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ABSTRACT

Background: Poultry eggs serve as an essential source of protein, vitamins, and minerals, particularly for vulnerable
populations like children and the elderly. With Pakistan’s poultry industry witnessing an annual growth rate of 8—20%, egg
production continues to rise in response to increasing dietary demands. However, the presence of heavy metals in eggs poses a
significant threat to food safety and public health. This study was conducted to assess and compare the concentration of toxic
metals in eggs sourced from domestic and commercial poultry systems in Multan, Pakistan.

Objective: To evaluate and compare the levels of heavy metals—specifically lead (Pb), cadmium (Cd), zinc (Zn), cobalt (Co),
arsenic (As), iron (Fe), and copper (Cu)—in layer and domestic hen eggs to determine their safety for human consumption.

Methods: This cross-sectional laboratory study was carried out at Bahauddin Zakariya University, Multan. Egg samples were
collected randomly from domestic and commercial sources. Each sample underwent wet digestion using concentrated nitric and
perchloric acid followed by analysis through Flame Atomic Absorption Spectrophotometry (FAAS). The concentrations of
heavy metals were measured separately in egg whites and yolks.

Results: Lead levels in domestic hen egg whites (0.830+0.011 pg/g) and yolks (0.668 £0.214 pg/g) were significantly higher
compared to commercial layers (white: 0.043 +0.014 pg/g; yolk: 0.024 + 0.006 pg/g). Cobalt concentrations were also higher
in domestic whites (2.369 +0.302 pg/g) versus layers (1.138+0.023 pg/g). Copper levels peaked in domestic yolks at
0.360£0.027 ng/g. Cadmium, arsenic, and iron levels showed minimal variation across all samples. Zinc was highest in
domestic whites (0.968 + 0.085 pg/g) and in layer yolks (0.863 & 0.076 ug/g).

Conclusion: Eggs from domestic poultry showed higher contamination with toxic metals, particularly Pb, Co, and Cu, raising
serious public health concerns. These findings highlight the urgent need for regulatory oversight, environmental monitoring,
and public awareness to ensure food safety and reduce exposure risks.

Keywords: Cadmium, Cobalt, Egg Contamination, Food Safety, Lead, Poultry Products, Zinc.
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Heavy Metal Contamination in Poultry Eggs

Sources of Contamination

o Untreated sewage
o [ndustrial wastes
o Canal water

o Pesticides

Analytical Method

Higher in Domestic Hen Eggs
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Minimal Difference
Public Health Concern
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INTRODUCTION

Eggs, long regarded as a superior source of animal protein, play a critical role not only in nutritional security but also in contributing to
national economies through agriculture and export. In Pakistan, poultry farming has emerged as a significant sector, offering employment
to over 1.5 million individuals and demonstrating remarkable export growth, with the value of poultry exports rising from Rs.27 million
in 2009-10 to Rs.1.08 billion in 2010-11 (1). Despite surpassing targeted egg production volumes by 6.5% in the fiscal year 201213,
concerns regarding the safety of poultry products have intensified due to environmental pollutants and the potential for contamination,
especially with heavy metals (1). The quality and safety of these products are increasingly being scrutinized within the broader
framework of global food safety concerns. Foodborne illnesses remain a global public health issue, claiming approximately 420,000
lives annually, with children under five disproportionately affected (2). The World Health Organization estimates that around 33 million
disability-adjusted life years (DALY's) are lost each year due to consumption of unsafe food, underscoring the magnitude of the issue
(2). Among the emerging concerns are contaminants like heavy metals, which pose a silent but severe risk to food security, particularly
in widely consumed products such as eggs and chicken (3). These elements, including cadmium (Cd), lead (Pb), mercury (Hg), and
arsenic (As), are known for their non-biodegradable and thermodegradable properties, enabling them to persist in the environment and
bioaccumulate through the food chain (4,5). Mineral elements like iron (Fe), zinc (Zn), nickel (Ni), and copper (Cu) also pose
toxicological risks when present beyond permissible limits (6). Chronic exposure to these metals has been associated with a range of
debilitating health outcomes, including organ failure, developmental disorders, metabolic dysfunctions, and certain cancers (7-9).

Multiple pathways facilitate the entry of heavy metals into poultry products, including the use of contaminated water for irrigation,
industrial effluents, and poor farming practices, such as using untreated sewage and canal water in rural areas (10-12). Furthermore,
inadequate food handling, contaminated feed, and lack of awareness among poultry workers aggravate the situation (13). Numerous
studies have documented widespread environmental contamination in countries like Pakistan and India, with notable detection of heavy
metals in soil, plants, and poultry tissues (11,12). Poultry raised near industrial zones or highways tends to show higher contamination
levels compared to those farmed in more remote rural areas (12). Improper processing practices, such as the use of contaminated
containers and farm infrastructure, further amplify the risks (14). Globally, developing nations report higher incidences of heavy metal
contamination in eggs and chicken meat, often due to lax regulatory enforcement and infrastructural deficits. While countries like Egypt,
Serbia, and Poland have reported Pb concentrations in poultry products well above permissible limits, developed nations with stricter
food safety protocols generally show significantly lower levels (15,16). Similarly, cadmium contamination has been found to exceed
safety thresholds in eggs from Pakistan, Nigeria, and the Philippines, placing consumers at heightened risk of kidney and liver damage
(17). Arsenic, although less frequently detected at high levels globally, has been found at alarmingly high concentrations in Pakistani
poultry products, indicating a pressing need for tighter regulation of poultry feed and water quality (18). Mercury, particularly in its
toxic methylmercury form, poses severe neurotoxic and immunotoxic risks and has also been shown to impair poultry reproductive
health and egg integrity (19-21). The cumulative effect of such contamination not only compromises public health but also threatens
economic stability by eroding consumer confidence and reducing market viability for poultry exports. In light of these findings, the
present study aims to investigate the prevalence and sources of heavy metals in eggs and poultry products, particularly within the context
of Pakistan’s growing poultry sector. The objective is to identify key risk factors contributing to contamination and provide evidence-
based recommendations to enhance food safety, safeguard consumer health, and strengthen the sustainability of poultry production
systems.

METHODS

This cross-sectional laboratory-based study was conducted after the approval from Institutional Review Board (IRB) to assess the
concentration of heavy metals in poultry products, particularly eggs, and potential environmental sources, including feed and water, in
the Multan district of Pakistan. Egg samples were randomly collected from various locations such as local markets, shops, and residential
homes. Water samples were procured from poultry farms where birds were actively reared, specifically to examine potential heavy metal
exposure through drinking water. Feed samples were obtained from students working on heavy metal contamination within the same
department. All samples were appropriately sealed in zipper polyethylene bags or transparent glass bottles and stored at room
temperature in the Food Safety and Microbiology Laboratory (FFSN), Bahauddin Zakariya University (BZU), until further analysis.
The study adhered to institutional ethical standards. The primary analytical technique used to detect heavy metal concentrations in
samples was Atomic Absorption Spectrophotometry (AAS), specifically flame atomic absorption spectrophotometry, due to its cost-
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effectiveness, operational simplicity, and suitability for developing country laboratories (11-13). Before AAS analysis, all biological
samples underwent a standardized wet digestion process to break down organic matter, as egg matrices contain high levels of such
materials (20-22).

Wet digestion process

Wet digestion was employed to effectively decompose the organic matrices in the egg, feed, and water samples prior to metal analysis.
This method involved treating samples with strong acids under controlled heat conditions to obtain a clear, analyzable solution suitable
for Atomic Absorption Spectrophotometry.

Sample Preparation for Heavy Metal Analysis

The high organic content in eggs necessitated a predigestion step before analyzing heavy metals. Acid digestion, also known as wet
digestion, was used as the preferred method over dry ashing, ensuring effective decomposition and minimal sample loss (17-19).

‘Wet Digestion Process:

Sample Measurement: Each biological sample was precisely measured using a micropipette to collect exactly one milliliter. The
aluminum foil used to seal the digestion flasks was also weighed to ensure accurate quantification and reproducibility.

Nitric Acid Digestion: Ten milliliters of concentrated nitric acid (HNOs) were added to each sample flask. The flasks were then sealed
with pre-weighed aluminum foil and incubated in the dark at room temperature for 24 hours.

Perchloric Acid Digestion: After 24 hours of nitric acid digestion, five milliliters of perchloric acid (HC1O4) were added to each flask.
The flasks remained undisturbed for an additional four hours to complete secondary digestion.

Hot Plate Digestion: The samples were subsequently placed on a hot plate at 200°C. Heating continued until the sample solutions
became translucent, indicating the effective breakdown of remaining organic material (23).

Dilution and Filtration: Post-digestion, the samples were diluted to a final volume of 50 mL using double-distilled water. Once cooled,
the samples were filtered using Whatman No. 42 filter paper to remove any undigested particulates.

Storage for Analysis: The filtered, diluted samples were transferred to clean, sealed glass bottles and stored at room temperature in the
laboratory until heavy metal analysis could be performed using flame atomic absorption spectrophotometry.

RESULTS

The concentration of heavy metals in eggs varied significantly between layer and domestic hens, particularly for lead (Pb), cobalt (Co),
and copper (Cu), while cadmium (Cd), arsenic (As), iron (Fe), and zinc (Zn) showed relatively consistent trends. Notably, lead levels
were markedly elevated in domestic hen eggs, with a concentration of 0.830 +0.011 ug/g in the egg white and 0.668 = 0.214 ug/g in the
yolk, compared to significantly lower levels in layer hens, where the white contained 0.043 £ 0.014 pug/g and the yolk 0.024 + 0.006 pg/g.
Similarly, cobalt was considerably higher in domestic hens, with 2.369 + 0.302 pg/g in the white and 1.651+0.107 pg/g in the yolk, as
opposed to 1.138 £0.023 pg/g and 1.901 = 0.081 pg/g in layers respectively. Copper concentrations followed a similar trend, showing
elevated levels in domestic eggs (0.302 = 0.048 pg/g in white and 0.360 = 0.027 pg/g in yolk) compared to layer eggs (0.149+ 0.011 pg/g
in white and 0.176 £ 0.013 pg/g in yolk). In contrast, cadmium levels remained fairly consistent across both poultry types and egg parts,
ranging between 0.021-0.033 pg/g. Arsenic values also showed minimal variation, with the highest level recorded in the white of layer
eggs at 0.061 +£0.010 pg/g and identical values of 0.013 + 0.004 pg/g in both yolk samples.

Zinc concentrations were highest in the white of domestic hen eggs (0.968 +0.085 nug/g) and in the yolk of layer eggs
(0.863 £0.076 pg/g), indicating variable bioaccumulation patterns. Iron levels were comparable between egg types, with the yolk
consistently showing higher values—0.919 £ 0.044 pg/g in domestic and 0.636 +0.036 pg/g in layer eggs—while the white showed
0.790+0.042 pg/g and 0.492 £0.054 pg/g, respectively. These differences in elemental profiles indicate heightened environmental
exposure among domestic hens, potentially due to less controlled feeding and living conditions. The elevated levels of Pb, Co, and Cu
in domestic eggs emphasize the need for stricter environmental and feed monitoring in non-commercial poultry setups to minimize
public health risks.
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Table 1: Comparative Analysis of Heavy Metal Concentrations in Egg Whites and Yolks of Layer and Domestic Hens
Egg Pb Cd* Zn Co As Fe* Cu
Part
Layer White  0.043+0.014°  0.030+0.015  0.763+0.097¢  1.138+0.023¢  0.061+0.010°  0.492+0.054  0.149+0.011¢

Yolk  0.024+0.006° 0.021£0.010 0.863+£0.076° 1.901+0.081° 0.013+0.004°  0.636+0.036 0.176+0.013¢

Domestic ~ White  0.830+0.011*  0.033+0.012  0.968+0.085*  2.369+£0.302*  0.033+0.010° 0.790+0.042  0.302+0.048°

Yolk  0.668+0.214° 0.027+£0.014 0.738+0.101°  1.651+0.107° 0.013+£0.004°  0.919+0.044  0.360+0.027%

Reavy Metal Concentrations;in Yolk:Partion:of:Eggs Heavy Metal Concentrations in White Portion of Eggs

Egg Type
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Figure 1 Heavy Mental Concentrations in Yolk Portion of Eggs Figure 2 Heavy Mental Concentrations in White Portion of Eggs

DISCUSSION

The findings of this study highlight significant discrepancies in the concentrations of heavy metals in eggs derived from domestic hens
compared to commercial layers. Particularly concerning were the elevated levels of lead (Pb), cobalt (Co), and copper (Cu) in eggs from
domestically reared poultry. These observations align with previous research indicating that free-range or domestically managed poultry
are more vulnerable to environmental contaminants due to increased exposure to unregulated feeding sources, contaminated water, and
inadequate biosecurity protocols (11,13). The consistently higher Pb concentrations observed in domestic hen eggs raise serious public
health concerns, as chronic lead exposure is strongly associated with neurological, renal, and reproductive toxicities, especially among
vulnerable populations such as children and pregnant women (2,14). The comparative uniformity in cadmium (Cd) and arsenic (As)
levels across both egg types is consistent with findings from regional studies in South Asia, which suggest that these metals may be
present at baseline levels in the broader environment due to widespread contamination of irrigation sources and industrial runoft (15,16).
However, the presence of these metals even within acceptable thresholds warrants continuous surveillance given their cumulative toxic
potential and established link to carcinogenicity and organ dysfunction (17). Zinc (Zn) and iron (Fe), although essential for human
nutrition, showed variability between egg types, yet remained within safe consumption limits. These elements, when exceeding their
physiological thresholds, can also contribute to adverse metabolic interactions (18). The distribution pattern—elevated Zn in the albumen
of domestic eggs and higher Fe in yolks—points to differential mineral absorption pathways that may be influenced by feed composition,
metabolic stress, and breed-specific physiology.
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The implications of these findings underscore the need for stringent environmental and production-based regulations. Despite growing
awareness of food safety, developing nations continue to struggle with effective implementation of contamination control strategies,
partly due to inadequate infrastructure and lack of policy enforcement. This is particularly concerning given the projected rise in egg
and dairy consumption driven by urbanization, rising incomes, and nutritional transitions in low- and middle-income countries (19).
Studies have emphasized that the adoption of Good Agricultural Practices (GAP), Good Manufacturing Practices (GMP), and Hazard
Analysis and Critical Control Point (HACCP) systems is critical to minimizing contamination across the poultry value chain (20,21).
Moreover, feed and water sources remain the primary vectors for heavy metal exposure in poultry. This necessitates routine quality
control screening and strict regulation of feed ingredients, particularly in informal or small-scale operations that often lack standardized
supply chains. Another salient point from this research is the heightened risk associated with domestic poultry production. While
promoting backyard farming contributes to food security, especially in rural and peri-urban areas, it simultaneously increases the risk of
exposure to unmonitored environmental toxins. Unlike commercial poultry farms, which often operate under certified conditions,
domestic setups may rely on contaminated groundwater, untreated feed, and substandard housing conditions—all of which contribute
to the bioaccumulation of heavy metals in poultry tissues and byproducts (22,23). These findings call for community-level interventions,
including farmer education and subsidized access to tested feed and water supplies, to bridge the gap in food safety standards between
commercial and non-commercial producers.

The study’s strengths lie in its comparative analysis of domestic and layer poultry, using validated analytical methods such as flame
atomic absorption spectrophotometry, which offers reliability and accessibility in resource-limited settings. Furthermore, the use of both
yolk and albumen fractions provides a comprehensive view of heavy metal distribution within the egg matrix. However, some limitations
must be acknowledged. The sample size and geographical coverage were limited to a single district, which restricts generalizability. In
addition, while the study assessed several key heavy metals, it did not include mercury (Hg), one of the most toxic elements relevant to
poultry contamination and a stated objective of the investigation. Future research should incorporate broader geographical sampling and
include a more exhaustive panel of contaminants, including emerging pollutants such as microplastics and persistent organic pollutants
(POPs), which are increasingly being detected in animal-derived foods (24). In conclusion, this study confirms the presence of varying
levels of toxic metals in eggs, particularly from domestically reared hens, and highlights the critical need for regulatory oversight,
environmental remediation, and farmer education to safeguard public health. The data reinforce the argument for enhancing food safety
infrastructure, particularly in developing countries, through robust monitoring of feed, water, and production environments. These efforts
are vital not only for preventing heavy metal-related illnesses but also for sustaining consumer confidence in locally produced animal-
based food products.

CONCLUSION

This study underscores the pressing need for systematic monitoring and regulation of heavy metals in eggs, particularly in developing
countries where environmental pollution, weak policy enforcement, and poor industrial oversight contribute to elevated contamination
levels. The findings highlight that, children and the elderly are especially vulnerable to the adverse health effects of heavy metal exposure
through common dietary sources like eggs. In contrast, industrialized nations benefit from stronger regulatory frameworks and lower
contamination risks, offering a benchmark for best practices. Strengthening the role of food safety authorities, refining permissible
thresholds, and ensuring strict enforcement are critical steps toward protecting public health. Ultimately, enhancing awareness and
transparency around heavy metal presence in food products will be essential for ensuring safer consumption and guiding informed policy
decisions.
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