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Abstract : This article provides a comprehensive review of current data on
the health risks of mercury exposure in humans and animals. Based on recent
international studies (WHO, ATSDR, UNEP, Minamata Convention) and
toxicological reports, it analyzes sources, pathways, and mechanisms of mercury
toxicity, including elemental, inorganic, and organic (methylmercury) forms.
Diagnostic and biomonitoring methods (blood, urine, hair, and exhaled air analysis)
are summarized to assess both acute and chronic exposures. Special attention is
given to food chain contamination, particularly through fish and seafood
consumption, and to the impact on the nervous, reproductive, and immune systems.

Preventive strategies include emission reduction, ecological monitoring, and

population screening. The findings emphasize the

Buinyck scypnana No-40


mailto:nafisaochilova54@gmail.com
mailto:alimjonovasarvinoz3@gmail.com
mailto:ruhshona3011@gmail.com
mailto:Tadjidinovayko@gmail.com

Modern education and development | ,ro e

environment surveillance system to mitigate mercury-related risks to humans and
wildlife.

Keywords: mercury, toxicity, biomonitoring, human and animal health,
methylmercury, environmental pollution, diagnostics, prevention, ecological risks.

«IIpenynpexnenue, TMATHOCTUKA 1 MOHUTOPUHI PUCKOB JIJIs1
310POBbS1, CBA3AHHBIX C BO3/eHCTBMEM PTYTH HA OPraHU3M KUBOTHBIX U
YyeJIOBeKa»

Aunomauyusa. B cmamve npeocmaenen 0030p COBPEMEHHLIX OAHHBIX O
pUcKkax O0s 300p08bsi 4elo8eKd U IHCUBOMMHBIX, CEA3AHHBIX C B030elicmeuem
PA3IUYHbIX PopM pmymu — 21eMeHMAaApHOlU, HeOP2aHUYeCKOU U Op2aHUu4ecKoll
(memunpmymu). Ha ocnose medxcoynapoonwix uccieoosanuti u omuemos (ATSDR,
WHO, UNEP) paccmompenvl OCHOBHbIE UCMOYHUKU 3A2PA3HEHUs, Nymu
NOCMYNNEHUsL U MEeXAHU3IMbl MoKcuuecko2o oeticmsusi pmymu. Ocoboe eHumamnue
VOeneHO OUACHOCMUYEeCKUM U OUOMOHUMOPUH208bIM NOOX00aM (AHAIU3 KPOSU,
MOUU, BOJIOC U 8bIOLIXAEMO20 8030YXA), NO3BONAIOUWUM BbIABIAMb KAK OCMpble, MaK
u xpoHuueckue ¢hopmul 6o30eticmsus. OmoenbHO NPOaAHANUIUPOBAHBI IKON020-
eUusUeHU4ecKue pucku, cesa3anuvle ¢ nompeobieHuem pulovl U MOPenpooyKmos, d
makdce GIuUAHUe PMYMU HA pPenpooyKMuUHoe, HepeHOe U UMMYHHOe 300P0o6be.
IIpeonooicenvr mepvl npogurakmuky U KOHMpoas — Om 2100ANbHbIX CMpPame2uti
(Konsenyusi Munamama) 00 pecUOHANbHLIX NPOSPAMM CHUNCEHUS IMUCCULL U
MOHUMOpUH2A COCMOAHUA 3Kocucmem. llonyyennvle OanHvle NOOMEEPHCOAIOM
HE0OX00UMOCMb CUCMEMHO020 N00X00d K OUACHOCMUKE, HAO30pPY U CHUNCEHUID
PMYMHOU HA2PY3KU Ha OUOMY U Yelo8eKd.

Kntouesvie cnosa: pmymsv, MmMOKCUUHOCMb, OUOMOHUMOPUHZ, 300POBbE
yenoseka U JCUBOMHBIX, MEeMmUIpmyms, 3acpsA3HeHue OKpydcaouel cpeovl,
OUuazHOCMuKa, NpoQuUIAKMuUKa, IKOI02UYEeCcKUe PUCKU.

Onam Ba XaliBOHJIApP OPraHU3MHUIa CUMOO TAbLCUPH OWJIAH OOFJIUK

COFJIMK Y4YH XaB(UIAPHUHT OJAMHH OJIMII, TAIIXUC KYHNII BAa
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Aunomauyusa. Maxonadoa ooam 6a XaueoHaap Op2aHuIMuea Mypiu
KypuHuwoazu cumod mavcupu Ounam O02NUK CO&MUK YUVH Xasgrap maxiun
Kununean. Xycycam, dieMeHmap, HOOP2aHUuK 6a Op2aHuK  (Memuicumoo)
WAKIIAPUHUHZ MABCUP MEXAHUSMIAPY, AMPOG-MyXumoa mapKaiuul Manoaiapu 6a
UHCOH Opeanusmuea Kupuw uyiiapu épumuneatn. Vamui manbanap ea xaikapo
mawxuromaap (WHO, ATSDR, UNEP) maviymomaapuea acocianub, cumoOHuHe
HeUpPOMOKCUK, UMMYHOMOOYIAMOP 64 PENnpPOOYKMUE MAbCUupaapu O0aéH dMmunean.
buomonumopune ycynnapu (xow, newob, cou ea uaghac maxauinapu) opkaiu
Mavcup 0apadcacunu aHUKIAW UMKOHUaAmMIapu Kypcamuieat. Kywumua pasuwioa,
OanuxK 6a OeHau3 Maxcyiomiapu opKalu Cumoo Kaoyn Kuauus Ounan 602nukK IKOa102UK
xasghnap maxnun kunumeawn. Ilpoghunaxmuxa uopanapu eéa Hazopam MusUMUHU
maxkomuiawmupuwt oyuuuya maxkiugaap oOepunean. Ywoy unamuoicanap cumod
MAbCUPUHYU  ONOUHU  OJUWL, MAWXUC 64 MOHUMOPUHZ KUMUUWHUHE MUSUMIU
EHOAULY8UHU MABMUHAAWL 3APYPIULUHU KYPCAMAOU.

Kanum cy3nap: cumob, mokcuxonozus, OUOMOHUMOPUH2, 00aM 84 XAUBOH
caromamauey, Memuicumoo, ampog-myxum uprociaHumy, OUACHOCMUKA,
npohunaKmuKa, 3Ko102uK xasgaap.

Introduction

Mercury (Hg) is one of the most toxic elements posing a serious threat to both
humans and animals. The World Health Organization classifies mercury among the
ten most dangerous chemical substances capable of causing long-term health effects.
A distinctive feature of mercury is its ability to transform from one chemical form
into another and accumulate in living organisms. Owing to this property, it easily
enters food chains, leading to gradual poisoning even at low environmental
concentrations.

The problem of mercury exposure is complex and encompasses ecological,
toxicological, and socio-hygienic dimensions. Sources of contamination include both

natural processes volcanic activity, weathering of rocks, and evaporation of seawater

and anthropogenic sources such as coal comb
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industries, chlor-alkali production, and the use of mercury-containing thermometers
and lamps. As a result, large quantities of mercury are released into the atmosphere,
from where they settle into soil and water bodies. In aquatic environments, inorganic
mercury compounds undergo methylation by microorganisms, forming
methylmercury the most toxic form capable of accumulating in the tissues of living
organisms.

Mercury exposure in humans and animals occurs through three major routes:
inhalation (via the respiratory tract), alimentary (through food and water), and
percutaneous (through the skin). The alimentary route is considered the most
dangerous due to consumption of fish and seafood, in which methylmercury
concentrations often far exceed permissible limits. Methylmercury exhibits
pronounced neurotoxic effects: it easily crosses the blood—brain and placental
barriers, damaging the central nervous system, liver, kidneys, and endocrine organs.
Animals demonstrate similar pathological changes, including reproductive
impairment, embryonic abnormalities, behavioral alterations, and reduced immunity.

Modern research demonstrates that even minimal chronic exposure to
mercury can cause persistent morphophysiological changes. This is confirmed by
observations of populations affected by mercury disasters such as Minamata in
Japan, where the consequences of intoxication have been transmitted across
generations. The international response to these events resulted in the adoption of the
Minamata Convention (2013), aimed at reducing mercury use, cutting emissions, and
eliminating contamination sources.

Timely diagnosis and biomonitoring are crucial for identifying mercury
intoxication. Unlike traditional clinical methods, biomonitoring quantitatively
determines internal exposure dose and helps identify contamination sources. The
most informative biological matrices include blood, urine, hair, and exhaled air.
Urine mercury concentration reflects long-term exposure to mercury vapor, while

hair analysis indicates chronic dietary methylmercury intake. These methods enable

early detection of intoxication and evaluation of pre
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Environmental and food monitoring remains an essential component of
ecological safety. Regular determination of mercury levels in water, soil, plants, fish,
and dairy products allows assessment of potential public health risks. Studies indicate
that 40-60% of fish samples from contaminated water bodies exceed sanitary
mercury limits, necessitating strict governmental control and public education on
safe consumption.

Thus, the problem of preventing, diagnosing, and monitoring mercury-
related risks is interdisciplinary, requiring cooperation among ecologists, physicians,
veterinarians, and sanitary specialists. The development of modern biomonitoring
techniques, enhancement of laboratory diagnostics, and expansion of international
collaboration are key prerequisites for reducing mercury burdens on human
populations and the biosphere. Under conditions of growing technological pressure,
systemic monitoring of mercury pollution becomes one of the priority areas for
ensuring ecological and biomedical safety.

Main Part

Mercury is a unique element due to its physicochemical properties, but these
same features make it particularly dangerous. In nature it exists in three forms:
metallic (Hg®), inorganic (Hg', Hg*"), and organic (methylmercury and
ethylmercury). Each form possesses distinct toxicities and mechanisms of action.
Methylmercury formed in aquatic ecosystems by anaerobic bacteria is regarded as
the most hazardous. It easily penetrates the tissues of aquatic organisms and
accumulates in food chains, reaching high concentrations in predatory fish and
mammals.

The primary route of mercury exposure in humans is alimentary.
Consumption of contaminated fish, seafood, or methylmercury-containing water
leads to gradual accumulation of the toxin. Biomagnification results in
concentrations in human tissues hundreds of times higher than in the surrounding

environment. Metallic mercury, on the other hand, is more dangerous through
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inhalation, when its vapors are inhaled in industrial settings or after the rupture of
mercury-containing devices.

Mercury exerts multifaceted toxic effects. It binds to sulfhydryl groups of
proteins, disrupts enzyme activity, and inhibits DNA and RNA synthesis.
Methylmercury is particularly harmful to the central nervous system it crosses the
blood—brain barrier, destroys neurons, and impairs nerve impulse conduction. In
humans this manifests as memory loss, tremors, impaired coordination, speech and
hearing disturbances. Animals exhibit similar symptoms such as disorientation,
aggression, reduced fertility, and offspring abnormalities.

Apart from neurotoxicity, mercury negatively affects immune,
cardiovascular, and endocrine systems. It causes oxidative stress, membrane
destruction, inflammatory reactions, and apoptosis. In the liver and kidneys, mercury
accumulates as inorganic salts, leading to toxic nephritis and hepatitis. Chronic low-
dose exposure may induce mutagenic and teratogenic effects as well as epigenetic
alterations transmissible to offspring.

In animals, especially aquatic species, mercury serves as a bioindicator of
environmental quality. Studies reveal that concentrations as low as 0.05 mg/L cause
anemia, gill deformation, and growth disorders in fish. These findings confirm that
mercury is not merely a local but a global environmental problem.

Timely diagnosis of mercury intoxication is essential for preventing chronic
damage. Biological monitoring methods that determine mercury levels and chemical
forms in the body are considered most effective.

Urine analysis is used to assess exposure to metallic and inorganic mercury.
It reflects long-term inhalation exposure and is used to monitor workers in industries
producing instruments, batteries, lamps, and dental materials. Concentrations above
50 pg/L are considered potentially dangerous and require medical intervention.

For diagnosing methylmercury exposure, blood and hair analyses are

preferred. Mercury content in hair reflects long-term accumulation 0 several

months. Segmental analysis allows determination.@
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mercury remains in blood only briefly, blood analysis is valuable for detecting acute
Intoxication.

Modern laboratories employ atomic absorption spectroscopy, inductively
coupled plasma mass spectrometry (ICP-MS), and chromatography-mass
spectrometry. These technologies provide high measurement accuracy and allow
differentiation of mercury forms. In clinical practice, rapid tests and biosensors are
also used for field screenings.

An important direction in biomonitoring is ecosystem assessment. Studies of
mercury in fish, soil, sediments, and water allow indirect evaluation of pollution
levels and prediction of public health risks. Based on such data, many countries have
issued guidelines limiting consumption of certain fish species, especially for
pregnant women and children.

Additionally, molecular diagnostic methods biomarkers of oxidative stress,
enzyme disruptions, and epigenetic changes are actively evolving. These approaches
expand early diagnostic capabilities and detect even minimal exposures.

Prevention of mercury intoxication includes measures to reduce mercury
entering the environment and human body. The Minamata Convention on Mercury
(2013) serves as a key international framework regulating mercury handling, banning
mercury-containing thermometers and lamps, and requiring stepwise reduction of
emissions.

At the national level, key tasks include:

— control of industrial emission sources, especially in energy and
metallurgical sectors;
— implementation of gas and wastewater purification technologies;— safe disposal of
mercury-containing waste;

— sanitary supervision of food and drinking water quality;

— public awareness and education.

In medicine, prevention focuses on early identification of

Workers in laboratories, dental clinics, mine
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undergo regular examinations. Acceptable mercury levels in biological samples are
set for them, and exposure reduction measures ventilation, personal protective
equipment, and replacement of mercury materials are implemented.

In veterinary practice, controlling mercury in feed and water prevents
accumulation in animal products. Monitoring farm animals enables early diagnosis
of poisoning and prevents contaminated meat and milk from entering the human food
chain.

A promising preventive direction is the development of green technologies
replacement of mercury thermometers and fluorescent lamps with safer alternatives,
mercury-free batteries, and environmentally friendly industrial processes.
Governmental monitoring systems also play an essential role by controlling mercury
concentrations in air, water bodies, and soil.

Conclusion

The analysis demonstrates that mercury exposure in humans and animals is a
complex, multifactorial process requiring continuous monitoring and
interdisciplinary  approaches. Mercury particularly methylmercury exerts
pronounced neurotoxic and systemic effects, impairing vital organs and
physiological functions.

The development of modern biomonitoring methods, the use of precise
analytical technologies, and the implementation of international regulatory standards
form the foundation of effective diagnosis and prevention. A crucial direction for
future work is establishing integrated surveillance systems combining environmental
and medical data, enabling early risk detection and reduction of mercury burdens on
populations.

Thus, addressing mercury pollution requires coordinated actions among
science, industry, and government. Only a systemic approach from monitoring to
prevention can ensure sustainable protection of human health, animal health, and the

entire biosphere.
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