
Research Journal of Applied Sciences, Engineering and Technology 2(8): 743-748, 2010

ISSN: 2040-7467

© Maxwell Scientific Organization, 2010

Submitted date: October 13, 2010 Accepted date: November 15, 2010 Published date: December 10, 2010

Corresponding Author: J.C.  Akan,  Department  of  Chemistry,  University  of  Maiduguri, P.M.B. 1069, Maiduguri, Nigeria.
Tel: +2348036000506

743

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

1J.C. Akan, 1F.I. Abdulrahman, 2O.A. Sodipo and 1Y.A. Chiroma
1Department of Chemistry, University of Maiduguri, P.M.B. 1069, Maiduguri, Nigeria
2Department of Clinical Pharmacology and Therapeutics, College of Medical Sciences,

University  of Maiduguri, Maiduguri, Nigeria

Abstract: This study was to determine the concentrations of heavy metals (Cu, Zn, Co, Mn, Mg, Fe, Cr, Cd,

As, Ni and Pb) in liver, kidney and meat of beef (cow), mutton (sheep), caprine (goat) and chicken, from

Kasuwan Shanu Market in Maiduguri Metropolis, Borno State, Nigeria by using Perkin-Elmer Analyst 300

Atomic  Absorption Spectroscopy (AAS). The levels of heavy metals in the liver, kidney and meat of beef,

mutton, caprine and chicken ranged from 0.23 to 1.22±0.21 :g/g Cr; 0.1 to 1.34±0.23 :g/g Pb; 0.10 to

1.44±0.06 :g/g Cu; 0.98 to 4.65±0.30:g/g Fe; 0.01 to 1.09±0.26 :g/g Ni; 0.45 to 4.11±0.44 :g/g Mn; 0.07 to

0.76±0.15:g/g Cd; 0.01 to 0.34±0.23:g/g As and 1.10 to 6.23±0.16 :g/g Zn. The concentrations of all the

metals in the liver, kidney and meat of beef, mutton, caprine and chicken were found to be statistically

significant (p<0.05).  Generally, livers and kidneys were found to have the highest significant levels of metals

and meat the lowest levels. When compared to one another (beef, mutton, caprine and chicken), there did show

significant differences. Hence, the concentrations of all the metals were within the tolerance limits with the

exception of Cr and Pb, which were higher than standard limits.
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INTRODUCTION

Toxic metal is defined as that metal, which is neither

essential nor has beneficial effect, on the contrary, it

displays severe toxicological symptoms at low levels and

is defined as a metal with   a specific weigh more than 5

g/cm3. With increasing industrialization, more and more

metals are entering into the environment. These metals

stay permanently because they cannot be degraded in the

environment. They enter into the food material and from

there they ultimately make their passage into the  tissue

(Baykov et al., 1996). Lead, cadmium, mercury and

arsenic are among the main toxic metals which

accumulate in food chains and have a cumulative effect

(Cunningham and Saigo, 1997). Heavy metals often have

direct physiologically toxic effects and are stored or

incorporated in living tissues (Baykov et al., 1996). A

study carried out by John and Jeanne (1994) showed that

levels of arsenic, cadmium, mercury and lead were

detected in several tissues of goats; the results showed

that the levels of the above metals were found to be very

high and generally above the permissible level. Similarly,

the distribution and localization of some heavy metals in

the tissues of some calf organs were detected, the most

affected organs, which show ed higher levels of trace

metals,  were  livers,  kidneys  and  small intestines

(Horky et al., 1998). Lead is a metabolic poison and a

neurotoxin that binds to essential enzymes and several

other cellular components and inactivates them

(Cunningham and Saigo, 1997). Toxic effects of lead are

seen  on  haemopoietic,  nervous,  gastrointestinal and

renal  systems  (Baykov  et  al.,  1996).  Food  is  one of

the principle  environmental  sources  of  cadmium

(Baykov et al., 1996). As cadmium moves through the

food chain it becomes more and more concentrated as it

reaches the carnivores where it increases in concentration

by a factor of approximately, 50 to 60 times (Daniel and

Edward, 1995). Toxic effects of cadmium are kidney

dysfunction, hypertension, hepatic injury and lung

damage (John and Jeanne, 1994). Cadmium chloride at

teratogenic dose induced significant alterations in the

detoxification enzymes in the liver and the kidney (Reddy

and Yellamma, 1996). Animals vary in their arsenic

accumulation depending upon the type of food they

consume (John and Jeanne, 1994). Acute arsenic exposure

can give symptoms with rapid onset of headache, nausea

and severe gastrointestinal irritation (Allan et al., 1995).

Similarly, increase in levels of copper causes liver, kidney

and brain damage, which may follow haemolytic crisis

(Judith, 1994).  Zinc   concentrations   were  found  to be



Res. J. Appl. Sci. Eng. Technol., 2(8): 743-748, 2010

744

highest   in   meat,   liver,   fish  and  eggs  (Janet  and
Carl, 1994). 

The risk associated with the exposure to heavy metals
present in food product had aroused widespread concern
in human health. Improvements in the food production
and processing technology had increased the chances of
contamination of food with various environmental
pollutants, especially heavy metals. Ingestion of these
contaminants by animals causes deposition of residues in
meat. Due to the grazing of cattle on contaminated soil,
higher levels of metals have been found in beef and
mutton (Sabir et al., 2003). Gonzalez-W aller et al. (2006)
also recorded the levels of toxic metals (lead and
cadmium) in meat product exceeding recommended
limits.

Meat is a very rich and convenient source of nutrients
including also to a large extent microelements. Chemical
composition of meat depends on both the kind and degree
of the feeding animal. The need for mineral compounds
depends on the age, physiological state and feed intake as
well as on living conditions (Baykov et al., 1996).
Contamination with heavy metals is a serious threat
because of their toxicity, bioaccumulation and
biomagnifications  in  the food chain (Demirezen and
Uruc, 2006). Although contamination of animal feed by
toxic metals cannot be entirely avoided given the
prevalence of these pollutants in the environment, there is
a clear need for such contamination to be minimized, with
the aim of reducing both direct effects on animal health
and indirect effects on human health (SCAN, 2003).
Toxic effects of metals have been described in animals
under   relatively  low  levels  of  metal  exposure
(Kostial, 1986); one of the earliest effects is the disruption
of trace element metabolism (Goyer, 1997; Lo'pez-
Alonso et al., 2002).

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 (Santhi et al., 2008; Mahaffey,
1977). Instances of heavy metal contamination in meat
products   during   processing   have  been reported
(Santhi et al., 2008; Brito et al., 2005). In other cases,
contaminated animal feed and rearing of livestock in
proximity to polluted environment were reportedly
responsible for heavy metal contamination in meat
(Miranda   et   al.,   2005;   Sabir   et  al., 2003;
Koréneková et al., 2002). 

In Nigeria, chicken meat, the liver, kidney and meat
of goat, sheep and beef are a major source of protein to
the population and are widely consumed. The main source
of metals in chicken and turkey meat arises from
contamination of poultry feed and drinking water. Meat is
a food material, which is composed of mainly protein, fat
and some important essential elements. It is essential for
growth and maintenance of good health. Contamination is
transferred to animals through direct sewage water and
industrial effluent. Contamination of meat can also be

caused by vehicle  emission and from dirty slaughter
places. This study is  carried out to determine the levels of
heavy metals in different organs (liver, K idneys and meat)
of beef, mutton, caprine and chicken obtained from
Kasuwan Shanu Market, Maiduguri, Borno State, Nigeria.

MATERIAL AND METHODS

Sample collection: Fresh samples of liver, Kidneys and
meat of beef (cow), mutton (sheep), caprine (goat) and
chicken were collected from the Kasuwan Shanu Market
in Maiduguri Metropolis, Borno State, Nigeria. The
samples were collected in polyethylene bags and
transported to the laboratory for analysis. The study was
carried out between the periods of November 2009 to
June, 2010

Sam ple preparation: The collected samples were
decomposed by wet digestion method for the
determination of various metals. A known quantity, 10 g
of each sample (liver, kidney and meat) was introduced
into the digestion flask. 20 mL of sulphuric acid was
added into it. The digestion flask was heated for 30 min.
After the flocculation was settled, the flask was heated on
high flame. After digestion, hydrogen peroxide was added
drop wise until a clear solution was obtained. The content
of the flask was filtered into a 50 mL volumetric flash and
made up to the mark with distilled w ater. 

Elemental analysis of samples: Determination of Cu, Zn,
Co, Mn, Mg, Fe, Cr, Cd As, Ni and Pb in soil and
vegetable samples w ere made directly on each of the final
solutions using  Perkin-Elmer Analyst 300 A tomic
Absorption Spectroscopy (AAS).

Statistical analyses: Data collected were presented as
mean and standard deviation and were subjected to one-
way analysis of variance (ANOVA) (p<0.05) to assess
whether heavy metals varied significantly between
animals. All statistical calculations were performed with
SPSS 9.0 for Windows (Ozdamar, 1991).

RESULTS AND DISCUSSION

The concentrations of heavy metals in the liver of
beef,  mutton,  caprine  and  chicken are presented in
Table 1. Cr levels ranged between 0.43±0.10 and
1.22±0.21 :g/g; 0.16±0.02 and 1.34±0.23 :g/g Pb;
0.54±0.04 and 1.44±0.06 :g/g Cu; 2.13±0.11 and
4.65±0.30 :g/g Fe; 0.09±0.01 and 1.09±0.26 :g/g Ni;
0.22±0.01 and 0.77±0.17 :g/g Co; 1.34±0.22 and
4.11±0.44 :g/g Mn; 0.22±0.02 and 0.76±0.15 :g/g Cd;
0.03±0.01 and 0.34±0.23 :g/g as and 2.34±0.08 and
6.23±0.16 :g/g Zn. The level of  heavy  metals  in  the
 kidney  of beef, mutton,  caprine  and  chicken is as
presented in Table 2. Cr concentrations range from
0.27±0.04 to 0.85±0.01 :g/g;   0.08±0.05   to  1.22±0.32
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Tab le 1:  Co ncen trations o f heav y me tals in liver o f Bee f, M utton, C aprine  and C hicke n from  Ka suw an S hanu , Ma idugu ri M etropo lis, Nige ria

Concentrations (:g/g)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Samples Cr Pb Cu Fe Ni Co M n Cd As Zn

Beef 0.43±0.10a 0.25±0.01a 0.87±0.12a 2.13±0.11a 0.29±0.04a 0.43±0.06a 1.34±0.22a 0.22±0.02a 0.08±0.01a 4.24±0.16a

Mutton 0.76±0.03b 0.16±0.02b 0.54±0.04b 3.76±0.22b 0.09±0.01b 0.77±0.17b 2.76±0.43b 0.76±0.15b 0.34±0.23b 2.34±0.08b

Caprine 1.22±0.21c 1.34±0.23c 1.02±0.21c 3.98±0.31c 0.19±0.02c 0.22±0.01c 3.22±0.65c 0.44±0.03c 0.15±0.06c 6.23±0.16c

Chicken 0.65±0.04d 0.22±0.02d 1.44±0.06d 4.65±0.30d 1.09±0.26d 0.33±0.01d 4.11±0.44d 0.27±0.10d 0.03±0.01d 3.11±0.25d

Within column, mean with different letters are statistically significant p<0.05 

Tab le 2:  Co ncen trations o f heav y me tals in K idney  of B eef, M utton, C aprine  and C hicke n from  Ka suw an S hanu , Ma idugu ri M etropo lis, Nige ria

Concentrations (:g/g)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Samples Cr Pb Cu Fe Ni Co M n Cd As Zn

Beef 0.32±0.05a 0.15±0.03a 0.54±0.01a 1.87±0.07a 0.16±0.02a 0.23±0.04a 1.04±0.01a 0.17±0.04a 0.14±0.01a 3.87±0.09a

Mutton 0.65±0.02b 0.08±0.05b 0.34±0.02b 3.07±0.13b 0.04±0.01b 0.56±0.05b 2.04±0.21b 0.34±0.10b 0.18±0.06b 1.76±0.02b

Caprine 0.85±0.01c 1.22±0.32c 0.62±0.06c 2.51±0.15c 0.13±0.08c 0.14±0.01c 2.88±0.12c 0.39±0.07c 0.05±0.22c 4.76±0.44c

Chicken 0.27±0.04d 0.16±0.06a 0.44±0.10d 3.54±0.23d 0.24±0.01d 0.17±0.02d 3.67±0.14d 0.16±0.01a 0.11±0.01d 2.23±0.17d

Within column, mean with different letters are statistically significant p<0.05 

Fig. 1: Mean concentration of heavy metals in the Meat of Beef, Mutton, Caprine and Chicken from Kasuwan Shanu Maiduguri
Metropolis, Nigeria

 :g/g  Pb;  0.34±0.02 to 0.62±0.06 :g/g Cu; 1.87±0.07 to
3.54±0.23 :g/g Fe; 0.04±0.01 to 0.24±0.01 :g/g  Ni;
0.14±0.01 to 0.56±0.05 :g/g Co; 1.04±0.01 to 3.67±0.14
:g/g Mn; 0.16±0.01 to 0.39±0.07 :g/g Cd; 0.05±0.22 to
0.18±0.06 :g/g as and 1.76±0.02 to 4.76±0.44 :g/g Zn.
The levels of heavy metals in the meat of beef, mutton,
caprine and chicken are as presented in Fig. 1. Chromium
concentrations range from 0.15 to 0.43 :g/g; 0.04 to 0.10
:g/g Pb; 0.01 to 0.24 :g/g Cu; 0.98 to 2.87 :g/g Fe; 0.01
to 0.22 :g/g Ni; 0.06 to 0.32 :g/g Co; 0.45 to 3.20 :g/g
Mn; 0.070 to 0.29 :g/g Cd; 0.01 to 0.13 :g/g As and 0.10
to 2.04 :g/g Zn.

The concentrations of Chromium (Cr) were observed
in the liver, kidney and meat of beef, mutton, caprine and
chicken are as presented in Table 1, 2 and Fig. 1. The
highest concentration of Cr was found in the liver of
caprine (1.22±0.21 :g/g) and the lowest level was
observed in meat of beef (0.23 :g/g).  Cr is an essential
element helping the body to use sugar, protein and fat, at
the same time it is carcinogenic for organisms (Institute of
Medicine, 2002). Excessive amounts of Cr may cause
adverse health effects (ATSDR, 2004).The concentrations
of all the metals in the liver samples studied were higher
than the permissible limit of 0.10 :g/g.

Lead as observed in the liver of caprine showed the
highest concentration of 1.34±0.23 :g/g and the lowest
concentration of 0.1 :g/g in the meat of chicken. Similar

results obtained by Spierenburg et al. (1988) who
determined lead concentrations in liver and kidney of
cattle within a 20 Km radius of zinc refineries and
compared these w ith cattle in unpolluted control areas.
Significantly higher amounts of lead in liver and kidneys
were found in cattle sampled around the refineries than
those cattle reared in the mining area and also higher than
those in cattle in the rural area. Aranha (1994) reported
higher concentration of lead than the permissible limit in
the liver and kidney of animals. Danev et al. (1996)
showed that 86% samples of liver and 100% samples of
kidney were contaminated above the limits set by the
country’s regulations. Similarly, Maldonado et al. (1996)
studied lead with reference to its intestinal absorption,
mobilization and redistribution during lactation in rats and
showed significantly higher levels of lead in the livers and
kidneys. The results revealed that the concentrations of
lead in the liver, kidney and meat of beef, mutton and
chicken were lower than the permissible limit, while the
liver and kidney of caprine were higher than the
permissible limit of 1 ppm (ANZFA, 2001) thus
indicating contamination of the liver and kidney. 

The highest copper concentration was found in the
liver of chicken (1.44±0.06 :g/g) and the least value was
observed in the meat of chicken (0.1 :g/g). The copper
concentration in the liver, kidney and meat of beef,
caprine chicken and mutton was below the permissible
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limit  of  200 ppm (ANZFA, 2001). Mukhacheva and
Bezel (1995) found higher levels of copper and zinc in the
livers and kidneys of mutton and beef. Copper is an
essential component of various enzymes and it plays a key
role in bone formation, skeletal mineralization and in
maintaining the integrity of the connective tissues. Copper
is essential for good health, but very high intake can cause
health problems such as liver and kidney damage
(ATSDR, 2004). Copper can also cause public health
hazards in high concentrations (Brito et al., 2005). In
humans, 10-30 mg of orally ingested copper from foods
stored in copper vessels might cause intestinal discomfort,
dizziness and headaches, while excess accumulation of
copper in liver may result in hepatitis or cirrhosis and in
a hemolytic crisis similar to that seen in acute copper
poisoning (Johnson, 1993).  How ever, none of the samples
in this study had copper content exceeding the MPL (20
ppm) prescribed by MFPO  (1973) in meat products. 

The concentrations of iron (Fe) in the liver, kidney
and meat organs showed significant variations (p<0.05)
among beef, mutton, caprine and chicken. The results
indicate that the liver of chicken (4.65±0.30 :g/g)
contained the highest concentration of Fe, followed by
caprine’s liver (3.98±0.3 :g/g), while chicken’s kidney
showed the third highest. The beef meat showed the least
concentration (0.98 :g/g).

The concentrations of nickel (Ni) in the liver of beef,
mutton, caprine and chicken ranged between 0.19±0.02
and 1.09±0.26 :g/g Table 1, while kidney concentrations
ranged from 0.04±0.01 to 0.24±0.01 :g/g Table 2. The
levels of Ni ranged between 0.01 and 0.22 :g/g for beef
meat, mutton meat, caprine meat and chicken meat
respectively as shown in Fig. 1. The highest Ni
concentration was observed in the liver of chicken, while
lowest value (0.1 :g/g) was found in the caprine meat.
Daily intake of small amounts of Mn is needed for growth
and good health in humans, otherwise defic iency of Mn
can  cause  nervous system problems (Demirezen and
Uruç, 2006). It was observed that the liver of chicken
showed the highest Mn concentration of 4.11±0.44 :g/g
and the lowest concentration of 0.45 :g/g was observed
for beef meat. 

Highest cadmium concentration was observed in the
kidney of mutton (0.76±0.15 :g/g) Table 1, while the
lowest (0.07 :g/g) was in the meat of beef Fig. 1.
Cadmium is toxic to virtually every system in the animal
body. It is almost absent in the human body at birth,
however accumulates with age. Cadmium accumulated in
the kidney and liver over long time have been reported by
McLaughlin et al. (1999) that cadmium interacts with a
number of minerals mainly Zn, Fe, Cu and Se due to
chemical similarities and competition for binding stage. It
is also reported that Cd can affect Ca, P and bone
metabolism  in  both  industrial  and  people  exposed to
Cd  in  general  environment  (Jarup  et  al.,  1998).
Aranha et al. (1994) and Roga-Franc et al. (1996)

detected cadmium levels in the livers and kidneys of cattle
in Poland and found the cadmium concentration to be
above the permissible limit set by (FAO/W HO, 2000).
Similarly, Doganoc (1996) found higher levels of
cadmium and zinc in the livers and kidneys of the hens
and chickens, which exceeded the official tolerance
levels. From the results of this study, the concentration of
cadmium in all the samples studied were found to be
lower than the 0.5 ppm permissible limit set by
(FAO /WHO, 2000) with the exception of mutton liver 

The highest arsenic concentration (0.34±0.23 :g/g)

was observed in the liver of mutton and the lowest value

(0.01 :g/g) was found in chicken meat. Higher

concentration of arsenic in the livers and kidneys of cattle

and  goats  has  also  been  reported  by  Krupa  and

Swida (1997). The permissible limit of arsenic in the

livers of chickens has been reported as 2.0 ppm (ANZFA,

2001) and it was found that the highest concentration of

arsenic (0.34±0.23 :g/g) was lower than the permissible

limit. 

Zinc concentration was found to be highest in the

liver of caprine (6.23±0.16 :g/g), while the least value

was in the meat of chicken (1.1 :g/g). Zinc is an essential

element in human diet. Too little Zn can cause problems;

however, too much Zn is harmful to human health

(ATSDR, 2004). The concentrations of zinc in all the

samples studied were below the permissible limit 150

ppm set by (ANZFA , 2001). 

CONCLUSION

From the results of this study, the concentrations of

all the metals in the liver, kidney and meat of beef,

mutton, caprine and chicken were found to be statistically

significant (p<0.05).  Generally, livers and kidneys were

found to have the highest significant levels of metals and

meat the lowest levels. When compared to one another

(beef, mutton, caprine and chicken), there did show

significant differences in the levels of heavy metals.

Hence, the concentrations of all the metals were within

the tolerance limits with the exception of Cr and Pb,

which were higher than the ANZFA  (2001) tolerance

limits.
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