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Summary  
 

The main goal of this study was to determine the blood levels of lead and cadmium 
and their translation to milk where they are excreted, in blood and milk samples collected 
from cattle farmed in industrial polluted areas, and unpolluted areas also of the Thessaloniki 
province in Greece. 

In order to detect extremely low concentrations of metals (lead, cadmium, zinc, 
mercury, etc.) in various types of samples (tissue, blood, milk, wool), was used atomic 
absorption spectrometry because it is a high sensitive quantitative method. 

In lactating cows, which had a serum lead value over 0.20 µg/ml, milk excretion of 
this metal was significantly higher in statistical terms (p <0.05) than those to which serum 
lead was within the maximum allowed limit. Mean cadmium levels were significantly higher in 
both blood and in milk in animals kept near a cadmium metal packaging factory. 
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Since industrial development is a characteristic of the current era, 
environmental protection is an essential component of sustainable development of 
society, aimed at keeping ecological balance, maintaining and improving the 
natural factors, quality of life and conditions that may affect human and animal 
health and welfare. 

Because the natural balance of atmospheric gases is threatened by human 
activity in recent years, EU countries have shown a constant concern for the 
renewal of environmental legislation and issuing regulations in areas where there 
were no specific rules. European environmental legislation has been harmonized to 
prevent, reduce and control pollution of all environmental components as a whole, 
in line with sustainable development and international obligations. On this topic, 
international agreements have a role in reducing pollution at a world scale. 

In close conjunction with continuous and progressive alteration of 
parameters of life, the main purpose of this work was to determine the presence 
and the levels of lead and cadmium in blood and milk samples collected from cattle 
farmed in industrial polluted areas, and unpolluted areas also of the Thessaloniki 
province in Greece. 
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Materials and methods 
 
To study the concentration of lead and cadmium in blood and milk of cattle, 

it was composed a control group (consisting of 18 cattle from farms located far 
away from a polluting unit) and 5 experimental groups (consisting of cattle from 
farms located close to factories and foundries). 

Control group: 
- control group (n = 18), from two cattle farms located in unpolluted areas 

of the county Thessaloniki, Sohos (n = 10) and Xilopoli (n = 8);  
Experimental groups 
- Group 1 (n = 12), consisting of cattle from farms located near steelworks 

SIDENOR;  
- Group 2 (n = 10), consisting of cattle from farms located near the 

processing plant of aluminum - Aluminum Anodes;  
- Group 3 (n = 17), consisting of cattle from farms located near lead-zinc 

smelter;  
- Group 4 (n = 10), consisting of cattle from farms located near a mining 

exploitation;  
- Group 5 (n = 10), consisting of cattle from farms located near lead-zinc 

smelter closed (dismantled);  
- Group 6 (n = 10), consisting of cattle from farms located near a cadmium 

metal packaging factory (industrial area). 
After an accurate and thorough investigation of the health status of cattle, 

were taken samples of blood and milk (which have been preserved in some cases), 
were then sent to the laboratory to carry out biochemical tests. 

To detect extremely low concentrations of metals (lead, cadmium, zinc, 
mercury, etc.) in various types of samples (tissue, blood, milk, wool), was used 
atomic absorption spectrometry because it is a high sensitive quantitative method.   

 
Results and discussions 

 
 After collection of blood and milk samples from cattle from the 2 farms 
located in unpolluted areas of the Thessaloniki County and 4 farms located near 
the industrial area, they were sent to the laboratory, where lead and cadmium were 
dosed by chromatographic method. 

After making these determinations, it was found that there are statistically 
significant differences presented below (table 1 and figures 1-2). 

Most cases of poisoning by heavy metals have been reported in cattle bred 
in farms Sind, Liti, Pentalofos and Malgara (placed around the industrial area of 
Thessaloniki). 

Thus, for cattle raised near steelworks Sidenor from Thessaloniki County, 
the average of blood lead is slightly above the upper limit of the maximum allowed 
limit (0.20 µg/ml), with variations ranging from 0.154 µg/ml to 0.260 µg/ml. 
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Noteworthy is that, various researchers observed that all lactating cows, 
which had a serum lead value over 0.20 µg/ml, milk excretion of this metal was 
significantly higher in statistical terms (p <0.05) than those to which serum lead was 
within the maximum allowed limit. And following determinations that were made on 
cattle raised near steelworks Sidenor, it was observed that the average amount of 
lead in bovine milk taken in the study, was significantly higher (p <0.05), reaching 
0.518 µg/ml, with limits between 0.420 µg/ml and 0.616 µg/ml.  

 Table 1 
Mean values of lead and cadmium level in blood and milk of cattle reared in 

unpolluted areas and industrial area of Thessaloniki County 
LEAD (µg/ml) CADMIUM (µg/ml) 

LOCATION 
Blood Milk Blood Milk 

Unpolluted areas 0.082 0.270 0.064 0.124 
Steelworks SIDENOR 0.207 0.518** 0.379** 0.532** 

Aluminum processing plant 0.322** 0.640*** 0.288* 0.402** 
Pb-Zn smelter 0.761*** 0.853*** 0.180 0.231 
Mining area 0.144 0.338* 0.273* 0.483** 

Pb-Zn smelter closed 0.562** 0.249* 0.112 0.145 
Cadmium metal packaging factory - - 0.741*** 0.802*** 

* p>0.05 – not significant differences 
** p<0.05 - significant differences 
*** p <0.01 - significant distinct differences 
 

 Regarding the mean cadmium in blood and milk of cattle bred in farms 
near steelworks Sidenor, it can be observed that both values were significantly 
higher (0.379 µg/ml in blood and 0.532 µg/ml of milk), to maximum allowed limits. 

Regarding the determination of lead and cadmium in blood and milk of 
cattle reared around aluminum processing plant it was observed that the mean 
blood lead was significantly higher (0.322 µg/ml) to the maximum allowed limit, 
which contributed to a distinct increase significantly (p<0.01) average value of this 
heavy metal in milk (0.640 µg/ml).The mean cadmium level obtained in animals of 
this group was higher than the maximum allowed limit (0.288 µg / ml), but 
statistically insignificant (p>0.05). 

In the case of cattle farmed around lead-zinc foundries, the average values 
of lead were separately significantly higher (p <0.01) in the blood (0.761 µg/ml) and 
milk (0.853 µg/ml). Interesting to note is the fact that the animals kept near a closed 
lead-zinc smelters, the average values of lead found in blood were higher (0.562 
µg/ml) significantly statistically (p<0.05) although this unit did not work for 3 
months. Also, the average lead level in milk was higher in animals of this group 
(0.249 µg/ml), but statistically insignificant (p>0.05). However, mean cadmium 
within the limits allowed, both with blood (0.112µg/ml) and for milk (0.145µg/ml).  

After determining the average values of cadmium in cattle raised near a 
cadmium metal packaging factory was found that they were separately significantly 
higher (p <0.01) in the blood (0.741µg/ml) and milk (0.802µg/ml). 
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Fig. 1. The dynamics of mean values of lead level in blood and milk of cattle reared 
in unpolluted areas and industrial area of Thessaloniki County 
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Fig. 2. The dynamics of mean values of cadmium level in blood and milk of cattle 
reared in unpolluted areas and industrial area of Thessaloniki County 
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Thus, the mean blood lead were separately significantly higher (p <0.01) in 
animals reared around lead-zinc foundries (0.761 µg/ml), followed by average 
significantly higher (p <0.05) from animals raised near the closed lead-zinc smelter 
(0.562 µg/ml) and those reared near aluminum processing unit (0.322 µg/ml). 

However, mean cadmium levels were significantly higher in both separate 
blood (0.741 µg/ml) and in milk (0.802 µg/ml) from animals kept near a metal 
cadmium and packaging plants, and were significantly higher (0.379 µg/ml in blood 
and 0.532 µg/ml in milk), comparative to the maximum allowed limits. 

 
Conclusions 

 
In the case of cattle reared around lead-zinc foundries, the average values 

of lead were separately significantly higher (p <0.01) in the blood (0.761 µg/ml) and 
milk (0.853 µg/ml). 

In animals kept near a closed lead-zinc smelters (for 3 months), mean 
blood lead was higher (0.562 µg/ml) and statistically significant (p <0.05), while in 
milk (0.249 µg/ml) the levels were not statistically significant (p >0.05), and the 
average values of cadmium were within the maximum allowed limits, both in blood 
(0.112 µg/ml) and milk (0.145 µg/ml). 

Mean cadmium levels were significantly higher in both blood (0.741 µg/ml) 
and in milk (0.802 µg/ml) in animals kept near a cadmium metal packaging factory. 

Regarding the mean cadmium level in blood and milk of cattle bred in 
farms near steelworks Sidenor, it was observed that both values were significantly 
higher (0.379 µg/ml in blood and 0.532 µg/ml of milk), compared to maximum 
allowed limits.  

Regarding the levels of lead and cadmium in blood and milk of cattle 
reared around aluminum processing plant it can be observed that the mean blood 
lead was significantly higher (0.322 µg/ml) compared to the maximum allowed 
limits, which contributed to a statistically distinctly significant (p <0.01) increase 
average value of this heavy metal in milk (0.640 µg/ml). The mean cadmium level 
obtained in animals of this group was higher than the maximum allowed limits 
(0.288 µg/ml), but statistically insignificant (p> 0.05). 
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