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ABSTRACT

Environmental quality is a recurring concern in the area of public health, as the presence of contaminants can cause changes in the
environment and affect human life. Therefore, this study aimed to catty out a bibliographical sutvey of an exploratory/desctiptive
nature, through the Science Direct platform, carrying out a screening in order to highlight the main, potentially toxic compounds
(EPTs) and bioindicator organisms used in cytotoxicity and genotoxicity analyses. , developed through a review using the following
keywords “Potentially Toxic Elements, Toxicity, Genotoxicity, Water Bodies, Aquatic Ecosystem” with a time frame between 2013
and 2023. Some inclusion and exclusion criteria were applied for the selection of articles. Based on the panorama of publications
analyzed, around 82% are restricted access and only 18% are open access and there was also a gradual and significant increase in the
number of articles published, in the period from 2013 to 2023. During the screening, they were identified several toxic compounds,
including heavy metals; medicines; anticorrosives; particulate materials; dyes and microplastics. When evaluating the diversity of
organisms used as bioindicators, it is possible to observe the use of fish 36.6%, followed by 8.4% of mussels and only 7% of
microorganisms, followed by plants and humans 5.6% respectively. The results of this study highlight the wide diversity of
bioindicators and the worrying presence of Potentially Toxic Elements (PTEs) in the environment, which highlights the importance
of studies aimed at these compounds. The main organisms used as bioindicators were fish, mussels and microorganisms, plants and
human beings. The use of living organisms as bioindicators has potential for environmental management and monitoring due to their
versatility in detecting Potentially Toxic Elements, proving to be a valuable green tool to be used in toxicological studies.
Keywords: living organisms, emerging compounds, environment.

RESUMO

A qualidade ambiental é uma preocupacio recorrente na area da sadde publica, visto que a presenca de contaminantes podem
desencadear alteragbes no meio ambiente e afetar a vida humana. Portanto, este estudo teve como objetivo realizar um levantamento
bibliografico de natuteza exploratdtia/descritiva, através da plataforma Science Direct, realizando uma triagem a fim de evidenciar os
principais, elementos potencialmente téxicos (EPTs) e os organismos bioindicadores utilizados em andlises de citotoxicidade e
genotoxicidade, desenvolvida por meio de uma revisdo utilizando as seguintes palavras-chave “Potentially Toxic Elements, Toxicity,
Genotoxicity, Water Bodies, Aquatic Ecosystem” com um recorte temporal entre 2013 a 2023. Foram aplicados alguns critérios de
inclusdo e exclusdo para a selegdo dos artigos. Com base no panorama de publicagdes analisadas, cerca de 82% sdo de acesso restrito
e apenas 18% sdo de acesso aberto e ainda houve um aumento gradativo e expressivo no numero de artigos publicados, no perfodo
de 2013 a 2023. Durante a triagem foram identificados diversos compostos toxicos, dentre eles temos os metais pesados; os
medicamentos; os anticorrosivos; os materiais particulados; corantes e os microplasticos. Na avaliagdo da diversidade de organismos
utilizados como bioindicadores, pode observar, a utilizagio dos peixes 36.6%, seguido de 8,4% do mexilhdo e apenas 7% de
microrganismos, seguido das plantas e do ser humano 5.6% respectivamente. Os resultados deste estudo destacam a ampla
diversidade de bioindicadores e a presenca preocupante de Elementos Potencialmente Téxicos (EPTs) no meio ambiente o que
ressalta a importancia de estudos direcionados a estes compostos. Os principais organismos utilizados como bioindicadores, foram
os peixes, os mexilhGes e microrganismos, as plantas e seres humanos. O Uso de organismos vivos como bioindicadores, apresentam
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potencial para o gerenciamento e monitoramento ambiental em virtude da sua versatilidade na deteccio dos Elementos
Potencialmente Téxicos, mostrando ser uma valiosa ferramenta verde a ser empregada em estudos toxicologicos.
Palavras-chave: organismos vivos, compostos emergentes, meio ambiente.

Introduction

The preservation of environmental quality is an essential concern in the field of public health, given that
the presence of contaminants has the potential to trigger significant changes in the environment and directly
affect human life. Such as potentially toxic elements (PTEs), which are substances of different origins that can
be present in the most diverse concentrations, in the air, water or soil (Martins-Gomes et al. 2022; Shahi Khalaf
Ansar et al. 2023). This wide distribution highlights the complexity of carrying out systematic monitoring in
relation to the toxicity of these compounds in nature and their respective damage to organisms.

The origin of these contaminants may be associated with human activities, some of which are highly
polluting that result in the formation of compounds such as surfactants and emulsifiers, mainly arising from
agricultural practices (Saravanan et al. 2021; Badmus et al. 2021). As well as organic waste from agro-industrial,
petrochemical and agrochemical sectors, represent a substantial threat to both human health and environment
when disposed of inappropriately (Chen et al. 2019; Jaskula & Sojka 2022; Caballero-Gallardo et al. 2020;
Nabgan et al. 2022; Rani et al. 2023). In this context, it is essential to highlight the presence of PTEs in water
represents a significant threat, requiring the implementation of effective detection and monitoring strategies
(Zhang et al. 2020).

It is a fact that contamination of water resources threatens the balance of aquatic ecosystems, because
these chemicals have the ability to cause harm to living organisms (Sun et al. 2019; Moghanm et al. 2020). In
this way, the detection and monitoring of these elements in water makes it possible to preserve the environment
and promote the population's quality of life. For this purpose, different organisms are used, that according to
Li et al. (2022), may present changes in their physiology, morphology and others, due to the accumulation of
these substances.

Thus, the use of test organisms or bioindicators has highlighted as a promising approach, as it allows the
assessment of the presence and impact that these contaminants can cause on ecosystems. Bioindicators are
living organisms that have the ability to respond to environmental changes resulting from the presence of
pollutants. (Yuan et al. 2022; Zhang et al. 2022; Sagova-Mareckova et al. 2021). There are numerous bioindicator
organisms, such as fish, rats, brine shrimp, daphnia magna and plants. (Zeyad et al. 2019; Roda et al. 2019; Da
Silva et al. 2020; Saha et al. 2024; Ribeiro et al. 2021;).

Other promising organisms are microorganisms, which are present in all ecosystems and are major
degraders of organic and inorganic compounds. Furthermore, microbial abundance and diversity vary according
to their habitat. Microorganisms can be classified as resistant or sensitive to selective pressures in the presence
of PTEs (Carlson et al. 2019). Studies report that the metabolism of microorganisms is sensitive to
environmental changes, and response mechanisms are fundamental (Lew & Glinska-Lewczuk, 2018; Semedo
& Song, 2019). Microorganisms are strongly associated with the degradation of contaminants, and their use in
the diagnosis of PTEs is simple, effective and low cost (Tang et al. 2019).

Other examples are yeasts, which have been widely used in microbiological research and offer significant
advantages for their use as a bioindicator (Daskalova et al. 2021), as it provides an assessment of the toxicity of
compounds and their effects at the cellular level (Wolejko et al. 2022). The use of this microorganism has the
advantage of low cost, reduced analysis time, high cell multiplication capacity, and adaptability to adverse
conditions, that can allow a rapid response to environmental stimuli (Sarabia et al. 2021; Chowdhury et al. 2023).

According to Nielsen (2019), S. cerevisiae has a high genetic correlation with eukaryotic organisms, including
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humans, which makes it an important tool for this type of assessment. In addition to being able to measure the
genotoxic and mutagenic effects of EPTs (Islam et al. 2020; Brtnicky et al. 2021).

The advantage of cultivating and manipulating this microorganism makes it possible to conduct
experiments under controlled conditions without risks. These characteristics make studies feasible, as the
response mechanisms to different compounds and their concentrations are easy to identify and quantify
(Echeverri-Jaramillo et al. 2022; Tavares et al. 2022). Furthermore, they can provide important information and
provide a better understanding of responses to contaminants in different ecosystems.

In this context, studies focused on the use of bioindicators to evaluate Potentially Toxic Elements have
been applied in several ecosystems, and can predict the management of toxic compounds, contributing to
environmental monitoring and management. Therefore, this study aims to carry out a survey of the main
potentially toxic elements (PTEs), in the period from 2013 to 2023, as well as highlight the main bioindicator

organisms used.
Material and methods

Location of study development

The study as well as the tests were carried out at the Laboratory of Biotechnology, Biochemistry and
Biotransformation of the Centro de Estudos em Recursos Naturais - CERNA of the Universidade Estadual de
Mato Grosso do Sul - UEMS/Dourados-MS.

Exploratory research

The research was carried out through a bibliographical review of an exploratory/desctiptive nature, using
published databases. The search was conducted on the Science Direct platform, using keywords in English
such as (Potentially Toxic Elements, Toxicity, Genotoxicity, Water Bodies, Aquatic Ecosystem). Inclusion and

exclusion criteria were applied to select articles, such as:

a) Year of publication between 2013 and 2023;
b)  Research Articles;
c) Reporting the presence of PTEs;

d)  Open access articles.

The selection of articles was based on relevance within the topic of this research. The data were then

grouped and compiled qualitatively and later tabulated quantitatively with Excel 2019 software.
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Figure 1. Flowchart of research development stages according to the PRISMA model (2020). Source: authors.

Results and Discussion

Based on the analysis of the panorama of publications related to Potentially Toxic Elements, it was
observed that in the period from 2013 to 2023 there was a gradual and significant increase in the number of
published articles, that were mostly composed of research articles (Figure 2A). It was also possible to verify
that in the last 3 years of the sample analysis period there was a significant increase in publications, especially
in 2022 when compared to 2021, that there were approximately twice as many publications related to Potentially
Toxic Elements, it can be observed that the opposite occurred in 2023, where the number of review articles
was greater than in 2022. Furthermore, among the data collected between 2013 and 2023, approximately 82%

are restricted access and only 18% are open access (Figure 2B).
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Figure 2. Overview of publications related to Potentially Toxic Elements in water bodies from 2013 to 2023 (A) and evaluation of publications of open and

restricted access articles related to Potentially Toxic Elements in water bodies in the last ten years (B). Source: authors.

Notably, the increase in the number of research publications was in the year 2022, which may be related
to the health emergency conditions faced worldwide, as according to Marques (2022), there were around 500
thousand studies related to COVID-19, among the years of 2020 and 2021, in other words, during this period
the research focus was more on studies related to the pandemic in the health area, showing a certain stabilization
in 2022, possibly due to social distancing. Furthermore, according to Concei¢ao et al. (2023), Kuroda et al.
(2021) e De Andrade et al. (2024) during the COVID-19 pandemic there was an exponential increase in the
consumption of chemical products (disinfectants) and pharmaceuticals (azithromycin, ciprofloxacin, caffeine,
ibuprofen, losartan and triclosan).

Another example is electronic waste, which has increased exponentially, contributing to the accumulation
of PTEs in the wortld, given that this waste contains heavy metals such as copper (Cu), nickel (Ni), lead (Pb)
and chromium (Cr). In 2019, China generated 10.1 million metric tons (Mt) of electronic waste, and this number
is expected to increase to 27.2 Mt by 2030 and 51.6 Mt by 2050 (Zeng et al. 2020; Forti et al. 2020). Furthermore,
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according to Rajput et al. (2021) and Rajesh et al. (2022), in India, the electronic waste generated annually is
10% and its increase is directly related to population growth, that is, as the population increases, the amount of
waste generated also increases. Another example is Brazil, which is one of the main generators of electronic
waste and only 3.6% is recycled (Dias et al. 2022; D” Almeida et al. 2022). Toxic waste is persistent and generally
has a high degree of toxicity, which represents a constant threat to the environment and humanity.

The research about Potentially Toxic Elements presents in the environment, carried out through the
screening of open access research articles, identified several toxic compounds. Among them are heavy metals
(mercury, methylmercury, arsenic, cadmium), medications (sulfamethoxazole), anticorrosives (zinc
orthophosphate, sodium orthophosphate and sodium silicate), particulate materials (iron ore), dyes (benzidine,
monoacetylbenzidine, diacetylbenzidine, a-naphthylamine, f-naphtylamine) and microplastics (polyethylene,
acrylates, polyamide, polyethylene terephthalate, polypropylene, polystyrene, polyurethane, polyvinyl chloride,
polycarbonate, polymethyl methacrylate), as shown in Table 1.

Table 1. Survey of the main Potentially Toxic Elements (PTEs).

Potentially Toxic Elements Efeitos Referéncias

Micronucleus and the two nuclear alterations (i.e.
nuclear buds and binucleated) were identified in fish
Mercury (THg), methylmercury | erythrocytes.

) ) o o ) Cruz-Esquivel et al. 2023
(MeHg) and arsenic (As) Both species, statistically significant differences
in genotoxic variables were observed compared to the

control group.

Insectivores had the highest concentration of
Mercury mercury in the liver and spleen and the highest number Calao-Ramos et al. 2021

of micronuclei.

Histopathological analysis of gills and liver
revealed various alterations including pycnotic nuclei,
Sulfamethoxazole (antibiotic) bile stagnation, vacuolization in the liver, and partial Iftikhar et al. 2022
and complete fusion of lamella and blood congestion in

gills.

In contrast, sodium silicate dosage at 10 mg/L
resulted in decreased bacterial growth and antibiotic
resistance selection compared to the other corrosion
) ) inhibitor additions.

Zinc  orthophosphate,  sodium o
) . Source water collected from the drinking water )
orthophosphate, sodium silicate ] ) ] o Kimbell et al. 2023
o treatment plant intake pipe resulted in less significant
(Corrosion inhibitors) ) o ] )
changes in antibiotic resistant bacteria (ARB) and
antibiotic-resistance genes (ARGs) abundance due to
corrosion inhibitor addition compared to source water

collected from the pier at the recreational beach.
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Evidence indicates that the PMs main
composition is hematite and quartz, and the PM10

values sampled were higher than those reported by the
Particulate matter (PM)
local government agency.
PM2.5, PM10, and PM20 Morozesk et al. 2021
Scanning Electron Microscopy analysis showed
Iron Ore ] ) ]
the presence of Fe, Si, Mg, Al, Zi, Ca, and emerging

metallic contaminants, such as Ba and Ti, in

environmental samples.

Remarkable variations in the concentrations of

o o the two aromatic amines were found in the muscle
Benzidine, mono-acetyl benzidine,
tissue of Saragus saragus and Siganus rivulatus.
diacetyl benzidine, a,B- ) ] Saad et al. 2016
) The data suggest that in early pregnancy failure
naphthylamine
there is an increase in markers of oxidative stress and

a probable decrease in maternal antioxidant defenses.

The abundance of soil microplastics in the winter
was significantly correlated with Cd, indicating that
microplastics and heavy metals present a risk of
coexposure to soil organisms. The response of in situ
earthworms to microplastic—Cd pollution revealed that
microplastics can be used as a vector to transfer heavy
metals in the soil environment and may accumulate in
Microplastics and cadmium (Cd) Jiang et al. 2022
the bodies of soil organisms.

Multiomics techniques demonstrated bacterial
community structure dysbiosis and metabolic changes
of in situ earthworms under microplastic heavy metal-
contaminated soils. The abundance of microplastics in

earthworm casts and intestines was higher than that in

the soil samples.

Source: Prepared by the authors based on the research carried out.

According to Cordoba-Tovar et al. (2022) and Okelsrud and Lydersen (2016), we can consider mercury
(Hg), methylmercury (MeHg) and arsenic (As) as toxic pollutants, as they can present extreme toxicity even in
low concentrations and when they reach the aquatic system, whether through natural or anthropogenic sources
(mining or agricultural activities), they can cause adverse effects and trigger problems for both human health
and the environment.

Furthermore, studies such as those by Dos Santos et al. (2020) and Kortei et al. (2020) identified the
presence of these metals in both fish and water, and in some fish the concentrations were above the limit
permitted for human consumption. Moreover, genotoxic changes were observed in fish, which is alarming,
given that the persistence of these compounds in the environment increases their toxic potential, especially
when it occurs across trophic levels, a process known as biomagnification. In relation to particulate matter,
these have caused great concern related to climate change, due to atmospheric pollution and damage to the

population, pas they can cause various health disorders such as allergies, lung infections, high blood pressure
and premature deaths (Park et al. 2020; Morozesk et al. 2021; Prunicki et al. 2021).
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In addition, there are microplastics, which are plastic particles with a diameter of <5 mm, it can have a low
density which floats or be of high density which accumulates (Sarkar et al. 2021). The Mediterranean Sea is one
of the areas most impacted by microplastics, with the highest concentrations of floating plastic particles
wortldwide (Eriksen et al. 2014; Oz et al. 2019). Microplastics can have several entry routes into environmental
compartments, such as agriculture, mining, highways and the urban environment, besides being a major
environmental problem, it can lead to the development of physiological abnormalities in fish and the
contamination of water resources, soil and air (Corradini et al. 2021; Raza et al. 2023).

However, the significant increase in the use of medications during the COVID-19 Pandemic and the lack
of adequate effluent treatment may result in these compounds ending up in water bodies or even the soil (Barros
& Silva 2023). Furthermore, Iftikhar et al. (2022) found changes in the analyses of the gills and liver of Cyprinus
carpio and observed that even at extremely low concentrations, antibiotics bioaccumulate and can cause
oxidative stress, and long-term exposure can lead to the production of reactive oxygen species, the final pathway
for toxicity. Studies carried out by Kumari et al. (2017), Zheng et al. (2019) and Chen et al. (2018), observed
effects of PTEs on organisms, where they caused a decrease in reproductive capacity, reduced embryonic
viability, teratogenesis, reduced enzymatic processes, oxidative stress, endocrine dysregulation, damage to
deoxyribonucleic acid-DNA and cell death.

The biological organisms used as bioindicators have important characteristics such as sensitivity, survival
capacity, tolerance to adverse environmental conditions, are versatile in real-time response mechanisms, have
high reproducibility and are economically viable. In the evaluation of the diversity of organisms used as
bioindicators, in relation to the publications analyzed, it can be observed that fish are the most used with a
percentage of 36.6%, mussels 8.4%, microorganisms 7%, followed by plants and humans 5.6% respectively
(Figure 3).

Bioindicators

|||| /_\ -. 58% /
5.6 % [ 4.3 %

A

Y

Fish
4,3 % Mussels

P s o = Bacterium
. Plant
2% = Human beings
P 28 % = Rats

= Worm

= Beetle
17 % » Mollusc

= Bat

» Frog

= Others

282 %

36.6 %

Figure 3. Assessment of the percentage of use of bioindicators used in open research articles. Source: authors.
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Environmental pollution has been one of the main problems in global ecosystems. The presence of these
pollutants must be detected and remediated, this being an important role of biological indicators, such as plants,
animals and/or microorganisms. These indicators are often used to detect changes in an ecosystem, and can
indicate positive and negative changes in relation to the environment and have the potential to be a valuable
tool (Zaghloul et al. 2020).

Fish are widely used as bioindicators of water quality, their life cycle generally occurs in an aquatic
environment and they have a great ability to accumulate metals in their muscles (Javed & Usmani, 2019; Vieira
et al. 2020). Studies have evaluated the potential of fish as bioindicators of pollution by metals and polycyclic
aromatic hydrocarbons. The data showed that, in the presence of chemical compounds, fish can trigger
responses of genotoxic effects in different tissues, the formation of micronuclei, DNA fragmentation and
bioaccumulation (Juma et al. 2018; Ali et al. 2020).

Molluscs, which generally live at the bottom of the water, have restricted mobility and are an important
indicator in ecological assessments, as the accumulation of metals in these organisms often reflects the
concentrations found in the water and sediment (Hayes et al. 2015; Moreira et al. 2020). Studies focused on
crustaceans common on Brazilian beaches, such as A#antorchestoidea brasiliensis, Excirolana braziliensis, Emerita
brasiliensis e Ogypode quadrata, stand out as species sensitive to anthropogenic impact and, therefore, can be used
as bioindicators for environmental monitoring (Cardoso et al. 2016; Schlacher et al. 2016).

These factors awaken our vision regarding the importance of using bioindicators to monitor the quality of
the ecosystem. Another bioindicator widely used in toxicological studies are plants, as over time they have
played an important role in assessing ecological risks related to radioactive and chemical contamination of soils,
water, solid waste, industrial and agricultural pollutants (Antoniadis et al. 2017; Tarish et al. 2024).

Thus, although there is a great microbial diversity with varied structure and form, with comprehensive
mechanisms of rapid and efficient responses, they are still little used. Microorganisms are highly sensitive and
can be used as biological indicators, being able to demonstrate pollution conditions in the environment. Their
use is a promising green technological tool in the remediation of organic and inorganic pollutants in
environments (Gourmelon et al. 2016; Jiang et al. 2019; Vaid et al. 2022; Yang et al. 2023).

However, the diversity in the use of bioindicators reaffirms the sensitivity of biological matrices to a given
contaminant, as well as the mechanisms of action triggered by them, which can result in morphological,
physiological and biochemical changes (Iftikhar et al. 2022). According to Zhang et al. (2016) and Feng et al.
(2018), microorganisms are more sensitive to stress caused by contaminants than animals and plants. Therefore,
the yeast Saccharomyces cerevisiae has shown great potential as a bioindicator, proving to be a useful tool, easy to
handle, with high survival capacity, low cost, rapid growth, and able to survive adverse conditions, which allows
for a rapid return due to stimuli triggered in the environment (Sarabia et al. 2021; Tavares et al. 2022).

Furthermore, yeast has a high degree of genetic homology with eukaryotic organisms, including humans
(Nielsen, 2019; Hori et al. 2023), which makes them important in the evaluation of genotoxicity and
mutagenicity to PTEs, which may be present in water bodies, soil and air (Islam et al. 2020; Brtnicky et al. 2021).
However, the use of microorganisms as bioindicators has stood out, but there are few studies on these
organisms. This is possibly due in part to the lack of applied research around the world using microorganisms,

despite their importance and presence in all ecosystems.
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Conclusion

According to a study survey, in the last decade the number of research articles related to Potentially Toxic
Elements was preponderant. In the data panorama for the years 2013 to 2023, around 82% are restricted access
and only 18% are open access, which highlights the obstacles in accessing scientific research.

Among the Potentially Toxic Elements, several chemical compounds that are harmful to the environment
and the health of animals and humans were found, such as: medicines, heavy metals, anticorrosives, dyes,
microplastics. The diversity of these toxic compounds and their associated effects on the environment highlight
the need for environmental policies, that can minimize their emission into the environment, aiming at
sustainability.

Among the main organisms used as bioindicators, fish, mussels and microorganisms stand out, as they
presented a significant percentage of use in environmental analyses, as well as plants and human beings. The
use of living organisms as bioindicators has potential for environmental management and monitoring due to
their versatility n detecting potentially toxic elements, proving to be a valuable green tool to be used in

toxicological studies.
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