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Abstract. The aim of the current review is to identify the most suitable biomarkers for
evaluating chemical stress due to organic contamination in aquatic environments, as well as
possible ways to reduce or limit this contamination. To safeguard the environmental status, the
European Union has implemented the Water Framework Directive (WFD; 2000/60/EC) and
the Marine Strategy Framework Directive (MSFD; 2008/56/EC) legislations, which encourage
the use of biological tools to detect the quality of aquatic systems. Therefore, monitoring of
sentinel fish species is widely used to assess the level of health status. Fishes have been found
to be good biomonitors of water pollution because they occupy different trophic levels; they are
of different sizes and ages and in comparison with invertebrates, are also more sensitive to
different toxicants, including persistent organic pollutants, such as pesticides. Biomarkers are
defined as responses to any exposure evidenced in histological, physiological, biochemical,
genetic and behavioral modification. The application of multi-biomarker approach is
necessary in the development of a protocol for the aquatic assessment of organic pollutants.
This protocol can be applied in risk assessment and water monitoring programs in order to
provide an adequate legal basis for the presence of organic pollutants in aquatic ecosystems
and biological responses under concentrations equal or lower to those permitted under the
European and Bulgarian legislation.
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approach for the

detection of biological

Correlations between concentrations of
environmental contaminants, bioaccumulation,
and biological responses in organisms should
be integrated for a better understanding of the
environmental risks and thus, the use of
multiple biomarkers at different levels of
biological organization is an appropriate
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responses triggered by chemical stress and
should be incorporated into aquatic monitoring
studies, providing an ecotoxicological diagnosis
needed for environmental management (van
der Oost et al., 2003; Vieira et al., 2019).

In the countries of the European Union
(EU), national water agencies, which follow
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EU policy and the requirements of the EU
Water Framework and its Daughter
Directives (Directive 2000/60/EC; Directive
2008/105/EC;  Directive  2008/56/EC;
European  communities  environmental
objectives 272/2009; European communities
technical report 2010), implement regular
water monitoring with the aim to control
and prevent pollution (Milaci¢ et al., 2017).
According to Directive 2013/39/EC the
maximum permissible concentration for a
single compound must not exceed 0.1 png/L,
and in the case of a larger number of
residues, it must not exceed a concentration
of 0.5 ng/L.

The toxicity of mixtures will depend on
the bioavailability and chemical reactivity of
the compounds. To gain greater insight into
the risks posed by environmental
contaminants, it is beneficial to understand
their mode of action (MoA). The MoA is
basically the process initiated by the
interaction of the toxicant with the receptor,
which  progresses through molecular,
biochemical, physiological and/or
anatomical changes in the organism to result
in sub-lethal and lethal effects. Such
effects/response can be detected by means
of biomarkers, which are broadly defined as
indicators signaling events at individual
level (Napierska et al., 2018).

As stated by Nataraj et al. (2017) and
Ghayyur et al. (2021) fishes are very
sensitive to the presence of pollutants in
water, so they can be used as biomonitors
and in comparison to other aquatic
biomonitors, fishes occupy the top position
of the aquatic trophic chain, therefore they
offer an integrated image of the whole
aquatic ecosystem. Moreover, fishes have the
ability to accumulate toxic substances from
the surrounding environment in different
body organs and tissues (Ghayyur et al.,
2021), which is essential it terms of multi-
analyses, such as chemical, histological or
biochemical.

The impact of organic pollutants, their
toxicity and resistance to degradation

demand the development of new and
innovative = materials, = processes, and
technologies to remove them from the
aquatic environment (Nizzetto et al., 2010;
Pariatamby & Kee, 2016; Negrete-Bolagay et
al. 2021). In this regards according to Rani et
al. (2021) remediation techniques can be
divided into 4 groups: 1. Removal
(contaminates or contaminate medium are
eliminated from the spot with no
requirement to separate from the host
medium); 2. Separation (elimination of
contaminants from the host medium such as
water or soil); 3. Destruction (more toxic
chemicals are transformed into less toxic
products by degradation or neutralized
chemically or biologically); 4. Containment
(interference or inactivate surface and
subsurface passage of the contaminates). As
stated by Sarker et al. (2021) pesticide
bioremediation is a greener and ecofriendly
approach for the complete degradation or
transformation of pesticides into nontoxic
metabolites using living agents as potential
degraders. According to Gavrilescu (2005)
bioremediation, as one of the most
environmentally-sound and cost-effective
methods for the decontamination and
detoxification of a pesticide-contaminated

environment, is discussed especially
considering the factors affecting the
biodegradability of pesticides, such as

biological factors and the characteristics of
the chemical compounds.

Ecological monitoring on contaminated
with organic substances aquatic ecosystems

Different organic pollutants, such as
pesticides, pharmaceuticals, etc., are found
in industrial and urban regions all over the
world (Odabasi et al., 2016; Negrete-Bolagay
et al., 2021). Fuoco & Giannarelli (2019) and
Negrete-Bolagay et al. (2021) divided the
organic xenobiotics into two main groups -
anthropogenic and natural. As explained by
Georgieva et al. (2021) anthropogenic
sources are considered as the major
pollutants of aquatic ecosystems. In addition,
humans are exposed directly to different
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organic contaminants, when they are
working in the agricultural and industrial
sectors and indirectly - through the

consumption of contaminated water and
food, including fishes (Saleh et al., 2020;
Negrete-Bolagay et al., 2021).

Pesticides

Natural ecosystem can be contaminated
by different sources of persistent organic
pollutants and priority substances, such as
pesticides in two groups based on their
solubility. The first group include the
pesticides, which dissolved in surface waters
enter into the ground water, and may cause
severe negative effects on the non-target
organisms. On the other hand, the fat-
soluble pesticides enter in the organism via
the process of bioamplification, which
results in their longer existence in the food
chain (Katagi & Tanaka, 2016). According to
Rani et al. (2021) the bioamplification
disturbs the entire ecosystem, particularly at
higher trophic levels, the species will die
because of higher toxicity in their bodies due
to processes, such as biomagnification.

Schuijt et al. (2021) explained that
chemical monitoring is often not performed
alone, but in combination with ecological
monitoring. In this regards, an integrated
assessment can improve the ability to
describe the effect of contamination for areas
with decreased or poor environmental status
detected during monitoring programs
(Vethaak et al., 2017). According to Schuijt et
al. (2021) the major benefit of ecological
monitoring is the high ecological relevance
since it provides important information on
the ecosystem and integrates the overall
effect of chemical stressors including
mixtures” effects and bioavailability. One of
the main aspects of the European Union
Marine Strategy = Framework Directive
(MSFD), a wide-ranging Framework
Directive (2008/56/EC) with the overall
objective of achieving or maintaining Good
Environmental Status (GES) in Europe’s seas
by 2020 (MSFD, 2008), is the development of
common criteria and methodological
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standards, which will ensure consistency
and comparability in the determination of
Good Environmental Status (GES) across
Europe (Lyons et al., 2010).

Biomonitors on contaminated with
pesticides aquatic ecosystems

Biomonitors are sentinel organisms that
respond to changes at various structural
levels, such as cellular, physiological,
biochemical, genetic and histological factors
to variations in patterns of behavior, which
may affect the population structure of the
species as a response to stressors present in
the environment (Rodrigues et al., 2010;
Velusamy et al., 2014; Lima et al., 2018).
Ahmad & Ahmad (2016), Shukla & Trivedi

(2017) and Trivedi et al. (2021)
recommended fishes as the “early warning
biological model” for risk assessment

associated with aquatic toxicants. In addition,
in aquatic ecosystems, fishes are considered
as good indicators of environmental health
because of their different positions in the
food chain (Adams & Greeley, 2000; Lima et
al., 2018). Thus, fishes are used as suitable
biomonitors of the health status of aquatic
ecosystems  (Rodrigues et al, 2010;
Iwanowicz et al.,, 2012; Lima et al.,, 2018;
Georgieva et al., 2021).

Biomarkers for contaminated with
pesticides aquatic ecosystems

The term “biomarker” include a
measurement reflecting an interaction
between a biological system and a potential
hazard, which may be chemical, physical or
biological (WHO, 1993; van der Oost et al.,
2003). The approach given by biological tools
has the advantage to provide information on
the exposure and the effects of chemicals
(even short-lived chemicals) on living
organisms, while chemical analyses provide
information about the presence and/or
concentrations of the substances; it means
that only chemical analysis does not reflect
the response of aquatic organisms to
harmful effects of pollutants (Martinez-Haro
et al., 2015; Wan et al., 2018; Lomartire et al.,
2021).
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According to Franco-Martinez et al.
(2020) biomarkers could be divided into five
groups: 1. Spectrophotometric assays, based
on light absorbance changes due to the
presence or activity of the biomarker after
the reaction with a chemical compound that
is added as a reagent in the assay; 2.
Immunoassays, based on the recognition of
the biomarker by a specific antibody that
provides a selective determination of a
sample component, these immunoassays can
be performed by westernblotting, ELISA or
immunoturbidimetry; 3. Genome based
biomarkers are wusually identified from
genome-wide association studies (GWAS);
and use DNA markers such as single

nucleotide polymorphisms (SNPs) that affect
complex phenotypic traits; 4.
Transcriptomic analysis of RNA samples
from tissues and body fluids reveal
differential gene expression patterns and
potential biomarker for exposure to stress
and environmental pollutants; 5.
Chromatography and mass spectrometry,
different pollutants can be quantified by gas

chromatography (GO) and mass
spectrometry (GC-MS). In addition to these
methods, histopathological and
histochemical assays could also serve as a
sensitive biomarker for aquatic
contamination (Fig. 1) (Georgieva et al.,
2021).

Ecological monitoring |

Multi-biomarker assessment

e
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Spectrophotometric
assays
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Fig. 1. Applied biomarkers in ecological monitoring.

The use of biological effects techniques
(bioassays and biomarkers) offer the
required tools to help define Descriptor 8 of
GES according to MSFD, specifically in
relation to monitoring the actual pollution
effects of anthropogenic chemicals in the
aquatic environment. As stated by Thain et
al. (2008) a biological effect could be defined
as the response of an organism, a population,
or a community to changes in its
environment. One of the clear advantages of
the application of biological effect techniques

is the link between contaminant exposure
and ecological endpoints, as well as
detecting the impact of substances (or
combination of substances) that may not be
analyzed as part of routine chemical
monitoring programs (van der Oost et al.,
2003; Thain et al., 2008; Lyons et al., 2010).
The multi-level biomarker approach is
widely used from researchers to obtain a
more complete and integrative overview of
what affects marine organisms’ health and,
consequentially, the environment (Samanta
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et al., 2018; Lomartire et al., 2021). As stated
by Lomartire et al. (2021) it is necessary to
well define the baseline data of biomarkers
to have a correspondent distinction between
“noise” (natural variability) and “signal”
(stress caused by contaminant). Moreover,
the integrated biomarker response (IBR) that
employs biochemical, morphological and
physiological features is a must in regular
monitoring of aquatic ecosystems (Bignell et
al., 2011; Lomartire et al., 2021).

Likewise, Hedayati (2018), we consider
that the application of biomarkers for
aquatic environment monitoring has become
widespread and it is essential in terms of
ecotoxicological research. Furthermore, we
agree that biomarkers have been largely
used for the assessment of effects induced by
several classes of chemical contaminants on
fishes, for example the assessment of
alterations on key enzymatic activities of
biomonitor species following exposure to
natural and experimental contaminated
waters has been one of the major uses of
biomarkers in different studies.

On one hand, as described by Yancheva
et al. (2019a) the histopathological effects
produced in different tissues of non-target
organisms are usually used for monitoring
of polluted areas and environmental
conditions in aquaculture systems, and the
use of histopathological biomarkers in
biomonitoring has many advantages.
According to the authors histopathological
biomarkers can be used as an early warning
system for potential effects at the level of the
individual and the histopathological lesions
are easily recognizable alterations that
ideally indicate alone a pathological
condition (Fig. 2). The increasing number of
studies related to the use of histological
biomarkers is based on the fact that they
better reflect the health status of fish
compared to other used methods. In
addition, histochemical changes associated
with a change in the amount of glycogen and
lipids in the hepatocytes, serves as an
indicator of the change in carbohydrate
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metabolism due to pesticide contamination
in agrarian countries, such as Bulgaria
(Stoyanova et al, 2019; Yancheva et al,
2019b).

On the other hand, oxidative stress
induced by different organic pollutants,
through an increase in the formation of
reactive oxygen species (ROS) may lead to
biochemical, cellular and physiological
changes in the exposed organisms. Free
radicals may lead to lipid peroxidation,
changing the constitution of the biological
membranes as well (Gongalves et al., 2021).
We agree that the exposure to organic
toxicants may affect fatty acid composition
of organisms by potentiating lipid
peroxidation, as previously mentioned, or
interfering with lipid metabolism, which can
be evaluated through the assessment of fatty
acid profiles. The presence of xenobiotics in
water may affect the lipid metabolism and
fatty acid and phospholipid composition
(Olivares-Rubio &  Vega-Lopez, 2016;
Gongalves et al, 2021). According to
Gongalves et al. (2021) organic pollutants
may impact the activity of a number of
enzymes, from the stimulation of antioxidant
enzymes in an effort to reestablish redox
balance and preserve cells integrity, to the
disruption of enzyme-mediated processes
(Fig. 2). As the authors stated the use of
enzymes as biomarkers of contaminant
impacts in non-target species has proven to
be a useful tool to assess their impacts.
Moreover, oxidative stress plays an
important role in the toxicity of pesticides
and fishes have a defense system, which
includes antioxidant enzymes, such as
catalase (CAT), the glutathione system itself
and superoxide dismutase (SOD) (Georgieva
et al., 2021). Yancheva et al. (2015) described
that the alterations in different fish enzymes
represent a sensitive biochemical indicator
for the negative pesticide effects. The
authors considered that changes in other
metabolic enzymes, such as lactate
dehydrogenase (LDH), aspartate and alanine
aminotransferase (ASAT and ALAT) are also
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sensitive indicators for hepatotoxicity,
particularly in the fish liver, which is the
main depot for bioaccumulation of
xenobiotics and also a main detoxification
organ, along with the kidney (Fig. 2). In
addition to antioxidant and metabolic
enzymes, the neurotransmitter
cholinesterase (ChE) is also analyzed very
often. One of the important elements in
environmental analysis to be considered is

the direct relationship between ChE
inhibition and the behavioral, biochemical,
and physiological alterations that occur in
exposed organisms (Basirun et al, 2017).
Moreover, ChE extracted from different
organs of the same fish species or from
different species possess different sensitivity
towards anticholinesterastic agents exposed
to it. This would make the extracted ChE as a
specific biomarker for each possible toxicant.

BIOMARKERS

Morphological responses
Degenerative alterations
Proliferative alterations
Changes in the circulatory system

' 4 N\
VEBIGHIE) b oo > (RIS
N ¥4

BIOMARKERS

Biochemical responses
Changes in the enzymatic activity

Fig. 2. Biomarkers in fish prime target organs (gills and liver).

Conclusions

The application of such complex research
is necessary in the development of a protocol
for the assessment of pollution of aquatic
ecosystems with organic pollutants. This
protocol, which includes histopathological and
biochemical biomarkers can be applied in both,
water monitoring and agricultural practices, to
provide an adequate legal basis for the
presence of organic pollutants and their effect
in aquatic ecosystems. Thus, collaboration
between different institutions is crucial to
reduce the risks of pesticide toxicity on the
environment and modifications under
concentrations equal to those permitted under
European legislation.
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