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Abstract 

The effects of lead exposure on oxidative stress biomarkers in feral pigeon (Columba livia) from Mitrovicë town (situated in 
close vicinity of ormer lead and zinc smelter) were studied through the use of blood Pb (PbB) levels, d-aminolevulinic acid 
dehydratase (δ-ALAD) activity, level of plasma δ-Aminolevulinic acid (ALA), Glutathione (GSH), Malondialdehyde 
(MDA), Uric acid (UA), Urea (U), and creatinine (CR). Lead levels in pigeons from Mitrovicë were significantly elevated 
(P<0.001) compared to the control. Elevated PbB in pigeons from Mitrovicë was also accompanied by significantly inhibited 
(P<0.001) δ-ALAD activity in blood, significantly decreased levels of GSH and MDA (P<0.001; <0.05), and significantly 
elevated levels of ALA, UA, CR (P< 0.001) compared to the control. Negative correlation was observed between PbB and δ-
ALAD activity (r= -0.409; P<0.05) in birds in Mitrovicë. This study provides important evidence about the chronic effects of 
lead on the analyzed oxidative stress biomarkers. In addition, the study proves that the pigeons in Mitrovicë remain 
chronically exposed to harmful effects of lead, and that the close vicinity of the former smelter “Trepça” still represents a 
source of exposure to lead for the health of biota and humans. 
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1. Introduction 

The long-term pollution activities from smelting 
factories may disturb or destroy ecosystems, thereby 
making them less suitable for wildlife. In fact, these 
polluted sites may produce bioavailability and increased 
levels of toxic compounds such as heavy metals, which 
affect multiple generations of the population as a result of 
their extended bioavailability (Dimitrov et al., 2016). 

Heavy metals are highly reactive and often toxic at low 
concentrations. They may remain in the environment for 
years, posing long-term risk to life long after pollution 
sources have been removed (Gall et al., 2015). Therefore, 
the use of monitoring in pollution assessment is of 
paramount importance. 

Lead contamination is a global problem affecting the 
health of different bird species worldwide (Haig et al., 
2014). In this sense, lead (Pb) is a naturally occurring but 
nonessential element that is highly toxic at elevated 
concentrations having the potential to affect most body 
systems and the health of animals. Moreover, this toxic 
metal is considered one of the most significant threats to 
several species (Haig et al., 2014; Wiemeyer et al., 2017; 
Isomurso et al., 2018; Helander et al., 2019; Ecke et al., 
2017). 

Birds are the most studied and probably the most 
affected species to lead poisoning (Pain et al., 2019; Plaza 

and Lambertucci, 2019). In particular, wild birds have 
been disclosed to be useful bio-indicators because they are 
sensitive to pollutants and are important structural 
components of the ecosystem (Kekkonen et al., 2012; 
Matheo-Thomas et al., 2016).  

Negative impacts of pollution from mining and 
smelting complexes have been observed in wild bird 
species for decades. Although the technological advances 
and legislation have resulted in reduced impact from metal 
industries in terms of metal emissions, polluted soils may 
still constitute a major source of heavy-metal exposure for 
wild birds, even if the atmospheric deposition declines 
(Berglund et al., 2010; Elezajet al., 2013).  

In the last years, the number of studies evaluating the 
effects of heavy metals on oxidative stress biomarkers in 
free-living birds exposed to heavy metals under natural 
conditions has increased (De la Casa et al., 2015; Espin et 
al., 2014a, 2014b; Koivula et al., 2011; Martinez-Haroet 
al., 2011; Rainioet al., 2013). However, inter-specific 
differences due to different tolerance to metals have been 
found by some researchers (Espin et al., 2014a, 2015; 
Hernandez-Garcia, 2010; Koivula and Eva, 2010), and the 
specific resistance of species to metals is still unclear for 
many birds (Espin et al., 2016).  

From this perspective, it is essential to use some 
biomarkers to detect oxidative stress in birds. This is 
mainly due to the fact that different antioxidants are 
involved in the protection against reactive oxygen species 
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(ROS) through close interaction between them, and that 
the antioxidant defense may respond differently depending 
on the species (Berglund et al., 2007; Constantini and 
Verhulst, 2009; Koivila and Eva, 2010). 

The concentrations of lead produce harmful effects on 
bird’s health like inhibition of enzymes that are important 
for metabolic functions (Espín et al., 2015). One of the 
prime targets of lead toxicity is the heme synthesis 
pathway. In this pathway, δ-ALAD is the most sensitive 
and specific biomarker of the low lead (Pb) exposure in 
humans and wild animals including bird species (Elezaj et 
al., 2013).  

In this sense, ALA-D inhibition results in correlated 
decrease in hem production of hemoglobine and 
accumulation of Aminolevulinic acid (ALA), which can be 
oxidized to generate ROS. Consequently, enhanced lipid 
peroxidation and DNA damage may occur. The δ-ALAD 
can serve as a valuable biomarker of oxidative stress in 
hematological system exposed to lead and act also as a 
biochemical indicator of lead exposure (Gurer-Orhan et 
al., 2004). 

Recent studies have also explained the role of 
antioxidants in wild birds, with particular attention to low-
weight non-enzymatic molecules such as Glutathione 
(GSH) and Uric acid (UA) (Constantini et al., 2008; 
Cohen and McGraw, 2009; Perez-Rodrigez et al., 2009; 
Koivula and Eva 2010; Sánchez-Virosta et al., 2019; 
Dolan et al., 2017). 

Lipids are the most involved class of bio-molecules of 
the biological targets of oxidative stress. Lipid 
peroxidation induces a number of secondary products, 
among which Malondialdehyde (MDA) is the major and 
most studied product of saturated fatty acid peroxidation. 
MDA is highly toxic molecule and should be considered as 
more than just a marker of lipid peroxidation. Its 
interaction with DNA and proteins has often been 
ascertained as potentially mutagenic and atherogenic (Del 
Rio et al., 2005). 

The aim of this study was to assess potential effects of 
blood Pb on oxidative stress biomarkers in free-living feral 
pigeons (Clombalivia) from Mitrovicë town, situated to a 
close vicinity of former smelter “Trepça”, North East of 
Kosovo, and Lukinë village-rural area. For this purpose, 
the study analyzes the blood Pb level (PbB), and some 
biomarkers of oxidative stress such as δ-ALAD activity, 
levels of ALA, GSH, MDA, UA, U, and CR. 

2. Material and Methods 

2.1. Study area 

Mitrovicë (Fig.1) had the largest metallurgic and 
mining complex “Trepça” in Europe, which commenced 
activities in 1939 with the extraction of lead, cadmium, 
and zinc. Many industrial plants existed in the complex 
such as lead smelter, fertilizer production plant, refinery, 
battery factory, zinc electrolysis facility, and a sulfuric 
acid plant. The significant amount of heavy metal 
pollutants was released to the surrounding area, including 
residential areas, associated with biota and human health 
risk (Borgna et al., 2009). 

The study data collected from the close vicinity of 
Mitrovicë show that the average content of Pb in soil is 20-
fold higher than the European median; Cd 11-fold, Hg 5.5-
fold, As 4.6-fold, Zn 4.2, and Cu 3.2-fold higher.  

In the narrower vicinity of Mitrovicë and Zveçan, the 
content of the aforementioned elements is even higher than 
the intervention values, according to the New Dutch list, 
and were exceeded in 152 km 2 of the investigated area. 
(Šajn et al., 2013).  

Lukinë village is located in southern west part of 
Kosovë, 120 km away from Mitrovicë town (Fig. 1). 

Figure1. Localities ithe Map of Republic of Kosovo 

2.2. Experiments 

Specimens of Feral pigeons (Columba livia), a total of 
20 birds of both genders from each locality were collected 
in March 2017from Mitrovicë and Lukinë. In urban areas, 
this species is sedentary, forming discrete flocks which 
remain faithful to specific feeding and roosting areas. For 
this reason, a relatively small sample of birds is expected 
to reflect any variation in metal exposure at the local level. 

In laboratory setting, blood samples were collected by 
heparynized syringes directly from heart. Blood Pb level 
(PbB) was determined with atomic absorption 
spectrometry with an atomic absorber- Varian spectra AA 
640Z Zeeman AAS, equipped with a GTA 100 graphite 
furnace (Varian, USA) and PSD 100 auto sampler (Varian, 
USA).  

Erythrocyte δ-Aminolevulinic acid dehydratase (δ-
ALAD) activity was measured according to the CEC 
standardized method. The level of δ-Aminolevulinic acid 
(δ-ALA) in plasma was determined by the 
spectrophotometric method (Berlin and Schaller, 1974). 
The level of malondialdehyde (MDA) in plasma was 
determined by the spectrophotometric method (Uchiama 
and Michara, 1978). Buetler's method was used to 
determine the total level of reduced glutathione (GSH) in 
the blood (Buetler et al., 1963). The level of plasma uric 
acid (UA), urea (U) and creatinine (CR) was determined 
spectrophotometrically using Bio-La-Tests (Humana-
Germany). 

2.3. Data analysis 

Data analysis of the results was carried out with Sigma 
stat 32 programs (2004 STAT) Software. For each 
continuous variable, a distribution form was determined, 
and significant differences between means were checked 
by Student’s t test. Parson’s correlation test was performed 
to examine the relationship between δ-ALAD activity and 



 © 2020 Jordan Journal of Biological Sciences. All rights reserved - Volume 13, Supplementary Issue  591 

Pb concentrations; and between δ-ALAD activity and 
other oxidative stress biomarkers. A value of p<0.05 was 
considered statistically significant. Data were expressed as 
means ± SD. 

3. Results 

Our results of blood Pb level (PbB), δ-aminolevulinic 
acid dehydratase activity (δ-ALAD), level of ALA, MDA, 
GSH, UA, U and CR in individuals of Feral pigeon 
(Columba livia) from Mitrovicë and Lukinë are presented 
in the table and figures (table 1 and figures 2 and 3).  
Table1. Blood Pb level (PbB), δ-aminolevolunic acid dehydratase 
activity (δ-ALAD), level of (ALA), Glutathione (GSH), 
Malondialdehyde (MDA), Uric acid (UA), Urea (U), and 
Creatinine (CR), in Feral pigeon (Columba livia), in Lukinë and 
Mitrovicë. 

Parameters No\Loc Lukinë   
(A) 

Mitrovicë 
(B) Significance P< 

PbB 
(µg/dL) 20 4.7 ± 1.1 17.1 ± 10.3 A:B;  P<0.001 

ALA-D 
(U/LE) 20 45.8 ± 11.5 17.6 ± 12.6 A:B;  P<0.001 

ALA 
mmol/L 20 0.11 ± 0.09 0.66 ± 0.41 A:B; P<0.001 

GSH 
(g/%) 20 35.4 ± 12.7 22.7 ± 3.9 A:B; P<0.001 

MDA 
(µmol/L) 20 2.7 ± 1.4 1.04 ± 0.6 A:B; P<0.001 

 
UA 
(µmol/L) 20 215 ± 65 326 ± 85 A:B; P<0.001 

U 
(mmol/L) 20 0.5 ± 0.3 0.6 ± 0.2 NS 

CR 
(mmol/L) 20 34.6 ± 4.0 39.1 ± 4.0 A:B;  P<0.01 

Note: The results are expressed as means X and standard 
deviation SD. NS-non significant. 

The blood Pb level (PbB) in the Feral pigeons from 
vicinity of former lead and zinc smelter “Trepça”in 
Mitrovicë was significantly higher (P<0.001) with values 
of (17.1+10.3 µg/dL), compared with the rural area of 
Lukinë (4.6+11.2 µg/dL). 

Blood δ-ALAD activity was inhibited (P<0.001), level 
of MDA and GSH significantly decreased (P<0.05; 
<0.001), while ALA and UA values were significantly 
higher (P<0.001) in pigeons from Mitrovicë compared 
with controls, while CR was significantly (P<0.01) higher.  

There was negative correlation established between 
blood lead level and δ-ALAD activity (r= -0.409; P<0.05) 
in birds of Mitrovicë. 

Figure 2. Blood lead level (PbB) and δ-ALAD activity in feral 
pigeons of Lukinë and Mitrovicë. 

The level of plasma ALA in birds from Mitrovicë was 
6.0 fold higher compared with that in Lukinë. 

The level of MDA in plasma of pigeons from Lukinëis 
was significantly higher compared with pigeons in 
Mitrovicë (2.7 ±1.4; 1.0 ± 0.6; respectively; P< 0.01). The 
level of plasma MDA in birds from Mitrovicë is 1.7 times 
lower compared with the plasma MDA of pigeons in 
Lukinë.  

A level of plasma GSH in pigeons from Mitrovicë 
(22.7 ± 3.9) was significantly lower (P<0.001) compared 
with birds from Lukinë (35.4 ± 12.7).  

 
Figure 3. The level of ALA, GSH and MDA in feral pigeons of 
Lukinë and Mitrovicë. 

Plasma uric acid level (UA) in Mitrovicë (326 ± 85) is 
significantly higher compared with the plasma UA of birds 
in Lukinë (251 ± 65; P<0.001), while the urea (U) in 
pigeons from Mitrovicë (0.6 ± 0.2), although not 
significantly, is higher than in plasma (0.5± 0.3) of pigeons 
from Lukinë. 

The plasma level of creatinine (CR) in pigeons from 
Mitrovicë (39.1 ± 4.0) is significantly higher (P< 0.01) 
compared with pigeons in Lukinë (34.6 ± 4.0). 

4. Discussion 

The results of Pb level in the blood of Feral pigeons 
(Columba livia) from Mitrovicë (17.1+10.3 µg/dL) are 
significantly higher (P<0.001) compared with the control 
group of Lukinë pigeons (4.6+11.2 µg/dL). This confirms 
the presence of the risk of lead contamination in this area 
not only for the pigeons but also for the humans and other 
animal species. 

Compared with our earlier results (Elezaj et al., 2008, 
2013) about PbB in pigeons in Mitrovicë from 2000 to 
2003 (the year when the smelter was closed down), these 
results are 4.9 times lower, 5.5 (2001); 2.6 (2002); 4.0 
(2003) and 8.7 times lower than in 2012. The intermittent 
analysis of blood Pb levels (from 2000-2017) in the free-
living pigeons from vicinity of lead and zinc smelter in 
Mitrovicë revealed the progressive decrease of blood lead 
levels in pigeons of Mitrovicë over the seventeen years 
(Elezaj et al., 2008, 2013; our data, 2017). 

Our results of blood Pb level in birds from Mitrovicë 
are consistent with the results of Vanparys (Vanparys et 
al., 2008) who in the blood of great Tit (Parus major) from 
polluted areas collected 500-1000mcaused by a non-
ferrous metallurgic smelter in the south Antwerp 
(Belgium). Vanparys found significantly higher blood Pb 
levels (5.8 times higher) compared with reference.  

Coeurdassier (Coeurdassier et al., 2012), established 
higher levels of Cd and Pb in the blood and erythrocytes of 
European Black birds (Turdus merula) caught up from a 
contaminated site-smelter of Metaleurop Nord, North 
France.   
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Our results of blood Pb level in pigeons from 
Mitrovicëare are consistent with the results of Cai and 
Calisi (Cai and Calisi, 2016) who in pigeons (Columba 
livia) from the Soho/Greenwich Village neighborhood 
revealed highest levels of lead in their blood 
(X=23.121µg/dL), followed by pigeons from Lower 
Manhattan/Lower East Side (X=22.708 µg/dL) and Upper 
West Side (X= 19.957 µg/dL). Correlation data revealed 
that levels of blood of pigeons from the Manhattan 
neighborhoods positively correlate with the rates of 
children in the same neighborhoods with the elevated 
levels of blood lead (r = 0,647, N=8, P=<0.042).Whatever 
sources may be causing lead toxicity in their subjects, 
there exists a parallel between high blood levels in the 
pigeons sampled and high rate of children with blood Pb 
levels of 10µg/dL or more in NYC neighborhoods. They 
(Cai and Calisi, 2016) provide a powerful example of how 
monitoring pigeon biology may help us to better 
understand the location of prevalence of lead with the aim 
of providing greater awareness and devising prevention 
measures.  

The results indicate a decrease of Pb exposure in the 
last 17 years in Feral pigeons (Columba livia) and House 
sparrows (Passer doemsticus) free-living in Mitrovicë 
town (Elezaj et al., 2013; Millaku et al., 2015), which 
could be explained by the closure of lead and zinc smelter 
“Trepaça” in Mitrovicë in the year 2000.  

Our results of δ-ALAD activity in the blood of feral 
pigeons from Mitrovicë (inhibited 62.4 % v-s reference) 
explain the sensitivity of this biomarker of lead exposure. 
The results also confirm that this inhibition of δ-ALAD 
activity occurs due to the prevailing high level of lead 
pollution in this area. 

The results are consistent with our former results 
(Elezaj et al., 2012) found in feral pigeons from the same 
area in 2012 when the δ-ALAD activity was 94.9% 
inhibited v-s reference (1.2 ± 0.9; 23.4 ± 3.0 U/LE 
respectively), while blood lead level was 149 ± 60 µg/dL 
v-s 5.4 + 0.6) µg/dL in the reference.  In 2013, Elezaj 
(Elezaj et al., 2013) in the farm pigeons from Mitrovicë, 
established 77.8 % inhibition of δ-ALAD activity of 
pigeons from Mitrovicë v-s reference (5.2 ± 2.8; 23.4 ± 3.0 
U/LE), while blood lead level was 50 ± 25; 5.4 ± 0.6 
µg/dL respectively. The inhibition of blood δ-ALAD 
activity (61%) was marked also in the feral pigeons from 
courtyard of ferronickel smelter in Drenas (Elezaj et al., 
2011).  

Due to lead exposure across the observed range of Pb 
concentrations (0.01–0.34 µg/g), in nestling of Golden 
Eagle (Aquila chrysaetos), in western United States 
(California, Idaho, Oregon, Wyoming), Herring (Herring 
et al., 2020), found 68% reduction in delta-aminolevulinic 
acid dehydratase (δ-ALAD) activity. 

Our results of inverse correlation established between 
blood Pb level (PbB) and δ-ALAD activity (r=-0.409, 
P<0.05) in feral pigeons from Mitrovicë explain the effect 
of the continuous increase of lead in blood in the 
continuous increase inhibition of activity of this oxidative 
stress biomarker. 

These are consistent with the results of Elezaj’s studies 
(Elezaj et al., 2011) that established inverse relationship 
between Pb concentrations in femur bone (51 µg/g d.w) 
and tibia (35.9 µg/g d.w.), v-s blood δ-ALAD activity (r=-
877, P<0.001; r=-787, P<0.01 respectively) in free-living 

feral pigeons (Columba livia) in the courtyard of 
Ferronickel smelter in Drenas, Kosovo. 

Correlation between delta-aminolevulinic acid 
dehydratase (δ-ALAD) activity and whole-blood lead (Pb) 
concentration in nestling Golden Eagles (Aquila 
chrysaetos) is also established in the western United States 
(California, Idaho, Oregon, Wyoming). Delta-
aminolevulinic acid dehydratase activity declined 68% 
across the observed range of (0.01–0.34 lg/g) Pb 
concentrations (Herring et al., 2020). 

Based on the collective data of the Federal National 
Resource Damage Assessment regulations (NRDA; 
regulation 43 CFR 11.62) have set the Pb-poisoning injury 
level in wildlife at >50%, decrease in blood δ-ALAD 
activity compared with unexposed reference animals, 
which again include birds (Van der Merwe et al., 2011). 
Taken together, these findings suggest that the 
recommendations of the acceptable lower threshold-limit 
for blood lead in feral pigeons and different free-living 
bird species require reexamination. 

Our results of higher inhibition index of δ-ALAD 
activity (38.4%) can be explained by the fact that negative 
inversion between blood lead level and blood δ-ALAD 
activity above > 20 µg/dL disconnects the progressive 
linearity. 

The results of higher Aminolevulinic acid (ALA) level 
(6.0-fold higher), as a precursor to δ-ALAD in the plasma 
of Feral pigeons from Mitrovicë town are consistent with 
the results of Costa (Costa et al.,1997), who in lead 
exposed workers established the positive linear 
relationships between plasma ALA level and blood lead 
level. Our data are in line with free radical hypothesis for 
lead poisoning, where ALA distribution to and 
accumulation in several organs may trigger oxidative 
stress response, not only in the case of lead exposed 
workers (Costa et al.,1997), but also in wild animals 
(birds), in conditions of environmental pollution with lead.  

The correlation data between levels of Aminolevulinic 
acid (ALA-P), PbB, and δ-ALAD activity to our 
knowledge so far have not been investigated not only in 
wild pigeons but also in other birds. Thus, this draws 
attention to the fact that the amount of plasma ALA may 
have contributed to causing oxidative stress in individuals 
of these populations through the formation of free radicals, 
similar to causing oxidative stress in workers exposed to 
lead poisoning. 

According to our data of the measure of the values of 
ALA in the feral pigeons, it turns out that the obtained 
results of this biomarker of oxidative stress in the feral 
pigeons are among the first to be investigated in these 
species. 

It is important to explain that many metals are capable 
of generating Reactive oxygen species (ROS) and include 
oxidative damage and may therefore lead changes in 
oxidative regulation (Rianio et al., 2013). Oxidative state 
(in terms of GSH-reduced and GSH/GSSG-oxidized ratio), 
did not vary among species, suggesting that different 
species may employ different antioxidant pathways to 
achieve the same oxidative state. According to them, the 
effects on oxidative status observed in one species cannot 
be generalized to the other ones (Rainio et al., 2013). Of 
all the biomarkers that we examined, only glutathione 
peroxydase (GP) and glutathion-S-transferase (GST) 
activities in blue tits and GSH level in pied flycatchers 
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showed any association with metal contamination (Rainio 
et al., 2013).  

Our results of lower concentration (34 %) of GSH in 
plasma of feral pigeons from smelter vicinity compared 
with the reference pigeons are consistent with the results 
of Sugawara (Sugawara et al., 1991), who in the 
erythrocytes of workers exposed to lead established lower 
concentration of GSH. In addition, previous studies have 
also observed that Pb concentrations above 10-15 ug/dL 
(or even lower) may produce inhibition of antioxidant 
enzymes, depletion of GSH, and induction of 
Thiobarbituric acid reactive substances (TBARS) in 
erythrocytes of Griffon vultures and Eagle owls (Espin et 
al., 2014). 

Our results of lower level in the plasma of MDA in 
feral pigeons from smelter vicinity are consistent with the 
results of Dobrakovsky (Dobrakovsky et al., 2017), who in 
occupationally workers exposed to lead for 36 to 44 days 
(with blood Pb level 49.1 + 14.1 ug/dL at the end of study) 
established no change of malondialdehyde (MDA) level 
and activities of catalase (CAT) and superoxide dismutase 
(SOD). According to them, short-term exposure to lead 
induces oxidative stress associated with elevated level of 
lipid peroxides (LPH), but not MDA. 

In addition, our results of higher level of plasma uric 
acid, urea, and creatinine in the birds from smelter vicinity 
are consistent with results of Hamidipour (Hamidipour et 
al., 2016), who in blood of Japanese quails exposed to 0.4 
mg/kg diet of “Lead Acetate” for 21 days found significant 
increase of enzymes aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), lactic acid dehydrogenase 
(LDH), glucose, creatinine, and uric acid, compared with 
the control group.   

Additionally, creatinine concentration in blood plasma 
is nearly constant in natural conditions. Excessive amounts 
are also excreted through glomerular filtration. Its sharp 
increase in plasma is a sign of impaired glomerular 
filtration and renal dysfunction (Newman and Price, 1999). 

The increase of plasma creatinine may be due to the 
adverse impact of lead or other metals on kidney function 
and glomerular filtration in birds from smelter vicinity. 
Uric acid rise may be due to the adverse effect of lead on 
kidney function. Because birds are uricotelic, 
measurements of uric acid are more valuable than 
creatinine and urea to asses kidney function (Khaki et al., 
2011).   

The level of uric acid, in addition to being a waste 
product, is also considered a biomarker for many 
physiological characteristics in vertebrates, including 
birds, because it cannot be broken down in vivo. It is the 
most dominant antioxidant defense system for birds and 
can be linked to their ability to cope with the heightened 
metabolic ROS production throughout their lives (Carro et 
al., 2012).  

Urea serves an important role in the metabolism of no 
nitrogen containing compounds in animals. Urea is present 
in very small amounts in avian plasma, and plasma urea 
concentration has traditionally been considered an 
inappropriate parameter to evaluate renal function in birds 
(Lumeij and Remple, 2007). 

Creatinine is reportedly of questionable value for 
evaluating renal function in birds because birds excrete 
creatine before it has been converted to creatinine. Some 
data suggest that creatine and creatinine may act as 

precursors of food mutagens and uremic toxins. Recent 
identification and purification of many of the enzymes 
involved in creatinine metabolism have just opened the 
door to wide variety of biological, physiological, as well as 
clinical investigations and applications (Lumeij and 
Remple, 2007). 

5. Conclusion 

The results of this study support the effects of lower 
levels of PbB on analyzed oxidative stress biomarkers. 
Additionally, the results confirm that feral pigeons in 
Mitrovicë remain chronically exposed to harmful effects of 
lead levels, and the close vicinity of smelter "Trepça" still 
poses a threat for the health of humans and biota. 
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