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Abstract: A study was carried out on the appraisal of lead and cadmium in the caprines of goats in Ibadan, Nigeria between
June and September 2016. Caprines from six goats were collected from Bodija market in Ibadan. A total of 36 samples (Liver,
lungs, oesophagus, intestines, heart and muscle) were used in the study. The samples were ashed in a furnace at a temperature
of 400°C for two hours for each batch and stored in sample bottles prior to acid digestion. The heavy metals lead (Pb) and
cadmium (Cd) were then analyzed using Buck Scientific Atomic Absorption Spectrophotometer (AAS). Each analysis was
done in triplicates while standard and blank samples were analyzed for all the 36 samples. The results showed that the highest
Cd concentration was found in the liver (0.06ppm) in sample 5 and in the heart of sample 6 (0.06ppm) which exceeded the
WHO guideline limit of 0.05ppm. The highest concentration of Pb was found in the heart of sample 1 (0.63ppm), the liver of
sample 2 (0.42ppm), the lungs of sample 3 (0.83ppm) and the liver of sample 4 (0.33ppm) all of which exceeded the WHO set
limit of 0.01ppm. The study showed that the consumption of caprines and meat (muscle) from goats slaughtered in in Ibadan is
relatively safe. It is therefore recommended that there should be regular biomonitoring of heavy metals in the caprines and
meat from livestock slaughtered in Ibadan, Nigeria for public health safety.
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not made towards managing waste and protecting the
environment in its entirety as urbanization and
Industrialization continues to evolve and gain grounds
especially in West Africa [6]. In Nigeria, the use of
automobiles by almost all cadres of the society is high. This
amongst other factors such as growth in industrialization is
gradually leading to environmental deterioration. Thus,
Industrialization and heavy metal pollution are positively
correlated [7]. Nigeria is an oil exporting country and the
petroleum produced here contains >0.45g/l lead using the
Nigerian Industrial Standard (NIS 116:1981). Gasoline with
average lead content of 0.66g/L remains in use. With high
automobile importation, the national consumption of
petroleum in the country is estimated at 20million litres per
day, with about 150 people/car/city, therefore close to
15,000Kg 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 [8]. Food safety is a major public

1. Introduction

Our environment is impacted by a wide variety of
pollutants [1, 2]. The health risks associated with
environmental contaminants depends on several factors
including absorption and toxicity of substance, its level in
food, the quantity of contaminated food consumed and
duration of exposure [2]. Another challenging factor
concerning chemical contaminants is that the toxicity of
contaminants must be frequently extrapolated from animal
studies [3]. One of the most important aspects of
environmental pollution is that people take up many
pollutants through the food chain. Animals are a rich source
of food but also a rich source of contaminants [4]. It is also
important to carry out complex studies dealing with potential
elimination of these contaminants and their negative
influence on live organism [5]. Heavy metal pollution is
likely to reach disturbing levels because adequate efforts are
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health 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 [7].

In recent times, there has been considerable interest in the
level of heavy metallic elements in food because of their
harmful effects on human health [9]. These heavy metals in
food and drinking water amounts to approximately 80% for
cadmium, 40% for lead and 8% for mercury [10]. Metal
contamination in food especially meat have been broadly
investigated [11]. The main sources of human exposure to
lead and cadmium is through food which is believed to
account for approximately 30% and water of 10% [12].

The aim of this study is to evaluate the assess lead and
cadmium in the caprines of goats slaughtered and sold in
Bodija market in Ibadan, Nigeria. The objectives of this
study are to determine the concentrations of lead and
cadmium in the caprines of goats slaughtered in Bodija
market in Ibadan and to compare the obtained results with the
World Health Organization (WHO) permissible limits of lead
and cadmium in food.

2. Materials and Methods
2.1. Study Area

This study was carried out in Ibadan city which is the
capital of Oyo State of Nigeria. It is located near the
grassland boundary of South Western Nigeria at a distance of
145 kilometres North East of Lagos. The total area of the city
is approximately 103.8 square kilometres It has an estimated
population of 3.5 million from current projections based on
2006 National census. The Ibadan region comprises of 11
Local government areas and it can generally be rated as a
highly industrialised city.

2.2. Sample Collection and Processing

Caprines from six goats were collected from Bodija market
in Ibadan city. A total of 36 samples (Liver, oesophagus,
lungs, intestines, heart and muscle) were used in the study.
Sample collection, preparation and analyses were carried out

between the months of June and September 2016.

Samples were collected from Bodija market and taken to
the laboratory for ashing. The samples were ashed in a
furnace at a temperature of 400°C for two hours for each
batch of samples. The ashes were stored in sample bottles
prior to wet digestion. 0.5g of each dried sample was
digested with 2ml of 70% Nitric acid and allowed to stay
overnight. After 24hours, 1ml of 30% hydrogen peroxide was
added to each of the digested sample in the ratio of 2:1 and
allowed to simmer down. Following the digestion, the
solution was filtered using acid-resistant filter papers into
acid-rinsed polyethylene bottles. The digestion was made up
to 10ml mark with distilled water and taken for analysis.

2.3. Heavy Metal Analysis

The concentration of lead and Cadmium were determined
using Buck Scientific Atomic Absorption Spectrophotometer.
Each analysis was done in triplicates while standard and
blank samples were analysed for all the 36 samples. The
results will be expressed in parts per million (ppm).

2.4. Statistical Analysis

The data will be represented as means and standard
deviation of lead and cadmium in the caprines of the
slaughtered goats in Bodija market in Ibadan, Nigeria.
Histograms will be plotted to show the comparison between
the concentration of lead and cadmium for each of the
sample. The results will be compared with WHO guideline
limit to indicate the disparity.

3. Results

3.1. Concentration of Lead and Cadmium in the Caprines
of Goats in Bodija Market

The mean and standard deviation of Cd concentration in
the caprines of goats from the study is shown in Table 1,
while Pb was mostly undetected in the organs but occurring
in only one caprine of the sample as reported below.

Table 1. Concentration of Cd in the sampled caprines of goats from the study (ppm).

Caprine

ol Liver Lung Muscle Heart Oesophagus Intestine Mean Standard deviation
1 0.01 nd 0.03 0.01 nd 0.01 0.01 0.011

2 0.04 0 0.04 0.01 nd 0.01 0.166 0.019

3 nd 0.05 0 0.01 0.03 0.03 0.025 0.02

4 nd nd 0.02 nd nd 0.02 0.0066 0.01

5 0.06 0.04 0.02 0.04 0.01 0.02 0.122 0.018

6 nd 0.02 0.03 0.06 0.02 0.01 0.0233 0.02

nd=not detected.

The highest concentration of Cd was recorded in the
muscle (0.03ppm) while the lowest concentrations were
found in the liver, heart and intestine (0.01ppm) in sample 1.
Cd was not detected in the lungs and oesophagus. The
highest concentration of Pb in sample 1 was recorded in the

heart (0.63ppm). Pb was not detected in the liver, lungs,
muscle, oesophagus, intestine and heart. In sample 2, the
highest concentration of Cd was recorded in the liver and
muscle (0.04ppm) while the lowest concentration was found
in the heart and intestine (0.01ppm). Cd was not detected in
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the lung and oesophagus. The highest concentration of Pb in
sample 2 was recorded in the liver (0.42ppm). Pb was not
detected in the lungs, muscle, oesophagus, intestine and
heart. The highest concentration of Cd was recorded in the
lungs (0.05ppm) while the lowest concentration was found in
the heart in sample 3. Cd was not detected in the liver and
muscle. The highest concentration of Pb in sample 3 was
recorded in the lungs (0.83ppm) while in the liver, muscle,
heart oesophagus and intestine, Pb was not detected. In
sample 4, the highest concentration of Cd was recorded in the
intestine and muscle (0.02) while it was not detected in the
liver, lungs, heart and oesophagus.

The highest concentration of Pb in sample 4 was recorded
in the liver (0.33ppm) while in the lungs, muscle, intestine,
heart and oesophagus, Pb was not detected. In sample 5, the
highest concentration of Cd was recorded in the liver
(0.06ppm) while the lowest concentration was found in the
oesophagus (0.01ppm). The highest concentration of Pb in
sample 5 was recorded in the liver (0.33ppm) while in the
lungs, muscle, heart, oesophagus and intestine, it was not
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detected. The highest concentration of Cd was recorded in
the heart (0.06) while the lowest concentration was found in
the intestine (0.0lppm) in sample 6. The highest
concentration of Pb in this was recorded in the muscle
(0.01ppm) while it was not detected in the intestine,
oesophagus, lung, liver and heart. In all, the muscle had the
highest mean concentration of Cd as compared to other
organs and  tissues in  the  following  order
muscle>liver>heart>intestine>oesophagus>lungs.

3.2. Comparison of Concentration of Pb and Cd in the
Caprines with WHO Guideline Limits.

The results of the mean Cd concentration in the caprines
studied is shown in Figure 1. The highest mean concentration
was recorded in the liver, lungs, muscle, heart and intestine
(0.02ppm), while the least was in the oesophagus (0.01ppm).
All the mean Cd concentration in the caprines and muscle
were below the World Health Organization (WHO) guideline
limit of 0.05ppm [13].

Figure 1. Mean Cd concentration in the caprines and WHO guideline limit.

The results of the mean Pb concentration in the caprines is
shown Figure 2. The highest mean Pb concentration in the
caprines was in the lungs (0.14ppm), while the least was in
the muscle (0.01ppm). It was not detected in the intestines
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and oesophagus of all the samples. The mean concentration
of Pb in the liver, lungs and heart exceeded the WHO
guideline limit of O.1ppm [13], while in the muscle
(0.01ppm) was below it.

Figure 2. Mean Pb concentration in the caprines and WHO guideline limit.
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4. Discussion

4.1. Distribution of Lead and Cadmium Metals in the
Caprines of Goats.

The results obtained from this study indicated that Cd
concentrations in the caprines of goats collected from Bodija
market Ibadan was insignificant while there was variability in
the distribution of Pb metal in the caprines, although the
variations in the values obtained was minimal.

4.2. Human Consequences of Consuming Goat Meat in
Ibadan

From the results obtained, the concentrations of Pb in
the caprines of the goats obtained exceeded the
WHO/FAO permissible limit of 0.05ppm in the heart of
sample 6 and the liver of sample 5. Cd in the goat samples
was below the FAO/WHO permissible limits of 0.1ppm
for the tested samples, except in the heart of sample 1
(0.63ppm), liver of sample 2 (0.42ppm), lung of sample 3
(0.83ppm), liver of sample 4 (0.33ppm). Similar findings
have been reported by Akan [7] in a study on the
distribution of heavy metals in the liver, kidney and meat
of beef, mutton, caprine and chicken from Kasuwan Shanu
Market in Maiduguri Metropolis, Borno State Nigeria.
Hence, consumption of goats from Bodija market is
relatively safe except the heart, liver and lungs. The high
concentration of Cd and Pb in some of the caprines is due
to level of exposure, ingestion by life goats and even at
the points of slaughter and the physiological activities of
the organs and tissues involved. For example, the heart
helps in circulation of blood and other materials around
the body. Unwanted materials such as heavy metals can be
trapped during this process. The liver is the site of
detoxification. Toxins and other harmful substances can be
trapped during this process. The lungs play a role
respiration during the process of respiration, air is being
filtered. Toxic materials from contaminated air can be
trapped in the lungs during this process [2]

5. Conclusion and Recommendation

All the samples collected were safe for human
consumption except for heart and lung, which were above
recommended limits set by FAO/WHO (2002/2004). The
relative safety of consuming goats from Bodija market in
Ibadan is due to poor industrialisation in the areas where they
are raised and hence low discharge of heavy metals and
subsequently safe exposure and intake by the livestock.
However, continuous monitoring and surveillance should be
used as bioaccumulation of Pb and Cd could lead to serious
health problems among consumers as earlier discussed in the
literature review.

In addition, garlic could be used to antagonize Pb toxicity
as it contains chelating compounds capable of enhancing the
elimination of Pb. Medical chelation programmes 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
effects on humans and animals. Industries should be sited far
away from animal pens and livestock houses because
exposure of livestock to high levels of Cd and Pb can trigger
adverse effects such as reproductive impairment,
physiological abnormalities, behavioural modifications and
even death. Therefore, animal’s water, source of air and food
should be monitored closely through biomonitoring
programmes for Pb and Cd to avoid exposure to these highly
toxic metals.
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