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Abstract:

This investigation sought to assess concentrations of metallic contaminants in infant nutritional products
commercially available in Bani Waleed City, Libya. Thirty specimens were systematically acquired from retail
establishments, promptly transferred to analytical facilities under controlled conditions, and preserved at 4°C until
processing. Quantitative analysis of iron (Fe), lead (Pb), cadmium (Cd), and copper (Cu) was conducted using
flame atomic absorption spectrometry (FAAS) following standardized protocols. Laboratory results demonstrated
cadmium concentrations below instrumental detection limits (0.01 mg/kg), while measurable quantities of iron
(8.2 - 16.4 mg/kg), copper (0.8 - 1.8 mg/kg), and lead (0.02-0.1 mg/kg) were identified. All values remained
substantially beneath WHO-established safety thresholds (Pb/Cd < 0.1 mg/kg; Cu < 10 mg/kg), confirming
regulatory compliance for infant consumption.
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1. Introduction

The safety and nutritional quality of baby formulas are of paramount importance due to their critical role in the
growth and development of infants. Baby formulas are often the primary source of nutrition for infants, and any
contamination with heavy metals could pose significant health risks. Heavy metals such as iron (Fe), lead (Pb),
cadmium (Cd), and copper (Cu) are known to have toxic effects on human health, particularly in vulnerable
populations such as infants [1]. The presence of these metals in baby formulas can result from various sources,
including contamination during manufacturing, packaging, or from the environment.

Lead (Pb) is a well-known neurotoxin that can cause developmental delays, learning disabilities, and behavioral
problems in children [2], [3]. Cadmium (Cd) is also a toxic metal that can accumulate in the kidneys and liver,
leading to chronic health issues [4]. Copper (Cu) is an essential trace element, but excessive intake can lead to
liver damage and other health problems [5]. Iron (Fe) is essential for hemoglobin synthesis, but excessive levels
can lead to oxidative stress and tissue damage [5], [6].

The World Health Organization (WHO) has set maximum permissible limits for heavy metals in food products,
including baby formulas, to ensure consumer safety [7]. However, there is limited data on the heavy metal content
of baby formulas in Libya, particularly in Bani Waleed City. This study aimed to assess the levels of Fe, Pb, Cd,
and Cu in baby formula samples collected from markets in Bani Waleed City, Libya, and to compare these levels
with WHO guidelines.

2.Materials and Methods

2.1. Sample Collection

Thirty commercially available infant formula specimens were procured through retail surveillance across Bani
Waleed City, Libya, during Q1 2023. The sampling strategy targeted diverse retail outlets to capture variations in
manufacturer formulations. Following standardized collection protocols, acquired samples were immediately
sealed in sterile, hermetic containers to preserve integrity, then transferred under temperature-controlled
conditions to accredited analytical facilities for subsequent contaminant profiling.

2.2. Sample Preparation

The baby formula samples were prepared for analysis by following standard procedures. For powdered formulas,
a 10 g sample was dissolved in 100 mL of distilled water. For ready-to-feed formulas, a 10 g sample was directly
weighed. The solutions were then filtered through a 0.45 pm membrane filter to remove any particulate matter.
The filtrate was then subjected to acid digestion using a mixture of nitric acid (HNO3) and perchloric acid
(HC104) to dissolve any metal compounds present.

2.3. Heavy Metal Analysis

The levels of Fe, Pb, Cd, and Cu in the digested samples were determined using a Flame Atomic Absorption
Spectrometer (FAAS) (Model: Varian AA240). The instrument was calibrated using standard solutions of known
concentrations, and the readings were obtained at the following wavelengths: 248.3 nm for Pb, 228.8 nm for Cd,
324.7 nm for Fe, and 324.7 nm for Cu. Blank solutions were also prepared and analyzed to account for any
background interference.

2.4. Statistical Analysis

Quantitative assessment employed descriptive analytical methods to evaluate central tendency, dispersion, and
distribution parameters. Measured values underwent systematic evaluation against WHO-established safety
thresholds for metallic contaminants in infant nutritional products. All computational procedures were executed
through the SPSS statistical package (IBM Corporation, Release 25) following standardized protocols for
environmental health analytics.

3. Results

3.1. Heavy Metal Levels in Baby Formulas

The levels of Fe, Pb, Cd, and Cu in the baby formula samples are presented in Table 1.
Table 1: Heavy metal levels in baby formula samples (n=30).

Metal | Mean (mg/kg) | Standard Deviation (mg/kg) | Range (mg/kg)
Fe 12.5 2.1 82-16.4
Pb 0.05 0.02 0.02-0.1
Cd ND ND ND
Cu 1.2 0.3 0.8-1.8

ND: Not detected (below the detection limit of 0.01 mg/kg).
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3.2. Comparison with WHO Guidelines

Current WHO safety thresholds for metallic contaminants in infant nutritional products stipulate maximum
concentrations of 0.1 mg/kg for lead (Pb), 0.1 mg/kg for cadmium (Cd), and 10 mg/kg for copper (Cu) (World
Health Organization, 2017). Iron (Fe), classified as a micronutrient rather than a contaminant, and remains exempt
from these regulatory standards. Analytical findings revealed Pb and Cu concentrations consistently below
prescribed thresholds across all tested samples. Cadmium concentrations fell below analytical detection
capabilities (sensitivity threshold: 0.01 mg/kg) throughout the investigation, demonstrating compliance exceeding
baseline regulatory requirements.

4. Discussion

The results of this study indicate that the levels of heavy metals in baby formula samples from Bani Waleed City,
Libya, are generally within acceptable limits as per WHO guidelines. Iron, copper, and lead were detected in some
samples, but their levels were below the recommended maximum permissible limits. Cadmium was not detected
in any of the samples, which is a positive finding, as cadmium is a highly toxic metal with no known biological
function.

The presence of lead in baby formulas is of particular concern, as lead is a known neurotoxin that can cause
developmental delays and learning disabilities in children [8], [9]. However, the levels of lead detected in this
study were very low, ranging from 0.02 to 0.1 mg/kg, which is below the WHO permissible limit of 0.1 mg/kg.
This suggests that the baby formulas available in Bani Waleed City are not posing a significant lead-related health
risk to infants.

Copper is an essential trace element that plays a crucial role in various enzymatic reactions in the body. However,
excessive copper intake can lead to oxidative stress and tissue damage [10], [11]. The levels of copper detected in
this study were within the acceptable range, with a mean value of 1.2 mg/kg, which is well below the WHO
permissible limit of 10 mg/kg.

Iron is an essential nutrient for the synthesis of hemoglobin and myoglobin, and it plays a critical role in oxygen
transport and storage [12].The levels of iron in baby formulas are not regulated by WHO, as it is an essential
nutrient. The mean iron level in this study was 12.5 mg/kg, which is within the recommended range for infant
nutrition.

4.1. Possible Sources of Contamination

The presence of heavy metals in baby formulas can result from various sources, including contamination during
manufacturing, packaging, or from the environment. Lead contamination can occur through the use of lead-
containing materials in the manufacturing process, such as lead solder in cans or lead-based paints on equipment
[13]. However, the low levels of lead detected in this study suggest that such contamination is minimal or non-
existent in the baby formulas tested.

Copper contamination can occur through the use of copper-containing materials in the manufacturing or packaging
process, such as copper pipes or containers. However, the levels of copper detected in this study were within
acceptable limits, indicating that copper contamination is not a significant concern in the baby formulas tested
[14], [15].

Cadmium contamination can occur through the use of cadmium-containing materials in the manufacturing process
or through environmental contamination of raw materials [16], [17]. The absence of cadmium in the samples
suggests that cadmium contamination is not a significant issue in the baby formulas tested.

4.2. Implications for Infant Health

The findings of this study suggest that the baby formulas available in Bani Waleed City, Libya, are generally safe
for infant consumption in terms of heavy metal contamination. However, it is essential to continue monitoring the
heavy metal content of baby formulas to ensure their safety and nutritional quality. Regular monitoring can help
identify any potential sources of contamination and ensure that regulatory standards are met.

4.3. Limitations of the Study

This study has several limitations. First, the sample size was relatively small, with only 30 samples collected from
different markets in Bani Waleed City. A larger sample size would provide a more comprehensive assessment of
heavy metal contamination in baby formulas in the region. Second, the study only assessed four heavy metals (Fe,
Pb, Cd, and Cu), while other potentially harmful metals, such as mercury (Hg) and arsenic (As), were not
evaluated. Future studies should consider assessing a broader range of heavy metals to provide a more complete
picture of heavy metal contamination in baby formulas.

5. Conclusion

The analytical results from Bani Waleed City, Libya, indicate that infant nutrition products in the region
demonstrate compliance with WHO safety standards for heavy metal content. Trace amounts of lead, copper, and
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iron were identified in select formula samples, though all measurements remained below established thresholds.
Notably, cadmium concentrations fell beneath detectable limits across all analyzed specimens. These observations
suggest that commercially available formulas in the study area contain acceptable heavy metal concentrations for
infant consumption based on current international guidelines. While these findings provide reassurance regarding
product safety, researchers emphasize the importance of maintaining vigilant surveillance programs to ensure
sustained safety and conduct regular quality assessments of nutritional provisions for vulnerable populations.

References

1. N. S. Alharbi et al., “Occurrence and dietary exposure assessment of heavy metals in baby foods in the
Kingdom of Saudi Arabia,” Food Sci. Nutr., no. November 2022, pp. 5270-5282, 2023, doi:
10.1002/fsn3.3485.

2. J. Elaridi, H. Dimassi, O. Al Yamani, M. Estephan, and H. F. Hassan, “Determination of lead, cadmium and
arsenic in infant formula in the Lebanese market,” Food Control, vol. 123, p. 107750, 2021.

3. A.Ismail, M. Riaz, S. Akhtar, J. E. Goodwill, and J. Sun, “Heavy metals in milk: global prevalence and health
risk assessment,” Toxin Rev., vol. 38, no. 1, pp. 1-12, 2019.

4. 1. M. Aldjain, M. H. Al-Whaibi, S. S. Al-Showiman, and M. H. Siddiqui, “Determination of heavy metals in
the fruit of date palm growing at different locations of Riyadh,” Saudi J. Biol. Sci., vol. 18, no. 2, pp. 175—
180, 2011, doi: 10.1016/j.sjbs.2010.12.001.

5. M. O. A. Salem and I. A. S. Salem, “Detection of Heavy Metals in Goat Milk in Bani Waleed City-Libya,”
Libyan J. Ecol. Environ. Sci. Technol., vol. 5, no. 2, pp. 69-73, 2023, doi: http://aif-doi.org/LJEEST/050213.

6. A.S. Chamon et al., “Heavy metals in dates (Phoenix dactylifera L.) collected from Medina and Dhaka City
markets, and assessment of human health risk,” Environ. Syst. Res., vol. 13, no. 1, 2024, doi: 10.1186/s40068-
024-00354-7.

7. A. A. Abdelkareem et al., “Essential and Toxic Heavy Metals Status in Some Fruits from Turaba District
(Saudi Arabia), Health Risk Assessment,” Technol. Public Policy, vol. 2, no. 2, pp. 26-37, 2018, doi:
10.11648/j.stpp.20180202.12.

8. H. Gardener, J. Bowen, and S. P. Callan, “Science of the Total Environment Lead and cadmium
contamination in a large sample of United States infant formulas and baby foods,” vol. 651, pp. 822-827,
2019.

9. M. Pandelova and W. Levy, “Ca, Cd, Cu, Fe, Hg, Mn, Ni, Pb, Se, and Zn contents in baby foods from the
EU market: Comparison of assessed infant intakes with the present safety limits for minerals and trace el ...,”
no. October 2021, 2012, doi: 10.1016/j.jfca.2012.04.011.

10. F. Malhat and M. Hagag, “Contamination of Cows Milk by Heavy Metal in Egypt,” pp. 611-613, 2012, doi:
10.1007/s00128-012-0550-x.

calall 84L& Galaall s daall Sl and® seaal o) and suss g 0 Gusal Vg ) g amu e e e a1
> Afirican J. Adv. Pure Appl. Sci., vol. 2, no. 4, pp. 14-21, 2023 Lud-ad 5 o Ase (A Dl giall yivoall

12. A. S. Al Khalifa and D. Ahmad, “Determination of key elements by ICP-OES in commercially available
infant formulae and baby foods in Saudi Arabia,” African J. Food Sci., vol. 4, no. 7, pp. 464—468, 2010.

13. [T. Chowdhury, “ASSESSMENT OF NUTRITIONAL VALUE AND HEAVY METAL
CONTAMINATION IN BABY,” no. June, 2019.

14. P. U. 1. Method, “Probabilistic Health Risk Assessment of Trace Elements in Baby Food and Milk
Probabilistic Health Risk Assessment of Trace Elements in Baby Food and Milk Powder Using ICP - OES
Method,” Biol. Trace Elem. Res., no. July, 2021, doi: 10.1007/s12011-021-02808-w.

15. A. Mielech and A. Pu, “Assessment of the Risk of Contamination of Food for Infants and Toddlers,” pp. 1—
21,2021.

16. R. Peirovi-minaee, M. Taghavi, M. Harimi, and A. Zarei, “Trace elements in commercially available infant
formulas in Iran: Determination and estimation of health risks Trace elements in commercially available
infant formulas in Iran: Determination and estimation of health risks,” no. March, 2024, doi:
10.1016/j.fct.2024.114588.

17. M. Mania, M. Wojciechowska-mazurek, K. Starska, M. Rebeniak, T. Szynal, and A. Strzelecka, “Toxic
Elements in Commercial Infant Food, Estimated Dietary Intake, and Risk Assessment in Poland,” no. January
2015, 2016, doi: 10.15244/pjoes/59306.

124 | Libyan Journal of Medical and Applied Sciences LIMAS)



