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INTRODUCTION 
As a result of rapid industrialization and urbanization in 
developing countries of West Africa, heavy metal pollution 
is likely to reach disturbing levels. The problem is that 
preparations are not being made towards the protection of 
the environment. Nigeria is one of the petroleum exporting 
countries and use of automobiles by middle and high 
income groups is rather high. In fact, the growing rate of 
industrialization is gradually leading to contamination and 
deterioration of the environment, thus industrialization and 
heavy metal pollution are positively correlated (Walsh 2000; 
Olaifa et al. 2004). The Nigerian petroleum contains>0.45 g/l 
lead as per the Nigerian Industrial Standards (NIS 116:1981). 
In Nigeria, gasoline with an average lead content of 0.66 g/L 
remains in use. With high automobile importation, the national 
consumption of petrol in the country is estimated at 20 million 
liters per day, with about 150 people/car/city, therefore close 
to 15,000 kg of lead is emitted into the environment through 
combustion daily. Heavy metal pollution is posing a serious 
problem in Nigeria, threatening animals, human health and 
quality of the environment (Dekofehiniti 2012). Food safety 
is a major public concern worldwide. The risk of heavy metal 
contamination in meat is of great concern for both food safety 
and human health because of the toxic nature of these metals 
at relatively minute concentrations (Akan et al. 2010). The 
poultry industry is one of the largest and fastest growing agro 
based industries in the world. This can be attributed to an 
increasing demand for poultry meat and egg product (Burel 

and Valat 2009). Several millions of chickens are raised 
annually as a source of food for both their meat and eggs. 
A complete and balanced diet is necessary for human health 
and vitality. Chicken meat is a major source of protein to man 
and is widely consumed in Ibadan city and other parts of the 
world so its safety cannot be ignored. Meat of chicken is rich 
in many of the essential nutrients including protein (essential 
amino acids), minerals (e.g., iron, zinc, selenium), vitamins 
(e.g., Vitamin E) and fat (essential fatty acids such as Omega-3 
fatty acids) (Schonfeldt and Gibson 2008). Birds population 
are particularly susceptible to the effects of anthropogenic 
activities on the environment. Several biological and 
physiological processes, such as eating habits, growth, age, 
breeding, moulting may influence metal concentration and 
distribution in birds (Kim et al. 2007). 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). In recent times, 
there has been considerable interest in the level of heavy 
metallic elements in foods because of their deleterious effect 
on human health (Uche 2012). Apart from those communities 
exposed to high levels of pollution by industrial effluents or 
emissions rich in heavy metals, it is evident that, for most 
individuals food and diet are the most common sources of 
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these potentially toxic heavy metals. These heavy metals in 
food and drinking water amount to approximately 80% for 
cadmium, 40% for lead and 8% for mercury (Bennet 1984). 
Metal contamination in food, especially in meat has been 
broadly investigated (Sharif et al 2005; Miranda 2005; Lawal 
et al. 2006; Jukna, 2006). The main objective of the study 
includes the assessment of the concentration of lead (Pb) in 
chicken organs widely consumed in Ibadan City, Nigeria and 
to compare with international guideline standards.

MATERIAL AND METHODS
Study area

This study was undertaken in Ibadan city which is located 
near the forest-grassland boundary of South-western Nigeria 
at a distance some 145 kilometers north east of Lagos. It is the 
capital of Oyo-State of Nigeria. It has an estimated population 
of 3.5 million from the projections. The total area of the city is 
approximately as 103.8 Km2. The Ibadan Region is made up 
of 11 Local Government areas. It is highly industrialized. Ten 
(10) live chickens (Gallus gallus domesticus) were collected 
randomly from different retailer markets (Bodija, Ojoo and 
Sango) in Ibadan City. A total of 60 samples (muscle, liver, 
kidney, intestine, blood, and feathers) were used in the study. 
Sample collection and preparation were carried out between 
the period of 12th–17th August, 2015. 

Samples were identified as 1 to 10, obtained from three 
different retailer markets in Ibadan namely; Bodija, Ojoo and 
Sango as shown in Table 1.

Sample preparation and analyses

The chickens were slaughtered using a dissecting knife. 
Blood samples were collected and left to coagulate for further 
analysis. Feathers were collected from each bird. Organs 
such as kidney, liver, intestine and muscle were separately 

dissected from the body of each bird. A sizeable portion of 
each sample was dried in an oven at 220°C for 4 hours until 
a constant weight was maintained. The dried samples were 
pulverized using mortar and pestle into powder form and kept 
in a sample bottle prior to wet digestion. 1 g of each dried 
sample was digested with 70% nitric acid. 30% hydrogen 
peroxide was added to the each digested sample in the ratio 
2:1 and allowed to simmer down. The digested samples were 
left overnight at room temperature overnight. Following the 
digestion, the solution was filtered through a acid resistant 
filter paper into acid- leached polyethylene bottle. The 
digestates were made up with 10 ml distilled water and taken 
for analysis. The concentrations of lead (Pb) were determined 
using Buck Scientific Atomic Absorption Spectrophotometer 
(Model 210/ 211 VGP). Each analysis was carried out in 
triplicate while standard and blank samples were analyzed 
for every 60 samples.

Data analyses 

The data were presented as Mean ± Standard deviation. 
One way analysis of variance (ANOVA) will be carried on 
the data to assess any significant difference (p<0.05) in the 
studied metal between the organs of the chickens, followed 
by Duncan’s test as a post- hoc test using IBM SPSS Statistics 
22.0 software package. The charts will be plotted showing the 
lead (Pb) concentration in the organs and tissues of Gallus 
gallus domesticus by Microsoft Excel 2013 software.

RESULTS
The obtained results are expressed as ppm which revealed the 
contamination of some chicken organs by the studied element 
(Pb). The minimum and maximum estimated concentrations 
of Pb were widely variable in the livers, feather, muscle, and 
intestine and blood samples. The lead (Pb) concentrations in 
the study of liver, kidney, muscle, feather, intestine and blood 
of chicken (Gallus gallus domesticus) has been summarized 
in Tables 2a, 2b and 3 (Duncan Tests) as shown below. The 
order of the metal increase in the internal organs and tissues 
were; blood>feather>muscle>kidney>liver>intestine. In 
Table 3 the concentrations of Pb metal in the kidney, liver, 
blood, intestine, feather and muscle of the chickens which 
were found to be statistically significant at p<0.05. Mean 

Samples Location/ source Date collected
1,2, Bodija 12/08/2015
3,4 Ojoo 13/08/2015

5,6,7 Sango 14/08/2015
8,9,10 Bodija 17/08/2015

Table 1: Location of the samples and dates of collection.

Samples Mean ± SD
Min-Max

Blood Feather Kidney Liver Muscle Intestine

Sample 1 
1.597 ± 0.015

1.58 – 1.61
1.270 ± 0.020

1.25 – 1.29
0.150 ± 0.030

0.12 – 0.18
2.050 ± 0.060

1.99- 2.11
1.300 ± 0.040

1.26 – 1.34
0.390 ± 0.040

0.35 – 0.43

Sample 2 Mean ± SD
Min-Max

1.000 ± 0.070
0.93 – 1.07

0.640 ± 0.050
0.59 – 0.69

0.780 ± 0.040
0.74 – 0.82

0.920 ± 0.500
0.87 – 0.97

0.790 ± 0.050
0.74 – 0.84

0.880 ± 0.600
0.82 – 0.94

Sample 3 
Mean ± SD
Min-Max

0.870 ± 0.700
0.80 – 0.94

0.670 ± 0.300
0.64 – 0.70

0.860 ± 0.800
0.78 – 94

0.680 ± 0.500
0.63 – 0.73

1.130 ± 0.500
1.08 – 1.18

1.460 ± 0.600
1.40 – 1.52

Sample 4 Mean ± SD
Min-Max

1.380 ± 0.400
1.34 – 1.42

1.000 ± 0.050
0.95 – 1.05

1.950 ± 0.020
1.93- 1.97

2.550 ± 0.050
2.50 – 2.60

2.340 ± 0.300
2.31 – 2.37

1.920 ± 0.050
1.87 – 1.97

Sample 5 
 

Mean ± SD
Min-Max

0.790 ± 0.400
0.75 – 0.83

0.840 ± 0.030
0.81 – 0.87

1.170 ± 0.040
1.13 – 1.21

0.940 ± 0.010
0.3 – 0.95

0.890 ± 0.10
0.88 – 0.90

0.580 ± 0.020
0.56 – 0.60

Sample 6 Mean ± SD
Min-Max

2.070 ± 0.070
2.00 – 2.14

1.400 ± 0.200
1.38 – 1.42

0.640 ± 0.030
0.61 – 0.67

0.400 ± 0.030
0.37 – 0.43

0.260 ± 0.010
0.25 – 0.27

1.020 ± 0.050
0.97 – 1.07

Sample 7 Mean ± SD
Min-Max

1.960 ± 0.030
1.93 – 1.99

1.620 ± 0.036
1.59 – 1.66

1.270 ± 0.020
1.25 – 1.29

1.430 ± 0.400
1.39 – 1.47

1.430 ± 0.050
1.38– 1.48

1.690 ± 0.050
1.64 – 1.74

Table 2a: Mean concentration of Pb in the organs and tissues of the chicken samples in Ibadan (in ppm).
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levels with the same alphabet were not significant at (P<0.05) 
as shown in Table 3. Statistical analysis of different organs 
and tissue of all the experimental chicken showed that Pb 
concentrations were significantly higher at (P<0.05) (Figure 
1). The liver has the highest concentration as compared to 
other organs and tissues followed by blood then intestine. 
The order of Pb increase was: kidney<intestine<muscle<
feather<blood<liver. The concentration of Pb in the liver 
showed significant variation. They exceeded the permissible 
limit (0.1 ppm) set by FAO/WHO (2002) (Figures 1 and 
2). The Pb levels in the kidney and intestine are within the 
permissible limits in the figure below. Therefore, the kidney 
and intestine were considered safe for human consumption 
than other internal organs. The tissues and organs of sample 
2 obtained from Bodija showed significant variation. Blood 
have the highest concentration as compared to other organs. 
The order of Pb increase was: feather<kidney<muscle<intest
ine<liver<blood. They were all above the FAO/WHO (2002) 
limits (0.1 ppm) as shown below (Figure 3). Therefore, it is 
unsafe for human consumption.

In Figure 4, the Pb concentration in the organs and tissues 

of the chicken showed significant variation. The intestines 
have the highest concentration. The order of Pb increase was: 
feather<liver<kidney<blood<muscle<intestine. They are 
above the FAO/WHO permissible limit (0.1 ppm).

Figure 4 shows that the liver have the highest Pb 
concentration compared to other tissues and organs of 
chicken. The order of Pb increase was: feather<blood<intesti
ne<kidney<blood<liver. There is significant variation among 
the tissues and organs of chicken exceeded the permissible 
limit set by FAO/WHO (2002) of (0.1 ppm). In sample 5, the 
kidneys have the highest Pb concentration compared to other 
tissues and organs. The order of Pb increase was: intestine
<blood<feather<muscle<liver<kidney. The kidney showed 
significant variation. They exceeded the FAO/WHO limit 
(0.1 ppm) as shown in Figure 5. The blood had the highest 
Pb concentration compared to other tissues and organs. The 
order of Pb increase was: muscle<liver<kidney<intestine<
feather<blood. There was a significant variation among the 
tissues and organs of sample 6 obtained from Ojoo. The Pb 
content of liver and muscle was within the limit (0.1 ppm) set 
by FAO/WHO. The Pb content of the intestine, blood, kidney 

Sample Statistical 
measure Blood Feather Kidney Liver Muscle Intestine

Sample 8 Mean ± SD
Min-Max

0.330 ± 0.500
0.28 – 0.38

1.760 ± 0.070
1.69 – 1.83

0.710 ± 0.010
0.70 – 0.72

0.520 ± 0.030
0.49 – 0.55

1.210 ± 0.050
1.16 – 1.26

1.080 ± 0.300
1.05 – 1.11

Sample 9 Mean ± SD
Min-Max

1.560 ± 0.20
1.54 – 1.58

3.310 ± 0.070
3.24 – 3.38

2.190 ± 0.050
2.14 – 2.24

2.800 ± 0.080
2.72 – 2.88

2.630 ± 0.070
2.56 – 2.70

2.890 ± 0.080
2.81 – 2.97

Sample 10 Mean ± SD
Min-Max

2.500 ± 0.050
2.45 – 2.55

3.590 ± 0.060
3.53 – 3.65

3.660 ± 0.600
3.60 – 3.72

2.940 ± 0.040
2.90 – 2.98

3.400 ± 0.040
3.00 – 3.08

3.980 ± 0.500
3.93 – 4.03

Table 2b: Mean concentration of Pb in the organs and tissues of the chicken samples in Ibadan (in ppm).

Means with the same alphabets were not significantly different from each other at P<0.05.

Organ/Tissue Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10
Feather 1.270a 0.6400a 0.6700a 1.0000a 0.8400c 1.4000e 1.6200c 1.7600f 3.3100e 3.5900d

Kidney 0.150b 0.7800b 0.8600b 1.9500c 1.1700f 0.6400c 1.2700a 1.7100c 2.1900b 3.6600d

Muscle 1.300c 0.7900b 1.1300d 2.3400d 0.8900d 0.2600a 1.4300b 1.2100e 2.6300c 3.0400c

Intestine 0.390c 0.880b 1.4600e 1.9200c 0.5800a 1.0200d 1.6900d 1.0800d 2.8900d 3.9800e

Liver 2.0500d 0.9200d 0.6800a 2.5500e 0.9400e 0.4000b 1.4300b 0.5200b 2.8000d 2.9400b

Blood 1.597e 1.0000e 0.8700b 1.3800b 0.7900b 2.0700f 1.9600e 0.3300a 1.5600a 2.500a

Table 3: Duncan’s Test of Pb concentration at p<0.05
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Figure 1: Mean concentration of lead in chicken samples obtained from Bodija, Ibadan.
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sample 2 from Bodija
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Figure 2: Mean concentration of Pb in chicken samples obtained from Bodija, Ibadan.

sample 3 from Ojoo
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Figure 3: Mean concentration of lead in chicken samples obtained from Ojoo, Ibadan. 

sample 4 from Ojoo
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Figure 4: Mean concentration of Pb in chicken samples obtained from Ojoo, Ibadan.
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and feather are above the permissible limit shown in figure 
6. The blood had the highest Pb concentrations compared to 
other tissues and organs. The order of Pb increase was: kidne
y<liver<muscle<feather<intestine<blood. The blood showed 
significant variation. The Pb contents in sample 7 exceeded 
the maximum permissible limit of FAO/WHO (2002) of (0.1 
ppm) as shown in Figure 7. The feathers have the highest 
Pb concentration compared to other tissues and organs. The 
order of Pb increase was: blood<liver<kidney<intestine<mu
scle<feather. They were above the permissible limit (0.1 ppm 
set by FAO/WHO except the blood which is within the limit 
as shown in Figure 8 in sample 9, all the tissue and organ 
Pb are above the FAO/WHO permissible limit as shown in 
Figure 9. The feather had the highest concentration. The 
order of Pb increase was: blood<kidney<muscle<liver<intest
ine<feather. The results indicated that chicken meat exceeded 
the FAO/WHO permissible limit (0.1 ppm) and should not be 
consumed because of high Pb levels they contain in sample 
10; all the tissue and organ Pb were above the FAO/WHO 
permissible limit as shown in Figure 10. The intestine had 
the highest concentration. The order of increase was: blood<
liver<muscle<feather<kidney<intestine. There is significant 

variation among the tissues and organs of chicken. Therefore, 
should not be consumed because of high Pb levels they 
contain. The Pb content of the blood obtained from Sango 
location is much higher compared to other locations. The 
order of Pb increase was: Sango>Bodija>Ojoo. 

DISCUSSION
Distribution of lead (Pb) the organs and tissues of 
domestic chicken in Ibadan

From the results of this study, the concentrations of the 
Pb metal in the kidney, liver, intestine, muscle, feather and 
blood of the chickens was found to be statistically significant 
(P<0.05). The specific functions performed by these organs 
and tissues of the domestic chicken in the study as well as the 
bioaccumulative nature of the Pb metal in the system were 
reasons adduced for the obvious significance. Physiologically, 
the kidney carries out ultrafiltration and selective absorption; 
hence there is the tendency for it to retain the heavy metal 
Pb in its tissue in the absence of a chelating agent. Since the 
liver detoxifies and stores harmful substances, Pb cannot be 
an exception for it to store. The results obtained from this 
study indicated that Pb concentrations were variable between 
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Figure 5: Mean concentration of Pb in chicken samples obtained from Sango, Ibadan.  
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Figure 6: Mean concentration of Pb in chicken samples obtained from Ojoo, Ibadan.
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Figure 7: Mean concentration of Pb in chicken samples obtained from Sango, Ibadan.
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Figure 8: Mean concentration of Pb in chicken samples obtained from Bodija, Ibadan.
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Figure 9: Mean concentration of Pb in chicken samples obtained from Bodija, Ibadan.

tissues and organs of chickens collected from different retailer 
markets in Ibadan City. They possess unequal distribution of 
Pb metal throughout their body parts whereby concentration 
of Pb were higher in some samples compared to others. 

The concentrations of Pb in the internal organs of chickens 
investigated in the present study were found to be higher 
than the levels of Pb reported in Nigeria chicken in Awka 
by Okoye et al. (2015) ranges of mean concentrations of the 
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metals in the internal organs of the chickens in mg/g were Pb; 
(0.046 - 0.478). The values of 0.77 ± 0.01 mg/kg reported for 
Pb in chicken meat consumed in Southern Nigeria (Iwegbue 
et al. 2012) were found to be almost similar to the levels of 
Pb levels obtained in the present study. However, the findings 
of the present study are higher than the levels reported in 
the internal tissues of chicken with lower concentration of 
lead in Turkeys (Uluozlu et al. 2009). Pb levels in all the 
chicken muscle in this present study exceeded the values 
reported in the chicken muscle in Southern Nigeria (Uche et 
al. 2012). A high concentration of Pb in the blood of chickens 
investigated in the present study corresponds with the values 
of 0.861 ± 0.27 ug/g reported for in chicken meat consumed 
in Malaysia (Salawa et al. 2012). Fluctuating levels of Pb 
in the blood may reflect the diet and mobilization quantities 
stored in the tissue or respiratory exposure to pollutants 
(Rattner et al. 2008). Pb concentrations in chicken feather 
obtained in the present study corresponds with the results 
reported in Malaysia (Salawa et al. 2012). The fluctuation of 
the Pb concentration in feathers reflect the condition and diet 
during the period of feather growth, i.e., when the feather is 
connected to blood vessel and metals are incorporated in the 
keratin structure (Dauwe et al. 2000). In addition, birds are 
able to eliminate an important part of their body burden of 
some heavy metals in their feather during the molting period 
(Burger 1993). Feathers are useful in environmental studies 
to evaluate the ecological health of the local ecosystem 
and can be used as a non-destructive biomonitoring of the 
tool (Burger et al. 2007). Feathers found in this present 
study occupy the second rank of Pb concentration, which 
were investigated in this study, making them suitable bio-
indicators for metal accumulations as well as excretory 
deposition. Thus, lead has no biological functions in the body 
instead it is a toxic element which cause severe health risks to 
chicken and human consumers (Commission of the European 
Communities 2001).

Variation of Pb concentration in the organs and tissues

The results in this study indicate that the concentration 
of Pb varies between localities. The concentration of lead in 
the kidney samples at Bodija locality is significantly higher 
compared to other localities. Pb levels in blood samples at 
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Figure 10: Mean lead concentration in chicken samples obtained from Bodija, Ibadan.

Sango locality is much higher compared to other localities. 
At Bodija Market, concentration of Pb in feather, kidney 
and liver is higher followed by Ojoo locality. The variation 
probably result from different feeds, whereas the chickens 
are exposed to high automobile fuel combustion where lead 
accumulate. The results show the relationship between lead 
concentration in chicken meat which is locally contaminated 
from drinking water and the soil. 

CONCLUSION
The results obtained show the presence of lead metal in 
chicken meat that is widely consumed in Ibadan. The findings 
of this study have shown that chicken has the potential to 
accumulate Pb in their tissues. The high concentrations of Pb 
in the edible parts of chickens can pose a serious health risk to 
humans who consume them as excess lead is known to reduce 
the cognitive development and intellectual performance in 
children and to increase blood pressure and cardiovascular 
disease incidence in adults. The results showed that lead 
concentrations are dependent on the sampling locations, 
the organs, the tissues and chicken samples. Since toxic Pb 
residues were found to be in high levels in liver and muscle 
of sample 1 obtained from Bodija market are above the 
permissible limit of 0.1 ppm set by FAO/WHO, these organs 
are considered unsafe for human consumption whereas the 
kidney and intestine are within the recommended limit hence, 
safe for consumption. In sample 2, 9 and 10 (Bodija), all the 
edible parts of chicken meat are above recommended limit, 
they are considered unsafe for human consumption. In sample 
3 and 4 (Ojoo), the chicken meat are considered unsafe for 
human consumption since they are above the recommended 
limits (0.1 ppm) set by FAO/WHO. In sample 5, 6 and 7 
(Sango), Pb residues were within the recommended limit so 
they are considered safe for human consumption as well as 
in sample 8 (Bodija). However, consistent surveillance and 
monitoring should be used as its bioaccumulation could 
lead to serious human health problems among consumers. 
In addition, excessive consumption of chicken meat chicken 
from Pb contaminated environments should be discouraged. 

In addition, garlic could be recommended to antagonize 
Pb toxicity, as garlic contains chelating compounds capable 
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of enhancing the elimination of Pb. Garlic feeding can be 
exploited to safeguard human consumers by minimizing 
Pb concentrations in chicken meat which had been grown 
in a Pb polluted environment. Medical chelation program 
and consumption of fruits and vegetables rich in vitamin-C 
could aid in the excretion of Pb from humans that have 
accumulated the heavy metal in their systems. Use of leaded 
products in Nigeria should be banned because of its toxic 
effect on humans and animals. Industries should be sited 
far from poultry farms because of the risk of contamination 
of food, air and water by this metal. The need to identify 
sources of pollution in the local places of raising poultry in 
Ibadan City and reduction of these sources through direct 
supervision as well as activating the role of censorship on 
imported foodstuffs and the detection of heavy metals due to 
their influence on human health is necessary for preventing 
lead exposure.

In general, the poultry feeds, water source and ambient air 
quality should be strictly monitored through biomonitoring 
programs for lead to avoid exposure to this highly toxic 

heavy metal.
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