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Abstract   

Milk and dairy products are consumed by more than six billion people worldwide. The safety and 
quality issues regarding milk are constantly monitored, especially because milk can be exogenously or 
endogenously contaminated with many substances or polluting compounds during its production.  

In order to highlight the importance of studying the impact of pollutants on animal production, 
the aim of this review was to focus on the literature and on the systematic analysis of over 40 
researches consulted in various international profile databases regarding metal contamination of 
milk as a result of environmental pollution. 

The overall assessment of the subject showed that heavy metal pollution is one of the modern 
forms of pollution that can affect the entire ecosystem. The results of the study showed that the 
assessment of heavy metal contamination of milk as a result of environmental pollution requires the 
integration of the entire production cycle and the assessment of the potential transfer of metallic 
pollutants during it, each component of the environment prone to be polluted having its contribution 
on animal production and finally on the human body.  
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INTRODUCTION 1 
Characterized as an almost perfect and 

complete natural food, milk is one of the most 
popular products that enters the daily diet of all 
categories of consumers, from babies, children, 
old or sick (Kampire et al. 2011), milk 
consumption being recommended over time by 
many specialists (USDA, 2015). Moreover, as 
a result of changes in consumption patterns, 
milk has become an essential source of animal 
protein for lacto-vegetarian consumers, more 
and more numerous in recent years (Abou 
Donia et al. 2010). 

Due to its balanced nutritional properties 
and the many recognized benefits in the 
prevention of various chronic diseases 
(Pereira, 2014), milk is often associated with 
a healthy diet and a better quality of diet 
(Maguire et al. 2013; Thorning et al. 2016). 

However, during its production, milk 
may be contaminated exogenously or 
endogenously with many substances or 
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polluting compounds from the environment. 
If exogenous contamination is the result of an 
inadequate technological process, but one 
that can be easily prevented and controlled, 
endogenous contamination is difficult to 
prevent due to its specificity. 

 Endogenous contamination can be either 
an accidental contamination of the animal 
body as a result of ingestion of various 
contaminants, improper administration of 
veterinary medicinal products or food 
contamination, but, most often, this is a 
consequence of contamination with various 
polluting compounds that come from the 
environment into animal feed and into the 
animal body and that can pose a real danger 
for safety of milk and for consumer safety. 

Depending on the impacted element, 
environmental pollution can take different 
forms and depending on the emission 
sources, in the environment, there can be 
many types of pollutants. Global pollution 
monitoring has shown that heavy metal 
pollution has become one of the most 
important types of contamination of animal 
production chains (Miclean et al. 2019), as 
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pollutants, heavy metals are particularly 
interesting in terms of special features in 
relation to the environment, being persistent, 
with bioaccumulative potential and high 
toxicity for living organisms (Garcia et al. 
2019; Shafiq et al. 2019; EEA, 2021). 

Heavy metal contamination of milk poses 
a threat to human health, because they are 
resistant to decomposition and degradation 
and has a high storage capacity along the food 
chain (Nkwunonwo et al. 2020). Milk and 
dairy products are consumed worldwide by 
over six billion people (Garcia et al. 2019; 
Verduci et al. 2019) and their safety and 
quality issues are constantly monitored around 
the world. However, the data show a tendency 
to monitor milk contamination, especially in 
terms of exogenous contaminants or accidental 
endogenous contaminants, being less focused 
on the study of milk contamination due to 
environmental pollution. 

In order to highlight the importance of 
studying the impact of environmental 
pollutants on animal production and food 
safety, the aim of this review was to focus on 
the systematic analysis of several researches 
in the literature regarding heavy metal 
contamination of milk as a result of 
environmental pollution, including different 
topics, from causes and sources of pollution, 
the characteristics of heavy metals in relation 
to the possibility of transfer to the food chain 
or the identification of the proportions of 
heavy metals pollutants from milk.  
 

MATERIAL AND METHOD  
This paper is a systematic review of over 

40 scientific papers, consulted in various 
international databases, regarding the study of 
the impact of environmental pollutants on 
animal production and food safety. 

In order to clarify the environmental 
behavior of heavy metal pollutants, the study 
focused on grouping specialized data through 
systematic analysis associated with an own 
interpretation and discussion, to highlight the 
interrelationships between the environment 
and animal production. 

The review includes current specialist 
data relevant to the study of environmental 
pollutants and their feasibility along the food 

chains and may be an important benchmark 
for future similar research. 
 

RESULTS AND DISCUSSIONS 
The study of the contamination of milk 

with heavy metals, as a consequence of 
environmental pollution was focused on the 
analysis and interpretation of data found in 
the literature on sources and causes of 
pollution, characteristics of heavy metals in 
relation to the possibility of their transfer 
between different trophic levels, an overview 
of the potential negative impact of heavy 
metals on animal production and on the 
human body by highlighting the proportions 
of residual heavy metals found in milk in 
various studies analyzed. 

The general assessment of the subject 
highlighted that heavy metal pollution is one 
of the modern forms of pollution that can 
affect the entire ecosystem. Regardless of 
concentration, exposure to heavy metal 
pollution is chronic, so most of the reviewed 
research included the transfer of heavy 
metals from the environment to the animal 
body to quantify their effects on animal 
production and on the human body (Miclean 
et al. 2019). 

In the literature, the study of heavy metals 
has been approached from different 
perspectives, authors such as Ramirez (2013) 
outlining the natural presence of heavy metals 
in the environment, but also positive roles for 
the biological processes in which they are 
involved, while authors such as Varol et al. 
(2020) studied anthropogenic heavy metals, 
reflecting research on the toxic potential of 
heavy metals for the environment even at very 
low concentrations. 

Regarding the study of the main sources of 
environmental pollution with heavy metals, 
presented in figure 1, it was found that the 
presence of heavy metals in the environment 
has generally anthropogenic causes such as 
industrial activities, agriculture, emissions 
from various types of transport or waste from 
urban activities, Bi et al. (2009) generally 
reporting heavier heavy metal pollution in 
industrial areas or near urban settlements. 
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Fig. 1 Sources of heavy metal pollution (Pb, Hg, Cd) on sectors of activity 
(EEA, 2021) 

 
Depending on the dose and duration of 

exposure, the vast majority of heavy metals 
can be considered contaminants for biota 
(Khan et al. 2014). In order to clarify the 
biological behavior of pollutants and to 
establish the relationship between the 
contamination of biota with heavy metals, the 
concentration rate and the rate of their 
elimination from the substrates in which they 
accumulated, Ali et al. (2019) highlighted the 
properties of heavy metals in terms of storage 
capacity, high persistence and the possibility 
of transfer between different trophic levels. 

In order to determine the risks of 
exposure to heavy metal pollution and the 

influence of these compounds on the 
environment, various authors (Tahir et al. 
2017; Miclean et al. 2019) evaluated the 
contamination with heavy metals by studying 
their traceability and the potential transfer of 
heavy metals accumulated from the 
environment in the soil and in vegetal 
production used as animal feed to the animal 
body and animal production (table 1), 
through the concentrations found in the 
research, highlighting the high possibility of 
accumulation and transfer of heavy metals in 
all elements of the environment. 

 
Table 1 Heavy metal transfer factors in the food chain (Miclean et al. 2019) 

 
 HEAVY METALS Equation  Pb Cd Cu Zn 

TF1 soil – feed 0.002–0.01 0.035–0.187 0.039–0.122 0.068–0.208 TF soil – feed  
= Cf

3/Cs
2 

TF feed – milk 0.015–0.075 0.006–0.067 0.022–0.071 0.075–0.247 TF feed – milk  
= Cm

4/Cf 
1TF = transfer factors; 2Cs=metal content in the soil (mg kg-1); 3Cf = metal content in the feed (mg kg-1); 4Cm = metal 
content in the milk (mg kg-1). 
 

In the same context, the ecotoxicity of 
heavy metals and the contamination with heavy 
metals of environmental substrates has been 
studied by many other specialists (Aprile et al. 
2019; Shafiq et al. 2019; Malkowski et al. 
2020;) who followed in their study a previous 
similar research conducted by Tahir et al. 
(2017), on the monitoring, by quarterly analysis 

for one year, of the distribution of residual 
heavy metals found in soil, feed, milk and blood 
collected from cows in a cattle breeding station, 
through which it reported and removed 
highlights the existence of significant 
proportions of heavy metals in natural 
substrates, due to a high degree of pollution, the 
average values being summarized in table 2. 
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Table 2 Heavy metal transfer factors in the food chain 
 

Item soil water feed milk blood References mg kg-1 mg L-1 mg kg-1 mg L-1 mg L-1 

Pb 12.4–479 2.70–11.7 0.15–2.24 0.01–0.048 n/s1 Miclean et al. 2019 
3.116–8.403 n/s1 2.236–5.398 0.3–0.8 1.382–2.98 Tahir et al. 2017 

Cd 0.75–8.36 0.34–2.8 0.10–1.44 0.003–0.01 n/s Miclean et al. 2019 
1.9–6.8 n/s1 1.1–4.1 0.04–0.3 1.0–1.5 Tahir et al. 2017 

Cu 38.3–211 24.8–85.2 3.43–10.8 0.095–0.44 n/s1
Miclean et al. 2019 Zn 117–590 673–1570 13.4–53.9 2.38–4.38 n/s1

Co 2.85–9.17 n/s1 1.65–5 0.23–0.521 1.34–1.61 
Tahir et al. 2017 Ni 1.6–64 n/s1 0.82–40 0.35–2.8 0.93–10.25 

Cr 0.019–0.11 n/s1 0.013–0.071 0.014–0.04 0.02–0.132 
1n/s = unspecified 
 

In order to study the influence of heavy 
metal pollution on milk production, this 
review analyzed various current scientific 
papers, published in the last 5 years, to reflect 
the permanent presence of these pollutants in 
environmental substrates. As part of a 
production chain, the study of heavy metal 
milk contamination required the study of 
cycle contamination soil-feed-animal 
production-human body, Mantovani et al. 
(2010) mentioning that until animal 
production, the entire production cycle is 
prone to heavy metal contamination. There 
are many risk factors, both natural and 
environmental, as well as indirectly formed 
as a result of various activities on the soil, 
animal husbandry activities or those related 
to obtaining animal production. 

Analyzed research on heavy metal 
contamination of milk as a result of 
environmental pollution (Bousbia et al. 2019; 
Safaei et al. 2020) has indicated that the level 
of contamination is not always constant and 
depends on the routes of exposure, the state 
and conditions of the environment or the 
nutrition and feeding of the animals. 

In order to assess the content of heavy 
metals in milk, the proportions of the various 
residues identified in the specialized research 
analyzed were shown in Table 3. 

By conducting this systematic review of 
heavy metal concentrations in milk, it was 
found that the highest levels of heavy metal 
contamination of milk were reported in 
samples collected from areas with strong 
industrial activity or near cities. 

Regarding cadmium pollution, in the last 
five years, the highest levels of residues have 
been identified in Pakistan by Tahir et al. (2017), 

in milk samples collected from farms located in 
the vicinity of areas with heavy traffic; the 
proportions identified by Tahir et al. (2017) were 
between 0.04–0.3 mg/L, higher than those 
obtained in a similar study, by Miclean et al. 
(2019), respectively 0.003–0.01 mg/L. 

The highest residual levels of copper in 
cow's milk were recorded in research conducted 
by Capcarova et al. (2019), in Slovakia (2.12 
mg/L), in milk samples collected from cows 
that grazed near areas with intense agricultural 
activity. The values obtained in 2019 by 
Capcarova et al. (2019) however, are lower than 
the values obtained in a previous study in India, 
36 mg/L, for milk samples from cows raised 
near one of the largest barite deposits in the 
world (Raghu, 2015). 

Residual nickel concentrations in milk, 
identified in the analyzed studies, ranged 
between 0.01–10.1 mg/L, the maximum 
being recorded in Bangladesh, in the research 
conducted by Shaheen et al. (2016). 

Similar to copper, the highest levels of 
lead were identified in research by Capcarova 
et al. (2019), being between 0.27–3.8 mg/L, 
however lower than those identified by 
Raghu (2015) in milk samples collected in 
the vicinity of an Indian urban center (60 
mg/L) or than those identified by Aslam et al. 
(2011), in milk samples collected from 
animals that consumed water from sewage 
sources in a Pakistan city (23.24 mg/L). 

Similar research has been conducted to 
identify milk contamination with arsenic 
(Ahmed et al. 2016), cobalt, chromium (Tahir et 
al. 2017) or zinc (Miclean et al. 2019). 
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Table 3 Heavy metals levels in milk  
Item Region and characteristic 

of the area 
HM1 levels  

(mg/L) Method References Item Region and characteristic of 
the area 

HM levels 
(mg/L) Method References 

As Bangladesh 0.097 – 1.1 ICP – MS2 Ahmed et al. 2016 

Ni 

Bangladesh 
Industrial disposal areas 0.07 – 0.08 EDXRF Jolly et al. 2017 

Cd 
Romania 0.003 – 0.01 GC3 Miclean et al. 

2019 
Pakistan 

Farm located near to the cities 0.01 – 0.08 AAS Ismail et al. 2017 

Pakistan, near traffic road 0.04 – 0.3 - Tahir et al. 2017 Slovakia 
Agricultural sector 0.84 AAS Capcarova 

et al. 2019

Co Pakistan, near traffic road 0.23 – 0.521 - Tahir et al. 2017 India
Copper mining area 0.62 ICP –

MS Giri et al. 2019 

Cr Pakistan, near traffic road 0.014 – 0.04 - Tahir et al. 2017 Mexico 
Near waste area 0.01 ICP –

OES
Castro–Gonzalez   

et al. 2018

Cu 

Turkey 0.09 – 0.26 ICP – OES4 Bakircioglu 
et al. 2019 Pakistan, near traffic road 0.35 – 2.8 - Tahir et al. 2017 

Pakistan 
Farm located near to the 

cities 
0.04 – 0.09 AAS5 Ismail et al. 2017 

Pb 

Bangladesh 
Dairy farms 

0.001 – 
0.20 AAS Muhib et al. 2017 

Bangladesh 
Industrial disposal areas 0.05 – 0.06 EDXRF6 Jolly et al. 2017 Pakistan 

Farm located near to the cities 
0.014 –
0.033 AAS Ismail 

et al. 2017
Sudan 

Grazing areas 0.1 – 0.2 AAS Elsaim et al. 2018 Pakistan, near traffic road 0.04 – 0.8 - Tahir et al. 2017 

Canada 0.03 – 0.1 ICP – MS Zwierzchowski 
et al. 2019

Bangladesh 
Industrial disposal areas 

0.001 –
0.04 EDXRF Jolly et al. 2017 

Slovakia 
Agricultural sector 2.12 AAS Capcarova

 et al. 2019 
Ethiopia 

Near metal leaching 0.15 – 0.29  Akele et al. 2017 

Mexico 
Near waste area 0.01 ICP – OES Castro–Gonzalez

et al. 2018
Slovakia 

Agricultural sector 0.27 – 3.8 AAS Capcarova 
et al. 2019

Pakistan 0.14 AAS Ahmad et al. 2017 India
Near to metallurgical complex 0.02 – 0.58 AAS Chirinos–Peinado    

et al. 2020 
Algeria 

Poluted area 0.24 AAS Bousbia 
et al. 2019

Iran
Industrial regions 0.014 VM Shahbazi 

et al. 2016
Iran 

Industrial regions 0.427 VM7 Shahbazi
 et al. 2016 

India
Copper mining area 0.13 ICP –

MS Giri et al. 2019 

Ethiopia 
Near metal leaching 1.12 AAS Akele et al. 2017 Kazakhstan 0.021 –

0.027 AAS Sarsembayeva
 et al. 2020 

Romania 0.095 – 0.44 GC Miclean et al. 
2019 Iran 0.007 ICP –

OES Safaei et al. 2020 

Ni 
Bangladesh 0.062 – 10.1 ICP – MS Shaheen 

et al. 2016 Romania 0.01 –
0.048 GC Miclean et al. 

2019 

Pakistan, near traffic road 0.35 – 2.85 - Tahir et al. 2017 Zn Romania 2.38 – 4.38 GC Miclean et al. 
2019

1HM = Heavy Metal; 2ICP – MS = Inductively Coupled Plasma Mass Spectrometry;  3GC = Gas Chromatography; 4ICP–OES= Inductively Coupled Plasma–Optical Emission 
Spectrometry;                                     5AAS = Atomic Absorption Spectrophotometry;  6EDXRF = Energy Dispersive X-Ray Fluorescence; 7VM = Voltammetric Analysis. 
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CONCLUSIONS 
Industrial progress in recent years has led 

to increased environmental damage and 
heavy metal pollution has followed the same 
upward path, becoming a major current issue. 

In line with the original purpose, the 
study highlights the importance of actively 
monitoring the contamination of animal 
production and food production as a result of 
environmental pollution. 

Our review has indicated that the 
assessment of heavy metal contamination of 
milk as a result of environmental pollution 
integrates the assessment of the entire 
production cycle and the potential transfer of 
metallic pollutants, each environment prone 
to be polluted having its contribution to the 
bioaccumulative effect of pollutants in animal 
production and finally in the human body. 
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