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Coastal ecosystems located near cities, industrial and agricultural facilities are under
significant anthropogenic influence. The complexity of modern anthropogenic impact on
coastal ecosystems does not always make it possible to determine the quantitative content
of all pollutants. The traditional methods used make it possible to assess physical and
chemical indicators, but they do not provide a comprehensive assessment of the impact on
the biological system. The use of bioindication methods that reflect the response of aquatic
organisms to the complex influence of the environment is extremely relevant. Fish are a
large group of vertebrates and inhabit a wide range of ecosystems where they are exposed
to many different aquatic pollutants. In bioindication studies, both morphophysiological and
biochemical indicators of fish are widely used. The use of morphophysiological indicators
makes it possible to assess the impact of environmental factors on the organism, as well as
the specifics of its adaptation to environmental changes. Due to the development of
biochemistry and molecular biology, such new techniques appear that make it possible to
determine the impact of an environmental factor at those stages when changes occur at the
cellular, membrane and molecular levels, and do it before this impact leads to irreversible
pathological processes. The use of bioindication methods, that reflect the reaction of biota to
the entire complex of negative environmental influences, is a relevant and promising
method. The review examines in detail modern bioindication methods based on determining
the morphophysiological and biochemical parameters of fish, and also assesses the role of
the bioindicator approach in a comprehensive assessment of the state of the environment.
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At all times human activities had a profound impact on
the life of coastal ecosystems located near the cities,
industrial and agricultural facilities. An aquatic ecosystem,
like any other, is in balance with environmental factors and
has a complex system of mobile biological connections
that

are disrupted under the influence of various

anthropogenic factors (Volkova et al., 2018).

As a result of anthropogenic activities, wastewater,
runoff from agricultural land and water transport enter the
sea, various toxicants accumulate in bottom sediments,
the physical and chemical properties of soil water change,
as a result of which there is a negative effect on living
organisms. Hydrobionts absorb pollutants and accumulate
them, that causes intoxication and reorganization of
metabolic processes (Rudneva et al., 2016a; Malakhova
et al., 2018; Skuratovskaya et al., 2020).

Monitoring of the marine coastal region (as part of the
overall global monitoring system) is an important area of
scientific and practical activity. It is necessary to have an
integrated approach to study the characteristics of coastal

regions and for settlement of the existing problems.

The complexity of modern anthropogenic impact on
marine coastal ecosystems does not always make it
possible to determine the quantitative content of all
pollutants. Even special highly sensitive and expensive
analytical methods do not always allow the determination
of effective low concentrations of xenobiotics. In addition,
many biologically active substances are unstable and
disintegrate in a short time after interaction with a

biological target.

The biological method for assessing the state of
ecosystem components makes it possible to solve
problems that cannot be solved using other research
methods. indico -

Bioindication (gr. bios - life, lat.

determine, indicate) refers to the determination of
biologically significant loads based on the reactions of
living organisms and their communities to them, as well as
assessment of the quality of the environment based on the

state of its biota.

Biodiagnostic indicators reflect the organism’s

response to various influencing factors and have a

biological meaning. Bioindication in natural communities

often provides the only opportunity to obtain information
about the influence of environmental parameters and their
interactions. Thus, biological monitoring does not replace
physicochemical methods for studying the state of the
environment, but it makes it possible more accurate
prediction of the changes in the environment caused by
human activity (Volkova et al., 2018). Various international
organizations have recommended the use of biodiagnostic
methods that reflect the response of living organisms to
the entire complex of negative influences of the
environment as a whole (Chesnokova et al., 2020). The
main goal and task of bioindication is the search and
development of methods and criteria that adequately

reflect the level of anthropogenic impacts.

Special methods for determining pollution come down
for assessment of the degree of change in the
morphometric, physiological and biochemical parameters
of the biota. Living bioindicator organisms can serve as

«hiosensors» of ecosystem pollution.

It is necessary to have a system for a comprehensive
assessment of the ecological state, which includes an
analysis of abiotic factors and the effects of action on
living organisms (Filenko and Chuiko, 2017). On the one
hand, the system of comprehensive assessment of the
ecological state of water areas is based on the concept of
connecting the dose of an influencing stress factor with the
level of severity of the response of organisms, and on the
other hand, the cause-and-effect relationships of biological
responses at different levels of biological organization
(Chuiko and Klimova, 2018).

Various indicators of hydrobionts, such as size-weight,

morphophysiological, biochemical and other
characteristics, can be used as biomarkers. It is quite
obvious that the processes that have been occurred in the
body of aquatic organisms under the influence of
unfavorable factors can be characterized only with the
comprehensive use of biomarkers of different levels

(Rudneva, 2016).

In order to detect early metabolic changes in the body
of aquatic organisms, molecular biomarkers are used.
They make it possible to determine the mechanisms of

influence of negative environmental factors in a complex
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and identify the features of structural and functional
changes when adaptive and compensatory mechanisms
are activated. They help to determine existing risks, and
carry out environmental protection measures in due time.
(Skuratovskaya et al., 2020; Chesnokova et al., 2020;
Luk'yanova and Korchagin, 2017; Kroon et al., 2017;
Rudneva et al., 2016a).

The relevance of issues related to nature protection
has led to improvement of diagnostic methods for
assessement of the state of ecosystems, thereby it
determines the prospects for expanding the bioindication

method.

The presence of a large number of publications
indicates the potential and successful use of ichthyofauna
as an indicator of the state of aquatic ecosystems. Fish
integrate the adverse effects of a complex of different
influences. They have quite significant sizes and life
expectancy, resistance to sublethal effects of various
substances, and can be used to predict various impacts

on aguatic ecosystems.

SELECTION OF BIOINDICATORS: HISTORY
AND PRESENT

The presence and state of the bioindicators as
organisms, as well as their communities, can be evidence of
the occurrence of certain processes or the presence of
certain pollutants in the environment. The history of
observations of living objects as an indicator that
characterizes the state of the environment goes back to the
deep past. People have been using living creatures as
sensitive indicators of environmental pollution since ancient

times.

Even before the advent of hydrobiology as a separate
science, there were made many attempts to study the
inhabitants of the aquatic environment. In 1674, the Dutch
naturalist Antonie van Leeuwenhoek described Spirogyra
and the effect of wind on it (Egerton, 2006). In 1826, the
Swiss scientist De Candolle made the first scientific
description of the algae bloom process. In 1838, in his
famous work, the German naturalist Christian Ehrenberg for
the first time depicted and described in detail many lower
algae, rotifers and protozoa (Ehrenberg, 1838). Detailed
studies of planktonic organisms date back to 1845 and are
associated with the name of the Danish biologist Otto

Muller. The German scientist Johann Miller was the first to

use a fine-mesh net to catch plankton (Otis, 2007).

Researchers have been thoroughly investigated the
usage of aquatic organisms as indicators of water quality
and studying responses to various adverse impacts. For
example, it was found that vorticellas may indicate ooze

contamination (Reynoldson, 1942).

At the beginning of the 20th century, the biodiagnostics
began to develop intensively. At that time, «bioindication»
meant the determination the presence/absence of a
particular phenomenon, notation according to the yes/no
principle. In modern conditions, the development of
theoretical foundations and methodology for analyzing the
response of biological systems to complex influences is

considered one of the priority tasks of bioindication.

Currently, bioindicators (biomarkers) mean not only the
organisms themselves, but also biological test systems, that
are based on the lower levels of organization of biomatter:
biological molecules, cellular structures, cells. Modern
biochemical techniques have made it possible to develop
test systems that determine the impact of an environmental
factor at stages characterized by changes at the molecular,
membrane, cellular levels (before the pathological
processes become irreversible). Biochemical monitoring
based on such test systems has found wide application in

ecotoxicological analysis.

Indicative biomarkers are the components of the

protective immune and antioxidant systems. Their
reorganization allows to determine the state of the organism
under the influence of unfavorable factors (Winston and
Giulio, 1991). Biochemical parameters are the fastest and
most sensitive to damaging factors. During a long stay of an
organism in unfavorable conditions, changes occur at
higher levels of organization, up to the population level.
Studies have shown that in fish from polluted waters, the
structure of cells and tissues disruptes due to the
development of pathological processes and the
accumulation of toxicants (Dorohova and Novoselova,

2010; Hinton and Lauren, 1990; Lang et al., 2006).

There are a large number of bioindicators used to study
water quality. They demonstrate a variety of reactions to
water pollution: death, changes in the type and rate of
reproduction, migration to more favorable conditions,

accumulation of pollutants in tissues. A single species,
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several species, or the entire aquatic ecosystem as a whole
can act as a bioindicator. Being in water - their natural
habitat - they truly indicate the hydroecological state of
water bodies. At the same time, feedback is also noted: the
purity of a water body depends on the functional activity of
the community of organisms in it. This leads to the
formation of a vicious circle: the state of the ecosystem
depends on the quality of the water, and the quality of the

water itself depends on the state of the ecosystem.

Like any method, bioindication has certain limitations
(Chuiko and Klimova, 2018), such as the necessity to
involve specialists; it should also be noted that bioindicators
are in some cases unable to identify the main cause of
changes occurring under the combined influence of a large
number of factors, and adequate universal scales for
measuring the level of responses have not been developed
yet (Kotegov, 2007).

The biodiagnostic method is used in the study of
systems of various ranks. Levels of bioindication are
distinguished in accordance with the organizational level of
biological systems: intracellular reactions (physiological,
biochemical), organism’s reactions, population-dynamic
changes, changes in natural communities, biogeocenotic

level, landscape changes.

The advantage of bioindication is the ability to reduce
the use of complex analytical methods. Bioindicators
integrate biologically significant effects of pollution and
make it possible to determine the rate of changes, zones of
accumulation of pollutants, and also predict the degree of

danger of substances or their combinations for biota.

The importance of the indicator is determined by the
ecological tolerance of a biological system; the organism
has the ability to maintain homeostasis within the tolerance
zone. A factor that goes beyond these limits is stressful, that
leads to a response of the organism that differs in intensity
and duration. The nature of the response depends on the
species and specifies its indicator value (Melekhova. et al.,
2007).

Individual taxa, ecological groups, physiologically similar
organisms (for example, with the same type of nutrition),
and size groups are used for bioindication of water pollution.
Water body are characterized by the abundance of species

the inhabitants, the complexity of their interaction with each

other and with the environment, that was the reason for the
appearance of variety of methods for assessment of the
state of natural waters.

BIOINDICATION USING FISH

To obtain an integral assessment of the state of the
ecosystem, it is convenient to use fish as a bioindicator.
Specialists of the national aquatic toxicology have
accumulated significant material on the effects of certain
substances on the fish. The presence of a large number of
publications indicates the potential and successful use of
ichthyofauna as an indicator of the state of aquatic

ecosystems (Fig. 1).

An important tool for bioindication of the ecological
state of coastal waters is the assessment of various
biochemical indicators of fish, that help to identify the
mechanisms of influence of a set of factors on certain
parts of metabolism, that identify the main strategy of
structural and functional changes in the organism in the
process of adaptation to unfavorable life conditions

(Malakhova et al., 2020).

In the trophic system of water body, fish are located at
the upper level. The ability of effective metabolization and
elimination of the toxicants determines the degree of
resistance of the organism in conditions of intense
pollution. Pathological changes in the organism serve as a
criterion for the degree of toxicity of the aquatic
environment, assessment of cumulative effects, which
allows us to form an idea of the potential danger of

pollutants.

In the 1970s, methods for the pathophysiological study
of fish became widespread. Currently, the effects of
various toxicants on the fish, as well as numerous
biochemical, physiological and morphological disorders
that arise as a result of such exposure, have been widely

studied.

The preference of choice of the bioindicator species,
preference is given to bottom representatives, as sensitive
indicators of water pollution, whose structural and
functional characteristics are a promising element of a
water pollution monitoring system. Benthic organisms are
most susceptible to the effects of chemical pollution. Due
to the supply of toxic substances from bottom water layers

and soil, their content in the food sources of benthic
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organisms is increased. Benthic forms are often predators
and are characterized by a sedentary lifestyle, resulting in

the accumulation of pollutants leading to the development
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of oxidative stress, damage to cells, organs and tissues,
and functional disorders (Rudneva et al., 2016b; Sole et
al., 2009).

Scopus

1997 2001 2005 2009 2013 2017 2021
Year

Figure. 1. Dynamics of the number of publications related to issues of biomonitoring and ichthyofauna (search results in
the Scopus database upon request TITLE-ABS-KEY ( fish AND biomonitoring ))

The scorpionfish Scorpaena porcus L. is a biomonitor
species, a typical representative of the coastal bottom
ichthyofauna of the Black Sea from the scorpionfish family
the Black Sea fish, the
scorpionfish is widely used as a bioindicator for assessing

(Scorpaenidae). Among

the ecological state of water areas (Rudneva, 2016).

It is important to determine the age of individuals

(based on scales, bones and otoliths). There are
differences in the response to the effects of substances in
different age groups, as well as the severity of the studied

parameters.

For indicator assessment of the physiological state of
fish, biometric data, blood parameters and functional
activity of vital hematopoietic organs are used. As the
internal environment of the organism, blood quickly reacts
to changes in factors affecting the state of the fish.
Hematological indicators make it possible to determine
both changes in the health of fish during acute diseases
and toxicosis, and their stress state during chronic
diseases. Quantitative and morphological hematological

analysis makes it possible to determine the characteristic

properties of metabolism at different stages of
development and under different conditions of existence of
the organism. For the more profound study of the state of
the organism, it is necessary to study physiological
processes and the immune system; one of the methods
for physiological and immunological assessment of the
state of aquatic organisms (with intravital sampling of
blood and hemolymph) is described in detail in (Pronina
and Koryagina, 2017). Thus, in conditions of changing
environmental factors, a comprehensive analysis makes it
possible to assess and monitor the physiological state of

the body.

Morphophysiological parameters of
hydrobionts as biomarkers of the quality of
the aquatic environment.

Pollution of the aquatic environment causes increased
work of the vital organs of fish that ensure exchange with
the environment (gills, liver, kidneys). The intensification of

the function of a particular organ is accompanied by an
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increase in their weight. Therefore, changes in the weight
of organs during their functional restructuring can serve as
a sensitive indicator of deterioration in the quality of the
environment. There was developed a method for
morphophysiological indication of the relative weight of

organs (Moiseenko, 2000).

The use of morphophysiological indicators makes it
possible to assess the impact of environmental factors on
the organism, as well as the features of its adaptation to
environmental changes. The essence of the method is
based on the variability of individual morphophysiological
characteristics, one can judge the physiological state of
the organism. According to the theory of Academician S.S.
Schwartz, the weight of an organ is a morphological
feature, but the size of organs such as the liver or kidneys
so clearly reflects the physiological state of animals that it
becomes possible to use them as a physiological indicator
(Shvarts et al., 1968). Having the morphophysiological
indication method as the basis for the manifestation of
adaptive reactions allows us to get an accurate idea of the
functioning of the organism and its adaptation to certain

life conditions.

The size of organs is related to the size of the
organism, therefore, the method of morphophysiological
indicators uses such parameters as total length, total
weight and somatic weight (weight without organs)
(Bozhko, 1969).

Indices of aquatic organisms’ organs are used among
the morphophysiological indicators in bioindication studies.
It is known that the indices of fish organs reflect their
physiological status and can characterize the effects of
stress. The value of the indices largely depends on
various factors: living conditions, the presence of
chemicals in the environment, infectious diseases. A clear
relationship has been established between the level of
pollution and indices of fish organs, characterizing the
state of both the individuals themselves and their habitat
(Dzyubuk and Klyukina, 2010; Zhidenko, 2008; Rudneva,

2016).

The study of Gymnocephalus cernuus (L) populations

from various water bodies using the method of
morphophysiological indicators made it possible to assess

and predict the state of the species’ populations under

changeable environmental
Klyukina, 2014).

conditions (Dzyubuk and

The liver index is widely used in ichthyomonitoring as a
sensitive indicator for assessing the condition of fish and
their habitat (Dzyubuk and Klyukina, 2010; Zhidenko,
2008; Rudneva, 2016).

In aquatic toxicology, an informative indicator of the
condition of fish is the index of the immunocompetent
organ - the spleen. A study of this parameter for Black Sea
fish showed that this index less depends on gender, as
well as the season of the year, however, a downward
trend was noted for the benthic ichthyofauna, which is
influenced by chronic pollution. The spleen index is also
successfully used in acute and subacute experiments on
fish (Kuzminova, 2008; Lapirova, 2011). According to
various sources, the physiological adaptation of aquatic
organisms is influenced by both endogenous and
exogenous factors - water temperature, food availability,
reproductive  cycles and environmental
(Chelyadina et al., 2019; Rouane-Hacene et al., 2015;

Lagade et al., 2015).

pollution

Biochemical parameters of hydrobionts
as biomarkers of the quality of the aquatic
environment.

We use various biochemical indicators to detect the
earliest changes in the metabolism of aquatic organisms.
They indicate the presence of a pollutant and its effect on
organisms (Pronina and Koryagina, 2017). Currently, there
have been developed such complexes of biomarkers that
characterize certain aspects of toxicant metabolism. They
indicate the effect at the molecular and cellular levels
(Chesnokova et al., 2020; Fonseca et al., 2011; Kroon et
al., 2017; Rudneva et al., 2016a; Serafim et al., 2012).

Such parameters as protein concentration, indicators
of antioxidant protection and oxidative stress, and many

others are widely used as molecular biomarkers.

It is important that during the monitoring programs
biochemical blood parameters mainly reflect the state of
health of the organism and quickly respond to the action of

various unfavorable factors (Rudneva et al., 2016b).

Blood plasma proteins perform many functions in the
organism; the level of total protein is one of the most
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important laboratory indicators. The concentration of total
serum protein in the blood of fish sensitively reflects the
characteristics of the functional state of the organism and
is very changeable under the influence of various factors,
at the same time, the amplitude of such variability can be
quite large. The protein content in the blood serum of fish
is used to determine the level of physiological state during
infection with parasites and fish poisoning with toxicants
(as a rapid test) (Andreeva, 2012).

The tissues of aquatic organisms are often analyzed
for the content of various xenobiotics for diagnostic
purposes. Such xenobiotics can cause significant
metabolic disorders and damage to the most important
biomolecules. In this case we can analyse the degree of
such disorders, the adaptive or toxic response of the
organism to the quality of the environment using the
special biochemical parameters (biomarkers) (Rudneva et

al., 2011).

It is a necessary step to study the activity of
conjugation enzymes in the tissues of organisms for
understanding the nature of various pathologies caused by
xenobiotics. We use biological test systems . They are

based on the study of detoxification enzymes in tissues.

Enzymes are widely used as biomarkers of
environmental pollution by various pollutants, as well as
indicators of oxidative stress in living organisms. They
participate in the binding and inactivation of a wide range

of xenobiotics. (Gallagher et al., 2001).

The presence of xenobiotics in the environment
triggers a complex mechanism of their detoxification, that
results in the formation of ROS, which have the ability to
damage biological molecules. The organism's protective
antioxidant system is aimed at inactivating free radicals
and toxic products of their metabolism (Menshchikova and
Zenkov, 1993).

Complex water pollution causes oxidative stress in the
tissues of organisms, accompanied by an imbalance of
prooxidant-antioxidant processes. The responses of the
main antioxidant enzymes express the response of
nonspecific defense systems to the action of unfavorable
factors and, therefore, can characterize the quality of the
environment and its suitability for habitation (Rudneva et

al., 2011).

Antioxidant enzymes include superoxide dismutase
(SOD), catalase (CAT),

dependent enzymes.

peroxidase and glutathione-

Thus,

enzymes and low molecular weight compounds, ensures

the antioxidant defense system, including
the integrity and stability of all living organisms. The study
of these parameters is becoming increasingly important
due to the increasing anthropogenic impact on the aquatic
environment, which mobilizes the protective functions of
the organism in order to adapt to living conditions. This
gives grounds to use these indicators to assess the state
of the organism under the influence of various unfavorable

factors.

Under

system has a balanced ratio of components at a relatively

normal conditions, the oxidant/antioxidant
low level. Under the influence of certain environmental
factors, including pollutants, the balance in the system is
disrupted, which can ultimately lead to pathological
disorders in the organism and its death. In aquatic
ecotoxicology, biomarkers of the state of oxidative stress
(SOS) are actively studied in aquatic organisms (Klimova
et al., 2017; Binelli et al., 2015) in order to assess their
functional state and for biodiagnostics of the state of the
aquatic environment. SOS biomarkers of aquatic
organisms demonstrate a clear response to all the main
currently known types of pollutants: heavy metals,
polychlorinated biphenyls, dioxins, polycyclic aromatic
hydrocarbons, organochlorine pesticides, pharmacological

drugs, etc.

It can be assumed that a shift in the prooxidant-
antioxidant balance is one of the first nonspecific stages in
the development of the stress response and can serve as
a biologically important change in the internal environment

of the cell that triggers other protective mechanisms.

Such pollutants that constantly enter the marine

environment, petroleum products, heavy metals and

pesticides pose a significant danger.

Intoxication with petroleum hydrocarbon products
stimulates oxidative stress in the organism, causing a
response from the antioxidant enzymatic system. An
increase in the activity of SOD, CAT, glutathione-s-
transferase and lipid peroxidation was found in Nile tilapia
Oreochromis niloticus being exposed to crude oil (Gad,

2011). Also, there was noted an increase in the activity of
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SOD and CAT in the presence of petroleum products in
the environment, that indicates the tandem nature of these
enzymes, that provide the first line of defense during

oxidative stress (Sturve et al., 2006).

According to available data, heavy metals contribute to
the intensification of free radical oxidation processes and,
as a consequence, the induction of the organism’s

defense systems (Golovanova, 2008).

There was revealed an increase in the activity of
antioxidant defense systems under exposure to pollutants
of various chemical natures (Ozkan et al., 2017). Taking
into account previously mentioned information the
parameters of the antioxidant system and indicators of
oxidative modification of proteins and lipid peroxidation are
effective biomarkers of the condition of aquatic organisms

and the quality of their habitat.

Another important direction is the study of the influence
of toxic substances on the activity of aminotransferases in
fish tissues. Alanine aminotransferase and aspartate
aminotransferase are important for living organisms (Kori-
Siakpere et al., 2010). The level of activity of these
enzymes changes in the presence of xenobiotics in the
fish, and can be used to assess the pollution of water

bodies with various toxic substances.

Distinguished by their significant susceptibility to the
action of natural and anthropogenically caused factors,
these enzymes take part in the responses of both the body
as a whole and the liver as the main organ of xenobiotic
detoxification to changes in the state of the external
environment (Jung et al., 2008; Kori-Siakpere et al., 2010;
Oluah, 1999). The effect of heavy metals on the activity of
these enzymes in various organs and tissues of fish is
being actively studied. Scientists are interested in studying
the effect of plant toxins (saponins, cyanides, alkaloids,
etc.) on the state of the ichthyofauna (Gabriel et al., 2009).

Determination of cholinesterase activity under various
exposures is a convenient and rapid test for assessing the
toxicity of many chemical compounds (Rudneva et al.,
2016b; Gad, 2009; Rudneva et al., 2016a). Research data
indicate a decrease in cholinesterase activity (as a result
of enzyme inhibition by toxicants) in the tissues of fish
from areas with high levels of pollution (Gad, 2009;
Rudneva et al., 2016a).

Studies conducted on fish indicate that cholinesterase
activity in tissues can be used as biomarkers in
ichthyomonitoring of water bodies contaminated with

pesticides (Kovyrshina and Rudneva, 2014).

One of the works (Nemova and Vysotskaya, 2004)
describes a unified integrated approach or indicator
system of biochemical indicators, that takes into account
modern environmental and biochemical paradigms and
contains various internal controls that increase the
reliability of the data obtained with a small specimen. A
comprehensive system of tests has been developed, that
takes into account the ecological and taxonomic variability
of objects, the stages of their ontogenesis, the necessity to
use different tissue organs in analyzes, the use of various
controls, as well as the development and use of field

biochemistry methods.

Work (Mashukova et al., 2019) provides examples of
the use of modern biophysical and biochemical methods in
The

presented materials indicate that the choice of the type of

monitoring the coastal waters of Sevastopol.
bioindicator and the methods used for the assessment of
the state of marine ecosystems is determined by the

monitoring tasks and the research environment.

The use of fish blood biomarkers to assess the
condition of coastal marine waters was the subject of a
study (Rudneva et al., 2008), that examined the content of
toxic elements Zn, Cu, Hg, Pb, Cd and As in the tissues of
Black Sea fish, as well as their impact on the activity of
key antioxidant enzymes in the blood. It has been
established that copper content has the greatest effect on

enzyme activity.

There was studied the influence of the content of toxic
elements (Zn, Cu, As, Pb, Hg, Cd) in the muscles of Black
Sea fish on the concentration of modified forms of proteins
and medium molecular peptides in serum was studied
(Rudneva et al., 2011).

In the study (Moiseenko et al., 2005), to assess the
geochemical background and anthropogenic load on the
bioaccumulation of trace elements in the body of fish, a
comparative description of the content of a number of
trace elements (Ni, Cu, Sr, Al, Zn, Co, Mn, Pb, Cd, Hg, As)
in the body of fish is presented, and the patterns of their

accumulation depending on their content in water are
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considered. The main disorders associated with the
accumulation of microelements in the organs and tissues

of fish are identified.

Many works are devoted to the study of the
characteristics of the accumulation of chemical elements
by fish, including heavy metals (Lapin et al, 2016;

Lukyanova, 2001).

The effect of pollution on the parameters of oxidative
stress in fish was studied in (Shaida et al., 2015), the
results of it demonstrate the presence of oxidative stress
in the liver of fish caught in a contaminated area. One of
the potential methods for assessing the level of oxidative
stress in individuals is the chemiluminescence method
(Vladimirov, 2001).

In  work (Rudneva et al, 2005), the
morphophysiological and biochemical parameters of the
scorpionfish living in two bays with high anthropogenic
load, located in the area of Sevastopol, were studied. The
was revealed the influence of natural and anthropogenic
factors on the size, weight, age and sex composition of
both populations. There was found out the relationship
between the concentration of organochlorine pollutants in
bay water, the accumulation of these compounds in the
liver and gonads of fish, the activity of antioxidant
enzymes in the blood and the fractional composition of
serum proteins. There was considered the possibility to
use the scorpionfish as a biomonitor species when
analyzing the ecological situation in the coastal waters of

the Black Sea.

In (Dorohova and Novoselova, 2010), researchers
analyzed the parameters of the liver index, endogenous
intoxication and activity of liver aminotransferases of
Scorpaena porcus from Sevastopol bays with different
levels of anthropogenic load. The research results showed
certain differences in the liver responses of male and
female fish to the level of anthropogenic pollution. The
conducted studies allow us to conclude that the ecological
state of the habitat significantly affects metabolic
processes in the liver. The variability of abiotic and biotic
factors in combination with anthropogenic load causes an
increase in the variability of the liver index, changes in the
and activation of

activity of aminotransferases

endogenous intoxication processes.

The study (Rudneva, 2012) examined the antioxidant

defense of marine fish and its relationship with their
ecological status. The results showed that the antioxidant
status of fish correlated with their phylogenetic position,
trophic environmental

strategies, feeding behavior,

variables, swimming activity, etc.

The work (Lushchak, 2016) described oxidative stress
in fish caused by pollutants. In many cases, the harmful
effects of pollutants are associated with the induction of
oxidative stress. Therefore, deciphering the molecular
mechanisms leading to such pollution and the response of
organisms may prevent or minimize the deleterious effects

of oxidative stress.

During the studies molecular biomarkers of
anthropogenic pollution in the liver of the fish Neogobius
melanostomus, there was revealed the dependence of the
level of biotransformation enzymes and low-molecular
antioxidants on the degree of pollution and the spectrum
of xenobiotics. It is proposed to use liver biomarkers of
Neogobius melanostomus to assess the state of fish under
conditions of chronic exposure to persistent xenobiotics

(Karapetyan et al., 2011).

The work (Tsema, 2015) presents the results of
studies of the physiological and biochemical parameters of
Neogobius melanostomus from different water areas of
the Sea of Azov during the spawning period. The negative
impact of environmental pollution on the reproductive

quality of spawners in some study areas has been shown.

A review (Van der Oost et al., 2003) examined a wide
range of bioaccumulation markers used to demonstrate
the exposure to environmental contaminants with respect
to their usefulness in environmental risk assessment. Fish
bioaccumulation markers can be used to reveal the
behavior of environmental

pollutants in the aquatic

environment, as bioconcentrators to identify certain
substances and assess the impact on aquatic organisms.
The

ecosystems can be examined to assess the following set

impact of environmental pollutants on aquatic

of fish biomarkers can be examined: biotransformation
enzymes (phases | and Il), oxidative stress parameters,

biotransformation products, stress proteins,

metallothioneins, hematological, immunological,

reproductive, endocrine, genotoxic, neuromuscular,

physiological, histological and morphological parameters.

Many of the biological measurements represent the only
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way to integrate effects on a large number of individual
and interacting processes in aquatic organisms. Moreover,
biological and biochemical effects may link the
bioavailability of the necessary compounds to their target

organ concentrations and intrinsic toxicity.

Fish metalloproteinase as biomarkers of environmental
pollution are considered in (Hauser-Davis et al., 2012).
Several proteomic studies have demonstrated the validity
and value of using fish for the search and discovery of
new biomarkers. The metallometric approach is at an early
stage of development, but has already demonstrated great
of environmental

potential for use in the context

monitoring.

A case study of fish health in ports explores the
integration of multiple fish health biomarkers. To compare
the interpretation of results based on individual biomarkers
with interpretation based on multivariate analysis, a case
study was conducted that examined the physiological
states of two fish species collected from two ports located

in Western Australia (Gagnon and Rawson, 2016).

Non-invasive methods for measuring the condition of
fish (measuring the concentration of cortisol in the mucus
on the skin of fish as a biomarker of the quality of the
habitat) are discussed in (Carbajal et al., 2019). Mucus
cortisol levels have proven to be a good indicator of stress
in individuals exposed to various stressors. The study's
findings provide the first evidence that cortisol levels in
skin mucus may be influenced by environmental quality.

Thus, numerous publications indicate the successful
use of fish as indicators of the state of aquatic coastal

ecosystems.
CONCLUSION

We can conclude that fish are convenient objects in
research, the purpose of which is to establish the degree
of influence of various factors on a living organism.
Assessment of various biochemical indicators of fish (as
representatives of aquatic organisms) is an important tool
for bioindication of the ecological state of coastal waters
and forms the basis of biochemical monitoring, which is
currently widely used in environmental and toxicological
analysis. The use of bioindication methods, reflecting the
reaction of biota to the entire complex of negative

environmental influences, is a relevant and potential

method. An important task is to expand the bioindication
direction in monitoring the state of coastal waters, the
selection of bioindicator species and biomarkers by which
the state of aquatic organisms and their habitat can be

assessed.
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