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ABSTRACT. Heavy metals are recently introduced in the manufacturing of various household utensils. The
objective of this study was to investigate different heavy metals contents in the composition of yogurts containers
collected from the markets of Erbil City. The collected containers were aluminum containers and plastic containers
with several colors. An inductively coupled plasma optical emission spectrometer was used to analyse the contents
of nine heavy metals including cadmium, cobalt, chromium, copper, iron, lead, manganese, nickel, and zinc. The
level of total detected metal load found in the analyzed containers. The recorded level for total detected metal load
in the overall aluminum containers sample was very high and approximately 27 times more than that level in the
overall plastic containers sample. Lead and cadmium were known as toxic heavy metals and detected with a high
amount in the aluminum containers composition. The total contamination in the aluminum containers composition
was noticeably exceeded the permissible world limits for heavy metals in packaging materials. Results obtained
clarified that the white color of plastic containers is more preferable and safer than the dark or other multi-color
plastic containers items in terms of heavy metals.
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INTRODUCTION

Heavy metals (HMs) are generally known as most environmental contamination and natural
elements with a high atomic weight and relatively high density (more than 6.0 g/cm®) compared
to water [1, 2]. In recent years, industrial, geogenic, agricultural, domestic effluents,
pharmaceutical, and atmospheric sources are commonly reported and classified as primary
sources of HMs in the environment [3, 4]. Cd, Hg, Pb, As, and Cr were known as toxic elements
and play a vital role in developing varying diseases. They are classified as human carcinogens,
known to persuade multiple organ damage, and are considered systemic toxicants, even at lower
exposure [5-7]. The degree of HMs toxicity depends on various factors, such as the route of
exposure, the dose, chemical species, the nutritional, genetics, gender, and age status of exposed
individuals [7].

Several HMs and their organic forms are exposed to humans in different ways, including the
occupational workplace, environment, water, food supply, and industrial products [8-12]. Metals
and alloys are widely used to produce various household utensils and food containers as a safety
barrier between the food and the environment [13]. The presence of toxic HMs from the starting
raw materials can contaminate packing/container compositions [14-17]. Consequently, food
containers can release HMs ions in their composition [13], transferring HMs into foods by the
leaching process and causing food contamination [18]. The leaching process is mainly linked to
the foods' chemical or physical conditions, including pH and temperature [19-21]. Releasing metal
ions may high amount, unacceptable, exceed the world toxicological reference values, and
endanger the consumers' health. As a result, several technical guidance was recently established
to regulate metals and alloys used in food contact materials and articles [13].
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According to recent studies, different household items used as food contact materials recorded
varying concentrations of toxic HMs. Several recent studies have been conducted to assess any
significant level of HMs contents or leaching from samples of cooking utensils [22], aluminum
cookware [23, 24], aluminum foil [25], and stainless steel kitchenware and tableware [26] items.
Many kinds of researches have also applied on various clay and glass items, including glass
dinnerware [27], glass-clay containers [28], traditional clay pots [29], domestic ceramic wares
[30] and glass and enamels of consumer container bottles [15]. In recent years, scientists also
investigated paper and paperboard food packaging [31], packaging papers, and paperboards [14]
in terms of HMs contents. Many researchers also studied on toxic HMs leaching or composition
contents of plastic food containers [17], recycled plastic food packaging [32], colored plastic table
dishes [33], bottles of drinking water [34] and plastic bags [35].

Recent studies have shown that varying levels of different toxic HMs were detected in several
household items' composition. Weidenhamer and Fitzpatrick [24] stated that lead content was
detected in 86% (36 out of 42) samples of aluminum cookware collected from different
developing countries. Results also showed ranges for Pb content were below the detection limit
(BDL) - 610 mg/kg in Kenya, BDL - 620 mg/kg in Tanzania, 240 - 850 mg/kg in Ivory Coast,
270 - 860 mg/kg in the Philippines, 460-1000 mg/kg in Guatemala, 280-1570 mg/kg Bangladesh,
BDL-2620 mg/kg in India, BDL-2690 mg/kg in Indonesia, 340-3020 mg/kg in Nepal, BDL-7070
mg/kg in Viet Nam aluminum cookware items [24].

The contents of Pb, Cd, and Cr were 32.38, 0.41, 101.57 in mg/kg unit, respectively in pot
ceramic; 140.91, 1.14, and 175.68 in mg/kg unit, respectively in bowl ceramic [30]; 51.20, 20.50,
and 133.00 in mg/kg unit, respectively in brown glass; 202.00, 21.70, and 2020.00 in mg/kg unit,
respectively in green glass; 73.30, 18.30, and BDL in mg/kg unit, respectively in clear glass
containers; and 45.70, BDL, and 22.20 in mg/kg unit, respectively in a clear drinking glass
container [15]. The contents of Pb, Cd, and Cr were 12.77, 0.16, and 6.14 in mg/kg unit,
respectively in Lahmacun box packaging [31]; and 0.34, not tested (NT), and 0.45 in mg/kg unit,
respectively in Pizza box [ 14] composition containers.

Various new and commercial analytical methods have been adopted for heavy ions detection
including single-element techniques (AFS, spectrometry and colorimetry, immuno-chemical
methods), or as simultaneous multielement analyses (FAAS, ICP-AES, ICP-MS, NAA, GC, LC,
IC, and CE) and electrochemical [36].

The European Union (EU) Directive 94/62/EC (amended by 2004/12/EC) on Packaging and
Packaging Waste and the State of California Health and Safety Code (the State of California
Toxics in Packaging Prevention Act of 2006) set out a maximum limit of 100 mg/kg by weight
for all Pb, Cd, Cr (VI), and Hg in packaging materials [37-39]. To the best of our knowledge,
there is no previous study addressed the contents of HMs in yogurt containers in Erbil City,
Kurdistan Region, Iraq. Therefore, this study was conducted to assess some toxic HMs within the
composition of local aluminum and plastic containers used to store local yogurt products.

EXPERIMENTAL
Chemicals and instruments

All the chemicals used in this study were of analytical reagent grade, including concentrated
sulfuric acid (H2SO4 97%), perchloric acid (HC1O4 70%), hydrochloric acid (HCI 37%), and nitric
acid (HNO; 65%) (Scharlau, Spain, Extra Pure). Distilled water was also used during sample
preparation and dilution. Classical Digestion-Heater (Gerhardt) with digestive Kjeldal's flask was
used during sample digestion. Inductively coupled plasma - optical emission spectrometer (ICP-
OES, Spectro Arcos FHS22, GmbH, Kleve, Germany) was used during metal analysis.
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Sample collection

Plastic and aluminum pot containers were commonly used for the storage of local yogurt products
by local cattle herder in Erbil city and its suburbs, Kurdistan Region (Iraq). For this study, new
samples of yogurts aluminum containers (ALC) and plastic containers (PCs) were purchased from
various local markets. The PCs samples were seven different colors: white, off-white, red, orange,
green, pink, and dark green. In a worse case, there were no labels and publication of a prior
information notice on the local yogurts containers.

Sample preparation and digestion

Before the digestion process, all glassware was cleaned, washed well with nitric acid, and distilled
water to prevent contamination. Strong oxidizing acids were used to digest plastic samples as
previously published [40-42]. A weight of 1.00 g plastic sample was placed into a conical
digestion flask containing 15.0 mL of a mixture of concentrated nitric acid (HNO; 65%), sulfuric
acid (H2SO4 97%), and perchloric acid (HC1O4 70%) with a volume ratio (1:1:1). The digestion
was performed with digestive Kjeldahl flask using a classic digestion-heater under a hood until
the mixture becomes clear. The digested solution was then allowed to cool, transferred, and
diluted to 25.0 mL in a volumetric flask using distilled water.

The proposed method by Norris [43] was easily applied to digest aluminum samples at room
temperature. 0.5 g of aluminum sample was added to digestive Kjeldahl flask with 12.0 mL of
H,0O: HCI (1:1) with water being added first, and the HCI (37%) then added slowly. The sample
digestion was continuing to complete without heating support until the mixture became clear. The
digested solution was then allowed to cool, and the volume was made up to 25.0 mL in a
volumetric flask using distilled water. The above steps were individually repeated three times for
each type of sample and a blank solution. A blank solution that contains only the digested acids
or the used reagents used to digest samples were individually prepared for each of the analyzed
samples. The blank solution is mainly used for calibration purposes or zeroed the absorbance of
all the other presented components in the sample solution except the interest component.

Metal analysis

Inductively coupled plasma optical emission spectrometer (ICP-OES) was utilized to investigate
the contents of nine heavy metals (HMs) such as Cd, Co, Cr, Cu, Fe, Pb, Mn, Ni, and Zn in yogurts
container. Optimum operating conditions for the instrument were well selected and utilized
because all operating parameters are software controlled. Detailed information on the fundamental
features of the tool, appropriate operating condition (Table 1), and selected wavelengths (lines)
with a limit of detection (LOD) for the selected metals during the analysis (Table 2) were applied
according to the instruments manufacture guideline [44]. The instrument was also calibrated
against multi-element standards. A limit of detection (LOD) for each of the analyzed metal is
calculated Eq. (1); the method's precision and accuracy were studied in excellent agreement for
the whole of the analyzed elements. The standard reference material (NIST, SRM 1640a, trace
elements in natural waters) was used based on the instruments manufacture instruction [44].
o 3RSDb. ¢

LOD = SER (€8]
LOD, RSDb, SBR, and ¢ denote detection limit, a relative standard deviation of ten replicates of
the blank, signal to background ratio, and the standard's concentration.
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Table 1. Shows ICP operating conditions.

Parameters Condition

Power 1280 W

Coolant flow 13 L/min

Auxiliary flow 0.8 L/min

Nebulizer flow 0.75 L/min

Plasma torch Quartz, demountable, 1.8 mm injector tube
Spray chamber Cyclonic

Nebulizer Seaspray

Sample aspiration rate 2.0 mL/min

Replicate read time 48 s per replicate

Table 2. LOD of the selected lines (nm).

Element Wavelength line (nm) LOD (30) (ug/L)
Cd 214.44 0.22
Co 228.62 0.65
Cr 267.72 0.67
Cu 324.75 1.10
Fe 259.94 0.40
Mn 257.61 0.08
Ni 231.60 0.95
Zn 213.86 0.20
Pb 220.35 3.44

The estimated contents of the selected HMs were measured in pg/L (parts per billion) in whole
the digested solutions and then converted to mg/kg (parts per million) wet weight for analyzed
samples using the dilution factor equation Eq. (2) as follows:

(ng/L) X25.0 mL
accurate mass of a sample (g)x1000

The estimated contents (mg/kg) = 2)
Permissible limits in packaging materials and packaging composition set by The EU Directive
94/62/EC [37], and the State of California Health and Safety Code [38, 39] were employed in
comparisons with detected HMs in container samples of the present study.

Statistical analysis

Microsoft Excel 2016 and GraphPad Prism 8 software programs were used to construct tables and
compare the obtained results. Statistical analysis was employed using Student's t-test, and the
significance level was set to 0.05. Results data were calculated and presented as average with
standard deviation (SD) and below the method detection limit or not detectable (BDL) of triplicate
measurements.

RESULTS AND DISCUSSION

In the present study, both yogurts plastic container (PC) and aluminum container (ALC) samples
were collected from local markets at Erbil City and analyzed for targeted heavy metals (HMs)
including Cd, Co, Cr, Cu, Fe, Pb, Mn, Ni, and Zn. The HMs contents in the whole yogurt container
samples were analyzed by ICP-OES after acid digestion. The summarized results of HMs
concentrations, the average values of triplicate samples, standard deviation (SD), and level of total
detected metals load (TDML) in the examined samples are shown in Table 3. The TDML in the
ALC samples was very high and equal to 627.36 mg/kg, while the load in an overall PC was 23.13
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mg/kg. Detailed loads (TDML) in each of the ALC and PC components represent the sum contents
calculated for all detected HMs (Figure 1 and Table 3).

Metal concentration in plastic container (PC)

During this investigation, seven different colors of the available yogurt PCs, such as white, off-
white, red, orange, green, pink, and dark green color, were investigated for the presence of the
selected nine HMs levels. These colors of the PCs have been mainly used for the storage of local
yogurts products.

The contents of the recorded HMs varied in the range; Cd (DBL - 0.37 mg/kg), Co (0.22 —
0.79 mg/kg), Cr (BDL - 5.46 mg/kg), Cu (BDL —2.92 mg/kg), Fe (1.34 —26.87 mg/kg), Mn (0.03
—2.56 mg/kg), Ni (0.06 — 0.31mg/kg), Pb (BDL — 8.93 mg/kg), and Zn (1.75 — 13.56 mg/kg). In
this study, the order of the average + SD for targeted HMs contents of overall examined PCs were
as follows; 10.98+7.99 mg/kg for Fe > 6.47+4.10 mg/kg for Zn > 1.83+3.21 mg/kg for Pb >
1.66+1.98 mg/kg for Cr > 0.80+1.08 mg/kg for Cu > 0.65+0.87 mg/kg for Mn > 0.47+0.19 mg/kg
for Co > 0.14+0.10 mg/kg for Ni > 0.13+0.15 mg/kg for Cd (Table 3).

The obtained results indicated that the contents of Fe in 5 out of 7 of the colorful PCs samples
were higher than the contents of the other targeted HMs. The results obtained also confirmed that
Co, Fe, Mn, Ni, and Zn metals were detected in the whole of the examined PC colors. However,
Cd, Pb, and Cr toxic HMs were detected in 4, 5, and 6 out of 7 of the examined colorful PC
samples, respectively. In terms of the TDML, the order of HM contents in the PCs with different
colors were as dark green (51.26 mg/kg) > orange (30.28 mg/kg) > green (29.03 mg/kg) > red
(16.82 mg/kg) > pink (16.63 mg/kg) > off-white (14.43 mg/kg) > white (3.45 mg/kg). Statistical
data (One-Sample t-test) confirmed that the recorded TDML level in white PC was significantly
(p-value = 0.005) lower than that level in the whole other examined PC colors. The obtained
results also indicated that dark or multi-colors containers contained higher levels of HMs than
light colors. For the presence of high HM levels in dark colors plastic, the values recorded in this
study were in a good agreement with the previous work of Alam; Yang [35], who investigated
HMs contents in various types of plastic bags. In this study, toxic HMs, including Cd, Pb, Cr, and
Cu, were not detected in the white PC sample. The obtained results confirmed that the light plastic
color (white color) could be seen as a safer yogurt PC in terms of HMs.

Metal concentration in aluminum container (ALC)

The results for the targeted HMs contents in the ALC sample are shown in Table 3 and Figure 2.
The obtained results indicated that all of the targeted HMs were detected in the ALC sample. The
contents (average+SD) of the selected HMs in the examined overall ALC sample were recorded
and ordered as follows; 393.05+19.92 mg/kg for Pb > 187.62+4.75 mg/kg for Fe > 21.47+1.45
mg/kg for Cd > 9.86+0.21 mg/kg for Ni > 7.79+1.75 mg/kg for Zn > 5.58+0.05 mg/kg for Mn >
1.1540.39 mg/kg for Cr > 0.42+0.04 mg/kg for Co > 0.414+0.19 mg/kg for Cu. Results also
indicated that lead, iron, and cadmium recorded the highest average metal contents in the ALC
sample. Statistical data (paired t-test) showed that there is no significant difference (p-value =
0.172) between the recorded contents of the targeted HMs among overall ALC and PC samples
(Table 3). However, the obtained results revealed that the average contents of Pb, Fe, Cd, Ni, and
Mn metals in the overall ALC sample were noticeably higher than their corresponding average
levels in the overall PC sample (Table 3). Thus, the recorded level for TDML in the overall ALC
sample (627.36 mg/kg) was approximately 27 times more than that level in the overall PC sample
(23.13 mg/kg).
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Figure 2. Contents of HMs in ALC sample.

The recorded quantities of the targeted HMs in the samples were compared with permitted
values in packaging materials regulated by the European Council [37] and the State of California
Health and Safety Code [38, 39]. Based on these standards regulation, the sum of the detected
contents of metals such as Cd, Cr (VI), Pb, and Hg present in packaging or packaging components
shall not exceed 100 mg/kg by weight. The highest contents (average + SD) of Pb, Cd, and Cr in
this study were 8.93 + 1.92, 0.37 + 0.04, and 5.46 + 0.83 in mg/kg unit, respectively in examined
PC samples; and 393.05 + 19.92, 21.47+1.45, and 1.15 + 0.39 in mg/kg unit, respectively in ALC
samples. The obtained results indicated that the sum of content levels of the detected HMs present
in components of the PC samples did not reached the world's permissible limits. However, the
sum of content level of the mentioned toxic HMs present in the composition of the examined ALC
sample was noticeably reported to exceed the maximum permissible limit (100 mg/kg) regulated
by the European Council [37] and State of California Health and Safety Code [38, 39].
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Table 3. The concentrations of the nine targeted heavy metals in local yogurts plastic and aluminum

containers.
Typgs of Data The concentrations of some heavy metals (m kg) TDML
container Cd Co Cr Cu Fe Mn Ni Pb Zn |(mg/kg)
wose e[z BBL 03T [BOC [B0L [ 13007 0t B0C 155,
o ez BOL 08 Loty 020 | 2 [ far |00 50 |
ok [gme SDL 0 Lol [t faon Lo Lo [t fon
ware gm0 [ oot o [ [ i |
e [z 020 [ e [ler [ fon [ e [0
onmgere [gmae OO 05 ot oot [1as om0 [ o,
Dark green |Average| 0.27 | 0.46 | 2.76 | 2.92 | 26.87 | 2.56 | 0.26 | 1.60 | 13.56 5196
PC SD 0.06 | 0.06 | 023 | 035 | 3.64 | 039 | 0.16 | 0.67 | 1.66
Overall PC | 0o ron | Tos |79 |07 o0 5a1 410 21
Overll ALC | 04 T 050 1019 T 475 [ o0s [ 091 | 1092 | 17528

BDL: below the method detection limit, SD: standard deviation, PC: plastic container, ALC: aluminum
container, TDML.: total detected metals load.

The detected average for HMs contents in the examined yogurts container was compared with
that previously reported data in the other different containers (packaging or packaging
components) samples and are shown in Table 4. According to results in the present study, the
detected average for Cd quantity in the investigated PC sample was lower than that previously
reported quantity from green and black low-density polyethylene bags [45], polyethylene, high-
density polyethylene, low-density polyethylene, and polyvinyl chloride bags [35], recycled
polyethylene terephthalate food packaging [32], and recycled polyethylene terephthalate food-
product containers [17]. However, the detected average for Cd content in the PC sample was
higher than that previously stated from colored plastic tables [33] and polyethylene terephthalate
packing of bottled water [34]. Results confirmed that the detected average for Pb quantity in the
PC sample was lower than that previously described quantity (Table 4) from green and black low-
density polyethylene bags [45], polyethylene, high-density polyethylene, low-density
polyethylene, and polyvinyl chloride bags [35], and polyethylene terephthalate packing of bottled
water [34]. However, results verify a good agreement between the recorded average of Pb content
in the PC sample with that content previously examined and reported from colored plastic tables
in Iraq [33].

In terms of the differences in Cd content in packing materials, the results showed that level
content of Cd in the studied ALC sample was higher than previously reported level contents
(Table 4) from stainless steel cup, pot, and bowl containers [26]. Note that the average Pb content
in the ALC sample was reported to be 393.05 mg/kg, and close to the Pb content (364.00 mg/kg)
in the investigated aluminum cookware samples in developing countries [16]. The recorded Pb
content in the examined ALC sample was higher than that previously reported levels content from
aluminum foil [25], stainless steel cup, pot, and bowl containers [26] and Syria and China
aluminum cookware [23]. However, detected results on the alloying of aluminum cookware
collected from Saudi and India showed Pb contents of 700.00 mg/kg and 510.00 mg/kg,
respectively [23]. Furthermore, the recently recorded data verified that lead content in 26% (10
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out of 42) of the collected aluminum cookware items from different developing countries was
above 1000 mg/kg (> 0.100 % per weight) [24].

Table 4. HMs concentrations (mg/kg) in digests of previously investigated containers compared to detected
results in the present study.

Samples . The concentration of some heavy metals (mg/kg) References
location Types of Container Cd [ Co| Cr Cu Fe Mn | Ni Pb Zn
Erbil, Traq | Lastieyogurt | 1310 471 1 66 | 0.80 | 10.98 | 0.65 |0.14| 1.83 | 6.47 | This study
container (PC)
Balgrl;‘;ad’ Colored plastic table | BDL | NT | 0.97 | NT | NT | NT | NT | 1.61 | NT [33]
California,
USA & | RPET food-product |} 05| \p | g 18 | NT | NT | NT [11.59] 0.15 | NT [17]
. containers
China
USA  |RPET food packaging|11.09 836 | NT | NT | NT |11.77| 0.17 | NT [32]
PE plastic bags | 3.50 | NT | 18.58|23.53| NT | 8.03 | NT | 13.38 [45.47
Shanghai. |_HDPE plastic bags [10.52 NT [20.8899.01] NT | 6.82 | NT [16.1798.42
Chia’ LDPE plastic bags | 7.33 | NT | 9.69 [28.62] NT | 6.11 | NT | 6.29 [22.50 [35]
PVC plastic bags 1012'] NT | 476 [17.01| NT | 3.81 | NT | 4.90 [31.02
Black LDPE bags |88.00[25.00[35.00| NT | NT | NT | NT [1333.0] NT
Kampala, 1120 [45]
Uganda | Green LDPE bags | " [30.0045.00| NT | NT | NT | NT [1725.0] NT
Sarajevo, | PET packing of | o 1o 45| N | NT 0721 NT | NT | 329 | 0.10 [34]
Bosnia bottled water
. Aluminum yogurt .
Ebil, Traq | 0L ALy | 2147|042 | 115 | 041 [187.62) 5.58 | 9.86(393.05] 7.79 | This study
Owerri, . .
werr Aluminum foil | NT | NT | 0.08 | NT | 5.39 | 0.50 |0.59 | BDL | 1.15 [25]
Nigeria
Kumba, Aluminum cookware| NT | NT | NT | NT | NT | NT | NT |364.0| NT [16]
Cameroon
) NT |15.27| NT |73.48 [10.19 | 0.82 NT
Stainless steel cup | BDL % % % % BDL
Shinjuku, ) BDL| NT |13.45| NT |72.19|10.41|1.04 | BDL | NT
Japan Stainless steel pot o % % % [26]
Staintess steel bowl | BPL| NT [12:06[ NT [72.75[¢ 0, [0.21 | BDL | NT
% % %
China aluminum | o | 7 1300.00/690.0[5220.0(3510.0] NT | 300.0 | 1319
cookware 0
. India aluminum — \op | \r b 10,00{ 3520 [2060.0] 800.0 | NT | 5100|1490
Riyadh, cookware 0 23]

Saudi Arabia| Saudi aluminum
cookware
Syria aluminum
cookware
PE: polyethylene, HDPE: high-density polyethylene, LDPE: low-density polyethylene, PVC: polyvinyl
chloride, PET: polyethylene terephthalate, RPET: recycled polyethylene terephthalate, NT: not tested, BDL:

below the methods detection limit, %: detected contents as per weight percent.

NT | NT [410.00( 3800 {1030.0{1900.0] NT | 700.0 [380.0

NT | NT [610.00] 1470 {2230.02300.0] NT | 150.0 [770.0

According to the obtained results, Pb (393.05 mg/kg) and Cd (21.47 mg/kg) contents were
detected with a high amount in the ALC composition and exceeded the permissible world limit
(100.00 mg/kg by weight for the sum of content levels of HMs). Low pH of yogurt can enhance
the leaching process of metals from the ALC composition. It is also consistent with several
researchers findings that the acidity of foods can enhance the leaching process of HMs from the
household utensils [19, 20, 24]. Thus, the yogurts ALC may be a potential source of HMs

Bull. Chem. Soc. Ethiop. 2024, 38(6)



Quantification of heavy metals by ICP-OES in containers of yogurts used in Erbil 1517

contamination of yogurt products due to the leaching process. Based on the results, it is not
suggested to use aluminum containers to prepare and store local yogurt products, even for a short
period. Additionally, findings suggest that using white plastic containers (PC) to store local yogurt
is preferable and safer than aluminum container (ALC) items. Further study prioritized to assess
the level of each toxic HMs that would leach from the containers to contaminate yogurt products
during normal yogurts processing, preparation, and storage. Based on previous works result,
foodstuffs and simulated food methods were recommended to assess of HMs leachability level
from local ALC and PC containers, respectively [46, 47].

CONCLUSION

The results obtained in this study reveal that all the local yogurt container items investigated in
Erbil city included several toxic HMs with varying contents and, in some cases, at levels above
the world permissible limits. The results also showed that aluminum containers contaminated by
Pb and Cd with a high amount, which can be easily released in an acidic medium and transferred
to yogurt by the leaching process. Aluminum containers are not preferred to use in the preparation
and storage of yogurt and can cause a risk to the consumer's health. This study has also indicated
that the frequent use of the white plastic container in the preparation and storage of local yogurt
products is preferable and safer than using aluminum container items in terms of HMs.
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