal. Hazard Index (HI) is the sum of the Target Hazard Quotients of each heavy metal 

(USEPA, 2011). This is calculated with the following equation:                                                                     

    ……… Equation (3)    

Where THQn = Target hazard quotients of heavy metals in the sample. 

III.  RESULTS AND DISCUSSION 

The metal contents in the poultry and local chickens are presented in Table I. The mean concentrations (μg/g 

dry weight) of Pb, Cd, Ni, Cu, Fe, Co, Mn and Zn in the poultry chickens were found to be 3.68 ± 0.86, 0.58 ± 

0.36, 0.78 ± 0.02, 4.79 ± 1.27, 77.40 ± 66.44, 2.09 ± 0.54, 1.44 ± 0.82 and 68.99 ± 23.90 respectively, while in 

the local chickens the values were 2.01 ± 1.25, 1.07 ± 0.30, 3.00 ± 1.24, 108.88 ± 73.41, 1.36 ± 0.46, 13.44 ± 
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6.14 and 75.49 ± 24.02 for Cd, Ni, Cu, Fe, Co, Mn and Zn respectively. The highest concentrations of Fe, Ni, 

Mn and Zn were found in local chickens whereas in poultry chickens, the levels of Pb, Cd, Cu and Co were the 

highest. Overall, the gizzard accumulated the highest concentration of Cu, Fe and Zn for both the poultry and 

local chickens whilst the muscle accumulated Pb and Co the most in both poultry and local chickens.  

Table I 

Heavy Metal Concentration (mean ± SD, μg/g dry weight) in Poultry and Local Chicken Parts 

 Metals 

Sample Part Pb  Cd  Ni  Cu  Fe  Co  Mn  Zn  

Poultry Chicken Gizzard 3.07 ± 
1.37 

0.58 ± 
0.36 

0.77 ± 
0.73 

5.98 ± 
2.20 

153.05 ± 
27.82 

1.70 ± 
1.55 

1.99 ± 
0.53 

92.16 

± 3.87 

Head ND ND 0.80 ± 

0.15 

4.95 ± 

1.71 

50.56 ± 

1.31 

1.86 ± 

1.53 

1.82 ± 

0.58 

70.40 ± 

10.82 

Muscle 4.28 ± 
3.67 

ND 0.77 ± 
0.44 

3.45 ± 
0.89 

28.58 ± 
4.94 

2.70 ± 
0.69 

0.50 ± 
0.10 

44.42 ± 
1.05 

Mean±SD 3.68 ± 
0.86 

0.58 ± 
0.36 

0.78 ± 
0.02 

4.79 ±  
1.27 

77.40 ± 
66.44 

2.09 ± 
0.54 

1.44 ± 
0.82 

68.99 ± 
23.90 

Local chicken Gizzard 1.18 ± 
0.22 

ND 1.40 ± 
0.04 

4.36 ± 
0.16 

192.77 ± 
1.19 

1.08 ± 
0.03 

12.70 ± 
0.46 

100.60 
± 2.13 

Head 1.40 ± 
0.23 

ND 0.99 ± 
0.03 

2.69 ± 
0.19 

77.49 ± 
2.11 

1.12 ± 
0.22 

19.91 ± 
0.45 

73.12 ± 
2.16 

Muscle 3.45 ± 

0.02 

ND 0.82 ± 

0.11 

1.95 ± 

0.32 

56.39 ± 

5.89 

1.89 ± 

0.10 

7.71 ± 

0.25 

52.74 ± 

0.55 

 Mean±SD 2.01 ± 

1.25 

ND 1.07 ± 

0.30 

3.00 ± 

1.24 

108.88 ± 

73.41 

1.36 ± 

0.46 

13.44 ± 

6.14 

75.49 ± 

24.02 

No of samples: Poultry chicken (n = 150), Local chicken (n =30); ND: Not detected 

 
   

The trend in the metal levels in chicken follows the order: Fe > Zn > Cu > Pb > Co > Mn > Ni > Cd. The high 

levels of iron, zinc and copper in the chicken samples are not unexpected for they are essential elements in 

metabolic activities. For instance, a deficiency of iron, causes anaemia in man and animal whilst zinc is also 

known to function in many biochemical pathways for its deficiency could result in immunological abnormalities, 

growth retardation and it is relatively non - toxic (Pal, 2017).  Copper levels in the chicken could be affected by 

access to the foodstuffs through processing, agricultural inputs as well as contamination of the soil on which the 

crops have grown (Onianwa et al., 2001).  

 

There is generally an unequal distribution of heavy metals in the different parts of the chicken under 

investigation. For instance, for metals, Fe, Zn, Cu, Mn and Pb, the order of the concentration in the chicken 

parts is gizzard > head > muscle (Table I). Moreover, every chicken part performs specific functions hence they 

accumulate heavy metal differently (Okoye et al., 2015). The distribution and bioaccumulation of trace elements 

vary significantly from one animal species to another and also differ from one tissue type to another tissue of the 

same animal (Hejna et al., 2018). Iron, zinc, manganese and copper were observed in relatively higher 

concentrations than other heavy metals. The high levels of these metals may be related to their physiological 

roles in various chicken tissues (Carpene et al., 1995). Cadmium was not detected in the muscle which is the 

most consumed parts and for most metals, the concentration of metals in the muscle is generally the least. 
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The metal concentrations in the poultry chickens were compared with metal concentrations in the local 

chickens (free range), that is those chickens that roam about for their food. Except for copper level which is low 

in the local chickens, Fe, Zn and Mn levels were the highest. Generally, for most metals whether poultry or local 

chicken, the gizzard had the highest metal concentration whilst the muscle had the least. The high levels of 

metal in the gizzard could be attributed to the function of gizzards in birds as it is the place where foods are 

grinded before being absorbed into the body as birds do not have teeth required for breaking down of foods. The 

mean concentration of Fe, Cu, Zn in the poultry chickens were lower than those of the local chickens. This 

could be attributed to the exposure of the local chickens to all sorts of foods such as food wastes and other metal 

products that are found in waste dumps (Verla et al., 2015).   

 

Several works have been reported on the metal levels in chicken meat and products. The mean concentrations 

of lead in the gizzards and muscles from this study are 3.07 ± 1.37 µg/g and 4.28 ± 3.67 µg/g respectively 

(Table I). These values were higher than Pb concentrations published in other researches: Nagwa and Mahmoud 

(2015) observed 0.26 ± 0.016 µg/g and 0.30 ± 0.017 µg/g lead in chicken meat and gizzard, Daniel (2015) 

reported 0.263 ± 0.03 mg/kg for gizzard and 0.210 ± 0.01 mg/kg for muscle, Soad and Said (2013) observed 

0.8762 ± 0.2089 ppm (liver) and 0.3186 ± 0.1462 ppm (gizzard). A lead concentration of 6.94 μg/kg was 

obtained in chicken meat by Gonzalez-Weller et al. (2006). Similar results to this study was reported for lead in 

poultry liver (3.15 ppm) and lean meat (3.10 ppm) by Mariam et al. (2004) while Iwegbue et al. (2008) observed 

0.01 - 4.60 mg/kg and 0.01 - 3.22 mg/kg in chicken meat and gizzard respectively. The lead concentrations 

found in this study were higher than the maximum permissible limits of 1 mg/kg (FAO/WHO, 2001). Exposure 

to lead and lead chemicals mainly occur through ingestion of lead-contaminated food and water, dermal 

absorption, inhalation and trans-placental (endogenous) routes (ATSDR, 2017).  

 

Sedki et al. (2003) and Kim and Koo (2007) in their studies reported direct correlation between heavy metal 

contents in animal feeds and meat samples, and suggested that bioaccumulation of metals in animal feeds are the 

main source of intake. Lead is a toxic metal with no known nutritional benefit and its higher level in foodstuffs 

is of particular concern because as per WHO, no level of lead exposure is considered to be safe. Lead has 

tendency to bioaccumulate in human tissues and organs mainly in the liver, gizzards, brain, renal cortex, bones 

lungs, aorta and spleen leading to several diseases (Patrick, 2006). As low as 1.0 ppm concentration of Pb in the 

diet can result in significant growth suppression in chickens and consistent decline in blood d-aminolevulinic 

acid dehydratase, an erythrocyte enzyme sensitive to lead (Bakalli et al., 1995).   

 

The mean concentration of cadmium in the gizzard sample is 0.58 ± 0.36 µg/g but in the muscle and head, 

cadmium was not detected (Table I). Cadmium is a nonessential element for living organism therefore its 

presence in organism tissues is considered a contaminant (Rehman et al., 2012). It is absent in the human body 

at birth but accumulates over time with increasing age in the liver, kidney and gizzard (Akan et al., 2010; 

McLaughlin et al., 1999). Several studies have reported lower cadmium concentrations in comparison with the 
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values obtained in this study. Mariam et al. (2004) reported Cd contents of 0.31 ± 0.07 ppm and 0.49 ± 0.16 

ppm for lean meat and poultry liver respectively. Also, Gonzalez-Weller et al. (2006) reported 1.68 μg/kg of Cd 

in chicken meat samples, Reem et al. (2012) observed cadmium in the range of 0.004 - 0.124 µg/g in chicken 

liver, Diafat et al. (2015) recorded 4.69 - 10.53 μg/kg of cadmium in chicken meat, Soad and Said (2013) 

reported Cd mean values of 0.0407 ± 0.0290 ppm in Chicken liver, 0.0041 ± 0.0028 ppm in gizzard and 0.0036 

± 0.008 ppm in chicken heart, while Nagwa and Mahmoud (2015) obtained 0.04 ± 0.02 µg/g, 0.05 ± 0.03 µg/g 

and 0.02 ± 0.01 µg/g in chicken meat, liver and gizzard respectively, also, Akan et al. (2010) observed mean 

concentrations of 0.27 ± 0.10 µg/g in chicken liver and 0.16 ± 0.01 µg/g in chicken kidney. The concentration of 

cadmium in this study slightly exceeded the permissible limit of 0.5 mg/kg (FAO/WHO, 2000). This could be 

from contaminated grains used in feed formulation and other human activities like processing.   

 

The concentrations of nickel in the chicken gizzard, head and muscles were found to be 0.77 ± 0.73 μg/g, 

0.80 ± 0.15 μg/g and 0.77 ± 0.44 μg/g respectively (Table I). The results of Ni in the present study is within the 

range of the values observed in Akan et al. (2010) for chicken kidney (0.24 ± 0.01 μg/g) and chicken liver (1.09 

± 0.26 μg/g). However, higher concentrations of Ni were reported by Iwegbue et al. (2008) in chicken meat 

(1.20 - 9.02 μg/g) and chicken gizzard (2.07 - 6.67 μg/g) and Salwa et al. (2012) in gizzard (1.839 ± 0.43 μg/g), 

liver (1.909 ± 0.96 μg/g) and muscle (1.19 ± 0.84 μg/g). Nickel is one of the naturally abundant metals, apart 

from that it enters the environment through incineration of wastes, combustion of diesel oil and coal. Nickel (Ni) 

can cause respiratory problems and is a carcinogen (Anonymous, 2004).   

 

Copper in human body plays a key role in maintaining the strength of the skin, blood vessels, epithelial and 

connective tissue throughout the body (Osredkar & Sustar, 2011). Copper concentrations in the chicken gizzard, 

head and muscle are shown in Table I. The highest copper concentration was found in the chicken gizzard (5.98 

± 2.20 µg/g) and lowest (3.45 ± 0.89 µg/g) in the muscle. The results obtained for Cu in this study were higher 

than the values found in Akan et al. (2010), Iwegbue et al. (2008) and Nagwa and Mahmoud (2015) but lower 

than the concentration in Mariam et al. (2004). In addition, Islam, (2018) detected the level of copper in chicken 

meat was in the range of 1.20 - 14.00 mg/kg. All the copper concentrations in the present study were well below 

the recommended values of 8 mg/kg and 200 ppm set by National Research Council, NRC (1994) and Australia 

New Zealand Food Authority, ANZFA (2001) respectively.  

 

The mean concentrations of iron in the chicken parts revealed that the gizzard, head and muscle accumulated 

153.05 ± 27.82 µg/g, 50.56 ± 1.31 µg/g and 28.58 ± 4.96 µg/g respectively (Table I). Similar observation was 

reported by Salwa et al. (2012) for gizzard (143.170 ± 19.19 µg/g) and muscle (36.65 ± 6.70 µg/g).  In Iwegbue 

et al. (2008), the levels of iron in the chicken meat and gizzard ranged from 22.92 - 92.72 mg/kg and 19.38 - 

45.72 mg/kg respectively. Other researchers also recorded low iron concentration in gizzard, liver, muscle and 

kidney (Akan et al., 2010; Mohammed et al., 2013; Nagwa & Mahmoud, 2015). Iron is an essential dietary 

element for humans and animals as it is an important component of haemoglobin. It facilitates the oxidation of 
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carbohydrate, proteins and fats to control body weight. The concentration of Fe in the gizzard under study was 

higher than the 80 mg/kg recommended in meat by NRC (1994).  

 

Cobalt is an essential trace mineral for humans, animals and plants. The mean concentrations of cobalt in the 

poultry chicken parts ranged between 1.70 ± 1.55 µg/g and 2.70 ± 0.69 µg/g (Table I). The results obtained for 

Co in this study were higher than 0.17 µg/g and 0.33 µg/g reported by Akan et al. (2010) in chicken kidney and 

liver respectively. Also, Salwa et al.  (2012) in their study obtained cobalt concentrations of 0.20 µg/g (muscle), 

0.275 µg/g (liver) and 0.283 µg/g (gizzard) while Mottalib et al. (2018) observed cobalt in chicken meat in the 

range of 0.010 - 0.130 mg/kg. 

  

The concentrations of manganese in the gizzard, head and chicken muscle are 1.99 ± 0.53 µg/g, 1.82 ± 0.58 

µg/g and 0.50 ± 0.10 µg/g respectively (Table I). This observation agrees with the report published by Hansen et 

al. (2009), high dietary iron reduces manganese absorption since both are absorbed from the small intestine 

using a common transporter. Higher levels of Mn have been reported in other studies; Akan et al. (2010) in 

chicken kidney (3.67 ± 0.14 µg/g) and liver (4.11 ± 0.44 µg/g) and Salwa et al. (2012) for gizzard (3.23 ± 0.30 

µg/g), liver (7.11 ± 01.77 µg/g), and muscle (0.60 ± 0.04 µg/g). However, Iwegbue et al. (2008) observed lower 

manganese ranges in chicken meat (0.01 - 0.90 mg/kg) and gizzard (0.01 - 0.70 mg/kg). Manganese is one of the 

least toxic of all the trace minerals required by animals. It plays important role in the growth, skeletal 

development and reproduction in poultry (Spears, 2011). The mean concentration of manganese obtained in this 

study is far below the 60 mg/kg recommended in chicken meat by NRC (1994).  

 

Zinc is an essential trace element, commonly ingested as a nutritional supplement. It acts as a co-factor for a 

number of enzymes. Zinc toxicity can occur in both acute and chronic forms. Acute deleterious effects of high 

zinc intake include nausea, vomiting, loss of appetite, abdominal cramps, diarrhoea, and headaches (Gary, 1990; 

Russell et al., 2001). The concentrations of zinc observed in the chicken gizzard, head and muscle were 92.16 ± 

3.87 μg/g; 70.40 ± 10.82 μg/g and 44.42 ± 1.05 μg/g respectively (Table I). The concentrations of zinc detected 

were higher than the levels observed by other researchers: Iwegbue et al. (2008) reported mean concentrations 

of Zn ranging from 6.12 - 33.21 mg/kg and 10.19 - 37.03 mg/kg for chicken meat and chicken gizzard 

respectively. Mariam et al. (2004) recorded 28.53 ± 3.39 ppm of Zn in lean poultry meat while Reem et al. 

(2012) obtained Zn levels ranging from 3.266 - 4.116 μg/g in chicken liver. Also, Akan et al. (2010) and Nagwa 

and Mahmoud (2015) observed low zinc contents in their studies while Salwa et al. (2012) reported values 

similar to those obtained in this study. The mean Zn concentration of 68.99 ± 23.90 μg/g obtained in the chicken 

meat in this study is higher than the 50 mg/kg permissible limits set by FAO/WHO (2000).  

 

Statistical Analysis 

The analysis of variance (ANOVA) test on the heavy metals level in the chicken returned a result with p < 

0.000 for the chicken parts comparison. This concludes that there was a statistical significant difference in the 
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metal concentrations in the various chicken parts. Furthermore, a post hoc Duncan test revealed the chicken 

parts with variant metal distributions. The muscle and head displayed similarity in the level of metal 

accumulation while the gizzard had a unique metal concentration.  

 

Correlation Analysis 

Pearson correlation analysis on heavy metals in the chicken meat showed a positive strong correlation 

between Zn/Fe (r = 0.867), Zn/Mn (0.764), Zn/Cu (r = 0.591), Mn/Cu (r = 0.657) and Fe/Cu (r = 0.598) at p < 

0.01 significance level whereas Mn/Fe correlated (r = 0.549) significantly at p < 0.05. This is not unusual as Fe, 

Cu, Mn and Zn are essential elements and constitute part of expected components of the chicken. 

Human Health Risk Assessment  

The estimated daily intake, EDI (mg/kg/day) of all the heavy metals were calculated using the metal 

concentrations obtained in gizzard, head and muscle from poultry and local chickens. Table II presents the 

estimated daily intake (EDI) (mg/kg/day) of heavy metals in adults through consumption of gizzard, head and 

muscle of poultry and local chickens. The estimated daily intake (EDI) of all the metals were found to be lower 

than their respective oral reference doses (RfDs) (USEPA, 2012; 2015). Also the comparison of EDI values 

through consumption of poultry and local chickens revealed that the mean EDI of Fe, Zn, Mn and Ni of local 

chickens were higher than the poultry chickens whereas the mean EDI of Pb, Cd, Cu and Co of poultry chicken 

were higher (Table II). However, the EDI of heavy metal for both local and poultry chickens were all below 

their respective RfDs indicating that daily consumption of the chickens does not pose any health risk for all the 

metals.  

Table II 

Estimated Daily Intake (EDI) (mg/kg body weight/day) of Heavy Metals Through Consumption of                                                                                                            

Gizzard, Head and Muscle of Poultry and Local Chickens 

 Samples Pb Cd Ni Cu Fe Co Mn Zn 

Poultry chicken Gizzard 0.0025 0.0005 0.0006 0.0049 0.1261 0.0014 0.0016 0.0759 

  Head ND  ND   0.0007 0.0041 0.0416 0.0015 0.0015 0.0580 

  Muscle 0.0035 ND   0.0006 0.0028 0.0235 0.0022 0.0004 0.0366 

  Mean 0.0030 0.0005 0.0006 0.0039 0.0638 0.0017 0.0012 0.0568 

Local chicken Gizzard 0.0010 ND  0.0012 0.0036 0.1588 0.0009 0.0105 0.0829 

  Head 0.0012 ND  0.0008 0.0022 0.0638 0.0009 0.0164 0.0602 

  Muscle 0.0028 ND  0.0007 0.0016 0.0464 0.0016 0.0063 0.0434 

  Mean 0.0017 ND  0.0009 0.0025 0.0897 0.0011 0.0111 0.0622 

 ** RfD  0.004 0.001 0.02 0.04 0.7 0.03 0.14 0.3 

                              **Oral reference dose (mg/kg/day), USEPA (2012; 2015); ND: Not detected 

 
Table III 

Target Hazard Quotient (THQ) and Hazard Index (HI) of Heavy Metals through Consumption of                                                                                        

Poultry and Local Chickens 

                                                  THQ  

Samples  Pb Cd Ni Cu Fe Co Mn Zn HI  

  PC  Gizzard 0.210 0.159 0.021 0.123 0.180 0.047 0.012 0.253 1.005 

Head ND ND 0.022 0.102 0.059 0.051 0.011 0.193 0.438 

   Muscle 0.588 ND 0.032 0.071 0.034 0.074 0.002 0.122 0.922 
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  Mean 0.399 0.159 0.025 0.099 0.091 0.057 0.008 0.189 1.028 

  LC  Gizzard 0.244 ND 0.058 0.090 0.227 0.030 0.075 0.276 0.999 

          Head 0.288 ND 0.041 0.055 0.091 0.031 0.117 0.201 0.824 

    Muscle 0.710 ND 0.034 0.040 0.066 0.052 0.045 0.145 1.093 

  Mean 0.414 ND 0.044 0.062 0.128 0.037 0.079 0.207 0.972 

** RfD 0.004 0.001 0.02 0.04 0.70 0.03 0.14 0.30   

                           **Oral reference dose (mg/kg/day), USEPA (2015, 2012); PC: Poultry chicken; LC: Local chicken 

        

The non-carcinogenic risks from the tested heavy metals through ingestion of chicken parts were evaluated 

on the basis of target hazard quotient (THQ). The target hazard quotient (THQ) and hazard index (HI) of heavy 

metals through consumption of poultry and local chickens are given in Table III. The target hazard quotient 

(THQ) values due to exposure of the tested heavy metals decreased in the order of Pb > Zn > Cd > Cu > Fe > 

Co > Ni > Mn and Pb > Zn > Fe > Mn > Cu > Ni > Co for poultry and local chickens respectively. The highest 

and lowest THQ values were recorded in Pb (0.710) and Mn (0.002) of local chicken and poultry chicken 

muscles respectively (Table III). The THQ of Fe, Mn and Zn for both PC and LC were lower than their oral 

reference dose values whereas Pb, Cd, Ni, Cu and Co gave higher THQ compared to their oral reference dose 

values. The THQ acceptable guideline value is ≤ 1 (USEPA, 2011). For the poultry and local chickens, the THQ 

values of all the metals were < 1 (Table III). This suggests that consumption of chickens from this study poses 

no potential health risks to exposed population. However, prolonged consumption of these chickens can cause 

health effect since these metals are bioaccumulative. 

 

The hazard index (HI) was calculated to assess the cumulative risk due to exposure of multiple heavy metals. 

The hazard index (HI) values of the poultry and local chickens ranged between 0.438 - 1.005 and 0.824 - 1.093 

respectively (Table III). Hazard index value > 1 is an indicator for public health concern (Islam et al. 2014; 

Zodape 2014). The cumulative impact of all metals (HI) for poultry chicken is 1.028 while for local chickens is 

0.972 (Table III). The poultry chicken HI mean value is greater than the acceptable limit of 1, while the local 

chicken HI mean value is approximately 1, indicating significant health risk due to cumulative exposure of the 

examined metals to the population through the consumption of poultry and local chickens. 

 

IV. CONCLUSION 

Food safety is of major concern globally due to the health implications associated to food poisoning. The 

results of this study revealed that most of the chicken parts were contaminated with heavy metals. The trend of 

metal concentrations in the chicken is in the order of Fe > Zn > Cu > Pb > Co > Mn > Ni > Cd. Generally, there 

is an unequal distribution of heavy metals in the different parts of the chicken. The gizzard accumulated the 

highest concentrations of Cu, Fe and Zn in both poultry and local chickens, this could be attributed to the 

function of gizzard in birds. On the other hand, the muscle accumulated Pb and Co the most in both poultry and 

local chickens. A human health risk assessment conducted on the chicken meat to estimate the potential risk it 

posed by its consumption revealed that the estimated daily intake (EDI) of the metals studied were all lower 

than their oral reference doses while the target hazard quotient (THQ) for both poultry and local chickens were 
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< 1 which are within the THQ ≤ 1 acceptable guideline value (USEPA, 2011). Overall, the estimated daily 

intake and target hazard quotient calculated in this study were found to be in the safe limits, indicating that the 

exposure of adult population to individual heavy metals through consumption of poultry and local chickens will 

not pose adverse health effects.  

The calculated Hazard index for poultry chicken is 1.028 while for local chickens is 0.972. Hazard index 

value > 1 is an indicator for public health concern. The poultry chicken hazard index (HI) value is suggestive of 

potential health effect on the consumers due to cumulative exposure of the examined metals. Moreover, the HI 

for local chickens cannot be ignored because the accumulation of heavy metals in the human body over time can 

produce serious toxic effects. 
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