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Summary  

 
The main goal of this study was to establish correlations of blood and wool lead 

levels in sheep grazed on pastures located at different distances from high traffic roads from 
Thessaloniki province in Greece.  

In this study, it was observed that in registration of high lead levels of an 
overwhelming importance was the distance from pasture (or land from where came forage 
mass) to high or moderate traffic roads.  

In this study the lower blood and wool lead levels in sheep, were registered in 
animals grazed on pasture far away from high traffic roads, with values framed in generally 
within the normal limits 

Higher blood and wool lead levels in sheep, both after 3 and 6 month of grazing, 
were registered in animals grazed on pasture located near high traffic roads, with average 
values significantly higher than the maximum limits, dependent to the lead pasture 
concentration, and also correlated to inhalation of lead containing particles from the air. 
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In most European countries sheep farming has a tradition for centuries. Under 
these conditions, the large variety of products sheep can produce, low energy use and 
the feed they consume, offer for farming and exploitation of this species a character of 
a basic, sustainable and for perspective activity, based on the export of increasingly 
quantities of products from sheep. It is well known that the main sources of lead 
poisoning in animals are residues from not ferrous metals industry, but also results in 
industries that process or use lead and its derivatives, but an important lead pollution is 
the emanation from auto transport, due to increasing traffic in recent years. 

In order to establish a correlation between the level of lead in blood and 
wool of sheep farmed close to Thessaloniki highway, it were selected farms where 
animals (sheep and goats) grazing on pastures located at different distances from 
high traffic roads. 

 
Materials and methods 

 
To obtain conclusive results on the lead levels in blood and wool samples 

taken from individuals of this study, it were used animals that grazed on pastures 
located at different distances from high traffic roads.  
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Thus, in this study the levels of lead in blood and wool samples from 
animals were determined, which were grazed on different pastures as follows: 

1. areas far away from high traffic roads (over 20 km), near to only two 
auxiliary roads (with a very low traffic - 25-50 cars/24 h) - SOHOS - which is 
growing both sheep (16,649 animals) and goats (25,942 animals), with a total of 
42,591 animals; 

2. areas in the immediate vicinity of high traffic roads (motorways), where 
animals were grazed on pastures located at very short distances (100-800 m) from 
them (and where traffic was about 15.000-25.000 cars/24 hours) – farm SINDOS - 
with a total of 8482 animals (including 7394 sheep and 1088 goats); farm LITI - with 
a total of 24,805 animals (including 11,394 sheep and 13,411 goats); farm 
LANGADA - with a total of 12,476 animals (8.338 sheep and 4138 goats).  

3. areas near to roads with medium traffic, in this case animals were 
grazed on pastures located next to some inter-county national roads (where traffic 
was about 5.000-7.000 cars/24 hours); farm VASSILIKA - 48,292 animals (14,707 
sheep and 33,585 goats); farm LANGADIKIA - 64,152 animals (including 39,854 
sheep and 24,298 goats). 

The study groups were formed only from sheep (from the farms mentioned 
above), as follows:  

- Control group - consisting of 15 sheep (males and females) from the farm 
Sohos;  

- Group 1 - consisting of 14 sheep from the farm Sindos;  
- Group 2 - consisting of 14 sheep from the farm Liti; 
- Group 3 - consisting of 14 sheep from the farm Langada;  
- Group 4 - consisting of 16 sheep from the farm Vassilika;  
- Group 5 - consisting of 16 sheep from the farm Langadikia. 
From the sheep in the study groups were sampled blood and wool 

samples, after grazing for 3 and respectively 6 months on pastures located at 
different distances from roads. 

To detect extremely low concentrations of metals (lead, cadmium, zinc, 
mercury etc.) in blood and wool samples, atomic absorption spectrometry was used 
because it’s high sensitivity quantitative method. 

 
Results and discussions 

 
Results of blood and wool lead levels in sheep grazed on pastures located 

at different distances from high traffic roads areas are presented in table 1 and in 
figures 1-4. 

During the study period, it were reported numerous cases of CNS and 
digestive disturbances that could be also a consequences of lead poisoning, 
especially sheep farms where the animals were grazing on pastures in the vicinity 
of high traffic roads (highways, various national roads) in Thessaloniki province.  
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Table 1 
The mean values of lead level in blood and wool of sheep, according to the 
auto traffic intensity in the area where they have grazed for 3 and 6 months 

Blood 

(µg/ml) 
Wool 

(µg/g) 
Blood 

(µg/ml) 
Wool 

(µg/g) Location Farm  

after 3 month  after 6 month  

Far away from 
high traffic 

areas 
SOHOS 0.08 0.17 0.16* 0.28* 

SINDOS 0.92*** 3.53** 1.47*** 5.31*** 

LITI 0.75*** 2.12** 1.28*** 4.44*** Near highways 

LANGADA 0.68*** 2.60*** 1.35*** 4.02*** 

VASSILIKA 0.52** 0.74** 0.86** 1.26** Near national 
roads LANGADIKIA 0.48** 0.67** 0.72** 1.02** 

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

 
Levels of blood and wool lead in study animals registered, after in 3 and 6 

months of grazing, different average values (statistical significance), dependent of 
the distance from high traffic roads. 

After determining the blood and wool lead levels in control group animals, 3 
months after the start of graying them, it was registered an average value of this 
metal in blood samples (0.08 µg/ml) and those of wool (0.17 µg/g) that fit within the 
maximum limits (0.14 ± 0.01 µg/ml for blood and 0.3 ± 0.1 mg/g wool). After 6 
months, in animals grazed on the same pasture, were registered higher levels of 
lead in blood samples (0.16 µg/ml) and wool (0.28 µg/g), but this increase was 
statistically insignificant.  

In animals from groups 1, 2 and 3 (farms Sindos, Liti and Langada, where 
sheep grazed on pastures close to some high traffic highways), it is found that after 
3 months of their grazing on these pastures, in group 1 the average blood lead 
level was 0.92 µg/ml and wool lead level was 3.52 µg/g, which are higher 
(statistically significant), compared to the maximum limits. After 6 months, the 
average values of lead levels increased, with significant differences from the first 
determination (1.47 µg/ml in blood and 5.31 µg/g in wool). 

In sheep from group 2, after 3 months of grazing, the levels of lead in blood 
and wool (0.75 µg/ml in blood and 2.12 µg/g in wool), were significantly higher than 
the maximum limits. Also, after 6 months, mean lead level increased statistically 
significant from the first determination, both in blood and in wool (1.28 µg/ml in 
blood and 4.44 µg/g in wool).  
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Fig. 1. The mean values of blood and wool lead levels in sheep that grazed 3 
and 6 months far away from high traffic roads 
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Fig. 2. The mean values of blood and wool lead levels in sheep, which grazed for 3 
and 6 months, on pastures near to national roads 
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Fig. 3. The mean values of blood lead levels in sheep that grazed 3 and 6 months 

on pastures near to highways in Thessaloniki province 
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Fig. 4. The mean values of wool lead level in sheep that grazed 3 and 6 months on 
pastures near to highways in Thessaloniki province 

  In group 3 animals it was found that after 3 months of grazing them on 
pasture near high traffic roads, the average lead levels were of 0.68 µg/ml in blood 
and 2.60 µg/g in wool. After 6 months grazing on such pasture, was registered an 
increase in mean lead levels (1.35 µg/ml in blood and 4.02 µg/g in wool).  

In group 4 animals, after 3 months of grazing sheep on pastures located 
close to roads with moderate traffic, the levels of lead in blood and wool (0.52 µg/ml 
in blood and 0.74 µg/g in wool), were higher than the maximum limits. After 6 
months the lead levels registered were higher (0.86 µg/ml in blood and 1.26 µg/g 
wool).  

Similar values were registered in group 5 animals after 3 months of grazing 
on pasture adjacent to a highway with moderate traffic (inter-county road); mean 
lead in blood samples (0.48 µg/ml) and wool (0.67 µg/g) were significantly higher 
than the maximum limits, but values increased more (statistically significant) after 6 
months (0.72 µg/ml in blood and 1.02 µg/g in wool). 

Analyzing comparative the results in this study that lead levels in sheep 
were dependent to distance from pastures on which grazing animals (or from 
where it originated forage mass), to high or moderate traffic roads. Thus, ingestion 
of contaminated feed and inhalation of particles from air were responsible for blood 
and wool high lead levels in sheep. 

 
Conclusions 

 
In this study on blood and wool lead levels in sheep grazed on pastures 

located at different distances from some high traffic roads in Thessaloniki province, 
it was observed that in registration of high lead levels of an overwhelming 
importance was the distance from pasture (or land from where came forage mass) 
to high or moderate traffic roads.  

In this study the lower blood and wool lead levels in sheep, both after 3 and 
6 month of grazing, were registered in animals grazed on pasture far away from 
high traffic roads, with values framed in generally within the normal limits 

Higher blood and wool lead levels in sheep, both after 3 and 6 month of 
grazing, were registered in animals grazed on pasture located near high traffic 
roads, with average values significantly higher than the maximum limits, dependent 
to the lead pasture concentration, and also correlated to inhalation of lead 
containing particles from the air. 
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