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Concentration of heavy metals in the blood plasma of grazing-cattle
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ABSTRACT: The accumulation of heavy metals in animals depends on the concentration in the soil, pasture,
duration of exposure and the way of absorption of metals into the blood and other tissues. The aim of the research
is to identify the level of lead (Pb), and some heavy metals in the blood plasma of cattle, as a bio-indicator of
exposure to pollutants and determine the toxic index of pollution. The determination of the level of metals was
carried out in 73 samples of blood plasma of cattle, in 4 locations at different distances from the smelter (2km,
3km, Skm and 40km - controls). The results show the highest level of heavy metal exposure in: location 1 Pb is
(0.571 ppm), Cu (1.327 ppm) and Fe (6.376 ppm), while in the control location, there is a lower level of con-
centration in Pb (0.264 ppm), Cu (0.568 ppm) and Fe (2.363 ppm), compared to the others. The average values
plasma Fe in location 1 (6.376 ppm) and 2 (5.946 ppm), is relatively small (Dif.=0.43 ppm), in location 3 there
is a moderate decrease compared to the others and the control. Location 1 consistently shows the highest HPI
values for all three heavy metals in bovine plasma, indicating higher exposure to pollutants (Pb, Cu and Fe).
There are significant differences in the levels of Cu contamination between locations (F statistic = 11.214, p
< 0.0001). The results of the research, for the first time in blood plasma, confirm the existence of heavy metal
concentrations, even two decades after the closure of the smelter. Heavy metal pollution, especially lead (Pb),
in environments with long-term-chronic exposure, endangers the health of animals and humans, which situation
must be continuously researched and analyzed.
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INTRODUCTION

he presence of heavy metals in different forms in

the environment determines the level of pollu-
tion in the environmental and trophic chain, therefore
in various studies cattle is considered as a possible
biomarker in environmental pollution (Bischoff K.,
et al., 2014; Perillo, L. et al. 2021).

Degraded soils and metal deposits from long-term
mining activity present a particular risk to grazing
animals, as metal concentrations can be high both on
the soil surface and in grass. Cd, and Pb have been
found to be two, three and five times higher in the
soil surface than in the subsoil around an abandoned
Pb-Zn mine. Monitoring environmental pollution
from mines that historically have produced metals,
serves to determine the degree of risks derived from
pollutants in the biotic and abiotic system (Arvay J
et al., 2014; Luo X,et al., 2023).

Heavy metals can be transferred from the soil
through pasture grass to domestic animals and cause
poisoning of animals and their products, while the
use of such products leads to bioaccumulation in hu-
man tissues and can cause cancer and non-cancerous
diseases (Castro-Gonzalez N.P et al., 2021; Karimi
A et al., 2020; Mohammadi A.A et al., 2019). Due
to bioaccumulation, it poses a real threat to organ-
isms, (Al-Obaidi R.G.F et al., 2022), in a series of
physiological and biochemical processes, which are
determined by the absorbed dose, the route and du-
ration of exposure, whether acute or chronic (Zadnik
T, 2010; Tahir I and Alkheraije K.A, 2023). In the
Mitrovica district, despite the closure of the smelt-
er, the level of heavy metals in the environment
continues to be high, worrying and dangerous for
the environment and living organisms (Aliu M et
al., 2016; Carkaj L et al., 2022). Chronic exposure
of cattle to toxic metals can cause embryotoxicity,
disturbances in spermatogenesis and oocyte devel-
opment, therefore it is important to continuously
monitor environmental pollution with toxic metals
(Wrzecinska M et al., 2021).

A study in New Zealand, for the diagnosis of
the state of copper (Cu) concentration in the blood
of cattle and the activity of ceruloplasmin (CP) in
serum and plasma, has estimated that the concen-
trations of Cu in the serum of cattle are on average
about 3 mol /L (190 mg/L) lower than plasma con-
centrations, indicating that serum Cu concentration
is not a suitable surrogate for plasma Cu concentra-
tion in determining blood Cu status, as individual

variability in loss of Cu during coagulation is very
large. In this study, CP activity, both in serum and
plasma, was a suitable surrogate for detecting Cu
status in bovine blood (Laven R.A and Smith S.L,
2009). Ceruloplasmin (CP) is generally considered
to be the major Cu-containing component in blood,
as it accounts for 70-90% of total plasma Cu. Stud-
ies have shown that metabolic diseases are closely
related to systemic inflammation, oxidative stress,
and disorders of copper and iron metabolism, CP has
protective and diagnostic effects in metabolic dis-
eases (Liu Z et al., 2022). Plasma and serum studies
are suitable for the determination of most essential
and toxic elements in the blood of livestock (Luna
D etal., 2019).

The city of Mitrovica for decades (1933-2000),
due to its proximity to the smelter in the past, was
one of the cities with the highest degree of heavy
metal pollution, especially lead. It was one of the
most polluted cities in the northern part of Kosovo
and had the largest metallurgical complex of the
“Trepga” mine in Europe and in this location there
was an industrial complex such as: the lead and zinc
smelter, the nitrogen fertilizer production factory, the
batteries, zinc and sulfuric acid electrolysis plant.
The surrounding area was quite polluted, including
residential areas, and presented a chronic risk to
the health of biota and human population (Sajn R
et al., 2013; Memishi Sh.F.,et al. 2020; Xing W,et
al., 2020). An environmental audit ordered by the
Kosovo authorities warned that the foundry should
be closed as an “unacceptable” source of air pol-
lution with metals, especially lead, therefore the
“Trepca” foundry was closed in 2000. An early study
in 1968 showed that sheep’s milk in the vicinity of
the “Trepga” smelter contained on average about
132 y per 100 g of lead (Pb), a much higher amount
than in other areas. The lambs showed paralysis of
the limbs and tongue, temporary diarrhoea, anemia
and general weakness. No marked lead poisoning
was observed in cattle, although their milk in this
area showed approximately the same concentrations
as that of sheep (Stamatovic S and Milic D, 1968).
Recent studies have shown that the content of lead in
the soil, grass, and blood and milk in grazing cows
has been progressively reduced in the vicinity of the
“Trepga” smelter.

The levels of lead in the milk of cattle near the
smelter are more than twice higher than the standards
given by the European Commission Regulation (Eu-
ropean Commission) and the area near the smelter
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still poses a threat to the welfare of cattle and human
health (Krasniqi-Cakaj I et al., 2020; Dehari-Zeka M
etal., 2020). The areas around the smelters are con-
taminated with heavy metals, sulfur dioxide, dust,
smoke and special metals, which are deposited in
the soil and accumulate in plants (Elezaj [.R et al.,
2013; Sahiti H et al., 2023).

The aim of the research is to determine the pres-
ence and distribution of heavy metals, specifically
Pb, Cu and Fe in the blood plasma of grazing cattle,
in four locations at different distances from the pol-
lution source (smelter). To contribute with valuable
information for environmental monitoring and de-
termination of pollution levels in the environmen-
tal and trophic chain, so that decision makers can
implement sustainable practices for environmental
management.

MATERIALS AND METHODS

Study area

This study was conducted to investigate the con-
centrations of heavy metals in the blood plasma of
grazing cattle in the villages located near the lead
and zinc smelter “Trepca” (Zvegan), in Mitrovica,
at a distance of 1.0, 2.0 and 5.0 km (contaminated
area), and the control area - 40 km from the smelt-
er area (uncontaminated area), fig.1. This area lies
around the geographical coordinates: 42 © 54 N and
20 ° 50 E, with a hilly-mountainous relief rich in
important minerals not only in Kosovo, but also in
the entire Illyrian Peninsula and beyond.

The lead smelter operated for several decades in
Zvecan until it was closed (2002), therefore Zvegan
and the city of Mitrovica are hotspots of lead and

L
LT s
- ¢ &

il - Harta e impaktit Legend
/JQ‘.;\ g hapésinor té Zveqanit f ] Municipatity
S \;"-—-". A ‘J; bufer 1 km
M L .
4 \ .31 J.‘,\_‘/:{ ~ = buter 2 km
3 =, A '\‘4:,{{‘;’;?\" /{ bufor 3 km
b ““\f T 2 ,\;‘\.‘-;-. b W+E basfor 4 kim
A ?.‘\' o “{ .Q::\(: S butor S km
\\' ) > ~T o o8 2 % ” @ sottlomont
3 . kstm Chimney
4 Km

Babatin = <™

3 km

Kelmend
2km

Figure 1. Map of areas affected by pollution in the vicinity of the “Trep¢a” foundry in Zvecan.
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heavy metal pollution. Air emissions of lead have
fallen dramatically since the closure of the Zvecan
smelter, but their waste still pollutes the air (wind-
blown dust), water and land (dust runoff and deposi-
tion), so the land around the smelter is still contami-
nated from deposits of lead and other metals, which
is a major source of exposure risk (Kosovo country
environmental analysis. MESP, 2016). Various statis-
tical models are used to derive results for pollution
levels, dust emissions from contaminated sites and
waste dumps, and environmental impacts from lead
and zinc waste. This is justified by the results of the
2021 study (in 0-5 cm Fe the value is 24,936 mg/kg),
(Kastrati G et al., 2021), and the findings of studies
by other authors where the values of heavy metals in
the vicinity of the smelter “ Trepga”, exceed several
times the values set according to the European Union
average and the New Dutch list up to 152 km?2 of
the researched area (Aliu M et al., 2016).

Method of data collection

Sampling of 10 ml of blood was performed by
puncture in the jugular vein in all grazing cattle by
qualified and experienced personnel (trained phle-
botomist-veterinarian), avoiding injury and unnec-
essary stress to the animals. This study, conducted
for the first time, was carried out during the period
May-June 2022, where limited conditions existed
in these localities in taking the number of samples.
73 blood samples were collected from grazing cattle
(Simmental breed), in 3 localities within a radius
of 2-3-5 km from the “Trepca” foundry: Kelemnd
village — 2 km (there were only 11 cows), Boletin
village - 3 km (16 cows), Zazhé village — 5 km (30
cows) and the control village Koliq - 40 km from
the foundry — (16 cows). Blood was stored in BD
vacationer (LH 170 I.U; UK.). Blood samples were
then refrigerated at 4 °C during transport to the lab-
oratory for digestion and analysis. Blood plasma is
extracted after centrifugation in tubes for 10 min-
utes at 3000 rpm/min. After centrifugation, 2.0 ml
of clear supernatant (2 ml mass) were taken from
each plasma sample, and placed on Teflon plates
for mineralization. 5 ml of nitric acid (HNO3 65%)

and 1 ml of hydrogen peroxide (H202 30%) were
added. The Teflons together with the sample were
placed in the microwave (Speed wave MWS 3+,
Berghof, Germany).

Method of data collection

The specific program (for mineralization of plasma
and blood) has been selected, with conditions that are
presented according to the standards (2022). After
the end of the time, according to the program in the
microwave software, the samples were allowed to
cool for about 30 minutes at room temperature. Then
the samples were filtered in a normal container (50
ml). The normal container is filled with distilled wa-
ter to the specified volume. The mineralized samples,
as such, were read in ICP-OES (Optima 2100 DV
ICP-OES Spectrometer, PerkinElmer, USA) for the
content of chemical elements as requested, under
wavelength conditions presented in the report. The
ICP reading was done according to the EPA 6010C:
2007 method.

Statistical analysis
The results of One Way ANOVA and Tukey HSD test
(IBM SPSS Statistics 20, IBM Corp., Armonk, NY,
USA), show that there is no significant-significant
difference in HPI values among the four locations
(F statistic = 1.269, p = 0.292). Therefore, the ob-
served differences in HPI values can be attributed
to random variability and we do not have sufficient
evidence to reject the null hypothesis that there are
no significant differences in HPI values among the
four locations (Table 5 and Graph 4). The formula
used for HPI calculation is as follows:

o
e,

_

HPI =

Where:

Ci - represents the concentration of the i-th heavy
metal,

Si - denotes the standard permissible limit for
the i-th heavy metal,

Table 1. Microwave software designed for plasma mineralization according to standards.

Parametrs; Step 1 Step 11 Step 111 Step IV Step V
Temperature (°C) 145 170 190 100 100
Pressure (bar) 30 30 30 0 0
Time (minutes) 5 10 15 10 10

J HELLENIC VET MED SOC 2025, 76 (4)
TIEKE 2025, 76 (4)



I. KRASNIQI-CAKA]J, B. KRASNIQI, F. GAVAZA]J, B. KURTAJ-BAJRAMI, Q. SELIMI

9995

N- is the total number of heavy metals under
consideration.

For Pb, the standard permissible limit is > 0.035
ppm :

(CDC-Centers for Disease Control and Preven-
tion, 2018).

For Cu, the standard permissible limit is > 14.95
ppm :

(CDC-Centers for Disease Control and Preven-
tion, 2018).

For Fe, the standard permissible limit is > 4 ppm:
(Singhi, S.C.et al. 2003).

RESULTS

Data for Lead (Pb) Concentration

Research data have shown that the average level of
Pb (Lead) in cattle plasma shows the highest level
of Pb in location 1- (0.571 ppm/kg), while in loca-
tion 3 and 2 the average levels of Pb in plasma are
approximate (0.405 ppm/kg) and (0.391 ppm/kg),
presenting comparable exposure levels. In contrast,
the level of Pb in the plasma of cattle at site 4-control
shows the lowest level of Pb (0.264 ppm/kg), (Table
2 and Graph 1)

Data for copper (Cu) concentration

The average concentration of Cu (copper) in cattle
plasma shows the highest level of Cu, at location
1-2km (1.327 ppm), at location 2; 3km has an aver-
age lower Cu concentration (0.803 ppm) compared
to site 1, at site 3; Skm Cu (0.631 ppm), and loca-
tion 4-40km average concentration is (0.568 ppm),
presenting comparable exposure levels. As can be
seen from the results, these locations seem to have

1.207)

1.007

R

47 -1

40 J_ 375 385

1

00— D—

Pb (ppm)

25

Location

Graph 1. Graph for distribution of Pb (Lead)
concentration (ppm) in bovine plasma according
to locations.

different average levels of Cu among the four loca-
tions, where we have a progressive decrease (Table.
3 and Graph. 2).

Data for iron (Fe) concentration

The highest mean concentration of Fe (iron) in the
plasma of the cattle population was found at site
1 (6,376 ppm). The difference between the mean
concentrations of Fe (Iron) in bovine plasma at site
1 (6.376 ppm) and site 2 (5.946 ppm) is relatively
small (Dif.=0.43 ppm), suggesting that both sites
have relatively high levels of Fe in bovine plasma.
The mean plasma Fe (iron) concentration of cattle at
site 3 has a moderate decrease in Fe levels compared
to the other two sites, whereas the lowest mean plas-
ma Fe concentration was observed at site 4 (2.363

Table 2. Descriptive data for lead concentration Pb-(ppm) in bovine blood plasma by location.

95% Confidence Interval

Min Max
for Mean

Location N Mean  Std. Deviation Std. Error

Lower Upper

Bound Bound
1 11 0.571 0.212 0.064 0.428 0.713 0.38 1.10
2 16 0.391 0.158 0.040 0.307 0.476 0.15 0.70
3 30 0.405 0.181 0.033 0.337 0.472 0.17 1.00
4 16 0.264 0.138 0.035 0.191 0.338 0.00 0.50
Total 73 0.396 0.193 0.023 0.351 0.441 0.00 1.10
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Table 3. Descriptive data for Cu (copper) concentration (ppm) in cattle plasma by location.

95% Confidence Interval

Min Max

Location N Mean  Std. Deviation Std. Error for MeanU "

Lower Bound B(I:Elfd
1 11 1.327 0.472 0.142 1.010 1.644 0.75 2.00
2 16 0.803 0.413 0.103 0.582 1.023 0.17 1.80
3 30 0.631 0.350 0.064 0.500 0.762 0.05 1.25
4 16 0.568 0.272 0.068 0.423 0.713 0.12 1.00
Total 73 0.760 0.443 0.052 0.656 0.863 0.05 2.00

Cu (ppm)

2.00 20.00-]
12
o 28
x

40,004

1.504

115 30.00]
a7
1.00 *

20,00

w

Fe (ppm)
g%z

*w
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535 a6
*
509

]

R L

T T T T T T T T
1 2 3 4 1 2 3 4

Location Lokacioni

Graph 2. Graph for distribution of Cu (Copper)
concentration (ppm) in cattle plasma by
location.

Graph 3. Box plot for distribution of Fe (Iron)
concentration (ppm) in bovine plasma by
location.

Table 4. Descriptive data for Fe (iron) concentration (ppm) in bovine plasma by location.

95% Confidence Interval

Min Max
for Mean

Location N Mean Std. Deviation  Std. Error

Lower Upper

Bound Bound
1 11 6.376 2.954 0.891 4.392 8.361 2.37 12.00
2 16 5.946 7.440 1.860 1.982 9911 0.43 22.10
3 30 4.900 9.530 1.740 1.342 8.459 0.00 44.25
4 16 2.363 3.157 0.789 .680 4.045 0.00 11.00
Total 73 4.796 7.308 0.855 3.091 6.501 0.00 44.25
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ppm). This indicates that site 4 has the lowest mean
Fe levels among the four sites (Table 4 and Graph. 3).

Heavy Metal Pollution Index (HPI)

Heavy Metal Pollution Index (HPI) for Pb
(Lead)

Location 1 has the highest Heavy Metal Pollution
Index (HPI) value for Pb (Lead) (16.31 ppm), in-
dicating a relatively higher level of Pb pollution in
bovine plasma compared to the other locations. Lo-
cation 3 also exhibits a high HPI value (15.42 ppm),
which is close to the HPI of Location 1, suggesting
a relatively higher level of Pb pollution similar to
Location 1. On the other hand, Location 2 has a
moderate level of Pb pollution in comparison to the
other locations, with an HPI value of 11.18 ppm.
Meanwhile, Location 4 has the lowest level of Pb
pollution in bovine plasma compared to the other
three locations, with an HPI value of 7.55 ppm.

The results of the One-way ANOVA tests in-
dicate that there is no significant difference in
HPI values among the four locations (F-statistic
= 1.269, p = 0.292). Therefore, the observed
differences in the HPI values could be attribut-
ed to random variability, and we do not have
enough evidence to reject the null hypothesis
that there are no significant differences in HPI
values among the four locations (Table 5 and
Graph. 4).

The data of our study show that the Heavy Metal

One-way ANOVA, F=1.269, p=0.292

ra
t
1

ra
=
1

16 31

1118
1]
104

1542

1
=

Heavy Metal Pollution Index (HPI) for Pb (Lead)

Location

Error Bars: 95% CI

Graph 4. Heavy Metal Pollution Index (HPI)
for Pb (Lead) by location.

Pollution Index (HPI) for Pb (Lead) (16.31 ppm), in
location 1- has the highest value indicating a rela-
tively higher level of Pb pollution in bovine plasma
compared to other locations. Location 3 also exhibits
a high HPI value (15.42 ppm), which is close to the
HPI value of location 1-, accounting for a relatively
higher level of similar Pb contamination in the two
locations. On the other hand, site 2 has a moderate
level of Pb contamination compared to other sites,
with an HPI value of 11.18 ppm. Mean while, site

Table 5. Heavy Metal Pollution Index (HPI) for Pb (Lead), Cu (Copper) and Fe (Iron) by location.

Heave One-way
Location Minimum Maximum HPI Std. Deviation ANOVA Sig.
metal
F-test
1 11 10.86 31.43 16.31 6.06
2 16 4.29 20.00 11.18 4.52
Pb 1.269 0.292
3 30 4.86 128.57 15.42 21.98
4 16 0.00 14.29 7.55 3.94
1 11 0.05 0.13 0.089 0.03
2 16 0.01 0.12 0.054 0.03
Cu 11.214 <0.0001
3 30 0.003 0.08 0.042 0.02
4 16 0.008 0.07 0.038 0.02
1 11 0.59 3.00 1.59 0.74
2 16 0.11 5.53 1.49 1.86
Fe 0.893 0.449
3 30 0.00 11.06 1.23 2.38
4 16 0.00 2.75 0.59 0.79
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4-control resulted in the lowest level of Pb contami-
nation in bovine plasma compared to the other three
sites, with an HPI value of 7.55 ppm.

Heavy Metal Pollution Index (HPI) for Cu
(Copper)

Location 1 has the highest HPI value for Cu (Copper)
(0.089 ppm), indicating a relatively higher level of
Cu contamination in bovine plasma compared to the
other locations. Site 2 has an average level of Cu
contamination compared to other sites, with an HPI
value of 0.054 ppm. Location 3 has an HPI value
of 0.042 ppm, indicating a relatively lower level of
Cu contamination compared to locations 1 and 2.
Location 4 has the lowest HPI value (0.038 ppm),
suggesting the lowest level of Cu contamination in
bovine plasma at the four sites. Results of one-way
ANOVA tests suggest that there are indeed signifi-
cant differences in Cu contamination levels between
sites (F statistic = 11.214, p < 0.0001), (Graph. 5).
With such a small <p value, we reject the null hy-
pothesis that there are no significant differences in
HPI values between the four locations. Tukey HSD
test results highlight distinct levels of Cu contam-
ination at site 1 compared to the other three sites.

Heavy Metal Pollution Index (HPI) for Fe
(Iron)

The Heavy Metal Pollution Index (HPI) value for
Fe (Iron) in bovine plasma shows variations among
the four locations. Location 1 and Location 2 have
relatively higher Fe pollution levels (1.59 ppm and
1.49 ppm, respectively), while Location 3 and Lo-

One-way ANOVA, F=11.214, p<0.0001

2
=}
I

(p<0.0001)

(p<0.0001)
040

(p=0003)
0085 [

0.0+

0.06- | (p=0.45)
0.054 T

: (p=0.948)
0.04-] - 008 -

0.038

Heavy Metal Pollution Index (HPI) for Cu (Copper)
i
I
|
|

o
=1

Location

Error Bars: 95% CI

Graph 5. Heavy metal pollution index (HPT) for
Cu (copper) by location.

cation 4 have lower Fe pollution levels (1.23 ppm
and 0.598 ppm, respectively).

However, the One-way ANOVA results suggest
that these differences in HPI values are not statisti-
cally significant (F-statistic = 0.893, p = 0.449). This
indicates that the observed variations in Fe pollution
levels among the locations could be attributed to
random variability, and we do not have enough ev-
idence to reject the null hypothesis of no significant
differences in HPI values among the four locations
(Table 4 and Graph. 6).

The results show changes in the Heavy Metal
Pollution Index (HPI) for Pb, Cu and Fe in bovine
plasma in the three polluted locations, compared to
the control location. Location 1 consistently shows
the highest HPI values for all three heavy metals in
bovine plasma, indicating higher exposure to con-
taminants (Pb, Cu and Fe). There are significant dif-
ferences in Cu contamination levels between sites
(F statistic = 11.214, p < 0.0001).

DISCUSSION

Comparison of study results for Pb (Lead) with
other research.

Our results show a progressive reduction of lead
level in blood plasma (Loc.1; 0.571ppm. Loc.2;
0.391 ppm; Loc.3: 0.405ppm and Loc.4 control;
0.264 ppm-respectively), in grazing cattle in near
the foundry “Trepga” at a distance of 2, 3, 5 km.
Similar to our study, the results found in the study
done a few years ago (2020-2022), in determining

One-way ANCVA F=0.893, p=0.443

ra
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1

ra
=)
1

1.594 T
1.487 —

1225

Heavy Metal Pollution Index (HPI) for Fe (lron)

0591

0.0

Location

Error Bars: 85% CI

Graph 6. Heavy Metal Pollution Index (HPI)
for Fe (Iron) by location.
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the level of Pb in the blood of cattle in the villag-
es near the “Trepga” smelter, showed a progressive
decrease of Pb in the total blood. The level of lead
in the blood (BLL), in locations at a distance of at a
distance of 2, 3, 5 km, from the source of pollution, is
significantly higher and a significant value (P<0.001;
0.0403+0.0277; 0.0268+0.0113; 0.0248+0.0168;
0.0128+0.0041 mg/kg-respectively), compared to
the control site at a distance of 40 km. Also the
activity values of the blood ALAD enzyme in Kel-
mend and Boletin is also yesterday lower (P<0.01;
3.7£1.3; 4.6+1.6; U/LE, respectively), compared
to ALAD enzyme activity (6.0£2.9 U/LE), in the
blood of cows that graze in the control area-Koliq,
and there is a negative and significant correlation
between Pb in blood and ALAD activity (r=-0.812;
P<0.004), in pasture cattle, in Kelmend 2km away
from the smelter, (Krasniqi-Cakaj I. et al., 2020).
This is also compared with research on the effects
of chronic environmental exposure to lead (Pb) on
the blood lead level (BLL), (24 £11.8, 12+4.5, 11
+5.4and 8.0 + 2.8 ng/L) of residents living in three
villages (Kelmend, Boletin and Zhazhé- at a dis-
tance of 2, 3, 5 km), and exposure levels in residents
living near a zinc (Zn) smelter, and identification of
factors affecting exposure (Dehari-Zeka M. et al.,
2020; Jo H. J et al., 2021).

The findings of various studies show that plasma
and serum samples seem suitable and interchange-
able for the determination of most essential and toxic
elements in cattle blood (Luna D et al., 2019). An-
other study comparable to our study, presenting the
concentration of lead (Pb) 0.489 pg/mL (or pmm),
in the serum of pet dogs, can justify the data com-
parable to our work in Loc.3: 0.405ppm. This study
was conducted to assess the degree of exposure to
heavy metals of pets in a polluted urban area of
northwestern Poland, including Pb as a toxicant,
and the degree of environmental metal poisoning
(Tomza-Marciniak A et al., 2011).

Comparison of study results for Cu (Copper)
with other research.

The average concentration of Cu (copper) in the
plasma of cattle shows the highest level of Cu at the
1-2km location (1.327 ppm), at the 2-3km location
there is a lower average concentration of Cu (0.803
ppm), at the 3-5km location Cu (0.631 ppm), and
even lower at the 4-40km location (0.568 ppm). To
evaluate our data, the results made in Spain (2019)
can be used, where the data on the state of copper
(Cu) concentration in the blood of cattle in the plas-

ma show a higher concentration of Cu of 965 + 36
ug/ L or 0.965+ 36 ppm in plasma (Luna D et al.,
2019). This study serves to compare the approximate
data of our research to determine the state of copper
(Cu) concentration: 1.327ppm; 0.803 ppm and 0.631
ppm, in the plasma of cattle in three locations near
the smelter.

The study done in Ragusa - Italy, for the analysis
of heavy metals in milk and serum of cows at differ-
ent distances of the farms from the pollution area,
for the values of copper (Cu) in the serum shows
the following values: 2.36+0.64 mg/L ( 3.7km) and
3.06 £2.29 mg/L (6km), (Monteverde V et al., 2022),
which values are consistent with the data of our
study for the concentration of copper (Cu) in plasma
1.327ppm and 0.803ppm in two locations near the
source of pollution (2km and 3km).

Similar to our study, such research of heavy met-
als in serum, milk and plasma of animals, shows
that they are an important bioindicator to detect the
exposure of environmental pollutants, in monitoring
and maintaining the hygienic state of the environ-
ment and the health of animals (Pilarczyk R., 2013).

Comparison of study results for Fe (Iron) with
other research.

The highest Fe (iron) concentration in the plasma of
the cattle population was found in site 1 (6,376 ppm).
The difference between the mean Fe (iron) concen-
trations in the plasma of cattle in site 1 (6,376 ppm)
and site 2 (5,946 ppm) is relatively small (Dif.=0.43
ppm), suggesting that both sites have relatively high
Fe levels in the plasma of cattle. The mean Fe con-
centration in the plasma of cattle in site 3 has a
moderate decrease (4,900 ppm), while the lowest
mean Fe concentration in plasma was observed in
site 4 (2,363 ppm). The study conducted in Ragusa,
for the determination of heavy metal levels in milk
and serum, is comparable to our study for the serum
level. The Fe concentration was higher in serum in
group 1; (20.71mg/1), at a distance of 3.7 km from an
industrial area and in group 2 the Fe concentration
has a lower value (15.48 mg/l), at a distance of 6
km from a chemical fertilizer factory (Monteverde
Vet al., 2022).

Our results of Fe in plasma (Loc.1: 6.376 ppm.
Loc.2: 5.946 ppm. Loc.3: 4.900 ppm), can be com-
pared with the data presented with the level of iron
(Fe) in serum, finding a progressive decrease of
exposure and source of pollution. Various studies
have proven that the concentration of Fe in plasma
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is lower than in serum (Killilea D.W et al., 2017),
(the opposite of the concentration of Cu in plasma
and serum), the study conducted in Galicia-Spain
confirms this, presenting the concentration of Fe
in plasma with the following data: 91.5+ 8.2ug/L
(ppm) and serum 95.8+ 13.1ug/L (ppm), (Luna D
etal., 2019).

Heavy Metal Pollution Index (HPI) for Pb
(Lead)

Some heavy metals and their properties and toxic-
ity have been known for thousands of years. Fur-
thermore, their use in industry represents a major
source of environmental and occupational pollu-
tion, with potential exposures arising from natural
sources (e.g., through contamination of food and
water), industrial processes, and commercial prod-
ucts (Uugwanga, M.N., et al 2021; Machado, C. C.
et al., 2023;).

Our study data show that the Heavy Metal Pol-
lution Index (HPI) for Pb (Lead) (16.31 ppm), at
location 1- has the highest value indicating a rel-
atively higher level of Pb contamination in cattle
plasma compared to other locations. The results of
the study according to the Heavy Metal Pollution
Index (HPI), show that we still have values of the
occurrence of these contaminants even after a long
time of closure of the smelter. These data justify our
investigation according to a study of blood lead val-
ues >0.35 ppm diagnosed during lead poisoning in
cattle (Cowan V, et al., 2016). Lead poisoning should
be <0.35 ppm, because the physiological level of Pb
in animal blood is up to 0.1-0.24 ppm, and >0.35
ppm is a diagnostic symptom of bovine Pb poisoning
(Arslan H.H et al., 2009). According to the CDC,
the updated blood lead reference value to <3.5 ug/
dL =0.035 ppm, in human blood (CDC-Centers for
Disease Control and Prevention, 2018), indicates that
the higher the blood lead concentration, the higher
the percentage distributed in plasma, because blood
lead levels (BLL) increase plasma levels more (ATS-
DR, Health Consultation 2023).

Heavy Metal Pollution Index (HPI) for Cu
(Copper)

The results of the Tukey HSD test show that there are
significant differences in the Heavy Metal Pollution
Index (HPI) for Cu (copper) between site 1 and each
of the other three sites. This indicates that the levels
of Cu contamination in location 1 are significantly
different from those in location 2, location 3 and 4.
However, the test did not find any significant dif-

ference in HPI values between location 2 and oth-
ers (Loc. 3 and 4), and between site 3 and 4. This
suggests that Cu contamination levels at site 2 are
not significantly different from those at sites 3 and
4. According to the authors’ estimates, toxic values
of Cu in plasma are 0.9 to 1.1 pg/mL, or > 1.2 pg/
mL, and toxic values >14.95 ppm according to CDC
(CDC-Centers for Disease Control and Prevention,
2018). The data of our study do not show the same
values for toxic level with Cu with 0.089ppm and
0.0540 ppm and can be compared with a reference
study 0.7 and 0.9 pg/mL (ppm), while other studies
suggest that plasma Cu values of 0.5 pg/mL or less
are indicative of low Cu stores in the liver (Claypool
D. W et al., 1975). Copper availability in feed is a
critical factor that can influence whether livestock
develop copper poisoning (Otter, A., et al.. 2023).

Heavy Metal Pollution Index (HPI) for Fe
(Iron)

Peak serum iron levels <350 pg/dL (3.5ppm) are
associated with minimal toxicity. Levels between
350-500 pg/dL (3.5-5.0ppm) are associated with
moderate toxicity. Levels >500 pg/dL (5.0ppm) are
associated with severe toxicity. Serum iron levels
peak 2 to 4 hours after ingestion. Approximately
10% of iron is absorbed from the intestines and then
bound to transferrin. Normal serum iron levels range
from 50 to 150 pg/dL (0.5 -1.50 ppm). When iron
levels increase after significant ingestion, transferrin
becomes saturated with Fe, excess Fe will circulate
in the blood as free iron, which is directly toxic to
target organs.

According to the research results, we have an
exponential decrease in the values for the heavy
metal pollution index of Pb (lead), Cu (copper) and
Fe (iron), depending on the distance of chronic ex-
posure in the villages, Kelmend 2km. > Boletin 3km
> Zhazhé 5km> than the control of Koliq 40 km.
The time frame of the study may overlook tempo-
ral changes in heavy metal concentrations, requir-
ing extended monitoring for accuracy. This study
is in agreement with the study carried out in the
blood, milk and urine of cows (Castro-Gonzalez,
N.P, 2021), which proves the presence of heavy
metals that determines the degree of pollution of
the environmental and trophic chain with which we
can consider cattle as a biomarker of environmental
pollution.

Focusing on Pb, Cu, and Fe, the study may not
cover all potential pollutants. Future research should
broaden the scope to include a comprehensive array
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of contaminants. Additional research, including epi-
demiological studies, is essential to establish poten-
tial health risks from observed heavy metal levels.

Limitations of the study

Although this study provides useful information for
the first time on the concentration of heavy metals
in the plasma and blood of cattle and the degree of
toxicity of animals after a long period of exposure, it
remains to periodically investigate the level of heavy
metals and monitor the health of the population. Pe-
riodic studies should be carried out in these localities
near the smelter and the degree of environmental
toxicity should be measured. Despite the limitations
and other difficulties, it is necessary to work with
the population, to increase their awareness of the
importance of research, to cooperate with interested
parties for the analysis and dissemination of data.

CONCLUSIONS

The research data realized for the first time in these
locations in the blood plasma of cattle can serve as a
control indicator to detect the toxic risks even after
several decades of the closure of the smelter, related
to the presence of heavy metals in tissues and conse-
quences for animal and human health. Based on these

results, the level of lead (Pb) in the plasma showed a
progressive decrease moving away from the smelter
and was lower in the control group. The average
concentration of Cu (copper) in cattle plasma shows
the highest level of Cu in location 1, 2 and 3, while
the control location presents comparable levels of
exposure. The highest average concentration of Fe
(iron) in the plasma of the cattle population was
found in location 1. The difference in concentrations
of Fe (Iron) in the plasma of cattle in location 1 and
2 is small (Dif. = 0.43 ppm), suggesting that they
have high levels of Fe in bovine plasma, site 3 has a
moderate decrease in Fe compared to the other two,
while site 4 has the lowest mean Fe levels compared
to the three sites.
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