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ABSTRACT: The objectives of this study are to determine the concentration of heavy metals in selected 
organs of free range chicken and ascertain the human health risk implications via consumption. Samples of 
free range chicken around the study areas were purchased from their owners. Heavy metal concentrations 
were analysed in tissues using Buck scientific atomic absorption spectrophotometer, model 210VGP. The 
results revealed that the heavy metal contents were not significant (P >0.05 and P>0.01) in all selected 
organs and across the locations sampled. The results of the target hazard quotient (THQ) were less than 1 
for all single metals found in the each organ from all locations. The highest THQ (1.04) was in the spleen 
sourced from Ekweniro at January 2017. The total target hazard quotient (TTHQ) obtained in the various 
organ parts of the free range chicken might contribute to the potential health risk if consumed in large 
proportion simultaneously or differently. All the Estimated daily intake (EDI) values obtained in this study 
ranged from 0.00 to 0.10 mg/kg. The computed values of the %EDI to provisional tolerable daily intake 
(PTDI), showed that Ni in the muscles, crop and gizzard were 0.60 and 0.49%, while the liver, intestine and 
spleen were 0.45, 0.47 and 0.47% respectively.  The findings of this study revealed that Zn, Cu and NI had 
great total health risk impacts (THRI) if they are consumed together. Zn and Cu had values far > 1 while the 
values of Ni were > 1 and < 1 respectively. 
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INTRODUCTION:  

The transfer of toxicants including heavy metals 

from contaminated sources along the food chain has 

been a serious threat to human health. The rapid 

explosion of the human population has also contributed 

to this where a lot of waste via anthropogenic sources; 

farming, domestic, industrial and municipal has 

contributed negatively to the ecosystem.  

In Nigeria, a developing country, municipal wastes 

has been associated with high heavy metals residues. 

Heavy metal pollution is likely to reach disturbing 

levels when anthropogenic activities exceed normalcy 

without adequate control measures. The proliferation of 

open and unsafe dump sites containing multiple 

disposals of domestic, municipal, industrial and 

medical waste are common practice in most cities in 

Nigeria (Solomon et al., 2014). Dump site is an old 

traditional method of waste disposal similar to the 

landfill method of waste management. Dump sites 

contain the build-up of heavy metals in soils from 

anthropogenic sources which have been reported to be 

harmful to crops, animals and human health. 

Furthermore, heavy metal concentrations can transfer 

up to the food chain, thereby leading to accumulation 

in the food web (Abdus-Salam, 2009; Adewuyi and 

Opasina, 2010) and subsequent transfer to humans. 

Heavy metals are normally found in foodstuffs and 

household and industrial wastes in various 

concentrations in dumpsites (Smedley et al., 2002). 

The concentrations of toxic elements in foods depend 

on the type of food and the route through which the 

food was exposed to the toxic element. These elements 

can enter foodstuffs from the environment in different 

pathways such as contaminated water with untreated 

municipal, industrial waste and polluted air (Islam et 

al., 2017). 

Food consumption is considered to be the main 

pathway, the other pathways being inhalation, dermal 

contact contaminated water, through which humans are 

exposed to potentially toxic elements (Farid, et al., 

2003; Demirezen and Uruc, 2006; Arslan et al., 2016).  

The risk of heavy metal contamination in meat is of 

great concern for safety of both animal and human 

health because of the toxic nature of heavy metals, 

even at relatively minute concentrations (Akan et al., 

2010).  

Metal contamination in foods, especially in meat 

have been broadly investigated (Sharif et al., 2005). 

Contamination with heavy metals is a serious threat 

because of their toxicity, bioaccumulation and 

biomagnifications in the food chain (Demirezen and 

Uruc, 2006). Concentrations of environmental 
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contaminants in tissues of chickens can be used to 

evaluate chronic or acute exposure, as chickens are fed 

a wide variety of feed stocks from a multiplicity of 

sources (Scheuhammer 1987; Sileo et al., 2003). The 

metal accumulations in chickens via contaminated diets 

have been investigated in a few studies to assess the 

potential human risk from poultry consumption (Lasky 

et al., 2004).  The main sources of metals in chicken 

meat arise from contamination of poultry feeds, 

contaminated materials from dumpsites, drinking water 

and processing methods (Mariam and Nagre, 2004). 

Toxic effects of the heavy metals to the chickens 

includes feed refusal, loss of weight, low digestibility, 

organ failure and death while in higher animals it 

include, kidney and liver damage, anemia, alteration of 

central nervous system and cancer (Hassan et al., 

1998). The primary site of the accumulation of the 

heavy metals is the liver and the kidney (Demirezen 

and Uruc, 2006). The concentration of heavy metals in 

internal tissues of chicken has been extensively 

determined by several researchers (Demirbas 1999; 

Mariam et al., 2004; Iwegbue et al., 2008; Uluozlu et 

al., 2009). According to Duruibe et al., (2007), some 

heavy metal ions that are known to be potentially toxic 

includes aluminium, arsenic, cadmium and lead. Toxic 

elements can be harmful to birds even at low 

concentrations when ingested over a long period of 

time (Young 2005). Other metals like Cu, Zn and Ni 

which may be biologically essential have been known 

to be toxic at elevated concentrations in animal and 

human tissues. 

In Nigeria and several African countries, there has 

been a long standing culture of raising free range 

chickens in individual households. They are allowed to 

roam the environment and source for feed from wastes 

around residential buildings. In areas where these 

buildings are close to dumpsites, the chickens spend 

more time in these areas, feeding on food wastes. 

Because these wastes are a heterogeneous mix and not 

segregated, there is a high potential on consuming 

items that contain heavy metal residues from homes, 

mechanic and furniture workshops, agricultural 

establishments, schools and small industries. 

The purpose of this study are to determine the 

concentration of heavy metals in selected organs 

(gizzard, crop, muscles, liver, intestine and spleen) of 

free range chicken sourced from the environment of 

waste dump sites and to assess the potential health risk 

to humans. 

MATERIALS AND METHODS: 
Ethical Approval 

The Animal Rights and Ethical Use Committee of 

University of Benin, Benin City have approved this 

study. 

Study Location 
This study was carried at specific dump sites 

locations in Benin City. The locations were Ekweniro, 

Oluku and Egor (reference point) with their 

geographical coordinates readings as; latitude N06
 
° 

19.541’’ and longitude E005° 44.851’’, N06° 27.729’’ 

and longitude E005o 36.060’’, longitude N06° 21.375’’ 

and latitude E 005° 34’’ respectively Figure 1. The 

Communities lie in the South-western, Western and 

Eastern parts of Benin City, Edo State, Nigeria. The 

mean monthly temperatures fluctuate between 22.3 °C 

in September and 33.3 °C in February. The rainfall 

ranges from February to late November with a mean 

value of 1400 mm. The areas are semi-urban and 

located at the fringe of the major city-Benin. Being a 

semi-urban environ, their lifestyle is mainly 

agriculture- farming and local poultry breeding of free 

range chickens. Most waste dumps are located within 

these terrains (Ekweniro and Oluku) and are active till 

date.  While in the reference point (Egor), the main 

anthropogenic activity taken place there is farming. 

Sampling and Pre-analysis 
The dump sites were visited between the months of 

January-March, 2017. Three samples of free range 

chicken were obtained each month after proper 

negotiations and purchase around the study areas 

within the scope of this study. These chickens were 

usually seen to roaming around the dump sites and 

were caught while scavenging between the hours of 

9am and 12pm. The age of the chicken in the study 

area ranged from 12 to 18 months. In each location, 

chicken of age 18 months were sampled. They were 

then taken to the laboratory for heavy metal analysis of 

organ parts.  

Upon getting to the laboratory, the chickens were 

weighed (1.12-1.28 kg), and then disembowelled and 

then slaughtered to obtain the gizzard, crop, muscle, 

liver, intestine and spleen organ parts. The various 

organs were categorized and labelled for ease of 

identification in the course of the experiment.  

The glass wares used for this study were thoroughly 

washed with detergent and rinsed with distilled water. 

The glass wares such as beakers, conical flasks, test 

tubes and pipettes were wrapped with aluminium foil 

and appropriately sterilized in the hot air oven at 160 

°C for 1 hour. 

Sample digestion  
The chicken organ samples were oven dried for 2h 

in an oven at 100 °C. One (1) gram of dried sample 

was measured using an analytical weight balance. Then 

1g was introduced into a kjeldhal flask and then 10 ml 

of the acid mixture was introduced. This was then 

transferred into a fume cupboard and was then heated. 

The concentration of the respective heavy metals 

(Cu, Zn and Ni) present in the digested samples was 

determined with the aid of an Atomic absorption 

spectrophotometer (model 210VGP) using the 

modified methods of Ademoroti, (1996). 

Quality control examination 
The equipment was first calibrated using buck 

certified atomic absorption standards for the respective 

heavy metals to obtain calibration curves. Reagent 

blanks were first run at intervals of every ten sample 

analysis to eradicate equipment drift. All samples were 

analysed in duplicates for reproducibility, accuracy and 

precision. 

Data Analysis 
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The heavy metal contents in the chicken parts were 

compared using parametric analysis of variance 

(ANOVA) with the IBM Statistical Package for the 

Social Sciences (SPSS) version 20 and Excel 2013 

Software. 

Health risks Assessment 
The target hazard quotient (THQ) method used in 

this study was adopted from the United States EPA 

Region III Risk based concentration table, US EPA, 

(1989). The total THQs in this study was treated as the 

arithmetic sum of the individual metal THQ values, 

adopted from the method of Chien et al., (2002). 

Where EFr is exposure frequency (365 days/year); 

EDtot is the exposure duration 52 years, average 

lifetime); FIR is the food ingestion rate assumed as 2 

g/day; C is the heavy metal concentration in the 

(mg/kg); RfDo is oral reference dose (mg/kg/day), ATn 

is average exposure time for non-carcinogens in days 

[365×EDtot (52)] and BWa is the average adult body 

weight (70 kg). 

The estimated daily intake (EDI) exposure of the 

heavy metals to humans via ingestion of the 

contaminated chicken was estimated using the 

modified methods of Chary et al., (2008); Copat et al., 

(2012);  Saha and Zaman, (2012); Xue et al., (2012). 

The fresh chicken ingestion rate (kg/ person/day), was 

assumed to be 2 for this study. Where EF is the 

exposure frequency (365 days/year); ED is the 

exposure duration, equivalent to average lifetime (52 

years for Nigeria population); FIR is the fresh food 

ingestion rate (kg/ person/day), Cf is the conversion 

factor (0.208) for fresh weight (FW) to dry weight 

(Dw). Cm is the heavy metal concentration in 

foodstuffs (mg/kg Dw.); WAB is the average body 

weight (bw) (average adult body weight was 

considered to be 70 kg; and TA is the average exposure 

time for non-carcinogens (equal to EF × ED) (Saha and 

Zaman, 2012).The provisional tolerable daily intake 

(PTDI) values (in mg/kg body wt/day) of all the 

examined metals Cu (500), Zn (1000) and Ni (5) used 

in this study, were based on the data suggested by the 

Joint Expert Committee on Food Additives (JECFA), 

FAO/WHO (1999 and 2003). 

The health risk impact (HRI) due to intake of heavy 

metals from the chicken parts was adopted using the 

method of Wang et al. (2005). The reference oral doses 

(RfD) of Cu (0.001), Zn (0.0006) and Ni (2.0 x 10-2) 

used for this study was adapted from US EPA, (2007 a, 

b and 2009). A total HRI was calculated for the heavy 

metals in all examined parts of the chicken. The 

equation below illustrates it: 

THRI =∑EDI/RDos 

Where THRI is the total health risk impact from the 

intake of different chicken parts, ∑EDI is the sum of 

the daily intake of heavy metals in the different organ 

parts and RFDos is the reference dosage values 

assigned to each heavy found in the organ parts. A 

significant impact occurs when THRI > 1 and < 1 when 

there is no significant impact. The rational of 

implementing this method, is that, there might be a 

cumulative interactive health risk of more than one 

heavy metals from the different chicken body parts if 

they are consumed simultaneously daily. 

 
RESULTS AND DISCUSSION: 
The evaluation of the heavy metal contents in 
organs of free range chicken collected from 
the study locations in the month of January- 
March, 2017 

The results of the heavy metal contents obtained 

from the organ samples (gizzard, crop, muscle, liver, 

intestine and spleen) in the free range chicken from the 

three study locations are shown in Table 1.  The results 

showed that the heavy metal contents were not 

significantly different (P>0.05 and P>0.01) in all 

selected organs and across the locations sampled  

The concentration of copper (Cu), zinc (Zn) and 

nickel (Ni) in the muscle, crop and gizzard of chicken 

samples obtained from Ekweniro for the period of 

January 2017 were Cu (1.90, 4.63 and 1.20 mg/kg), Zn 

(17.20, 7.16 and 16.60 mg/kg) and Ni (0.06 mg/kg) 

respectively. The concentrations of Ni in the muscle 

and gizzard were below detectable limits (BDL). For 

February 2017, the values obtained were Cu (7.15, 7.84 

and 7.10 mg/kg), Zn (8.33, 9.76 and 6.50 mg/kg) and 

Ni (1.15, 1.24 and 2.66 mg/kg) respectively. And for 

March 2017, the values obtained were Cu (7.70, 12.77 

and 7.83 mg/kg), Zn (9.37, 11.74 and 11.35 mg/kg) and 

Ni (0.44, 0.65 and 1.26 mg/kg) respectively. The 

concentration of copper (Cu), zinc (Zn) and nickel (Ni) 

in the liver, intestine and spleen of chicken samples 

obtained from Ekweniro for the period of January 2017 

were Cu (0.96, 1.31 and 6.60 mg/kg), Zn (12.35, 3.69 

and 17.80 mg/kg) and Ni (BDL) respectively. For 

February 2017, the values obtained were Cu (3.67, 6.27 

and 5.67 mg/kg), Zn (6.90, 6.33 and 4.27 mg/kg) and 

Ni (1.76, 1.02 and 0.98 mg/kg) respectively. And for 

March 2017, the values obtained were Cu (4.19, 2.02 

and 8.64 mg/kg), Zn (4.58, 8.82 and 1.44 mg/kg) and 

Ni (0.39, 0.52 and 0.52 mg/kg) respectively. 
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Fig. 1. Showing the map of Edo state and the study locations (Ekweniro, Oluku and Egor). 

At Oluku, for the period of January the heavy metal 

values were Cu (3.00, 7.70 and 8.45 mg/kg), Zn (17.33, 

11.32 and 9.47 mg/kg) and Ni (BDL) respectively. The 

concentrations of Ni in the muscle, crop and gizzard 

were below detectable limits (BDL). For February, the 

values obtained were Cu (18.54, 11.41 and 16.56 

mg/kg), Zn (8.85, 9.12 and 11.17 mg/kg) and Ni (1.00, 

0.91 and 2.24 mg/kg) respectively. For March, the 

values obtained were Cu (5.20, 10.83 and 5.20 mg/kg), 

Zn (11.70, 7.99 and 2.62 mg/kg) and Ni (0.82, 0.54 and 

0.33 mg/kg) respectively. Contrarily, the concentration 

of copper (Cu), zinc (Zn) and nickel (Ni) in the liver, 

intestine and spleen of chicken samples obtained from 

Oluku for the period of January 2017 were Cu (2.05, 

2.70 and 1.45 mg/kg), Zn (8.05, 8.05 and 8.70 mg/kg) 

and Ni (BDL) respectively. For February, the values 

obtained were Cu (13.24, 14.57 and 8.19 mg/kg), Zn 

(7.67, 8.59 and 6.24 mg/kg) and Ni (2.19, 0.59 and 

1.17 mg/kg) respectively. And for March 2017, the 

values obtained were Cu (17.22, 8.08 and 8.48 mg/kg), 

Zn (15.43, 11.43 and 9.89 mg/kg) and Ni (0.61, 0.82 

and 0.56 mg/kg) respectively. 

In Egor, for the period of January, the heavy metal 

contents were Cu (2.35, 1.90 and 7.40 mg/kg), Zn 

(8.25, 5.20 and 3.73 mg/kg) and Ni (BDL, 0.36 and 

0.27 mg/kg) mg/kg) respectively. However, the 

concentrations of Ni in the muscle of the chicken were 

below detectable limits (BDL). For February, the 

values obtained were Cu (13.76, 6.57 and 6.25 mg/kg), 

Zn (3.72, 4.45 and 6.36 mg/kg) and Ni (0.95, 0.78 and 

0.48 mg/kg) respectively. In March, the values 

obtained were Cu (5.20, 3.49 and 2.32 mg/kg), Zn 

(2.62, 3.61 and 3.50 mg/kg) and Ni (0.33, 0.38 and 

0.49 mg/kg) respectively. Inversely, the concentration 

of copper (Cu), zinc (Zn) and nickel (Ni) in the liver, 

intestine and spleen of chicken samples obtained from 

Egor for the period of January were Cu (1.55, 1.30 and 

2.55 mg/kg), Zn (4.70, 2.40 and 8.70 mg/kg) and Ni 

(BDL, 0.05 and 0.07 mg/kg) respectively. For 

February, the values obtained were Cu (10.29, 2.33 and 

13.43 mg/kg), Zn (0.86, 1.19 and 1.24 mg/kg) and Ni 

(11.28, 7.20 and 10.65 mg/kg) respectively. In March, 

the values obtained were Cu (11.28, 7.20 and 10.65 

mg/kg), Zn (13.51, 9.70 and 10.22 mg/kg) and Ni 

(0.56, 0.68 and 0.72 mg/kg) respectively. 

The amount of Zn obtained in Ekweniro, Oluku and 

Egor seem to be much higher than other metals found 

in the various chicken parts, followed by Copper while 

Ni was the least (Zn > Cu > Ni).  The average values of 

the heavy metals in the organ parts across the months 

were January; Cu (4.28), Zn (10.70) and Ni (0.08), 

February; Cu (10.58), Zn (7.58) and Ni (1.27) and 

March; Cu (7.02), Zn (7.36) and Ni (0.60).  

Figures 2 and 3 show the heavy metal contents in 

the muscle, crop, gizzard, liver, intestine and spleen of 

free range chicken sourced around three dump sites. 

The results revealed that there were fluctuations in the 

values of Zn and Cu in terms of dominance in the 

various organ parts, especially in Ekweniro an Oluku 

as compared with the reference point (Egor). The 

values of Ni were generally low across all organ parts 

of the chicken in reference to their locations. Although, 

in the months of January. The findings of this study 

clearly indicate that most of the heavy metals obtained 

in the various parts of the free range chicken in 

Ekweniro and Oluku were fairly lower than those 

obtained in the reference point (Egor) an indication of 

lesser environmental impact in the latter. 

The values of Zn and Ni were observed to be far 

below the regulatory standards set by FAO, (1999 and 

2011a).  It was also observed that there were 

fluctuations in the values of Cu in the studied chicken 

samples across the locations. However, most of the 

values surpassed the set standard limits.   

Mariam et al., (2004) reported mean levels of 28.53 

± 3.39 mgkg-1 Zn in lean meat of poultry in Lahore, 

while Iwegbue et al., (2008) reported that the 

concentrations of Zn for turkey meat, chicken meat and 

chicken gizzard in Delta State Southern Nigeria ranged 

between 4.9 – 48.23 mgkg-1, 6.12 – 33.21mgkg-1 and 

10.19 - 37.03 mgkg-1 and by Nick et al., (2012) 

indicated in his study that chicken livers (1.8049 – 

2.619 mg kg-1) contained the highest concentrations of 

zinc, followed by chicken gizzards (1.7697 – 2.0685 

mg kg-1) and then the muscles (1.3939 – 1.7078 mg 

kg-1) respectively. The findings in this study revealed a 
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lesser concentrations as compared with the above 

studies. 

Zinc is an essential element, playing important roles 

as coenzymes in the body. It is also needed for the 

tissues repairing and growth, forming connective 

tissues, skin, bones, teeth, hair, and nails (Soetan et al., 

2010; Mineral Information Institute, 2012; Donia, 

2015; Khan et al., 2015). Donia, (2015) recorded 

higher results of zinc levels in quail meat in Egypt in 

quail organs were 18.9 and  

9.82 mg/kg in liver and quail muscle respectively. 

Skalicka et al., (2008), in Slovak recorded 8.11mg/kg 

in quail muscle. Abduljaleel et al., (2012) in Malaysia 

reported in Japanese quails about 50.607 and 51.076 

mg/kg in liver and muscle. The findings from this 

current study are generally far lower than the values 

obtained in the above studies. Conversely, the results 

obtained in Iraq by Reem et al., (2012) who found 

about 3.266 mg/kg Zn from poultry liver can be fairly 

compared with this current study. Zinc added to poultry 

diets to improve immunity, weight gain (Ali et al., 

2017). Zinc toxicity leading to pneumonia mortality in 

children (Hala et al., 2009). The chicken has been 

recommended as the best dietary sources of Zn to the 

human body (Falah et al., 2017). 

Copper functions in the utilization of iron in an 

early stage of haemopoiesis. Copper deficiency results 

in an increase in iron in the liver, whereas an excess of 

copper results in a decrease in the iron content of the 

liver, thus reflecting the role of copper in iron 

utilization (Soetan et al., 2010). Copper is present in 

blood plasma as a copper-carrying plasma protein 

called erythrocuprin. Erythrocuprin provides a link 

between copper and iron metabolism and mediates the 

release of iron from ferritin and haemosiderin (Hays 

and Swenson, 1985). The dietary requirement of 

copper is affected by the level of some other minerals 

in the diet, and is increased in ruminants by excessive 

molybdenum (Soetan et al., 2010). Treatment of 

copper poisoning is based on the rationale that excess 

molybdenum may cause copper deficiency and 

molybdenum in conjunction with the sulfate ion has 

been used in treating copper poisoning in ruminants 

(Pierson and Aenes, 1958). Cu requirement varies 

among animal species to some extent, but is influenced 

to a large degree by its relationship with and the intake 

of other mineral elements such as iron, molybdenum 

and sulfate (Soetan et al., 2010). The established RDA 

for Cu in normal healthy adults is 2 mg/day (National 

Research Council, Food Nutrition Board, 1980). Cu is 

absorbed in the gut and then transported to the liver 

bound to albumin. After processing in the liver, Cu is 

distributed to other tissues in a second phase. Cu 

transport in the liver involves the protein 

ceruloplasmin, which carries the majority of Cu in 

blood. Ceruloplasmin also carries Cu that is excreted in 

milk and is particularly well absorbed as a Cu source 

(Linder et al., 1998; Hellman and Gitlin, 2002; O’Brien 

and Bruce, 2009). The chicken has been recommended 

as the best dietary sources of Cu to human body 

(Roger, 2011). 

Nickel on the other hand is an essential element in 

animals (Nielsen, 1976). It has been speculated that 

nickel may play a role in the maintenance of membrane 

structure, control of prolactin, nucleic acid metabolism 

or as a cofactor in enzymes. It appears that most dietary 

intakes would provide sufficient amounts of this 

element (Hurley, 1976). In a trace element-controlled 

environment, chicks supplemented with nickel have 

shorter, thicker legs, lower haematocrit and plasma 

cholesterol levels and higher liver cholesterol levels 

than control chicks. In rats, there is a slower growth 

rate and post-natal mortality. In swine, there is 

impaired reproduction, abnormal hair coats, and poor 

growth of offspring (Anke et al., 1974; Tejada-Jimenez 

et al., 2009). Although the biological function of nickel 

is still somewhat unclear in the human body, however, 

nickel is found in the body in highest concentrations in 

the nucleic acids, particularly RNA, and is thought to 

be somehow involved in protein structure or function. 

It has been speculated that nickel may play a role, as a 

cofactor, in the activation of certain enzymes related to 

the breakdown or utilization of glucose (Falah et al., 

2017).

The evaluation of the target hazard quotient 
(THQ) in selected chicken parts 

Tables 2 and 3 showed the THQ of the risk in 

consuming Cu, Zn and Ni from contaminated chicken 

parts. All computed values were < 1.  For the results of 

the TTHQ of the whole tissues (muscles, crop, gizzard 

and liver, intestine, spleen), it was observed that the 

highest values were; Ekweniro January - February 

(2.17, 1.81, 0.04, 1.86, 1.28 and 0.02), Olukun January 

- February (2.36, 2.72, 1.83, 0.9, 2.11 and 2.72) and 

Egor January - February (1.15, 1.36, 0.94, 0.91, 1.94 

and 2.43) respectively.  

The evaluation of risk to human health is one 

founded on assumptions. According to US EPA, the 

acceptable value is 1 for THQ (US EPA, 1989 and 

2011). This current study revealed that the THQ was 

less than 1 for all heavy metals found in the organ parts 

from all locations. On this premise, there is no health 

risk from the ingestion of these three metals 

individually from the chicken organ parts. An 

interaction effect had also been established by Chien et 

al., (2002) and supported by Enuneku et al., (2014) for 

organisms carrying different contaminated entities on 

food. The cumulative health impact of ingesting such 

food is risky! The findings of this study underpin this 

potential health risk from the residues of chemical 

found in the selected organs of the free range chicken. 

The highest TTHQ (1.04) from each heavy metals was 

in the spleen, sourced from Ekweniro at January 2017.  

This might reduce the efficacy of the spleen; for 

destroying old red blood cell, removing debris from the 

blood streams and impede lymphocytes formations. 

However, collectively, the total hazard for all the heavy 

metals quotients revealed that there might be a 

potential health risk if a single organ part is consumed 

and a serious risk if the all body parts; muscles, crop, 

gizzard, liver, intestine and spleen are consumed 

simultaneously. 
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Previous studies by Hough et al., (2003), Hang et 

al., (2009), Xu et al., (2013) reported that exposure to 

two or more pollutants may result in additive effects. 

The findings from the THQs in this study, therefore 

support the above studies be added to generate a hazard 

index/total target hazard quotient (TTHQ). Cu and Zn 

were observed to contribute to the TTHQ in the various 

organ parts of the free range chicken. From the 

findings, they might contribute to the potential health 

risk if consumed in large proportion. However, the 

study showed that standards regarding the maximum 

level of contaminants in food (MLCF) (SEPAC, 2005) 

lacked a specified limit for Cu and Zn. But in Nigeria, 

the safe maximum level of these elements have not yet 

be established in free range chicken. Even on Ni a 

typical carcinogen. 

Copper is an essential substance to human life, but 

in high doses it can cause anemia, liver and kidney 

damage, and stomach and intestinal irritation. People 

with Wilson's disease are at greater risk for health 

effects from overexposure to copper (Thirulogachandar 

et al., 2014). Small amounts of Nickel are needed by 

the human body to produce red blood cells, however, in 

excessive amounts, can become mildly toxic. Short-

term overexposure to nickel is not known to cause any 

health problems, but long-term exposure can cause 

decreased body weight, heart and liver damage, and 

skin irritation (Thirulogachandar et al., 2014). 

The evaluation of the estimated daily intake 
(EDI) and the provisional tolerable daily intake 
(PTDI) of heavy metals in selected parts of free 
range chicken 

The comparison of EDI with the respective PTDI 

for Cu, Zn and Ni in the various organ parts are shown 

in Tables 4 and 5. All the EDI values obtained in this 

study ranged from 0.00 to 0.10 mg/kg.  The maximum 

daily intake was observed only in Zn for muscle, crop 

and gizzard with values ranging from 0.00 to 0.10 

mg/kg and least in Ni (0.00-0.01 mg/kg).  For the liver, 

intestine and spleen, the values ranged from 0.01- 0.09 

from Cu daily impact and Ni (0.00-0.01 mg/kg). 

The EDI for this study for Cu, Zn and Ni were 

above the RfDos value used in this study. The intake of 

these metals from the consumption of the free range 

chicken was far above the RfDos limits. The higher 

intake of Cu, Zn and Ni were found through the 

consumption of all organ parts, the higher intake of Ni 

might pose serious risk. However, from the computed 

values of the %EDI to PTDI, the maximum 

concentrations of Ni in the muscles, crop and gizzard 

of the free range chicken sourced from Ekweniro and 

Olukun at the month of February, had the values of 

0.60 and 0.49% respectively. On the contrary, the 

maximum concentrations of Ni in the liver, intestine 

and spleen of the free range chicken sourced from 

Ekweniro and Olukun at the month of February were 

0.45 and 0.47% respectively and Olukun at the month 

of March was 0.47%. 

It is important to note that the calculated EDI in this 

study for Ni (which is less than PTDI) was only 

obtained through chicken consumption, and including 

Ni intake through dietary would probably increase the 

EDI values. Therefore, the health risks for Ni through 

the consumption of free range chicken could be a great 

concern for the population of the studied areas. 

The evaluation of the health risk impact (HRI) 
of heavy metals in selected parts of free range 
chicken  

The results of the of health risk impact of the heavy 

metals in the selected parts of the free range chicken 

are as shown in Tables 6 and 7. The values obtained for 

the THRI in this study, according to the locations and 

organ parts; muscles, crop and gizzard are: Ekweniro 

Cu (45.94), Zn (405.70) and Ni (0.02), Olokun Cu 

(113.81), Zn (377.57) and Ni (0.00) and Egor Cu 

(69.23), Zn (170.76) and Ni (0.19) for the period of 

January.  Ekweniro Cu (131.28), Zn (243.56) and Ni 

(1.50), Olokun Cu (276.40), Zn (288.62) and Ni (1.23) 

and Egor Cu (164.80), Zn (117.87) and Ni (0.59) for 

the period of February. And, Ekweniro Cu (168.18), Zn 

(321.51) and Ni (0.70), Olokun Cu (141.92), Zn 

(238.31) and Ni (0.56) and Egor Cu (95.62), Zn (98.65) 

and Ni (0.29) for the period of March (Tables 6 and 7). 

Conversely, the values obtained for the THRI in 

this study, according to the locations and organ parts; 

liver, intestine and spleen are: Ekweniro Cu (27.1), Zn 

(247.12) and Ni (0.00), Olokun Cu (36.85), Zn 

(244.15) and Ni (0.00) and Egor Cu (32.09), Zn 

(156.50) and Ni (0.00) for the period of January.  

Ekweniro Cu (92.77), Zn (173.33) and Ni (1.12), 

Olokun Cu (213.94), Zn (222.86) and Ni (1.17) and 

Egor Cu (143.88), Zn (258.02) and Ni (0.98) for the 

period of February. And, Ekweniro Cu (88.25), Zn 

(117.27) and Ni (0.43), Olokun Cu (213.94), Zn 

(222.94) and Ni (1.17) and Egor Cu (173.12), Zn 

(331.12) and Ni (0.58) for the period of March (Tables 

6 and 7). 

The health risk of any population is considered 

acceptable when HRI is equal to or higher than 1. On 

this premise, the population will most likely experience 

health problems (Khan et al., 2009). A total HRI 

(THRI) was used to ascertain the potential impacts of 

Cu, Zn and Ni to individuals and the same standards in 

measuring HRI according to Khan et al., (2009) was 

implored for this study. This was done in order to 

evaluate the added influence of the studied heavy 

metals on various organ parts of the free range chicken 

if consumed simultaneously.  

The values of Ekweniro and Olokun obtained as 

compared with the reference station were fairly higher 

in content than the latter. The trend of THRI impact is 

Zn > Cu >Ni. This finding is in consonance with the 

results of the ANOVA, THQ, and EDI.  However, the 

Codex Alimentarium Commission (CAC), (1995) has 

set the maximum permissible limit of zinc in meat as 

50 mg/kg for muscle and 80 mg/kg fw for edible offals. 

All zinc values reported in this study were exceeded 

this limit. Moreover, Okoye and Ugwu, (2010) have 

also reported elevated zinc levels in the parts of goats 

bred in Nigeria. This suggests that zinc contamination 

likely takes place in the environment where the animals 

feed (Janefrances et al., 2010). There are no set 

standards for copper and nickel concentrations in meat 

parts of international bodies such as Codex 
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Alimentarium and/or the WHO/FAO as at the time of 

this study. 

The findings of this study revealed that Zn, Cu and 

NI had great potential health risk impacts if they are 

consumed together. Zn and Cu had values far greater 

than l (THRI>I) while most of the values of Ni were > 

1 and < 1. The study also indicated that the muscles, 

crop and gizzard had more heavy metal contents 

compared to the liver, intestine and spleen.  

 
Tab. 1.  

The results of the of the heavy metal contents in muscle, crop, gizzard, liver, intestine and spleen of free range Gallus 
domesticus around selected dumpsites 

 

NB: BDL means beyond detectable limits, WHO means World Health Organization and FAO means Food and 
Agriculture Organization 

 

 
Months Jan-17 

  
Feb-17 

  
Mar-17 

  

  
Concentration (Mean ± S.D) 

(mg/kg) 
Concentration (Mean ± S.D) 

(mg/kg) 
Concentration (Mean ± S.D) 

(mg/kg) 

Location Organs Cu Zn Ni Cu Zn Ni Cu Zn Ni 

Ekweniro Liver 0.96± 0.65 
12.35± 
7.85 

BDL 
3.67± 
1.09 

6.90± 
2.65 

1.76± 
0.25 

4.19± 
0.64 

4.58± 
0.7 

0.39± 
0.14 

 
Intestine 1.31± 0.29 

3.69± 
0.81 

BDL 
6.27± 
1.61 

6.33± 
0.47 

1.02± 
0.05 

2.02± 
0.92 

5.82± 
0.88 

0.52± 
0.25 

 
Spleen 6.60± 3.50 

17.80± 
2.50 

BDL 
5.67± 
2.09 

4.27± 
0.60 

0.98± 
0.19 

8.64± 
0.50 

1.44± 
0.30 

0.53± 
0.21 

Oluku Liver 2.05± 0.95 7.9± 4.50 BDL 
13.24± 
0.27 

7.67± 
7.43 

2.19± 
0.47 

17.27± 
6.63 

15.43± 
3.67 

0.61± 
0.20 

 
Intestine 2.70± 0.30 

8.05± 
4.35 

BDL 
14.57± 
1.53 

8.59± 
0.66 

0.59± 
0.35 

8.08± 
1.27 

11.43± 
0.76 

0.82± 
0.65 

 
Spleen 1.45± 0.15 

8.70± 
2.90 

BDL 
8.19± 
3.23 

6.24± 
2.90 

1.17± 
0.11 

8.48± 
0.44 

9.89± 
2.03 

0.56± 
0.24 

Egor 
(reference 

point) 
Liver 1.55± 0.45 

4.70± 
1.30 

BDL 
10.15± 
0.59 

10.29± 
2.69 

0.86± 
0.00 

11.28± 
0.25 

13.51± 
8.56 

0.56± 
0.24 

 
Intestine 1.30± 0.20 

2.40± 
0.49 

0.05± 
0.00 

4.96± 
2.48 

2.33± 
2.05 

1.19± 
0.46 

7.20± 
4.09 

9.70± 
2.39 

0.68± 
0.14 

 
Spleen 2.55± 0.25 

8.70± 
3.50 

0.07± 
0.0 

9.10± 
6.45 

13.43± 
0.13 

1.24± 
0.20 

10.65± 
1.01 

10.22± 
2.36 

0.72± 
0.43 

P-values  P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 

P-values  P>0.01 P>0.01 P>0.01 P>0.0 P>0.01 P>0.01 P>0.01 P>0.01 P>0.01 

FAO (1999 and 2011a) 
limits 

2 250 20 2 250 20 2 250 20 

 
Months Jan-17 

  
Feb-17 

  
Mar-17 

  

  
Concentration (Mean ± S.D) (mg/kg) 

Concentration (Mean ± S.D) 
(mg/kg) 

Concentration (Mean ± S.D) 
(mg/kg) 

Location Organ Cu Zn Ni Cu Zn Ni Cu Zn Ni 

Ekweniro Muscle 1.90±0.57 
17.20± 
1.84 

BDL 7.15± 0.33 
8.33 ± 
3.73 

1.15 ± 
0.31 

7.70± 
2.83 

9.37± 
1.08 

0.44±0
.06 

 
Crop 4.63±5.27 

7.16± 
9.81 

0.06± 
0.01 

7.84± 3.06 
9.76 ± 
10.70 

1.24 ± 
0.18 

12.77± 
11.31 

11.74±7
.33 

0.65±0
.16 

 
Gizzard 1.20±0.14 

16.60± 
2.55 

BDL 7.10± 4.10 
6.50 ± 
9.19 

2.66 ± 
0.66 

7.83± 
7.46 

11.35±5
.03 

1.26±0
.54 

Oluku Muscle 3.00±0.57 
17.33± 
8.58 

BDL 
18.54± 
3.17 

8.85 ± 
0.69 

1.00 ± 
0.09 

5.21± 
4.35 

11.70±1
.70 

0.82±0
.01 

 
Crop 7.70±7.70 

11.32± 
14.83 

BDL 
11.41± 
5.18 

9.12 ± 
6.31 

0.91 
±0.29 

7.84± 
6.17 

4.37± 
0.17 

0.53±0
.53 

 
Gizzard 8.45±8.98 

9.47± 
3.07 

BDL 
16.56± 
3.27 

11.17 ± 
4.57 

2.24 ± 
0.30 

10.83± 
6.72 

7.99± 
1.32 

0.54±0
.28 

Egor 
(reference 

point) 
Muscle 2.35±1.06 

8.25± 
4.31 

BDL 
13.76± 
10.72 

3.72 ± 
0.95 

0.95 ± 
0.30 

5.20± 
1.12 

2.62± 
0.47 

0.33±0
.06 

 
Crop 1.90±0.57 

5.20± 
2.69 

0.36± 
0.51 

6.57± 2.91 
4.45 ± 
0.46 

0.78 ± 
0.78 

3.49± 
0.92 

3.61± 
0.28 

0.38±0
.15 

 
Gizzard 7.40±0.00 

3.73± 
3.21 

0.27± 
0.37 

6.25± 1.53 
6.36 ± 
0.99 

0.48 ± 
0.38 

2.32± 
1.24 

3.50± 
0.42 

0.49±0
.24 
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Fig. 2. Heavy metal contents in muscle, crop and gizzard of free range chicken sourced around three dump sites. 

 

 

 

Fig. 3. Heavy metal contents in liver, intestine and spleen of free range chicken source around three dump sites. 
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Tab. 2. 
The results of the Target Hazard Quotients (THQ) of heavy metals in muscles, crop and gizzard of free range Gallus 

domesticus around selected dumpsites 

Months 
Ja
n-
17 

     

Fe
b-
17 

     

M
ar-
17 

   

  
THQ 

   
THQ 

   
THQ 

  

Location 
Or
ga
ns 

C
u 

Z
n 

N
i 

TTHQ 
of each 
organ 

TTHQ 
of all 

organs 

Or
ga
n 

C
u 

Z
n 

N
i 

TTHQ 
of each 
organ 

TTHQ 
of all 

organs 

Or
ga
n 

C
u 

Z
n 

N
i 

TTHQ 
of each 
organ 

TTHQ 
of all 

organs 

Ekwenir
o 

M
us
cle 

0
.
0
5 

0
.
8
2 

0
.
0
0 

0.87 

2.17 

M
us
cle 

0
.
2
0 

0
.
4
0 

0
.
0
0 

0.60 
 

M
us
cle 

0
.
0
1 

0
.
0
0 

0
.
0
0 

0.01 

0.04 
 

Cr
op 

0
.
1
3 

0
.
3
4 

0
.
0
0 

0.47 
Cr
op 

0
.
2
2 

0
.
4
6 

0
.
0
0 

0.69 1.81 
Cr
op 

0
.
0
1 

0
.
0
0 

0
.
0
1 

0.02 

 

Gi
zz
ar
d 

0
.
0
3 

0
.
7
9 

0
.
0
0 

0.82 

Gi
zz
ar
d 

0
.
2
0 

0
.
3
1 

0
.
0
0 

0.52 
 

Gi
zz
ar
d 

0
.
0
1 

0
.
0
0 

0
.
0
1 

0.02 

Oluku 
M
us
cle 

0
.
0
9 

0
.
8
3 

0
.
0
0 

0.91 

2.36 

M
us
cle 

0
.
5
3 

0
.
4
2 

0
.
0
0 

0.95 

2.72 

M
us
cle 

0
.
1
5 

0
.
5
6 

0
.
0
0 

0.71 

1.83 
 

Cr
op 

0
.
2
2 

0
.
5
4 

0
.
0
0 

0.76 
Cr
op 

0
.
3
3 

0
.
4
3 

0
.
0
0 

0.76 
Cr
op 

0
.
2
2 

0
.
2
1 

0
.
0
0 

0.43 

 

Gi
zz
ar
d 

0
.
2
4 

0
.
4
5 

0
.
0
0 

0.69 

Gi
zz
ar
d 

0
.
4
7 

0
.
5
3 

0
.
0
0 

1.01 

Gi
zz
ar
d 

0
.
3
1 

0
.
3
8 

0
.
0
0 

0.69 

Egor 
(referen
ce point) 

M
us
cle 

0
.
0
7 

0
.
3
9 

0
.
0
0 

0.46 

1.15 

M
us
cle 

0
.
3
9 

0
.
1
8 

0
.
0
0 

0.57 

1.36 

M
us
cle 

0
.
1
5 

0
.
1
2 

0
.
0
0 

0.27 

0.94 
 

Cr
op 

0
.
0
5 

0
.
2
5 

0
.
0
0 

0.30 
Cr
op 

0
.
1
9 

0
.
2
1 

0
.
0
0 

0.40 
Cr
op 

0
.
1
0 

0
.
1
7 

0
.
0
0 

0.27 
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0
.
2
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0
.
1
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0
.
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0 

0.39 
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0
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2
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0
.
1
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0
.
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0 

0.39 
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d 

0
.
2
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0
.
1
8 

0
.
0
0 

0.39 
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Tab. 3. 
The results of the Target Hazard Quotients (THQ) of heavy metals in liver, intestine and spleen of free range Gallus 

domesticus around selected dumpsites 

Month
s 
 

Ja
n-
17 

     

Fe
b-
17 

     
Mar-17 

   

  
THQ 

   
THQ 

    
TH
Q    

Locatio
n 

Or
ga
ns 

C
u 

Z
n 

Ni 

TTH
Q of 
each 
orga

n 

TTHQ 
of all 

organs 

Or
ga
ns 

Cu 
Z
n 

N
i 

TTHQ 
of 

each 
organ 

TTHQ 
of all 
organ

s 

Org
ans 

Cu Zn Ni 

TTHQ 
of 

each 
organ 

TTHQ 
of all 

organs 

Ekweni
ro 

Li
ve
r 

0
.
0
3 

0
.
5
9 

0.0
0 

0.62 

1.86 

Li
ve
r 

0.
1 

0
.
3
3 

0
.
0
0 

0.44 

1.28 

Live
r 

0.
00 

0.
00 

0.0
0 

0.01 

0.02 

Int
es
tin
e 

0
.
0
4 

0
.
1
8 

0.0
0 

0.21 

Int
es
tin
e 

0.
18 

0
.
3 

0
.
0
0 

0.48 
Inte
stine 

0.
00 

0.
00 

0.0
0 

0.01 

Sp
le
en 

0
.
1
9 

0
.
8
5 

0.0
0 

1.04 

S
pl
ee
n 

0.
16 

0
.
2 

0
.
0
0 

0.37 
Sple
en 

0.
01 

0.
00 

0.0
0 

0.01 

    
0.0
0               

Oluku 

Li
ve
r 

0
.
0
6 

0
.
3
8 

0.0
0 

0.43 

0.9 

Li
ve
r 

0.
38 

0
.
3
7 

0
.
0
0 

0.75 

2.11 

Live
r 

0.
49 

0.
73 

0.0
0 

1.23 

2.72 

Int
es
tin
e 

0
.
0
8 

0
.
3
8 

0.0
0 

0.46 

Int
es
tin
e 

0.
42 

0
.
4
1 

0
.
0
0 

0.83 
Inte
stine 

0.
23 

0.
54 

0.0
0 

0.78 

Sp
le
en 

0
.
0
0 

0
.
0
0 

0.0
0 

0.00 

S
pl
ee
n 

0.
23 

0
.
3 

0
.
0
0 

0.53 
Sple
en 

0.
24 

0.
47 

0.0
0 

0.71 

    
0.0
0            

0.0
0   

Egor 
(refere

nce 
point) 

Li
ve
r 

0
.
0
4 

0
.
2
2 

0.0
0 

0.27 0.91 
Li
ve
r 

0.
29 

0
.
4
9 

0
.
0
0 

0.78 

1.94 

Live
r 

0.
32 

0.
64 

0.0
0 

0.97 

2.43 

Int
es
tin
e 

0
.
0
4 

0
.
1
1 

0.0
0 

0.15 
 

Int
es
tin
e 

0.
14 

0
.
1
1 

0
.
0
0 

0.25 
Inte
stine 

0.
21 

0.
46 

0.0
0 

0.67 

Sp
le
en 

0
.
0
7 

0
.
4
1 

0.0
0 

0.49 
 

S
pl
ee
n 

0.
26 

0
.
6
4 

0
.
0
0 

0.9 
Sple
en 

0.
3 

0.
49 

0.0
0 

0.79 

NB: TTHQ means Total Target Hazard Quotients. Bolded and coloured values exceed recommended limits. While 
coloured values without bolded have the potentials to exceed recommended limits. 

 
Tab. 4. 

The results of the Estimated Daily Intake (EDI) of heavy metals in muscle, crop and gizzard of free range Gallus 
domesticus around selected dumpsites 

 
Jan-17 

   
Feb-
17    

Mar-17 
   

  
EDI 

 
EDI 

 
EDI 

Location Organs Cu Zn Ni Organs Cu Zn Ni Organs Cu Zn Ni 

Ekweniro Muscle 0.01 0.10 0.00 Muscle 0.04 0.05 0.01 Muscle 0.05 0.06 0.00 

 
Crop 0.03 0.04 0.00 Crop 0.05 0.06 0.01 Crop 0.08 0.07 0.00 

 
Gizzard 0.01 0.10 0.00 Gizzard 0.04 0.04 0.02 Gizzard 0.05 0.07 0.01 

% PTDI of all 
organs  

0.01 0.02 0.01 
 

0.03 0.01 0.60 
 

0.03 0.02 0.28 

PTDI (FAO/WHO 
1999 and 2003)  

500 
100
0.00 

5.00 
 

500 
1000.0

0 
5.00 

 
500 

100
0.00 

5.00 

Oluku Muscle 0.02 0.10 0.00 Muscle 0.11 0.05 0.01 Muscle 0.03 0.07 0.00 
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Crop 0.05 0.07 0.00 Crop 0.07 0.05 0.01 Crop 0.05 0.03 0.00 

 
Gizzard 0.05 0.06 0.00 Gizzard 0.10 0.07 0.01 Gizzard 0.06 0.05 0.00 

% PTDI of all 
organs  

0.02 0.02 0.00 
 

0.06 0.02 0.49 
 

0.03 0.01 0.22 

PTDI (FAO/WHO 
1999 and 2003)  

500 
100
0.00 

5.00 
 

500 
1000.0

0 
5.00 

 
500.00 

100
0.00 

5.00 

Egor (reference 
point) 

Muscle 0.01 0.05 0.00 Muscle 0.08 0.02 0.01 Muscle 0.03 0.02 0.00 

 
Crop 0.01 0.03 0.00 Crop 0.04 0.03 0.00 Crop 0.02 0.02 0.00 

 
Gizzard 0.04 0.02 0.00 Gizzard 0.04 0.02 0.00 Gizzard 0.04 0.02 0.00 

% PTDI of all 
organs  

0.01 0.01 0.07 
 

0.03 0.01 0.24 
 

0.02 0.01 0.12 

PTDI (FAO/WHO 
1999 and 2003)  

500 
100
0.00 

5.00 
 

500 
1000.0

0 
5.00 

 
500 

100
0.00 

5.00 

Tab. 5. 
The results of the Estimated Daily Intake (EDI) of heavy metals in liver, intestine and spleen of free range Gallus 

domesticus around selected dumpsites 

 
 

Jan-17 
   

Feb-17 
   

Mar-17 
   

  
EDI 

   
EDI 

   
EDI 

  
Location Organs Cu Zn Ni Organs Cu Zn Ni Organs Cu Zn Ni 

Ekweniro Liver 0.01 0.07 0.00 Liver 0.02 0.04 0.01 Liver 0.02 0.03 0.00 

 
Intestine 0.01 0.05 0.00 Intestine 0.04 0.04 0.01 Intestine 0.01 0.03 0.00 

 
Spleen 0.01 0.03 0.00 Spleen 0.03 0.03 0.01 Spleen 0.05 0.01 0.00 

% PTDI of all 
organs  

0.01 0.01 0.00 
 

0.02 0.01 0.45 
 

0.02 0.01 0.17 

PTDI (FAO/WHO 
1999 and 2003)  

500 1000 5 
 

500 
100
0 

5 
 

500 1000 5 

Oluku Liver 0.01 0.05 0.00 Liver 0.08 0.05 0.01 Liver 0.08 0.05 0.01 

 
Intestine 0.02 0.05 0.00 Intestine 0.09 0.05 0.00 Intestine 0.09 0.05 0.00 

 
Spleen 0.01 0.05 0.00 Spleen 0.05 0.04 0.01 Spleen 0.05 0.04 0.00 

% PTDI of all 
organs  

0.01 0.01 0.00 
 

0.04 0.01 0.47 
 

0.04 0.01 0.47 

PTDI (FAO/WHO 
1999 and 2003)  

500 1000 5 
 

500 
100
0 

5 
 

500 1000 5 

Egor ( reference 
point ) 

liver 0.01 0.03 0.00 liver 0.06 0.06 0.01 liver 0.07 0.08 0.00 

 
Intestine 0.01 0.01 0.00 Intestine 0.03 0.01 0.01 Intestine 0.04 0.06 0.00 

 
spleen 0.02 0.05 0.00 spleen 0.05 0.08 0.01 spleen 0.06 0.06 0.00 

% PTDI of all 
organs  

0.01 0.01 0.01 
 

0.03 0.02 0.39 
 

0.03 0.02 0.23 

PTDI (FAO/WHO 
1999 and 2003)  

500 1000 5 
 

500 
100
0 

5 
 

500 1000 5 

NB: PTDI means Provisional Daily Intake, FAO means Food and Agriculture Organization and WHO means World 
Health Organization. The coloured and bolded values have the potentials to exceed recommended limits. 

Tab. 6. 
The results of health risk impact (HRI) of the mean heavy metals in muscles, crop and gizzard of free range Gallus 

domesticus around selected dumpsites 
 

 
Jan-17 

   
Feb-17 

   
Mar-17 

   

  
EDI 

 
EDI 

 
EDI 

Location Organs Cu Zn Ni Organs Cu Zn Ni Organs Cu Zn Ni 

Ekweniro Muscle 0.01 0.10 0.00 Muscle 0.04 0.05 0.01 Muscle 0.05 0.06 0.00 

 
Crop 0.03 0.04 0.00 Crop 0.05 0.06 0.01 Crop 0.08 0.07 0.00 

 
Gizzard 0.01 0.10 0.00 Gizzard 0.04 0.04 0.02 Gizzard 0.05 0.07 0.01 

THRI of all organs 
 

45.94 405.70 0.02 
 

131.28 243.56 1.50 
 

168.18 321.51 0.70 

Rfdos 
 

0.001 0.0006 0.02 
 

0.001 0.0006 0.02 
 

0.001 0.0006 0.02 

 
Oluku 

Muscle 0.02 0.10 0.00 Muscle 0.11 0.05 0.01 Muscle 0.03 0.07 0.00 

 
Crop 0.05 0.07 0.00 Crop 0.07 0.05 0.01 Crop 0.05 0.03 0.00 
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Gizzard 0.05 0.06 0.00 Gizzard 0.10 0.07 0.01 Gizzard 0.06 0.05 0.00 

THRI of all organs 
 

113.81 377.57 0.00 
 

276.40 288.62 1.23 
 

141.92 238.31 0.56 

Rfdos 
 

0.001 0.0006 0.02 
 

0.001 0.0006 0.02 
 

0.001 0.0006 0.02 

 
Egor 

(reference point) 
Muscle 0.01 0.05 0.00 Muscle 0.08 0.02 0.01 Muscle 0.03 0.02 0.00 

 
Crop 0.01 0.03 0.00 Crop 0.04 0.03 0.00 Crop 0.02 0.02 0.00 

 
Gizzard 0.04 0.02 0.00 Gizzard 0.04 0.02 0.00 Gizzard 0.04 0.02 0.00 

THRI of all organs 
 

69.23 170.16 0.19 
 

164.80 117.87 0.59 
 

95.62 98.65 0.29 

Rfdos 
 

0.001 0.0006 0.02 
 

0.001 0.0006 0.02 
 

0.001 0.0006 0.02 

 

Tab. 7. 
The results of health risk impact (HRI) of the mean heavy metals in liver, intestine and spleen of free range Gallus 

domesticus around selected dumpsites 
 

  
Jan-17 

   
Feb-17 

   
Mar-17 

  

  
EDI 

 
EDI 

 
EDI 

Location Organs Cu Zn Ni Organs Cu Zn Ni Organs Cu Zn Ni 

Ekweniro liver 0.01 0.07 0.00 liver 0.02 0.04 0.01 liver 0.02 0.03 0.00 

 
intestine 0.01 0.05 0.00 intestine 0.04 0.04 0.01 intestine 0.01 0.03 0.00 

 
spleen 0.01 0.03 0.00 spleen 0.03 0.03 0.01 spleen 0.05 0.01 0.00 

THRI of all organs 
 

27.1 247.12 0.00 
 

92.77 173.33 1.12 
 

88.25 117.27 0.43 

Rfdos 
 

0.001 0.0006 0.02 
 

0.001 0.0006 0.02 
 

0.001 0.0006 0.02 

Oluku 
            

 
liver 0.01 0.05 0.00 liver 0.08 0.05 0.01 liver 0.08 0.05 0.01 

 
intestine 0.02 0.05 0.00 intestine 0.09 0.05 0.00 intestine 0.09 0.05 0.00 

 
spleen 0.01 0.05 0.00 spleen 0.05 0.04 0.01 spleen 0.05 0.04 0.01 

THRI of all organs 
 

36.85 244.15 0.00 
 

213.94 222.86 1.17 
 

213.94 222.86 1.17 

Rfdos 
 

0.001 0.0006 0.02 
 

0.001 0.0006 0.02 
 

0.001 0.0006 0.02 

             

Egor liver 0.01 0.03 0.00 liver 0.06 0.06 0.01 liver 0.07 0.08 0.00 

(reference point) intestine 0.01 0.01 0.00 intestine 0.03 0.01 0.01 intestine 0.04 0.06 0.00 

 
spleen 0.02 0.05 0.00 spleen 0.05 0.08 0.01 spleen 0.06 0.06 0.00 

THRI of all organs 
 

32.09 156.5 0.04 
 

143.88 258.02 0.98 
 

173.12 331.12 0.58 

Rfdos 
 

0.001 0.0006 0.02 
 

0.001 0.0006 0.02 
 

0.001 0.0006 0.02 

NB: Rfdos means reference dosages 

CONCLUSION: 
The findings of this study have revealed that free 

range chicken is susceptible to heavy metal 

contaminations from dump site activities and farming 

likewise. Higher heavy metal levels in free range 

chicken ascertained, using various indices, underpin 

the fact that man is exposed to potential health risks if 

he consumes additive parts of the free range chicken. 

The most conspicuous contaminant of concern is zinc 

found in high amounts followed by Cu and Ni. There 

might also be carcinogenic risk factor when Ni is 

consumed beyond the recommended threshold. The 

implication is that the free-range local chicken of these 

areas tends to accumulate the metals from the soil 

which pose health hazard to consumers. On this 

ground, we recommend a close litter system for the 

rearing of chicken in order to monitor what we 

consume. Because ‘what we eat becomes part of us’. 

Heavy metals consumed beyond daily intake pose 

serious threat to human health. 
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