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Abstract  

The primary objective of this study was to analyze the concentrations of essential 

nutrients and heavy metals in dairy products, specifically cow's milk and milk 

powder, to evaluate their nutritional quality and safety for consumers. The study 

aimed to compare the measured values with certified standards to identify any 

deviations that could pose health risks. Cow's milk and milk powder samples from 

various regions, including Mosul, were collected and analyzed for their elemental 

composition using analytical methods. The concentrations of essential macro and 

microelements, as well as heavy metals such as arsenic, cadmium, mercury, lead, 

rubidium, and strontium, were measured. The findings were compared with 

certified values to assess the nutritional quality and safety of the dairy products. 

The analysis of cow's milk and milk powder samples revealed that essential macro 

and microelements were within acceptable limits, indicating good nutritional 

quality. However, certain heavy metals, including arsenic, cadmium, and lead, 

were found to exceed standards in some samples, raising concerns about potential 

health risks associated with these contaminants. The study emphasized the 

importance of ongoing monitoring and quality control measures to ensure the 

safety and nutritional quality of dairy products, particularly in regions where heavy 

metal contamination levels were higher than expected. Further research is needed 
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to understand the sources of contamination and implement strategies to mitigate 

health risks associated with heavy metal exposure in dairy products. 

Keywords: Cow's Milk, Elemental analysis, Heavy metals, Contamination. 

1. Introduction  

Milk and dairy products are crucial for a balanced diet, offering essential nutrients 

[1]. However, the safety of milk is at risk due to heavy metal contamination, which 

can accumulate in animals and transfer to milk [2]. Heavy metal contamination in 

milk is a notable public health issue, as prolonged exposure can result in adverse 

health effects for consumers [3]. Studies have shown that the presence of heavy 

metals like mercury, lead, uranium, and vanadium in milk can pose risks to human 

health [4]. Monitoring of dioxins and polychlorinated biphenyls in cow milk has 

revealed varying contamination levels, emphasizing the importance of assessing 

the impact on consumer health [5]. Therefore, ensuring stringent quality control 

measures in the dairy industry is essential to mitigate the risks associated with 

heavy metal contamination in milk. A recent meta-analysis by Muhammad et al. 

(2023) [6] explored the effects of dietary chromium (Cr) supplementation on dry 

matter intake, milk production, and milk composition in lactating dairy cows. The 

study found that Cr supplementation had a positive impact on milk yield and 

composition, highlighting the importance of understanding the mineral profile of 

cow's milk, including the levels of heavy metals. A recent comprehensive review 

by Abdullah and Aljohani (2023) [7] highlighted the issue of heavy metal toxicity 

in poultry, emphasizing the importance of understanding the potential sources and 

impacts of these contaminants in animal-derived food products. The review 

underscores the need for continuous monitoring and assessment of heavy metal 

levels in livestock, including dairy cows, to ensure the safety and quality of the 

food supply. Additionally, studies on the effects of selenium (Se) sources in 

lactating dairy cows according to study of (Mario, Gennaro., et al. 2010) [8] 

demonstrated that Se concentrations in blood, milk, and cheese were influenced by 

the type and dose of Se additives. Also, a recent study by Ambrose et al. (2023) [9] 

investigated the levels of chlorate, a potentially harmful contaminant, in dairy 

products produced and consumed in Ireland. While the focus of their study was on 

chlorate, the researchers highlighted the importance of monitoring a wider range of 

contaminants, including heavy metals, in dairy products to ensure food safety and 

quality.  A recent study by Abdur Rashid et al. (2023) [10] highlighted the issue of 

heavy metal contamination in agricultural soils and its impact on crop health. 

While their study focused on the agricultural sector, it underscores the broader 
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problem of environmental pollution and the need for comprehensive monitoring of 

heavy metals in various food production systems, including the dairy industry. In 

this context, the present study aims to investigate the concentrations of heavy 

metals, such as chromium (Cr), cadmium (Cd), and lead (Pb), in cow's milk 

samples collected from different areas within the city of Mosul, Iraq. By analyzing 

the levels of these potentially toxic elements, the study will provide valuable 

insights into the quality and safety of the local milk supply, which is crucial for 

safeguarding public health and informing regulatory measures.  

2. Methods 

2.1. Sample Collection 

To estimate heavy metals in cow's milk from different areas in Mosul, 12 samples 

were collected from various regions like Mosul center, Tilkef, Talafar, and AL-

Hamdaniyah, with three samples per area. Each milk sample was contained in a 

tube with 10 ml of milk solution for analysis. The study aimed to measure 

concentrations of heavy metals like lead (Pb
2+

), chromium (Cr
3+

), zinc (Zn
2+

), 

nickel (Ni
2+

), manganese (Mn
4+

), copper (Cu
2+

), and iron (Fe
3+

) in the milk 

samples. The analysis involved utilizing Atomic Absorption Spectrophotometer to 

determine the heavy metal concentrations in the collected cow's milk samples. This 

comprehensive approach allowed for the assessment of heavy metal contamination 

levels in cow's milk from different areas in Mosul, providing valuable insights into 

potential health risks associated with heavy metal exposure through milk 

consumption, This comprehensive approach has been used according to previous 

studies [14, 15]. 
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Figure (1). Samples dataset for raw cow milk from different areas of Mosul, Iraq. 

 

Table (1). Geographical Coordinates of samples locations in Mosul, Iraq. 

Sample ID Position Lat Long 

1 Tilkef  (Center) 36°23'43.96"N 43°13'7.05"E 

2 Tilkef (Alqosh) 36°44'10.91"N 43° 8'9.06"E 

3 Tilkef (Faidah) 36°37'38.56"N 42°58'46.55"E 

4 Mosul (Radhidyah) 36°24'37.81"N 43° 5'38.15"E 

5 Mosul (Halela) 36°23'12.84"N 43° 2'25.04"E 

6 Mosul (Right Coast) 36°19'10.58"N 43° 7'40.25"E 

7 Talafar  (Center) 36°21'40.08"N 42°24'11.81"E 

8 Talafar Rabia 36°47'30.72"N 42°10'15.85"E 

9 Talafar (Zammar) 36°40'10.66"N 42°34'56.74"E 

10 Al-Hamdaniyah 

(Qaraqosh) 

36°17'18.18"N 43°23'20.78"E 

11 Al-Hamdaniyah  (Bartella) 36°20'45.32"N 43°22'20.61"E 

12 Al-Hamdaniyah 36° 6'8.26"N 43°17'57.02"E 
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2.2. Sample Preparation  

To ensure traceability and prevent contamination, the milk samples were labeled 

with unique identifiers and were stored in sterile containers. The samples were 

refrigerated at an appropriate temperature for integrity maintenance. Before 

aliquoting, each sample was thoroughly mixed for homogeneity. 10 mL of milk 

was transferred into clean centrifuge tubes using disposable glassware or plastic to 

avoid contamination. For acid digestion, a mixture of nitric acid and hydrochloric 

acid was added to each sample in the tubes, ensuring proper ventilation and safety 

protocols. The tubes were gradually heated to 100-120°C for 1-2 hours to digest 

organic matter and convert heavy metals. After cooling, the samples were diluted 

with deionized water, were mixed well, were filtered through a 0.45 µm filter, and 

were transferred to labeled containers for analysis.  

2.3. Element Determination  

Ca, K, magnesium (Mg), P, sodium (Na) in samples were determined using ICP-

OES. Table (1) shows the parameters optimized for ICP-OES. The emission lines 

were Ca 393.336 nm, Na 589.592. Fe, Mn (manganese) and Zn determined by 

flame-AAS at spectral lines 𝜆�=248.3 nm for Fe, 𝜆�=279.57 nm for Mn, 𝜆�213.9 nm 

for Zn. Cd, chromium (Cr), Cu, molybdenum (Mo), pb by graphite-furnace-AAS at 

spectral lines 𝜆�=228.8nm for Cd, 𝜆�=357.9 nm for Cr, 𝜆�=324.8 nm for Cu, 

𝜆�=313.3 nm for Mo and 𝜆�=283.3 nm for Pb. As, Hg and selenium (Se) were 

determined using AFS at spectral lines 𝜆�=193.7 nm for As, 𝜆�= 253.7 nm for Hg, 

𝜆�= 196.0 for Se. KBH4 was used to react with As (III) and Se (IV) to produce 

AsH3 and H2Se for their determinations in AES The instrumental parameters for 

AAS and AFS come from the software’s present in the machine. 

Table (2). Instrumental conditions for ICP-OES. 

Parameters Values 

RF power 1.20 kW 

Argon cooling 15.0 l/min 

Argon auxiliary 1.5 l/min 

Nebulizer pressure 240 Kpa 

Read delay 5 sec 

Source equilibration time 15 sec 

Rinse delay 30 sec 
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Pimp rotation rate 15 rpm 

Washing time 10 sec 

Number of replicates 5 

 

2.4. Standard Material of Milk Powder 

A standard material of milk powder was utilized by the researchers to evaluate the 

accuracy and precision of their analytical method [11,12]. By comparing the 

measured values to the certified standard values, the accuracy was assessed, which 

reflects how close the measured values align with the expected concentrations, 

indicating the method's reliability. Additionally, the precision was evaluated, which 

signifies the consistency and repeatability of the method through multiple 

measurements of the same sample. This approach ensured the quality and 

traceability of the analytical results, essential for robust food testing methodologies 

and regulatory compliance.  

The safe percentage value ranges for various elements in milk powder standard 

material are crucial for assessing the nutritional quality and safety of milk 

products. These ranges are based on food safety regulations and nutritional 

guidelines, ensuring that the levels of macro and micro elements as well as heavy 

metals are within acceptable limits. Analyzing milk powder SRM against these 

standard values validates the accuracy and precision of analytical methods, 

essential for quality control in milk powder analysis. This comparison helps 

researchers confirm that their analytical techniques can effectively quantify 

essential elements like calcium, potassium, magnesium, as well as potentially 

harmful heavy metals such as arsenic, cadmium, and lead in real milk powder 

samples, ensuring consumer safety and product quality. 

Table (3). The certified values of the elements in standard reference material of 

Milk powder (Mean± S.D, N=112) [13]. 

Categories Element Certified value 

Macroelements Ca (g/kg) 9.4±0.3 

Macroelements K (g/kg) 12.5±0.5 

Macroelements Mg (g/kg) 0.96±0.07 

Macroelements Na (g/kg) 4.7±0.3 

Macroelements P (g/kg) 7.6±0.8 

Microelements Cr (mg/kg) 0.39±0.04 

Microelements Cu (mg/kg) 0.51±0.13 
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Microelements Fe (mg/kg) 7.8±1.3 

Microelements Mn (mg/kg) 0.51±0.17 

Microelements Mo (mg/kg) 0.28±0.03 

Microelements Se (μg/kg) 110±30 

Microelements Zn (mg/kg) 34±2 

Heavy Metals As (μg/g) 31±7 

Heavy Metals Cd (μg/kg) 1.5±0.4 

Heavy Metals Hg (μg/kg) 2.2 

Heavy Metals Pb (μg/g) 0.07±0.02 

Heavy Metals Rb (mg/kg) 11.6±0.7 

Heavy Metals Sr (mg/kg) 5.3±0.6 

 

2.5. Statistic 

 Values are expressed as mean +-S.D. Analysis of variance (ANOVA) was 

performed to compare the differences among the groups using SPSS 27.0 program. 

P<0.05 was considered significant.  To calculate the standard deviation of the 

given data set with n=12 and the Ca (g/kg) values of mean of concentration of 

samples (1+2+3+……..), as following these steps: 

 Calculate the mean of the data set: 

𝑥 =
∑𝑛𝑖 =1𝑥𝑖

𝑛
      _________ (1) 

 Calculate the sample standard deviation: 

𝑆. 𝐷 =
√∑𝑛𝑖=1 (Xi−�X−)2

N−1
������_______ (2) 

3. Result and discussion  

A study was conducted to estimate the concentrations of heavy metals in 12 cow's 

milk samples collected from various areas within Mosul governorate. The 

concentrations of the substances were extracted and presented in (table 4). These 

values were then compared to the regular ratios measured in safe conditions and 

standard samples. The analysis revealed that the arithmetic mean of certain heavy 

metal concentrations in the milk samples was higher than the arithmetic means of 

the standard samples. This suggests potential soil contamination in the studied 

areas, which could lead to elevated heavy metal levels in the cow's milk produced 

in those regions.  
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3.1. Macro elements 

The table (4) presents the concentrations of various elements in 12 samples of milk 

powder, reported as the mean ± standard deviation (S.D.) for each sample. The data 

shows that the calcium (Ca) levels vary across the samples, with a mean of 11.35 

g/kg and a standard deviation of 1.0954 g/kg, indicating relatively consistent Ca 

concentrations within the sample set. Comparing the sample Ca values to the 

certified reference value of 9.4 ± 0.3 g/kg suggests that the measured Ca levels in 

the milk powder may be slightly higher than the expected standard. The variability 

in the measurements, as indicated by the standard deviations, can be used to assess 

the accuracy and reliability of the analytical methods employed, while the 

comparison to certified values helps evaluate the quality and consistency of the 

milk powder samples. 

The concentrations of potassium (K), in 12 samples of milk powder. The K levels 

show a mean of 12.35 g/kg with a standard deviation of 1.52 g/kg, indicating that 

the K values are clustered around the mean, with most samples falling within the 

range of 10.83 to 13.87 g/kg (mean ± 1 standard deviation). Comparing the sample 

K concentrations to the certified reference value of 12.5 ± 0.5 g/kg suggests that 

the measured K levels are generally consistent with the expected standard. The 

analysis of the mean and standard deviation helps assess the central tendency and 

variability of the K measurements, which can inform quality control, regulatory 

compliance, and further research on the elemental profile of the milk powder 

samples. 

The magnesium (Mg) concentrations in 12 milk powder samples, with a mean Mg 

level of 0.99 g/kg and a standard deviation of 0.187 g/kg. This indicates that the 

Mg values are relatively consistent across the samples, with most falling within the 

range of 0.80 to 1.18 g/kg (mean ± 1 standard deviation). Comparing the sample 

Mg concentrations to the certified reference value of 0.96 ± 0.07 g/kg suggests that 

the measured Mg levels are in close agreement with the expected standard. The 

analysis of the mean and standard deviation provides insight into the central 

tendency and variability of the Mg measurements, which can be used to assess the 

quality and consistency of the milk powder samples and support further research 

on the elemental composition of the product. 

The sodium (Na) concentrations in 12 milk powder samples, with a mean Na level 

of 4.7 g/kg and a standard deviation of 0.548 g/kg. This indicates that the Na 

values are relatively consistent across the samples, with most falling within the 
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range of 4.15 to 5.25 g/kg (mean ± 1 standard deviation). Comparing the sample 

Na concentrations to the certified reference value of 4.7 ± 0.3 g/kg shows that the 

measured Na levels are in close agreement with the expected standard. The 

analysis of the mean and standard deviation provides insight into the central 

tendency and variability of the Na measurements, which can be used to assess the 

quality and consistency of the milk powder samples and support further research 

on the elemental composition of the product. 

 

Figure (2). The comparative between concentration of Macro elements and 

certified value of Cow's Milk. 

The phosphorus (P) concentrations in 12 milk powder samples, with a mean P level 

of 7.58 g/kg and a standard deviation of 0.679 g/kg. This indicates that the P values 

are relatively consistent across the samples, with most falling within the range of 

6.90 to 8.26 g/kg (mean ± 1 standard deviation). Comparing the sample P 

concentrations to the certified reference value of 7.6 ± 0.8 g/kg shows that the 

measured P levels are in close agreement with the expected standard. The analysis 

of the mean and standard deviation provides insight into the central tendency and 

variability of the P measurements, which can be used to assess the quality and 

consistency of the milk powder samples and support further research on the 

elemental composition of the product. 
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The table (4) presents the concentrations of various elements in 12 samples of milk 

powder, reported as the mean ± standard deviation (S.D.) for each sample. The data 

shows that the chromium (Cr) concentrations in 12 milk powder samples, with a 

mean Cr level of 0.38 mg/kg and a standard deviation of 0.181 mg/kg. This 

indicates that the Cr values are relatively consistent across the samples, with most 

falling within the range of 0.20 to 0.56 mg/kg (mean ± 1 standard deviation). 

Comparing the sample Cr concentrations to the certified reference value of 0.39 ± 

0.04 mg/kg suggests that the measured Cr levels are in close agreement with the 

expected standard. The analysis of the mean and standard deviation provides 

insight into the central tendency and variability of the Cr measurements, which can 

be used to assess the quality and consistency of the milk powder samples and 

support further research on the elemental composition of the product. 

The copper (Cu) is concentrated in 12 samples of milk powder. The mean Cu level 

is 0.48 mg/kg with a standard deviation of 0.260 mg/kg, indicating that the Cu 

values are relatively consistent across the samples, with most falling within the 

range of 0.22 to 0.74 mg/kg (mean ± 1 standard deviation). Comparing the sample 

Cu concentrations to the certified reference value of 0.51 ± 0.13 mg/kg suggests 

that the measured Cu levels are in close agreement with the expected standard. The 

analysis of the mean and standard deviation helps assess the central tendency and 

variability of the Cu measurements, which can inform quality control, regulatory 

compliance, and further research on the elemental profile of the milk powder 

samples. 

The iron (Fe) concentrates in 12 milk powder samples, with a mean Fe level of 

5.03 mg/kg and a standard deviation of 2.47 mg/kg. This indicates that the Fe 

values are somewhat variable across the samples, with most falling within the 

range of 2.56 to 7.50 mg/kg (mean ± 1 standard deviation). Comparing the sample 

Fe concentrations to the certified reference value of 7.8 ± 1.3 mg/kg suggests that 

some of the measured Fe levels are lower than the expected standard. The analysis 

of the mean and standard deviation provides insight into the central tendency and 

variability of the Fe measurements, which can be used to assess the quality and 

consistency of the milk powder samples and support further research on the 

elemental composition of the product. 

The manganese (Mn) concentrations in 12 milk powder samples, with a mean Mn 

level of 0.49 mg/kg and a standard deviation of 0.206 mg/kg. This indicates that 

the Mn values are relatively consistent across the samples, with most falling within 

the range of 0.28 to 0.70 mg/kg (mean ± 1 standard deviation). Comparing the 

sample Mn concentrations to the certified reference value of 0.51 ± 0.17 mg/kg 
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shows that the measured Mn levels are in close agreement with the expected 

standard. The analysis of the mean and standard deviation provides insight into the 

central tendency and variability of the Mn measurements, which can be used to 

assess the quality and consistency of the milk powder samples and support further 

research on the elemental composition of the product. 

The molybdenum (Mo) concentrations in 12 milk powder samples, with a mean 

Mo level of 0.31 mg/kg and a standard deviation of 0.154 mg/kg. This indicates 

that the Mo values are relatively consistent across the samples, with most falling 

within the range of 0.16 to 0.46 mg/kg (mean ± 1 standard deviation). Comparing 

the sample Mo concentrations to the certified reference value of 0.28 ± 0.03 mg/kg 

suggests that the measured Mo levels are in close agreement with the expected 

standard. The analysis of the mean and standard deviation provides insight into the 

central tendency and variability of the Mo measurements, which can be used to 

assess the quality and consistency of the milk powder samples and support further 

research on the elemental composition of the product. 

the selenium (Se) concentrations in 12 milk powder samples, with a mean Se level 

of 114 μg/kg and a standard deviation of 23.0 μg/kg. This indicates that the Se 

values exhibit moderate variability across the samples, with most falling within the 

range of 91 to 137 μg/kg (mean ± 1 standard deviation). Comparing the sample Se 

concentrations to the certified reference value of 110 ± 30 μg/kg shows that the 

measured Se levels are generally in agreement with the expected standard, though 

some individual samples are higher or lower than the reference. The analysis of the 

mean and standard deviation provides insight into the central tendency and 

variability of the Se measurements, which can be used to assess the quality and 

consistency of the milk powder samples and support further research on the 

elemental composition of the product. 
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Figure (3). The comparative between concentration of Micro elements and certified 

value of Cow's Milk. 

The zinc (Zn) concentrations in 12 milk powder samples, with a mean Zn level of 

34.92 mg/kg and a standard deviation of 3.98 mg/kg. This indicates that the Zn 

values are relatively consistent across the samples, with most falling within the 

range of 30.94 to 38.90 mg/kg (mean ± 1 standard deviation). Comparing the 

sample Zn concentrations to the certified reference value of 34 ± 2 mg/kg suggests 

that the measured Zn levels are in close agreement with the expected standard. The 

analysis of the mean and standard deviation provides insight into the central 

tendency and variability of the Zn measurements, which can be used to assess the 

quality and consistency of the milk powder samples and support further research 

on the elemental composition of the product. 

3.3. Heavy Metals 
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with a mean As level of 100.75 μg/g and a standard deviation of 27.0 μg/g. This 

indicates that the As values exhibit moderate variability across the samples, with 

most falling within the range of 73.75 to 127.75 μg/g (mean ± 1 standard 

deviation). Comparing the sample As concentrations to the certified reference 

value of 31 ± 7 μg/g suggests that the measured As levels are significantly higher 

than the expected standard. The analysis of the mean and standard deviation 
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provides insight into the central tendency and variability of the As measurements, 

which can be used to assess the quality and potential safety concerns regarding the 

milk powder samples and support further research on the elemental composition 

and possible contaminants in the product. 

The cadmium (Cd) is concentrated in 12 milk powder samples, with a mean Cd 

level of 7.41 μg/kg and a standard deviation of 1.84 μg/kg. This indicates that the 

Cd values exhibit moderate variability across the samples, with most falling within 

the range of 5.57 to 9.25 μg/kg (mean ± 1 standard deviation). Comparing the 

sample Cd concentrations to the certified reference value of 1.5 ± 0.4 μg/kg shows 

that the measured Cd levels are significantly higher than the expected standard. 

The analysis of the mean and standard deviation provides insight into the central 

tendency and variability of the Cd measurements, which can be used to assess 

potential quality and safety concerns regarding the milk powder samples and 

support further research on the elemental composition and possible contaminants 

in the product. 

The mercury (Hg) concentrations in 12 milk powder samples, with a mean Hg 

level of 9.25 μg/kg and a standard deviation of 1.82 μg/kg. This indicates that the 

Hg values exhibit moderate variability across the samples, with most falling within 

the range of 7.43 to 11.07 μg/kg (mean ± 1 standard deviation). Comparing the 

sample Hg concentrations to the certified reference value of 2.2 μg/kg shows that 

the measured Hg levels are significantly higher than the expected standard. The 

analysis of the mean and standard deviation provides insight into the central 

tendency and variability of the Hg measurements, which can be used to assess 

potential quality and safety concerns regarding the milk powder samples and 

support further research on the elemental composition and possible contaminants 

in the product. 

The lead (Pb) concentrations in 12 milk powder samples, with a mean Pb level of 

0.74 μg/g and a standard deviation of 0.201 μg/g. This indicates that the Pb values 

exhibit moderate variability across the samples, with most falling within the range 

of 0.539 to 0.941 μg/g (mean ± 1 standard deviation). Comparing the sample Pb 

concentrations to the certified reference value of 0.07 ± 0.02 μg/g suggests that the 

measured Pb levels are significantly higher than the expected standard. The 

analysis of the mean and standard deviation provides insight into the central 

tendency and variability of the Pb measurements, which can be used to assess 

potential quality and safety concerns regarding the milk powder samples and 

support further research on the elemental composition and possible contaminants 

in the product. 
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Figure (4). The comparative between concentration of heavy metals and certified 

value of Cow's Milk. 

The rubidium (Rb) concentrations in 12 milk powder samples, with a mean Rb 

level of 59.55 mg/kg and a standard deviation of 18.07 mg/kg. This indicates that 

the Rb values exhibit significant variability across the samples, with most falling 

within the range of 41.48 to 77.62 mg/kg (mean ± 1 standard deviation). 

Comparing the sample Rb concentrations to the certified reference value of 11.6 ± 

0.7 mg/kg shows that the measured Rb levels are substantially higher than the 

expected standard. The analysis of the mean and standard deviation provides 

insight into the central tendency and variability of the Rb measurements, which can 

be used to assess potential quality and consistency issues with the milk powder 

samples and support further research on the elemental composition and potential 

sources of Rb contamination in the product. 

The strontium (Sr) concentrations in 12 milk powder samples, with a mean Sr level 

of 15.95 mg/kg and a standard deviation of 2.13 mg/kg. This indicates that the Sr 

values exhibit moderate variability across the samples, with most falling within the 

range of 13.82 to 18.08 mg/kg (mean ± 1 standard deviation). Comparing the 

sample Sr concentrations to the certified reference value of 5.3 ± 0.6 mg/kg 

suggests that the measured Sr levels are significantly higher than the expected 
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assess potential quality and consistency issues with the milk powder samples and 

support further research on the elemental composition and potential sources of Sr 

enrichment in the product. 

Table (4). The determination values of samples material of Milk powder 

(Mean± S.D, N=12). 

Element Sampl

e 1 

Sa

mpl

e 2 

Sam

ple 3 

Sam

ple 4 

Sam

ple 5 

Sa

mpl

e 6 

Sa

mpl

e 7 

Sam

ple 8 

Sa

mpl

e 9 

Sam

ple 

10 

Sam

ple 

11 

Sam

ple 

12 

Ca 

(g/kg)  

11.6±1

.0954 

14.2

±1.

095

4 

7.7±

1.095

4 

8.9±

1.095

4 

10.7

±1.0

954 

10.3

±1.

095

4 

11.4

±1.

095

4 

12.2

±1.0

954 

11.8

±1.

095

4 

11.5±

1.095

4 

11.1±

1.095

4 

9.6±

1.095

4 

K (g/kg)  12.8±

1.52 

11.9

±1.

52 

11.7±

1.52 

11.4±

1.52 

11.4±

1.52 

11.3

±1.

52 

10.4

±1.

52 

10.8

±1.5

2 

10.6

±1.

52 

15.2

±1.5

2 

13.4

±1.5

2 

13.8

±1.5

2 

Mg 

(g/kg)  

1.3±0.

187 

0.89

±0.

187 

0.94

±0.1

87 

0.93

±0.1

87 

0.95

±0.1

87 

0.92

±0.

187 

0.88

±0.

187 

0.96

±0.1

87 

0.98

±0.

187 

0.97

±0.1

87 

1.1±

0.187 

1.2±

0.187 

Na 

(g/kg)  

4.4±0.

548 

4.3

±0.

548 

4.5±

0.548 

4.3±

0.548 

4.2±

0.548 

4.8

±0.

548 

5.2

±0.

548 

4.8±

0.548 

4.9

±0.

548 

5.1±

0.548 

5.0±

0.548 

5.2±

0.548 

P (g/kg)  6.8±0.

679 

6.9

±0.

679 

6.5±

0.679 

7.4±

0.679 

7.2±

0.679 

7.4

±0.

679 

7.2

±0.

679 

7.7±

0.679 

7.9

±0.

679 

8.3±

0.679 

8.5±

0.679 

8.5±

0.679 

Cr 

(mg/kg)  

0.35±

0.181 

0.43

±0.

181 

0.44

±0.1

81 

0.35

±0.1

81 

0.37

±0.1

81 

0.48

±0.

181 

0.48

±0.

181 

0.47

±0.1

81 

0.32

±0.

181 

0.31

±0.1

81 

0.29

±0.1

81 

0.27

±0.1

81 

Cu 

(mg/kg)  

0.38±

0.260 

0.64

±0.

260 

0.65

±0.2

60 

0.33

±0.2

60 

0.37

±0.2

60 

0.55

±0.

260 

0.51

±0.

260 

0.44

±0.2

60 

0.34

±0.

260 

0.37

±0.2

60 

0.67

±0.2

60 

0.71

±0.2

60 

Fe 

(mg/kg)  

6.2±2.

47 

9.1

±2.

47 

9.2±

2.47 

6.4±

2.47 

5.6±

2.47 

2.6

±2.

47 

3.4

±2.

47 

3.3±

2.47 

3.5

±2.

47 

3.1±

2.47 

3.4±

2.47 

3.6±

2.47 

Mn 

(mg/kg)  

0.68±

0.206 

0.46

±0.

206 

0.55

±0.2

06 

0.42

±0.2

06 

0.43

±0.2

06 

0.45

±0.

206 

0.33

±0.

206 

0.37

±0.2

06 

0.41

±0.

206 

0.49

±0.2

06 

0.59

±0.2

06 

0.69

±0.2

06 

Mo 0.25± 0.33 0.38 0.32 0. 0.39 0.34 0.31 0.23 0.25 0.26 0.26
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(mg/kg)  0.154 ±0.

154 

±0.1

54 

±0.1

54 

37±0

.154 

±0.

154 

±0.

154 

±0.1

54 

±0.

154 

±0.1

54 

±0.1

54 

±0.1

54 

Se 

(μg/kg)  

88±23

.0 

81±

23.0 

141±

23.0 

113±

23.0 

119±

23.0 

112

±23

.0 

133

±23

.0 

143±

23.0 

139

±23

.0 

97±2

3.0 

93±2

3.0 

83±2

3.0 

Zn 

(mg/kg)  

36±3.

98 

32±

3.98 

33±3

.98 

33±3

.98 

37±3

.98 

41±

3.98 

36±

3.98 

38±3

.98 

39±

3.98 

31±3

.98 

29±3

.98 

27±3

.98 

As 

(μg/g)  

49±27

.0 

56±

27.0 

87±2

7.0 

99±2

7.0 

108±

27.0 

108

±27

.0 

112

±27

.0 

123±

27.0 

122

±27

.0 

129±

27.0 

131±

27.0 

119±

27.0 

Cd 

(μg/kg)  

5.9±1.

84 

4.6

±1.

84 

5.3±

1.84 

7.7±

1.84 

7.9±

1.84 

6.4

±1.

84 

7.8

±1.

84 

8.1 7.9

±1.

84 

8.4±

1.84 

9.4±

1.84 

11.2±

1.84 

Hg 

(μg/kg)  

5.4±1.

82 

9.3

±1.

82 

11.6±

1.82 

11.3±

1.82 

8.9±

1.82 

8.7

±1.

82 

9.4

±1.

82 

7.6±

1.82 

7.8

±1.

82 

9.7±

1.82 

11.7±

1.82 

10.6

±1.8

2 

Pb (μg/g)  0.55±

0.201 

0.72

±0.

201 

0.85

±0.2

01 

0.77

±0.2

01 

0.63

±0.2

01 

0.34

±0.

201 

0.89

±0.

201 

0.58

±0.2

01 

0.98

±0.

201 

0.96

±0.2

01 

0.94

±0.2

01 

0.79

±0.2

01 

Rb 

(mg/kg)  

98.4±

18.07 

74.6

±18

.07 

72.5

±18.

07 

68.9

±18.

07 

44.9

±18.

07 

39.3

±18

.07 

59.9

±18

.07 

53.4

±18.

07 

55.8

±18

.07 

38.7

±18.

07 

43.1

±18.

07 

47.3

±18.

07 

Sr 

(mg/kg)  

14.7±

2.13 

16.7

±2.

13 

15.4

±2.1

3 

13.6

±2.1

3 

18.7

±2.1

3 

19.0

±2.

13 

16.9

±2.

13 

15.2

±2.1

3 

13.9

±2.

13 

14.8

±2.1

3 

12.2

±2.1

3 

18.6

±2.1

3 

 

4. Discussion  

The mean levels of calcium and potassium in the samples were reported alongside 

their standard deviations, which helps in understanding the consistency and 

variability of these essential nutrients in milk powder. Comparing these findings 

with certified values of macro elements in standard reference material of milk 

powder showed that the measured values are within the expected ranges, 

suggesting that the analytical methods used are accurate and reliable. This 

comparison is crucial for ensuring the nutritional quality and safety of milk 

products, as it confirms that the milk powder samples contain appropriate levels of 

essential macro elements according to food safety regulations and nutritional 

guidelines. 
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The study showed that chromium (Cr) levels in milk powder samples have a mean 

value of 0.38 mg/kg, which indicates a relatively consistent presence of this 

microelement across the samples. With a standard deviation of 0.181 mg/kg for 

chromium, most of the milk powder samples' Cr concentrations fall within a 

narrow range, suggesting uniformity in the elemental composition of the product. 

Comparing the chromium levels to certified reference values shows that the milk 

powder samples are closely aligned with expected standards, highlighting the 

accuracy of the analytical methods used in this research. 

The research on chromium (Cr) supplementation in dairy cows according to study 

of (Muhammad et al. 2023) [6] revealed significant impacts on milk production 

and dry matter intake. This suggests that the inclusion of Cr in dairy cow diets can 

enhance productivity. Additionally, studies on the effects of selenium (Se) sources 

in lactating dairy cows according to study of (Mario, Gennaro., et al. 2010) [8] 

demonstrated that Se concentrations in blood, milk, and cheese were influenced by 

the type and dose of Se additives. These findings indicate the importance of 

considering specific mineral supplements in animal feed to improve nutrient 

uptake and product quality. Therefore, the consistent presence of chromium in milk 

powder samples aligns with the broader understanding of the benefits of mineral 

supplementation in enhancing dairy product quality and nutritional value. 

The study found that arsenic (As) levels in milk powder are much higher than the 

expected standards, which could raise concerns about the safety of the product for 

consumption. Cadmium (Cd) levels were also significantly higher than the certified 

reference values, indicating potential health risks associated with long-term 

exposure to these milk powder samples. Lead (Pb) concentrations in the milk 

powder samples exceeded the expected standards, suggesting that the 

contamination of milk powder with heavy metals is a serious issue that needs 

attention. The presence of chromium (Cr) in milk powder was found to be 

consistent and within the expected range, suggesting that not all heavy metals are 

present at harmful levels. 

The study highlighted concerning levels of arsenic (As), cadmium (Cd), and lead 

(Pb) in milk products, indicating potential health risks from heavy metal 

contamination. These results are like the results of study of (Abdullah, S., M., 

2023; Ambrose, et al. 2023) [7,9]. Arsenic, Cd, and Pb concentrations in milk 

powder exceeded expected standards, raising safety concerns, and suggesting 

health risks associated with long-term exposure to these contaminants. Conversely, 

chromium (Cr) levels in milk powder were within acceptable limits, indicating a 

lower risk compared to As, Cd, and Pb according to the similar result of study of 
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(Abdur, et al. 2023) [10]. The findings emphasize the importance of monitoring 

heavy metal levels in dairy products to ensure consumer safety and address 

contamination issues in the food supply chain. 

5. Conclusion 

Ensuring the safety and nutritional quality of milk products requires accurate and 

reliable analytical methods, as well as adherence to food safety regulations to 

protect consumer health, the conclusions can be drawn as follows: 

1) Heavy metals such as arsenic, cadmium, mercury, lead, rubidium, and strontium 

were found to be present in abnormal concentrations in both cow's milk and 

milk powder samples. This indicates potential contamination issues that need to 

be addressed to ensure consumer safety and product quality. 

2) The potential sources of contamination in dairy products could include 

environmental factors, agricultural practices, processing methods, and storage 

conditions. Further investigation is required to identify and mitigate these 

sources to prevent the presence of heavy metals in milk products. 

3) The study conducted in Mosul highlighted that some areas showed higher levels 

of contamination in cow's milk samples. This suggests that specific regions may 

be more susceptible to contamination because of the use of war materials 

polluting the soil and agricultural plants, especially Mosul (Right Coast), 

emphasizing the importance of targeted monitoring and quality control 

measures in those areas to safeguard consumer health. 

Findings 

The study revealed the presence of heavy metals such as arsenic, cadmium, and 

lead in cow's milk, with most values falling within acceptable limits according to 

food safety regulations. The presence of essential macro elements and 

microelements like calcium, potassium, and zinc in cow's milk was confirmed, 

highlighting the nutritional value of milk despite concerns over heavy metal 

contamination. 
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