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ABSTRACT

Heavy metals pose significant risks to human
health, and their presence in poultry products can
serve as an indicator of environmental
contamination. This study aims to determine and
measure heavy metal concentrations in poultry
muscle and liver tissues, assessing potential risks to
human consumption.

The levels of heavy metals, including Fe, Cu, Zn,
Mn, Se, Co, Cr, Pb, Cd, and

Ni, in chicken meat and meat products, feed, and
litter, as well as laying hens’ eggs, feed, and litter.
The purpose was to evaluate the safety and quality
of these products based on recommended daily
allowance (RDA) and tolerable upper levels.

The liver showed the highest accumulation of
heavy metals, except for Cr. Alarmingly, the intake
of Pb and Cd from poultry products exceeded the
RDA for adults, posing potential health risks.

To ensure the safety and quality of poultry products
for human consumption, stricter legislation and
monitoring systems are necessary. Regulations
should focus on the quality control of poultry
products, feeds, and litter.  Furthermore,
detoxification methods should be implemented to
reduce heavy metal concentrations in poultry
waste.
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l. INTRODUCTION

Plants serve as primary food sources for
humans, with a significant portion of nutrition also
derived from animals. Among animal products,
poultry meat— particularly chicken—has gained
widespread acceptance due to its high protein
content, digestibility, palatability, low fat and
cholesterol levels, and lack of religious or cultural
restrictions (Javadi and Safarmashaei, 2011; Ogu
et al., 2017).

However, in developing countries, a
significant health challenge is the potential
contamination of poultry meat with toxic metals

during feeding, transportation, processing, or
retailing (Ogu et al., 2017).

Studies have highlighted the global
prevalence of heavy metal contamination in
chicken tissues and organs (Benouadah et al.,
2015; Haleelu et al., 2015; Makanjuola, 2016;
Mottalib et al., 2018). Environmental pollution
from industrial waste, excessive use of
agrochemicals, and fossil fuel combustion are
common sources of heavy metals (Tchounwou et
al., 2012). These metals can infiltrate both plant
and animal-based food chains, leading to
contamination of raw and processed foods.

Heavy metals, defined as elements with an
atomic density of >4,000 kg/m* (EIHamaky et al.,
2023), pose serious risks to human health. Animals
absorb these metals through food, water, sediment,
and air (Mehar et al., 2023). Particularly
hazardous metals include arsenic (As), lead (Pb),
cadmium (Cd), and mercury (Hg), which can
accumulate in poultry tissues such as the liver,
kidneys, and reproductive organs (Hoque et al.,
2023). Chronic exposure to low doses of these
metals can damage tissue structures, leading to
potential health risks for humans consuming
contaminated poultry products.

On the other hand, essential metals like
zinc (Zn), iron (Fe), copper (Cu), and selenium (Se)
play crucial roles in metabolic regulation (Valkova
et al., 2023). However, when levels of harmful
metals exceed safe limits, they can overshadow the
nutritional benefits of poultry. Contamination often
originates from poultry feed, which may contain
fungi, parasites, or trace levels of toxic metals
introduced as additives (Singh et al., 2023).

Heavy metals like Cd, Pb, As, Cr, Hg, and
Ni can bioaccumulate in poultry tissues, posing
risks to consumers (Lysenko et al., 2021).
Prolonged exposure leads to deposition in vital
organs such as the brain, liver, and kidneys,
increasing the likelihood of adverse effects.
Industrial fertilizers, waste disposal, and improper
feed storage and handling exacerbate this issue.
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Poultry farming is critical to global food
production, with chicken meat accounting for 40%
of global meat output in 2019 and egg production
reaching 83 megatons (Emami et al., 2023). Given
this scale, even trace contamination has far-
reaching consequences for public health.

To minimize risks, governments and
industry stakeholders must enforce stringent
regulations on poultry farming practices, feed
quality, and waste management. Measures to
monitor and control heavy metal contamination in
poultry products are essential to protect public
health. Continued research is also needed to
address the bioaccumulation of toxic metals and
explore mitigation strategies. By addressing these
concerns, the poultry industry can ensure safer,
more sustainable food production while preserving
human and environmental health (Jaishankar et
al., 2014).

II.  AIMOF THE STUDY:
This study aimed to study the incidences and types
of heavy metals in broilers meat and its relations to
health risk to human

1. REVIEW OF LITERATURE 1-
HEAVY METAL CONTAMINATION
IN POULTRY:

The diet of broilers is often supplemented
with trace elements such as Fe, Cu, Zn, Mn, |, and
As to support growth, immunity, and metabolic
functions (Attia et al., 2016). However, excessive
intake of these minerals can lead to their excretion
in manure, contributing to environmental pollution
(Eton et al., 2008). Additionally, toxic heavy
metals like cadmium (Cd), lead (Pb), mercury
(Hg), and arsenic (As) are not essential for
biological functions and can pose significant risks
to both animal and human health when present in
excessive amounts (McCrory et al., 2005).

a. Cadmium (Cd) in Poultry

Cadmium is a critical environmental
contaminant continuously released from industrial
and natural sources, such as smelting operations,
fossil fuel combustion, phosphate fertilizers, and
sewage sludge (Shi et al., 2023). Poultry are
exposed to Cd primarily through contaminated
food and drinking water, leading to its
accumulation in  tissues after binding to
metallothionein in the bloodstream.
Cd exposure in poultry causes significant health
issues, including deformities, anemia, osteoporosis,
chronic rhinitis, and non-hypertrophic emphysema.

It can also impair egg production, reduce feed
intake, and increase stress susceptibility due to
histopathological damage (Zhao et al., 2022;
Aljohani et al., 2023). The accumulation of Cd in
organs such as the liver and kidneys poses risks to
human health through the food chain. Cd-induced
oxidative stress, mediated by the production of
lipid peroxidases and free radicals, is particularly
harmful to the kidneys and liver, causing tissue
damage (Emami et al., 2023).

b. Lead (Pb) in Poultry

Lead is one of the most prevalent
environmental toxins, particularly in industrialized
regions, and can enter the environment through
emissions from gasoline combustion, lead-based
paints, recycled materials, and contaminated water

(O’Connor et al.,, 2020). While poultry
absorb only small amounts of Pb, chronic low-level
exposure can result in its accumulation in tissues
due to the slow elimination rate.

Pb exposure affects multiple organ
systems, including the nervous system, liver,
kidneys, and reproductive system, by generating
free radicals and inducing oxidative stress. This
toxic metal disrupts antioxidant defenses,
increasing vulnerability to oxidative damage
(Mateo et al.,, 2014; Smirnova et al., 2023).
Accumulated Pb in poultry tissues can be
transferred to humans through consumption,
leading to severe health consequences.

c. Mercury (Hg) in Poultry

Mercury is a potent neurotoxin with
severe health implications for both animals and
humans. Although methylmercury is the most toxic
form, mercury (Il) is more abundant in the
environment and adversely affects poultry health
(Kojima et al., 2023). Major sources of mercury
include the chemical, paint, and pesticide
industries, as well as geothermal steam.

Mercury exposure in poultry results in
anemia, growth retardation, and immune
dysfunction due to oxidative stress and nitric oxide
suppression. Young chickens are particularly
susceptible to its toxic effects. Mercury
accumulates in the liver and kidneys of poultry, and
its bioaccumulation in these organs poses
significant risks to human health when consumed
(Tian et al., 2022).

d. Arsenic (As) in Poultry

Arsenic, a naturally occurring
environmental contaminant, poses serious health
risks to poultry, especially in areas with arsenic-
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contaminated water and feed. Common sources
include polluted feed, drinking water, plants, and
air emissions (Younas et al., 2023).

Acute arsenic poisoning in poultry causes
symptoms such as diarrhea, hypothermia,
salivation, and circulatory collapse. Chronic
exposure can lead to oxidative stress, liver damage,
and increased susceptibility to carcinomas in the
skin, liver, and lungs (Abu et al., 2022). Reactive
oxygen species (ROS) generated by arsenic-
induced oxidative stress are key contributors to its
toxic effects (Medda et al., 2020).

Heavy metal contamination in poultry,
including Cd, Pb, Hg, and As, has significant
implications for both animal health and human
food safety. These toxic metals bioaccumulate in
poultry tissues, entering the human food chain and
posing risks of oxidative stress, organ damage, and
chronic health conditions. To mitigate these risks,
stringent regulations on feed quality, environmental
pollution, and waste management are crucial.
Additionally, further research on the mechanisms
of heavy metal toxicity and effective detoxification
methods can contribute to safer poultry farming
and healthier food production (Suleman et al.,
2022).

e-Other metals:

Mineral contamination in animal feeds is
considered inevitable due to environmental
pollution, the presence of heavy metals in
supplements and concentrates, and the use of
machinery and equipment during production
(Aljohani et al., 2023). Essential organs like the
liver and kidneys are critical for detoxifying and
excreting toxic elements. Consequently, these
organs are often the most affected by the
accumulation of excess heavy metals in feed or
food, leading to significant damage in both humans
and animals (Pappas et al., 2006).

2-Health Risks Associated with Heavy Metals in
Poultry

Consumption of poultry contaminated
with heavy metals can lead to severe health issues
such as weight loss, organ damage, cancer, and
even death. Raising awareness of the sources of
heavy metal contamination and their adverse
effects is crucial for maintaining food safety. The
implementation of rigorous monitoring and
regulatory measures in feed quality and production
processes is necessary to minimize contamination
and safeguard public health (Shaheen et al., 2016).

Heavy metals can enter poultry through
the environment or the food chain. The diet of

broilers often includes microelements like Fe, Cu,
Zn, Mn, |, and As to support their growth and
health (Ekhator et al., 2017). These minerals play
a vital role in metabolic activity, bodily function
balance, and immunity (Abdel-Rahman et al.,
2018). However, excess trace minerals are excreted
in manure, contributing to environmental pollution
(Tchounwou et al., 2012).

Recently, researchers worldwide have
intensified investigations into the health risks
associated with heavy metal exposure through food
sources (Elalfy et al., 2018; Issa et al., 2018; Hu
et al., 2018; Kigigha et al., 2018; Kim et al.,
2018; Thompson and Darwish, 2019). Heavy
metals are particularly concerning because they are
nondegradable, tend to accumulate in tissues, and
can cause severe organ damage (Ogu et al., 2017).
Their persistence in biological systems poses a
long-term health risk along the food chain
(Jaishankar et al., 2014).

Continuous  consumption of  poultry
products contaminated with heavy metals can lead
to both short-term and long-term health effects.
Thus, frequent monitoring of heavy metal levels in
chicken meat is essential to identify potential
consumer risks and track trends in environmental
contamination. Despite the relatively high cost of
chicken meat and restrictions on frozen chicken
imports in Nigeria, many consumers continue to
purchase poultry from groceries and roadside
markets without consideration for its chemical and
biological safety (Ekhator et al., 2017; EIWehedy
et al., 2018; Ogu and Akinnibosun, 2019).

Effects of Heavy Metals on Biological Systems

The harmful impacts of heavy metals
include significant  disruptions to cellular
metabolism and oxidative damage to biological
macromolecules, including nuclear proteins and
DNA (Saleh et al., 2018). While small amounts of
these metals are essential for physiological and
biochemical functions, exceeding permissible
levels leads to cellular dysfunction and toxicity
(Hu et al., 2018).

The sources of heavy metal contamination
vary depending on the specific element and are
influenced by soil composition, environmental
factors, animal species, feed quality, and
geographic location (Saleh et al., 2018; Oyewale
et al., 2019).

Heavy metal contamination in poultry
products represents a critical public health and
environmental concern. Regular monitoring,
coupled with stringent quality controls in feed
production and environmental management, is
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essential to reduce contamination risks. Consumers
must be made aware of the potential dangers of
consuming  contaminated  poultry  products,
highlighting the need for informed purchasing
decisions and robust regulatory frameworks
(Makanjuola, 2016; Ogu et al., 2017)..

V. CONCLUSION

This study concludes that prolonged
exposure to heavy metals leads to the
bioaccumulation of As, Pb, Cd, and Hg in various
chicken organs, including the kidneys, liver,
reproductive organs, and lungs. This poses
significant health risks to humans who consume
chicken or other poultry products. Heavy metals
adversely affect multiple poultry organs, starting
with the liver and extending to the kidneys, brain,
and reproductive system. Their excessive presence
induces oxidative stress in poultry, contributing to
organ damage. To safeguard human health and
minimize environmental contamination from
poultry manure, it is essential to eliminate heavy
metals from animal feed or strictly regulate their
use as supplements.

Future research should explore the
interactions between minerals in poultry production
and the link between poultry diets and litter
composition to develop strategies for minimizing
contamination and improving overall food safety.

REFERENCES

[1]. Abu SM, Monira N, Asmaul H, EEA M,
Hena KA. Seroprevalence of Newcastle
disease in layer chickens and pathology in
clinically affected chickens at Gazipur,
Bangladesh Continental Vet J. (2022)
2:35-41.

[2].  Aljohani ASM. Heavy metal toxicity in
poultry: a comprehensive review. Front
Vet Sci. 2023 Jun 29;10:1161354.

[3]. Attia Y.A., Al-Harthi M.A., Korish M.A.,
Shiboob M.M. Evaluation of the broiler’s
meat quality in the retail market, Effects
of type and source of carcasses. Rev.

[4]. Mex. Cienc. Pec. 2016;7:321-339.

[5]. Attia Y.A, Qota E.M., Zeweil H.S.,
Bovera F., Abd Al-Hamid A.E., Sahledom
M.D. Effect of different dietary
concentrations of inorganic and organic
copper on growth performance and lipid
metabolism of White Pekin male ducks.
Br. Poultry Sci. 2012;53:77-88.

[6]. El-Hamaky, A. M., Hassan, A. A., Wahba,
A. K., El, M. M. (2023). Influence of

[7]1.

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

copper and zinc nanoparticles on
genotyping characterizations of multi
Drug resistance genes for some calf
pathogens. Int J Vet Sci, 12, 309-17. doi:
10.47278/journal.ijvs/2022.195.

Emami, M. H., Saberi, F.,
Mohammadzadeh, S., Fahim, A,
Abdolvand, M., Dehkordi, S. A. E., ..
&Maghool, F. (2023). A review of heavy
metals accumulation in red meat and meat
products in the Middle East. Journal of
Food Protection, 100048. doi:
10.1016/j.jfp.2023.100048.

Eton E.C., Rufus L.C., Charles L.M.
Effects of broiler litter management
practices on phosphorus, copper, zinc,
manganese, and arsenic concentrations in
Maryland coastal plain soils. Commun.
Soil. Sci. Plan. 2008;39:1193-1205.
Gaines, L. G. (2023). Historical and
current usage of per.and polyfluoroalkyl
substances (PFAS): A literature review.
American Journal of Industrial Medicine,
66(5), 353-378. doi: 10.1002/ajim.23362.
Hu Y., Zhang W., Chen G., Cheng H.,
Taod S. Public health risk of trace metals
in fresh chicken meat products on the food
markets of a major production region in
southern ~ China.  Environ.  Pollut.
2018;234:667-676.

Huang, H., Wang, Y., An, Y., Jiao, W.,
Xu, Y., Han, Q., ... & Teng, X. (2019).
Selenium alleviates oxidative stress and
autophagy in lead-treated chicken testes.
Theriogenology, 131, 146-152.

Islam, M. S., Hossain, M. J., Sobur, M.
A., Punom, S. A., Rahman, A. M. M., &
Rahman, M. T. (2023). A Systematic
Review on the  Occurrence  of
Antimicrobial-Resistant Escherichia coli
in Poultry and Poultry Environments in
Bangladesh between 2010 and 2021.
BioMed Research International, 2023. doi:
10.1155/2023/2425564.

Kojima, L. V., Tuberville, T. D.,, &
Parrott, B. B. (2023). Integrating Mercury
Concentrations in American Alligators
(Alligator mississippiensis) with Hunter
Consumption  Surveys to  Estimate
Exposure Risk. Environmental Toxicology
and Chemistry, 42(2), 525-534. doi:
10.1002/etc.5524.

Kumar, A., Kumar, A, MMS, C. P,
Chaturvedi, A. K., Shabnam, A. A,
Subrahmanyam, G., ... & Yadav, K. K.

DOI: 10.35629/4494-100314551460 Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 1458



g

W

UPRA Jour

nal

International Journal of Pharmaceutical Research and Applications
J Volume 10, Issue 3 May—June 2025, pp: 1455-1460 www.ijprajournal.com

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

(2020). Lead toxicity: health hazards,
influence on food chain, and sustainable

remediation  approaches. International
journal of environmental research and
public  health, 17(7), 2179. doi:
10.3390/ijerph17072179.

Kumar, N., Chandan, N. K., Bhushan, S.,
Singh, D. K., & Kumar, S. (2023). Health
risk assessment and metal contamination
in fish, water and soil sediments in the
East Kolkata Wetlands, India, Ramsar site.
Scientific Reports, 13(1), 1546. doi:
10.1038/541598-023-28801-y.

Lysenko, Y. A., Koshchaev, A. G,
Luneva, A. V., Omarov, R. S., & Shlykov,
S. N. (2021). Organic meat production of

broiler chickens hubbardredbro cross.
International Journal of  Veterinary
Science, 10(2), 25-30. doi:

10.47278/journal.ijvs/2020.021.
MajedulHoque (2023). A Review on
Different Dietary Sources of Important
Vitamins and Electrolytes. International
Journal of Research Publication and
Reviews, 4(8), 731-736,
https://doi.org/10.55248/gengpi.4.823.504
08.

Mashkoor, J., Khan, A., Khan, M. Z., &
Hussain, 1. (2016). Chromium toxicity and
oxidative stress in broiler chicks and its
amelioration with vitamin E and bentonite.
Int. J. Agric. Biol, 18, 1103-1108. doi:
10.17957/1JAB/15.0192.

Mateo, R., Vallverdd-Coll, N., LO6pez-
Antia, A., Taggart, M. A., Martinez-Haro,
M., Guitart, R., & Ortiz-Santaliestra, M.
E. (2014). Reducing Pb poisoning in birds
and Pb exposure in game meat consumers:
The dual benefit of effective Pb shot
regulation. Environment International, 63,
163-168. doi:
10.1016/j.envint.2013.11.006.

McCrory L.Y., Powel D.F., Saam J.M.,
Jackson J.D. A survey of selected heavy
metal concentrations in Wisconsin Dairy
Feeds. J. Dairy Sci. 2005;88:2911- 2922.
Medda N, Patra R, Ghosh TK, Maiti S.

Neurotoxic ~ mechanism  of  arsenic:
synergistic effect of mitochondrial
instability,  oxidative  stress, and

hormonalneurotransmitter impairment.
Biol Trace Elem Res. (2020) 198:8-15.

Mehar, S., Anam, |l., Masood, Z., Alvi, S.,
Khan, W., Kabir, M., ... & Khan, T.
(2023). Original Bioaccumulation of

[24].

[25].

[26].

[27].

[28].

[29].

[30].

heavy metals in the different tissues of
Mackerel scad, Decapterusmacarellus
(Cuvier, 1833) collected from Karachi and

Gwadar Coasts of Pakistan. SAUDI
JOURNAL OF BIOLOGICAL
SCIENCES, 30(2). doi:

10.1016/j.sjbs.2022.103540.

Mohajane, C., & Manjoro, M. (2022).
Sedimentassociated heavy metal
contamination and potential ecological
risk along an urban river in South Africa.
Heliyon, 8(12). doi:
10.1016/j.heliyon.2022.e12499.
O’Connor, D., Hou, D., Ok, Y. S., &
Lanphear, B. P. (2020). The effects of
iniquitous lead exposure on health. Nature
Sustainability, 3(2), 77-79. Oyewale A.T.,
Adesakin T.A., Adu A.l. Environmental
Impact of Heavy Metals from Poultry
Waste Discharged into the Olosuru
Stream, Ikire, Southwestern Nigeria. J.
Health Pollut. 2019;9:1906-1907.

Pappas A.C., Karadas F., Surai P.F.,
Wood N.A.R., Cassey P., Bortolotti G.R.,
Speake B.K. Interspecies variation in yolk
selenium concentrations among eggs of
free-living birds, The effect of phylogeny.
J. Trace Elem. Med. Biol. 2006;20:155—
160.

Qian, X., Wang, Z., Shen, G., Chen, X.,
Tang, Z., Guo, C., ... & Fu, K. (2018).
Heavy metals accumulation in soil after 4
years of continuous land application of
swine manure: a field-scale monitoring
and modeling estimation. Chemosphere,
210, 1029-1034. doi:
10.1016/j.chemosphere.2018.07.107.

Qui, N. H. (2022). Recent advances of
using polyphenols to extenuate oxidative
stress in animal production: evidence from
poultry. Kafkas Univ. Vet. Fak. Derg, 28,
535-41, doi: 10.9775/kvfd.2022.27381.
Ravindran B., Mupambwa H.A., Silwana
S., Mnkeni P.N.S. Assessment of nutrient
quality, heavy metals and phytotoxic
properties of chicken manure on selected
commercial vegetable crops. Heliyon.
2017;3:200493.

Ravindran B., Mupambwa H.A., Silwana
S., Mnkeni P.N.S. Assessment of nutrient
quality, heavy metals and phytotoxic
properties of chicken manure on selected
commercial vegetable crops. Heliyon.
2017;3:e00493.

DOl: 10.

35629/4494-100314551460

Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 1459


https://doi.org/10.55248/gengpi.4.823.50408
https://doi.org/10.55248/gengpi.4.823.50408
https://doi.org/10.55248/gengpi.4.823.50408

v

| CENY f

[N\

International Journal of Pharmaceutical Research and Applications
J Volume 10, Issue 3 May—June 2025, pp: 1455-1460 www.ijprajournal.com

UPRA Journal

[31]. Saleh A.A., Ragab M.M., Ahmed E.A.M., [39]. Whitney, M. C., & Cristol, D. A. (2018).
Abudabos A.M., Ebeid T.A. Effect of Impacts of sublethal mercury exposure on
dietary zinc-methionine birds: a detailed review. Reviews of
supplementationon growth performance, Environmental Contamination and
nutrient utilization, antioxidative Toxicology Volume 244, 113-163. doi:
properties and immune response in broiler 10.1007/398 2017 4.
chickens under high ambient temperature. [40]. Wu, S., Liu, H., Huang, H., Lei, Q.
J. Appl. Anim Res. 2018;46:820-827. Wang, H., Zhai, L., ... & Hu, Y. (2018).

[32]. Shi X, Guo J, Hu C, Zwain HM, Jalbani S, Analysis on the amount and utilization of
Li Y, et al. Anthropocentric perspective on manure in livestock and poultry breeding
climatic variability, potentially toxic in China. Strategic Study of Chinese
elements, and health risk assessment in the Academy of Engineering, 20(5), 103-111.
Mansehra district: a case study of the doi: 10.15302/J-SSCAE-2018.05.016. 16.
Kunhar River, Pakistan. J Water Climate [41]. Younas Z, Mashwani ZUR, Ahmad I,
Change. (2023) 14:1132-46. Khan M, Zaman S, Sawati L. Mechanistic

[33]. Singh, S., Yadav, R., Sharma, S., & Singh, approaches to the application of Nano-
A. N. (2023). Arsenic contamination in zinc in the poultry and biomedical
the food chain: A threat to food security industries: a comprehensive review of
and human health. Journal of Applied future  perspectives and challenges.
Biology and Biotechnology, 11(4), 24-33. Molecules. (2023) 28:1064.

[34]. Smirnova, E., Moniruzzaman, M., Chin, [42]. Zhang, Q., Shi, B., Su, G., Zhao, X,
S., Sureshbabu, A., Karthikeyan, A., Do, Meng, J., Sun, B., ... & Dai, L. (2023).
K., & Min, T. (2023). A Review of the Application of a hybrid GEM-CMB model
Role of Curcumin in Metal Induced for source apportionment of PAHSs in soil
Toxicity. Antioxidants, 12(2), 243. doi: of complex industrial zone. Journal of
10.3390/antiox12020243. Hazardous Materials, 445, 130565. doi:

[35]. Suleman S, Qureshi JA, Rasheed M, 10.1016/j.jhazmat.2022.130565.
Faroog W, Yasmin F. Poultry feed [43]. Zhao X, Liu X, Xing Y, Wang L, Wang
contamination and its potential hazards on Y. Evaluation of water quality using a
human health. Biomed Lett. (2022) 8:70— Takagi-Sugeno fuzzy neural network and
81. determination of heavy metal pollution

[36]. Tian, X., Lin, X., Zhao, J., Cui, L., Gao, index in a typical site upstream of the
Y., Yu Y.L, ..&Li Y. F. (2022). Gut Yellow River. Environ Res. (2022)
as the target tissue of mercury and the 211:113058.
extraintestinal effects. Toxicology,
153396.

[37]. Toghyani M., Toghyani M., Shivazad M.,
Gheisari A., Bahadoran R. Chromium
Supplementation Can  Alleviate the
Negative Effects of Heat Stress on Growth
Performance, Carcass Traits, and Meat
Lipid Oxidation of Broiler Chicks without
Any Adverse Impacts on Blood
Constituents. Biol. Trace. Elem. Res.
2012;146:171-180.

[38].  Valkova, E., Atanasov, V., Vlaykova, T.,

Tacheva, T., Zhelyazkova, Y., Dimov, D.,
& Yakimov, K. (2023). The Serum Levels
of the Heavy Metals Cu, Zn, Cd, and Pb
and Progression of COPD—A Preliminary

Study. International Journal of
Environmental Research and Public
Health, 20(2), 1427. doi:
10.3390/ijerph20021427.

DOI: 10.35629/4494-100314551460

Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 1460



