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Abstract: The aim of this study was to investigate the presence of heavy metals in
water and their impact on metal concentrations in the blood and milk of high-yielding
dairy cows. The study was conducted on six farms in Vojvodina, where 20 cows were
randomly selected from each farm. Blood and milk samples were collected from the
cows, as well as water samples from the farms, originating from the public water supply
system, which is subject to regular sanitary monitoring in accordance with current
regulations. In all samples, the levels of five heavy metals were analyzed: lead (Pb),
cadmium (Cd), nickel (Ni), chromium (Cr), and arsenic (As).

The results of descriptive statistics showed that metal concentrations in water were
relatively low, while concentrations in cow milk and blood varied, with the highest
levels recorded for lead and nickel. Simple linear regression was used to examine
correlations between metal concentrations in water and their levels in milk. Although
lead concentrations showed a high correlation (r = 0.955), the statistical significance
of this relationship was marginal (p = 0.088). Other metals, such as cadmium, nickel,
chromium, and arsenic, did not show a significant correlation between concentrations
in water and milk.

These results suggest that lead may influence its concentration in milk, whereas other
heavy metals do not show a significant association. Further research is needed to clarify
the potential long-term effects of heavy metal exposure on cow health and milk safety.
Keywords: heavy metals, water, blood, milk, cow

INTRODUCTION

Environmental pollution with heavy metals represents a serious global problem that
directly affects ecosystems and the health of animals and humans. Heavy metals such
as lead (Pb), cadmium (Cd), nickel (Ni), chromium (Cr), and arsenic (As) are present
in various segments of the environment, including water resources, air, soil, and food.
Due to their specific characteristics, such as long persistence, bioaccumulation, and
toxicity, these metals can have serious effects on biological systems, including
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domestic animals (Mitra et al., 2022; Pujari and Kapoor, 2021; Tchounwou et al.,
2012).

On high-yielding dairy cow farms, which represent an important source of milk
production, contamination with heavy metals may occur through various pathways,
most commonly via contaminated feed, water, or direct contact with a polluted
environment. Given that cows regularly consume water and that milk is a widely
consumed product, investigating the presence of heavy metals in this context becomes
crucial for both animal health and human safety. Water contamination can lead to
increased concentrations of heavy metals in the bodies of cows (Tahir and Alkheraije,
2023), which in turn may negatively affect milk quality and the safety of milk and dairy
products.

Although numerous studies (Mitra et al., 2022; Awasthi et al., 2022; Katare et al., 2021;
Pujari and Kapoor, 2021; Davidov et al., 2019; Adeleye et al., 2016; Sankhla et al.,
2016; Tchounwou et al., 2012) have demonstrated the presence of heavy metals in
different components of the ecosystem, very few studies have focused on the specific
impact of heavy metals in water on their concentrations in the blood and milk of high-
yielding dairy cows. Moreover, it is still not fully understood which metals have the
greatest impact on cow health and milk quality, nor how contamination of water
resources may directly affect the metabolism and bioaccumulation of these metals in
COWS.

Due to these gaps in the literature, it is necessary to conduct studies that will provide
clearer insight into the relationship between heavy metal contamination of water and
metal concentrations in the milk and blood of animals.

The presence of heavy metals in water can affect animal organs through various
biological processes (Sankhla et al., 2016), including absorption through the digestive
system, accumulation in tissues, and excretion via milk (Mitra et al., 2022; Jaishankar
et al., 2014; Licata et al., 2004). Because of their bioaccumulative nature, heavy metals
can be stored in vital organs such as the liver, kidneys, and lungs (Hossini et al., 2022;
Witkowska et al., 2021), which may impair the overall health of cows (Tahir and
Alkheraije, 2023). In farm conditions, the impact of heavy metals in water can be
particularly concerning, as many farms use water sources with potential heavy metal
contamination. This water becomes a key factor for heavy metal intake in cows, leading
to their accumulation in milk.

Despite the well-established effects of heavy metals on cow health, there is very limited
information on how the presence of metals in water specifically influences metal levels
in milk. Understanding this dynamic is important for minimizing risks to human health,
since milk as a food product may be directly contaminated, potentially leading to health
problems in consumers. Contamination of milk with heavy metals can also have
negative effects on animal fertility and health (Hossini et al., 2022; Wrzecinska et al.,
2021), reducing milk production and resulting in economic consequences for farmers.
Therefore, the aim of this study is to examine the impact of heavy metals in water on
metal concentrations in the blood and milk of high-yielding dairy cows. Although
previous studies indicate the importance of presence of heavy metals in the
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environment, research linking metal levels in water with their concentrations in the
milk and blood of high-yielding dairy cows represents a novel contribution. Thus, this
study may provide insight into the current situation on farms and enable the formulation
of recommendations for reducing contamination and improving food safety.

MATERIALS AND METHODS

The study was conducted during the summer period on six farms located in the territory
of the Autonomous Province of Vojvodina, Republic of Serbia. Twenty cows were
randomly selected from each farm, resulting in a total of 120 cows included in the
study. The cows were in good health condition, aged between two and five years, in
good body condition, and in different stages of lactation, while being maintained under
a standard feeding regime for high-yielding dairy cows.

Blood, milk, and water samples were collected from all six farms. From each cow, 5
mL of blood was collected from the coccygeal vein, and 10 mL of milk was obtained
during the first morning milking. Prior to blood sampling, the venipuncture site was
disinfected with alcohol, and blood was collected using a sterile needle. Immediately
before milk sampling, the udders were washed with warm water and dried with a clean,
dry cloth. In addition, 10 mL of water was collected from each source used for livestock
watering to assess the quality of the water consumed by the cows. The cows were
supplied with water from the local water supply system, which is used for both
livestock and household purposes. According to farm managers, the water originated
from the public water supply system and was subject to regular sanitary monitoring in
accordance with current regulations. Detailed data on water quality control results were
not available; however, it was assumed that the water met standards for agricultural use
and did not contain heavy metals at concentrations exceeding permissible limits. All
blood, milk, and water samples were placed in sterile containers, labeled, and stored
under refrigeration until transported to the laboratory for analysis.

In the laboratory, all samples were analyzed for the presence of heavy metals, including
arsenic, lead, cadmium, nickel, and chromium. Metal concentrations were determined
using atomic absorption spectrometry (AAS), a method that provides high precision
for the detection and quantitative determination of heavy metal concentrations. Water
samples were analyzed directly, while milk and blood samples were subjected to a
digestion process prior to analysis in order to release metal particles from their
matrices. Instrument calibration was performed using standard solutions with known
metal concentrations, ensuring accurate and precise analytical results. For quality
control purposes, blank samples and samples with known metal concentrations were
also analyzed, and results were verified using internal standards. All analyses were
conducted according to standard procedures to ensure data reliability.

Statistical analysis was performed using standard methods of descriptive and analytical
statistics. Mean values, minimum and maximum values, and standard deviations were
used to describe the results. Pearson correlation analysis was applied to assess
statistical significance, with results considered statistically significant at p-values less
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than 0.05. A statistical software package, such as SPSS 26.0, was used for data
processing and analysis. Additionally, simple linear regression analysis was applied to
examine the relationship between heavy metal concentrations in water and their
concentrations in milk and blood.

All procedures involving blood and milk sampling were conducted in accordance with
ethical guidelines for animal research, with prior consent obtained from the animal
owners. The study did not cause any adverse effects on animal health and was carried
out in compliance with the animal welfare regulations of the Republic of Serbia

RESULTS

By analyzing samples of drinking water, cow blood, and cow milk collected from six
farms in Vojvodina, the obtained descriptive statistical values are presented in Table 1.
This table contains the results of the analysis of five heavy metals in three different
sample types: drinking water, cow blood, and cow milk. For each metal, mean
concentrations (mg/L) and standard deviations (SD) were analyzed, providing an
overview of metal concentrations and their variability in the samples.

Table 1. Descriptive statistical results for heavy metals in drinking water, cow
blood, and cow milk

Mitﬁhs( mn mg/L + Sd M\it:tlesrm mg/L + Sd Mgfgl)sdm ug/L +Sd
Pb 0.206 + Pb 0.012 + Pb 0.018 +
0.183 0.008 0.021
Cd 0.006 + Cd 0.000 = Cd 0.011 £
0.046 0.000 0.017
Ni 0.398 + Ni 0.053 + Ni 0.022 +
0.578 0.010 0.017
Cr 0.021 + Cr 0.165 + Cr 0.016 =
0.022 0.004 0.012
As 0.067 + As 0.028 + As 0.042 +
0.054 0.026 0.030

For lead (Pb), the mean concentration in milk was 0.206 mg/L with a standard deviation
of 0.183, indicating a relatively low concentration with some variability. In drinking
water, the mean lead concentration was 0.012 mg/L with a standard deviation of 0.008,
suggesting a very low and stable concentration. The mean lead concentration in blood
was 0.018 pg/L with a standard deviation of 0.021, indicating a low concentration with
greater variability.

For cadmium (Cd), the mean concentration in milk was 0.006 mg/L, with a high
standard deviation of 0.046, indicating a very low concentration accompanied by high
variability. Cadmium was not detected in drinking water (0.000 + 0.000), while the
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mean concentration in blood was 0.011 pg/L with a standard deviation of 0.017,
indicating a low concentration with low variability.

The mean nickel (Ni) concentration in milk was 0.398 mg/L, with a high standard
deviation of 0.578, indicating a relatively high concentration and substantial
variability. In drinking water, nickel concentration was very low (0.053 mg/L with a
standard deviation of 0.010), and in blood, nickel concentration was also low, with a
mean value of 0.022 ng/L and a standard deviation of 0.017.

Chromium (Cr) showed a very low concentration in milk (0.021 mg/L with a standard
deviation of 0.022), while a slightly higher concentration was observed in drinking
water (0.165 mg/L with a standard deviation of 0.004). In blood, chromium was also
present at low levels (0.016 pg/L with a standard deviation of 0.012).

Arsenic (As) had a mean concentration in milk of 0.067 mg/L with a standard deviation
of 0.054, indicating a low concentration with some variability. In drinking water,
arsenic was present at low levels (0.028 mg/L with a standard deviation of 0.026), while
the mean concentration in blood was 0.042 pg/L with a standard deviation of 0.030
Table 2 presents the results of the regression analysis examining the effect of heavy
metal concentrations in drinking water on the presence of these metals in cow milk.
The results are shown in three columns: correlation coefficient (r), F-statistic (F), and
p-value (p). The correlation coefficient (r) indicates the strength and direction of the
relationship between metal concentrations in water and their concentrations in milk.
Values close to 1 or —1 indicate a strong correlation, whereas values close to 0 indicate
a weak or no correlation. The F-statistic tests the overall statistical significance of the
regression model, while the p-value indicates whether the observed relationship is
statistically significant.

Table 2. Results of the regression analysis of the effect of heavy metals in
drinking water on the presence of heavy metals in cow milk

Metal r F p
Pb 0.955 | 10.333 | 0.088
Cd 0.411 0.203 0.831
Ni 0.506 0.344 0.744
Cr 0.596 0.552 0.644
As 0.908 4.685 0.176

The results for lead (Pb) indicate a strong positive correlation (r = 0.955) between its
concentration in drinking water and its presence in milk. However, the F-statistic was
10.333, and the p-value was 0.088, indicating that the correlation was not statistically
significant at the 5% level, although it was close to significance.

For cadmium (Cd), the correlation coefficient was 0.411, indicating a weak positive
correlation. The F-statistic was very low (0.203), and the p-value was high (0.831),
demonstrating that this relationship was not statistically significant.
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Nickel (Ni) showed a correlation coefficient of 0.506, suggesting a weak to moderate
positive correlation; however, the F-statistic (0.344) and p-value (0.744) indicated that
this correlation was not statistically significant.

For chromium (Cr), the correlation coefficient was 0.596, indicating a moderate
positive correlation. Nevertheless, the low F-statistic (0.552) and the p-value (0.644)
showed that this relationship was not statistically significant.

Arsenic (As) exhibited a strong positive correlation (r = 0.908) between concentrations
in water and milk; however, the F-statistic (4.685) and p-value (0.176) indicated that
the correlation was not statistically significant at the 5% level, although it may be
considered significant at the 10% level.

In Abstract, lead (Pb) and arsenic (As) showed relatively strong correlations with their
concentrations in milk, but none of the observed correlations were statistically
significant at the 5% level. Cadmium (Cd), nickel (Ni), and chromium (Cr) did not
exhibit a significant influence on their concentrations in milk, as reflected by low
correlation coefficients and high p-values.

DISCUSSION

This study aimed to investigate the concentrations of heavy metals in water, milk, and
blood of high-yielding cows on six farms. The results showed that Pb concentrations
were highest in milk, whereas other metals, such as Cd, Ni, Cr, and As, were present
at lower levels. Regression analysis indicated a strong correlation between Pb
concentrations in water and milk, while other metals did not show significant
associations (Cowan and Blakley, 2016).

Many researchers (Boudebbouz et al., 2021; Davidov et al., 2019; Licata et al., 2004)
have examined the presence of heavy metals in milk and their potential impact on
human and animal health. According to Giri et al. (2020), Pb is often one of the most
prevalent metals in milk, which aligns with the findings of this study. They also
reported that Pb concentrations in milk may result from contamination of feed and
water, which corresponds to the potential sources of contamination in the present study.
Oraby et al. (2021) and Bilandzi¢ et al. (2021) investigated Cd and Ni in milk and
animal blood and observed similarly low concentrations of these metals in milk. In this
study, Cd was detected at very low levels in milk (0.006 + 0.046 mg/L), consistent with
these previous findings. These metals are often not significantly accumulated in milk
because their bioavailability in the cow’s body is lower compared to metals such as Pb.
Regarding As, the results of this study are consistent with Rana et al. (2010), who also
reported low As concentrations in milk. Although As can be present in feed and water,
its levels in milk often remain below detectable limits, suggesting that cows efficiently
eliminate this metal. In contrast, Davidov et al. (2021) concluded that As in cow
drinking water had a statistically strong positive correlation with As concentrations in

blood and milk, indicating that increased As in water leads to higher As concentrations
in blood and milk.
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One key factor explaining the results of this study is the way heavy metals enter the
cow’s body. Pb, for example, tends to accumulate in milk because it can pass through
the digestive system, be absorbed into the bloodstream, bind to proteins, and be
transported to the mammary gland (Swarup et al., 2005). This could explain why Pb
concentrations in milk were significantly higher than in water or blood in this study.
On the other hand, Cd and Ni are absorbed more slowly and tend to accumulate in
bones, which may result in much lower concentrations in milk. This phenomenon is
well documented in the literature (Roczniak et al., 2017).

Additionally, the relatively low metal concentrations in farm water suggest that
environmental contamination levels were insufficient to cause high metal
concentrations in blood or milk. Similar findings were reported by Ullah et al. (2024)
on farms using water with low heavy metal content.

The results of this study highlight the potential risk of Pb accumulation in cow milk,
which may pose a health hazard for humans, especially if milk is not adequately
monitored. Although the concentrations of other metals were relatively low, the
significance of Pb in milk, directly linked to water contamination, represents an
important finding. This aligns with Mukherjee et al. (2023), who suggest that
monitoring heavy metal levels in food and water is essential to ensure the safety of
milk and other dairy products.

These findings are important for the dairy industry, emphasizing the need for improved
quality control systems for water and feed, particularly on farms using water from
natural sources that may be contaminated. They can also inform the development of
guidelines for maximum allowable heavy metal concentrations in milk.

One limitation of this study is the small number of farms (six), which may limit the
representativeness of the results for the entire region. Additionally, samples were
collected only during the summer, which could influence metal concentration
variability, as seasonal changes may affect contamination levels.

Future research should expand the number of farms and include sampling across
different seasons. It should also focus on specific pollution sources, such as pesticides
and industrial waste, and investigate the effects of these metals on cow health,
providing further insights into potential risks for both animals and humans

CONCLUSION

The results of this study showed that Pb concentrations were highest in milk, while
other metals, such as Cd, Ni, Cr, and As, were present at considerably lower levels.
Furthermore, regression analysis indicated a significant correlation between Pb
concentrations in water and milk, whereas the other metals did not show a similar
association. These findings suggest that water is the primary source of Pb
contamination in milk, while the other metals appear to have a limited impact.

These results have important implications for the dairy industry, highlighting the need
for improved quality control systems for water and feed, particularly to reduce heavy
metal contamination in livestock inputs. Considering the potential risks to human
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health, especially through milk consumption, stricter standards for permissible heavy
metal levels in milk are recommended.

Moreover, the study emphasizes the need for further research including a larger number
of farms and samples across different seasons, while also considering the analysis of
animal feed, to obtain more precise data on environmental variations in metal
concentrations and their impact on cow health. Future studies should also investigate
the effects of heavy metals on animal health to better understand the long-term
consequences of exposure.
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