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Abstract: This study was carried out to determine the levels of 

lead and cadmium in the liver, kidney and muscle of cattle 

slaughtered in three slaughter slabs in Akure, Ondo state, 

Nigeria. Heavy metals (HM) as well known through scientific 

knowledge can build up in the soil, leading to severe 

environmental pollution and contamination of the food chain 

which is of global public health importance. This study therefore 

emphasized on the need for continuous monitoring and control of 

heavy metal residues in cattle slaughtered for human 

consumption. Five animals each were sampled from Shasha 

(SH), Onyarugbulem (ON) and Ilara mokin (IM), collecting their 

liver, kidney and muscle. The samples were assessed for lead (Pb) 

and cadmium (Cd) levels using the Atomic Absorption 

Spectrophotometer (AAS). Results obtained showed that lead 

and cadmium levels in samples from SH were in the order kidney 

> muscle > liver and liver > muscle > kidney respectively. Levels 

in IM samples appeared in the order kidney > muscle >liver for 

lead and kidney > liver > muscle for cadmium. While ON 

samples presented the order; kidney > liver > muscle and liver > 

muscle /kidney for lead and cadmium respectively. However, 

significant difference was not observed in lead and cadmium 

concentrations in all the samples (p > 0.05). Summarily, levels of 

the assessed metals in this study were within the limits adjudged 

safe by two International Organizations viz; Food and 

Agriculture Organization together with World Health 

Organization (FAO / WHO). 
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I. INTRODUCTION 

nvironmental pollution by heavy metals has been a major 

challenge globally. Of great concern is occurrence in 

developing countries where little or no strict preventive 

measures or regulations of production of food of animal origin 

are conducted [1], [2]. Although, these heavy metals may be 

useful to living organisms up to certain requirements and if 

undue bio-accumulation develops it may snowball to 

numerous disadvantageous manifestations on their health. As 

a result of urban development leading to increased 

industrialization and environmental exposure of toxic metals 

from the use of industrial waste and drain water for irrigation 

of farmlands, heavy metals might accumulate to 

concentrations that are toxic and risky to the food chain [3], 

[4]. Animals become victims of heavy metal toxicity/residues 

accumulating in their tissues and organs upon grazing on 

pastures that are hyper-metal accumulators [5], [6], [7], [8]. 

As a result of bioaccumulation and bio magnification in the 

food chain, meat contaminated with highly toxic heavy metal 

can pose a threat to human health [9], [10], [11], [12], [13]. 

Vehicular emissions, unkempt slaughter slabs and houses as 

well as unhygienic meat stalls particularly roadside and open 

market meat merchants have been implicated as potential 

sources of heavy metal contamination to meat [14]. This is 

typical of the scenario in most of the developing African 

countries. There is need to provide wholesome environment 

for the rearing, processing and production of animal foods to 

avoid heavy metal contamination. However, for food safety 

and public health reasons, there is need for heavy metal 

assessment of meat before being pronounced fit for 

consumption because, one of the best methods of assessing 

humans’ health risk is through the food consumed by them 

[15]. In subsequent to the above, this study was 

conceptualized and conducted to evaluate the levels of the 

lead and cadmium residues in the muscle, kidney and liver of 

cattle slaughtered in three slaughter slabs in Akure metropolis, 

Ondo state, Nigeria. 

II. MATERIALS AND METHODS 

 

A. Experimental site 

The study was carried out within three geo-political zones in 

Akure metropolis namely; Shasha, Onyarugbulem and 

Ilaramokin. Five cattle were randomly sampled from three 

slaughter slabs (Shasha, Onyarugbulem and Ilaramokin), 10 g 

each of the liver, kidney and muscle was collected 

immediately after slaughter (n = 45). The collections as coded 

per abattoir are as shown in Table 1. 

B. Laboratory analyses  

Well preserved samples in sterile cellophane bags were 

transported to the Analytical Laboratory of the Department of 

Animal Production and Health, Federal University of 

Technology, Akure for analyses. Assessment of the 

concentrations of heavy metals in each of the samples began 

by weighing 0.5 g into digestion tubes. The samples were 

thereafter digested with concentrated nitric acid (70% HNO3), 

(65 % HCLO4) in ratio 3:1 v/v together with the addition of 
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distilled water. Mounting of the digestion tubes on the 

digestion block followed at a controlled temperature (120
o
C) 

for two hours. After which the digestion had been perfected, 

the samples were cooled down to room temperature and then 

mixed with ultra-pure water to make a volume of 50 mL. 

Homogenization and centrifugation were carried out for 10 

minutes and 4500 rpm for 5 minutes respectively before 

decanting the supernatants into another set of test tubes for the 

determination of lead (Pb) and cadmium (Cd) levels using an 

Atomic Absorption Spectrophotometer (AAS Perkin Elmer 

Analyst, USA) as described by [16]. The atomic absorption 

spectrophotometer was adjusted to specific wavelength 

corresponding to each of the metals to be measured. 

Measurements were done using the hollow cathode lamps at 

the wavelength of 283.3 nm and 228.8 nm for Pb and Cd 

respectively. The analyses were carried out in triplicate.  

C. Statistical analysis  

Data collected were carefully arranged and subjected to 

analysis of variance (ANOVA) using IBM SPSS (Version 

23.0). Post hoc was done and Duncan Multiple Range Test 

was employed in comparing means before the allocation of 

superscript where necessary to the means from the different 

slaughter slabs [17].  

Table 1: Meat Samples Collected From Three Selected Abattoirs, Labeling Codes and Interpretations 

Serial number Code Interpretation Serial number Code Interpretation Serial number Code Interpretation 

1 SC1M Shasha cattle1 muscle 16 OC1M Onyarugbulem cattle1 muscle 31 IC1M Ilara cattle1 muscle 

2 SC1L Shasha cattle1 liver 17 OC1L Onyarugbulem cattle1 liver 32 IC1L Ilara cattle1 liver 

3 SC1K Shasha cattle1 kidney 18 OC1K Onyarugbulem cattle1 kidney 33 IC1K Ilara cattle1 kidney 

4 SC2M Shasha cattle2 muscle 19 OC2M Onyarugbulem cattle2 muscle 34 IC2M Ilara cattle2 muscle 

5 SC2L Shasha cattle2 liver 20 OC2M Onyarugbulem cattle2 muscle 35 IC2L Ilara cattle2 liver 

6 SC2K Shasha cattle2 kidney 21 OC2K Onyarugbulem cattle2 kidney 36 IC2K Ilara cattle2 kidney 

7 SC3M Shasha cattle3 muscle 22 OC3M Onyarugbulem cattle3 muscle 37 IC3M Ilara cattle3 muscle 

8 SC3L Shasha cattle3 liver 23 OC3L Onyarugbulem cattle3 liver 38 IC3L Ilara cattle3 liver 

9 SC3K Shasha cattle3 kidney 24 OC3K Onyarugbulem cattle3 kidney 39 IC3K Ilara cattle3 kidney 

10 SC4M Shasha, cattle4 muscle 25 OC4M Onyarugbulem cattle4 muscle 40 IC4M Ilara cattle4 muscle 

11 SC4L Shasha cattle4 liver 26 OC4L Onyarugbulem cattle4 liver 41 IC4L Ilara cattle4 liver 

12 SC4K Shasha cattle4 kidney 27 OC4K Onyarugbulem cattle4 kidney 42 IC4K Ilara cattle4 kidney 

13 SC5M Shasha cattle5 muscle 28 OC5M Onyarugbulem cattle5 muscle 43 IC5M Ilara cattle5 muscle 

14 SC5L Shasha cattle5 liver 29 OC5L Onyarugbulem cattle5 liver 44 IC5L Ilara cattle5 liver 

15 SC5K Shasha cattle5 kidney 30 OC5K Onyarugbulem cattle5 kidney 45 IC5K Ilara cattle5 kidney 

 

III. RESULTS AND DISCUSSION 

The mean lead and cadmium concentration in samples 

collected (muscle, liver and kidney) from the various abattoirs 

as well as the overall average of the heavy metals 

concentrations in cattle tissues from all the slaughter slabs are 

shown in Tables 2 to 4 and 5 respectively. 

Table 2: Concentrations of Lead and Cadmium in Meat from Shasha 
Slaughter Slab 

Tissue Lead Cadmium 

Muscle 0.06 ± 0.09b 0.06 ± 0.01a 

Liver 0.04 ± 0.03b 0.07 ± 0.01a 

Kidney 0.16 ± 0.09a 0.04 ± 0.04ab 

Significance * * 

 

 

Table 3: Concentrations of Lead and Cadmium in Meat from Onyarugbulem 
Slaughter Slab 

Tissue Lead Cadmium 

Muscle 0.01 ± 0.01b 0.06 ± 0.01 

Liver 0.04 ± 0.06b 0.07 ± 0.01 

Kidney 0.12 ± 0.11a 0.06 ± 0.04 

Significance * NS 

Table 4: Concentrations of Lead and Cadmium in Meat from Ilaramokin 
Slaughter Slab 

Tissue Lead Cadmium 

Muscle 0.05 ± 0.10b 0.05 ± 0.01 

Liver 0.04 ± 0.08b 0.06 ± 0.01 

Kidney 0.11 ± 0.11a 0.07 ± 0.03 

Significance * NS 

For all the Tables: Values are presented as Mean ± standard deviation (ppm) 
of heavy metal residues in triplicates. Means with different superscripts along 
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the same column are significantly different (p < 0.05) from one another, NS = 

not significant and * = significant 

Table 5: Pooled Mean Concentrations (Ppm) Of Lead and Cadmium in Cattle 

Slaughtered In the Three Abattoirs 

Tissues Lead Cadmium 

Muscle 0.04b 0.05 

Liver 0.04b 0.07 

Kidney 0.13a 0.06 

Significance * NS 

Values are presented as Mean (ppm) of heavy metal residues in cattle. Means 

with different superscripts along the same column are significantly different 

(p < 0.05) from one another, NS = not significant and * = significant 

Lead and cadmium are two heavy metals whose levels in food 

deserve proper monitoring in order to prevent their untold 

negative health hazards. This study recorded significant 

differences (p < 0.05) in the values of lead (0.04 ± 0.03 - 0.16 

± 0.09) and cadmium (0.04 ± 0.04 - 0.07 ± 0.01) from Shasha 

slaughter slab (Table 2) with the highest obtained value for 

lead in the kidney, followed by the muscle and lastly the liver. 

In the case of Onyarugbulem abattoir (Table 3), significant 

difference (p < 0.05) was observed in the values of lead (0.01 

± 0.01 - 0.12 ± 0.11) but contrariwise for cadmium (0.06 ± 

0.04 - 0.07 ± 0.01). Lead concentrations in the tissues from 

this abattoir was in the order kidney > liver > muscle. 

Cadmium had the highest value recorded in the liver while 

kidney and muscle values were at par. Significant difference 

(p < 0.05) in lead (0.04 ± 0.08 - 0.11 ± 0.11) values was 

noticed in the samples from Ilaramokin abattoir (Table 4) with 

the order Kidney > muscle > liver. Cadmium levels (0.05 ± 

0.01 - 0.07 ± 0.03) from this same location were not 

significant (p > 0.05) but followed the order Kidney > liver > 

muscle. The overall mean concentrations of lead and cadmium 

in the tissues of the cattle slaughtered from the three abattoirs 

(Table 5) showed significant difference (p < 0.05) in lead 

levels with the highest recorded value from the kidney while 

the same value was obtained for the muscle and the liver. In 

case of cadmium, there were no observed significant 

differences in all the tissues. The presence and identification 

of the two metals from the tissues in this study agrees with the 

reports of several authors concerning the availability of metals 

in many foodstuffs including meat in Nigeria [18], [19], [20], 

[21], [22]. Also, the pattern followed by the levels of lead in 

the kidney being highest in the tissues of the cattle in all the 

abattoirs agrees with the reports of [23, 24] that found high 

concentration of lead in the kidney of cattle. According to 

them, this does not constitute a risk for the animals and human 

health because it was within the tolerance limits. All the liver 

samples from the three locations contained 0.04 ppm lead 

level which is still below the tolerance limits similar to the 

reports by the European Commission (EC) [25]. Cadmium in 

all the samples was found below 0.2 ppm recommended for 

meat of animal and poultry [26]. Generally, the cadmium and 

lead levels in all the tissues from the three abattoirs were 

below the recommended permissible limits of 0.3 ppm and 0.2 

ppm respectively by Food and Agriculture 

Organization/World Health Organization [27]. This actually 

agrees with the findings of earlier authors in which the levels 

of cadmium and lead were within the acceptable limits.  

IV. CONCLUSION 

Beef from the three abattoirs evaluated in this study are being 

viewed as wholesome for human consumption, due to the fact 

that the concentrations of the analyzed metals were within the 

tolerance limits of 0.3 ppm and 0.2 ppm for cadmium and lead 

respectively. However, close monitoring and regular 

laboratory assessment of meat being consumed by the teeming 

population of humans for heavy metals and other sound 

health-hampering substances is highly recommended. 
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