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ABSTRACT

The study was carried out on the evaluation of cadmium in chicken meat and offal in three markets in Ibadan. The appraisal
was aimed at assessing the cadmium that has accumulated in the kidney, liver, intestine, blood, muscle and feathers of chicken
widely consumed in domestic chicken (Gallus gallus domesticus). Ten mature chickens were bought and dissected to remove
the chicken meat and offal samples. This samples were oven-dried separately and pulverised into powdered form through
grinding with a mortar and pestle. These were acid-digested for cadmium analyses using Buck Scientific 210 VGP Atomic
Absorption Spectrophotometer. The overall results from all the study sites showed varying mean concentrations in the intestine
(0.713 £ 0.024 ppm), feather (0.702 + 0.035 ppm) and muscle (0.592 + 0.019 ppm) with low mean concentrations in the blood
(0.426 £ 0.032 ppm), liver (0.432 = 0.021 ppm) and kidney (0.352 £ 0.027 ppm). Most of the chicken meat and offal samples
were above the WHO guideline limit of 0.05 ppm. The Target Hazard Quotient (THQ) from the study was below 1 which

suggested that the general populace in this study area was not at risk.
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INTRODUCTION

All mineral elements have the potential to cause toxicosis
in higher consumers, especially when consumed in fairly
significant quantities as part of food (Pond et al, 1995;
ASTDR, 2005). The margin of safety between the minimum
amounts required to feed on and the amount that causes
adverse effects varies for different minerals, depending on
prevailing conditions. However, there are many minerals
that do not have any known function in the animal body and
are therefore harmful or toxic. Today, environment, plants,
animals and humans are exposed to high levels of these toxic
minerals, and even higher than ever recorded in the past due
to anthropogenic activities. This is attributable to industrial
activities and the limitless burning of coal, gas and oil and
incineration of waste materials that takes place around the
world (Nriagu 1980; 1988; 1989; Nriagu and Pacyna 1988).
Thus, the toxic heavy metals are ubiquitous thereby having
the potential to bioaccumulate and transferred along the food
chain to higher consumers like man. Among existing toxic
heavy metals, the most important are arsenic, cadmium, lead
and mercury, which are harmful to animals’ health (Suttle
2010). The high influx of electronic wastes (e-wastes) rich
in cadmium in Nigeria has the potential of finding its way
into the food chain through bioaccumulation. Hence there is
the need to assess cadmium levels in the chicken meat and
offal consumed in Ibadan city, Nigeria. The aim of this study
is to evaluate organ and tissue concentration of cadmium in
domestic chicken as an indicator on the composition of tissues
and its consequences when consumed by man. Thus, the main
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objectives of this study were to evaluate the bioavailability
of cadmium in chicken meat and offal in Ibadan; assess the
differences in tissues and organ levels of cadmium from
different markets in Ibadan; compare the mean cadmium
concentration in chicken meat and offal with World Health
Organisation (WHO) and Food and Agricultural Organisation
(FAO) guideline standards.

MATERIALS AND METHODS
Study sites

The study sites for the collection of domestic chicken samples
were the markets of Bodija (Ibadan North Local Government
Area), Ojoo (Akinyele Local Government Area) and Sango in
Ibadan city of Oyo State in Nigeria.

Sample collection, processing and analyses

A total of ten domestic chickens were randomly bought from
Bodija (tagged as samples A, B, H, I, J), Ojoo (tagged as
samples C, D) and Sango (tagged as samples E, F, G) markets.
The domestic chickens bought were of market size and
tagged A-J. Each chicken was slaughtered and dissected to
remove blood, feather, liver, intestine, muscle and kidney all
amounting to a total sample size of 60. The blood sample was
allowed to coagulate naturally and together with other organs
and tissues separately dried in an oven at 220°C for one hour.
Each dry sample was pulverised using a pestle and mortar.
0.5-1 g of each powdered sample was digested overnight in
2 mL of 70% HNO, Thereafter, 1 mL of 30 H,O, was added
and allowed to simmer down. Distilled water was added to the
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Table 1: Mean cadmium levels, standard deviation, minimum and maximum values in the chicken meat and offal in Ibadan

Market Measure Blood Feather Intestine Blood Feather Intestine
Mean 0.056 0.068 0.059 0.056 0.068 0.059
BODIJA Standard deviation +0.039 +0.030 +0.029 +0.039 +0.030 +0.029
Min-Max 0.013-0.094  0.033-0.106 = 0.028-0.095 @ 0.013-0.094  0.033-0.106 | 0.028-0.095
Mean 0.037 0.043 0.086 0.037 0.043 0.086
SANGO  Standard deviation +0.013 +0.018 +0.007 +0.013 +0.018 +0.007
Min-Max 0.027-0.052 | 0.032-0.064 | 0.078-0.090 @ 0.027-0.052 @ 0.032-0.064 @ 0.078-0.090
Mean 0.017 0.117 0.081 0.017 0.117 0.081
0JOO | Standard deviation +0.020 +0.011 +0.010 +0.020 +0.011 +0.010
Min-Max 0.003-0.031 0.109-0.124 | 0.074-0.088 = 0.003-0.031 @ 0.109-0.124 = 0.074-0.088

10 mL mark of the test tube and taken to the laboratory for
analyses. The digested and processed sample was analysed
for cadmium (Cd) using Buck Scientific 210 VGP Atomic
Absorption Spectrophotometer in triplicates. Standards and
blanks were used for quality assurance of the results for each
of the sixty samples.

Data analyses

The mean and standard deviation of the cadmium
concentration in the chicken meat and offal from the study
will be computed using Microsoft Excel. Maximum and
minimum values of cadmium concentration in the chicken
meat and offal will also be computed. The data showing
variations in cadmium concentration in the chicken meat and
offal at the three sampling sites will be plotted as histograms.
This will show organ/tissue-based and spatial variations in
comparison with Food and Agricultural Organisation/World
Health Organisation (FAO/WHO) guidelines standards.

Health risk assessment

The health risk assessment of the cadmium in the edible
chicken parts would be carried out using the Target Hazard
Quotient (THQ) equation. The methodology for estimation of
target hazard quotient offers an indication of the risk level due
to pollutant exposure (Cd) and is available in USEPA Region
111 risk-based concentration table (USEPA 2010). If THQ
value is equal to or greater than 1, an exposed population to
the pollutant of concern (Cd) will be at health risk.

EFxEDxFIRxC

Target hazard quotient (THQ) =
& q (THQ) RFDxWABxTA

Where,

x10° (1)

EF is exposure frequency (from 365 days per year for
people who eat chicken meat 7 times a week to 52 days per
year for people who eat chicken meat once a week).

ED is the exposure duration (70 years) equivalent to the
average lifetime.

FIR is the food ingestion rate (for egg: 37.2 g/person/day)
and used for chicken meat and offal.

C is the metal concentration in the chicken meat and offal
(ppm).
RFD is the oral reference dose (USEPA 1997, 2000).

WAB is the average body weight (64 kg, the reference
weight for the age categories)

TA is the average exposure time for non-carcinogens (365

204

day/year * ED).
RESULTS
Cadmium level in the chicken meat and offal in Ibadan

Table 1 shows the mean cadmium levels, standard deviation,
minimum and maximum values in the chicken meat and
offal in Ibadan. The highest mean cadmium level from
Bodija market was in the feather (0.068 + 0.030), while the
lowest was in the kidney (0.029 + 0.033). The highest mean
cadmium level from Sango market was in the intestine (0.086
+ 0.007), while the lowest was in the blood (0.037 £ 0.013).
The highest mean cadmium level from Ojoo market was in
the feather (0.117 + 0.011), while the lowest was in the blood
(0.017 £ 0.020).

Variation of cadmium levels in chicken at the sampling
sites

Results of the variations in the cadmium levels of chicken
parts from the sampling sites (Bodija, Sango and Ojoo
markets) are shown in Figure 1 to 10 below in comparison
with World Health Organisation (WHO) guideline limit
(WHO 2004). As shown in Figure 1, in sample A (Bodija
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Figure 1: Cadmium levels in organs and tissues of domestic
chicken at Bodija market (a).
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market), blood (0.013 ppm), kidney (0.009 ppm) liver (0.014
ppm) and muscle (0.029 ppm) were lower than the WHO
limit of 0.050 ppm while that of the feather (0.079 ppm) and
intestine (0.067 ppm) were higher. Overall, the kidney had
the lowest concentration (0.009 ppm) while the feather had
the highest value (0.079 ppm). In sample B (Bodija market)
shown in Figure 2, blood (0.015 ppm), kidney (0.001 ppm),
liver (0.004 ppm) and muscle (0.049 ppm) were lower
than the WHO limit of 0.050 ppm while that of the feather
(0.106 ppm) and intestine (0.073 ppm) were higher than the
WHO limit. Overall, the kidney had the lowest cadmium
concentration (0.001 ppm) while the feather had the highest
value (0.106 ppm). In sample C (Ojoo market) shown in
Figure 3, blood (0.003 ppm), kidney (0.011 ppm), liver
(0.049 ppm) were lower than the WHO limit of 0.050 ppm
while that of the muscle (0.051 ppm), feather (0.109 ppm)
and intestine (0.088 ppm) were higher than the WHO limit.
Overall, the blood had the lowest cadmium concentration
(0.003 ppm) while the feather had the highest value (0.109
ppm). In sample D (Ojoo market) shown in Figure 4, blood
(0.031 ppm), kidney (0.029 ppm), liver (0.038 ppm) were
lower than the WHO limit of 0.050 ppm while that of the
muscle (0.051 ppm), feather (0.124 ppm) and intestine (0.074
ppm) were higher than the WHO limit. Overall, the kidney
had the lowest cadmium concentration (0.029 ppm) while
the feather had the highest value (0.124 ppm). In sample E
(Sango market) shown in Figure 5, blood (0.032 ppm) was
lower than the WHO limit of 0.050 ppm while that of the
muscle (0.052 ppm), kidney (0.055 ppm), liver (0.053 ppm),
feather (0.064 ppm) and intestine (0.078 ppm) were higher
than the WHO limit. Overall, the blood had the lowest
cadmium concentration (0.032 ppm) while the intestine had
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Figure 2: Cadmium levels in organs and tissues of domestic
chicken at Bodija market (b).
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Figure 3: Cadmium levels in organs and tissues of domestic
chicken at Ojoo market (a).
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Figure 4: Cadmium levels in organs and tissues of domestic
chicken at Ojoo market (b).

the highest value (0.078 ppm). In sample F (Sango market)
shown in Figure 6, blood (0.027 ppm), feather (0.033 ppm)
and muscle (0.044 ppm) were lower than the WHO limit
of 0.050 ppm while that of the kidney (0.064 ppm), liver
(0.057 ppm), and intestine (0.089 ppm) were higher than
the WHO limit. Overall, the blood had the lowest cadmium
concentration (0.027 ppm) while the intestine had the highest
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Figure 5: Cadmium levels in organs and tissues of domestic
chicken at Sango market (a).
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Figure 6: Cadmium levels in organs and tissues of domestic
chicken at Sango market (b).

value (0.089 ppm). In sample G (Sango market) shown in
Figure 7, kidney (0.049 ppm), feather (0.032 ppm) and were
lower than the WHO limit of 0.050 ppm while that of the
blood (0.052 ppm) liver (0.078 ppm), muscle (0.084 ppm)
and intestine (0.090 ppm) were higher than the WHO limit.
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Overall, the feather had the lowest cadmium concentration
(0.032 ppm) while the intestine had the highest value (0.090
ppm). In sample H (Bodija market) in Figure 8, kidney
(0.045 ppm) and feather (0.033 ppm) were lower than the
WHO limit of 0.050 ppm while that of the blood (0.082 ppm)
liver (0.051 ppm), muscle (0.085 ppm) and intestine (0.095
ppm) were higher than the WHO limit. Overall, the feather
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Figure 7: Cadmium levels in organs and tissues of domestic
chicken at Sango market (c).
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Figure 8: Cadmium levels in organs and tissues of domestic
chicken at Bodija market (c).
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had the lowest cadmium concentration (0.033 ppm) while the
intestine had the highest value (0.095 ppm).

In sample I (Bodija market) in Figure 9, feather (0.041
ppm), liver (0.036 ppm) and intestine (0.031 ppm) were
lower than the WHO limit of 0.050 ppm while that of the
blood (0.077 ppm) kidney (0.079 ppm) and muscle (0.074
ppm) were higher than the WHO limit. Overall, the intestine
had the lowest cadmium concentration (0.031 ppm) while the
kidney had the highest value (0.079 ppm). In sample J (Bodija
market) in Figure 10, kidney (0.010 ppm) and intestine
(0.028 ppm) were lower than the WHO limit of 0.050 ppm
while that of the liver (0.052 ppm) feather (0.081 ppm) blood
(0.094 ppm) and muscle (0.073 ppm) were higher than the
WHO limit. Overall, the kidney had the lowest cadmium
concentration (0.010 ppm) while the blood had the highest
value (0.094 ppm).

Health risk assessment

Calculating the health risk assessment using the Target
Hazard Quotient (THQ) as restated below.
EFXEDXFIRxC .
————— x10°?
RFDxWABxTA

Where EF is exposure frequency (from 365 days per year
for people who eat chicken meat 7 times a week to 52 days
per year for people who eat chicken meat once a week)

Target hazard quotient (THQ) =

ED is the exposure duration (70 years) equivalent to the
average lifetime

FIR is the food ingestion rate (for egg: 37.2 g/person/day).

C is the metal concentration in for egg content (3.217
pg/g) in this case meat and offal
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Figure 9: Cadmium levels in organs and tissues of domestic
chicken at Bodija market (d).
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Figure 10: Cadmium levels in organs and tissues of domestic
chicken at Bodija market (¢).

RFD is the oral reference dose (USEPA 1997, 2000)

WAB is the average body weight (64 kg, the reference
weight for the age categories)

TA is the average exposure time for non-carcinogens (365
day/year * ED).
THQ = 52x70x37.2x3.217
10x64x365
THQ = 1.865%10"
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If THQ value is equal to or greater than 1, an exposed
population to the pollutant of concern (Cd) will be at health
risk. Since the THQ value <1, therefore the general populace
of Ibadan metropolis that feed on chicken meat from these
markets will not be at health risk in the short-term. However,
continuous consumption of the small doses of the cadmium
in the chicken meat will lead to its bioaccumulation and
consequent deleterious health effects.

DISCUSSION
Cadmium level in the chicken meat and offal in ibadan

The high cadmium level observed in feathers (0.068 £ 0.03)
at Bodija market could be as a result of continuous deposition
of the heavy metal from the circulatory system during the
developmental stages while the low levels in the kidney can
be as a result of efficient excretion (Nagabhushanam et al.,
1999; Twegbue et al., 2008; Miller and Spoolman 2010). The
high mean cadmium levels in the intestine (0.086+0.007) at
Sango market can be attributed to the potential of the villi to
retain some of the metal in its tissues (Oforka et al., 2012)
while the low levels in the blood may be as a result of efficient
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uptake by tissues at the capillary level. Similarly, the high
mean cadmium levels in the feathers (0.117 + 0.011) from
Ojoo market and the low concentration in the blood (0.017+
are as a result of physiological differences in absorption,
retention and excretion as stated above.

Variations in the cadmium levels in chicken at the
sampling sites

Findings in sample A (Bodija market) where cadmium
concentration in the blood, kidney , liver and muscle were lower
than the WHO limit corroborates similar findings by Akan et
al., 2010 in a study of chickens from Kasuwan Shanu market
in Maiduguri that shows cadmium statistically significant in
the kidney and liver but within tolerance limits. The study
showed the cadmium range of 0.01-0.34 + 0.23 ug/g (ppm)
while this present study under discussion varied from 0.01
(Kidney)-0.094 (Blood). On the other hand, the high cadmium
level in the feather which is not an edible part provides an
excretory feature for storage and to get rid of the toxic heavy
metal (Cd). No study on heavy metals in chicken parts has
previously included feathers for assessment in Nigeria. More
so, the intestine as a chicken part is not commonly consumed in
most cultures and therefore the elevated cadmium (Cd) above
WHO guideline limit does not pose a public health threat to the
vast majority of the populace. Similarly, samples B, H I and
J from Bodija market show the similar trend with the blood
peaking in the cadmium concentration and the kidney having a
lower level of the heavy metal. In Ojoo market, samples C and
D, show that with the exception of intestine and kidney, all the
other organs exceeded WHO limit which is in agreement with
studies by Onianwa et al., (2000), Okoye et al., (2015) and
Oforka et al., (2015) in whose study cadmium exceeded the
permissible WHO level in the liver and kidney of about 10-405
of the sample. In Sango market, samples E, F and G show that
with the exception of intestine and kidney, all the other organs
exceeded WHO limit which is in agreement with studies by
Okoye et al, (2015) in whose study cadmium exceeded the
permissible WHO level in the liver and kidney of about 10-405
of the sample.

Health risk associated with cadmium levels in the
chicken meat and offal in ibadan

Most of the chicken meat and offal from Ibadan had
cadmium concentration above FAO/WHO recommended
limit of 0.05 ppm thereby indicating that consumers of these
animal products are at health risk in the long term (FAO/
WHO 1993 and WHO, 1989). Although, the target hazard
quotient (THQ) is <1 which is indicative of no health risk, the
continuous consumption of the contaminated chicken meat
and offal could lead to its bioaccumulation and the advent
of potential health hazards associated with the toxic metal.
This implies that consumers of this contaminated meat must
combine natural chelating agents like fruits and vegetables
in their diet mostly those rich in ascorbic acid. The chelating
agents would naturally facilitate the excretion of cadmium in
a harmless form in the urine.

CONCLUSION

From this study, it can be seen that cadmium being a
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toxic metal can bioaccumulate in the human body and have
debilitating effects on the body. This study is aimed at calling
the attention of scholars and the general populace to its
adverse effects. Since the values of Cd were lower in the liver
and kidney which are the main targets for Cd accumulation in
several organisms, more research work is needed to analyze
the feeds and fluids administered to the chicken in this study
whether they contain chelating agents such as ascorbic acids
that aid in the excretion of Cd, or natural physiological
ability to get rid of the toxin. The environmental fate and
the toxicity of cadmium calls for a global initiative aimed at
minimising human and environmental consequences of the
ongoing cadmium emissions. The relevance of considering
a global initiative comes, furthermore, from the fact that
cadmium used intentionally in products is traded globally
and that effective risk reduction measures thus must be seen
in a global context. Caution is required in the disposal of
cadmium-rich wastes such as electronic wastes (e-wastes) in
order to regulate the quantity of the heavy metal that will
become bioavailable in the human environment.
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