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A B S T R A C T   

Concentrations of selected elements were measured in raw cow milk collected from four geographical regions in 
Croatia. The highest mean concentrations of Al, Ba, Fe and Zn were measured in milk from Central Croatia. Milk 
from the Croatian Littoral and Mountain region showed the highest mean content of Cd, Cr, Cu, Ni and Pb. The 
highest mean concentrations of As and Se were found in milk from Southern Croatia, while Mn had the highest 
values in Eastern Croatia. Mercury was not determined above the detection limit in any samples. Significant 
differences in the concentrations of Al, Ba, Se and Zn were found among the regions. A decrease in the Pb content 
was recorded compared to previous research in milk in Croatia. Estimation of the potential harmful effects of 
toxic and trace elements through milk consumption by comparing the established highest mean with toxico-
logical limits showed low exposure with regard to Al, As, Ba, Cr, Cu, Hg, Fe, Ni, Se, Pb and Zn in adult pop-
ulations in Croatia. The only exception was Cd concentrations in milk, which gave a higher contribution to 
toxicological limits, especially for consumers consuming greater quantities of milk per week.   

1. Introduction 

Due to its composition, milk and dairy products are among the most 
important food items in the human diet. In different countries around 
the world, the consumption of milk and dairy products is determined by 
geographical location and gastronomic traditions, as well as market and 
economic conditions (Fejzuli et al., 2018). 

Milk contains more than 20 macrominerals and microelements, some 
of which are necessary (essential) and required in minimum quantities 
in the human diet, i.e., iron (Fe), zinc (Zn), copper (Cu), manganese 
(Mn) and selenium (Se), while others are not required for human health, 
i.e., chromium (Cr) and nickel (Ni) (Capcarova et al., 2019; 
González-Montaña et al., 2019). Milk also contains the toxic elements 
aluminium (Al), arsenic (As), cadmium (Cd), lead (Pb) and mercury 
(Hg); their toxic effects include a number of ailments such as kidney and 
liver failure, muscle atrophy, bone damage, osteoporosis, hormonal and 
gastrointestinal disorders, dementia, mental disorders, inhibition of 

enzyme activity, iron absorption disorders, disorders of the nervous, 
immune, reproductive, cardiovascular and development systems, 
metabolic disorders such as anaemia, and many others (WHO, 2011a,b; 
EFSA, 2010, 2012; IARC, 2012; Ismail et al., 2019). Also, As has an 
impact on the occurrence of lung, liver, skin, bladder, prostate, liver and 
kidney cancer in humans (WHO, 2011b). Therefore, the International 
Agency for Research on Cancer (IARC) has classified As and inorganic As 
compounds in Group 1 as carcinogenic to humans (IARC, 2012, 2021). 
Furthermore, IARC has classified Cd and Cd compounds as known 
human carcinogens based on epidemiological studies showing an 
increased risk of lung cancer and possibly prostate cancer, and it is also 
associated with breast, kidney, pancreas, and bladder cancer (IARC, 
2012, 2020). Hexavalent Cr is also dangerous to human health because 
it can cause cancer of the respiratory system and stomach and is there-
fore classified in Group I, as carcinogenic to humans (IARC, 2012). 
Inorganic Pb compounds have been classified in Group 2B as possibly 
carcinogenic to humans (IARC, 2006). Nickel can cause a variety of 
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Contents lists available at ScienceDirect 

Journal of Food Composition and Analysis 

journal homepage: www.elsevier.com/locate/jfca 

https://doi.org/10.1016/j.jfca.2021.104152 
Received 11 June 2021; Received in revised form 19 August 2021; Accepted 28 August 2021   

mailto:bilandzic@veinst.hr
www.sciencedirect.com/science/journal/08891575
https://www.elsevier.com/locate/jfca
https://doi.org/10.1016/j.jfca.2021.104152
https://doi.org/10.1016/j.jfca.2021.104152
https://doi.org/10.1016/j.jfca.2021.104152
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jfca.2021.104152&domain=pdf


Journal of Food Composition and Analysis 104 (2021) 104152

2

health effects depending on the dose and length of exposure, including 
contact dermatitis, cardiovascular disease, asthma, and pulmonary 
fibrosis and respiratory tract cancers (cancers of the lung, nasal cavity 
and paranasal sinuses) caused by inhalation of Ni and Ni compounds 
during occupational exposure (Chen et al., 2017). IARC has classified Ni 
and nickel alloys in Group 2B as possibly carcinogenic to humans, while 
Ni compounds are classified in Group 1 as carcinogenic to humans 
(IARC, 2021). 

The contents of highly toxic metals such as Cd, Hg and Pb tend to be 
very low in raw milk. As they accumulate in the environment, they are 
taken up into the food chain, with increasing possibilities of toxic effects 
on humans and animals (Ismail et al., 2019; Boudebbouz et al., 2021). 
Due to a number of negative effects on human health and for the purpose 
of consumer risk assessment and food safety, the quantification of toxic 
elements in milk is necessary and mandatory, though to date, maximum 
permitted concentrations have only been defined for Pb at the European 
Union level (EC, 2006). In some studies in Europe countries (Croatia, 
Poland, Serbia), Pb concentrations in milk exceeded the EU maximum 
residue limit of 20 μg kg− 1 (Bilandžić et al., 2011; Pilarczyk et al., 2013; 
Suturović et al., 2014). EU Member States are required to monitor these 
two metals as a part of the National Residue Monitoring Plan (NPPR), 
and the European Food Safety Authority (EFSA) collects control data 
from all EU Member States and compiles a joint report each year (EFSA, 
2020a). Other countries have defined maximum permissible concen-
trations in milk for other elements, such as for As, Cr and Pb in China (Su 
et al., 2021) and Pb in USA (CAC, 2019). 

Despite being essential for human functioning, elements such as Cu, 
Fe, Se and Zn can also be categorized as elements with potential toxicity 
if found in food products in excess of certain limits (Ismail et al., 2019). 
Surplus copper intakes leads to toxic effects such as Wilson’s disease, 
characterized by a deficiency of ceruloplasmin (Boudebbouz et al., 
2021). Chronic high Zn intake above 600 mg day− 1 can cause serious 
neurological diseases attributable to Cu deficiency (Hedera et al., 2009). 
Excessive amounts of Fe (toxic threshold of 200 mg) can cause toxic 
damage to the liver, heart and other organs (EFSA, 2015b), as increased 
Fe concentrations reduces the body’s ability to absorb Cu and Zn 
(Skalnaya and Skalny, 2018). In high concentrations, Se is toxic to 
humans and can cause skin, nail and bone disorders (Fakhri et al., 2020). 
IARC has classified Se and selenium compounds into Group 3, as not 
classifiable as to its carcinogenicity (IARC, 1987). 

Although metals are naturally present in the soil and environment, 
their accumulation in the environment is the result of numerous human 
activities, i.e., industry, mining, wastewater discharge, motorways and 
roads, agriculture (insect repellents or plant protection compounds 
applied to crops) and livestock, as well as climatic factors 
(González-Montaña et al., 2019; Di Bella et al., 2020). They are trans-
ferred from the environment to food of animal origin, and the degree of 
consumer exposure depends on the type of food they consume. The 
content of elements in raw milk is determined by the type of animal feed 
and water consumed by dairy cattle, and also by animal species, season, 
environment and processing methods (Herwing et al., 2011; Capcarova 
et al., 2019; Totan and Filazi, 2020). Studies have shown significant 
differences in the content of Al, Cd, Cu, Fe, Ni, Pb and Zn in milk and 
dairy products in regions with industrial contamination compared to 
ecologically clean areas, or in comparisons between urban and rural 
regions (Bilandžić et al., 2011; Derakhshesh and Rahimi, 2012; Iftikhar 
et al., 2014; Perween, 2015; Raghu, 2015; Norouzirad et al., 2018; 
Capcarova et al., 2019; Sujka et al., 2019; Zhou et al., 2019; Giri and 
Singh, 2020; Pšenková et al., 2020; Su et al., 2021). 

The aim of this study was to determine the levels of selected elements 
considered essential (Zn, Se, Cu, Fe, Mn and Cr), probably essential (Ni) 
and potentially toxic (Al, As, Cd, Hg and Pb) in raw milk collected from 
different regions of Croatia. For the purpose of assessing the risk of di-
etary exposure of the Croatian population through milk consumption, 
the obtained results of elements were compared with the nutritional and 
toxicological values defined by international organizations. 

2. Materials and methods 

2.1. Milk sampling 

In total, 336 raw milk samples were collected at dairy farms during 
2019 and 2020 in Croatia. Depending on the location of the farm, the 
sampling site was associated with one of the four geographical regions in 
Croatia: Central Croatia, Eastern Croatia (Slavonia and Baranja), Croa-
tian Littoral (Istria and Kvarner Islands) and Mountainous Croatia 
(Gorski Kotar and Lika) (CL-MC region), and Southern Croatian (Dal-
matia) (Fig. 1). 

Immediately after collection, milk samples were delivered to the 
laboratory in portable refrigerators at +4 ◦C. In the laboratory, samples 
were transferred into clean, acid-washed polyethylene bottles, labelled 
and stored at − 18 ◦C until analysis. 

2.2. Sample preparation 

Samples (0.5 g) were weighed into a Teflon liner with the addition of 
3 mL H2O (Sigma-Aldrich, Buchs, Switzerland) and 2.5 mL HNO3 (65 %; 
Merck, Darmstadt, Germany). Wet digestion was performed using a 
high-pressure microwave oven Multiwave 3000 (Anton Paar, Graz, 
Austria) by the digestion programme in three potency steps: (I) 2.5 min 
at 500 W, (II) 20 min at 1000 W, (III) 30 min at 1200 W. After cooling to 
room temperature, the digested clear solution was quantitatively 
transferred to a 50 mL volumetric flask and then made up to the mark 
with ultra-pure water (18.2 MΩ cm− 1 resistivity) obtained using the 
Direct-Q® 5 UV System (Millipore Corporation Merck, Darmstadt, 
Germany). Prior to use, plastic and glassware were first soaking with 
diluted HNO3 (5%, v/v) and then rinsed with ultra-pure water. The mix 
of the internal standard (ISTD) solution containing In, Bi and Sc (Inor-
ganic Ventures, Blacksburg, VA, USA) was added on-line using the 
standard ISTD mixing tee-connector. 

2.3. Analysis of milk samples 

Quantification of element concentrations in milk samples was con-
ducted by inductively coupled plasma instrument with mass detector 
Agilent ICP-MS system Model 7900 (Agilent, Palo Alto, CA, USA). High- 
purity argon was used at all times (99.999 %, White Martins, Rio de 
Janeiro, Brazil). Mercury concentrations in milk were measured using 
an AMA-254 mercury analyser (Advanced Mercury Analyzer, Leco, 
Katowice, Poland). The instrumental working parameters and experi-
mental conditions for ICP-MS and mercury analyser are summarized in 
Table S1 as Supplementary material (SM1). 

Certified multi-element standards containing Al, As, Ba, Cd, Cr, Cu, 
Fe, Mg, Mn, Ni, Pb, Se and Zn of 99.99 % purity in a concentration of 
10 mg L− 1 (Environmental Calibration Standard, Agilent Technologies, 
Santa Clara, CA, USA) were used for instrument calibration. The multi- 
element mixture solution was dissolved in ultra-pure water and a stock 
solution for ICP-MS analysis was obtained. Further, working solutions 
were prepared by serial dilution of stock solutions with 5% (v/v) HNO3 
and kept at room temperature until further use. For Hg quantification, 
standard stock solution of 1000 mg L-1 and 99.999 % purity was used 
(CPAchem, Stara Zagora, Bulgaria). 

As an internal standard, a certified standard consisting of Bi, In and 
Sc (Inorganic Ventures, Blacksburg, VA, USA) at a concentration of 
20 mg L− 1 was used to correct for sensitivity drift and the matrix effect. 

Quantitative analysis was performed by applying a calibration curve 
consisting of a minimum of five concentrations of standards per element. 
The limits of detection (LODs) were calculated as three times the stan-
dard deviation of 20 consecutive measurements of the reagent blank, 
multiplied by the dilution factor used for sample preparation. Blank 
samples were used through the sample preparation steps and throughout 
the entire measurement procedure. 

Data quality was checked by analysis of the recovery using the 
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certified reference material skimmed milk powder BD 150 (Joint 
Research Centre, Geel, Belgium). The reference material was treated and 
analysed under the same conditions as the samples. For elements with no 
reported certified values, recovery percentage calculations were con-
ducted using a spiked samples procedure with element concentrations: 
2 μg kg− 1 for Hg, 25 μg kg− 1 for As, Ba, Cr and Ni, 250 μg kg− 1 for Al. The 
LOD values for elements and quality control results of recovery values 
are summarized in Table S2 as Supplementary material (SM2). The 
obtained results were in good agreement with the certified values and 
spiked values and ranged between 91 and 104 %. 

2.4. Exposure assessment risk assessment and exposure to toxic metals 

The assessment of dietary exposure of Cu, Se and Zn was done by 
calculation of the Estimated Daily Intake (EDI) using the equation: 
EDI=C x MS, where C is the element concentration (μg day− 1/mg kg-1 w. 
w.) and MS is daily average consumption of milk (g day-1). 

EDI for As, Ba, Cr, Fe, Ni and Pb was calculated using the equation: 
EDI = (C x MS) / BW, where C is the element concentration (μg day− 1 / 
mg kg-1 w.w.), MS is the daily average consumption of milk (g day-1) and 

BW is body weight (kg). 
The estimated weekly intake (EWI) of the toxic metals Al, Cd and Hg 

were calculated by the equation: EWI = EDI x 7. 
Mean values of chronic milk consumption for consumers in Croatia, 

as published in the food consumption survey conducted on the general 
adult population in Croatia, were 216.2 g day− 1 and 2.96 g kg− 1 BW day- 

1. For the worst possible exposure scenario, i.e., for consumers 
consuming large quantities of milk, the value of 95th percentile (P95) is 
used: 511.8 g day-1; 7.27 g kg− 1 BW day− 1 (EFSA, 2011a). 

The risk assessment was performed by comparing the calculated EDI 
and EWI values with the toxicological values such as Tolerable Daily 
Intake (TDI), Tolerable Weekly Intake (TWI), Benchmark Doses (BMDL) 
and Tolerable Upper Intake Level (UL) recommended by the European 
Food Safety Authority (EFSA) (EFSA, 2008, 2010, 2011b,c, 2012, 2014a, 
b, 2018, 2020b) and Provisional Maximum Tolerable Daily Intake 
(PMTDI) defined by WHO (WHO, 1983). 

2.5. Statistical analysis 

The determined results were statistically analysed using the software 

Fig. 1. Map showing the four regions of study.  
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package Stata 13.1 (StataCorp LP, Lakeway Drive College Station, Texas, 
USA). Element concentrations in milk samples were expressed as the 
minimum and maximum, mean ± standard deviation (SD). The Shapiro- 
Wilk test was applied to determine the distribution of the data. Statis-
tically significant differences (p < 0.05) between the four regions were 
analysed by the Kruskal-Wallis test. 

3. Results and discussion 

Determination of elements in milk, in addition to being important for 
determining the nutritional content and quality control of milk, has also 
contributed to studies defining environmental pollution in the area 
where milk is produced (Licata et al., 2004; Gonzalez-Montaña et al., 
2012, 2019). The concentrations of Al, As, Ba, Cd, Cr, Cu, Fe, Hg, Ni, Mn, 
Pb, Se and Zn in raw milk collected in four regions of Croatia (Central, 
Eastern, Croatian Littoral and Mountainous Croatia, and Southern) 
during 2019–2020 are presented in Table 1. 

3.1. Aluminium 

In this study, Al was detected in the 82–100 % of samples in the four 
regions. Concentrations ranged from 40 to 1210 ug kg− 1, with the lowest 
mean (260 ug kg− 1) measured in Southern Croatia and the highest (390 
ug kg− 1) in Central Croatia. Statistical analysis showed significant dif-
ferences in Al concentrations (p = 0.0001) among milk samples 
collected in the four regions. 

Although Al production in Croatia ended in 1992 (MEE, 2018), Al is 
present in all aspects of life from building elements, transport vehicles, 
the electrical industry to the packaging of many products. Therefore, its 
distribution in the environment is higher in areas with larger pop-
ulations and higher industrial activity, i.e., in Central Croatia. This could 
explain the highest concentrations of Al in raw milk in Central Croatia. 
This also applies to Eastern Croatia, as together these two regions 
together represent continental Croatia and have twice the population as 
Adriatic Croatia, i.e., Southern and CL-MC regions (CCC, 2019). 

Table 1 
Element concentrations in raw milk collected in Central, Eastern, Croatian Littoral and Mountain Croatia (CL-MC) and Southern Croatia during 2019-2020.  

Element Region N• % samples > LOD Mean ± SD (μg kg− 1) Minimum (μg kg− 1) Maximum (μg kg− 1) 

Ala Central Croatia 107 82 390 ± 210 110 1110  
Eastern Croatia 71 100 340 ± 220 80 940  
CL-MC◆ 31 94 265 ± 180 70 1050  
Southern Croatia 96 92 260 ± 190 40 1210 

As Central Croatia 3 2.3 5.6 ± 1.1 4.4 6.5  
Eastern Croatia 2 6.1 75 ± 100 3.8 150  
CL-MC◆ 6 18 23 ± 20 7.7 63  
Southern Croatia 4 4.0 85 ± 90 7.6 210 

Baa Central Croatia 128 100 140 ± 130 9.0 1030  
Eastern Croatia 71 100 113 ± 120 25 880  
CL-MC◆ 33 100 115 ± 75 18 280  
Southern Croatia 104 100 96 ± 90 13 490 

Cd Central Croatia 0 0     
Eastern Croatia 0 0     
CL-MC◆ 2 6.1 16 ± 12 7.4 25  
Southern Croatia 3 3.0 12 ± 10 4.5 23 

Cr Central Croatia 17 13 16 ± 10 5.0 39  
Eastern Croatia 13 18 34 ± 45 5.2 170  
CL-MC◆ 11 33 45 ± 60 5.0 170  
Southern Croatia 18 17 32 ± 38 5.7 130 

Cu Central Croatia 128 100 63 ± 57 3.0 300  
Eastern Croatia 71 100 53 ± 39 8.3 220  
CL-MC◆ 33 100 70 ± 58 4.7 300  
Southern Croatia 104 100 56 ± 54 3.5 340 

Fe Central Croatia 128 100 300 ± 180 95 900  
Eastern Croatia 71 100 300 ± 300 29 1990  
CL-MC◆ 33 100 265 ± 180 51 820  
Southern Croatia 78 76 262 ± 170 37 980 

Hg All four region 0 0    
Mn Central Croatia 114 89 28 ± 20 4.5 125  

Eastern Croatia 61 86 55 ± 120 5. 5 865  
CL-MC◆ 33 100 30 ± 23 3.0 120  
Southern Croatia 66 64 30 ± 38 6.1 250 

Ni Central Croatia 16 13 15 ± 8.5 1.2 39  
Eastern Croatia 21 30 35 ± 64 5.7 300  
CL-MC◆ 7 21 40 ± 33 7.2 100  
Southern Croatia 18 17 21 ± 23 6.5 84 

Pb Central Croatia 6 4.7 7.1 ± 3.7 3.5 14  
Eastern Croatia 0 0     
CL-MC◆ 4 12 7.2 ± 2.0 4.9 9.1  
Southern Croatia 0 0    

Sea Central Croatia 128 100 28 ± 20 4.6 130  
Eastern Croatia 71 100 51 ± 140 6.2 1240  
CL-MC◆ 33 100 31 ± 30 9.1 140  
Southern Croatia 104 100 52 ± 56 7.0 300 

Zn*,a Central Croatia 128 100 4.8 ± 2.7 1.2 11  
Eastern Croatia 71 100 4.7 ± 2.0 1.5 9.7  
CL-MC◆ 33 100 4.2 ± 2.3 1.4 9.8  
Southern Croatia 104 100 3.7 ± 1.7 1.2 9.4  

• N: milk samples with concentrations above LOD. 
◆ CL-MC: Croatian Littoral and Mountain Croatia. 
* Unit expressed as mg kg− 1. 
a Significant differences in the concentration of the elements between four geographical regions. 
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Concentrations of Al and other elements determined in milk from 
other countries are shown in Table 2. The obtained mean Al values 
found in the four regions in this study were higher than those reported in 
Spain (140.89 ug kg− 1; Gonzalez-Montaña et al. 2019). On the other 
hand, significantly higher Al concentrations, in the range 5485–22,500 
ug kg− 1, were measured in industrial areas of China (Qu et al., 2018), 
India (Giri and Singh, 2020) and Turkey (Bigucu et al., 2016). A recent 
study conducted in four agro-climatic zones in Sri Lanka also reported 
higher levels of Al in the range 479–2228 ug kg-1 (Diyabalanage et al., 
2021). In a recent study in Turkey, extremely high Al concentrations of 
63,317 ug kg− 1 were found in milk from small local markets in Iğdır city 
(Koyuncu and Alwazeer, 2019). A higher Al content (696 μg kg− 1) than 
in the present study was recorded in the French Total Diet Study in milk 
collected from supermarkets (Millour et al., 2012). 

3.2. Arsenic 

Arsenic was detected in milk samples in the smallest percentages, in 
2.3 % samples from Central Croatia to 18 % samples from the CL-MC 
region (Table 1). The As mean concentrations were lowest (5.6 μg 
kg− 1) in Central Croatia and highest (85 μg kg− 1) in Southern Croatia. 
However, no statistically significant differences in As levels were found 
among the four regions. The obtained values follow the pattern of values 
from previous research in Croatia (Table 2), i.e., that the values in 
Southern Croatia are higher than in the other three regions (Bilandžić 
et al., 2011). The As levels in milk from the Southern region in this study 
are nearly twice as high as in the study carried out since 10 years ago 
(43.5 μg kg− 1; Bilandžić et al., 2011). 

A recent study on milk from China showed a positive correlation 
between milk and water for As concentrations (Zhou et al., 2019). In 
Croatia, high groundwater As concentrations are known in Eastern 
Croatia (Habuda-Stanić et al., 2007; Ujević et al., 2010; Ujević Bošnjak 
et al., 2012). Most groundwater samples analysed from wells at different 
locations of Eastern Croatia contained total As concentrations (up to 
491 μg L− 1) that exceeded the WHO Maximum Contaminant Level for As 
of 10 μg L− 1 in drinking water (Ujević et al., 2010). Increases in As 
concentration are most likely caused by the dissolution of Fe, Mn, and As 
oxides due to reductive conditions in the aquifer (high content of 
organic matter and/or microbiological activity), leading to As desorp-
tion (Ujević et al., 2010). The high levels of As obtained from the milk of 
Eastern Croatia can be linked to the above mentioned reasons. On the 
other hand, the highest As levels measured in milk from Southern 
Croatia are not unexpected, as the Geochemical Atlas of Croatia lists the 
highest natural concentrations of As (above 25 mg kg -1) in that region, 
compared to low values (about 8 mg kg-1) in Central Croatia (Halamić 
and Miko, 2009). 

In recent studies (Table 2) from Argentina (Pérez-Carrera et al., 
2016), Bangladesh (Jolly et al., 2017), India (Giri and Singh, 2020), 
China (Zhou et al., 2017, 2019; Qu et al., 2018) and Sri Lanka (Diya-
balanage et al., 2021), lower As concentrations were reported, i.e., be-
tween 0.05 and 15 μg kg− 1 in raw milk. In contrast, high concentrations 
of As were determined in milk collected around contaminated water 
areas in Mexico (150 μg kg− 1) and Iğdır City in Turkey (103–3326 μg 
kg− 1) (Castro-González et al., 2019; Koyuncu and Alwazeer, 2019). In 
recent studies in European countries (Romania, Spain and Italy), As 
concentrations did not exceed 20 μg kg− 1 (Cadar et al., 2015; 
González-Montaña et al., 2019; Di Bella et al., 2020). 

3.3. Barium 

In this study, Ba concentrations were detected in all milk samples 
with mean values ranging between 96 μg kg− 1 in the CL-MC region and 
140 μg kg− 1 in Central Croatia, where the maximal level (1030 μg kg-1) 
was measured. Significant differences in Ba content (p = 0.0004) were 
determined in milk among the four regions of Croatia. The highest Ba 
levels in milk in the Central region is in agreement with the highest 

natural Ba content in the soil of that region. The distribution of Ba in soil 
in different regions of Croatia showed high concentrations in Central 
Croatia and Eastern Croatia, with a mean of 414.7 mg kg− 1 and maximal 
level of 3300 mg kg-1. Lower Ba levels were recorded (297.8 mg kg-1) in 
the soil of the Southern and CL-MC regions (Halamić et al., 2012). 

There are sparse literature reports of Ba levels in milk which are 
based on the inclusion of differences between the regions of a country or 
area (Table 2). Two recently published studies were conducted in India 
and Sri Lanka. Much higher Ba concentrations (340 μg kg− 1 and 
194–426 μg kg-1) than in this study were reported in Fe and Cu mining 
areas in India (Giri and Singh, 2020) and different agro-climatic zones in 
Sri Lanka (Diyabalanage et al., 2021). Several studies from the last 
decade are available that report Ba concentrations in milk from retail 
chains as part of national studies of the dietary intake of elements. In 
relation to this research, a similar Ba content in milk (114 μg kg-1) was 
reported in the 2nd French Total Diet Study (Millour et al., 2012) and 
levels reported here were lower than in milk (79 μg kg-1) from the Ca-
nary Islands, Spain (González-Weller et al., 2013). However, a higher 
content (163.1 μg kg-1) was measured in milk samples collected from 
local supermarkets in South Korea (Khan et al., 2014). 

3.4. Cadmium 

Cadmium concentrations were not detected (below the LOD of 3 μg 
kg− 1) in any of the milk samples from Central or Eastern Croatia. In the 
Southern and CL-MC regions, Cd was detected in only 3% and 6.1 % of 
milk samples with mean Cd levels of 12 and 16 μg kg− 1, respectively. 
The detection of Cd in milk from these two regions compared to the two 
continental regions is not surprising, since Cd concentrations in the soil 
are on average up to 1.1 mg kg-1 and often concentrations up to 
3.5 mg kg-1 in the continental regions, with an average of 0.2 mg kg-1 

(Halamić and Miko, 2009). In a recent study conducted in China, a 
positive correlation was found between milk Cd concentrations and soil 
Cd concentrations (Zhou et al., 2019). 

The obtained concentrations in Southern Croatia were higher than in 
a previous study (3.40 μg kg− 1) (Bilandžić et al., 2011), though the 
maximum levels in both studies were similar. Lower Cd concentrations 
in comparison to this study were reported in China (Zhou et al., 2017, 
2019; Su et al., 2021), Iran (Norouzirad et al., 2018; Safaei et al., 2020), 
Poland (Pilarczyk et al., 2013; Sujka et al., 2019), Slovakia (Pšenková 
et al., 2020) and Sri Lanka (Diyabalanage et al., 2021). Cadmium con-
centrations in the range of 19.7–47 μg kg-1 were reported in Peru 
(Chirinos-Peinado and Castro-Bedriñana, 2020), Algeria (Bousbia et al., 
2019), India (Yasotha et al., 2021), Pakistan (Iftikhar et al., 2014) and 
Bangladesh (Muhib et al., 2016). Very high Cd concentrations within 
range 27–397 μg kg-1 were reported in milk from industrial areas and 
near highways in Turkey (Bigucu et al., 2016) and from urban areas in 
Pakistan (690 μg kg-1; Iftikhar et al., 2014). Also, a high Cd content 
(420 μg kg-1) was measured in common milk brands from Slovakia 
(Capcarova et al., 2019). In milk sampled from different supermarkets in 
France and Korea, Cd levels of 1.1 and 2.38 μg kg-1 were found, 
respectively (Arnich et al., 2012; Khan et al., 2014). 

3.5. Chromium 

Chromium concentrations were measured above the LOD value of 
5 μg kg− 1 in all four regions of Croatia, in 13–33% of milk samples. Mean 
values ranged from 16 μg kg-1 in the Central region to 45 μg kg-1 in the 
CL-MC region. A regional geochemical survey of Cr content in soil of 
different regions in Croatia showed considerably lower values in Central 
and Eastern Croatia (82 mg kg-1) than in Southern and CL-MC regions 
(115.8 mg kg-1) (Halamić et al., 2012). Since the Cr concentrations in the 
Eastern region are nearly equal to those in the Southern region, it can be 
concluded that other factors also affect the Cr content in milk, such as Cr 
content in silage. Recent research on the relationships between Cr in 
milk and metal contents in water, silage, and soil support this, with 
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Table 2 
Element contents in raw milk from other countries.  

Country/Specific location 
Mean / range (μg kg− 1/ μg L− 1) 

Reference 
Al As Ba Cd Cr Cu Fe Mn Ni Pb Se Zn* 

Algeria/Polluted area    30 86 239 1432     5.98 Bousbia et al., 2019 
Argentina/Rural area  4   38 26.2 855.3 21 48 23 5.3 1.80 Pérez-Carrera et al., 

2016 
Bangladesh /Dairy farms    24 373 64 333 126  15   Muhib et al., 2016 
Bangladesh /Small household    47 539 127 631 130  12   Muhib et al., 2016 
Bangladesh /industrial disposal areas  3− 38  1− 13 177− 208 51− 63 761− 1237 25− 90 75− 84 40− 48  0.708− 0.995 Jolly et al., 2017 
Canada/Nothern rural area  18.5  1.76  931.9    58.7   Bilandžić et al., 2011 
Croatia/Nothern rural area  18.5  1.76  931.9    58.7   Bilandžić et al., 2011 
Croatia/Southern rural area  43.5  3.40  848.4    36.2   Bilandžić et al., 2011 
China/ Shandong and Shaanxi cities 50   0.07  30 350  5.7 1.4   Zhou et al., 2017 
China/ Industrial area Shanxi 464.94 1.40   20.77    68.61 11.70   Qu et al., 2018 
China/ Industrial area Heilongjiang 763.0 1.23   51.15    13.44 18.24   Qu et al., 2018 
China/Unpolluted area  0.10  0.04 0.83     0.16   Zhou et al., 2019 
China/Industrial area  0.05  0.10 0.88     1.43   Zhou et al., 2019 
China/Unpolluted area  0.20  0.13 0.87     2.32   Su et al., 2021 
China/Industrial area  0.43  0.15 1.21     2.86   Su et al. 2021 
India/ Copper mining areas 507 15 340  153 509 8843 280 624 129 84 1.224 Giri and Singh, 2020 
India/ Iron mining areas 268 10 339  58 312 11,404 549 201 89 36 1.035 Giri and Singh, 2020 
India/ Industrial areas    20− 70 190− 810 70− 350    50− 200  1.22− 20.94 Yasotha et al., 2021 
Iran/ western Iran    0.36  9.77    32.83  0.253 Sobhanardakani, 2018 
Iran/ near petroleum industries    4.7      47.0   Norouzirad et al., 2018 
Iran/ East Azerbaijan province    7      10   Safaei et al., 2020 
Italy/ Contaminated area  < 3  < 1 < 70    < 50 2  2.92 Di Bella et al., 2020 
Mexico / Puebla, industrial watse water  150   30 10   10 30  0.71 Castro-González et al., 

2019 
Pakistan/ Urban area    690  1400   806 2243   Iftikhar et al., 2014 
Pakistan/ Rural area    37  90   24 2082   Iftikhar et al., 2014 
Pakistan/ Industrial area    33  1163   32 34   Ismail et al., 2015 
Pakistan/ Residential and market areas    <0.1− 1.3  605− 752   4− 45 12− 22   Ismail et al., 2015 
Pakistan/ Farms near cities    1.4− 4.1  41− 93   18− 83 14− 33   Ismail et al., 2017 
Peru/ Near metallurgical complex    19.7      58   Chirinos-Peinado et al. 

2018 
Poland/Organic farm    3.5/4.0  37.7/45.3 257.6/ 

198.4 
21.5/ 
20.1  

36.6/41.2 19.8/ 
16.2 

3.027/3.277 Pilarczyk et al., 2013 

Poland/ Low industrialization    < 4  360    12  4.83 Sujka et al., 2019 
Poland/Industrial region    < 4  1033    234  15.84 Sujka et al., 2019 
Romania/Rodnei Mountains  1.02  1.09 4.56 47.5  23.4  6.57 22.3 2.985 Cadar et al., 2015 
Slovakia/Agricultural area    270  2120 1760  840 3800  13.09 Capcarova et al., 2019 
Slovakia/Unpolluted area  < 30  < 4      < 100   Pšenková et al., 2020 
Slovakia/Polluted area  < 30  < 4      < 100   Pšenková et al., 2020 
Slovakia/Region with an undisturbed 

environment      
< 50 482–626   < 10 < 30 3.36–5.86 Toman et al., 2020 

Slovakia/Moderately disturbed 
environment      

< 50 468–660   < 10 < 30 3.44–4.42 Toman et al., 2020 

Slovakia/Strongly disturbed environment      < 50 404–606   < 10 < 30 3.44–5.48 Toman et al., 2020 
Spain/ Farms near Mining zone, industrial 

activity and highway traffic 
140.89 18.45           González-Montaña et al., 

2019 
Sri Lanka / Four agro-climatic zones 479–2228 0.46- 

13.7 
194- 
426 

0.58-2.47 31.3− 477 17.5–117 486–2979 24.3–159 7.24–249 5.01–18.8 9.45 
–28.0 

1.491–2.925 Diyabalanage et al., 
2021 

Turkey/ Close to heavy industry plants 5485- 
22,500   

56-193 51-669 600-648 1597–2735 79-1693  503-1038  0.936-1.027 Bigucu et al., 2016 

Turkey/Close to food producing plants 6224- 
17,300   

56− 194 52− 139 573− 1564 4048–4207 86− 1190  921− 1015  0.755− 2.093 Bigucu et al., 2016 

Turkey/Close to highways 12,360- 
17,320   

27− 397 54− 154 517− 624 936–3517 43− 1224  763− 1859  0.744− 3.046 Bigucu et al., 2016 

Turkey/Ankara 28.01 4.05   5.63 < 1 152.86  < 5  3.86 0.2636 Totan and Filazi, 2020  

* Unit expressed as mg kg− 1. 
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positive correlations determined between Cr in milk and silage, and 
between milk and soil (Zhou et al., 2019). 

A comparison of the measured Cr concentrations in milk with other 
countries (Table 2) showed a lower content in industrial and unpolluted 
areas of China (< 1.25 μg kg− 1; Zhou et al., 2019), urban area of Turkey 
(5.63 μg kg− 1; Totan and Filazi, 2020) and rural area of Romania 
(4.56 μg kg− 1; Cadar et al., 2015). However, higher Cr levels in the range 
of 373–539 μg kg-1 were measured in milk from dairy farms of 
Bangladesh (Muhib et al., 2016). In milk collected from different 
agro-climatic zones in Sri Lanka, Cr levels were measured between 31.3 
and 477 μg kg-1 (Diyabalanage et al., 2021). In milk from polluted and 
industrial areas of different countries (Algeria, Bangladesh, China, India, 
Turkey), Cr content ranged from 51 to 669 μg kg-1 (Bigucu et al., 2016; 
Jolly et al., 2017; Qu et al., 2018; Bousbia et al., 2019; Yasotha et al., 
2021). In studies on milk from supermarkets and grocery stores in 
France and Korea, higher Cr contents (120 and 364.9 μg kg− 1, respec-
tively) were measured than those in the present study (Noël et al., 2012; 
Khan et al., 2014). 

3.6. Copper 

The mean Cu concentrations found in this study ranged between 
53 μg kg− 1 in the Eastern region and 70 μg kg-1 in the CL-MC region, 
where the maximum level was 340 μg kg-1. No statistically significant 
differences were observed for Cu concentrations between regions. Ob-
tained levels were lower than those previously found in rural areas of the 
Southern and Northern regions (931.9 and 848.4 μg kg-1, respectively) 
of Croatia (Bilandžić et al., 2011). 

Considering the geochemical composition of Cu in Croatia, the 
highest concentrations were measured in the soil of the Southern 
(35.5 mg kg− 1) and CL-MC regions (25 mg kg− 1) (Halamić and Miko, 
2009). Also, in Central and Eastern Croatia, increased values of Cu have 
been found in alluvial sediments of the main large rivers (Sava, Drava, 
Mura, Danube), as a consequence of mining activities and other 
anthropogenic activities. In some areas known for a long wine-growing 
tradition, increased values of Cu in the soil are the result of a long 
tradition of application of Cu-sulphate in viticulture (Halamić and Miko, 
2009). 

Similar values of Cu levels to those in this study were reported in 
milk from dairy farms and disposal areas from Bangladesh (Muhib et al., 
2016; Jolly et al., 2017) and rural areas in Romania (Cadar et al., 2015). 
On the other hand, lower values were found in urban areas of China 
(30 μg kg− 1; Zhou et al., 2017), Iran (9.77 μg kg− 1; Sobhanardakani, 
2018), organic farms in Poland (37.7–45.3 μg kg− 1; Pilarczyk et al., 
2013) and in industrial waste areas in Mexico (10 μg kg− 1; Cas-
tro-González et al., 2019). 

However, higher Cu concentrations ranging from 90 to 1163 μg kg− 1 

were reported in milk from industrial and polluted areas of different 
countries (Table 2) around the world including: Algeria (Bousbia et al., 
2019), India (Giri and Singh, 2020; Yasotha et al., 2021), Pakistan 
(Iftikhar et al., 2014; Ismail et al., 2015), Poland (Sujka et al., 2019) and 
Sri Lanka (Diyabalanage et al., 2021). The highest Cu concentrations 
were measured in milk from areas near food producing plants 
(1564 μg kg-1) and an urban area (1800 μg kg-1) in Turkey (Bigucu et al., 
2016), and an agricultural area (2120 μg kg-1) in Slovakia (Capcarova 
et al., 2019). 

Different Cu contents were reported in studies conducted on milk 
sampled from supermarkets and grocery stores. The French Total Diet 
Study reported a level of 91 μg kg− 1 of Cu (Noël et al., 2012). In milk 
from retail chains in Korea, Cu levels of 383.4 μg kg-1 were determined 
(Khan et al., 2014). An even higher Cu concentration of 950 μg kg-1 was 
reported in common milk brands from Slovakia (Capcarova et al., 2019). 

3.7. Iron 

In this study, Fe was measured in all milk samples from the Central, 

Eastern and CL-MC regions, and in 76 % of milk samples from the 
Southern region (Table 1). Higher concentrations were found in Central 
and Eastern Croatia (similar content of 300 μg kg− 1, respectively) than 
in CL-MC and Southern region. The highest level (1990 μg kg− 1) was 
measured in Eastern Croatia. However, no significant differences be-
tween the four regions were found. A regional spatial distribution study 
of Fe in Croatia reported higher mean values of 3.94 mg kg-1 in the CL- 
MC and Southern regions (Dinaric-coastal region) than in Northern and 
Eastern Croatia (3.16 mg kg-1) (Halamić et al., 2012). However, apart 
from Fe content in soil, studies of heavy metal concentrations in the 
groundwater of Eastern Croatia have shown elevated Fe content 
(Gvozdić et al., 2015; Kopić et al., 2016). The established higher con-
centrations of Fe in milk from the Central and Eastern region of Croatia 
are also due to the fact that more than 3000 companies in Croatia 
operate in the metal industry, which also contributes to the environ-
mental load with Fe. The majority of these industries is located in these 
two regions and the leader in the production of metal is Krapina-Zagorje 
County in Central Croatia (Belgian Trade Office, 2015). 

Recent studies in different countries have reported Fe contents in 
milk from two to 37 times the levels reported here (Bigucu et al., 2016; 
Muhib et al., 2016; Pérez-Carrera et al., 2016; Jolly et al., 2017; Cap-
carova et al., 2019; Giri and Singh, 2020; Toman et al., 2020; Diyaba-
lanage et al., 2021). The highest concentrations were reported in Fe 
mining areas (11,404 μg kg− 1) in India (Giri and Singh, 2020) and in Sri 
Lanka (2979 μg kg− 1; Diyabalanage et al., 2021). Similar Fe content to 
levels in this study were found in milk samples from Bangladesh (Muhib 
et al., 2016) and Poland (Pilarczyk et al., 2013), but lower levels were 
found in milk from Turkey (152.86 μg kg− 1; Totan and Filazi, 2020). 

Studies of Fe in milk collected in retail chains showed also a differ-
ence in Fe content. Previous studies in Croatia reported 360 μg kg− 1 in 
milk from merchant shops (Bilandžić et al., 2015). The French Total Diet 
Study reported milk Fe levels of 399 μg kg− 1 (Noël et al., 2012). A very 
high Fe content of 1760 μg kg− 1 was found in common milk brands 
produced in Slovakia (Capcarova et al., 2019). 

3.8. Mercury 

No Hg concentrations were detected (< 0.008 μg kg− 1) in any of the 
milk samples in this study. In a previous study from Croatia, Hg maximal 
concentrations of 9 and 90 μg kg− 1 were measured in Northern and 
Southern regions (Bilandžić et al., 2011). Overall, there are not many 
studies in the literature showing Hg results in milk. In a recent study 
from Slovakia, Hg levels in raw milk samples were below the limit of 
detection (Capcarova et al., 2019). In studies from China, Hg was found 
in concentrations of 5 μg kg− 1 in Shandong and Shaanxi cities (Zhou 
et al., 2017) and within the range of 1.38–3.20 μg kg− 1 in industrial 
areas (Qu et al., 2018). 

3.9. Manganese 

In this study, Mn concentrations were detected in 64 % of samples 
from Southern Croatia to 100 % samples from the CL-MC region. Mean 
levels were lowest (28 μg kg− 1) in Central Croatia and highest (55 μg kg- 

1) in Eastern Croatia. Milk Mn levels from the Southern and CL-MC re-
gion showed nearly identical concentrations, just over 30 μg kg− 1. A 
study of the Mn content in soil of different regions in Croatia showed 
higher levels (1014.19 mg kg-1) in the Southern and CL-MC region than 
in Pannonian region, i.e., Central and Eastern Croatia (636.6 mg kg-1; 
Halamić et al., 2012). However, based on studies of the content of this 
metal in the groundwater of Eastern Croatia, it can be concluded that 
this gives the greatest contribution to the concentrations in milk. 
Namely, groundwater research in Eastern Croatia (Slavonia) has shown 
the presence of increased concentrations of Mn, Fe and As, indicating the 
presence of a naturally reductive environment or hydrolysis of silicate 
minerals and reductive conditions of aquifers (Kopić et al., 2016). 

A comparison of the obtained Mn concentrations with recent studies 
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in milk around the world (Table 2) shows lower content (< 24 μg kg− 1) 
in Argentina (Pérez-Carrera et al., 2016), Poland (Pilarczyk et al., 2013) 
and Romania (Cadar et al., 2015) than in the present study. Higher Mn 
levels between 90 and 280 μg kg-1 were reported in Bangladesh (Muhib 
et al., 2016; Jolly et al., 2017), India (Giri and Singh, 2020) and Sri 
Lanka (Diyabalanage et al., 2021). Extremely high Mn concentrations 
were measured in milk from Fe mining areas (549 μg kg-1) in India (Giri 
and Singh, 2020) and in polluted areas in Turkey (maximum of 
1693 μg kg-1; Bigucu et al., 2016). 

3.10. Nickel 

Nickel concentrations were detected in 17–30% milk samples from 
the four Croatian region (Table 1). Mean nickel levels ranged from 15 μg 
kg− 1 in the Central region to 40 μg kg-1 in the CL-MC region. However, 
no significant differences in Ni levels were found between the four re-
gions. Regional spatial distribution of Ni in soil showed lower mean 
values in Central and Eastern Croatia (33–35 mg kg-1) than in the CL-MC 
and Southern regions (52.8–74.6 mg kg-1) (Halamić and Miko, 2009). In 
the present study, the lowest Ni levels were found in the Central region. 
It is clear that in addition to soil, other factors also influenced Ni content. 
Higher values of Ni in the Eastern region may be the result of anthro-
pogenic activities due to the ubiquity of Ni in all stages of human life. 

In recent studies from other countries (Table 2), lower Ni levels in 
milk than in this study were reported in China (Zhou et al., 2017; Qu 
et al., 2018), Mexico (Castro-González et al., 2019), Pakistan (Iftikhar 
et al., 2014) and Turkey (Totan and Filazi, 2020). Higher Ni content 
from 183 to 249 μg kg− 1 were measured in two zones of Sri Lanka 
(Diyabalanage et al., 2021). More than ten-fold the concentrations in 
comparison to this study were found in milk from an industrial area in 
India (624 μg kg-1; Giri and Singh, 2020), urban area in Pakistan (806 μg 
kg-1; Iftikhar et al., 2014) and agricultural area in Slovakia (840 μg kg-1; 
Capcarova et al., 2019). 

Nickel content determined in the French Total Diet Study was 
36 μg kg− 1 (Noël et al., 2012). In milk collected in different retail chains 
in Korea, Ni levels were 153.1 μg kg− 1 (Khan et al., 2014). High Ni 
concentrations (870 μg kg− 1) were measured in common milk brands 
from Slovakia (Capcarova et al., 2019). 

3.11. Lead 

Lead concentrations were not detected in raw milk samples from 
Eastern or Southern Croatia. In the Central and CL-MC regions, Pb were 
measured in only 4.7 % and 12 % of milk samples, with nearly identical 
means (7.1 and 7.2 μg kg− 1). Levels exceeding the maximum residue 
limit (MRL) of 20 μg kg-1 were not measured in any of the samples (EC, 
2006). 

These results are considered as a significant improvement over the 
previous research in Croatia, when mean Pb concentrations exceed the 
MRL in both the Southern and Northern regions (58.7 and 36.2 μg kg− 1), 
with concentrations above the MRL measured in 28.3 % and 35.5 % of 
samples from those regions (Bilandžić et al., 2011). The obtained Pb 
levels in the present study were also lower than the mean value of 
11.4 μg kg− 1 measured in more recent study in continental Croatia in the 
period 2010–2014 (Bilandžić et al., 2016). These results further confirm 
the previous conclusion that the decline in industrial production has 
obviously affected the reduction of Pb in the environment and thus in 
products of animal origin such as milk, and that cattle are grazing 
further away from major roads and industrial regions (Bilandžić et al., 
2016). 

Lower Pb concentrations (0.16–2.86 μg kg− 1) than in this study were 
reported (Table 2) in rural and industrial areas in China (Zhou et al., 
2017, 2019; Su et al., 2021) and a contaminated area in Italy (2 μg kg-1; 
Di Bella et al., 2020). In rural areas of Bangladesh, Argentina and Sri 
Lanka, concentrations were between 9.02 and 23 μg kg-1 (Muhib et al., 
2016; Pérez-Carrera et al., 2016; Diyabalanage et al., 2021). High values 

of Pb above 20 μg kg− 1 and in the range up to 234 μg kg− 1 were found in 
milk from industrial areas in Bangladesh (Jolly et al., 2017), India (Giri 
and Singh, 2020; Yasotha et al., 2021), Iran (Norouzirad et al., 2018; 
Sobhanardakani, 2018), Mexico (Castro-González et al., 2019), Pakistan 
(Ismail et al., 2015, 2017), Peru (Chirinos-Peinado and Castro-Be-
driñana, 2020) and Poland (Sujka et al., 2019). Very high concentrations 
of Pb in the range from 503 to 1859 μg kg− 1 were reported in milk 
collected in industrial areas and near highways in Turkey (Bigucu et al., 
2016). Extremely high Pb levels of 2234 and 3800 μg kg− 1 were 
measured in milk from an urban area in Pakistan (Iftikhar et al., 2014) 
and an agricultural area in Slovakia (Capcarova et al., 2019). 

3.12. Selenium 

Selenium was determined in all milk samples above the LOD. The 
mean values in the four regions ranged from similar levels of 28 and 
31 μg kg− 1 in Central and CL-MC Croatia to 51 and 52 μg kg− 1 in the 
Eastern and Southern region. Significant differences were determined in 
the Se concentrations in milk between the four regions (p = 0.0011). 

Soils differ greatly in Se content depending on the type of soil and 
locality. The average content in the world’s soils is 0.33 mg kg− 1, or 
from 0.25 mg kg− 1 in bleached sand (podsol) to 0.37 mg kg− 1 in his-
tosols (Kabata-Pendias and Pendias, 2011). There are no data on the 
regional spatial distribution of Se in soil of Croatia. In a study conducted 
in Eastern Croatia, Se contents at different locations were determined 
with a mean of 0.363 mg kg-1 (Antunović et al., 2010). However, an 
example of extremely high levels of soil pollution with Se (10.3 mg kg− 1) 
in Croatia was found in soil around a coal-red power plant (PPP) in Raša 
Bay of the Istrian Peninsula in the CL-MC region. The plant used coal 
taken from the nearby sites of Raša Bay from the late 18th century until 
the late 1990s (Medunić et al., 2018). Comparison of Raša garden soil 
with EU average soil showed 5-fold higher Se levels (Medunić et al., 
2021). 

Comparing the obtained concentrations of Se in milk in this study 
with concentrations from other countries (Table 2), lower concentra-
tions between 3.86 and 28 μg kg− 1 were found in the following coun-
tries: Argentina (Pérez-Carrera et al., 2016), Poland (Pilarczyk et al., 
2013), Romania (Cadar et al., 2015), Sri Lanka (Diyabalanage et al., 
2021) and Turkey (Totan and Filazi, 2020). A similar Se level of 
36 μg kg− 1 was reported in milk from Fe mining areas, and much higher 
values of 84 μg kg− 1 in Cu mining areas from India (Giri and Singh, 
2020). In studies on milk collected from retail chains of different 
countries, different concentrations were found (μg kg-1): 1399.3 in 
Korea (Khan et al., 2014), 40 in France (Noël et al., 2012), 24 in Croatia 
(Bilandžić et al., 2015). 

3.13. Zinc 

The highest mean Zn concentrations of 4.8 mg kg− 1 were measured 
in milk from Central Croatia while the lowest 3.7 mg kg− 1 was in the 
Southern region. The maximum Zn concentrations was 11 mg kg− 1 in 
milk from the Central region. Significant differences in Zn concentra-
tions (p = 0.002) were found among milk samples from the four regions. 
However, the determined Zn values in milk are not compatible with the 
determined Zn content in the soil of these regions. Namely, a higher 
mean Zn (111.1 mg kg− 1) was measured in soils from the Southern and 
CL-MC regions than in Central and Eastern Croatia (89.0 mg kg− 1; 
Halamić et al., 2012). According to the geochemical survey in Central 
and Eastern Croatia, high concentrations were found in alluvial sedi-
ments along the Sava and Lonja Rivers, while the highest measured 
concentrations in all of Croatia were found in soils above the alluvial 
sediments of the Drava, Mura and Danube Rivers, located in the north of 
both these regions (Halamić and Miko, 2009). The rationale for the Zn 
content determined in the milk of the Central and Eastern regions of 
Croatia actually relies on that given for clarification regarding Fe. 
Namely, the application of this metal is related to metallurgical 
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production processes carried out primarily in these two regions of 
Croatia, which are more significantly more populated and industrially 
developed than the Southern and CL-MC regions, making them more 
exposed to the introduction of this metal into the environment. This is 
supported by the research of different types of moss in the territory of 
Croatia conducted during the summer and autumn of 2010 for the 
purpose of biomonitoring atmospheric pollution with zinc. The Zn dis-
tribution map showed a high Zn content in moss samples collected from 
the vicinity of Sisak and Podravina region in the Central and Eastern 
regions as a consequence of anthropogenic pollution of the chemical 
industry and metallurgy (Vučković et al., 2012). 

Compared to the concentrations in this study, similar Zn contents 
were found in regions with low industrialization in Poland (Sujka et al., 
2019) and differently disturbed environment regions in Slovakia 
(Toman et al., 2020). Lower Zn concentrations were reported in 
Argentina (Pérez-Carrera et al., 2016), Bangladesh (Jolly et al., 2017), 
India (Giri and Singh, 2020), Iran (Sobhanardakani, 2018), Italy (Di 
Bella et al., 2020), Mexico (Castro-González et al., 2019), Poland 
(Pilarczyk et al., 2013), Romania (Cadar et al., 2015), Sri Lanka (Diya-
balanage et al., 2021) and Turkey (Bigucu et al., 2016; Totan and Filazi, 
2020). However, higher Zn contents than in the present study were re-
ported in a polluted area of Algeria (5.98 μg kg− 1; Bousbia et al., 2019), 
an agricultural area in Slovakia (13.09 mg kg− 1; Capcarova et al., 2019) 
and an industrial area of Poland (15.84 μg kg− 1; Sujka et al., 2019). 

As part of the research conducted on milk from the market, similar 
Zn contents (4.2 and 4.75 mg kg− 1) were reported in Croatia (Bilandžić 
et al., 2015) and Korea (Khan et al., 2014). The Total Diet Study in 
France reported 3.75 mg kg− 1 of Zn in milk (Noël et al., 2012). Very high 
Zn levels (11.4 mg kg− 1) were measured in common milk brands pro-
duced from Slovakia (Capcarova et al., 2019). 

3.14. Risk assessment of raw cow milk consumption 

In order to assess the potential risks to human health through food 
exposure, the European Food Safety Authority (EFSA) and World Health 
Organisation (WHO) have established acceptable levels of xenobiotic 
metals that can be ingested daily or weekly. Potential health exposure to 
toxic and trace elements associated with milk consumption in the 
Croatian population are presented in Table 3. Calculated EDI and EWI 
values were compared with the EFSA and WHO toxicological limits. 

In the present study, the EDI calculated for the highest As and Pb 
mean in milk of the four regions of Croatia showed a low contribution, of 
only 3.1 and 1.4 % to BMDL01 values of 8 and 1.5 μg kg− 1 BW day− 1 

(EFSA, 2010, 2014d). In the case of P95 values for As and Pb, the 
contribution EDI to BMDL01 was 19 and 4.4 %. As shown in Table 2, 
most studies showed significantly higher Pb values than in this study and 
a higher risk of exposure. A recent study pointed out that EDI can be as 
high as 0.123 mg kg-1 BW day-1 and when expressed as contribution to 
BMDL01, an exposure of as much as 8.2 % is obtained (Boudebbouz et al., 
2021). 

Further, the EWI values calculated for the highest mean Al showed a 
low contribution of less than 1% to the TWI of 1 mg kg− 1 BW (EFSA, 
2011c). The highest contribution to toxicological limits in the present 
study showed mean and P95 values measured for Cd, with 13 and 51 % 
contribution to TWI of 2.5 μg kg− 1 BW (EFSA, 2011b). Evaluation of EDI 
for Cd in milk based on world literature data showed a range between 
0 and 0.024 mg kg− 1 BW day-1 (Boudebbouz et al., 2021). In the present 
study, the EDI calculated for the highest mean value was 0.047 μg kg− 1 

BW day-1. 
Barium exposure through milk consumption was calculated accord-

ing to the TDI of 20 μg kg− 1 BW day-1 (EU, 2012). The highest mean 
found in Central Croatia showed a contribution of 5.1 % to TDI while for 
P95 consumers that percentage was 12 %. 

Regarding Cr and Ni, EFSA has defined tolerable daily intakes of 
300 μg kg− 1 BW day-1 (EFSA, 2014b) and 13 μg kg− 1 BW day-1 (EFSA, 
2020b), respectively. Based on the highest obtained mean values in milk 

from the four regions in Croatia, it was determined that consumers are at 
low risk with respect to Cr and Ni exposure, as the contribution to TDI 
values was less than 0.1 and 1%, respectively. EFSA established a TWI of 
4 μg kg− 1 BW day-1 for Hg (EFSA, 2012). Given that all Hg values in this 
study were below the LOD, it can be concluded that the adult population 
in Croatia is not exposed to the risk of Hg through milk consumption. 

The Scientific Committee on Food (SCF) and the EFSA Panel on Di-
etetic Products, Nutrition and Allergies (NDA) have determined a 
Tolerable Upper Intake Level (UL) for the essential elements Cu, Fe and 
Zn of 5 mg day− 1, 300 μg day− 1 and 25 mg day− 1, respectively (EFSA, 
2018). UL is the maximum level of total chronic intake of a nutrient from 
all sources judged to be unlikely to pose a risk of adverse health effects in 
humans. EFSA did not determine a UL value for Fe since there are no 
adequate data to derive a UL (EFSA, 2018). In the present study, the 
highest measured mean Cu, Se and Zn values in milk showed a low 
contribution (in the range of 0.3–4.2%) to UL values. For P95 con-
sumers, a higher exposure of 23 % and 20 % contribution to UL were 
found for Se and Zn. 

To assess the potential risk of exposure to high Fe content, the World 
Health Organization (WHO) defined the Provisional Maximum Toler-
able Daily Intake (PMTDI) of 0.8 mg kg− 1 BW day-1 (WHO, 1983). Ac-
cording to the measured concentrations of Fe in milk, the exposure of 
milk consumers in Croatia is very low (only 0.12 % of PMDTI). 

4. Conclusions 

In this study, information was obtained about the concentration of 
essential (Zn, Se, Cu, Fe, Mn and Cr), probably essential (Ni) and 
potentially toxic (Al, As, Cd, Hg and Pb) in cow milk in four different 

Table 3 
Daily and weekly intakes (EDI, EWI) of analyzed elements and risk assessment 
according to toxicological limits.  

Element Mean / P95* Mean P95  

EWI %TWIa EWI %TWIa 

Al (mg kg− 1) 0.39 / 0.83 0.0081 0.81 0.042 4.2 
Cd (μg kg− 1) 16 / 25 0.33 13 1.3 51  

EDI % BMDL01
b EDI % BMDL01

b 

As (μg kg− 1) 85 / 208 0.25 3.1 1.5 19 
Pb (μg kg− 1) 7.2 / 9.1 0.021 1.4 0.066 4.4  

EDI %TDIc EDI %TDIc 

Ba (μg kg− 1) 140 / 325 1.01 5.1 2.4 12 
Cr (μg kg− 1) 45 / 170 0.13 0.044 1.2 0.40 
Ni (μg kg− 1) 40 / 100 0.12 0.91 0.71 5.5  

EDI % ULd EDI % ULd 

Cu (mg kg− 1) 0.07 / 0.16 0.015 0.30 0.082 1.6 
Se (μg kg− 1) 52 / 135 11 3.8 70 23 
Zn (mg kg− 1) 4.8 / 9.6 1.1 4.2 5.0 20  

EDI % PMTDIe EDI % PMTDIe 

Fe (mg kg− 1) 0.30 / 0.71 0.00092 0.12 0.0052 0.65 

Mean (μg kg− 1); P95, 95th percentile (μg kg− 1); EWI, Estimated weekly intake 
(mg kg-1 BW week-1); M/F, male/female; TWI, Tolerable weekly intakes (μg kg-1 

BW week-1); EDI, Estimated daily intake (μg kg-1 BW day-1); BMDL01, Benchmark 
dose lower confidence limit at 1% extra risk (μg kg-1 BW day-1); TDI, Tolerable 
daily intake (μg kg-1 BW day-1); UL, Tolerable Upper Intake Level; PMTDI, 
provisional maximum tolerable daily intake. 

* Highest values of mean and P95 used for calculation. 
a TWI: Al 1 mg kg− 1 BW week-1 (EFSA, 2008, 2011c); Cd 2.5 μg kg− 1 BW 

(EFSA, 2011b); Hg 4 μg kg− 1 BW (EFSA, 2012). 
b BMDL01 for: As for an increased risk of cancer of the lung, skin and bladder, 

and skin lesions 0.3 and 8 μg kg− 1 BW day-1, in calculation used higher value 
(EFSA, 2014a); Pb for developmental neurotoxicity 0.5 μg kg− 1 BW day-1, for 
effects on systolic blood pressure 1.50 μg kg− 1 BW day-1, in calculation used 
higher value (EFSA, 2010). 

c TDI (μg kg− 1 BW day-1): Ba 20 (EU, 2012); Cr 300 (EFSA, 2014b); Ni 13 
(EFSA, 2020b). 

d UL for adults: Cu 5 mg day− 1; Se 300 μg day− 1; Zn 25 mg day− 1 (EFSA, 
2018). 

e PMTDI: Fe 0.8 mg kg− 1 BW day-1 (WHO, 1983). 
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regions of Croatia. Differences in the concentrations of the investigated 
elements were determined among the regions, though these differences 
were significant for only Al, Ba, Se and Zn. The positive findings of this 
study are that the concentrations of toxic elements As, Cd and Pb were 
detected in a small percentage of the samples, while Hg was not detected 
in any samples. Also, a significant decline in Pb content was found 
compared to previous research conducted in milk samples from Croatia. 

The estimation of the potentially harmful effects of toxic and trace 
elements through milk consumption by comparing the established 
highest mean with toxicological limits showed low exposure to Al, As, 
Ba, Cr, Cu, Hg, Fe, Ni, Se, Pb and Zn for adult populations in Croatia. The 
only exceptions were Cd concentrations in milk with a higher contri-
bution to toxicological limits, especially for consumers who consume 
higher quantities of milk per week. 

Although the results of the Croatian population’s exposure to toxic 
and trace elements through milk consumption are favourable, contin-
uous monitoring is necessary. Namely, the potential harmful effects are 
constantly changing and increasing since anthropogenic pressure on the 
environment is growing due to agricultural production, development 
and advanced urbanization of all areas, and the degradation of 
groundwater and soil quality, thus affecting food composition. 
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Di Bella, C., Traina, A., Giosuè, C., Carpintieri, D., Lo Dico, G.M., Bellante, A., Del 
Core, M., Falco, F., Gherardi, S., Uccello, M.M., Ferrantelli, V., 2020. Heavy metals 
and PAHs in meat, milk, and seafood from Augusta area (Southern Italy): 
contamination levels, dietary intake, and human exposure assessment. Front. Public 
Health 8. Article 273.  

Diyabalanage, S., Kalpage, M.D., Mohotti, D.G., Dissanayake, C.K.K., Fernando, R., 
Frew, R.D., Chandrajith, R., 2021. Comprehensive assessment of essential and 
potentially toxic trace elements in bovine milk and their feeds in different agro- 
climatic zones of Sri Lanka. Biol. Trace Elem. Res. 199 (4), 1377–1388. 

EC, 2006. Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting 
maximum levels for certain contaminants in foodstuffs. Off. J. Eur. Union L L 364, 
3–24. 

EFSA, 2008. Safety of aluminium from dietary intake. Scientific opinion of the panel on 
food additives, flavourings, processing aids and food contact materials (AFC). EFSA 
J. 754, 1–34. 

EFSA, 2010. Scientific opinion on lead in food. European Food Safety Authority (EFSA) 
Panel on Contaminants in the Food Chain (CONTAM). Efsa J. 8 (4), 1570. 

EFSA, 2011a. Comprehensive European Food Consumption Database, Chronic Food 
Consumption Survey on Adults in Croatia. Retrieved December 19, 2020 from: htt 
ps://www.efsa.europa.eu/en/microstrategy/foodex2-level-1. 

EFSA, 2011b. Statement on tolerable weekly intake for cadmium. European Food Safety 
Authority (EFSA) Panel on Contaminants in the Food Chain (CONTAM). EFSA J. 9 
(2), 1975. 

EFSA, 2011c. Statement on the evaluation of a new study related to the bioavailability of 
aluminium in food. EFSA J. 9 (5), 2157. 

EFSA, 2012. Scientific opinion on the risk for public health related to the presence of 
mercury and methylmercury in food. European Food Safety Authority (EFSA) Panel 
on Contaminants in the Food Chain (CONTAM). EFSA J. 10 (12), 2985. 

EFSA, 2014a. Dietary exposure to inorganic arsenic in the European population. 
European Food Safety Authority (EFSA). EFSA J. 12 (3), 3597. 

EFSA, 2014b. Scientific opinion on the risks to public health related to the presence of 
chromium in food and drinking water. EFSA J. 12 (3), 3595. 

EFSA, 2015b. Scientific opinion on dietary reference values for iron. EFSA Panel on 
Dietetic Products, Nutrition and Allergies. EFSA J. 13 (10), 4254. 

EFSA, 2018. Overview on Tolerable Upper Intake Levels as Derived by the Scientific 
Committee on Food (SCF) and the EFSA Panel on Dietetic Products, Nutrition and 
Allergies (NDA). Summary of Tolerable Upper Intake Levels – Version 4 (September 
2018). 

EFSA, 2020a. Report for 2018 on the Results From the Monitoring of Veterinary 
Medicinal Product Residues and Other Substances in Live Animals and Animal 
Product. EFSA Supporting Publication 2020:EN-1775. 

EFSA, 2020b. Scientific opinion on update of the risk assessment of nickel in food and 
drinking water. EFSA Panel on Contaminants in the Food Chain (CONTAM). Efsa J. 
18 (11), 6268. 

EU, 2012. Assessment of the Tolerable Daily Intake of Barium. Scientific Committee on 
Health and Environmental Risks SCHER. European Union. 

Fakhri, Y., Nematollahi, A., Abdi-Moghadam, Z., Daraei, H., Ghasemi, S.M., Thai, V.N., 
2020. Concentration of potentially Harmful Elements (PHEs) in trout fillet (rainbow 
and brown) fish: a global systematic review and meta-analysis and health risk 
assessment. Biol. Trace Elem. Res. 199, 3089–3101. https://doi.org/10.1007/ 
s12011-020-02419-x. 
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Norouzirad, R., González-Montaña, J.R., Martínez-Pastor, F., Hosseini, H., 
Shahrouzian, A., Khabazkhoob, M., Malayeri, F.A., Moallem Bandani, H., 
Paknejad, M., Foroughi-nia, B., Fooladi Moghaddame, A., 2018. Lead and cadmium 
levels in raw bovine milk and dietary risk assessment in areas near petroleum 
extraction industries. Sci. Total Environ. 635, 308–314. 

Pérez-Carrera, A.L., Arellano, F.E., Fernández-Cirelli, A., 2016. Concentration of trace 
elements in raw milk from cows in the southeast of Córdoba province, Argentina. 
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