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Xenobiotic-contaminated water and its impact on animal metabolism

population, intensive chemicalisation of agriculture, and the intensification of many other types
of anthropogenic pressure on nature have disrupted the circulation of substances and natural
energy exchange processes in the biosphere, damaged its regenerative mechanisms, and as a result,
its progressive destruction has begun. This research review aimed to present some of the main
impacts of water quality on metabolism in animal organisms within the concept of “One Health”.
The leading method for studying this problem is a review of recent literature. Typically, xenobiotics
are chemical compounds that enter the body and are not formed as a result of metabolic pathway
reactions. In this regard, water contaminated with xenobiotics enters the body with drinking
water or food, and this does not apply to metabolic water, which is formed as a result of chemical
reactions. Thus, along with the consumption of water due to hydration, other various chemical
substances may enter the body, which are usually not present in drinking water. However, the type
of chemical substances, as well as their quantity, are criteria that can transform water from a basic
nutrient into a harmful product. Soil and water play an important role in the chemical composition
of food or feed that grows in the soil, and the metabolism of plants or plant consumers can be
balanced or unbalanced depending on the quality and quantity of water. The materials of the article
have practical significance for elucidating the biological mechanisms of xenobiotic elimination and

preserving the health of animals and humans
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Introduction

The impact of xenobiotics on the reproductive
and developmental biology of all living organ-
isms has become of paramount importance in
the present day. As the effect of these xenobi-
otics on aquatic animals is an emerging area
of research and development, several groups
worldwide are working on these aspects, target-
ing various groups of fish in both marine and
freshwater ecosystems (Akhila et al., 2023).
Generally, xenobiotics refer to a wide range
of compounds, including synthetic and indus-
trial chemicals, drugs, pesticides, environmen-
tal pollutants, and other substances that are
introduced into an organism’s system through
various routes, such as ingestion, inhalation,
or dermal exposure, according to E.A. No-
man et al. (2019). The presence of xenobiotics
in freshwater — particularly in water used as a
source of drinking water for animals and hu-
mans - can largely be attributed to sewage sys-
tems for wastewater, but also to potential leaks,

especially during rainy weather and in humid
atmospheric conditions.

P.F. Zabrodskii (2020) notes that when xe-
nobiotics enter an organism, they can under-
go biotransformation, which is the process of
chemical modification that occurs within the
body. This transformation is primarily carried
out by enzymes in the liver, although other or-
gans and tissues can also contribute. The pur-
pose of biotransformation is to convert xeno-
biotics into more easily excretable forms and
to neutralise or detoxify potentially harmful
substances.

However, some xenobiotics may be difficult
to eliminate or may be transformed into metab-
olites that are more toxic or reactive than the
original compound. This can lead to adverse
effects on the organism’s health, such as organ
damage, disruption of physiological processes,
or the development of diseases. The study of xe-
nobiotics and their effects on living organisms
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is a significant field within toxicology and en-
vironmental science. Understanding how xeno-
biotics interact with biological systems and the
mechanisms of their metabolism and toxicity is
crucial for assessing their potential risks to hu-
man and ecological health (Oesch et al., 2018;
Ortiz et al., 2022; Rathore et al., 2022).

B. Lussenburg et al. (2022) indicate that
understanding how exogenous chemicals (xe-
nobiotics) are metabolised, distributed, and
eliminated is critical for determining the im-
pact of these chemicals and their metabolites
on the organism. Y. Hua et al. (2022) point out
that it is of great importance for food safety and
human health to study the migration and bio-
transformation of chemical pollutants among
agricultural elements, such as soil, water, and
crops. C.H. Chen (2024) notes that household
products containing chemical compounds are
used daily, while industrial chemicals and en-
vironmental pollutants are prevalent in the air
and water bodies. As a result, humans are con-
stantly exposed to these foreign substances,
known as xenobiotics. Many of these foreign
compounds that enter the body are lipophilic,
or fat-soluble. Unlike hydrophilic substances,
which dissolve in water, lipophilic compounds
are nonpolar and either insoluble or only
slightly soluble in water. Therefore, they must
be converted into water-soluble forms before
being eliminated from the body. The process of
removing these foreign substances involves ac-
tivation and detoxification mechanisms, which
serve as crucial defences for the human body.

The study aimed to analyse the influence
of xenobiotics in water on metabolic processes
in animals. The research methodology involved
a comprehensive study and analysis of recent
scientific literature. This approach aimed to re-
view and synthesise the most up-to-date find-
ings and theories relevant to the topic. The se-
lection of sources was based on their scholarly
significance, relevance, and contribution to the
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existing body of knowledge. The analysis fo-
cused on identifying key themes, patterns, and
gaps in the literature, providing a robust foun-
dation for the research. By critically evaluating
recent studies, the methodology ensured that
the research was grounded in current scientif-
ic understanding, allowing for a well-rounded
perspective on the subject matter.

Xenobiotic water contamination
and its environmental impact

In this article, it is proposed to discuss “xeno-
biotic water”, which refers to water that is not
produced within biological systems through
metabolic reactions, but rather to the water in-
gested by humans and animals, namely drinking
water or water that enters the organism along
with food or feed. In this context, “xenobiotic
water” does not refer to “polluted water” but to
water that is not produced within the organism
as an intermediate or final product of reactions.

Metabolic water is produced inside the or-
ganism in a multitude of reactions, playing a
crucial role in maintaining proper hydration
levels. The human body, as well as many other
organisms, has evolved mechanisms to gener-
ate water as a byproduct of various metabolic
processes (Nelson & Cox, 2014).

One of the primary sources of metabolic
water is derived from cellular respiration (Ul-
rich & Zickermann, 2021; McClelland, 2022).
During this process, glucose and oxygen are
used to produce energy in various forms, but
most commonly as adenosine triphosphate
(ATP). Interestingly, as a byproduct of cellu-
lar respiration, water is generated through the
combination of hydrogen ions and electrons in
the electron transport chain (Bindoli & Rigo-
bello, 2013). This metabolic water production
occurs in the mitochondria, the powerhouse
of the cell (Cox, 2005). Additionally, the break-
down of stored glycogen in the liver and mus-
cles also yields metabolic water. As glycogen is
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metabolised to release glucose for energy, the
process produces water molecules as a byprod-
uct. Furthermore, the oxidation of fat stores
contributes to the production of metabolic wa-
ter (Matkov, 2018). Fat molecules contain more
hydrogen atoms compared to carbohydrates,
making them a potent source for water synthesis
when metabolised (Bindoli & Rigobello, 2020).

Overall, these metabolic reactions collec-
tively contribute to the production of water
within the organism. While the amount of water
generated through these processes is relatively
small compared to the water obtained from ex-
ternal sources such as drinking, it is neverthe-
less an important internal source of hydration,
particularly in situations where access to exter-
nal water is limited, such as during periods of
water scarcity or in arid environments.

Water contaminated with xenobiotics re-
fers to water that contains foreign substances,
such as synthetic chemicals, pharmaceuticals,
and pesticides (Gerrity et al., 2011). These sub-
stances can enter water sources through direct
discharge from industries, agricultural runoff,
improper waste disposal, or accidental spills.
They can be harmful to biological systems, in-
cluding humans, animals, and plants, as they
may interfere with normal cellular functions
and essential physiological processes.

Water containing xenobiotics can have
harmful effects on aquatic ecosystems and pose
risks to human health. Many xenobiotics are
persistent and do not easily degrade, leading to
long-term contamination of water bodies, such
as heavy metals (Ahmadi et al.,, 2018). These
substances can accumulate in the environment,
potentially affecting aquatic organisms and the
food chain.

Water treatment processes such as filtra-
tion, disinfection, and advanced oxidation are
commonly employed to remove or reduce xe-
nobiotics from water supplies. Additionally,
regulations and monitoring programmes aim

to control the release of xenobiotics into water
sources and mitigate their potential impacts on
both the environment and human populations.

The significance of xenobiotics present in
the water composition of biological systems is
that they can have detrimental effects on hu-
man health, the environment, and aquatic life.
Exposure to these contaminants can lead to
the development of diseases, birth defects, and
other health problems (Pankaj et al., 2017). Ad-
ditionally, xenobiotic water can disrupt ecosys-
tems and harm wildlife by altering their behav-
iour, growth, and reproduction. This is why it is
essential to monitor and regulate the presence
of xenobiotic substances in water sources to
ensure the safety of our natural resources and
public health.

Metabolic water refers to water produced
as a byproduct of metabolic processes in spe-
cific organisms, particularly those adapted to
survive in water-scarce environments. It serves
as a supplementary source of water, but it is
not the sole or primary means of meeting an
organism’s water requirements (Ferrier, 2014).
Certain organisms, such as desert-dwelling an-
imals, plants, and microorganisms, have meta-
bolic adaptations that allow them to generate
water as a byproduct of their metabolic pro-
cesses. This metabolic water production helps
these organisms survive in arid or water-scarce
environments where access to external water
sources is limited.

In these cases, metabolic water is derived
from the breakdown or metabolism of internal
energy stores, such as glycogen or fats. During
the breakdown of these energy stores, meta-
bolic reactions release water molecules as by-
products. This internally generated water can
be utilised by the organism to meet its water
needs, supplementing or compensating for the
lack of external water sources.

The production of metabolic water varies
depending on the specific organism and its
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physiological adaptations. For example, some
desert-dwelling animals, such as kangaroo rat
(Dipodomys phillipsii) (Swaner, 2013) — Fig. 1a,
certain reptiles (Uma scoparia) - Fig. 1b, and
wild Bactrian camel (Camelus ferus) — Fig. 1c
have highly efficient kidneys that concen-
trate their urine and minimise water loss.
This conservation of water, along with met-
abolic water production, helps them survive
in water-scarce environments and assists in

regulating body temperature, humidity, evap-
oration, and excretion.

It is important to note that metabolic wa-
ter production is often relatively limited com-
pared to the total water needs of an organism.
While it can contribute to water balance and be
beneficial in water-stressed environments, ad-
ditional water intake through drinking or other
external sources is typically necessary for prop-
er hydration for all living organisms.

Figure 1. Animals fully adapted to xeric environments
Note: a — kangaroo rat (Dipodomys phillipsii); b - reptiles (Uma scoparia); ¢ — wild Bactrian camel (Camelus ferus)
Sourse: developed by the authors

Importance of water for metabolic
pathways in animals

Water quality plays a crucial role in the health
and well-being of both animal and human or-
ganisms. Here are some key influences of water
quality on organisms:

Hydration — Water is essential for maintain-
ing proper hydration in organisms. Adequate
water intake is necessary for the functioning
of cells, tissues, and organs (Buck et al., 2017).
Poor water quality, such as water contaminated
with pollutants or pathogens, can lead to de-
hydration or waterborne diseases, negatively
impacting the health of animals and humans
(Hulea & Ahmadi, 2021).

Nutrient absorption — Water serves as a me-
dium for the absorption and transportation of
nutrients within organisms. Inadequate water
quality can hinder nutrient absorption, leading
tonutrientdeficienciesandrelated healthissues.

Contaminant exposure — Water quality af-
fects the degree of exposure to contaminants,
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including pollutants, chemicals, heavy metals,
pesticides, and pathogens. Consuming water
with high levels of contaminants can have det-
rimental effects on the immune system, organ
function, and overall health of organisms (Wid-
maier et al., 2008).

Disease transmission — Poor water quality
can facilitate the transmission of waterborne
diseases and infections. Pathogens such as bac-
teria, viruses, and parasites can contaminate
water sources, leading to illnesses in animals
and humans when consumed or used for hy-
giene purposes.

Aquatic ecosystems — Water quality is vital
for the health of aquatic ecosystems and the
organisms that inhabit them. Contaminated
water can disrupt the ecological balance, harm
aquatic species, and degrade habitats, affecting
the overall biodiversity and functioning of the
ecosystem (Pedersen et al., 2003).

Excretion — Water plays a vital role in the
process of excretion, which is the removal of
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waste materials from the body. The excretory
system, consisting of organs such as the kid-
neys, helps maintain the body’s internal envi-
ronment by filtering waste products and excess
substances from the bloodstream and eliminat-
ing them through urine.

Urine formation — The kidneys filter waste
products, excess ions, and other substances
from the blood to form urine. Water is a key
component of urine and acts as a solvent that
helps dissolve and transport these waste mate-
rials out of the body (Pollard et al., 2018).

Kidney function — Adequate water intake is
crucial for the proper functioning of the kidneys.
Water helps maintain optimal blood volume and
pressure within the kidneys, ensuring efficient
filtration and removal of waste products. Insuf-
ficient water intake can lead to concentrated
urine, which may contribute to the formation
of kidney stones or urinary tract infections.

Waste elimination — Water helps dilute waste
substances in the urine, making them easier to
excrete.Itassistsinflushingout toxins, metabol-
ic byproducts, and excess substances like urea,
uric acid, and electrolytes from the body. With-
out sufficient water, these waste products may
accumulate and cause various health problems.

Fluid balance — Water plays a critical role in
maintaining fluid balance throughout the body.
It helps regulate osmotic pressure and elec-
trolyte concentrations, which are essential for
cellular function (Buck et al., 2017). Adequate
hydration ensures that the body can effectively
eliminate waste materials and maintain overall
physiological stability.

To ensure the well-being of both animals
and humans, it is essential to maintain and
monitor water quality through measures such
as regular testing, water treatment and purifi-
cation, proper waste disposal, and safeguarding
water sources from pollution. Regulatory bod-
ies, environmental agencies, and public health
organisations often establish guidelines and

standards to protect water quality and promote
the health of organisms that depend on it (Pat-
terson et al., 2010).

Water is an essential component for the
proper functioning of metabolic pathways in
organisms. Metabolic pathways are a series of
chemical reactions that occur within cells to
break down molecules, generate energy, and
synthesise new molecules necessary for life
processes. Here are some ways in which water
is involved in metabolic pathways:

Solvent and reaction medium — Water serves
as a universal solvent and provides the me-
dium for metabolic reactions to occur. Many
metabolic reactions take place in the aqueous
environment inside cells, where water acts as a
solvent, facilitating the transport of molecules,
ions, and substrates involved in these pathways.

Hydrolysis reactions — Hydrolysis is a com-
mon metabolic reaction in which water mole-
cules are used to break down complex molecules
into simpler components. For example, during
digestion, water is involved in hydrolysing food
molecules such as carbohydrates, proteins, and
lipids into their respective monomers (sugars,
amino acids, and fatty acids).

Protein folding — Proper protein folding is
essential for the functioning of enzymes, recep-
tors, and other proteins. Water molecules inter-
act with amino acids as proteins fold, stabilis-
ing their structures and ensuring they achieve
their functional conformations.

Transport and diffusion — Water plays a
crucial role in the transport and diffusion of
metabolites within cells and tissues (Alber-
ti, 2010). Metabolites produced in one part of
the cell need to be transported to other cel-
lular compartments or even different cells
(Lea et al., 2003). Water, along with specialised
transport proteins, facilitates the movement of
metabolites across cell membranes (Groot &
Grubmdiller, 2001). Water’s role as a transport
medium is vital for the movement of nutrients,
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waste products, hormones, and other molecules
throughout the body, being directly involved in
cell size (Lloyd, 2013), volume (Sachs & Sivasel-
van, 2015), and shape (Koivusalo et al., 2009).
Blood, for example, is primarily composed of
water and acts as a medium for transporting
oxygen, nutrients, and waste products between
cells and organs.

Aquaporins are a family of membrane pro-
teins that facilitate the rapid transport of water
molecules across cell membranes (Abir-Awan et
al.,, 2019). They are essential for maintaining
water balance in various tissues and organs of
mammals. These water channels play a crucial
role in regulating water movement, osmotic
balance, and fluid homeostasis within cells and
tissues (Lodish et al., 2005). Among mammals,
there are several types of aquaporins, each with
specific distributions and functions, as follows:

Aquaporin-1 (AQP1) - is one of the first
aquaporins discovered and iswidely expressed in
various tissues, including the kidneys, lungs, red
blood cells,and the endothelium ofblood vessels.

Aquaporin-2 (AQP2) - is primarily found in
the kidney’s collecting ducts and is regulated by
the hormone vasopressin.

Aquaporin-3 (AQP3) - is present in the
plasma membranes of various tissues, includ-
ing the kidneys, skin, and gastrointestinal tract.

Aquaporin-4 (AQP4) - is highly expressed
in the brain and spinal cord, where it plays a
role in regulating brain water balance and cere-
brospinal fluid dynamics.

Aquaporin-5 (AQP5) - is found in tissues
with secretory and absorptive functions, such
as salivary glands, the respiratory tract, and
lacrimal glands.

Aquaporin-7 (AQP7) and Aquaporin-9
(AQPY) - are found in adipose tissue and liver
cells, respectively.

Aquaporin-6 (AQP6) - is primarily found in
intracellular vesicles of the kidney’s collecting
duct cells (Delgado et al., 2013).
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The function of aquaporins goes beyond
maintaining water balance. For instance, they
are involved in cell migration, cell signalling,
and interactions with other molecules (Hoff-
mann & Pedersen, 2011).

Mammalian aquaporin water channels are
fundamental for maintaining water homeosta-
sis and osmotic balance in various tissues and
organs. Their selective permeability to water
allows the rapid movement of water molecules
across cell membranes, ensuring the proper
functioning of cells and tissues throughout the
body (Roccaro et al., 2013).

Enzymatic reactions — Enzymes, which are
proteins that catalyse metabolic reactions, of-
ten require water as a necessary component for
their activity. Water molecules can be directly
involved in enzymatic reactions, either as a re-
actant or as a participant in the catalytic process.

Temperature regulation — Water possesses
a high heat capacity, allowing it to absorb and
release heat with minimal temperature chang-
es. Since metabolic reactions produce heat as a
by-product, water’s ability to maintain a stable
temperature is essential for regulating body
heat. This characteristic ensures that metabolic
processes occur within an optimal temperature
range, promoting efficient enzyme activity and
proper cellular function.

Metabolite synthesis — Water is involved in
the synthesis of many essential metabolites,
including carbohydrates, proteins, lipids, and
nucleic acids. Water molecules are incorpo-
rated into these compounds during their bio-
synthesis, contributing to their structure and
functionality.

In summary, water is integral to metabolic
pathways as a solvent, participant in reactions,
transport medium, and temperature regulator.
It enables the efficient functioning of cellular
processes and the synthesis and breakdown
of molecules necessary for life (Saragovi et
al., 2022). Maintaining adequate hydration and
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consuming high-quality water is vital for sup-
porting optimal metabolic function in organ-
isms. Additionally, water is involved in both
catabolic (breakdown) and anabolic (synthesis)
metabolic pathways. In catabolic reactions,
water is often used to break chemical bonds,
releasing energy. In anabolic reactions, water
is often a product as molecules are built up
(Khesbak et al., 2011). For instance, in photo-
synthesis, water molecules are split to provide
electrons and protons needed to convert carbon
dioxide into glucose.

ATP formation — The synthesis of adeno-
sine triphosphate (ATP), the primary energy
currency of cells, occurs in metabolic pathways
such as cellular respiration and photosynthe-
sis. These processes involve the movement of
protons across cell membranes, creating proton
gradients that drive ATP synthesis through ATP
synthase. Water molecules are released as a
by-product of these reactions and help regulate
the proton gradients and energy flow.

Detoxification — Water aids in the remov-
al of waste products and toxins from the body
through processes such as urination and sweat-
ing. The kidneys use water to filter waste prod-
ucts and excess substances from the blood,
forming urine that is excreted from the body.
Sweating helps regulate body temperature and
eliminates waste products through the skin.

The water needs of animals can vary de-
pending on the species, size, diet, activity level,
and environmental conditions. Here are some
general guidelines regarding water require-
ments for different types of animals:

Domestic animals — Dogs typically require
about 0.3 litres of water per pound of body
weight per day. However, this can vary based on
factors such as size, activity level, and diet. Cats
generally need about 0.1 to 0.15 litres of water
per 5 pounds of body weight per day. Cats con-
suming wet food derive some of their water in-
take from their diet. Horses can between 20 and

60 litres of water per day, depending on factors
such as size, climate, diet, and activity level.

Livestock animals — Cows typically require
around 30 to 45 litres of water per day. How-
ever, lactating cows or those in hot climates
may need more. Sheep and goats generally
need about 2 to 4 litres of water per day. This
requirement can increase during hot weather
or lactation. Pigs typically require about 2 to 4
litres of water per day, depending on their size
and environmental conditions.

Wild animals — Have varying water require-
ments based on their size, diet, and habitat. De-
sert-dwelling animals, such as camels, kanga-
roo rats (Longland & Dimitri, 2021), and certain
reptiles, have unique adaptations to conserve
water and can survive in very limited amounts.

Aquatic animals — Animals such as fish, am-
phibians,and marine mammals, obtain their wa-
ter needs from their surrounding environment.

Common xenobiotic water pollutants
that pose a risk to animals

Xenobiotics are substancesthatareforeigntothe
biological systems they enter, often originating
from human activities such as pharmaceutical
production, agriculture, industry, and personal
care. These contaminants can enter water sys-
tems through various pathways, leading to po-
tential environmental and human health risks.

Pharmaceuticals as xenobiotic contami-
nants: Pharmaceuticals are widely used for
medical purposes and are commonly found in
water systems due to incomplete metabolism
and excretion by humans. These compounds
can enter the environment through sewage dis-
charges, landfill leachate, and runoff from ar-
eas with pharmaceutical manufacturing facili-
ties. Once in water systems, pharmaceuticals
can have diverse ecological and human health
impacts. Thus, pharmaceuticals can disrupt
aquatic ecosystems by affecting the behaviour,
growth, and reproduction of aquatic organisms.
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Hormone-disrupting pharmaceuticals, such as
birth control pills, can alter the reproductive
behaviours of fish, leading to changes in popu-
lation dynamics (Dhaval et al., 2013).
Long-term exposure to low levels of phar-
maceuticals in drinking water might have cu-
mulative effects on human health. The presence
of antibiotics in water systems can contribute
to the development of antibiotic-resistant bac-
teria, posing challenges for disease treatment.
Pesticides as xenobiotic contaminants: Pes-
ticides are chemicals used to control pests in
agriculture, and they can contaminate water
systems through runoff from treated fields and
improper disposal. These compounds can per-
sist in the environment and have significant
implications for both ecosystems and human
health. Pesticides can harm non-target organ-
isms, leading to declines in pollinator popula-
tions (e.g., bees) and disruptions in food chains.
The bioaccumulation of pesticides in aquatic
organisms can lead to increased concentrations
as they move up the food chain. Pesticide-con-
taminated water can find its way into drinking
water sources, posing potential risks to human
health. Chronic exposure to pesticide residues in
water has been associated with a range of health
issues, including neurodevelopmental disor-
ders and certain cancers (Johnson et al., 2012).
Industrial chemicals as xenobiotic contam-
inants: Industrial chemicals, including heavy
metals and organic pollutants, are released
into water systems through industrial process-
es, waste disposal, and accidental spills. These
contaminants can have far-reaching effects
on aquatic ecosystems and human well-be-
ing. Heavy metals, such as mercury, cadmium,
and lead can accumulate in aquatic organisms,
causing deformities and reproductive issues
(Ahmadi et al., 2016).
Organic industrial pollutants, such as poly-
chlorinated biphenyls (PCBs), can disrupt endo-
crine systems in aquatic animals. Consumption
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of fish and shellfish from contaminated water
bodies can lead to human exposure to heavy
metals and persistent organic pollutants.

Industrial chemicals in water systems can
also contaminate agricultural produce, indi-
rectly affecting human health.

Personal care products as xenobiotic con-
taminants: Personal care products, including
cosmetics, fragrances, and cleaning agents, of-
ten contain chemicals that can enter water sys-
tems through domestic wastewater discharge.
These compounds can contribute to emerging
environmental challenges. Some compounds in
personal care products can interfere with the
growth and development of aquatic organisms.
Synthetic fragrances and antimicrobial agents
can be persistent in water systems, affecting
aquatic life. Certain ingredients in personal
care products, such as endocrine-disrupting
phthalates, can pose risks to human health
when present in water sources. The potential
for exposure to a mixture of chemicals from
various personal care products is a concern that
requires further research (Mathew et al., 2017).

Mitigating the impacts of xenobiotic
contaminants on water systems requires a
multi-faceted approach, such as wastewater
treatment, regulation and monitoring, phar-
maceutical disposal programmes, integrated
pest management, green chemistry, and prod-
uct design.

Upgrading wastewater treatment facilities
to include advanced treatment processes, such
as ozonation and activated carbon filtration,
can help remove a wider range of contaminants,
including pharmaceuticals and personal care
products. Strengthening regulations on the dis-
charge of pharmaceuticals, pesticides, and in-
dustrial chemicals into water systems can help
minimise their entry. Regular monitoring of
water bodies for contaminant levels is crucial.
Implementing proper disposal programmes for
unused or expired pharmaceuticals can reduce
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their presence in the environment (Tahar et
al., 2013; Embrandiri et al., 2016).

Promoting integrated pest management
practices in agriculture can reduce reliance on
synthetic pesticides, mitigating their entry into
water systems. Encouraging the development
of personal care products and industrial chem-
icals with reduced environmental persistence
and toxicity can limit their impact on water
systems. Xenobiotic contaminants, including
pharmaceuticals, pesticides, industrial chemi-
cals, and personal care products, pose signifi-
cant challenges to water systems and the en-
vironment as a whole. Their entry into aquatic
ecosystems can have far-reaching ecological
and human health consequences. Effective
mitigation strategies involve a combination of
regulatory measures, technological advance-
ments in wastewater treatment, and shifts in
consumption patterns towards more sustaina-
ble products. Safeguarding water quality from
these contaminants is crucial for the well-being
of both ecosystems and human populations.

Conclusions

Water’s role in metabolic pathways is multifac-
eted and essential for sustaining life. It acts as a
solvent for reactions, participates in hydrolysis,
aids in ATP production, regulates temperature,
facilitates nutrient transport, supports detoxi-
fication, contributes to proper protein folding,
and is intricately involved in both catabolic
and anabolic processes. Water’s ability to act

as a medium, solvent, and participant in met-
abolic reactions underscores its fundamental
importance to the functioning of the human
body. Xenobiotic metabolism is a complex pro-
cess influenced by a wide range of factors. Ge-
netic variability, age, sex, co-exposure to other
chemicals, disease states, nutritional status,
and environmental factors can all impact how
efficiently the body processes and eliminates
foreign compounds. Understanding these fac-
tors is essential for personalised medicine ap-
proaches, risk assessment, and designing ef-
fective interventions to minimise the adverse
effects of xenobiotics on human health. En-
zymes such as cytochrome P450s and glucuron-
osyltransferases play a critical role in xenobiot-
ic metabolism by facilitating the detoxification
and elimination of foreign compounds from the
body. These enzymatic processes are essential
for maintaining health and preventing the ac-
cumulation of toxic substances in the body.

The perspective of the research is to obtain
high-quality products from animal husbandry
and, accordingly, to reduce the threat to human
health.
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AHoTanis. AKTyaJIbHICTh OOCTiIKeHHSI 3YMOBJI€HA TMUM, 1[0 HA CbOTOAHINIHIN JeHb Yy CBOEMY
PO3BUTKY JIIOJICTBO AOCSIVIO TOTO PiBHSI, KOJIM, OBOJIOAIiBIIM BeIMUYE3HUM HAYKOBO-TEXHIYHUM
MTOTEHIIiaJIOM, BOHO Ille He HaBUMJIOCS I6AiIMBO i pallioHaJIbHO #0ro BUKOpUCTOBYyBaTH. lIIBMaKa
ingycrpiamisanist Ta ypbaHisallis MaHeTH, pi3ke 3pocTaHHS ii HapoJoHAaceleHHS, iHTEHCMBHA
xiMisallisl CiTbChKOTO TOCIOAapCTBa, MOCMIEHHS 6araTbOX iHIIMX BUIIiB aHTPOIIOTEHHOIO TUCKY
Ha MPUPOAY TOPYIIWIM KPYroobGir peyoBMH Ta NPUPOOHI OOMiHHI eHepreTMuHi mpoiecu B
6iocdepi, momkomuay ii pereHepalliiiHi MexaHi3Mu, BHACTIIOK YOTO movasaocs ii mporpecyiode
pyiinyBaHHs. Lleii omisa mocaimkeHHSI MaB Ha MeTi MPeACTaBUTU JesKi 3 OCHOBHUX BIUIMBIB
SIKOCTi BOIM Ha MeTaboJi3M B OpraHi3mi TBapuH y KOHLeMNLii «€AMHOT0 300pOB’st». [IpoBigHUM
METOJOM AOCTiIKEHHS 1liei Tpo6IeMy € OIS JIiTepaTypHUX JaHUX OCTaHHIX POKiB. 3a3BuUYail
KCEeHOOIOTMKY — 11e XiMiUHi CIIONyKY, [0 HAAXOASITh B OPraHi3M, sIKi He YTBOPIOIOTHCS B pe3yabTaTi
peaxiliii MeTaboTiuHMX IUISXiB. 3 IIbOTO MPUBOIY BOJA, 3a6pyIHEHA KCEHOOi0THMKaMM, TIOTPAIlIsE B
oprasism 3 mMTBOM a60 i3Kelo, i I1e He CTOCYETbCSI METaO0TiYHOT BOAY, STKA YTBOPIOETHCS B pE3Y/IbTaTi
XiMiUHMX peakiliii. TakuM YMHOM, pa30M i3 CIIOKMBAHHSM BOIM BHACTIAOK rigpaTariii B opraHiam
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MOXXYTb HAIXOIUTH iHINI pi3HOMAaHITHI XiMiuHi pe4oBUHU, SIKi 3a3BUYall He MIPUCYTHI B MIUTHI
BOZi. Ajie TUII XiMiYHMX PEUOBMH, a TAKOX iX KUIbKICTh € KPUTEPisiMU, SIKi MOXKYTh ITePeTBOPUTH
BOJIy 3 OCHOBHOI MOXVBHOI PEYOBMHM HA WIKiIJIMBUIA TIPOAYKT. IPYHT i Boza BifirpaioTh BasKIUBY
POJIb y XiMiYHOMY CKJIaAi XXi 41 KOpMY, 1[0 pOCTe B I'PYHTI, a MeTaboJIi3M pOCIMH ab0 CIIOKMBauiB
pPOCIVH MOe OyTu 30a/iaHCOBaHMM ab0 He36aJaHCOBAaHMM 3aJIEXXHO Bif SIKOCTi Ta KiJbKOCTi
BoAy. Matepianu cTaTTi MalOTh MpPaKTUYHE 3HAUEHHS JJIS1 3’ICYBaHHS OiojOriyHMX MexaHi3MiB
enimMiHallii KCeHOGIOTHKIB Ta 36epesKeHHST 30POB’SI TBAPYMH i IIOAVHU

Ki11040Bi c/10Ba: ITOJIIOTAaHTY ; TBAPMHHI OpTaHi3Mu; KOHTaMiHaHTH ; QyI0iAHNMI 6a1aHC; eTiMiHaLis
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