
International Journal of Advances in Science Engineering and Technology, ISSN(p): 2321 –8991, ISSN(e): 2321 –9009 
Volume-6, Issue-1, Jan.-2018, http://iraj.in 

Determination of Cadmium and Lead Contamination of Animal Feeding Stuffs Obtained from Heavy Traffic, Industrial and Agricultural 
Regions of Bursa, Turkey 

 
89 

DETERMINATION OF CADMIUM AND LEAD CONTAMINATION OF 
ANIMAL FEEDING STUFFS OBTAINED FROM HEAVY TRAFFIC, 

INDUSTRIAL AND AGRICULTURAL REGIONS OF BURSA, TURKEY 
 

1FIRDES MOR, 2SELAHATTIN CEYLAN 
 

1Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology,  University of Mehmet Akif Ersoy, 15100-
Burdur, Turkey 

2Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology,  University of Uludag, Bursa, Turkey  
E-mail: fmor@mehmetakif.edu.tr 

 
 
Abstract - Cadmium and lead were determined in feeding stuffs obtained from the vicinities of rural areas, busy roadsides 
and industrial regions of Bursa, Turkey, in order to determine the degree of contamination arising from roadside traffic and 
industrial emissions, as well as their risks to animals and humans who consume the crops. Farming lands, where samples 
were taken, grouped under three main categories with respect to the types of activities applied; these are industrial, traffic 
and agricultural areas. Sixty-seven feeding stuff samples were examined in the study. The analyses of cadmium and lead 
were conducted through graphite furnace atomic absorption spectrophotometry. The levels of lead and cadmium 
contamination in the feeding stuffs, produced in the areas that were far from the industry, traffic and urbanization, were less 
than those  that were closer to the industrial activities and heavy traffic. Among the feeding stuffs, the highest levels were 
obtained from samples of clover. The mean values of lead determined in the samples were 0.93 mg/kg for the clover, 0.28 
mg/kg for the corn, 0.26 mg/kg for the wheat and 0.23 mg/kg for the barley. The mean values of cadmium found in the 
samples were 0.12 for the clover, 0.09 mg/kg for the corn, 0.05 mg/kg for the wheat and 0.05   mg/kg for the barley. 
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I. INTRODUCTION 
 
Pollution arises from many of human activities. The 
soil is contaminated with heavy metals and pesticide 
residues through the application of chemical 
fertilizers and pesticides. Heavy metals are present in 
many fertilizers and in some pesticides, either 
purposefully included as micro nutritional or biocidal 
components or present as naturally occurring 
contaminants. The main sources are coal and other 
fossil fuel power generation plants, metal processing 
and smelting, transportational combustion, waste 
incineration, and aerosol sprays. The major industrial 
emissions are non-ferrous metal smelters, petroleum 
refining, cement production, chloro-alkali production, 
aluminum smelters and chemical production. In 
general, most trace elements or heavy metals can be 
released through industrial emissions (Fifield, et 
al.1995).  
 
The toxic metals cadmium and lead are natural 
constituents of the earth's crust. Plants taken up heavy 
metals primarily by deposition of particles from the 
atmosphere and absorption from the soil. When 
feeding stuffs and vegetables are grown close to 
metal emitting sources, i.e. roads and industrial point 
sources, the risk of contamination are increased 
(Moseholm et al.1992). Cadmium (0.12-0.70 mg/kg) 
and lead (0.4-2.2 mg/kg) levels were high in barley 
raised in soil contaminated with industrial wastes and 
residues in Poland. In the same study, the cadmium 
(0.19-1.14 mg/kg) and lead (1.9-7.8 mg/kg) levels of 
clover were also high (Dudka 

et al, 1996). The cadmium level in clover raised in the 
surroundings of mines in Greece was 2.57 mg/kg and 
this value decreased to 0.89 mg/kg when samples 
were taken away from the mine (Antoniou and 
Zantopoulus 1992). Average concentration of 
cadmium in feed materials of vegetable origin in 
Netherland was increased significantly over the years 
(from 0.5 mg/kg in 2007 to 1 mg/kg in 2013) 
(Adamse, 2017). We could not find any study that has 
reported the cadmium and lead levels in feed plants in 
Turkey in the literature. 
 
Rapid development of industry in Bursa last decade 
together with uncontrolled wastes and intense 
agricultural medical applications have caused the 
pollution of natural life resources and spoiling of 
ecological system. Soil, water, feed plants and 
vegetables were likely to be polluted by increased 
application of fertilizers and medicines as a result of 
intense agricultural activities, especially herbicides. 
Consequently, when animals and humans consume 
these feeding plants, they become affected in 
different levels through nourishment.  
 
Determining the levels of these polluters in feed 
plants as an important indicator of environmental 
cadmium and lead pollution, is very important in the 
point of protecting human and animal health. In this 
study, level of contamination with cadmium and lead 
in the feeding stuff were investigated in Bursa, where 
industrial and agricultural areas lie side to side. In 
addition, an intense traffic area which may contribute 
the pollution was also examined.  
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II. MATERIALS AND METHODS 
 
A. Sample Collection 
 
The feeding stuffs were collected from farming lands 
that were grouped under three main categories with 
respect to the types of activities applied; industrial 
areas, agricultural areas and areas with heavy traffic. 
Feeding stuff samples of wheat (12), barley (16), corn 
(21) and clover (18) were collected from three 
sampling sites. The samples were collected from 
traffic dense-areas (Bursa-Ankara Highway, Bursa-
Istanbul Highway, Urunlu, Ozluce), industrial areas 
(Yeniceabat, Minarelicavus, Demirtas, Calı) and 
agricultural sites (Gürsu, Adaköy-Hasanköy, Yolcatı, 
Research and Training Farm in Uludag University, 
Faculty of Veterinary Medicine and Agricultural).  
 
B. Sample Preparation 
 
 The samples were dried at 60 °C for 48 hours. Dried 
samples were homogenized using an agate 
homogenizer and stored in pre-cleaned polyethylene 
bottles until they were analyzed.  
 
C. Analytical Methods 
 
Milestone Mega system software was used to control 
the digestion conditions of the MLS-1200. A 1 g 
sample was weighed into a Teflon digestion vessel. 
The 6 ml concentrated nitric acid (% 65) and 1 ml 
hydrogen peroxide (%30) were added, then the vessel 
was sealed in a secondary liner. A maximum of 10 
samples were prepared per batch. One sample vessel 
was monitored by pressure control during the 
digestion program. The digestion conditions were 
optimized by analysis of spiked in-house reference 
grain samples carried through the digestion process 
and by visual examination of the digested samples 
(Friel et al, 1990). After completion of the digestion 
program, the samples were transferred to 25 ml 
polypropylene flasks and diluted with deionised 
water. Double deionised water was used for all 
dilutions. To avoid possible contamination, all 
glassware was soaked in nitric acid for 10 minutes 
and rinsed with deionised water before use. HNO3 
and H2O2 were of supra pure quality (Merck).   For 
the elemental analysis, an Ati-Unicam 929 atomic 
absorption spectrometer with deuterium background 
corrector was used in this study. Cadmium and lead 
in samples were determined with an Ati-Unicam 
graphite furnace using Argon as inert gas.  Similar 
analytical procedures are discussed in Molognoni et 
al. (2017) and Zhang et al.(1997).  
 
III. RESULTS 
 
The results from 67 feed samples are shown in table 1 
and 2. According to findings presented in table 1 and 

2, the highest cadmium and lead level were found in 
clover among feed plants. Minimum and maximum 
lead levels were between 0.035-1.716 mg/kg in feed 
samples. Minimum pollution according to the average 
lead levels was in wheat (0.035 mg/kg) raised close to 
agriculture areas far from industry and traffic. The 
maximum lead pollution levels were in clover (1.716 
mg/kg) raised in locations close to intense industry 
activities and intense urbanization. Maximum 
cadmium level among feed plants was in clover 
(0.322 mg/kg) followed by corn (0.259 mg/kg), 
barley (0.128 mg/kg) and wheat (0.093 mg/kg). It is 
determined that lead (in barley, wheat and clover) and 
cadmium (in barley and clover) levels from locations 
close to industrial establishments were higher than 
those with high traffic volumes and higher 
agricultural activities. This difference was statistically 
significant at P=0.05.  
 
DISCUSSION 
 
When the lead and cadmium pollution levels  in the 
feed plants  in areas close to and away from intense 
vehicle traffic and industry establishments were 
investigated (Table 1 and 2), it can be determined that 
clover is being polluted more by cadmium and lead 
than others. In contrast, barley was less contaminated 
with cadmium than other feed plants and wheat was 
less contaminated with lead than others. The 
cadmium and lead pollutions in feed plants raised in 
areas away from industry, traffic and settlement 
locations were found to be less than areas close to 
vehicle traffic and industrial activities. The varied 
concentrations of cadmium and lead found in these 
feeding stuffs items may be explained by several 
factors such as the metal content of the soil, variation 
in element uptake by different plants, together with 
fertilization and processing techniques. In general, 
lead concentrations of all the feeding stuffs in this 
study were higher than cadmium, which is similar to 
the previous reported lead and cadmium levels for 
plants in the literature. The cadmium concentrations 
in the wheat and corn samples collected from field in 
the regions with heavy traffic volume in Bursa (Table 
1) were higher than the averaged cadmium 
concentrations of the samples raised close to and 
away from the industry establishments. Lead levels in 
clover raised in areas close to heavy vehicle traffic 
areas are higher than the corresponding samples that 
were raised in agricultural areas and industrial areas. 
Table 3 compares the levels of cadmium and lead in 
feeding stuffs from our study with those obtained 
from studies in England, China, Argentina, Italy, 
Japan, Holland, USA, Poland and Iran.  Our average 
lead levels (0.261 mg/kg) determined in wheat were 
similar to the lead quantities determined by Hooda 
and Alloway (1997) in England and are far above the 
average lead quantity determined by Watanabese et al 
(2000) or Zhang et al (1998) in China. Cadmium 
concentrations (0.048 mg/kg) in this study are close 
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to the cadmium quantities (average cadmium <0.05 
mg/kg) determined by Lavado et al (2001) in the 
same type of feeds in Argentina. However, our 
average levels are above the cadmium and lead 
quantities (average 0.021 mg/kg cadmium and 0.0036 
mg/kg lead) declared by Shimbo et al (2001) in 
Japan. The average lead concentrations (0.232 mg/kg) 
determined in barley are far below the lead quantities 
determined by Wiersma et al (1986) in Holland and 
are clearly below the average results (average lead 
2.7 mg/kg) determined by Cox et al (2001) in USA 
and Dudka et al (1996) in Poland. Similarly, our 
cadmium concentrations in barley (0.051 mg/kg) are 
below the findings (average cadmium 0.15 mg/kg) 
determined in USA (Cox et al, 2001) and the 
quantities (0.12-0.70 mg/kg) determined in Poland 
(Dudka et al, 1996). The average cadmium and lead 
concentrations (0.092 and 0.277 mg/kg) determined 
in corn of the present report are far above the 
cadmium and lead quantities in corn determined by 
Zhang and Qu (1997) and Watanabase et al (2000). In 
addition, our results are below the lead levels and 
above the cadmium levels (average cadmium <0.05 
mg/kg and lead 0.80 mg/kg) determined by Lavado et 
al (2001) in Argentina. The average cadmium (0.119 
mg/kg) and lead (0.933 mg/kg) quantities in our 
clover samples are below the cadmium and lead 
quantities (average 0.19 mg/kg cadmium and 1.9 
mg/kg lead) in clover samples determined by Dudka 
et al (1996) in Poland. In a recent study, the mean 
cadmium level of  40 feed samples in Iran was found 
to be 0.58 mg/kg ( Eskandari and Pakfetrat, 2014). 
However, this Persian study did not mention the 
subgroups of feed samples. 
The regulations of maximum presence of cadmium 
and lead in feed and feed materials were last amended 
by European Regulation  (EU) 2015/186 and 
2013/1275. According to first of these EU regulations 
the maximum presence of lead is 5 mg/kg  in 
complete feed and 10 mg/kg in feed materials 
(European Commission Regulation 2015/186). And 
according to second of these EU regulations the 
maximum presence of cadmium is 1 mg/kg in  feed 
materials with vegetable origin and 0.5 mg/kg in 
complete feed  (European Commission Regulation 
1275/2013).  The mean lead concentrations in wheat, 
barley and corn samples in this study are well below 
the maximum permitted concentration limits. 
Similarly, wheat, barley and corn samples in Bursa 
had lower cadmium concentrations than permitted 
cadmium limit. However, the cadmium 
concentrations in the clover samples collected from 
field in the industrial regions were near to the 
maximum permitted concentrations of European 
Regulations (0.32 mg/kg versus 0.5 mg/kg). In 
contrast, lead levels in the wheat, barley, corn and 
clover samples raised close to intense traffic areas 
were lower than the maximum permitted 
concentrations of European Commission. 

The results of this study strongly suggest that 
industrial sources and vehicle traffic are major 
sources of roadside lead pollution in Bursa, Turkey. 
The present study suggests that industrial and 
municipal sources (galvanization operations, 
batteries, fertilizers, incineration of oil products, etc.) 
may be the most significant sources of cadmium 
pollution. This study showed that motor vehicles 
seem to be source of pollution for cadmium and lead 
in the feeding  stuffs near roadside. 
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Table 1    Cadmium levels in feeding stuffs (dry weight basis, mg/kg) 

 
Table 2   Lead levels in feeding stuffs (dry weight basis, mg/kg ) 

 

 
Table 3. Levels of cadmium and lead in feeding stuffs from the Turkey compared with previously published results from other parts 

of the world 
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b. Wiersma et.al.(1986).                                 h .Cox et.al.(2001) 
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e. Zhang et.al.(1997,1998) 1, Watanabese et.al.(2000) 2 
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