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ABSTRACT 
The purpose of this study was to evaluate certain heavy metal concentrations such as selenium (Se), manganese 
(Mn), zinc (Zn), aluminium (Al), vanadium (V), tin (Sn), chromium (Cr), iron (Fe), nickel (Ni), cobalt (Co), copper 
(Cu), arsenic (As), cadmium (Cd), and lead (Pb) in young and adult cattle in the Şiran district of Gümüşhane. For 
this,  a total of 100 blood samples were taken from 50 young (aged 1 to 3 years old) and 50 adult (aged 4 to 6 years 
old) cattle slaughtered at an abattoir in the Şiran. Serum was then separated from the blood samples by 
centrifugation, and analysed for certain heavy metals by using the inductively coupled plasma mass spectrometry 
(ICP-MS) method. The concentrations of serum heavy metals in the serum of young and adult cattle breed in the 
Şiran were determined. When comparing young and adult cattle, the adult cattle had significantly higher (p<0.05) 
concentrations of Al, V, Ni, and Sn. No age-related accumulation (p>0.05) was found for the other heavy metal 
species analysed (Se, Mn, Zn, Cr, Fe, Co, Cu, As, Cd, and Pb). As a result, in this study, serum heavy metal 
concentrations and age-related bioaccumulation in cattle farmed in the Şiran district were determined for the first 
time. The periodic monitoring of the concentrations of these heavy metals may be helpful in improving animal 
health and production. 
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Gümüşhane'nin Şiran İlçesindeki Genç ve Yetişkin Sığırların Serumlarında Bazı 

Ağır Metal Konsantrasyonlarının ICP-MS ile Belirlenmesi  

ÖZ 

Bu çalışmanın amacı, Gümüşhane'nin Şiran ilçesindeki genç ve yetişkin sığırlarda selenyum (Se), manganez (Mn), 
çinko (Zn), alüminyum (Al), vanadyum (V), kalay (Sn), krom (Cr), demir (Fe), nikel (Ni), kobalt (Co), bakır (Cu), 
arsenik (As), kadmiyum (Cd) ve kurşun (Pb) gibi bazı ağır metal konsantrasyonlarının belirlenmesidir. Bunun için, 
Şiran mezbahanesinde kesilen 50 genç (1-3 yaş arası) ve 50 yetişkin (4-6 yaş arası) sığırdan toplam 100 kan örneği 
alınmıştır. Daha sonra kan örneklerinden santrifüj yoluyla serumlar ayrıştırılmış ve endüktif eşleşmiş plazma kütle 
spektrometresi (ICP-MS) yöntemi kullanılarak belirli ağır metaller açısından analiz edilmiştir. Şiran'da yetiştirilen 
genç ve yetişkin sığırların serumlarındaki ağır metal konsantrasyonları bu şekilde tespit edilmiştir. Genç ve yetişkin 
sığırlar karşılaştırıldığında, yetişkin sığırların Al, V, Ni ve Sn konsantrasyonlarının önemli ölçüde daha yüksek olduğu 
görülmüştür (p<0.05). Analizi yapılan diğer ağır metal türleri (Se, Mn, Zn, Cr, Fe, Co, Cu, As, Cd ve Pb) için ise 
yaşa bağlı bir birikim tespit edilmemiştir (p>0.05). Sonuç olarak, bu çalışmada Şiran ilçesinde yetiştirilen sığırlarda 
serum ağır metal konsantrasyonları ve yaşa bağlı biyoakümülasyonları ilk kez belirlenmiştir. Bu ağır metal 
düzeylerinin periyodik olarak izlenmesi, hayvan sağlığı ve üretimi açısından iyileştirici katkılar sağlayabilir. 
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INTRODUCTION 

 

Heavy metals are considered to be extremely 

biologically hazardous chemicals due to their 

bioaccumulative properties (Paksy et al. 1997). 

Industrial activities such as cement production, steel 

industry, combined heat and power generation, glass 

production, waste and sewage sludge incineration 

plants produce large quantities of heavy metals. These 

metals can enter the soil, air and water in various ways. 

They can also be transmitted to humans and animals 

through vegetables, fruits, and crops grown on 

contaminated farmland (Wu et al. 2010, Rajaganapathy 

et al. 2011). Therefore, it is important to consider the 

environment, soil and water in which food is grown to 

minimize exposure to heavy metals. 

The toxicity of heavy metals depends on their 

mobility, their concentration in soil and water, the 

chemical composition of the parent material, the 

solubility of the composition and environmental 

factors (Arslanbas and Baydan, 2013). Studies have 

shown that the accumulation of heavy metals in 

biological tissues and body fluids such as liver, kidney, 

brain, etc. of animals fed plant-based feeds in heavily 

industrially polluted soils can lead to tissue damage and 

death (Karagül et al. 2000, Ergün 2001, Beşkaya et al. 

2008, Saghaei et al. 2012). 

Although certain heavy metals, such as Zn, 

Co, Fe and Ni are necessary for living organisms in low 

amounts, their bioaccumulation can cause toxic effects 

by disrupting enzyme systems in living organisms over 

time (Bigersson et al. 1988, Sözgen 2000, El-

Demerdash et al. 2004). Heavy metals with no 

biological function, such as Pb, Cd, and mercury (Hg), 

have been found to have toxic effects in tissues even 

at low concentrations (Duffus and Worth 1996, 

Zheljazkov and Nielsen 1996, Al-Saleh et al. 2003, 

Dündar et al. 2012). Studies indicate that heavy metals 

such as As, Cr, Hg, Cd, Pb, and Ni exhibit 

carcinogenic, mutagenic, and teratogenic effects in  

 

addition to their toxic effects (Boffetta et al. 1998, 

Quayyum and Shah 2014, Romaniuk et al. 2014, Hsueh 

et al. 2017, Rhee et al. 2020).  

Phytochelatins in plants and metallothionein 

proteins in mammals also play a key role in the 

accumulation of heavy metals. The function of these 

proteins is to contribute to homeostasis by binding 

essential elements. However, since they also bind 

heavy metals taken in various ways, they can build up 

high amounts of these metals in tissues over time (Kägi 

1991, Cobbett and Goldsbrough 2002). Moreover, the 

accumulation of heavy metals can also vary depending 

on the effects of environmental factors, resulting in 

varying concentrations of heavy metals in humans and 

animals from region to region (Ekici et al. 2015, 

Horasan et al. 2019). Therefore, in the present study, 

14 heavy metal species (Se, Mn, Zn, Al, V, Sn, Cr, Fe, 

Ni, Co, Cu, As, Cd, and Pb) commonly analysed in 

previous studies were selected and analysed in cattle’s 

serum raised in the Şiran district of Gümüşhane 

province. Additionally, age-related bioaccumulation of 

these heavy metals were investigated. 

 

MATERIAL and METHODS 

 

Sample Collection 

In this study, blood samples were collected from the 

hearts of a total of 100 slaughtered female cattle at an 

abattoir in Şiran district (Figure 1) of Gümüşhane, 50 

young cattle aged 1 to 3 years (17 native breeds, 17 

Simmental, 16 Holstein) and 50 adult cattle aged 4 to 6 

years (21 native breeds, 15 Simmental, 14 Holstein). 

The samples were then brought to the laboratory 

under a cold chain at +4 °C. In the laboratory, these 

samples were scratched after clotting and then 

centrifuged (3000 rpm for 10 min) to separate the 

serum.  
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Afterwards, the serum was collected in Eppendorf 

tubes, and stored at -20 °C until heavy metal analysis. 

 

Heavy metal Analysis 

The analysis of heavy metal concentrations (Se, Mn, 

Zn, Al, V, Sn, Cr, Fe, Ni, Co, Cu, As, Cd, and Pb) was 

performed using the ICP-MS (Agilent 7500a, Agilent 

Technologies, USA) device. The first step was the 

preparation of the samples for measurement. For this, 

1 ml of serum from each sample was placed in Teflon 

cells in the microwave solubilization device. 5 ml of 

HNO3 (65%) was added, and after 20 minutes the 

device was turned on by closing the lid. After the 

solubilization process, the solutions were taken into 10 

ml volumetric flasks and topped up with distilled 

water. Standards at increasing concentrations (0, 1, 5, 

5, 10, 20, 20, 30, 40, and 50 ppm) were prepared from 

the samples ready for measurement and introduced to 

the ICP-MS device (Epa, 1994). After the analysis, the 

concentrations of heavy metals in the samples were 

read from the device, and the results were recorded in 

ppm. The method was validated by the parameters of 

accuracy and recovery (Se: 99.90%, Mn: 99.90%, Zn: 

99.90%, Al: 99.80%, V: 99.90%, Sn: 99.90%, Cr: 

99.90%, Fe: 98.20%, Ni: 99.90%, Co: 99.90%, Cu: 

99.80%, As: 99.70%, Cd: 99.90%,  and Pb: 99.90%), 

specificity, limit of detection (Se: 3.299 ppb, Mn: 0.480 

ppb, Zn: 2.305 ppb, Al: 1.158 ppb, V: 0.120 ppb, Sn: 

0.44 ppb, Cr: 0.730 ppb, Fe: 10.860 ppb, Ni :0.33 ppb, 

Co: 0.320 ppb, Cu: 1.363 ppb, As: 0.077 ppb, Cd: 0.070 

ppb, and Pb: 0.200 ppb), and limit of quantitation (Se: 

10.89 ppb, Mn: 1.58 ppb, Zn: 7.61 ppb, Al: 3.82 ppb, 

V: 0.40 ppb, Sn: 1.12 ppb, Cr: 2.41 ppb, Fe: 35.840 

ppb, Ni: 1.09 ppb, Co: 1.06 ppb, Cu: 4.50 ppb, As: 0.25 

ppb, Cd: 0.23 ppb, and Pb: 0.66 ppb). All chemicals 

used in heavy metal analysis were obtained from Sigma 

Chemical Company (Sigma-Aldrich, Co., Munich, 

Germany). 

 

 

Statistical analysis 

Statistical calculations were performed using SPSS 15.0 

for Windows (SPSS Inc., USA). The results of this 

study are expressed as mean ± standard deviation 

(X±SD). Differences between parameters obtained 

from two groups (young and adult cattle) were 

analyzed using the Mann-Whitney U-test. A p-value of 

less than 0.05 was considered statistically significant. 

 

Figure 1. The satellite image shows Şiran district of 

Gümüşhane 

RESULTS 

 

The concentrations of Se, Mn, Zn, Al, V, Sn, Cr, Fe, 

Ni, Co, Cu, As, Cd, and Pb in the blood samples 

collected from young and adult cattle were given in 

Table 1.  The results revealed that the concentrations 

of Al, V, Ni, and Sn were considerably higher in adult 

cattle compared to young cattle (p<0.05). Specifically, 

the concentrations of Al in young cattle, were 

1.682±0.951 (ranging from 0.355 to 1.884 ppm), V was 

0.015±0.003 (ranging from 0.012 to 0.017 ppm), Ni 

was 0.022±0.016 (ranging from 0.009 to 0.038 ppm), 

Sn was 0.027±0.012 (ranging from 0.018 to 0.046 

ppm). On the other hand, the concentrations of Al in 

adult cattle were 3.565±1.02 (ranging from 2.007 to 

5.072 ppm), V was 0.046±0.015 (ranging from 0.026 

to 0.062 ppm), Ni was 0.065±0.010 (ranging from 

0.023 to 0.085 ppm), Sn was 0.066±0.029 (ranging 

from 0.022 to 0.103 ppm). Furthermore, there was no 

statistical difference between the two groups for the 

concentrations of Cr, Mn, Fe, Co, Cu, Zn, As, Se, Cd, 

and Pb in the blood 

serums. 
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Table 1. The concentrations of some heavy metals in serum of young and adult cattle in the Şiran district of 

Gümüşhane (n=50).* 

 
            Young (1-3 years old)           Adult (4-6 years old) 

 

Elements    Mean±SD  Min–Max   Mean±SD  Min–Max  p value 

Al   1.682±0.951 0.355–1.884  3.565±1.02 2.007–5.072 <0.05 

V   0.015±0.003 0.012–0.017  0.046±0.015 0.026–0.062 <0.01 

Cr   0.580±0.016 0.037–0.090  0.069±0.028 0.051–0.094 NS 

Mn   0.010±0.002 0.004–0.017  0.012±0.003 0.007–0.019 NS 

Fe   1.855±0.030 1.346–2.838  1.750±0.041 1.320–3.154 NS 

Ni   0.022±0.016 0.009–0.038  0.065±0.010 0.023–0.085 <0.01 

Co   0.002±0.0023 0.001–0.002  0.003±0.0037 0.002–0.004 NS 

Cu   0.573±0.273 0.347–0.935  0.679±0.208 0.509–0.911 NS 

Zn   0.626±0.182 0.382–0.843  0.651±0.196 0.504–0.927 NS 

As   0.018±0.009 0.013–0.040  0.021±0.011  0.014–0.050 NS 

Se   0.134±0.039 0.023–0.266  0.150±0.061 0.032–0.428 NS 

Cd   0.003±0.002 0.002–0.005  0.004±0.001 0.003–0.007 NS 

Pb   0.008±0.002 0.000–0.016  0.010±0.003 0.000–0.019 NS 

Sn   0.027±0.012 0.018–0.046  0.066±0.029  0.022–0.103 <0.05 

       * : as ppm NS : not significant 

        

   

DISCUSSION 

 

Heavy metals are known to pollute the environment 

through their release into water, soil, and air as waste 

products of industrial activities. Living organisms that 

consume water or consume products grown in 

contaminated soil may be exposed to heavy metals. In 

this way, heavy metals collected from the external 

environment mostly bind to proteins and are 

transmitted to the body’s liver through the blood. 

Heavy metals processed in the liver are stored there, 

sent to bile or returned to the bloodstream for 

excretion by the kidneys (Kıvrakdal 2010, 

Rajaganapathy et al. 2011).  

Heavy metals are known to exhibit 

bioaccumulation characteristics, and studies on this  

 

 

topic are still being carried out. The extent of 

accumulation in living organisms varies depending on 

the concentration of environmental contamination 

and duration of exposure. Therefore, the 

concentration of this heavy metal accumulation may 

differ from region to region and from age to age. In a 

study conducted by Simsek et al. (2015) in Çankırı 

province, it was found that Al, V, Mn, Ni, As, and Sn 

concentrations were higher in adults Angora goats 

than in young ones. The present study was found the 

similar results regarding the age-related accumulation 

of Al, V, Ni and Sn in cattle of Şiran district.   

Aluminium, which has a neurotoxic effect, can 

accumulate in cattle through various routes such 

as the equipment used in the barns, feed additives, 

drinking water, and consumed vegetable feeds 

(Allowaw, 2013). The high concentrations of Al 

observed in adult cattle in this study may be related to 
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There are studies investigating the toxic effects of 

many heavy metals and their connection with cancer  

the high exposure to the above conditions. 

Vanadium, which is an essential element in all 

mammalian, has been found to act like insulin in all the 

tissues mainly targeted by the hormone, namely 

skeletal muscle and fat (Chasteen 1983, Goldwaser et 

al. 2000). In our study, adult cattle was found to have 

a higher concentration of vanadium than young cattle, 

and the reason for this may be that the muscles of adult 

cattle are much more developed. 

Nickel is a heavy metal that is present in coal, 

petroleum, copper and steel industries, mining and 

combustion of fossil fuels. It can easily pass into the 

soil, water and atmosphere with the use of wastewater 

in agricultural areas. It is then absorbed into the body 

through inhalation, drinking water and food 

contaminated with this metal (Chau and Kulikovsky-

Cordeiro 1995, Seven et al. 2008). In this regard, 

housing the animals in conditions with air, drinking 

water and feed rich in this metal may have resulted in 

a higher concentration of Ni in adult cattle of Şiran 

district. 

Tin is found in soil and plants. Its main use is 

in the coating of steel to protect it and in the 

manufacture of biocides, which are widely used in 

agriculture (Alloway, 2013). In our study, the 

accumulation of Sn in adult cattle was found to be 

significantly higher than in young cattle, which may be 

due to their longer exposure to an environment 

containing Sn.  

The other heavy metals (Co, Cr, Mn, Fe, Cu, 

Cd Zn, As, Se, and Pb) investigated in the study, are 

not caused significant age-related bioaccumulation in 

animals. This could be due to the absence of intensive 

industrial activity such as mining in Şiran, unlike other 

districts of Gümüşhane. 

Heavy metals when accumulated over time 

can cause diseases by disrupting various physiological 

mechanisms (Sözgen 2000, Romaniuk et al. 2015). 

(Llobet et al. 2003, Hsueh et al. 2017, Rhee et al. 2020). 

Studies in rats and humans have also shown that 

certain heavy metals, such as Al, Ni, and Cd, disrupt 

the oxidant and antioxidant balance by increasing the 

production of free oxygen radicals (Gurer et al. 1998, 

El-Demerdash et al. 2004, Ranjbar et al. 2008). 

 

CONCLUSION 

 

In conclusion, this study determined for the first time 

heavy metals concentrations in young and adult cattle 

raised in the Şiran district of Gümüşhane province. 

Additionally, it was revealed that the serum Al, V, Ni, 

and Sn concentrations changed with age, and heavy 

metal accumulation was higher in adult cattle. As 

previous studies have shown, this consequently may 

lead to health problems in cattle and consequent a 

reduction of livestock production. Therefore, a regular 

monitoring system for heavy metal concentrations 

should be established, and ranchers should be 

knowledgeable about the threat of heavy metal 

contamination sources. Thanks to these precautions, 

heavy metal accumulation can be significantly reduced 

and kept under control in Şiran district. Indirectly, it 

will also contribute to the health of people who 

consume the meat of these animals. Additionally, It 

will be a reference for future heavy metal studies to be 

carried out in this region. 
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