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ABSTRACT: The evaluation of metals levels in cow blood is important for assessing the potential effects of 
pollutants on grazing cattle and for quantifying contaminant intakes by humans. Hence Atomic Absorption 
Spectrophotometer (AAS) was used to determine trace and heavy metals of toxicological implications in cow 
blood. Six trace metals (Fe, Zn, Cu, Mn, Ni, Al) were found in a range between 0.18±0.10 to 36.62±7.71ppm 
and 0.20±0.06 to 35.11±14.78ppm in sample area A and B respectively. Three heavy metals (Cd, Pb, Cr) of 
toxicological implications were also found to range between 0.12±0.04 to 2.12±1.54 in area A and 0.17±0.14 to 
2.81±0.90ppm in study area B. No statistically significant difference was observed between the two study areas 
for all the elements determined at 95%confidence levels. Except for Cu and Mn the values obtained were 
higher than the allowable limit for trace elements in blood. 
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INTRODUCTION 

 
Environmental pollution has become a global issue 

and the results are implied in high level of contaminants 
reported for soil, water, air, plants and animals. Food items 
that constitute human diet are contaminated when they get in 
contact with polluted environmental media [1]. In a previous 
work [2], significantly elevated blood Pb and Cd levels in 
sheep grazing alongside motor way when compared with 
control was recorded. 

Studies on the impacts of pollutant metals and 
metalloids on livestock have largely focused on animals with 
relatively high levels of exposure. Industrial, agricultural, 
mining and natural processes have resulted in the release of 
many toxic metals into the environment. These metals are 
readily transferred through food chains and can pose a 
potential health risk to animal and human being. 
 Excessively higher levels of these metals in blood and 
tissues of animals suggest an exposure either from the air, 
soil, water or feeds or all these sources [3]. Contamination of 
animal feeds by toxic metals cannot be completely 
eliminated considering there levels of distribution in the 
environment although can be minimized with the aim of 
reducing both direct effects in animals and indirect effects on 
human health [4]. The contamination of food of animal 
origin with lead in some areas of Slovenia is presented in 

amounts higher (> 0.500 mg/kg weight/weight) than the 
levels allowed by national guidelines [5]. 

The need to reduce trece metals contamination in 
animal feeds pose a significant problem for agricultural 
region located in more or less industrialised areas in which 
animals are reared on locally produced feed [6]. The transfer 
of heavy metals into tissues and organs of cattle reared and 
kept in the area exposed to a metallurgical plant was studied 
[7]. The concentrations of heavy metals in sampled cattle 
were found to exceed the maximum allowable limits for 
food. The effect of low level environmental contamination 
on trace metal metabolism in cattle from the rural and 
relatively uncontaminated region of Galicia was examined 
[8]. Also a correlation between toxic metals and essential 
trace elements were evaluated in the tissues and blood of 
sampled cattle. Animals can tolerate elevated levels of heavy 
metals though at certain levels clinical signs of toxicity 
manifest which can be acute or chronic at low exposure for a 
long time. 

Lead and copper are among the heavy metals 
implicated to cause toxicity in animals and man. This is due to 
wide spread environmental pollution by materials containing 
these metals such as paints batteries, soldering rods, gun 
powder, pesticides, fungicides, gasoline, engine oils, chemical 
fertilizers or when they occur in high amounts in air, soil, 
water, plants and other compounded animal feeds [9].  
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Lead content in tissues and blood of animals that 
live in polluted areas is usually elevated and risk of acute or 
chronic poisoning is increased [10]. Lead has a particular 
affinity for bones and causes osteoporosis; it also enters the 
liver and kidney. It interferes with manganese, iron 
metabolism and may cause anaemia [6]. 

Challawa industrial estate has conglomerates of 
large tanneries, textile, food and beverage, metal, plastics 
and ceramic industries that indiscriminately dispose solid 
and liquid waste on the land and water bodies. Zaria on the 
other hand has concentration of industries ranging from 
animal feeds, tobacco manufacturing factory, vegetable oil 
production industry, beverages industry and railway line 
network. Cattles grazes around these industrial sites. From 
the study carried out by Ogabiela [11] shows that the 
Challawa river receives polluted effluents.  

The aim of this study is to assess the metal levels in 
blood of cows grazing around the Challawa industrial estate 
of Kano-Nigeria and moderately polluted area of Zaria. 
 The evaluation of heavy metals of toxicological effects in 
blood could indicate the health condition or contamination of 
animals under study.  

 
MATERIALS AND METHODS 

 

Sample Collection 
 

Samples analysed in this work were collected from 
both male and female cows reared and fed predominantly on 
grasses grown in the studied areas – Kano (A) and Zaria (B). 
 Blood samples from seventeen (17) cows reared in 
industrialised area of Challawa in Kano-Nigeria and ten (10) 
cows reared in less polluted area of Zaria, Kaduna-Nigeria 
were collected. By means of sterilized disposable syringe, 
about 10mL of blood was taken into sterilized 20mL 
polypropylene tubes. The tubes and their contents were 
preserved in ice packed cold box, transported to quality 
control laboratory in National Research Institute for 
Chemical Technology (NARICT), Zaria-Nigeria and stored 
in a freezer until analysed.  
 

Sample Preparation 
 

For trace and heavy metals analysis 1g of the blood 
sample was digested with concentrated HNO3 and 
concentrated H2O2 in a ratio of 3:1 on a hot plate. At the end 
of complete digestion it was filter hot using a Whatman filter 
paper No. 1 into 50mL volumetric flask and made up to mark 
with ultrapure water. 
 
Metal Analysis 
 

Metals concentrations were determine by Atomic 
Absorption Spectrophotometer, Shimadzu AA-6800 
apparatus with graphite furnace and background correction 
(SR-BDG). The flame conditions were optimised for 
maximum absorbency and linear response while aspirating 

known standards. The standards were prepared from 
individual 1000ppm stock solution, product of Scharlau, 
Chemie. 100mL of the combined standards were prepared in 
0.1 HNO3. The lamb current was automatically selected for 
each metal. The pre-spray time, integration time and 
response time were 3, 5, and 1 respectively.  Reproducibility 
was better than 1.0% and all the metal concentrations are 
expressed on a wet mass basis. 
 
 Quality Control 
 

One blank and combine standards were run with 
every batch of 10 samples to detect background contamination 
and monitor consistency between batches. The result of the 
analysis was validated by analysing Standard Reference 
Material, Animal blood coded IAEA-A-13. 
 
 Statistical Analysis 
 
  All data was statistically analyzed with SPSS 
STATISTICsS 17.0 (One-Way ANOVA). 
 

RESULTS AND DISCUSSION 
 

A standard reference material of animal blood 
coded IAEA-A-13 was analysed in like manner to our 
samples. The values determined and the certified values of 
the six (6) elements determined were very close (table 1) 
suggesting the reliability of the analytical method employed. 
 
Table 1 shows the results of analysis of reference material 
(animal blood IAEA-A-13) compare to the reference value 

Elements(mg/L) Fe Cu Pb Ni Zn Ca Na 
A Value 2360 4.75 0.22 1.37 14.2 292 13486 
R Value 2400 4.30 0.18 1.00 13.0 286 12600 

A Value = Analysed value          R Value = Reference value.  
 

In this study, six microelements were determined in 
the analysed samples. High concentration of Fe, Zn, Ni, Al, 
Cu and Mn were observed in the study areas. Analysis of 
variance between heavy metals in study areas revealed that 
there is no significant difference (p<0.05). The trend of 
occurrence of heavy metals in the two study areas A and B 
are as follows: Fe ˃ Zn ˃ Ni ˃ Cr ˃ Al ˃ Cu > Mn and Fe > 
Ni > Zn > Al > Cu > Mn respectively. 
 

 
Fig 1 Distribution of concentration of Cd, Pb and Cr in cow’s blood 
from A ( Kano) and B (Zaria) 
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Manganese is an essential nutrient required in trace 
amounts for human health. Manganese can be released into 
air from various industrial operations or deposited from 
airborne releases into water or soil [12]. Plants can absorb 
and bioconcentrate manganese from contaminated water and 
soil which ended up in animals and human beings through 
food chain. Mn contents averaged 0.20±0.06ppm in cow 
blood collected in study area B. The value is slightly higher 
than the averaged concentration obtained for samples 
collected in study area A (0.18±0.10ppm). Manganese 
concentrations have been measured in cord blood and 
children’s blood [13]. The amount of Mn obtained in the two 
studied areas falls within the allowable limit (0.17-1.00ppm) 
for Mn in blood  [14]. It has been demonstrated that 
cadmium and lead interacts with manganese metabolism 
[15], this may be responsible for low Mn content recorded 
than Pb in the two studied areas. Elevated intake of 
manganese above recommended amounts may be of concern 
in some dietary situations. 
 
Table 2 showing the mean levels (MEAN±SD) and range of 
trace and toxic metals in study area A and B in ppm 

Elements 
(ppm) 

Study area 
A 

Range in 
area A 

Study area 
B 

Range in 
area B 

Pb 0.54±0.42 0.001-1.37 0.79±0.17 0.50-0.99 
Cd 0.12±0.04 0.02-0.16 0.17±0.14 0.001-0.46 
Cr 2.12±1.54 0.53-5.36 2.81±0.90 1.41-4.48 
Fe 36.62±7.71 25.16-55.87 35.11±14.78 16.03-

62.78 
Zn 5.48±0.52 0.17-15.81 1.93±0.38 0.09-11.08 
Cu 0.25±0.16 0.02-0.49 0.26±0.12 0.01-0.38 
Mn 0.18±0.10 0.01-0.49 0.20±0.06 0.12-0.29 
Al 0.74±0.42 0.13-1.49 0.58±0.31 0.02-0.94 
Ni 2.49±1.28 0.04-5.05 3.20±0.55 0.48-12.92  

 

Iron, Zinc and Copper are essential micronutrient in 
animals and humans with well defined role in body 
metabolism though at elevated concentration could tend to be 
toxic. This study revealed a concentration of 36.62±7.71 and 
35.11±14.78ppm for iron; 5.48±0.52 and 1.93±0.38ppm for 
zinc; 0.25±0.16ppm and 0.26±0.12ppm for copper in the two 
study areas A and B respectively. Fe and Zn were found to 
be higher in studied area A than B while Cu was found to be 
higher in area B than A. There was no significant difference 
observed between the mean concentration of Fe, Zn and Cu ( 
p < 0.05 ). 
  However, when the levels of these metals in the 
study areas were compared with values reported in 
literatures, Fe levels was found to be about thirty times 
higher than 1.21mg/kg reported [16] , while Cu in the two 
studied areas were found to be lower than 0.79mg/kg 
reported by the same author. Zn in study area A was found to 
be about three times higher than study area B and slightly 
higher than 5.38mg/kg reported in literature [16]. The result 
was also compare to allowable limits for trace elements in 
blood [14]. Zn was found to be higher than 0.5-1.2ppm 
recommended while Cu was found to be lower than the 
allowable limit in blood (0.75-1.5ppm).  

There is mutual antagonism between Cu and Zn in terms of 
uptake owing to similarities in electronic configuration of 
their common ions (d10). Elevated levels of dietary Zn can 
have a negative effect on Cu balance, which is exploited 
therapeutically to “de-copper” Wilson disease patients. 
Long-term oral intakes of 18-25 mg/day can interfere with 
Cu absorption [17]. 
 

 
Fig 2 Distribution of concentration of Fe, Zn and Ni in cow’s 
blood from A ( Kano) and B (Zaria) 
 

Nickel appears to be an essential micronutrient in 
animals and so it is likely to be essential for humans but its 
precise function in humans is unknown. Estimates of the 
presumed human Ni requirement range from 5-50 μg/day 
[17]. Ni concentration in studied area A and B varied from 
0.04-5.05 and 0.48-12.92ppm respectively. When compared 
statistically, no significant difference was observed ( p < 
0.05 ). 

Aluminium has no known significant role in body 
metabolism but used in the formulation of antacid for the 
relief of constipation and heart burn. The metal has been 
implicated with the case of Alzheimer disease [18]. In this 
work, a mean concentration of 0.74±0.42ppm and 
0.58±0.31ppm was detected in samples from study area A 
and B respectively table 2. 
 

 
Fig 3 Distribution of concentration of Cu, Mn and Al in cow’s 
blood from A ( Kano) and B (Zaria) 
 

Three heavy metals (Pb, Cd and Cr) of health 
implications were determined in this work. These metals 
especially (Cd and Pb) have drawn public attention resulting 
from food safety issues and potential health risk. They are 
regarded as the most important contaminants in our 
environment today.  
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Trace metal levels in cattle from the industrialized 
area of Challawa, Kano- Nigeria were low compared to 
moderately polluted area of Zaria- Nigeria fig 3. The results 
of the present study suggest that these metals nevertheless 
disturbed trace element metabolism to some extent.  
 Cadmium contents in cow blood from sample area A was in 
the ranged of 0.02-0.16(0.14±0.04ppm) lower than the 
observed value for cow blood from sample area B 0.01-0.46 
(0.17±0.14ppm) table 2. Cd level in the study areas are 
higher than 0.007ppm allowable limits for cadmium in blood 
[14], also higher than 0.01 mg/kg reported in literature [16]. 
Cadmium level in blood below 1µg/dL could result to local 
irritation of the lungs and gastrointestinal tract, kidney 
damage and abnormalities of skeletal system. Relating to 
present work, most cattle grazed in study area A and B are 
not safe for human consumption. Cadmium has been 
reported to cause reductions in both intestinal zinc absorption 
and hepatic zinc reserves in cattle as a result of competition 
for the cation-binding sites of MT [19 & 20], possible reason 
for high level of Cd in area B than A and low level of Zn in 
area B than A. 

Lead is a heavy metal of wide occupational and 
environmental concern. Pb contents in cow blood from study 
area A ranged from 0.001-1.37 (0.54±0.42pmm) while in cow 
blood from study area B ranged between 0.50-0.99 
(0.79±0.17ppm) table 2. Lead is accumulative poison. 
Accumulation of Lead in the nervous system, bones, liver, 
pancreas, teeth, gums and blood, disturbs body function [21]. 
In this work, the mean level obtained for lead in the studied 
areas fall within the range of 0.21-10.6mg/kg reported in 
previous studies [16]. The values 0.403µg/l and 0.402µg/l 
were reported [6] for industrialised and rural area of Northern 
Spain.  Pb level below 10µg/dL of blood is linked with 
impairment of neurological development, suppression of the 
haematological system, kidney failure, immunosuppression etc 
[22]. In this work Pb level is far higher than 0.02ppm 
allowable limit for trace metals in blood. 

Chromium and other microelements are essential to 
maintain the metabolic systems of the body despite this they 
can lead to poisoning at higher level. Chromium 
concentration for livestock requirement ranges from 0.3 to 
1.6 mg/kg, levels higher than these values are toxic to 
livestock and it badly affects the reproductive potential of 
ruminants [23]. In this work Cr contents were found to 
averaged 2.12±1.54 ppm and 2.81±0.90ppm in study area A 
and B respectively with higher mean level observed in area 
B. The maximum intake of chromium has been estimated to 
be 0.77 mg/day, comprising up to 0.17 mg/day from food, up 
to 0.002 mg/day from drinking water and up to 0.6 mg/day 
from supplements [24]. This implies that cows from the 
studied areas are not safe and could pose health threat to 
humans through food chain. There is no significant 
difference observed between the two means from the studied 
areas at 95 % confidence level. In assessment of Cr 
concentration in soil-plant-animal continuum [25], 
concentration range of 0.0011 to 0.0016 mg/L at all sampling 

intervals were reported. These are far lower than 0.53-
5.36ppm and 1.41-4.48ppm obtained in this work indicating 
Cr pollution in the studied areas.  
 

CONCLUSION 
 

The trend of occurrence of heavy metals determined 
in blood samples from two studied areas A and B  are as 
follows: Fe ˃ Zn ˃ Ni ˃ Cr ˃ Al ˃ Cu > Mn and Fe > Ni > 
Zn > Al > Cu > Mn respectively. The levels of Pb, Cr and Cd 
detected in comparison to the allowable limit for trace 
elements in blood reveals that cattle grazed in the study areas 
are not safe for human consumption. Therefore routine 
monitoring of heavy metals is necessary for our health.  
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