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Abstract
Lead heavy metal contamination is increasingly widespread in water, soil, and air, as well as livestock residing in a lead-polluted 

environment face potential exposure, which could extend to their products. Therefore, this study aimed to determine the presence 
of lead contamination in eggs of duck and free-range chicken. The samples included 30 eggs of duck and free-range chicken taken 
from several markets in Denpasar City. Eggs were processed to check for the presence of lead heavy metal and the measurement was 
carried out using the atomic absorption spectrophotometer (AAS) method at the Analytical Laboratory of Udayana University. The 
results showed that there were 4 duck eggs containing lead heavy metal with levels of 5.241 ppm, 2.434 ppm, 1.021 ppm, and 0.543 
ppm, respectively. However, no contamination was detected in all free-range chicken eggs samples. This indicated that the prevalence 
of duck eggs exposed to lead was 13.33%, and certain contamination levels exceeded the maximum threshold for food, namely 1.00 
ppm. This exposure stemmed from duck reared in lead-polluted areas. Further investigation was needed on the factors related to 
lead exposure in duck eggs. For egg consumers, based on the results, it was safer to select chicken eggs compared to duck eggs.
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Introduction

Duck and chicken eggs are food ingredients commonly 
consumed by people in various preparations. The nutritional 
content of duck eggs is reportedly better compared to native 
chicken eggs [1]. However, the aquatic nature of duck as waterfowl 
increases vulnerability to lead heavy metal contamination due to 
the tendency to reside and forage in water environments. Lead 
contamination within the blood of village duck in Argentina was 
reportedly from the water in the environment [2]. The cycle of 
pollution can ecologically spread to plants, animals, and humans 
[3]. Cattle kept in landfills are significantly exposed to lead [4]. 
Intensive rearing of cattle can also result in contamination, as 
evidenced by dairy cattle raised in Egypt, ingesting lead-tainted 
grass [5]. 

Lead heavy metal is very dangerous to animal and human 
health, with its poisoning generally causing brain degeneration 
and anemia [6,7,16]. It also leads to the wasting of the liver 
accompanied by intranuclear inclusion bodies in hepatocytes [6]. 
Furthermore, lead poisoning in ruminants causes symptoms of 
gastroenteritis, anemia, and encephalopathy [9]. Hepatotoxicity 
due to toxicity originating from inorganic substances, culminated 
in reduced immunity to infectious agents [8]. 

The accumulative nature of lead heavy metals in body tissues 
is a concerning factor due to the difficulty associated with its 
metabolism, resulting in oxidative stress [9]. Although there is a 
maximum threshold for lead content in food and feed at 1.00 ppm 
[10], efforts are needed to free food, including eggs, from lead 
contamination. 
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Material and Method

A total of 30 eggs samples each from duck and free-range 
chicken were obtained from several markets in Denpasar City. The 
collection of eggs was conducted through a cross-sectional design.

The examination of the samples involved separating the yolk and 
eggs white, each of which was examined for lead heavy metal content. 
The measurement was conducted using the Atomic Absorption 
Spectrometry (AAS) method [11] at the Analytical Laboratory of 
Udayana University. Each 2 g sample was divided into 1 g for both 
the positive control and measured sample. The positive control 
(spiked) was prepared by adding 0.25 ml with 1 mg/l of a standard 
solution and then evaporated on a hot plate at a temperature of 
100ºC until it became dry. Furthermore, the measured sample and 
spiked were placed in a combustion furnace with half of the surface 
covered. The furnace temperature was gradually increased by 
100ºC every 30 minutes up to 450ºC and maintained for 18 hours. 
The samples were then removed from the combustion furnace and 
cooled to room temperature. Furthermore, 1 ml of 65% HNO3 was 
added and shaken slowly to ensure all ash dissolved in the acid. 
This was followed by evaporation on a hot plate at a temperature of 
100ºC until drying was achieved. The measured sample and spiked 
were returned to the combustion furnace and the temperature was 
gradually increased by 100ºC every 30 minutes up to 450ºC, and 
maintained for 3 hours. After the ash was perfectly formed, 5 ml 
of 6 M HCl was added, shaken slowly to facilitate the dissolution 
of all ash in acid, and evaporated on a hot plate at 100ºC. About 10 
ml of 0.1 M HNO3 was also added and cooled to room temperature 
for 1 hour. The solution was transferred into a 50 ml polypropylene 
volumetric flask and the matrix modifier solution was added up to 
the mark using 0.1 M HNO3. Additionally, the essential heavy metal 
standard working solutions were prepared for each sample and 
spiked with a minimum of five concentration points. The standard 

working solution, sample, and spiked were read on the graphite 
furnace atomic absorption spectrophotometer at the wavelength 
corresponding to the metal being tested. Finally, the concentration 
in μg/g was calculated using the formula (SNI 2354.5:2011).

Description:

D: Concentration of sample (μg/l) from AAS reading

E: Concentration of blank sample (μg/l) from AAS reading

Fp: Dilution factor

V: Final volume of prepared sample solution (ml), converted to 
liters

W: Weight of sample (g).

Result

From the 30 duck eggs, 4 of the samples (positive) contain 
lead heavy metal with levels of 5.241 ppm, 2.434 ppm, 1.021 ppm, 
and 0.543 ppm, respectively. However, no lead heavy metal was 
detected in all free-range chicken eggs. These results indicated 
that the prevalence of duck eggs exposed to contamination was 
13.33%. Certain lead levels exceeded the maximum threshold for 
food, namely 1.00 ppm [10]. The results suggested that duck eggs 
were more at risk of being exposed compared to free-range chicken 
eggs. The results of measurement data are presented in Table 1.

No
Duck eggs Free-range chicken eggs

Lead content (ppm) Description Lead content
(ppm)

Description

1 5.241 Exceeds the BSN 
standard

0.000 Not detected

2 2.434 Exceeds the BSN 
standard

0.000 Not detected

3 1.021 Exceeds the BSN 
standard

0.000 Not detected
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4 0.543 Does not exceed the 
BSN standard

0.000 Not detected

5 0.000 Not detected 0.000 Not detected
6 0.000 Not detected 0.000 Not detected
7 0.000 Not detected 0.000 Not detected
8 0.000 Not detected 0.000 Not detected
8 0.000 Not detected 0.000 Not detected
10 0.000 Not detected 0.000 Not detected
11 0.000 Not detected 0.000 Not detected
12 0.000 Not detected 0.000 Not detected
13 0.000 Not detected 0.000 Not detected
14 0.000 Not detected 0.000 Not detected
15 0.000 Not detected 0.000 Not detected
16 0.000 Not detected 0.000 Not detected
17 0.000 Not detected 0.000 Not detected
18 0.000 Not detected 0.000 Not detected
19 0.000 Not detected 0.000 Not detected
20 0.000 Not detected 0.000 Not detected
21 0.000 Not detected 0.000 Not detected
22 0.000 Not detected 0.000 Not detected
23 0.000 Not detected 0.000 Not detected
24 0.000 Not detected 0.000 Not detected
25 0.000 Not detected 0.000 Not detected
26 0.000 Not detected 0.000 Not detected
27 0.000 Not detected 0.000 Not detected
28 0.000 Not detected 0.000 Not detected
29 0.000 Not detected 0.000 Not detected
30 0.000 Not detected 0.000 Not detected

Table 1: Measurement Results.

Discussion

Lead contamination in duck eggs indicated the presence of lead 
in the environment where duck is reared. Duck, including waterfowl, 
is very likely to be exposed through the aquatic environment [2]. 
Lead circulation in the blood penetrates the barrier system in the 
placenta, spreading to eggs and fetuses [12]. Therefore, newborn 
animals can be exposed, initiating a new cycle of contamination in 
soil, plants, and animals. These results imply that duck eggs can 
be used as bioindicator of environmental pollution. Bioindicator 

is a community of interconnected organisms, whose existence or 
behavior is closely related to certain environmental conditions, 
resulting in their use as an indicator of environmental quality or 
for quantitative tests. Each animal exhibits varying sensitivity 
levels to heavy metal exposure, making it bioindicator of pollution 
in the environment. Several types of animals have been reported 
as bioindicator of environmental pollution, including buffalo 
[13], cattle, sheep, camels [14,15], and forest anoa [17]. The 
results showed that duck eggs have great potential to be used as 
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bioindicator of lead pollution in the environment. However, no 
contamination was detected in free-range chicken eggs presumably 
due to the influence of land habitat. Particles of lead are more 
easily consumed by duck compared to landfowl, resulting in higher 
exposure [2]. 

Based on the results, consuming duck eggs has a greater risk 
than chicken eggs, evidenced by the prevalence of exposure to 
lead, which reached 13.33%. The exposure levels exceeded the 
maximum threshold suitable for consumption. Exposure to duck 
eggs has also been reported in Thailand [18]. The exposure levels 
require urgent attention because lead, similar with other heavy 
metals, can cause disturbances in various tissues in animals and 
humans [6]. The accumulation in the body for a certain period may 
lead to lead poisoning, resulting in brain degeneration, anemia 
[6,7,16], and wasting of the liver accompanied by intranuclear 
inclusion bodies in hepatocytes [17]. Furthermore, lead poisoning 
in ruminants causes symptoms of gastroenteritis, anemia, and 
encephalopathy [6,7]. Hepatotoxicity due to toxicity originating 
from inorganic substances culminated in reduced immunity to 
infectious agents [8]. 

Conclusion

The presence of heavy metal lead contamination in duck eggs 
shows the dangers of consuming duck eggs rather than free-range 
chicken eggs. The duck rearing environment can be a source of lead 
pollution in duck eggs

Acknowledgment

The author is grateful to the Rector of Udayana University 
for the funding provided through the Head of the Research and 
Community Service Institution of Udayana University.

Bibliography

1. Metzer Farm. “Comparing the Nutrients of Duck Eggs and 
Chicken Eggs” (2014).

2. Ferreyra H., et al. “Lead exposure affects health indices in free-
ranging ducks in Argentina”. Ecotoxicology 24.4 (2015): 735-
745.

3. Hejna M., et al. “Review: Nutritional ecology of heavy metals”. 
Animal 12.10 (2018): 2156-2170.

4. Berata I K., et al. “Comparison of lead contamination in innards 
and muscle tissues of Bali cattle reared in Suwung Landfill”. 
Bali Medical Journal 6.1 (2017): 147-149.

5. Malhat F., et al. “Contamination of cows milk by heavy metal 
in Egypt”. Bulletin of Environmental Contamination and 
Toxicology 88.4 (2012): 611-613.

6. Jaishankar M., et al. “Toxicity, mechanism and health effects of 
some heavy metals”. Interdisciplinary Toxicology 7.2 (2014): 
60-72.

7. Gillis B S., et al. “Analysis of lead toxicity in human cells”. BMC 
Genomics 13 (2012): 344.

8. Hegazy A M S and Fouad U A. “Evaluation of Lead Hepatotoxicity; 
Histological, Histochemical and Ultrastructural Study”. 
Forensic Medicine and Anatomy Research 2 (2015): 70-79.

9. Flora S J S., et al. “Heavy Metal Induced Oxidative Stress & Its 
Possible Reversal by Chelation Therapy”. Indian Journal of 
Medical Research 128 (2008): 501-523.

10. Badan Standarisasi Nasional. Standar Nasional Indonesia 
7387:2009 Tentang Batas Maksimum Cemaran Logam Berat 
Dalam Pangan (2009).

11. Sikiric M., et al. “Determination of metals in cow’s milk by 
flame atomic absorption spectrophotometry”. Czech Journal of 
Animal Science CJAS 48.11 (2003): 481-486.

12. Abdulkhaliq A., et al. “Levels of metals (Cd, Pb, Cu and Fe) in 
cow’s milk, dairy products and hen’s eggs from the West Bank, 
Palestine”. International Food Research Journal 19.3 (2012): 
1089-1094.

13. Abdelbasset C., et al. “Distribution of trace elements and heavy 
metals in liver, lung, meat, heart and kidney of cattle, sheep, 
camel and equine slaughtered in Casablanca city-Morocco”. 
International Journal of Scientific and Engineering Research 2 
(2014): 294-303.

14. Giżejewska A., et al. “Can red deer antlers be used as an 
indicator of environmental and edible tissues’ trace element 
contamination?”. Environmental Science and Pollution Research 
24 (2017): 11630-11638.

15. Narozhnykh K N., et al. “Lead Content in Soil, Water, Forage, 
Grains, Organs and the Muscle Tissue of Cattle in Western 
Siberia (Russia)”. Indian Journal of Ecology 45.4 (2018): 866-
871.

27

Detection of Lead Heavy Metal Contamination in Eggs of Duck and Free-Range Chicken

Citation: I Ketut Berata and I Made Kardena. “Detection of Lead Heavy Metal Contamination in Eggs of Duck and Free-Range Chicken". Acta Scientific 
Medical Sciences 8.3 (2024): 24-28.

https://www.metzerfarms.com/blog/comparing-the-nutrients-of-duck-eggs-and-chicken-eggs.html
https://www.metzerfarms.com/blog/comparing-the-nutrients-of-duck-eggs-and-chicken-eggs.html
https://link.springer.com/article/10.1007/s10646-015-1419-7
https://link.springer.com/article/10.1007/s10646-015-1419-7
https://link.springer.com/article/10.1007/s10646-015-1419-7
https://pubmed.ncbi.nlm.nih.gov/29306340/
https://pubmed.ncbi.nlm.nih.gov/29306340/
https://www.balimedicaljournal.org/index.php/bmj/article/view/397
https://www.balimedicaljournal.org/index.php/bmj/article/view/397
https://www.balimedicaljournal.org/index.php/bmj/article/view/397
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427717/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427717/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427717/
http://www.biomedcentral.com/1471-2164/13/344
http://www.biomedcentral.com/1471-2164/13/344
https://www.researchgate.net/publication/301636287_Evaluation_of_Lead_Hepatotoxicity_Histological_Histochemical_and_Ultrastructural_Study
https://www.researchgate.net/publication/301636287_Evaluation_of_Lead_Hepatotoxicity_Histological_Histochemical_and_Ultrastructural_Study
https://www.researchgate.net/publication/301636287_Evaluation_of_Lead_Hepatotoxicity_Histological_Histochemical_and_Ultrastructural_Study
https://pubmed.ncbi.nlm.nih.gov/19106443/
https://pubmed.ncbi.nlm.nih.gov/19106443/
https://pubmed.ncbi.nlm.nih.gov/19106443/
https://www.researchgate.net/publication/238783883_Determination_of_metals_in_cow's_milk_by_flame_atomic_absorption_spectrophotometry
https://www.researchgate.net/publication/238783883_Determination_of_metals_in_cow's_milk_by_flame_atomic_absorption_spectrophotometry
https://www.researchgate.net/publication/238783883_Determination_of_metals_in_cow's_milk_by_flame_atomic_absorption_spectrophotometry
https://www.semanticscholar.org/paper/Distribution-of-trace-elements-and-heavy-metals-in-Abdelbasset-Rabia/a32c3ca319e4e9c8cc91b09bd0d27c06a1fd5511
https://www.semanticscholar.org/paper/Distribution-of-trace-elements-and-heavy-metals-in-Abdelbasset-Rabia/a32c3ca319e4e9c8cc91b09bd0d27c06a1fd5511
https://www.semanticscholar.org/paper/Distribution-of-trace-elements-and-heavy-metals-in-Abdelbasset-Rabia/a32c3ca319e4e9c8cc91b09bd0d27c06a1fd5511
https://www.semanticscholar.org/paper/Distribution-of-trace-elements-and-heavy-metals-in-Abdelbasset-Rabia/a32c3ca319e4e9c8cc91b09bd0d27c06a1fd5511
https://www.semanticscholar.org/paper/Distribution-of-trace-elements-and-heavy-metals-in-Abdelbasset-Rabia/a32c3ca319e4e9c8cc91b09bd0d27c06a1fd5511
https://link.springer.com/article/10.1007/s11356-017-8798-7
https://link.springer.com/article/10.1007/s11356-017-8798-7
https://link.springer.com/article/10.1007/s11356-017-8798-7
https://link.springer.com/article/10.1007/s11356-017-8798-7
https://www.researchgate.net/publication/331412271_Lead_content_in_soil_water_forage_grains_organs_and_the_muscle_tissue_of_cattle_in_western_siberia_Russia
https://www.researchgate.net/publication/331412271_Lead_content_in_soil_water_forage_grains_organs_and_the_muscle_tissue_of_cattle_in_western_siberia_Russia
https://www.researchgate.net/publication/331412271_Lead_content_in_soil_water_forage_grains_organs_and_the_muscle_tissue_of_cattle_in_western_siberia_Russia
https://www.researchgate.net/publication/331412271_Lead_content_in_soil_water_forage_grains_organs_and_the_muscle_tissue_of_cattle_in_western_siberia_Russia


16. Apostoli P., et al. “Effects of lead on red blood cell membrane 
proteins”. International Archieves of Occupational and Environ 
Health 61.1 (1988): 71-75.

17. Percy D H and Barthold S W. Pathology of Laboratory Rodents 
and Rabbits. 3rd. Ed. Blackwell Pub (2007).

18. P Aendo., et al. “Health risk contamination of heavy metals 
in yolk and albumen of duck eggs collected in central and 
western Thailand”. Biological Trace Element Research 184.2 
(2018): 501-507.

28

Detection of Lead Heavy Metal Contamination in Eggs of Duck and Free-Range Chicken

Citation: I Ketut Berata and I Made Kardena. “Detection of Lead Heavy Metal Contamination in Eggs of Duck and Free-Range Chicken". Acta Scientific 
Medical Sciences 8.3 (2024): 24-28.

https://pubmed.ncbi.nlm.nih.gov/3198286/
https://pubmed.ncbi.nlm.nih.gov/3198286/
https://pubmed.ncbi.nlm.nih.gov/3198286/

	_GoBack

