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Abstract 

 

Heavy metal accumulation occurs when foods and food contact materials contain excessive amounts of 

heavy metals. Heavy metal accumulation in foods can risk public health and cause diseases. Therefore, 

the concentration of heavy metals in food and packaging materials is an important parameter that needs 

to be analyzed. This study aimed to detect heavy metal accumulation in food and packaging materials. 

For this purpose, milk, which has an essential place among foods, was chosen. Products of 10 different 

milk brands used commercially today were supplied. Within the scope of heavy metal analyses, Lead 

(Pb), Arsenic (As), Cadmium (Cd), Iron (Fe), Manganese (Mn), Zinc (Zn), Copper (Cu), Aluminum 

(Al), Cobalt (Co) and Nickel (Ni) elements were determined. Pre-treatment of the samples was carried 

out using the efficient microwave method to ensure minimal sample loss through rapid thawing. Heavy 

metal analysis was then carried out using the widely used ICP-OES (Inductively Coupled Plasma-

Optical Emission Spectrometer) device, a widespread technique in current practice. The range of heavy 

metal concentrations in all packaging samples were: Al (1.219–2.578), As (1.078–1.522), Co (0.219–

0.239), Fe (0.862–81.440), Pb (1.784–2.170), Mn (0.042–1.884), Ni (0.782–9.758, Zn (1.814–2.522) 

mg/kg. Heavy metal concentrations in all packaging samples were found Al (51267.00–71601.25), As 

(31.626–42.371), Cd (1.035–1.209), Co (0.775–1.167), Cu (4.921–44.839), Fe (259.615–463.182), Pb 

(24.386–26.668), Mn (4.301–59.599), Ni (6.065–7.943), Zn (5.324–8.763) mg/kg. The heavy metals 

with the highest concentration among packaging materials are Al and Fe, followed by As and Pb. 

Additionally, the correlation between milk and its packaging samples were presented using SPSS. 
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1. Introduction 
 

Foods must be physically, chemically, and microbiologically suitable for consumption and not 

lose their nutritional value [1,2]. Food poses a risk to our health due to exposure to chemical 

contamination [3]. Nowadays, many parameters affect the quality of food. Heavy metals appear 

to be the most important [4]. Heavy metals threaten our health by contaminating foods from 

many different sources  

[5]. Heavy metals cause various diseases depending on factors such as the person's immune 

resistance, genetics, age, and nutrition [6].  

 

Milk and dairy products constitute the majority of foods widely consumed worldwide [7]. 

Minerals and proteins contained in milk and dairy products are beneficial components for 

human life [8]. Dairy products contain many macro-micro elements and vitamins in their 

structure. These elements are very important in nutrition [9]. Heavy metals in milk and dairy 

products have particular importance, and the amount of heavy metals must be determined, 

controlled, and compared [10]. In recent years, increased consumption of foods contaminated 

by heavy metals has accelerated studies in this field [11–13]. Especially from a toxicology 

perspective, the amount of heavy metals such as Cd, Pb, and Ni in milk must be defined [14]. 

In addition to foodstuffs, heavy metal accumulation resulting from packaging materials is also 

a significant issue [15,16]. 

 

The selection of packaging material is very important during the packaging stage of milk. 

Because the transfer of chemicals or heavy metals from packaging into milk is an important 

problem [17,18], many different materials can be used to package dairy products. Glass bottles 

with aluminum caps, LDPE bags, LDPE or LLDPE coated cardboard boxes, and PP bottles are 

used [19]. The most commonly used aseptic packaging material combines polyethylene film, 

laminated cardboard, and aluminum foil [19,20]. Aseptic cardboard packaging is a material 

designed with six layers to fulfill the task of protecting liquid food and preventing the leakage 

of microorganisms, gas or steam [17,21]. Despite these features, migration between the 

packaging and the product may occur due to adverse conditions (temperature, exposure to UV 

light, storage time) during heat treatment and storage [17,22]. For these reasons, the contents 

of milk packaging need to be determined. 

 

This study aimed to determine the heavy metal accumulation of milks and packaging materials, 

which are a good source of macro and micronutrients, the production and use of which have 

been increasing daily in our country in recent years. In this context, Lead (Pb), Arsenic (As), 

Cadmium (Cd), Iron (Fe), Manganese (Mn), Zinc (Zn), Copper (Cu), Aluminum (Al), Cobalt 

(Co), Nickel (Ni) heavy metal contents were analyzed at ppm and ppb level. Then, the 

relationship between milk and milk packaging samples was examined by correlation analysis 

in SPSS. 

 

2. Materials and method 
 

The study conducted heavy metal analyses of milks and their packaging materials with ICP-

OES. In this context, Lead (Pb), Arsenic (As), Cadmium (Cd), Iron (Fe), Manganese (Mn), Zinc 

(Zn), Copper (Cu), Aluminum (Al), Cobalt (Co), Nickel (Ni), which cause toxic effects, were 
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determined at ppm and ppb levels. All standards and chemicals were used in analytical purity 

and ultrapure water obtained from the water purification system (Human, Power 2). 

 

 
Figure 1. Methodology of study 

 

 

2.1 Milks and packaging materials 

 

A total of ten commercial milk samples (liquid) and packaging materials belonging to different 

milk brands sold in the market were provided. The brands of milk provided are T1, T2... from 

1 to 10; their packaging is T1P, T2P, etc. labeled with tags. Milk samples were taken fresh and 

storage conditions were followed until analysis. 

 

Microwave digestion methods for samples 

 

The microwave digestion method, which is much faster than other methods in the literature, 

was used to liquefy the samples [23]. Thanks to the pressure system in the Teflon containers 

used in the Microwave digestion system, evaporation is prevented and sample loss is not 

experienced. Additionally, the time spent in sample preparation for analysis is reduced [24–26].  

 

In this study, the CEM MARS6 brand microwave digestion device was used. The preliminary 

step procedure used for milk samples and packaging samples is different in microwave 

digestion system. Data for the preliminary phase are presented in Table 1. After the end of the 

period, the Teflon containers were cooled to room temperature and carefully opened. Then, the 

samples in solution were made up to 25 mL with ultra-pure (UHQ) water. 

 

Table 1. Sample preparation data for microwave digestion system 

 

 Milk samples Packaging samples 

Sample quantity 0.25 mL 0.1 g 

Acid  10 mL Nitric acid (%97) 10 mL Nitric acid (%97) 

Microwave temperature program 200 °C 210 °C 

Sample Collection Preparation Step Heavy metal analysis

Analysis by ICP-
OES 

Microwave 
digestion system
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The temperature was increased to 15 min 20 min 

Standby time 15 min 15 min 

Maximum power 1400 W 1400 W 

2.2 Heavy Metal Analysis 

 

i. Elements determination by ICP-OES 

 

The inductively coupled plasma-optical emission spectrometer (ICP-OES) is one of the most 

popular devices used for the analysis of macro and micro (trace) elements in various samples 

[27]. It plays an important role especially in the detection of elements that cause chemical 

toxicity. It is also among the leading techniques for measuring the quantitative amounts of 

elements [27–29]. ICP-OES is known for its simultaneous analysis of many elements, accuracy, 

precision, and sensitivity in measurements and its ability to reach low detection limits [30,31] . 

 

For calibration, multielement standard stock solution IV (Merck, Germany) was used in the 

preparation of calibration standards. Standard calibration solutions were prepared from the mix 

standard stock solution IV of 1000 ppm by dilution. The ranges of the calibration curves (5-6 

points) were selected and prepared calibration solutions will be analyzed on the SpectroBlue 

brand ICP-OES. Linearity was checked and detection limits as LOD (Limit of Dedection) and 

LOQ (Limit of Quantitation) were calculated. ICP-OES operating parameters, elements, and 

calibration data are summarized in Tables 2 and 3, respectively. 

 

Table 2. The operating parameters of ICP-OES 

 

Instrument ICP-OES 

Brand/Model SPECTRO BLUE II 

Wavelenght Nm 

Replicates 3 

Spray Chamber Cyclonic 

Plasma Segment Axial and radial 

TochBox Temperature Max 58°C 

Nebulizer Flow (L/min) 0.8 

Nebulizer Pressure 2.0-4.0 bar 

Plasma Torch Quartz 

Gas Argon (purity 99.9%) 

Main Argon Pressure 6-8 bar 
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Coolant Flow (L/min) 13 

Auxiliary Gas Flow (L/min) 0.8 

Sample Pump Speed (rpm) 30 

Plasma Power (W) 1400 

2.3 Evaluation of results 

 

i. Statistical evaluation (SPSS) 

 

In this study, statistical evaluations of the results were carried out using the SPSS package 

program. The relationship between milk and packaging samples was examined. In this context, 

correlation analysis, a statistical analysis showing the degree of association between two 

variables (weak-moderate-high degree), was performed. 

 

3. Results and discussion 
 

A microwave digestion system was used to determine heavy metals in milk and their packaging 

materials by inductively coupled plasma–optical emission spectrometry (ICP-OES). Al, As, Cd, 

Co, Cu, Fe, Pb, Mn, Ni, and Zn were determined in milk and their packaging materials. 

Analytical parameters of analysis are an important. The emission wavelength of elements, 

LOD, LOQ, and correlation coefficient for the calibration graph are presented in Table 3. 

 

 

Table 3. The analytical parameters of analysis of elements 

 

Elements 
Wavelengths 

(nm) 
LOD (mg/kg) LOQ(mg/kg) 

r2  (correlation 

coefficient) 

Al 167.078 0.139 120.000 0.99972 

As 189.042 3.358 120.000 0.99953 

Cd 214.438 0.211 120.000 0.99994 

Co 228.616 0.732 120.000 0.99969 

Cu 324.754 0.689 120.000 0.99945 

Fe 259.941 0.972 120.000 0.99991 

Pb 220.353 1.771 120.000 0.99966 

Mn 257.611 0.356 120.000 0.99994 

Ni 231.604 1.074 120.000 0.99979 

Zn 334.502 0.261 90.000 0.99964 
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Relative standard deviation is one of the ways to indicate the accuracy of the analysis results 

for the reliability of the values [32]. Relative standard deviation provides a more precise result 

than absolute standard deviation for assessing the data quality. Relative standard deviation is 

expressed as a percentage and is desired to be low. In this study, the datas of %RSD (Relative 

Standard Deviation) for results were below 6.56% (Table 4). According to the survey 

conducted with the analytical device, RSD values were quite good. 

 

 

Table 4. %RSD of elements by ICP-OES 

 

 Al As Cd  Co Cu Fe Pb Mn Ni Zn 

T1 3.655 6.565 1.823 2.222 3.392 2.930 5.303 3.242 3.019 3.266 

T2 2.322 4.666 1.362 3.034 2.247 0.195 1.401 2.564 1.329 0.463 

T3 1.246 3.029 0.898 4.035 3.575 1.267 1.275 3.344 1.514 0.127 

T4 0.974 1.677 1.091 3.395 4.408 0.347 0.929 0.413 1.768 0.277 

T5 0.584 2.525 0.828 5.395 0.371 0.885 0.423 1.537 0.318 0.210 

T6 0.488 4.114 0.708 2.088 3.867 1.352 1.079 3.696 1.208 0.600 

T7 0.916 1.560 1.520 2.174 6.098 0.691 0.513 1.037 0.218 0.099 

T8 0.392 0.551 0.189 4.962 2.687 0.324 0.322 2.412 0.991 0.407 

T9 0.722 0.619 0.340 4.276 2.662 0.675 0.259 1.086 1.189 0.155 

T10 0.509 3.525 1.238 3.421 2.011 0.578 0.645 0.580 1.152 0.815 

T1P 0.691 0.675 3.596 1.044 2.299 0.615 0.585 0.637 0.141 0.436 

T2P 0.732 0.920 3.489 1.694 0.289 0.353 1.166 0.268 0.549 0.074 

T3P 0.562 0.949 4.932 2.756 0.272 0.199 0.543 0.435 0.525 0.267 

T4P 0.188 0.909 5.064 1.176 0.905 0.719 0.488 1.056 0.405 0.930 

T5P 0.385 1.227 3.689 3.037 0.450 0.061 0.413 1.013 0.629 0.132 

T6P 0.694 0.897 3.589 1.625 2.586 0.064 0.624 0.055 1.295 0.308 

T7P 0.594 0.517 1.673 2.381 0.761 0.040 0.281 0.158 0.726 0.158 

T8P 0.209 0.536 4.392 1.380 0.945 0.394 0.825 0.305 0.563 0.460 

T9P 0.196 0.082 3.229 1.812 2.399 0.890 0.331 0.641 0.512 0.954 

T10P 0.847 0.373 2.837 3.219 0.877 0.394 0.396 0.560 0.334 0.606 

 

 

The samples were measured in triplicate and calculated as mean values. The results are 

expressed as mean concentration ± standard deviation. The results (as mg/kg) are presented 

in Table 5. Heavy metal concentrations in all milk samples were found: Al (1.219–2.578), As 

(1.078–1.522), Co (0.219–0.239), Fe (0.862–81.440), Pb (1.784–2.170), Mn (0.042–1.884), Ni 

(0.782–9.758, Zn (1.814–2.522) mg/kg. In milk samples, it was observed that the highest 

concentration belonged to Fe in the T1 sample, and the lowest concentration belonged to the 

Mn element in the T3 sample. Cu was found below the lowest detection limit in all milk samples 

(Table 5 and Figure 2). 
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Heavy metal concentrations in all packaging samples were found Al (51267.00–71601.25), As 

(31.626–42.371), Cd (1.035–1.209), Co (0.775–1.167), Cu (4.921–44.839), Fe (259.615–

463.182), Pb (24.386–26.668), Mn (4.301–59.599), Ni (6.065–7.943), Zn (5.324–8.763) mg/kg. 

The heavy metals in the highest concentration among packaging materials are Al and Fe, 

followed by As and Pb. The concentrations of these metals range from 10.2 to 96.5 mg/kg for 

Al and 17.5 to 104.7 mg/kg for Fe. The highest concentration of Al (71601.25 ± 2.097) and Fe 

(463.182 ± 6.531) was found in the T2P sample. The lowest concentrations belong to the 

elements Cd and Co. The lowest limit for Cd is in T1P; It was determined that Co was T5P. 

While the amount of Cu could not be detected in milk samples, it was detected in the range of 

4.92–43.066 mg/kg in its packaging (Table 5 and Figure 3). As seen in Table 5, the heavy 

metal contents in the packaging for all elements were found to be higher than those of milks. It 

has been determined that Al is the element with the highest content, especially in packaging 

materials. The reason for this is that the majority of the layers in the packages consist of 

aluminum foil and polyethylene. 
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Table 5. The results for heavy metal in milks and their packaging materials 

 

 

N.D. (Not Detected)

 Al As Cd Co Cu Fe Pb Mn Ni Zn 

T1 1.829 ± 1.338 1.522 ± 1.999 0.219 ± 0.080 0.393 ± 0.175 N.D. 81.440 ± 4.772 1.784 ± 1.893 1.884 ± 1.222 9.758 ± 5.892 2.005 ± 1.310 

T2 1.219 ± 0.566 1.231 ± 1.149 0.226 ± 0.062 0.088 ± 0.054 N.D. 5.653 ± 0.221 1.920 ± 0.538 0.078 ± 0.040 0.941 ± 0.250 1.888 ± 0.175 

T3 1.342 ± 0.335 1.435 ± 0.869 0.237 ± 0.043 0.081 ± 0.066 N.D. 0.862 ± 0.219 2.024 ± 0.516 0.040 ± 0.027 0.782 ± 0.237 1.814 ± 0.046 

T4 1.789 ± 0.349 1.345 ± 0.451 0.235 ± 0.051 0.095 ± 0.065 N.D. 2.183 ± 0.152 2.022 ± 0.376 0.070 ± 0.006 0.800 ± 0.283 2.335 ± 0.130 

T5 2.138 ± 0.250 1.385 ± 0.700 0.237 ± 0.039 0.1003 ± 0.108 N.D. 1.332 ± 0.236 2.063 ± 0.174 0.047 ± 0.015 0.843 ± 0.054 2.522 ± 0.106 

T6 2.475 ± 0.242 1.078 ± 0.887 0.227 ± 0.032 0.125 ± 0.052 N.D. 1.815 ± 0.491 2.025 ± 0.437 0.060 ± 0.045 0.893 ± 0.216 2.098 ± 0.252 

T7 2.055 ± 0.377 1.123 ± 0.350 0.228 ± 0.070 0.125 ± 0.055 N.D. 1.831 ± 0.253 2.036 ± 0.209 0.042 ± 0.009 0.852 ± 0.037 1.844 ± 0.037 

T8 2.578 ± 0.202 1.224 ± 0.135 0.225 ± 0.009 0.129 ± 0.129 N.D. 2.785 ± 0.180 2.066 ± 0.133 0.070 ± 0.034 0.859 ± 0.170 2.265 ± 0.185 

T9 1.322 ± 0.191 1.337 ± 0.166 0.236 ± 0.016 0.1179 ± 0.101 N.D. 6.294 ± 0.850 2.148 ± 0.111 0.056 ± 0.012 0.870 ± 0.207 2.321 ± 0.072 

T10 1.755 ± 0.179 1.315 ± 0.927 0.239 ± 0.059 0.1114 ± 0.076 N.D. 2.806 ± 0.324 2.170 ± 0.280 0.059 ± 0.007 0.929 ± 0.214 2.303 ± 0.376 

T1P 65314.00 ± 1.807 39.759 ± 1.074 1.035 ± 0.149 0.914 ± 0.038 4.921 ± 0.453 372.5 ± 9.167 25.464 ± 0.596 30.306 ± 0.773 7.569 ± 0.043 6.960 ± 0.121 

T2P 71601.25 ± 2.097 39.818 ± 1.465 1.088 ± 0.152 1.167 ± 0.079 43.066 ± 0.499 463.182 ± 6.531 26.668 ± 1.243 4.329 ± 0.046 7.823 ± 0.172 7.754 ± 0.023 

T3P 68640.00± 1.543 42.371 ± 1.609 1.047 ± 0.207 0.921 ± 0.102 23.076 ± 0.251 394.277 ± 3.135 26.499 ± 0.575 59.599 ± 1.036 7.265 ± 0.153 6.798 ± 0.073 

T4P 63892.50 ± 0.481 39.687 ± 1.444 1.097 ± 0.222 0.885 ± 0.042 42.902 ± 1.552 385.985 ± 11.096 25.142 ± 0.491 5.818 ± 0.246 7.943 ± 0.129 8.763 ± 0.326 

T5P 63306.25 ± 0.976 35.914 ± 1.762 1.067 ± 0.157 0.775 ± 0.094 37.919 ± 0.683 394.822 ± 0.967 24.744 ± 0.408 4.301 ± 0.174 6.065 ± 0.153 8.256 ± 0.044 

T6P 55791.00 ± 1.548 34.685 ± 1.245 1.073 ± 0.154 1.006 ± 0.065 4.289 ± 0.444 327.405 ± 0.844 24.386 ± 0.609 22.907 ± 0.051 7.052 ± 0.365 5.890 ± 0.073 

T7P 55745.75 ± 1.325 37.059 ± 0.767 1.209 ± 0.081 0.941 ± 0.090 17.064 ± 0.519 277.915 ± 0.442 24.559 ± 0.276 29.221 ± 0.185 7.289 ± 0.212 5.324 ± 0.034 

T8P 51267.00 ± 0.429 31.626 ± 0.678 1.048 ± 0.184 0.769 ± 0.042 19.708 ± 0.745 262.13 ± 4.129 22.925 ± 0.756 12.336 ± 0.151 6.460 ± 0.145 6.268 ± 0.115 

T9P 58058.25 ± 0.455 37.307 ± 0.122 1.078 ± 0.139 0.982 ± 0.071 13.144 ± 1.261 259.615 ± 9.240 25.359 ± 0.335 32.356 ± 0.830 6.847 ± 0.140 6.427 ± 0.245 

T10P 59704.50 ± 2.024 37.216 ± 0.555 1.160 ± 0.132 0.932 ± 0.120 44.839 ± 1.573 278.467 ± 4.390 25.331 ± 0.401 5.683 ± 0.127 7.374 ± 0.099 6.379 ± 0.155 
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Figure 2. % Concentration of heavy metals in milk samples 

 

 

 
Figure 3. % Concentration of heavy metals in their packaging materials 
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Aluminum is necessary for some physiological processes in the body, but it is a toxic metal 

that can cause various neurological diseases due to excessive accumulation [33]. The main areas 

of aluminum use are packaging technology, electrical-electronics, drugs, and material 

technologies [34,35]. The allowable amount of aluminum in adults is announced as 1 mg/kg 

body weight/week by the BFAO/WHO Expert Committee on Food Additives [36]. In a study 

conducted on flavored milk samples, 0.957-0.984 mg/L Al was detected [13]. The aluminum 

concentration of Al in the raw bovine milk was found to be 2.93 µg/L [37]. In this study, the 

aluminum amounts of milk samples were 1.219-2.578 mg/kg. The aluminum value in milk 

packaging is significantly higher than in milk samples (Table 5). This is due to the aseptic 

aluminum foil layer in the structure of the aseptic packaging, which blocks the light. 

 

Arsenic is one of the risky and toxic elements. It can be transmitted by humans and animals, 

mostly through drinking water [38]. In the literature, average arsenic contents of raw milk 

samples taken from different regions varied between 0.0002 and 0.05 mg/kg depending on the 

area [39]. The amount of As in flavored milk samples was found to be between 0.0038 -0.0057 

mg/kg [13]. The amounts in our milk samples were found to be between 1.123 and 1.522 mg/kg. 

 

Cadmium is a toxic element and poses a risk to human health [40]. Excessive accumulation 

may cause damage to the kidneys and reproductive system [41]. In this study, cadmium levels 

in milk and packaging samples were determined as 0.219 - 1.209 mg/kg. It was determined that 

the cadmium content of the milk samples was lower than that of the packages, but the values 

were close to each other. Cadmium contents in some reported studies it have been reported as 

0.0032 mg/kg in fresh milk, and 0.0029 mg/kg in pasteurized milk [42]. In another study, Cd 

concentration in the studied milk samples (fermented, sterilized and modified milk) was found 

to be 0.0034, 0.0019, and 0.0041 mg/kg, respectively [43]. 

 

The recommended daily intake of copper for adults is 3 mg/day [44]. Although Cu is an 

important element in both humans and animals, excessive intake is highly toxic and damages 

the liver and kidneys [45]. In this study, average copper was not detected (below the detection 

limits). In the packages, it was detected between 4.921 and 44.839 mg/kg (Table 5). 

Bakırcıoğlu et al. Cu concentration in cow’s milk was 0.138 mg/kg; They emphasized that it 

varies between 0.181 mg/kg and 0.111 mg/kg in milk-based products [46]. In another study 

conducted on vegan milks, the amount of Cu was in the range of 0.020-1.06 mg/kg [47]; In the 

study conducted on cow milk produced in Aydın province, it was found that it was below the 

detection limits [48]. 

 

Iron is an important mineral for life and is frequently encountered in various industries [33]. In 

foods, iron is found mostly in meats and is not abundant in milk, dairy products, and most non-

green vegetables [49,50]. In our study, although the iron value of milk samples was low, the 

highest was detected in T1 brand milk (81 mg/kg). It was detected in the range of 0.862-6.294 

mg/kg in the other nine milk samples. In the packaging, the amount of Fe is visibly higher than 

in milk (259.615-463.182). Another noteworthy point is that the highest Fe content is in T1 

brand milk and in the packaging of T1 brand milk. Iron concentration has been emphasized to 

be not detected in vegan milks in the literature [12]. Ahmed et al. the average Fe value in fresh 

and pasteurized milk samples was found to be 1.915 and 1.274 µg/mL [42]. 

 

The element known as lead consists of a greyish-white, soft, and malleable metal. Since lead is 

not biodegradable, it can accumulate in the body, especially in bones and teeth. It is a very 

harmful metal, it can be found everywhere and if it progresses, it can cause serious 

environmental pollution [51]. According to the Joint FAO/WHO Expert Committee on Food 
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Additives, the maximum exposure to Pb is 1.2 μg/kg per day [52]. According to the Turkish 

Food Codex, the limit for Pb is 0.02 mg/kg in milk [53]. Lead values in milk samples were 

detected above the maximum limit (1.784-2.170 mg/kg) in this study. Lead levels in packaging 

materials were found to be higher than in dairy products. Cıddıroglu et al. in their study, lead 

levels in 59 milk samples were above the maximum detection limit; in 7 examples, they stated 

that it was in the range. They emphasized that the highest lead limit is 1.51 mg/kg [7]. In another 

study, it was reported that the amount of Pb in flavored milk samples was higher than the limits 

[13]. 

 

Manganese occurs naturally in living organisms such as plants and animals and is found in 

various food sources. Manganese is of great importance due to its vital role as one of the 

essential elements [54]. According to the World Health Organization (WHO), it is 

recommended that adults consume some manganese, between 2 and 9 mg per day [55]. In this 

study, the amount of manganese in milk samples was found to be between 0.040-1.884 mg/g. 

Karasakal et al. found the average Mn concentration in vegan milk samples to be in the range 

of 0.09-0.42 mg/kg [12]. In a different study conducted on coconut milk samples, the amount 

of Mn was found to be in the range of <0.11–3.88 mg/kg [56].  

 

Nickel is believed to be a crucial element for humans due to its numerous potential roles in 

supporting and producing body cells. However, as the toxicity level of this metal increases, the 

level of allergic reactions in humans may also increase [57]. Nickel in foods can potentially 

come from manufacturing or storage processes, including drying, cooking, and packaging 

materials, as well as environmental contamination [58]. In this study, the nickel content in milk 

was reported to be in the range of 0.782-9.758 mg/kg. When the literature is examined, nickel 

metal is not very common among the elements detected in milk samples [12,39,42]. Özturan et 

al. While Ni was not found in goat, sheep, and human milk, they detected 0.27 mg/kg in cow’s 

milk [10]. 

 

Zinc is the second mineral seen in cells after iron and is an important element for protecting 

immune cells. An imbalance in Zn intake causes the immune function to deteriorate, increasing 

the risk of developing diseases [59]. Based on clinical studies by FAO/WHO in 1966 and 1982, 

the recommended daily tolerable amount was determined as 0.3-1 mg/kg body weight [60]. 

According to the Turkish Food Codex, the maximum zinc concentration in foods is stated as 5 

mg/kg [61]. In our study, Zn in milk was found in the range of 1.814-2.522 mg/kg. It was found 

to be lower than the maximum allowable Zn level.  

 

According to the Turkish Food Codex Regulation, the limit value of Pb is given among the 

elements that may be present in milk. In all milk samples, milk samples with Pb levels above 

the LOD were above the limit reported by the Turkish Food Codex Regulation. Since there is 

no legal limit in the Turkish Food Codex Regulation for other elements in milk, they are 

evaluated based on acceptable daily intakes according to FAO/WHO. 

 

i. Statistical evaluation of the results 

 

In this section, the relationship between milk and milk package samples was examined. 

Correlation analysis was performed between milk samples and their packaging for each heavy 

metal. Negative and positive correlations were detected. 'r' values indicating the degree of 

relationship were noted for each relationship and are given in Table 6. Scatter graphs of milk 

and their packaging were created (Figure 4). The relationship levels between packaging and 

milk were stated. The correlation level is high for the element Al; As for moderate; and very 
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weak for Cd, Co, Fe, Mn, and Ni; It was found to be weak for Pb and Zn. Since the Cu element 

remained below the detection limits in all milk samples, correlation analysis could not be 

performed. A scatterplot is a scatterplot that visually shows the pattern of relationships between 

two variables. A scatter plot is helpful to see outliers and those that are far apart.  

 

Table 6. Correlation values and degrees between milk and their packaging according to all 

elements 

Milks - Packaging 

 Al As Cd Co Cu Fe Pb Mn Ni Zn 

r -0.742 0.556 0.232 -0.089 - 0.149 -0.281 0.175 0.242 0.401 

Degree H M VW VW - VW W VW VW W 

H: High; M: Moderate; VW: Very Weak; W: Weak;  
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Figure 4. Scatterplots of milk vs packaging for concentrations of all heavy metals 

 

 

3. Conclusion 

 
In this study, heavy metals in the milk and packaging of ten different milk brands used 

commercially today were detected. Within the scope of heavy metal analyses, the elements 

Lead, Arsenic, Cadmium, Iron, Manganese, Zinc, Copper, Aluminum, Cobalt, and Nickel were 

determined using ICP-OES. The heavy metal concentrations obtained are comparable to similar 

studies. These concentrations were compared to those announced by the Expert Committee on 
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Food Additives. The relationship between milk and packaging was examined for each element. 

It was observed that the element Al had a negative correlation and a high level of relationship 

depending on the correlation value. It was determined that the relationship levels of the other 

elements, except Cu, were weak and very weak. It is thought that there may be an interaction 

between packaging and milk due to the high level of correlation in aluminum. This study paved 

the way for future toxicology studies by leading to the determination of heavy metals in food 

products. It also contributed to ensuring quality food and food safety by determining the heavy 

metal content of milk and milk packaging materials. 

 

 

References 

 

[1] Yaralı, E., “Gıda Güvenliği” (2018) : 1–132. 

[2] Ceyhun Sezgin, A., Artık, N., “Toplu Tüketim Yerlerinde Gıda Güvenliği ve HACCP 

Uygulamaları ( Food Safety and HACCP Applications for Mass Consumption Places )”, 

Journal of Tourism and Gastronomy Studies 3(2) (2015) : 56–62. 

[3] Güler, Ü.A., Can, Ö.P., “Araştırma Makalesi Kimyasal Kontaminantların Çevre Sağlığı 

ve Gıda Güvenliği Üzerine Etkileri”, Sinop Uni J Nat Sci. 195 (2017) : 170–195. 

[4] Tezcan, N., “Trakya Bölgesinde Üretimi Yapilan Buğday Ve Arpanin Ağir Metal 

Bulaşanlarinin Tespiti”,  Master Thesis (2009).  

[5] Sonone, S.S., Jadhav, S.V, Sankhla, M.S., Kumar, R., “Water Contamination by Heavy 

Metals and Their Toxic Effect on Aquaculture and Human Health through Food Chain”, 

Letters in Applied NanoBioScience 10(2) (2020) : 2148–2166. 

[6] Alissa, E.M., Ferns, G.A., “Heavy Metal Poisoning and Cardiovascular Disease”, Journal 

of Toxicology (2011). 

[7] Cıdıroğlu, Z., Aydın, A.,  “Investigation of Heavy Metal Residues in Heat-Treated 

Drinking Milk Offered for Sale in the Market”, Kocatepe Veterinary Journal 14 (2021) : 

231–237. 

[8] Nagpal, R., Behare, P.V., Kumar, M., Mohania, D., Yadav, M., Jain, S., Menon, S., 

Parkash, O., Marotta, F., Minelli, E., Henry, C.J.K.,Yadav, H., “Milk, Milk Products, and 

Disease Free Health: An Updated Overview”, Critical Reviews in Food Science and 

Nutrition 52(4) (2012) : 321–333. 

[9] Gaucheron, F., “Milk and Dairy Products: A Unique Micronutrient Combination”, 

Journal of the American College of Nutrition 30 (2011) : 400S-409S. 

[10] Özturan, K., Atasever, M., “Mineral Elements and Heavy Metals in Milk and Dairy 

Products”, Ataturk Universitesi Veteriner Bilimleri Dergisi 13(2) (2018) : 229–241. 

[11] Lante, A., Lomolino, G., Cagnin, M., Spettoli, P., “Content and Characterisation of 

Minerals in Milk and in Crescenza and Squacquerone Italian Fresh Cheeses by ICP-

OES”, Food Control 17(3) (2006) : 229–233. 

[12] Karasakal, A., “Determination of Trace and Major Elements in Vegan Milk and Oils by 

ICP-OES After Microwave Digestion”, Biological Trace Element Research 197(2) 

(2020) : 683–693. 

[13] Hameed, K.G.A., El-Zamkan, M.A., “Determination of Some Heavy Metals in Flavored 

Milk by Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) and 

Their Public Health Importance”, World Journal of Dairy & Food Sciences 10(2) (2015) 



127 

: 193–198. 

[14] Elafify, M., EL-Toukhy, M., Sallam, K.I., Sadoma, N.M., Mohammed Abd-Elghany, S., 

Abdelkhalek, A., El-Baz, A.H.,  “Heavy Metal Residues in Milk and Some Dairy 

Products with Insight into Their Health Risk Assessment and the Role of Lactobacillus 

Rhamnosus in Reducing the Lead and Cadmium Load in Cheese”, Food Chemistry 

Advances 2 (2023) : 100261. 

[15] Eti, S.A., Islam, M.S., Shourove, J.H., Saha, B., Ray, S.K., Sultana, S., Ali Shaikh, M. 

A., Rahman, M.M., “Assessment of Heavy Metals Migrated from Food Contact Plastic 

Packaging: Bangladesh Perspective”, Heliyon 9(9) (2023) : e19667. 

[16] Bakircioglu, D., Kurtulus, Y.B., Ucar, G., “Determination of Some Traces Metal Levels 

in Cheese Samples Packaged in Plastic and Tin Containers by ICP-OES after Dry, Wet 

and Microwave Digestion”, Food and Chemical Toxicology 49(1) (2011) : 202–207. 

[17] Alamri, M.S., Qasem, A.A.A., Mohamed, A.A., Hussain, S., Ibraheem, M.A., Shamlan, 

G., Alqah, H.A., Qasha, A.S., “Food Packaging’s Materials: A Food Safety Perspective”, 

Saudi Journal of Biological Sciences 28(8) (2021) : 4490–4499. 

[18] Omeroğlu, P.Y., Zdal, T.Ö., Bulut, R., “Chemical Migration from Plastic Types of Food 

Contact Materials”, Eurasian Journal of Food Science and Technology (2012) : 22–32. 

[19] Barukčić, I., Ščetar, M., Lisak Jakopović, K., Kurek, M., Božanić, R., Galić, K., 

“Overview of Packaging Materials for Dairy Packaging”, Hrvatski časopis za 

prehrambenu tehnologiju, biotehnologiju i nutricionizam 16(3–4) (2021) : 85–93. 

[20] Benyathiar, P., Mishra, D.K., Szemplenski, T.E., David, J.R.D., “Aseptic Filling and 

Packaging for Retail Products and Food Service”, In Handbook of aseptic processing and 

packaging CRC Press (2022) : 171-210. 

[21] Pascall, M.A., Sablani, S.S., Greenwood, P., “Aseptic Packaging”, Encyclopedia of Food 

Safety, Elsevier (2024) : 664–672. 

[22] Bhunia, K., Sablani, S.S., Tang, J., Rasco, B., “Migration of Chemical Compounds from 

Packaging Polymers during Microwave, Conventional Heat Treatment, and Storage”, 

Comprehensive Reviews in Food Science and Food Safety 12(5) (2013) : 523–545. 

[23] Güven, D.E., Akinci, G., “Comparison of Acid Digestion Techniques to Determine 

Heavy Metals in Sediment and Soil Samples”, Gazi University Journal of Science 24(1) 

(2011) : 29–34. 

[24] El Hosry, L., Sok, N., Richa, R., Al Mashtoub, L., Cayot, P., Bou-Maroun, E., “Sample 

Preparation and Analytical Techniques in the Determination of Trace Elements in Food: 

A Review”, Foods 12(4) (2023). 

[25] Kasar, S., Murugan, R., Arae, H., Aono, T., Sahoo, S.K., “A Microwave Digestion 

Technique for the Analysis of Rare Earth Elements, Thorium and Uranium in 

Geochemical Certified Reference Materials and Soils by Inductively Coupled Plasma 

Mass Spectrometry”, Molecules 25(21) (2020). 

[26] Korn, M. das G.A., Morte, E.S. da B., dos Santos, D.C.M.B., Castro, J.T., Barbosa, J.T. 

P., Teixeira, A.P., Fernandes, A.P., Welz, B., dos Santos, W.P.C., dos Santos, E.B.G.N., 

Korn, M., “Sample Preparation for the Determination of Metals in Food Samples Using 

Spectroanalytical Methods - A Review”, Applied Spectroscopy Reviews 43(2) (2008) : 

67–92. 

[27] Douvris, C., Vaughan, T., Bussan, D., Bartzas, G., Thomas, R., “How ICP-OES Changed 



128 

the Face of Trace Element Analysis: Review of the Global Application Landscape”, 

Science of The Total Environment 905 (2023) : 167242. 

[28] Fassel, V.A., Knfseley, R.N., “Inductively Coupled Plasma: Optical Emission 

Spectroscopy”, Analytical Chemistry 46(13) (1974) : 1110A-1120a. 

[29] Manousi, N., Isaakidou, E., Zachariadis, G.A., “An Inductively Coupled Plasma Optical 

Emission Spectrometric Method for the Determination of Toxic and Nutrient Metals in 

Spices after Pressure-Assisted Digestion”, Applied Sciences 12(2) 82022) : 534. 

[30] Bulska, E., Wagner, B., “Quantitative Aspects of Inductively Coupled Plasma Mass 

Spectrometry”, Philosophical Transactions of the Royal Society A: Mathematical, 

Physical and Engineering Sciences 374(2079) (2016) : 20150369. 

[31] Cortez-Trejo, M.C., Manríquez, J., Mendoza, S., “Characterization of Natural Gums: 

Emphasizing Distinctive Spectroscopic Techniques”, Natural Gums, Elsevier (2023) : 

123–161. 

[32] Obermaier, K., Schmelzeisen-Redeker, G., Schoemaker, M., Klötzer, H.M., Kirchsteiger, 

H., Eikmeier, H., Del Re, L., “Performance Evaluations of Continuous Glucose 

Monitoring Systems: Precision Absolute Relative Deviation Is Part of the Assessment”, 

Journal of Diabetes Science and Technology 7(4) (2013) : 824–832. 

[33] Peto, M.V., “Aluminium and Iron in Humans: Bioaccumulation, Pathology, and 

Removal”, Rejuvenation Research 13(5) (2010) : 589–598. 

[34] Goyer, R.A., Clarkson, T.W., Ag, S., “Clinical Trials of Antihistaminc Drugs in the 

Prevention and Treatment of the Common Cold: Report by a Special Committee of the 

Medical Research Council Large-Scale Therapeutic Field Trial”, British Medical Journal 

2(4676) (1950) : 425–429. 

[35] Klotz, K., Weistenhöfer, W., Neff, F., Hartwig, A., van Thriel, C., and Drexler, H., “The 

Health Effects of Aluminum Exposure”, Deutsches Ärzteblatt international (2017). 

[36] Stahl, T., Taschan, H., Brunn, H., “Aluminium Content of Selected Foods and Food 

Products”, Environmental Sciences Europe 23(1) (2011) : 37. 

[37] Amer, A., Makarem, H., Maghraby, M., Alella, S., “Lead, Cadmium, and Aluminum in 

Raw Bovine Milk: Residue Level, Estimated Intake, and Fate during Artisanal Dairy 

Manufacture”, Journal of Advanced Veterinary and Animal Research 8(3) (2021) : 454. 

[38] Pezeshki, H., Hashemi, M., Rajabi, S., “Removal of Arsenic as a Potentially Toxic 

Element from Drinking Water by Filtration: A Mini Review of Nanofiltration and 

Reverse Osmosis Techniques”, Heliyon 9(3) (2023) : 4246. 

[39] Simsek, O., Gültekin, R., Öksüz, O., Kurultay, S., “The Effect of Environmental Pollution 

on the Heavy Metal Content of Raw Milk”, Nahrung/Food 44(5) (2000) : 360-363. 

[40] Suhani, I., Sahab, S., Srivastava, V., Singh, R.P., “Impact of Cadmium Pollution on Food 

Safety and Human Health”, Current Opinion in Toxicology 27 (2021) : 1–7. 

[41] Godt, J., Scheidig, F., Grosse-Siestrup, C., Esche, V., Brandenburg, P., Reich, A., 

Groneberg, D.A., “The Toxicity of Cadmium and Resulting Hazards for Human Health”, 

Journal of Occupational Medicine and Toxicology 1(1) (2006) : 22. 

[42] Ahmed, M., Khaleeq, A., Huma, R., Qadir, M.A., Shafiq, M.I., Israr, A., Ali, A., Shahzad, 

S., “Optimization and Validation Procedure for Elemental Composition of Fresh and 

Pasteurized Milk in Pakistan Employing Microwave Digestion Followed by ICP-OES: A 

Contribution to Risk Assessment”, Food Analytical Methods 9(10) (2016) : 2933–2942. 



129 

[43] Yu, M., Liu, Y., Achal, V., Fu, Q.L., Li, L., “Health Risk Assessment of Al and Heavy 

Metals in Milk Products for Different Age Groups in China”, Polish Journal of 

Environmental Studies 24(6) (2015) : 2707–2714. 

[44] JECFA, “Joint FAO/ WHO Expert Committee on Food Additives Eighty-Seventh 

Meeting”, (June) (2019) : 1–15. 

[45] Bost, M., Houdart, S., Oberli, M., Kalonji, E., Huneau, J.-F., Margaritis, I., “Dietary 

Copper and Human Health: Current Evidence and Unresolved Issues”, Journal of Trace 

Elements in Medicine and Biology 35 (2016) : 107–115. 

[46] Bakircioglu, D., Topraksever, N., Yurtsever, S., Kizildere, M., Kurtulus, Y.B., 

“Investigation of Macro, Micro and Toxic Element Concentrations of Milk and 

Fermented Milks Products by Using an Inductively Coupled Plasma Optical Emission 

Spectrometer, to Improve Food Safety in Turkey”, Microchemical Journal 136 (2018): 

133–138. 

[47] Karasakal, A., “Determination of Trace and Major Elements in Vegan Milk and Oils by 

ICP-OES After Microwave Digestion”, Biological Trace Element Research 197(2) 

(2020) : 683–693. 

[48] İnci, A., Ünübol Aypak, S., Güven, G., “Aydin İlinde Üretilen İnek Sütlerinde Bazi Ağir 

Metal Düzeylerinin Araştirilmasi”, Gida / The Journal Of Food (2017) : 229–234. 

[49] Lim, K., Riddell, L., Nowson, C., Booth, A., Szymlek-Gay, E., “Iron and Zinc Nutrition 

in the Economically-Developed World: A Review”, Nutrients 5(8) (2013) : 3184–3211. 

[50] Turnlund, J., Smith, R., Kretsch, M., Keyes, W., Shah, A., “Milk’s Effect on the 

Bioavailability of Iron from Cereal-Based Diets in Young Women by Use of in Vitro and 

in Vivo Methods”, The American Journal of Clinical Nutrition 52(2) (1990) : 373–378. 

[51] Ghazi, A.M., Millette, J.R., “Lead”, Environmental Forensics, Elsevier (1964) : 55–79. 

[52] FAO/WHO Expert Committee on Food Additives, “Evaluation of Certain Food Additives 

and Contaminants: Eightieth Report”, WHO Technical Report Series (2016) : 995. 

[53] Turkish Food Codex, “Bulaşanlar Yönetmeliği” (2011) 

[54] Lucchini, R.G., Aschner, M., Yangho kim, Šarić, M., “Manganese”, Handbook on the 

Toxicology of Metals, Elsevier (2015) : 975–1011. 

[55] OMS, U., Protection, E., Agency, E. P., Pharmacology, A., “Manganese in Drinking-

Water Manganese in Drinking-Water”, 158(December) (2021) : 68. 

[56] Santos, D.C.M.B., Carvalho, L.S.B., Lima, D.C., Leão, D.J., Teixeira, L.S.G., Korn, M. 

G.A., “Determination of Micronutrient Minerals in Coconut Milk by ICP OES after 

Ultrasound-Assisted Extraction Procedure,” Journal of Food Composition and Analysis 

34(1) (2014) : 75–80. 

[57] Genchi, G., Carocci, A., Lauria, G., Sinicropi, M. S., Catalano, A., “Nickel: Human 

Health and Environmental Toxicology”, International Journal of Environmental Research 

and Public Health 17(3) (2020) : 679. 

[58] Schrenk, D., Bignami, M., Bodin, L., Chipman, J. K., del Mazo, J., Grasl‐Kraupp, B., 

Hogstrand, C., Hoogenboom, L. (Ron), Leblanc, J., Nebbia, C. S., Ntzani, E., Petersen, 

A., Sand, S., Schwerdtle, T., Vleminckx, C., Wallace, H., Guérin, T., Massanyi, P., Van 

Loveren, H., Baert, K., Gergelova, P., Nielsen, E., “Update of the Risk Assessment of 

Nickel in Food and Drinking Water”, EFSA Journal 18(11) (2020). 

[59] Sharma, P., Reddy, P. K., Kumar, B., “Trace Element Zinc, a Nature’s Gift to Fight 



130 

Unprecedented Global Pandemic COVID-19”, Biological Trace Element Research 

199(9) (2021) : 3213–3221. 

[60] FAO/WHO, “Joint FAO/WHO Food Standards Programme Codex Committee on 

Contaminants in Foods. CF/14 INF/1. Fourteenth Session”, CODEX Alimentarius 

Commission (March) (2021) : 1–90. 

[61] Algan, G, Tekinşen, O.C., Gök, V., “Investigation of Some Heavy Metal Presence in the 

Milk of Cattle”, Eurasian Journal of Veterinary Sciences 28(3) (2012) : 159–163. 

 


