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Abstract 

Accurately determining the composition of essential and toxic elements in commercial infant formulas is critical to ensuring safe nutrition for 

infants. In this study, the concentrations of essential and toxic elements (Pb, Ni, Cd, Al, Cr, Cu, Fe, Mn, Zn, Co) in infant formulas were determined 

using high-resolution continuum-source flame atomic absorption spectrometry (HR-CS FAAS) and have been evaluated for health risk. The 

measured values for concentrations from lowest to highest were (in mg/kg): 36.38–77.45 (Zn), 6.28–12.88 (Al), 2.37–4.91 (Cu), 22.01–51.64 (Fe), and 

0.55–2.06 (Mn). The highest concentrations of Ni and Cd were 0.18 and 0.09 mg/kg, respectively, while the lowest concentrations for these metals 

were below the detection limit. The Cr, Co and Pb levels were below the detection limits in all samples. According to the risk assessment conducted 

for infants aged 0–24 months, which involved calculating the estimated daily intake (EDI), the estimated weekly intake (EWI), the target hazard 

quotient (THQ), and the hazard index (HI), it was found that the THQ values range from 0.00 to 0.06 for Ni, from 0.00 to 0.69 for Cd, and from 

0.17 to 0.22 for Al. However, since the HI for all age groups is less than 1, it can be concluded that there is no health concern for the elements Ni, 

Cr, Cd, Pb, Al, and Co. 
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1. Introduction

Nowadays, the intense involvement of women in 

business life is increasing the demand for commercial 

infant formulas. Thanks to the development of food 

technology, this high demand has increased production 

and consumption, as well as an increase in the quality 

and variety of infant formulas [1]. According to the 2018 

data from the Turkey Demographic and Health Survey, 

infant formula consumption is 59% for infants aged 0–1 

months and 45% for infants aged 2–3 months, but this 

rate decreases rapidly with age, falling to 14% for infants 

aged 4–5 months [2]. In addition to environmental 

contaminants, agrochemical residues and natural toxins, 

contaminants introduced during food processing, 

packaging and storage pose safety concerns for infant 

formula [3]. This has also become a matter of growing 

concern within society. 

Providing a growing baby with an appropriate diet is 

critical for healthy growth and development. Low intake 

or reduced bioavailability of nutrients can lead to 

deficiencies and impaired body functions [4]. Recent 

clinical research has shown that certain metals and 

metalloids, such as iron, copper, zinc, and selenium, 

which are essential micronutrients, play a crucial role in 

various biochemical functions in all living organisms, 

including infants. These functions include bone 

mineralization, enzymatic reactions, redox reactions, 

hormone secretion, as well as protection of cells and 

lipids in biological membranes [5]. However, excessive 

exposure to these metals can cause toxicity and lead to 

adverse health effects, such as neurotoxicity, 

developmental delays, and impaired immune function 

in infants. Therefore, it is essential to understand the 
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balance between the benefits and risks of these metals in 

infant formulas to ensure optimal infant health [6].  

Improper nutrition during infancy can directly affect 

infant growth, as well as lead to long-term adverse 

health effects on organ development and function. 

Several studies have shown that formula feeding is 

associated with several health risks. These include 

immune system disorders, food allergies, obesity, 

diabetes, and coronary heart disease later in life [7]. 

Parents are becoming more conscious about the healthy 

nutrition of their children and are demanding more 

information about the contents of commercial baby 

foods [8]. In recent years, numerous studies have been 

conducted on the mineral profile of infant formula 

samples [9]. Most of these studies have focused on 

comparing breast milk with cow's milk-based formula 

substitutes [8]. A review of the literature shows that 

studies on infant feeding are available in both 

developing and industrialized countries [4,10–13]. 

Chajduk et al. (2018) analyzed the basic contents of 16 

formulas for infants aged 0 to 8 months in Poland [8]. 

Mohamed et al. (2021) determined the concentrations of 

seventeen elements (Al, Br, Ca, Cl, Co, Cu, Fe, I, K, Mg, 

Mn, Na, Rb, Sb, Sc, Se, and Zn) in infant formulas of 34 

different brands collected from pharmacies and local 

markets in Egypt [14]. Kazi et al. (2010) conducted 

studies on a total of eight different infant formula 

products in Pakistan [15], while Basaran (2022) 

determined the levels of toxic metals in 36 infant formula 

samples in Turkey [10]. It has been observed that 

research on trace element analysis of commercially 

available baby foods is limited in our country.  

The most widely published techniques for elemental 

analysis of infant formula are inductively coupled 

plasma optical emission spectrometry (ICP/OES) [16], 

electrothermal atomic absorption spectrometer (ETAAS) 

[17], flame and graphite furnace atomic absorption 

spectrometry (GF-AAS) [18,19], and inductively coupled 

plasma mass spectrometry (ICP-MS) [10,20,21]. 

Furthermore, elemental levels in milk powder 

formulations for infants and cereals have been 

successfully determined by energy dispersive X-ray 

fluorescence (EDXRF), and wavelength dispersive X-ray 

fluorescence (WDXRF) [22,23]. The main advantages of 

plasma techniques are high sensitivity and the ability to 

determine multiple elements. However, these 

techniques can be expensive, and high organic matrix 

content, particularly in the case of ICP-MS, can affect 

results through spectral and/or non-spectral 

interferences. [24]. High-resolution continuum source 

flame atomic absorption spectrometry (HR-CS FAAS) 

offers several advantages over other techniques, 

including low cost of analysis, a high resolution 

monochromator, and the ability to determine multiple 

elements using a single light source (xenon arc) [25,26]. 

In addition, HR-CS FAAS allows the analysis of a wide 

range of elements, enabling consistent methodology 

across different application areas. HR-CS FAAS was 

therefore selected as the method of choice for this study.  

The nutritional values, mineral, and vitamin content 

of ready-to-eat infant formulas may not have enough 

data on their labeling. Toxic elements could be present 

due to raw materials used in the preparation of infant 

formulas and foods, contamination, or food processing. 

Finding micronutrients is important to know if infants 

are getting the right nutrients during this critical 

developmental period. This study aims to determine the 

levels of some essential and toxic elements in 

commercial infant formulas and their contribution to the 

dietary intake of infants. Additionally, the risk of toxic 

elements, estimated daily intake (EDI), target hazard 

quotient (THQ), and hazard index (HI) were calculated 

for infants (0 to 24 months), and estimated weekly intake 

(EWI) values were compared with provisional tolerated 

weekly intake (PTWI) values. 

2. Materials and Method 

2.1. Sample Collection 

In this study, a total of 36 samples, 2 product from each 

brand with different production dates (6 different 

brands × 3 different age groups  × 2 different production 

date), were purchased from supermarkets and 

pharmacies in the province of Kırşehir, Turkey, in 2022. 

The samples were analyzed before their expiration date. 

2.2. Chemicals 

During the process of determining the levels of essential 

and toxic elements in infant formulas aged 0–24 months, 

it was ensured that all chemicals used were of analytical 

reagent quality. Concentrated nitric acid (65% HNO3) 

and hydrogen peroxide (30% H2O2) were purchased 

from Merck Co. (Darmstadt, Germany). Additionally, 

ultrapure deionized water (18.3 MΩ cm, Millipore, 

Corporation, MA, USA) was used to prepare the 

standards and sample solutions. 

2.3. Preparation of Samples 

For infant food samples (0.25–0.30 g), 100 mL containers 

made of polytetrafluoroethylene (PTFE) containers with 

screw caps resistant to microwave oven pressure and 

temperature were used. To each sample placed in the 

PTFE containers, 5 mL of 65% HNO3 (w/w) was added, 

followed by 1 mL of 30% H2O2 (w/w) solution. The 

mixture was incubated for 30 min at room temperature. 

The sealed lids of the PTFE containers were closed and 

solubilized in a microwave oven using 3 different 

programs. The digestion program was applied  
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as 250 W for 5 min; 450 W for 5 min and 800 W for 10 

min. After the PTFE containers were cooled to room 

temperature, their lids were carefully opened in a fume 

hood and the volume of the obtained clear mixture 

(undigested samples had the microwave digestion 

process applied again) was made up to 10 mL with 0.1 M 

HNO3 solution. The same procedures were applied to 

the blank solution, which did not contain the food 

sample [27]. Analysis of the samples was carried out by 

making three parallel readings. In the study, the HR-CS 

FAAS device model Analytik Jena ContrAA 300 (GLE, 

Berlin, Germany) was used for the metal detection. The 

detection limits for the elements studied (Catalog 

Analytikjena, 2008) are given in Table 1. Additionally, an 

air-acetylene flame was used for the determination of Pb, 

Ni, Cd, Cr, Cu, Fe, Mn, Zn, and Co and a nitrous oxide-

acetylene flame for Al under optimized conditions as 

specified in Table 1. 

2.4. Human Health Risk Assessment 

The risk of toxic elements for infants (0 to 24 months) was 

assessed by calculating EDI, THQ, and the HI. The EDI 

was calculated according to Equation 1 [28]. 

𝐸𝐷𝐼 =
𝑀𝑐 𝑥 𝐷𝐼

𝐵𝑊
 (1) 

Where EDI is the estimated daily intake (mg/kg/day), 

Mc is the elemental content of infant formula (mg/kg dry 

weight), and DI is the daily infant formula intake (kg); 

120 g/day for (0–6 months) infants, 160 g/day for (6–12 

months) infants, and 200 g/day for (12–24 months) 

infants [11]. Where BW is the reference body weight (kg); 

5.9 kg for (0–6 months) infants, 9.3 kg for (6–12 months) 

infants, and 12.2 kg for (12–24 months) infants [11]. 

The THQ value was used to assess the non-

carcinogenic risk (Equation 2); 

𝑇𝐻𝑄 =  
𝐸𝐷𝐼

𝑅𝑓𝐷 
 (2) 

The reference dose (RfD) values for metals are given 

in Table 2 [29,30]. The value given as Total THQ (T THQ) 

or HI, is calculated as the total THQ values of all 

elements investigated. A TTHQ greater than 1 indicates 

non-carcinogenic health risks to the consumer [31]. 

When consuming food, people are exposed not only to 

one metal but also to multiple metals contained in that 

food. Therefore, the HI was calculated by summing the 

THQ values of each metal in the study (Equation 3). HI 

< 1 indicates no health risk concern, while HI ≥ 1 

indicates a potential health concern. 

∑ 𝑇𝐻𝑄(𝐻𝐼)  = (𝑇𝐻𝑄1  +  𝑇𝐻𝑄2+. . . . . . . . +𝑇𝐻𝑄𝑛) (3) 

Table 2. Reference dose (RfD) values of metals 

Metal RfD (mg/kg/day) 

Pb 0.004 

Ni 0.02 

Cd 0.001 

Al 1.00 

Cr 1.5 

Cu 0.04 

Fe 0.7 

Mn 0.14 

Zn 0.3 

3. Results and Discussion 

As infant formula is often the primary source of nutrition 

for infants and children, it is essential that the quality 

and nutritional content of these foods are appropriate for 

their health due to their low body weight in the face of 

high nutrient needs, infants are particularly vulnerable 

to exposure to nutritional products with the wrong 

ingredients [32]. Metals such as Pd, Cd, Hg and As are 

considered toxic and cause adverse effects even at low 

levels. To demonstrate the adequacy of infant formula 

products, it is important to determine whether the 

macro- and micro-element content of these products is 

within the range of reliable reference values. 

The measured values for concentrations from lowest 

to highest were (in mg/kg): 36.38–77.45 (Zn), 6.28–12.88 

(Al), 2.37–4.91 (Cu), 22.01–51.64 (Fe), and 0.55–2.06 (Mn). 

The highest concentrations of Ni and Cd were 0.18 and 

0.09 mg/kg, respectively, while the lowest 

concentrations for these metals were below the detection 

limit. The concentrations of Cr, Co and Pb were below 

the limit of detection in all samples (Table 3). The 

Table 1.  HR-CS FAAS device variables and limit of detection 

Variables Pb Ni Cd Al Cr Cu Fe Mn Zn Co 

Wavelength, nm 217.00 232.00 228.80 396.15 359.34 324.75 248.32 279.48 213.85 240.72 

N2O-C2H2 flow rate, L/h 0 0 0 215 0 0 0 0 0 0 

C2H2-air flow rate L/h 65 55 50 55 100 55 60 80 60 60 

Burner height, mm 8 7 6 7 7 6 5 8 8 6 

Evaluation Pixels, pm 3 3 3 3 3 3 3 3 3 3 

*LOD (µg/L) 5 1.2 0.4 22 5 1 1 1 1 2 

* 3σ, 11 repetitions 
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accuracy of the method was determined using the 

standard addition method. The recoveries were 

calculated above 90%. EDI and EWI of various metals for 

infants are shown in Table 4. PTWI is the maximum 

amount of heavy metals in the weekly and daily diet that 

does not pose a risk to human health. Therefore, 

according to the FAO/WHO (2004) recommendation, the 

heavy metal data in infant formulas were compared with 

the PTWI. This was performed to determine the safe 

level for weekly consumption of infant formul.  

Zinc (Zn) is an essential part of the activity of more 

than 200 enzymes involved in digestion, metabolism, 

reproduction and wound healing [33]. Zinc deficiency 

leads to deterioration of the immune system and 

cognitive disorders. However, high zinc intake can cause 

toxicity and acute zinc poisoning has been associated 

with non-specific gastrointestinal symptoms such as 

abdominal pain, diarrhea, nausea and vomiting [34]. In 

this study, the mean Zn levels of infant formula samples 

Nos. 1, 2 and 3 were 57.47 ± 2.87, 56.23 ± 2.34 and 62.15 ± 

2.33 mg/kg, respectively. In all infant formula samples, 

the mean Zn level was approximately 58.62 (36.38–77.45) 

mg/kg (Table 3). In the literature studies, Zn levels in 

infant formula and follow-on formula were determined 

to be 1.61–2.02 mg/kg [11], 4.69–11.34 mg/kg [35], 27.88–

71.55 mg/kg [36], 32.53–42.98 mg/kg [37], 6.82–17.19 

mg/kg [38], 36.2–52.3 mg/kg [39], 0.92–37.2 mg /kg [19], 

and 23.6–53.9 mg/kg [32]. The PTWI for Zn was been 

determined by FAO/WHO as 7000 µg/kg body 

weight/week [40]. When the EWI values given in Table 4 

were compared with the PTWI value, it was observed 

that the EWI values were above the limit value in infant 

formulas number 1 and 3. 

Although nickel (Ni) is an essential micronutrient 

source for the organism at low concentrations, it is a toxic 

element at high concentrations. It is known to act as a 

cofactor in the activation of certain enzymes involved in 

the breakdown or usage of glucose. Nickel may aid in 

the production of prolactin and therefore may be 

involved in human breast milk production [41]. It has 

been shown that acute exposure of the human body to 

nickel can cause various health problems such as liver, 

kidney, spleen, brain tissue damage, vesicular eczema 

and lung [42]. In this study, the mean Ni levels in infant 

formula samples Nos. 2, and 3 were 0.068 ± 0.002 and 

0.065 ± 0.003 mg/kg, respectively (Table 3). The highest 

Ni concentration was found in infant formula number 3 

(Brand 4). In literature studies, commercial infant 

formulas in the Egyptian market did not contain 

detectable amounts of Ni [6], while in another study, the 

Ni levels in infant formula and follow-on formula were 

determined to be 0.219–2.23 mg/kg [11]. The PTWI for Ni 

was been determined by the FAO/WHO as 35 µg/kg 

body weight/week [40]. When the EWI values given in 

 

Table 3. Macro and microelement concentrations of infant foods (mg/kg) 

Mark N Zn Ni Cr Cd Pb Al Co Cu Fe Mn 

Number 1 

Brand 1* 2 36.38 ± 1.82 BDL bBDL BDL BDL 7.28  ± 0.36 BDL 2.37 ± 0.17 37.15 ± 1.86 0.88 ± 0.04 

Brand 2* 2 75.85 ± 3.79 BDL BDL BDL BDL 12.88 ± 0.99 BDL 3.00 ± 0.15 43.45 ± 2.17 0.88 ± 0.04 

Brand 3* 2 52.83 ± 2.64 BDL BDL BDL BDL 11.55 ± 0.68 BDL 3.73 ± 0.19 22.01 ± 1.10 1.56 ± 0.08 

Brand 4* 2 59.77 ± 2.99 BDL BDL BDL BDL 11.71 ± 0.69 BDL 3.34 ± 0.17 41.84 ± 2.09 0.55 ± 0.03 

Brand 5* 2 66.08 ± 3.30 BDL BDL BDL BDL 11.83 ± 0.69 BDL 4.61 ± 0.23 44.18 ± 2.21 0.80 ± 0.04 

Brand 6* 2 53.89 ± 2.69 BDL BDL BDL BDL 9.16 ± 0.46 BDL 3.87 ± 0.19 42.62 ± 2.13 0.60 ± 0.03 

Number 2 

Brand 1** 2 42.12 ± 1.45 BDL BDL BDL BDL 6.28  ± 0.53 BDL 4.37 ± 0.18 39.15 ± 1.28 0.95 ± 0.06 

Brand 2** 2 75.36 ± 3.16 BDL BDL 0.030 ± 0.002 BDL 11.25 ± 1.02 BDL 3.25 ± 0.12 40.25 ± 1.29 0.96 ± 0.05 

Brand 3** 2 49.23 ± 2.25 0.12 ± 0.02 BDL 0.040 ± 0.002 BDL 12.23 ± 1.56 BDL 4.53 ± 0.19 36.03 ± 1.02 1.96 ± 0.18 

Brand 4** 2 55.18 ± 2.23 0.17 ± 0.02 BDL BDL BDL 11.31 ± 1.62 BDL 3.63 ± 0.17 51.64 ± 2.06 0.63 ± 0.04 

Brand 5** 2 65.01 ± 2.88 0.12 ± 0.01 BDL BDL BDL 10.20 ± 1.09 BDL 4.83 ± 0.24 48.16 ± 2.02 0.90 ± 0.06 

Brand 6** 2 50.52 ± 2.10 BDL BDL BDL BDL 10.16 ± 0.96 BDL 3.57 ± 0.15 42.62 ± 2.13 0.72 ± 0.04 

Number 3 

Brand 1*** 2 52.20 ± 1.65 BDL BDL 0.03 ± 0.01 BDL 6.58  ± 0.90 BDL 4.37 ± 0.20 40.55 ± 2.01 0.89 ± 0.03 

Brand 2*** 2 77.45 ± 2.63 BDL BDL 0.03 ± 0.01 BDL 12.72 ± 1.08 BDL 3.15 ± 0.15 43.35 ± 2.10 0.96 ± 0.05 

Brand 3*** 2 62.83 ± 2.25 0.11 ± 0.02 BDL 0.070 ± 0.003 BDL 11.55 ± 1.23 BDL 2.93 ± 0.14 23.56 ± 1.63 2.06 ± 0.08 

Brand 4*** 2 58.70 ± 2.62 0.18 ± 0.02 BDL 0.090 ± 0.001 BDL 10.22 ± 1.02 BDL 3.56 ± 0.16 43.84 ± 1.62 0.61 ± 0.03 

Brand 5*** 2 65.35 ± 2.54 0.10 ± 0.02 BDL BDL BDL 10.60 ± 1.50 BDL 4.91 ± 0.21 45.08 ± 2.26 0.87 ± 0.04 

Brand 6*** 2 56.38 ± 2.28 BDL BDL BDL BDL 9.23 ± 1.00 BDL 4.07 ± 0.18 43.15 ± 1.56 0.73 ± 0.03 

x  ± SD (Mean  ± Standard deviation), (N=3) 
*: 0–6 months, **: 6–12 months, ***: 12–24 months 
bBDL: Below the Limit of Detection 
N: Number of samples (in powder form) 
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Table 4 were compared with the PTWI value, it was 

observed that it was lower than the limit value. 

Chromium (Cr) mainly appears in two forms: 

trivalent Cr (Cr3+) and hexavalent Cr (Cr6+). Cr6+ is 

reported to be toxic, mutagenic, carcinogenic and death 

of apoptotic cells, oxidative stress, changed gene 

expression and can induce DNA damage. On the other 

hand, Cr3+ is included among essential trace elements for 

the maintenance of effective glucose, lipid, and protein 

metabolism in living things [43]. In this study, Cr 

concentrations in all analyzed samples were below the 

detectable values of the device. In literature studies, Cr 

levels in infant formula and follow-on formula were 

determined to be <0.007–0.053 mg/kg [32], 2.51–83.80 

µg/kg) [27], 100–1450 µg/kg [18], and <LOD–6.29 × 10–2 

mg/kg [11]. The PTWI for chromium was determined as 

23.3 µg/kg body weight/week by FAO/WHO [40]. 

High levels of exposure to toxic pollutants such as Cd 

found in foods can accumulate in the kidney and liver 

due to its long biological half-life, leading to kidney 

toxicity, cancer, kidney stone formation, neurological 

effects, and serious damage to calcium metabolism [6]. 

The highest Cd concentration was found in infant 

formula number 3 (0.090 ± 0.001). Some values found 

were above the Cd limits (0.005–0.02 mg/kg) set by the 

European Commission for infant formula and follow-on 

formula [44]. The FAO/WHO and the Joint Expert 

Committee on Food Additives (JECFA) have determined 

the PTWI for cadmium as 7 µg/kg body weight/week 

[40]. When the EWI values given in Table 4 were 

compared with the PTWI values, it was determined that 

the Cd values of all infant formulas analyzed were low. 

In the literature studies, Cd levels in infant and follow-

on formulas were determined to be 0.13–3.58 µg/kg [27], 

<0.000–0.015 mg/kg [45], 0.038–0.476 mg/kg [28], 0.01 

mg/kg [46], 0.012 mg/kg [47], and 0.005–0.017 mg/kg [6], 

and < LOD–1.64 × 10–2 mg/kg [11]. 

Lead (Pb) is a potent neurotoxin in its alkyl form, and 

ingestion with milk increases its absorption. Lead 

exposure in infants affects the nervous system and 

normal development of the brain, causing learning 

difficulties and anemia [48]. In this study, Pb 

concentrations in all analyzed samples were below the 

detectable values of the device. The allowable limit for 

lead in infant formula has been determined by the Codex 

Alimentarius Commission (CAC) as 10 µg/kg [49] and 

by the European Union as 50 µg/kg [50]. In studies 

conducted in infant and follow-on formulas in different 

countries in the literature, the Pb range was determined 

to be (0.36–5.57 µg/kg) in China) [27], <LOD–0.01 mg/kg 

in Iran [11], (31.0–1040 µg/kg) in Lebanon [28], (25.7–45.5 

µg/kg) in Spain [51],[36] (16.0–103 µg/kg) in Ethiopia, 

[35] ( 0.14–2.46 µg/kg), and [52] (0.55–24.9 µg/kg) in 

Turkey. The PTWI for lead was been determined by the 

FAO/WHO as 25 µg/kg body weight/week [40]. 

The presence of Al, a toxic element, in infant formula 

is a matter of great public health importance and should 

be treated with caution. There are epidemiological data 

that aluminum causes Alzheimer's disease. These data 

also raise doubts that exposure to aluminum may have 

neurological, skeletal, hematopoietic, immunological, 

and other adverse health effects [53]. The US Food and 

Drug Administration (FDA) has reported that this metal 

can accumulate in the central nervous system in the case 

of higher than 4–5 µg/ kg/day of aluminum in premature 

infants with impaired kidney function [54]. In this study, 

the mean Al levels in infant formula samples Nos. 1, 2 

and 3 were 10.74 ± 0.65, 10.23 ± 1.13 and 10.15 ± 1.12 

mg/kg, respectively, and the mean Al level in all infant 

formula samples was approximately 10.37 (6.28–12.88) 

mg/kg (Table 3). The highest Al concentration was found 

in infant formula number 1 (Brand 2). In literature 

studies, Al levels in infant formula and follow-on 

formula were determined to be 189–653 µg/kg [55], 1.3–

17.1 mg/kg [56], and 718–6987 µg/ kg [10]. As a joint 

decision, FAO/WHO/JECFA determined the PTWI value 

for Al as 2 mg/kg bw [57]. On the other hand, the 

European Food Safety Authority (EFSA) has set a TWI 

(Tolerable Weekly Intake) of 1 mg/kg bw for Al in all 

food sources [58]. The Committee observed that the 

PTWI may be exceeded in some demographics, 

particularly in children who regularly consume foods 

containing Al-based additives or ingredients [59]. When 

the EWI values given in Table 4 were compared with the 

PTWI value, it was observed that all infant formulas 

were below the limit value. 

Cobalt (Co) is an essential metal found in the active 

site of vitamin B-12 and is central to the biochemical 

reactions of life. Overexposure has caused various 

adverse health effects in animals and humans, such as 

vasodilation, flushing, and cardiomyopathy [60]. In this 

study, Co concentrations in all analyzed samples were 

below the detectable values of the device. In the 

literature studies, Co levels in infant formula and follow-

on formula were determined to be 0.018–0.036 mg/kg 

[32], and 9.00 × 10–4–4.90 × 10–3 mg/kg [11]. 

Copper (Cu) deficiency can decrease leukocytes, 

anemia, and osteoporosis in infants and children. In 

addition, excessive copper intake can cause acute 

poisoning, transient gastrointestinal disturbances with 

symptoms such as vomiting, nausea, and abdominal 

pain, and even liver toxicity resulting in death [61]. The 

mean Cu      levels in infant formula samples Nos.1, 2 and 

3 were   3.49 ± 0.18, 4.03 ± 0.17 and 3.83 ± 0.17 mg/kg, 

respectively, and the mean Cu level in all infant formula 

samples was   approximately  3.78  (2.37 – 4.91)  mg/kg  

(Table 3). 
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The highest copper concentration was determined in the  

number 3 (Brand 5) infant formula. In the literature 

studies, Cu levels in infant and follow-on formulas were 

determined to be 0.11–2.37 mg/kg [35], 0.41–6.35mg/kg 

[32], and 1.24 × 10–3– 1.87 × 10– 2 mg/kg [11]. For copper, 

PTWI was been determined as 3500 µg/kg /week by 

FAO/WHO [40]. When the EWI values given in Table 4 

were compared with the PTWI value. It was determined 

that copper, which is considered a critical cofactor in the 

effective use of many elements, especially iron [62], was 

lower than the standard value. 

 Iron is involved in various metabolic processes in 

living organisms, such as electron transfer, substrate 

oxidation-reduction, hormone synthesis, oxygen 

transport and storage, DNA replication-repair and cell 

cycle control, nitrogen fixation, and protection from 

reactive oxygen species [63,64]. The decrease in the 

concentration of this element, which is important in 

terms of metabolism, increases cadmium absorption in 

the body [64]. Therefore, sufficient iron must be taken to 

reduce cadmium absorption. In this study, the mean Fe 

levels in infant formula samples Nos. 1, 2, and 3 were 

38.54 ± 1.93, 42.97 ± 1.63 and 39.92 ± 1.86 mg/kg, 

respectively. The mean Fe level in all infant formula 

samples was approximately 40.476 (22.01–51.64) mg/kg 

(Table 3). The highest iron concentration was found in 

infant formula number 2 (Brand 4). In the literature 

studies, Fe levels in infant formula and follow-on 

formula were determined to be 1.33–7.54 mg/kg [35], 

3.6–77.8 mg/kg [32], and 1.49–3.01 mg/kg [11]. For iron, 

PTWI has been determined as 5600 µg/kg body 

weight/week by FAO/WHO [40]. When the EWI values 

given in Table 4 were compared with the PTWI value, it 

was observed that it was lower than the limit value. 

Manganese (Mn)is a vital element and cofactor of 

many key enzymes and acts as a component of 

metalloenzymes such as manganese superoxide 

dismutase (MnSOD), which is mainly responsible for 

scavenging Reactive Oxygen Species (ROS) in 

mitochondrial oxidative stress. However, excessive 

exposure to manganese causes toxicity in the central 

nervous, heart, respiratory, and reproductive systems 

[61,65]. In this study, the mean manganese levels in 

infant formula samples Nos. 1, 2 and 3 were 0.88 ± 0.26, 

1.02 ± 0.07 and 1.02 ± 0.04 mg/kg, respectively. The mean 

Mn content in all infant formula samples was 

approximately 0.97 (0.55–2.06) mg/kg (Table 3). The 

highest manganese concentration was determined in an 

infant formula suitable for use number 3 (Brand 3). 

When the results were compared with other studies, Mn 

levels in infant and follow-on formulas were determined 

to be 0.01–0.07 mg/kg [35], 0.157–0.796 mg/kg [32], and 

0.0426–0.0803 mg/kg [11]. The PTWI for manganese has 

been determined by the FAO/WHO as 980 µg/kg body 

weight/week [66]. When the EWI values given in Table 4 

were compared with the PTWI value, it was found that 

it was lower than the limit value. 

The THQ and HI (ΣTHQ) values calculated for each 

heavy metal are given in Table 5. The THQ values 

ranged from 0.00 to 0.06 for Ni, from 0.00 to 0.69 for Cd, 

and from 0.17 to 0.22 for Al. HI <1 was found for all age 

groups. Because of the evaluations, it can be said that 

there are no health concerns for the elements of Ni, Cr, 

Cd, Pb, Al, and Co. 

4. Conclusions 

 Foods used for the healthy development of infants must 

have sufficient and appropriate content. Contaminated 

raw materials and/or contaminated equipment during 

the manufacturing process may result in toxic metal 

contamination of infant formula. Limited data on metal 

contamination in infant formula, especially considering 

the toxic effects of metals on this sensitive population, 

prompted the need for our study. The levels of the 

elements Zn, Ni, Cr, Cd, Pb, Al, Co, Cu, Fe, and Mn in 

infant formula sold on the market in our country were 

determined and their THQ values were calculated. 

Because of the evaluations, it was found that the levels 

of carcinogenic elements in the infant formula samples 

Table 4.  Estimates of daily intake (EDI) and weekly intake (EWI) of various metals 

Month 
Element 

Zn Ni Cr Cd Pb Al Co Cu Fe Mn 

EDI  (mg/kg bw/day) 

0–6 montha 1.17 0.00 0.00 0.00 0.00 0.22 0.00 0.07 0.78 0.02 

6–12 monthb 0.97 0.00 0.00 0.00 0.00 0.18 0.00 0.07 0.74 0.02 

12–24 monthc 1.02 0.00 0.00 0.00 0.00 0.17 0.00 0.06 0.65 0.02 

EWI (mg/kg bw/week) 

0–6* month 8.18 0.00 0.00 0.00 0.00 1.53 0.00 0.50 5.49 0.13 

6–12** month 6.77 0.01 0.00 0.00 0.00 1.23 0.00 0.49 5.17 0.12 

12–24*** month 7.13 0.01 0.00 0.00 0.00 1.16 0.00 0.44 4.58 0.12 
aMean bw: 5.9 kg *: Number 1 
bMean bw: 9.3 kg **:Number 2 
cMean bw: 12.2 kg ***:Number 3 
 

 

Table 5. THQ and HI values of heavy metals in infants due to 

consumption of infant formula 

Age groups 
THQ HI 

Ni Cr Cd Pb Al Co 

0–6 months 0.00 0.00 0.00 0.00 0.22 0.00 0.22 

6–12 months 0.06 0.00 0.69 0.00 0.18 0.00 0.92 

12–24 months 0.05 0.00 0.66 0.00 0.17 0.00 0.88 
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studied were relatively low and the THQ and HI values 

were < 1. These results are consistent with similar studies 

reported in the literature and further support the safety 

of these products. It is important to emphasize that 

although the levels of heavy metals in the infant 

formulas studied were found to be safe, minimizing 

heavy metal exposure should remain a priority. Overall, 

this study contributes to the existing literature by 

providing significant data on the levels of various 

elements in infant formulas in our country and 

confirming their safety. The findings support the 

importance of ongoing monitoring and quality control 

efforts to ensure the healthy development of infants and 

to minimize potential risks associated with heavy metal 

exposure. 
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