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Abstract: In this study, the content of chromium (Cr), arsenic (As), cadmium (Cd) and lead (Pb) in
domestic and imported infant formulas from Beijing, China were analyzed using inductively coupled
plasma mass spectrometry. The content of Cr, As, Cd and Pb was 2.51-83.80, 0.89-7.87, 0.13-3.58 and
0.36-5.57 ug/kg, respectively. Even though there were no significant differences in toxic elements
content between domestic and imported infant formulas, Cd content was slightly lower in domestic
samples. The estimated daily intake (EDI), target hazard quotient (THQ) and hazard index (HI) were
calculated for infants between 0.5 and 5 y of age. The EDIs were lower than the oral reference doses.
THQ of As, Cr, Cd and Pb was 0.027-0.103, 0.024-0.093, 0.0025-0.0090 and 0.0015-0.0046, respectively.
HI values were 0.055-0.192 for boys and 0.056-0.209 for girls and were inversely associated with age
with a threshold < 1. The non-carcinogenic risk value were in the safe range, indicating that exposure
of As, Pb, Cr and Cd from infant formulas do not represent a health risk in China.
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1. Introduction

The optimum nutrition for newborns is breastmilk. However, for the past two decades,
approximately 67.0% of infants are not completely breastfed for the recommended six months [1].
In China, only 20.8% are completely breastfed for six months, 11.5% are breastfed for one year and
6.9% are breastfed for two years [2]. Infant formulas play a special role in infant nutrition because they
can be used as a breastmilk substitute [3]. Suitable infant formulas are preferred sources of nutrition
for most infant when breastmilk is absent or insufficient [4]. There are a variety of infant formulas in
the Chinese market. In 2017, the import of infant formulas was substantial (296,014 t, $3.98 billion) [5].

According to the International Agency for Research on Cancer, arsenic (As), cadmium (Cd)
and hexavalent chromium (Cr VI) are group 1 carcinogens (2012), inorganic lead (Pb) is a group 2A
carcinogen (2006) [6]. Epidemiological and experimental evidence indicates that combination effects
generated by multi-heavy metals might be quite different from that induced by the same individual
metal, because heavy metals at individual low acting concentrations can elicit higher toxicity on
interactions [7-9]. Pandya et al. [7] showed that under similar dosages, when Pb and Cd are present
together, the toxic effect is antagonized by co-exposure due to possible competition among Pb and
Cd for hepatic accumulation. Su et al. [10] found that combination of different heavy metals showed
certain adverse effects on the hematologic, hepatic, renal and neurobehavioral function and could also
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disturb electrolyte and lipid balance in rats. This suggests that joint toxicity or interaction patterns
among different heavy metals should be taken into consideration during the risk assessment for the
exposure to multi-heavy metal simultaneously. The gut immune barrier is the first line of defense
against any potentially harmful agents that have been ingested in food [11]. Contrary to the restricted
macromolecular passage in adulthood, enhanced transfer takes place across the intestines during early
life, due to the high endocytic capacity of the immature intestinal epithelial cells during the neonatal
periods [12]. Young individuals are particularly sensitive to chemical contaminants due to their high
exposure-body weight ratio [13], immunodeficiency and intestinal hypoplasia. Compared to adults,
children have a greater risk to heavy metal exposure through milk consumption [14,15]. Long-term
exposure to these toxic elements may cause significant health problems.

To protect public health, maximum levels (MLs) for toxic elements have been set by international
organizations and China. The ML of Pb in foods for infant and young children has been set at 150 pg/kg
by China [16], 10 pg/kg by Codex Alimentarius Commission (CAC) [17] and 50 pg/kg by the European
Union, which set the ML of Cd at 10 ng/kg [18].

Based on the toxicity, frequency of occurrence and potential for human exposure, the Agency for
Toxic Substances and Disease Registry developed a substance priority list. According to this list, As,
Pb, Cd and Cr are the 1st, 2nd, 7th and 17th priority food contaminants, respectively [19]. In China,
toxic elements in food have to be measured to ensure food safety [20]. Therefore, it is of utmost
importance to measure the content of toxic elements in infant formulas [21,22]. A previous study
reported that certain milk powders and infant formulas are contaminated with toxic elements [21,23].
Recently, toxic elements in infant formulas have been reported in Tanzania [21], Egypt [24], Nigeria,
UK, USA [25] and Portugal [13]. Dietary exposure to toxic elements in adults and young individuals
has been assessed in many countries [26-30]. In our previous study, toxic elements in raw milk in
China have been assessed [31]. However, the domestic and imported infant formulas have not been
systematically investigated. Therefore, consider the scarcity, the aim of this study was to (i) determine
the toxic elements (heavy metals and arsenic) contamination in infant formulas (stages 1 through 4)
in Beijing, (ii) check whether these samples meet legal requirements, (iii) compare toxic elements in
domestic and imported samples, (iv) evaluate the exposure to toxic elements from infant formulas and
to assess the potential health risks to infants in China.

2. Materials and Methods

2.1. Sampling

A total of 93 cow milk-based infant formulas from Beijing were collected in 2019-2020 (Table 1).
Among those formulas, 27 were domestic and 66 were imported. For domestic brands, Feihe,
Junlebao and Yili were selected. For imported brands, [lluma, Arla, Abbott, Nestle, HiPP, Biostime,
Nutricia, Friesland, Meadjhnson, Wyeth, Anmum, Karihome and a2 were selected. These samples
cover large swathes of the infant formula market in Beijing. Furthermore, there were stage 1 (28),
stage 2 (27), stage 3 (24) and stage 4 (14) infant formulas. Samples were sampled in supermarkets.
The samples were maintained at —20 °C prior to analysis.

Table 1. Sample characteristics.

Country Stage
1 2 3 4
China 8 8 8 3
Ireland 2 2 2 2
Denmark 2 2 1 0
Germany 2 2 1 0
France 1 1 1 0
Netherlands 9 9 8 9
Switzerland 1 1 1 0
New Zealand 3 3 2 0

Total

N
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—
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2.2. Sample Analysis

To 0.5 g infant formula sample in a polyfluoroalkoxy digestion vessel, we added 1 mL deionized
water (Milli-Q, Millipore, Bedford, MA, USA), 5 mL of HNOj (65%, Suprapur, Merck, Darmstadlt,
Germany) and 2 mL of H,O; (30%, Suprapur, Merck, Darmstadt, Germany). Following an overnight
pre-digestion at room temperature, the mixture was digested in a microwave-assisted reaction system
(CEM MAREs 6, Charlotte, NC, USA) according to the program shown in Table 2. Once cooled to
room temperature, the digest was diluted with deionized water to 25 mL and analyzed by inductively
coupled plasma mass spectrometry (ICP-MS; Agilent 7700 Series ICP-MS, Agilent Technologies,
Santa Clara, CA, USA) after filtration through a 0.22-pm membrane.

Table 2. Microwave-assisted digestion procedure.

Temperature (°C) Gradient Temperature Time (min) Holding Time (min)
90 10 5
140 10 10
190 10 20

We developed standard five-point calibrations for each of the toxic elements. The correlation
coefficients were >0.999 and the limits of detection for Pb, As, Cr and Cd in infant formula was 0.2, 0.5,
2.0 and 0.1 ug/kg, respectively. To assess the accuracy of the method, milk powder certificate reference
material (CRM, Code: GBW 10117, National Institute of Metrology, Beijing, China) were analyzed.
The recovery of the elements from milk powder CRM is shown in Table 3. The recovery of these four
toxic elements was 92.3%-104.3%.

Table 3. Quality control of certified reference material, milk powder.

Certified Reference Material

Toxic Elements Certified Values (ng/kg) Observed Values (ug/kg) Recovery (%)
Cr 1900 1753.70 92.3
As 200 192.40 96.2
Cd 111 115.77 104.3
Pb 416 397.28 95.5

2.3. Risk Assessment

The risk of toxic elements for infants (0.5 to 5 y of age) was assessed by calculating the estimated
daily intake (EDI), target hazard quotient (THQ) and hazard index (HI). All experimental procedures
for this study were approved by the ethics committee of Chinese Academy of Agricultural Sciences.

2.3.1. Exposure Assessment

The exposure of infants to toxic elements from infant formula consumption was assessed using
the average content of toxic elements in the test and the recommended average consumption of infant
formula in China [4] according to Equation (1) [27]. We compared the EDI obtained in this study with
the reference dose (RfD). RfD is useful as a reference point from which to gauge the potential effects
of the chemical at other doses. Usually, doses less than the RfD are not likely to be associated with
adverse health risks and are therefore less likely to be of regulatory concern [29].

EDI = C x DI/BW 1)

where C is the toxic elements content in infant formula (ug/kg), DI is the daily infant formula intake
(kg) and BW is body weight (kg).
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2.3.2. Target Hazard Quotient (THQ)

The potential chronic risk from toxic elements was expressed as THQ. THQ value was used to
assess non-carcinogenic risk. THQ values < 1 indicate that consumers are unlikely to experience any
adverse health effects. If the THQ value > 1, there is a potential health risk. It was calculated using
Equation (2)

THQ = EDI/RfD 2)

where RfD is the oral reference dose (mg/kg/d), based on 3 x 107%,4 x1073,3 x 103 and 1x 1073 for
As, Pb, Cr and Cd, respectively [30,32-35].

2.3.3. Health Risks of Multiple Toxic Elements

In this study, total THQ was also estimated because people usually suffered combined effects
expose to several pollutants [32]. The total potential chronic risk from multiple toxic elements was
expressed as a hazard index (HI), which was calculated using Equation (3). HI < 1 indicated no risk for
human health [14,36].

HI = ZTHQ 3)
2.4. Statistical Analysis

Data analysis was performed using SPSS (IBM, Endicott, NY, USA) version 20. Data were
expressed as mean + standard error (SE). Differences in heavy metal content among samples were
analyzed with an independent ¢-test. p < 0.05 was considered statistically significant.

3. Results and Discussion

3.1. Concentrations of Toxic Elements in Infant Formula

A total of 93 infant formula samples were sampled in China and comprehensively measured
4 toxic elements. Samples, which belonged to nine countries, were for different infant growth stages.
The content of toxic elements in infant formulas were 27.38 ng/kg Cr (2.51-83.80 ug/kg), 3.32 nug/kg As
(0.89-7.87 ug/kg), 0.98 ug/kg Cd (0.13-3.58 pg/kg) and 2.03 ug/kg Pb (0.36-5.57 pg/kg; Tables 4 and 5).

Table 4. Heavy toxic elements (ug/kg) in infant formulas of different stages.

Cr As Cd Pb
Stage N
Mean Range Mean Range Mean Range Mean Range
1 28 27.09 2.51-67.70  3.00 0.89-7.87  0.88 0.16-3.53 1.61 0.42-4.82
2 27 26.71 8.12-58.33  3.57 1.09-6.34  1.01 0.18-2.62 219 0.81-5.45
3 24 27.39 4.81-83.80 3.39 1.29-5.53 1.03 0.23-3.58  2.09 0.36-3.60

4 14 30.62 5.68-56.15 3.37 1.35-5.54 1.04 0.13-3.17 2.55 0.62-5.75
Total 93 27.38 2.51-83.80 3.32 0.89-7.87 0.98 0.13-3.58 2.03 0.36-5.75

Table 5. Toxic elements content (pg/kg) in domestic and imported infant formulas.

Toxic Domestic (n = 27) Imported (n = 66) Maximum Level [16-18]

Elements Mean + SD Range Mean + SD Range China EU CAC
Cr 28.77 +14.69  4.48-5833 2671 +16.43  2.51-83.80 —a —a —a

As 3.48 +1.41 0.89-5.19 324 +1.57 0.98-7.87 —a —a —a
Cd 0.77 + 0.75 0.13-3.17 1.08 £ 0.77 0.16-3.58 —a 10 —a
Pb 2.13 £ 0.96 0.63-4.08 1.99 £1.33 0.36-5.75 150 50 10

2 Not mentioned in reference.
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The contents of Pb in this study were below the MLs established by China (150 pg/kg) [16],
European Union (50 pg/kg) [18] and CAC (10 pg/kg) [17]. Furthermore, the Cd content was below
the ML set by the European Union (10 pg/kg in infant formula) [18]. These results reveal the safety of
infant formulas in China as a result of safety measures introduced by the Chinese government [37].
The average price was higher for imported infant formulas than for domestic infant formulas (74.56 vs.
52.50 yuan in Beijing market for 400 g infant formula) [5]. Not all families may be able to afford the
high price of imported infant formulas, especially migrant workers with low income. Domestic infant
formula would be an optimal choice.

The contents of Cr, As, Pb and Cd were 28.77 + 14.69, 3.48 + 1.41,2.13 + 0.96 and 0.77 + 0.75 ug/kg,
respectively, in the domestic samples and 26.71 + 16.43, 3.24 + 1.57,1.99 + 1.33 and 1.08 + 0.77 pg/kg,
respectively, in the imported samples. Even though there were no significant differences in the contents
of toxic elements between the domestic and imported infant formula sample (p > 0.05), Cd contents
were slightly lower in domestic samples.

The content of toxic elements in infant formulas reported in other studies are summarized in
Table 6. The Cr content in our study was in accordance with the Cr levels reported in Tanzania
(<7-53 ng/kg) [21], Saudi Arabia (37 + 55 pg/kg) [38], Poland (<100 pg/kg) [39] but higher than the
levels reported in Nigeria, UK and USA [25] and lower than in Egypt [24]. As for Pb, the contents
were within the range (0.14-1,850 pg/kg) reported by other investigators [3,21,24,25,35,37,38]. The Cd
contents were similar to those reported in Tanzania (<1-7 pg/kg) [21], Saudi Arabia (7 + 5 ug/kg) [38],
Poland (<10 pg/kg) [39] and Canada (0.03-1.26 pg/kg) [40].

Table 6. Toxic elements content in infant formulas from different countries.

Year Country N Toxic Elements Mean (ug/kg) Range (ug/kg) Reference
Cr —a <7-53
—a Tanzania 8 Cd —a <1-7 [21]
Pb —a <10-50
Pb 791 £ 57 450-1850
— Egypt 50 Cr 322 + 39 100-1450 (24]
Cd 7+5 —a
Cr 37 + 55 —a
a
2009  SaudiArabia 19 EE 1i 1i02 . [38]
Cr <100 —a
Pb <5 —a
Pb 0.9 0.14-2.46
1999 Canada 57 cd 023 0.03-1.26 [40]
o cd NDP —a
2017 Ethiopia __a b 4% a [29]
cd NDP —a
Nigeria 6 Cr 6+3 —a
Pb 04+1.0 —a
cd NDP —a
2000 UK 21 Cr 5+5 —a [25]
Pb 0.8+1.7 —a
cd NDP —a
USA 15 Cr 7+9 —a
Pb NDP —a
2007-2008 Portugal 19 Hg 0.64 0.15-0.85 [13]
—a Spain 7 Pb 2570 + 6210 <LOD ¢-17240 [3]
Cr 27.38 2.51-83.80
0 Chia 9 iy 058 orssgs  Thsswdy
Pb 2.03 0.36-5.75

a Not mentioned in reference; P Not detected; ¢ Limit of detection.
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3.2. Risk Assessment of Toxic Elements Infant Formula

Due to some key physiological differences between infants and adults, infants are far
more vulnerable to the environmental contaminants, thus to the increased doses of exposure.
In infants, some protection mechanisms such as blood-brain barrier, plasma protein binding
capacity, enzymatic elimination mechanisms in the liver and kidneys and immune system are
underdeveloped [41-44]. Infants are particularly sensitive to ingested contaminants due to larger
specific surface area and efficient gastrointestinal absorption [21]. Infant formulas represent the main
or only source of nutrients for infants when breastmilk is absent or insufficient. Therefore, the toxic
elements in infant formulas, which may constitute a risk factor for the babies, is highly significant. It is
essential to ensure their quality and safety.

Toxic elements is absorbed more in young people. It accumulates in soft tissues and over time
in bones, for its long half-lives in blood and bone. The Panel on Contaminants in the Food Chain
(CONTAM Panel) of European Food Safety Authority (EFSA) and the Joint Food and Agriculture
Organization/World Health Organization Expert Committee on Food Additives (JECFA) identified
developmental neurotoxicity in young children and cardiovascular effects and nephrotoxicity in adults
as critical effects for risk assessment [15]. In 1987, the Provisional Tolerable Weekly Intake (PTWI) of Pb
was established at 25 ug/kg bw. However, based on a dose-response analysis, the JECFA withdrew it
based on a dose-response analysis [45]. In 2010, the JECFA established a provisional tolerable monthly
intake (PTMI) of 25 ug/kg bw for Cd, equal to 5.8 pg/kg bw per week [46]. Inorganic arsenic (iAs)
is more toxic than organic arsenic compounds [47]. Similarly, hexavalent chromium (Cr IV) is more
toxic than trivalent chromium (Cr III). Therefore, we assumed that As and Cr in milk were iAs and
Cr (IV). In 2011, the PTWI (2.1 pug/kg bw per day) for iAs was withdrawn by Joint FAO/WHO Expert
Committee on Food Additives (JECFA) [48]. The International Programme on Chemical Safety (ICPS)
established the tolerable daily intake (TDI) for Cr (VI) (0.9 ug/kg bw per day) for oral exposure [49].
Considering the absence of PTWI value for Pb and As, we used the human health risk assessment
model to characterize the potential risk of toxic elements via consumption of infant formulas from
Beijing. The model was suggested to calculate health risk requirements (EDI and THQ) [50,51].

The exposure to the four toxic elements from infant formula was assessed based on the mean
concentration. We estimated EDI and THQ for infants between the ages of 0.5 and 5 y, taking into
account infant formula intake and average body weight (Table 7). We assumed that milk was exclusively
provided by infant formula. The exposure of toxic elements for boys and girls was 0.008-0.028 and
0.008-0.031 ug/kg BW/day As, 0.0061-0.0152 and 0.0062-0.0165 ug/kg BW/day Pb, 0.073-0.256 and
0.074-0.278 ng/kg BW/day Cr and 0.0025-0.0085 and 0.0025-0.0090 pg/kg BW/day Cd, respectively.
The EDIs of As, Pb, Cr and Cd were lower than RfD references of 0.3, 4.0, 3.0, 1.0 and 0.5 ug/kg
BW/day [30,32-35]. The exposure of As, Pb, Cr and Cd were lower than the corresponding RfD values.

The THQ values for boys and girls were 0.024-0.085 and 0.025-0.093 for As, 0.0015-0.0043 and
0.0015-0.0046 for Pb, 0.024-0.085 and 0.0025-0.0093 for Cr, 0.0025-0.0083 and 0.0025-0.0090 for Cd,
respectively. The THQ reported by other studies are shown in Table 8. The exposure level of Pb was
comparable to that reported in Italy [26] and lower than that reported in Nigeria, Turkey, Ethiopia and
Iran [15,27-29]. The exposure of Cr was slightly lower than that reported in Italy [26], Turkey [28] and
Ethiopia [29]. As for Cd, the exposure in this study was low compared to previous studies. The THQ
of As, Cr, Cd and Pb was lower in this study than in Mexico.

The HI values were calculated from total THQ corresponding to each body weight at different
age. The HI values are shown in Figure 1. The HI values were 0.055-0.192 for boys and 0.056-0.209 for
girls. The HI value was higher for girls than boys, due to their lower body weight. The HI values were
inversely associated with age and were lower than the established criteria 1. The non-carcinogenic risk
value were in the safe range, indicating that exposure of As, Pb, Cr and Cd from infant formulas do not
represent a health risk in China. However, food producers should try their best to reduce the levels of
toxic elements in infant formula [16] considering the immunodeficiency and intestinal hypoplasia for
young people.
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Table 7. Estimated daily intake (EDI) and target hazard quotient (THQ) of Cr, As, Cd, Pb in infants and
children due to consumption of infant formula.

Age Gender Bo((]i(y )\/\[Ise;ight EDI THQ
8 Ctr As Cd Pb C As Cd Pb
Girl 7.30 0.278 0.031 0.0090 0.0165 0.093 0.103 0.0090 0.0041
0.50 Boy 7.93 0.256 0.028 0.0083 0.0152 0.085 0.095 0.0083 0.0038
Girl 8.95 0.224 0.030 0.0085 0.0184 0.075 0.100 0.0085 0.0046
1 Boy 9.65 0.208 0.028 0.0078 0.0170 0.069 0.092 0.0078 0.0043
Girl 11.48 0.150 0.019 0.0057 0.0115 0.050 0.062 0.0057 0.0029
2 Boy 12.15 0.142 0.018 0.0053 0.0108 0.047 0.059 0.0053 0.0027
Girl 13.85 0.087 0.011 0.0033 0.0066 0.029 0.036 0.0033 0.0017
3 Boy 14.34 0.084 0.010 0.0032 0.0064 0.028 0.035 0.0032 0.0016
Girl 16.07 0.084 0.009 0.0028 0.0070 0.028 0.031 0.0028 0.0017
4 Boy 16.34 0.082 0.009 0.0028 0.0069 0.027 0.030 0.0028 0.0017
Girl 18.22 0.074 0.008 0.0025 0.0062 0.025 0.027 0.0025 0.0015
5 Boy 18.34 0.073 0.008 0.0025 0.0061 0.024 0.027 0.0028 0.0015
Table 8. EDI and THQ from other countries.
Country Milk Style Metal Stage EDI (ug/kg bodyweight/day) THQ Reference
Cr 0.51 —a
Italy Infant formula Cd Infant 0.02 —a [26]
Pb 0.01 —a
Cd 0.2 —a
Nigerian Infant formula Pb Infant 1.3 —a [27]
Cr 20.6 —a
Pb Infant 0.10-0.15 —a
Turkey Infant formula Cd Infant 0.06-0.10 —a [28]
Cr Infant 0.56-0.98 —2
UK Cr Infant 5.7b —2
USA Infant formula Cr Infant 7.7b —a [25]
Nigeria Cr Infant 7.35b —a
Ethiopia Infant formula Pb Infant 0.614-1.064 —a [29]
Pb 2.26 —a
Egypt Powder cd Adult 091 a [24]
Pb —a 0.024-0.034
Mexico Raw milk %;1 Children . 88;}1:88;2 [27]
As —a 2.93-3.05
Iran Raw milk gz Adult 8(1)1 . [15]
As 0.008-0.031 0.027-0.103
China Infant formula I():E Infant 0(?8%:83;(7)0 00082145:88836 This study
Cd 0.0025-0.0090 0.0025-0.0090

2 Not mentioned in reference; ® pg/day.

0.4 -

0.3 - Girl E3 Boy

Figure 1. Hazard index (HI) of boys and girls of different age.
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4. Conclusions

A total of 93 infant formula samples of domestic and imported brands obtained from the Chinese
market were analyzed for As, Cr, Pb and Cd by ICP-MS. The content of Pb in the samples was below
the ML set by China, CAC and the European Union and the content of Cd was below the ML set by the
European Union. Imported brands, which were more costly, did not have significantly lower heavy
metal contents compared to domestic brands. Dietary exposure of As, Cr and Cd in infants (0.5-5 y)
was below the corresponding RfD values. The THQ and HI values of these toxic elements were <1.
This study suggested that the presence of toxic elements in infant formulas in Beijing, China should
not pose a non-carcinogenic risk for infant health. Domestic infant formulas are preferred for infant
when breastmilk is absent or insufficient. Further study is necessary to estimate macro elements,
trace elements and other toxic elements in infant formulas in Beijing, to compare nutritional values not
only the potential risk.
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