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Abstract

This study was conducted to evaluate the concentration and health risk of trace elements in milk powder and baby
food samples marketed in Iran using inductive couple plasma/optical emission spectroscopy (ICP-OES) method. The
limit of detection (LOD) and limit of quantification (LOQ) were ranged from 1.80 X 107 t0 2.17%x 107 and 6.00x 107>
to 7.22 x 10~ mg/kg, respectively, with recoveries ranged from 92 to 105%. Zinc (Zn) was found in a high mean con-
centration (8.49 x 107! +3.93 x 1072 mg/kg) in milk powder, and iron (Fe) was found in the highest mean concentration
(2.04 +3.61 x 10 mg/kg) in baby food. The Monte Carlo simulation results for the infants revealed that the rank order of
the hazard quotient (HQ) index was mercury (Hg) > nickel (Ni) > arsenic (As) > cadmium (Cd) > aluminum (Al). Further,
the result of non-carcinogenic and probability of carcinogenic risk was lower than the limits of safe risk (HQ > 1 and cancer
risk (CR)>1x 104). In conclusion, the toxic elements content in the tested products was sufficiently low, and all of the milk
powder and baby food sold in Iran could be considered safe for infants and children.
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Introduction

The growth of the child, or in other words the growth of
the gastrointestinal tract, genitourinary, nervous, endocrine,
muscular, bone and respiratory, etc., mainly depends on the
food eaten. Animals and humans produce milk to feed their
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babies after birth. Breast milk is the first food that humans
encounter which serves as a source of essential nutrients
required for the biological functions and growth during
early life stages. Likewise, milk contains valuable nutrients
including protein, fat, vitamins, and minerals, including cal-
cium [1, 2]. Sometimes, the mother is unable to breastfeed
due to work outside the home or due to certain illnesses, and
the baby also needs more food after six months, and breast
milk alone does not provide enough nutrition. Raw buffalo
or cow’s milk can be a good substitute for breast milk in
feeding the baby. Milk powder is one of the most valuable
milk products that is the main substitute for breast milk in
baby nutrition. Milk powders stable and contain denatured
proteins so that the curd is finer; they are available in a wide
range to suit different ages [3, 4]. Also, recently, baby food,
based on wheat, is becoming an important factor of daily
intake in the diets of baby. Baby foods and formulae deserve
high priority in plans aimed at sound child health, irrespec-
tive of cultural or religious considerations [5, 6].

Many trace elements can enter natural foods such as
milk, formula, and baby food naturally through human
activities such as processing, storage, agricultural and
industrial activities, or fortifications. Essential trace
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elements (Fe, Zn, copper (Cu), chromium (Cr), cobalt
(Co), manganese (Mn)) are essential for organisms, but
can cause poisoning if consumed in excess. However, toxic
elements (As, lead (Pb), Ni, Cd, Al, and Hg) can cause
poisoning even in very small amounts [3, 7, 8]. Although
the World Health Organization/United International Chil-
dren’s Emergency Fund (WHO/UNICEF) reported in 1998
that Cu, Fe, sodium (Na), Zn, magnesium (Mg), and cal-
cium (Ca) are essential for the human, the excess level of
these elements can be toxic for human [9]. According to
the other researches, trace elements have side effects such
as neurological complications (Al, Pb, and As), renal tox-
icity (As, Al, Cr, Cu, and Pb), pulmonary effects (Fe and
Al), hepatotoxicity (Cu), carcinogenicity (Pb and As), and
gastrointestinal effects (Fe and Al) for various organs of
the human body [5, 10]. Among the toxic elements, Al, Pb,
and Cd are the most important toxic elements [4]. Toxic
elements are pollutants that are persistent in the environ-
ment and have adverse effects on human health [11-14].
Infants and children are more sensitive to toxins (toxic
metals) than other vulnerable groups [5, 15-19]. Toxic ele-
ments are found in abundance in the environment, includ-
ing water, air, and soil, due to natural (volcanic) and man-
made (mining) activities [12, 14, 20].

With these explanations, contamination of milk and other
related product such as milk powder and baby food to toxic
elements may occur when lactating animals consume con-
taminated water and feed or are exposed to environmental
contamination, which ultimately leads to the production
of contaminated milk [21, 22]. In addition, the use of con-
taminated milk and water in the production of baby food
causes these elements to enter the body of the consumers
and induce their toxic effects which become more dangerous
at the infant’s stage that is characterized by fast immunologi-
cal, biological, cognitive growth and development [23, 24].

Several devices were used to determine the quantity of
trace elements in the food samples [4, 25, 26] such as the
ICP-OES, flame atomic absorption spectrometry (FAAS),
and graphite furnace atomic absorption spectrometry (GF-
AAS). Among the methods, ICP-OES was reported as the
most sensitive method, time saving, and specificity [7, 12,
13, 27]. It should be noted that preparation of samples is
very important for accurate detection of contaminants. The
traditional methods for sample preparation are time-consum-
ing and need several reagents that are hazardous and expen-
sive, and sample contamination by the analyst is possible.
Improvement of the sample preparation has been led to the
development of acid digestion of microwave-assisted, slurry,
and extraction preparation, by ultrasound, and direct analysis
of solid sampling [12, 28-30].

Regarding food safety regulatory system, risk assessment
is a standard procedure used to evaluate and characterize
hazards, better identify exposure sources, and assess the

risks associated with contaminants transport and distribu-
tion in food [10, 31, 32].

Since no comprehensive study has been done on the
amount of trace elements in baby food and milk powder
in Iran, furthermore, due to the high consumption of these
substances in children’s diets, the present study seems nec-
essary. Therefore, the aim of the present study is firstly, to
measure trace elements (essential and toxic elements) using
ICP-OES and, secondly, to assess the potential health risk
of these elements (including As, Al, Co, Cd, Pb, Cu, Cr, Hg,
Fe, Mn, Ni, Zn, and Se) by HI method in milk powder and
baby food in the Iranian market.

Materials and Methods
Sample Collection

In this study, a total of 120 samples (60 powdered milk and
60 baby food) from five different brands were collected from
Iranian pharmacies during 2019. All samples were kept in
the glass container with the condition of sterility in refrig-
erator (4 °C) until analyses at the same day. Milk powder
ingredients include lactose, vegetable oil mix, demineral-
ized whey protein, mineral premix, fish oil, emulsifier, and a
number of other small ingredients. Ingredients of baby food
(with based of wheat) including a mixture of flour, powdered
milk, sugar, liquid oil, a mixture of vitamins, and minerals
were determined.

Chemicals

All chemicals were of analytical grade and were purchased
from Merck Co. (Darmstadt, Germany). Deionized water
and nitric acid (HNO3) with a purity of 65% were used for
the preparation of solutions.

Preparation of Samples

The concentration of thirteen trace elements (Al, As, Cd, Cr,
Co, Fe, Hg, Cu, Mn, Pb, Ni, Zn, and Se) in milk powder and
baby food samples were evaluated in duplicated. A closed
vessel, acid decomposition in a microwave digestion oven
(MLS GmbH, D-88299 Leutkirch, Germany) was applied to
minimize the organic matrix effects and also to prevent the
possibility of sample contamination and losses of analysts.
For analyses of samples, 2 g of milk powder or 2 g of baby
food were poured into the vessels of the microwave system.
Then, 10 mL of HNO;-hydrogen peroxide (H,0,) mixture
(9:1, v/v) was poured into each vessel, shaken, and kept at
room temperature for 10 min in order to homogenize the
samples. After one-step digestion of the program, the sam-
ples were heated for 15 min at 80% of total power (1800 W).
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After cooling, the subsequent solutions were evaporated to
semi-dried mass to eliminate the extra acid and afterward
diluted up to 10 mL in volumetric flasks with deionized
water and retained as a stock sample solution.

ICP-OES Conditions

The total analyses of milk powder and baby food samples
were conducted by ICP-OES techniques. Spectro Arcos ICP-
OES (Germany) have, Quartz Torch 2.5 mm injector, Flared
End for Spectro. The optimal operation parameters were:
RF generator (1400 W), argon gas was used for plasma and
nebulizer auxiliary gas. Gas flow for plasma was 14.50 L/
min, flow of auxiliary gas was 0.90 L/min, and flow of nebu-
lizer gas was 0.85 L/min, respectively. Afterward, sample
uptake time, rinse time, and initial stabilization time were
240 total, 45, and preflush 45 s, respectively; delay time and
time of between replicate analyses were ziro. The analysis
was a three times, and the frequency (resonance frequency)
of the generator of RF was 27.12 MHz. Type of spray cham-
ber and detector Solid state was Cyclonic, modified Lichte
and CCD, respectively Type of sample delivery pump was
four-channel, software controlled; peristaltic pump enables
exact sample flows. Also the speed of prewash pump (rpm)
was 60 (for 15 s) and 30 (for 30 s); at the end, sample injec-
tion pump speed was 30 rpm, and time of prewash was 45 s.
The wavelengths used for the determination of element con-
centration based on baseline signals and their interferences
at selected lines observed experimentally during the meas-
urements are presented in (Table 1).

Validation of the Analytical Method

The validation of the analytical procedure for quantitative
analysis of elements in milk powder and baby food samples
was performed by evaluating selectivity, working and linear
ranges, LOD, LOQ, repeatability, and reproducibility (preci-
sion). Matrix effects were studied by adding 200 pL of mixed
standard solutions to the original samples (Mix standard
CRM: 92,091 Supelco LOT BCCB9855, TraceCERT®, 33
elements, 10 mg/L in nitric acid, Hg standard CRM:28,941
Supelco, LOT BCCB8927, 1000 mg/L, Hg in nitric acid).
The graphs of calibration for the 13 trace elements were
prepared from the standard solutions at seven points, ranged
from 1.00x 107 to 3.5 mg/kg. All the trace elements showed
linear relationships of the instrumental response and the
solutions containing the elements with insignificant inter-
cepts and correlation coefficients of 0.988 or higher. The
LOD was ranged from 1.80x 107 to 2.17 x 107, and the
LOQ was ranged from 6.00x 107 to 7.22 x 10~ mg/kg. The
recoveries were ranged from 92 to 105% that is a suitable
range of all essential and nonessential elements (Table 1).

Assessment of Human Health Risk

Estimated Daily Intake (EDI) and Non-carcinogenic Risk
Evaluation

In order to determine the oral exposure dose of the harmful
compounds, estimated daily intake was used for character-
izing the concentration of the sample values that EDI in
mg/kg of sample in the day according to Eq. (1) proposed
by [10, 33]:

Table 1 Average of recov.eri.es Potentially trace Wavelength 1? Value Calibration rang (mg/kg) Recovery % LOD LOQ

(%), relative standard deviations elements (PTEs) (nm) (mg/kg) (mg/kg)

(%), LOQ, and LOD of samples

obtained by ICP-OES analysis As 189.042 0.988  1.00x10°-3.5 92 1.80x 107 6.00x 107
cd 228.802 0992  1.00x107-3.5 99 4.00%x107° 1.63x107*
Cr 267.716 0989  1.00x107%-3.5 98.1 9.60x107° 3.20x10™*
Al 237.098 0.995  1.00x107%-3.5 100 4.00%x107° 1.43x10™*
Pb 283.305 0.996  1.00x107-3.5 96.7 2.17x107 7.22%107
Hg 253.652 0.994  1.00x107-3.5 103 3.00x10™* 1.17x107
Co 228.620 0.996  1.00x107-3.5 105 430%x107 1.43x10™*
Ni 231.604 0.995  1.00x107-3.5 96.2 290x10™* 9.67x10™*
Cu 324.754 0.993  1.00x107-3.5 101 3.10x10™* 1.03x107
Fe 239.562 0.996  1.00x107-3.5 102 1.60x10* 5.33x107*
Mn 260.573 0991  1.00x107-3.5 99.6 6.60x107° 220x10™*
Zn 206.198 0.996  1.00x107-3.5 101.3 2.70%x10™* 9.00x10™*
Se 196.026 0.994  1.00x107%-3.5 98.4 1.15x 1073 3.84x107°
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EDI:CXEDXEFXIR )
BW x AT

where EDI is the estimated daily intake (mg/kg/day);
ED is the exposure duration; IR is the daily ingestion rate
of milk powder or baby food by infants (0—6 months) that
equal to 120 g/day, infants (6—12 months) 160 g/day, tod-
dlers (1-2 years) 200 g/day, and toddlers (6 months to
2 years) 100 g/day according to [34]; C is the metal con-
centration in milk powder or baby food samples (mg/kg dry
weight); BW is the reference body weight and it was (0—6a)
5.9 kg for infants (0—6 months), 9.3 kg for infants (from 6 to
12 months), 12.2 kg for toddlers (with 1 to 2 years old), and
11 kg for toddlers (6 months to 2 years) [34]; and AT is the
mean time [2, 32].

The human non-carcinogenic risk assessment was cal-
culated by reference dose, which established by the Joint
FAO/WHO Expert Committee on Food Additives JECFA)
[35] and the United States Environmental Protection Agency
(USEPA) [36]. The HQ, which characterizes the health risk
of non-carcinogenic indices for the toxic elements in milk
powder and baby food, is calculated using Eq. (2) detailed
by [10, 37, 38]:

EDI
HQ = RED 2)

RfD is the oral reference dose which are 1 X 10‘3, 1,
1x10™*,2x1072 and 3 x 10~* mg/kg/day, for Cd, Al, MeHg
(Methylmercury), Ni, and As,respectively [39]. Also, the
total hazard index (THQ) is determined to calculate the
potential risk of adverse health effects for toxic property in
the samples which was the sum of the hazard quotient (HQ)
through Eq. (3) proposed by [8, 18]:

THQ;e = ZHQ,pestion = HQcq + HOyy + HQpy + HOy; + HQ
3)
So the chronic risks are passable if the hazard index was
less than 1, while non-carcinogenic risks most probably hap-
pen in the target people by hazard index higher than one
[40]. For the determination of the carcinogenic risk for each
trace element, the cancer risk (CR) is calculated based on
Eq. (4) proposed by [41, 42]:

CR = EDI X SF Xx ADAF “)

In this equation, ADAF is the age dependent adjustment
factor that is 3 over a lifetime. Also, SF is the slope factor of
cancer, which is 1.5 mg/kg/day for As; however, SF for Pb,
Sn, Cd, Hg, and Ni was not available [43].

Data Analysis

The mean concentration + SD of results were explained. The
data were analyzed by SPSS22 with one-way ANOVA test

for comparing toxic metal factors (indices) means based on
brand type (http://www.spss.com). Significant differences
were considered at p < 0.05. Half of LOQ was used in order
to calculate the trace elements mean concentrations in the
samples when trace element level was not found.

Results and Discussion
The Concentration of Trace Elements

The mean values of the trace element factors based on
milk powder and baby food are presented in Table 2.
The highest mean of metal level was related to Zn
(8.49%x 1071 £3.93x 102 mg/kg) in milk powder and Fe
(2.04 +3.61 x 1072 mg/kg) in baby food; however, the low-
est was detection limit was related to Al, As, Cd, Co, and Se
in milk powder and Al and Se in baby food.

The mean level of Ni in baby food was
8.60x 107! +£4.81 x 1072 mg/kg and in milk powder was
1.30x 102+ 1.65x 10~ mg/kg. The mean concentra-
tions of Al, Se, Cd, As, Pb, and Hg (6 toxic elements)
in milk powder were < LOD, <LOD, <LOD, <LOD,
3.48%x 1073 +4.50x 107, and 5.00x 10™#+9.00x 10~ mg/
kg, respectively. Also, the mean concentration of As,
Al, Se, Cd, Pb, and Hg in baby food were 1.48 x 103+
7.80x 107, <LOD,<LOD, 7.33x 107 +3.78x 107,
8.50x 104 +2.00%x 107, and 4.43 x 10+ 6.00x 10~ mg/
kg, respectively. As shown in Table 2, our results were lower
than the permissible standards levels of Iran, Egypt, and
Codex.

Consumption of baby foods with toxic elements can be
very harmful for the baby’s development.

However, baby food should have the necessary and appro-
priate elements in order to create better conditions for devel-
opment, nutritional support, and safety of growing infants.
The results show that the level of carcinogenic elements in
baby food is relatively low and is within the acceptable level
recommended by the European Commission. The current
results are more or less agreed with the previous reports in
different countries [2, 4, 20, 25, 44].

Dasbasi et al. showed that concentration of toxic elements
Cu(II),Zn(II), Fe(III), and Cr(III) were 2.7x 107! +3x 1072,
4.89x107"+2x 107!, and 7.72x 107" £ 2 x 107! mg/kg and
not detected (n.d.), respectively, in milk powder in Turkey;
however, Pb(II), Co(II), and Cd(II) were not detected which
was more than our study [9].

Ghorbani-Kalhor et al. reported that the concen-
trations of Cd, Pb, and Zn were 7.70-1.53 x 10*!,
1.94x1071-1.21 x 10*2, and 1.67 x 10*'-2.43 x 10*' mg/
kg, respectively, in infant formula samples [45].

Sager et al. showed that the concentration of
Cd in milk powder was at the range of less than
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<LOD <LOD

<LOD

60
60

<LOD
<LOD
<LOD

<LOD
5.40%x102+1.43%x 107

435%102+2.35%107°

<LOD
<LOD
<LOD
<LOD

<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

60
60
60
60
60
60
60

5%107!

Al

7.33%10°+£3.78%x 107
1.80x 1072 +£9.00x 107
1.15x102+£1.79% 1073
1.04x1072+1.24x107

1.48%103+7.80%x 107
2.04+3.61%x1072

3.60x 107

7.00x 107
<LOD

1.4x 107
1x1072

As

1.64% 1072
490x 107
6.29% 1072

60
60

5%1072

Cd

9.00x10™
<LOD

Co

60

1.45% 1072
9.71x 1072

Cr

1.87x 1072
3.01

1.24% 107
1.49

Cu

443%x10*+6.00%x 107

5.55%102+8.33%x 107
8.60x107' +4.81x1072

551%x107' +2.08x 1072
5.00x10%#+9.00x 107
6.93%102+1.59% 107

1.46
6.40% 1072

1.25%107"
<LOD
<LOD
<LOD
<LOD
<LOD

2.7

Fe

2.871073

<LOD

60

60
60
60
60
60
60

5%107"

Hg

8.03%x 1072
223

4.26x1072
2.19%107!
<LOD
<LOD

1.61

1.91x 1072
2.17x1072

6.02x1072

1x107!

Mn

1.30x102+1.65% 107

Ni

8.50%x 104 +2.00x 107

<LOD

1.00x 1072
<LOD
2.02

60
60

3.48%x1072+4.50%x 107

3% 107!

2%1072

Pb

<LOD
8.49x 1071 +3.93x 1072

<LOD
1.94

1.1x 1072

Se
7Zn

1.82+5.91x1072

3.15% 107!

1.00 x 107°~7.00 x 10~ mg/kg of sample dry weight, but in
our study was not detected [3].

Salah et al. reported that in all samples of milk powder,
the concentrations of Cd, Pb, Mn, and Fe were higher than
the EU standard and 58-96% of the samples had Se and Al
levels higher than the standard limit. These authors found
that the mean concentration of Cd, Pb, Fe, Al, Se, and Mn
were 3.22x 107" mg/kg, 7.91 x 10~ mg/kg, 2.041 x 10" mg/
kg, 1.57 mg/kg, 1.4x 1072 mg/kg, and 4.97 x 10~" mg/kg,
respectively [4].

Sadeghi et al. reported that total mean levels of Zn
were 1.20x 107" +1.5x 107> mg/kg samples, Pb was
4.5% 10 +0.00 mg/kg, Cu was 5.1 +8.30x 107! mg/
kg, and Cd was 5x 10 +0.00 mg/kg in 240 baby food
samples. Also, total mean levels Pb, Cd, Cu, and Zn
were 1x1073+0.00 mg/kg, 6x 107 +4x10~° mg/kg,
4.04 +1.34x 1072 mg/kg, and 3.62x 107" +5.3 x 102 mg/kg
samples in 240 milk powder samples, respectively, which is
consistent with the present study [46].

In a study on the 437 infant formula samples in Canada
by Dabeka et al., the levels of Pb and Cd were 4.00 X 1072
and 1.00x 1072 mg/kg, respectively [44], which in this study
results were lower than our study.

Khan et al. in South Korea reported that the lev-
els of Mo, Se and Cr in infant formula ranged from
7.80x102+£9.00x 107 to 2.83x 107! +2.50x 1072,
7.90x1072+3.00x 107 102.21x 107 +1.30x 10 and < LOD
to 1.19x 107" +1.10x 1072 mg/kg, respectively but in our
study Se was not detected [47].

Sorbo et al. in Italy reported that As concentration was
lower than LOQ in infant formula, while Cd and Pb were
1.20x 107 t0 5.00x 10~ and 4.50x 107 to 1.16 X 102 mg/
kg, respectively which Pb concentration in our study was
less than Sorbo study [48].

Al-Zahrani showed that the mean levels of Zn, Fe, Cu,
Pb, and Mn were 2.91 mg/kg, 3.033 mg/kg, 1.82x 10~" mg/
kg, 3.4x 102 mg/kg, and 3.1 x 1072 mg/kg, respectively, in
milk powder samples and that all of them were higher than
our study [30].

Gasmalla et al. reported that the mean concentration of
Pb in fresh milk of cows was 6.88x 107! +1.5x 10~ mg/kg,
in milk powder was 3.32 +1.66 mg/kg, and in infant milk
was 3.64 +1.79 mg/kg. In the same study, Cd concentra-
tion was 1.97 +4 x 10~! mg/kg in fresh milk, 4.06 + 1.9 mg/
kg in powder of milk, and 2.11 +5.6x 10~" mg/kg in infant
formula which both of them were higher than results of this
study [49].

Abdulkhaliq et al. found that the mean levels of Pb, Cu,
and Cd were ND-9.3x10" mg/kg, 6.2x107-8.5x107! mg/
kg, and 2.2x 1072 5.7x 1072 mg/kg in the milk and dairy
samples, which were somewhat more than our study [29].

Choi et al. reported that the mean concentration of Cd
(for modified milk and follow-up formula), Pb, and As
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(for modified milk and infant formula) were 2x 10~ and
7x1073 mg/kg, 4x 10 and 1 x 10~ mg/kg, and 4 x 10~ and
4% 1072 mg/kg, respectively, which were somewhat more
than our study [50].

Akhtar et al. reported that the concentrations of Cd and
Pb were lower than LOD in the infant formula milk sam-
ple; the recorded concentrations of Fe, Zn, and Ni ranged
4.54%102-9.7x10%2.97x102-1.14x 10™, and < 1.00 X
1075-5.09 x 1072 mg/kg, respectively, which all of them were
less than our study [51].

Mania et al. showed that the mean levels of Pb were
2.8 x 1072 mg/kg in the 90th percentile that was not higher
than 1.3 x 1072 mg/kg, and in the infant formulas, the Pb
concentration was below the 1x 1072 mg/kg, but the mean
level of Pb was 5x 10~ mg/kg. The highest mean level of
Cd was 1x 1072 mg/kg in infant formulas (undiluted) based
on milk in vegetable meal, Pb was 9 X 1073 in infant formu-
las (undiluted) based on milk soya-based, and Pb was less
than 3 x 1073 in infant formulas (undiluted) based on milk in
vegetable meal. The highest mean level of Hg in fish-based
infant foods was 1.3 x 1072 mg/kg and As in the foods that
based on fish was 1.8 x 107! mg/kg, and the level of Hg was
less than 1.4 x 10~" mg/kg in rice products used for the infant
formulas, which all of them were higher than our study [27].

Mehrnia et al. reported that the mean concentration of
Cd, Ni, Mn, and Pb in various infant formulas ranged from
4.03x107 to 5.80x 1072, 4.48 to 6.42, 2.30 to 4.88, and
3.18x 1072 to 3.19 x 1072 mg/kg, respectively, which all of
them were higher than our study [26].

Ataro et al. reported that the concentrations of Cr, V, Sr,
and Mn ranged from 1.86x 107 t0 3.71 x 107!, 2.34x 10 to
4.20% 1072, 1.88 t0 3.15, and 1.09x 107! t0 2.99x 107! mg/
kg, respectively, in the whole raw milk samples; however,
Cd was not detected in all samples, and the concentration
of Pb was in the range of less than LOD to 1.97 x 107> mg/
kg, which Cr, Mn, and Pb were higher and Cd was less than
our study [20].

Cruz et al. determined the concentration of Pb, Al, and
Hg in three samples of infant formula milk and reported
that Al and Pb were not detected, but 2 out of the 3 infant
formulas tested were positive for mercury with a level of
8.33x 107! and 6.33 x 107! mg/kg [43].

Saracoglu et al. showed that the metal concentrations
in baby food samples ranged from 5.20x 107! to 4.38 mg/
kg for Cu, 2.20x 107" to 7.20 mg/kg for Mn, 1.02 to
6.75x10*! mg/kg for Fe, 9.20x 107! to 3.72x 10*? mg/kg
for Zn, 1.20x 107" to 3.20x 107! mg/kg for Se, 2.02x 107
to 6.88 x 1072 mg/kg for Cr, 1.07 x 1072 to 6.68 X 10> mg/kg
for Al, 5.00x 107 to 1.03 x 1072 mg/kg Ni, and 2.67x 10~ to
2.54%1072 mg/kg for Co, in which Cu, Mn, Fe, Zn, and Co
were higher and Cr, Al and Ni were less than our study [14].

Kazi et al. analyzed Al, Cd, and Pb in infant soy-based
formulae and infant milk-based in Pakistan and found

that the concentration of Cd, Al, and Pb were 1.05x 10!
to 3.44x 10", 1.07x 10% to 2.17x 103, and 2.87 x 10! to
1.19x 10 mg/kg, respectively [15].

Comparison of the Trace Elements Detected
with the National and International Standards

In the current study, the levels of trace elements in milk
powder and baby food were compared to the permissible
limit of the Codex and standard levels of Iran and Egypt [4]
(Table 2). The levels of Al, Cd, Cr, Co, Fe, Hg, Cu, Mn, Pb,
Ni, Zn, and Se in milk powder and baby food samples were
lower than the mentioned standard level (of course for the
elements that exist). The higher content of heavy elements
in baby food and milk powder may be resulted from the con-
tamination during handling, exposure to processing equip-
ment during processing, and storage. During the processing
of steel and Al equipment, milk powder producer, such con-
taminants, may be the consequences [5, 50, 52]. The differ-
ence in the concentration of heavy elements in food can be
due to several factors such as species differences, specifica-
tions of the production methods, and contamination prob-
ably by the equipment’s during the production process [4].
The equipment and container oxidation were affected by sev-
eral items like the quality of the raw materials used. Addi-
tionally, pH and the oxidation improvement may increase
the level of heavy metal in the samples. The presence of
heavy elements in raw milk may affect the heavy elements
concentration in powdered milk. Increased concentration of
Pb in milk powder may be due to the contamination of raw
milk used in the production of milk powder [43, 49]. One of
the causes of milk contamination and consequently the dry
milk contamination is the location of farms near highways,
which may lead to the contamination of water and animal
feed [13, 30]. Dairy products such as milk and milk powder
usually contain very low concentration of Cd except when
animals consumed contaminated feeds and water [9, 44, 50].
In addition, the contamination with Cd and other elements
may occur during washing machines, storage, and transpor-
tation of milk. Pb was mainly associated with caseins in
cow’s milk and freezing or heating did not cause significant
changes in distribution of Pb in cow’s milk and milk prod-
ucts [15, 47]. Also, the mean of Al concentration was higher
than standard limit which may be due to the migration of Al
from packaging materials to the milk [2, 27, 53]. The milk
powder and baby food is widely consumed; in infant, there-
fore, fortification of baby food and milk powder can provide
children with most of the nutrient deficiency. Also, accord-
ing to several studies, the high concentration of Fe and Zn
in milk powder may be due to the fortification of the sample
by Fe and Zn [4, 54-56]. Moreover, the level of Se in milk
mainly depends on feeding of animals and geographically
distribution [7, 29, 30].
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In general, contamination with toxic metals in baby
food may occur through contaminated raw materials and/or
through contaminated equipment during the manufacturing
process. As mentioned, industrial and agricultural processes
can lead to increased concentrations of heavy elements in
air, water, and soil, which in turn can accumulate in plant
and animal tissues and lead to contamination of milk, milk
powder, and other foods.

Estimated Daily Intake for Essential and Toxic
Elements

The comparison of EDI for all of the essential and toxic ele-
ments in milk powder and baby food samples with their pro-
visional tolerable daily intakes (PTDI) or their bench mark
dose levels (BMDL) and recommended daily allowance
(RDA) is presented in (Table 3). The mean EDI (accord-
ance mg/day) of Cu, Fe, Mn, Se, and Zn in milk powder
for infants (0—6 months) were 8.85 X 1074, 1.12x46 X 1073,
1.19% 107, 9.98 x 107*, and 1.46 x 107%; for toddlers
(12-24 months) were 7.13x 107*,9.02x 1073, 1.14x 1074,
9.51x 107, and 1.39 x 10~ mg/day; and for baby toddlers
(6 —24 months) were 9.45x 107, 1.85x 107, 5.05x 107*,
5.27x107 and 1.65x 1072, respectively. The highest intake
was for the Zn (at the range of 1.39x 102 to 1.72x 10~ mg/
day) in the milk powder. The Reference Daily Intake (RDI)
contribution of the elements in milk powder and baby food
was lower 1072, 1.41x 107, 1.18 x 10 and 1.72x 107; for
infants (612 months) were 7.48 x 107, 9. than 100 percent.
These findings give an indication that consuming such milk
powder and baby food were lower than the PTDI and BMDL
guidelines [10].

Human Health Risk Assessment

The United States Environmental Protection Agency (EPA)
applied the Monte Carlo simulation in the probabilistic risk
assessments to minimize the uncertainties of the risk cal-
culations with probability distribution for each parameter
to avoid the overestimation or underestimation [57]. In this
concern, several studies have been performed on the proba-
bilistic health risk assessment by the Monte Carlo simula-
tion for infants and toddlers in rice cereal in the USA [58],
polycyclic aromatic hydrocarbons in infant formulae in Iran
[34], and aflatoxins M, and B, in breast milk and ochra-
toxin A and deoxynivalenol in wheat noodles in Belgium
[59]. The rank order of the HQ index according to 95% per-
centile for infants (0O—6 months) was Hg (1.54 X 10> Ni
(3.66x107%)>As (1.05%x107%) > Cd (6.16 x 1074 > Al
(6.32x1077); for infants (6-12) was Hg (1.33x 107") > Ni
(1.74x 107%) > As (8.74x 107> Cd (5.34x 1074 > Al
(5.35x1077); for milk toddlers (12-24) was Hg
(1.24x 107> Ni (1.64x 107%) > As (8.20x 107> Cd
(5.06 x 10™) > Al (5.03x 1077); and for baby toddlers
(6—24) was Ni (5.90x107")>Cd (1.02x 107") > As
(6.90x 107%)>Hg (6.18 X 10-2)> Al (2.78 x 10—7) as shown
in Table 4. Among all of the samples, TQq5 estimated below
1; therefore, milk powder and baby food are not hazardous
to the consumer.

The literature also reports several studies on human
health risk due to potentially toxic elements of baby food.
Similar observations in Turkey, Demir et al. showed that
the hazard indexes (HI) of elements (Fe, Cu, Al, Cd, As, Ni,
Ba) in infant milk formulas samples were less than 1 [60].
Ghuniem et al. in the Egypt showed that the hazard quotient
and the hazard index for toxic elements in rice-based and

Table 3 Estimated daily intakes (EDI) of detected heavy elements in milk powder and baby food samples in comparison to their recommended
dietary allowance (RDA), provisional tolerable daily intakes (PTDI), and their bench mark dose levels (BMDL)

RDA* (mg/day)/PTDIb/ Milk toddlers Infants (6—12 months) Infants (0—6 months) Baby toddlers
BMD*® mg/kg/d/day (12-24 months) (6 —24 months)
Milk powder Baby food
Cu 113 7.13%x107 7.48%x107* 8.85x107* 9.45%x107*
Fe 8.0° 9.02x107 9.46x107 1.12x1072 1.85%1072
Mn 2.3% 1.14x 107 1.19%x 107 141x107* 5.05%x107
Se 0.055% 9.51x107™* 9.98x107* 1.18x10™* 527x10™
Zn 112 1.39%1072 1.46x 1072 1.72%1072 1.65% 1072
Hg 23x107% 8.20x 107 8.60x 107 1.02x107 4.03x107
cd 8.3x107% 3.28% 1077 3.44%x107 4.07x1077 6.66x107
As 3x1073% 1.64x1077 1.72x1077 2.03%x1077 1.35%107°
Al 0.285x 107 3.28%x1077 3.44%x107 4.07x1077 1.82x1077
Pb 6.3x107% 5.70x 107 5.99%x 107 7.08x107 7.73%107
Ni - 2.14%x 107 224%107 2.65%x107 7.82%107

Recommended dietary allowance (RDA)?, provisional tolerable daily intakes (PTDI)®, and their bench mark dose levels (BMDL)®
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Table 4 Uncertainly analysis for the TQ of investigated toxic elements in milk powder and baby food

HQ THQ
Age Percentiles 5% 50% 75% 95% 95%
Infants (0—6 months) Hg 6.67x1072 1.02x 10-1 1.20%x 10-1 1.54x107! 1.93x107!
(milk powder) cd 2.67x107* 4.03x10™ 487x 107 6.16x10™*

Ni 1.56x 1072 2.35%10-2 2.88% x 1072 3.66x 107

As 430x107 6.75x107 8.17x 107 1.05%107

Al 2.65%x1077 4.02x1077 4.77%1077 6.32x1077
Infants (6-12 months) Hg 5.58x1072 8.60x 1072 1.02x 10-1 1.33%x 107! 1.52% 107!
(milk powder) cd 2.23x107* 3.44%10-4 4.11x10™ 534x 107

Ni 7.20%107° 1.09x 1072 1.32x1072 1.74x1072

As 3.73%x 107 5.76x 107 6.83x107 8.74x 107

Al 2.24%107 3.48x1077 4.20x1077 5.35%x 1077
Milk toddlers (12-24 months) Hg 5.30%10-2 8.16x10-2 9.78x10-2 1.24%107"! 1.42%107"!
(milk powder) cd 2.14x 107 3.25% 107 3.90x 107 5.06x 107

Ni 7.02x107° 1.07x 1072 1.29%1072 1.64x1072

As 3.46x 107 5.36x 107 6.38x 107 8.20x 107

Al 2.10x 1077 3.24%x107 3.87x 1077 5.03x 1077
Baby toddlers (6 — 24 months) Hg 2.59x1072 3.97x107 4.73%x1072 6.18x 1072 8.23x107!
(baby food) cd 434%107? 6.69%x1072 8.03x107 1.02x107!

Ni 2.59% 107! 3.87x 107! 4.62x107! 5.90x 10!

As 291x1072 4.45%1072 5.34%1072 6.90% 1072

Al 1.16x 1077 1.81x1077 2.15%x 1077 2.78% 1077

wheat-based baby cereals were safe (5.48 x 107- 1.86x 107}
for consumption by the baby [61].

The data in (Fig. 1) showed that Hg and Ni are the two
main contributors in total hazard index (THQ), and whiles
the other trace elements that measured have contribution of
less than 3 percent. The mean of THQ value and contribu-
tion of toxic elements was used to compare hazard index
between 4 subgroups: infants (with O to 6 months), infants
(with 6 to 12 months), toddlers (with 1 to 2 year), and
toddlers (with 6 to 24 months). Although the HQ associ-
ated with each heavy metal increases with increasing the
ingestion rate, the contribution of Hg for infants and Ni
for toddlers in milk powder and baby food becomes more
dominant at higher ingestion rates. The potential human
health risks from contaminants in food depends on dif-
ferent agents that these factors are such as exposure time,
consumption of foodstuff per capita, body weight (BW) and
toxicity. Also, harmful effects on health are high for people
exposed to these foods when the THQ > 10. So, accord-
ing to value of THQ, the milk powder and baby food that
analyzed in this study are not harmful on healthy infants
and toddlers. Thus, based on the results of this study, the
examined milk powder and baby food consumption is safe
for infants and toddlers.

Carcinogenic Risk (CR)

Based on Monte Carlo simulation, the carcinogenic risk
indexes of As (percentile 95%) in the milk powder and baby
food for infants aged O to 6 months, infants aged 6 to 12
months, toddlers aged 1-2 years and toddlers with 6 months
to 2 years, were 1.40 X 10-6, 1.17 X 10-6,1.16 X 10-6 and
6.29 x 10-6, respectively (Fig. 2). The simulation histogram
or probabilistic distributions of carcinogenic risks via the
oral pathway of As in the samples for infants and toddlers
are shown in Fig. 2. The infants at 6-12 months has more
exposure with As element, so could pose higher carcino-
genic risk in comparison with other groups. This simulation
histogram is very useful to characterize the potential adverse
health effects of human exposures to As, because knowing
the likelihood of achieving the needed level of CR index can
help to make decisions for ensuring a minimum CR index.
The qualitatively describe of cancer risk specifications can
be characterized in three modes; CR with limits less than 107°
is the safe limit; CR with limits higher than 10~ is the limit of
threshold risk; CR higher than 107 is the limit of considerable
risk. CR assessment comparison of inorganic As (milk powder
and baby food) by USEPA regulatory standard was below 107°.
In similar studies in Kuwaiti, Jallad (2019) showed that the CR
index for As due to the ingestion of baby food, growing-up
milk, and infant cereal was <1074, indicating that the infants
were at the safety limit [62]. Shibata et al. (2016) in the USA
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Fig.2 Estimation of 95% percentile of the carcinogenic risk of As in the milk powder and baby food for children 0-6 months, 6-12 months,

1-2 years, and 6 months to 2 years

showed that the incremental lifetime cancer risk (ILCR) for
As levels in rice cereal was safe for consumption by infants
and toddlers. They reported the ILCR index ranged from 107
to 1073 [58]. It is important to reduce public health risks by
imposing strict regulations for all toxic elements, especially in
baby food to prevent toxic elements contamination. Producers
of baby food and other health-related goods should ensure the

@ Springer

proper quality of their products by improving their processing
method and selecting raw materials.

Conclusion
Trace elements concentration in milk powder and baby

food collected from market of Iran as determined by ICP-
OES revealed that the highest average concentration of Zn
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was found in milk powder and Fe was found in baby food.
However, these amounts were less than the standard limit
recommended by Codex. The lowest mean concentrations of
elements in milk powder were Al, As, Cd, Co, and Se; mean-
while, Al and Se were the lowest in baby foods. Toxic elements
concentration in the milk powder and baby food were lower
than the recommended standard limits. This study, focusing on
a sensitive contamination, will provide appropriate data on the
dietary exposure of infant to trace elements and will be use-
ful for predicting risk assessment analysis. The results of the
health risk which assessed based on Monte Carlo simulation
showed that HQ value was lower than 1. So consumption of
the examined milk powder and baby food was not notable non-
carcinogenic risk for consumer (CR and actual CR<1x107*
value).
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