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Introduction

 

umanity is currently facing new challenges in the 
context of the evolving COVID-19 (SARS-CoV-2) 
pandemic. The epidemiological situation in 

connection with COVID-19 causes the greatest tension 
in society around the world. The situation throughout the 
world, unfortunately, is getting worse. In this regard, new 
measures for the prevention of coronovirus infection are 
actively recommended and are

 

being developed. One of 
such measures to prevent the spread of the disease, 
recommended by WHO and Rospotrebnadzor of the 
Russian Federation, along with the use of masks and 
gloves, is the use of disinfectants and sanitizers at work 
places, in transport, educational institutions, and at 
home. They are liquid (rarely gel) agents that destroy 
most harmful microorganisms and viruses, as stated by 
the manufacturer. The composition of most of these 
products that enter the distribution network includes 
ethyl or isopropyl alcohol, triclosan, propylene glycol, 
formic acid, sometimes salicylic acid, all kinds of 
fragrances and other substances. Moreover, if 
traditionally, in order to guarantee the effectiveness of 
an antiseptic, clinical trials are necessarily carried out 
with the issuance of an opinion on behalf of a certified 
scientific center, in the case of sanitizers, usually 
classified as a cosmetic product, manufacturers do not 
face many difficulties.

 

The use of disinfectants recommended by WHO 
will increase (Report of the WHO-China Joint Mission on 
Coronavirus Disease 2019 (COVID-19), Geneva: World 
Health Organization; 2020

 

(https://www.who.int/docs/

 

default-source/coronaviruse/who-china-joint-mission-on-
covid-19-final-report.pdf). The use of disinfectants and

 

antiseptics increasingly requires consideration of 
indirect environmental and health impacts. There is only 
limited information on the effects of the use of 
disinfectants and antiseptics (including detergents and 
sanitizers) on health, which makes it timely and 
necessary to conduct research on animal and human. 
(https://doi.org/10.1093/occmed/kqaa036, accessed 10 
May 2020; Key Messages and Actions for COVID-19 
Prevention and Control in Schools. Geneva; World 
Health Organization; 2020 (https://www.who.int/docs/ 
defaultsource/coronaviruse/key-messages-and-actions-
for-covid-19-prevention-and-controlin-schools-march-
2020.pdf; List N: Disinfectants for Use Against SARS-

CoV-2, US EPA. 2020 (https://www.epa.gov/pesticide-
registration/list-ndisinfectants-use-against-sars-cov-2).  

However, the massive use of sanitizers can lead 
to poorly predictable consequences for animal and 
human health. Most of the populations of countries that 
actively applying sanitizers notice signs of dry skin, 
peeling, sometimes redness and flushing of the skin, 
shortness of breath, etc. after several days of use. 
Water-washed sanitizers end up in wastewater. 
Currently, there are no special methods for wastewater 
treatment from these agents and their metabolites as 
well as from specific viruses. Thus, the concentrations of 
sanitizers in wastewater, and then in natural waters (as a 
result of insufficiently purified waters entering natural 
water bodies, including those used for fisheries!) will 
rapidly increase. This undoubtedly causes concern 
among ecologists, doctors, specialists of environmental 
departments, and the population. To a greater extent, 
such accumulation of sanitizers or their metabolic 
products in the surrounding aquatic environment can 
damage the condition of aquatic animals and plants. 

Disinfectants are often and successfully used in 
agriculture and aquaculture. The use of disinfectants in 
these cases increasingly requires consideration of the 
indirect effects on the environment and human health. 
Currently, there is only limited information available on 
the effects of a number of disinfectants, and therefore 
such information is needed to assess the potential risks 
of adverse effects, often delayed!, on animal and human 
health, taking into account the potential for synergistic 
effects, which include such multi-component aqueous 
systems like surface water. 

In all cases, US EPA (May 15, 2019) 
recommends the use of detergents of various natures 
and compositions before disinfection. Surfaces should 
always be cleaned with soap and water or detergent to 
remove organic matter first and then disinfect. There are 
several groups of disinfectants, the most common are 
chlorine-based and alcohol-containing products. The 
most widely used cationic detergents are: 

degmicide, cerigel, chlorhesidin, ethonium, dimexil, 
potassium soap, miramistin, containing active chemical 
elements, for example, nitrogen atoms in cerigel, etc. 

Hypochlorite-based products include liquid 
(sodium hypochlorite), solid or powder (calcium 
hypochlorite) formulations. These compounds dissolve 
in water, creating a dilute aqueous chlorine solution in 
which undissociated hypochlorous acid (HOCl) is active 
as an antimicrobial compound. Hypochlorite has a 
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broad spectrum of antimicrobial activity and is effective 
against several common pathogens at various 
concentrations. For example, hypochlorite is effective 
against rotavirus at a concentration of 0.05% (500 ppm), 
but for some highly resistant pathogens such as 
Candida auris and Candida difficile (Pereira et al., 2015; 
Kohler et al., 2018), higher concentrations of 0.5% (5000 
ppm) are required in medical settings. 

The recommendation to use 0.1% (1000 ppm) 
hypochlorite solution in the context of COVID-19 (SARS-
CoV-2) is a conservative concentration that will 
inactivate the vast majority of other pathogens that may 
be present in healthcare settings. However, for 
operational cases with the possibility of blood spills and 
body fluids (that is, more than 10 ml), a concentration of 
0.5% (5000 ppm) is recommended. Hypochlorite is 
rapidly inactivated in the presence of organic matter; 
therefore, regardless of the concentration used, it is 
important to first clean surfaces thoroughly with soap, 
water or detergent, washing or wiping. High 
concentrations of chlorine can lead to metal corrosion 
and skin or mucosal irritation, in addition to the potential 
chlorine odor side effects for vulnerable individuals such 
as people with asthma. Thus, the ratio of benefits and 
harms from the use of disinfectants of different classes 
(sanitizers) is actively discussed in the scientific 
literature and in clinical practice. 

Commercial sodium hypochlorite products in 
various concentration levels are readily available for use 
in a variety of conditions. In Europe and North America, 
chlorine concentrations in commercially available 
products range from 4% to 6%. The concentration may 
also vary according to national regulations and 
manufacturers' formulas. In non-health care settings, 
sodium hypochlorite can be used at the recommended 
concentration of 0.1% (1000 ppm). Alternatively, the use 
of 70-90% ethyl alcohol is recommended to disinfect 
surfaces. 

In addition, the present reality necessitates the 
widespread use by the population of household 
antiseptics for hand skin -

 
sanitizers. Sanitizers may be 

identical in composition to professional antiseptics or 
may differ from them due to additives for the purpose of 
moisturizing and caring for the skin, flavors, food colors 
and other components.

 

Summarizing the available information on the 
composition of sanitizers, the following components can 
be distinguished:

 

−
 

ethyl or isopropyl alcohol
 

−
 

chlorhexidine
 

−
 

propylene glycol
 

−
 

panthenol

 

−
 

glycerin

 

−

 
triethanolamine

 

−

 

quaternary salts: benzalkonium chloride

 

− flavors and skin care products: vitamins, plant 
extracts, fragrances, etc. 

At the same time, manufacturers of sanitizers 
usually classify these preparations as cosmetics, which 
eliminate the need for an examination confirming the 
effectiveness of these preparations and their 
composition. 

Thus, the currently observed mass (both in 
terms of coverage of the population and in quantity) use 
of sanitizers may lead in the future to uncontrolled 
releases into the natural environment of the components 
that make up these preparations and their metabolites 
that can cause biological response effects in natural 
living organisms, incl. - negative. 

In addition, some products manufactured by 
companies do not have the properties stated in their 
descriptions. For example, there are cases when 
products manufactured by pharmaceutical companies 
did not meet the proclaimed requirements and effects 
on. So, The U.S. Environmental Protection Agency 
announced a settlement with Clorox Professional 
Products Company for selling one of the company's 
disinfectant bleach products used in hospitals was not 
effective against the bacterium that causes tuberculosis. 
Clorox has removed the claim from its product, 
marketed as "Dispatch Hospital Cleaner Disinfectant 
with Bleach." "Labels that are false or misleading put 
people at risk," said Jared Blumenfeld, EPA's Regional 
Administrator for the Pacific Southwest. "Companies 
must test and correctly label these disinfectant products 
to protect the health and safety of hospital patients and 
staff."(US EPA 2005) https://www.epa.gov/archive/epa/ 
newsroom/2015-news-releases-date.html). 

The biological effects of the use of such 
products, as well as the physiological and biochemical 
mechanisms of adaptation of aquatic organisms to 
sanitizers and detergents, have not been studied 
enough (Slye et al., 2011;Gagné et al., 2012; Gilles , 
2012; Messina et al., 2014, etc.). Even less studied are 
the possible synergistic effects of their combined action 
in the presence of, for example, heavy metals (HMs) in 
surface waters. 

HMs, such as Cu, Zn, Pb, Cd, Hg, As, etc., 
which are priority environmental pollutants, have 
bioavailability for living organisms. Understanding the 
factors that determine the bioavailability and features of 
the penetration of elements into living organisms, as well 
as the mechanisms and ways of excretion from living 
organisms is one of the important fundamental tasks of 
aquatic ecotoxicology and environmental safety 
(Moiseenko, 2009). Thus, the relevance of studying the 
biological effects of the substances indicated above is 
beyond doubt. 

It seems relevant to study the possible 
biological effects of exposure in various combinations of 
sanitizers, detergents and salt solutions to the most 
toxic heavy metals for aquatic organisms (presumably 
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Cu, Zn, Pb and Cd) in different microconcentrations, 
with different exposure times of animals in them, on 
indicators of the state of oxidative stress. At the same 
time, it is possible to assess the presence in the 
experimental solution of precisely labile forms of HMs in 
water, and not just their total content, since the greatest 
danger to biota is represented by labile forms 
characterized by high biochemical activity and the ability 
to accumulate in natural environments and animal 
tissues (e.g., Ravero, 2001; Levit et al., 2020). 

As test objects in future studies, it seems 
interesting to us to use mollusks of the family Unionidae 
(Unio spp.), widely distributed throughout freshwater 
areas, and for marine areas, the Mediterranean mussel 
Mytilus galloprovincialis Lam., or the White Sea mussel 
Mytilus edulis L., as well as representatives of Crustacea 
- higher crayfish (eg. Astacus leptodactylus Esch. and/or 
Procambarus clarkii). The species of mollusks and 
crayfish listed above are traditionally used as 
bioindicator species in biomonitoring of pollution of 
aquatic ecosystems (Elder, Collins, 1991; Salanki et al., 
2003; Depledge, Galloway, 2005; Kuklina et al., 2013), 
as well as in experimental toxicological experiments 
(Handy, Depledge, 1999; Curtis et al., 2000; Kuznetsova 
et al., 2010; Hook et al., 2014, etc.). 

There are several reasons for choosing these 
animals as bioindicators. Summing up the opinions of 
various authors (Widdows, Donkin, 1992; Gruber et al., 
1994; Kramer, Foekema, 2001; Nikinmaa 2014, etc.), we 
obtain: 
1. They are widely distributed and can be easily 

caught. 
2. Most of them live in shallow waters, in coastal 

waters - places most prone to various types of 
pollution. 

3. Inactive animals (low locomotor) or with a sedentary 
life. 

4. These are animals with a rather long life cycle. 
5. Large enough to collect and analyze tissue for 

contaminants. 
6. Many species are quite sensitive to various types of 

pollution, and at the same time have some 
resistance, which allows them to accumulate 
pollutants, which, however, does not lead to death. 

7. Many substances show dose-dependent effects on 
many physiological and biochemical processes in 
animals. 

Studies of the bioavailability of many HM 
substances hazardous to organisms show that the total 
concentrations of HMs in water and in sediments do not 
always correlate with their concentrations in animal 
tissues (due to differences in ecotoxicity, metal 
interactions in natural environments, and due to 
protective physiological and biochemical mechanisms in 
living organisms). 

Thus, the question remains whether mollusks 
and crustaceans can serve as indicators of pollution of 

coastal waters by domestic wastewater containing 
sanitizers, detergents, HMs, and their metabolites. 
Currently, there are few such studies. 

At the same time, it is known that Biological 
Early Warning Systems (BEWs) have long been actively 
used to monitor water quality, in which living organisms 
are successfully used as biosensors of natural water 
pollution. Developed in the 1980s–1990s, automated 
systems for non-invasive registration of the heart rate in 
crustaceans and mussels at the Marine Biology 
Laboratory in Plymouth made it possible to assess the 
degree of influence of certain heavy metals on the 
cardiac activity of animals (Depledge and Andersen, 
1990; Depledge et al., 1995, US EPA, 2005, etc.). 

Heart rate variability (HRV) is one of the 
fundamental physiological properties of living 
organisms, and can serve as a basis for early diagnosis 
of the deterioration of the physiological state (PS) of an 
organism. Among aquatic invertebrates, the most 
analogies in the general structure, functioning, and 
systems of regulation of cardiac activity, in comparison 
with mammals, are known for mollusks. The main 
parameters of the heart rate of mollusks, calculated 
using clinical cardiology algorithms developed for 
humans, intersect with similar values for human 
rhythmograms (Bychkov et al., 1997). However, both in 
the world and in Russia, studies of the cardiac activity of 
crayfish are quite rare, especially when using automated 
systems for non-invasive heart rate monitoring 
(Kholodkevich et al., 2009; Kholodkevich et al., 2021). 

In early studies by foreign scientists, it was 
shown that crayfish can change the rhythm of heart 
activity in the presence of HMs (Spicer, Weber, 1991; 
Styrishave et al., 1995), as well as in the presence of 
chemicals used in the treatment/disinfection of water in 
aquaculture (Kozak et al., 2009), for example, during its 
chlorination or chloramination (Kuklina et al., 2014). 
These works can be the basis for research on the effects 
of sanitizers on the functional indicators of crustaceans 
and mollusks. 

The effect of chlorine-containing substances on 
the cardiac activity of crayfish has not been sufficiently 
studied, despite the fact that organochlorine 
compounds, being the strongest toxicants, can enter 
water bodies with wastewater, posing a danger to the 
flora and fauna of these water bodies. Active chlorine 
and its compounds are widely used in industry, in water 
treatment processes at waterworks, in various 
disinfections, including in aquaculture to combat 
parasitic infections. Thus, 10 mg/L of biocide as 
chloramines-T is considered as a commonly used in 
industry and aquaculture, at the same time in 
experiments on crayfish Astacus leptodactylus (Esch., 
1823) the clear exposure effect was shown only after 1 
day exposure to 50 mg/L of chloramines-T (Kuklina et 
al., 2014). According to heart rate changes, the 1-h 
exposure did not adversely affect crayfish at either 
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concentration, as well as during daily exposure to 10 
mg/L. As assessed by the heart rate, the 24-h exposure 
to 50 mg/L of chloramine-T was toxic for crayfish and 
led to substantial loss of energy (Kuklina et al., 2014). 

It is known that the biocenosis reacts to a 
change in the quality of the habitat by changing the 
intensity of metabolism. The efficiency of aerobic energy 
exchange in hydrobionts, which can be estimated from 
the rate of oxygen consumption, can serve as an 
indicator of the quality of the aquatic environment (see 
Kolupaev, 1992; Martin et al., 2007). The advantage of 
using this particular functional indicator, the change of 
which, as a rule, is associated with the organism's 
attempt to avoid or compensate for adverse effects, lies 
in the possibility of detecting the initial effects of 
pollutants on a living organism and early signs of 
deterioration in animal health. 

The biological effects of the use of sanitizers 
and detergents, as well as the physiological and 
biochemical mechanisms of adaptation of aquatic 
organisms to them, have not been sufficiently studied. 
Studies on the effects of detergents on living organisms 
are also rare. It is noted that synthetic detergents (SDs) 
and surfactants, which are part of them, have a negative 
impact on the PS of living organisms, water quality for 
biota, and the self-cleaning capacity of water bodies 
(Ostroumov, 2001). Pollution of water by them is further 
complicated by the fact that the products of chemical 
and biological decomposition in some cases are more 
toxic than the original substances (Ostroumov, 2001, 
2006, etc.). The criterion for changes in the toxicity of 
SDs in long-term experiments of Ryabuhina et al. 
(Ryabuhina et al., 2007) was the dynamics of the 
survival of Ceriodaphnia in water samples compared 
with the control. In the experiments, an increase in the 
toxicity of solutions with a SDS concentration of 25 mg/l 
was revealed on the 15th day of the experiment 
(Ryabukhina et al., 2007). 

There are only a few Russian experimental 
studies (Gostyukhina et al., 2007; Trusevich et al.,  2014; 
2017; Kuznetsova, Kholodkevich, 2015) that show the 
effect of anionic and cationic detergents (TDTMA) and 
sodium dodecyl sulfate (SDS) at different concentrations 
on the activity of valve movement and on the heart rate 
of the Black Sea mussels (Mytilus galloprovincialis 
Lam.). With an increase in the concentration of the 
active detergent to 1.7 mg/l, the behavior of the mussel 
is marked by long periods of the presence of the 
mollusk with closed valves, i.e. lack of filtration. Under 
these conditions, mussels switch to anaerobic 
metabolism, in the case of prolonged exposure, this 
leads to oxygen starvation - hypoxia. The transition of 
the mollusk to the closed state is a sign of the negative 
effect of detergent solutions on the functional state of 
the mussel (Trusevich et al., 2010; 2017; Gaisky et al., 
2014; Kuznetsova and Kholodkevich, 2015). However, 
the same protective reaction prevents the entry of toxic 

substances into the body cavity of mollusks. In the case 
of small (smaller) concentrations (0.3-0.5 mg/L) of SDS, 
mollusks “taste” the water, which manifests itself later in 
a change in the circadian rhythm of cardiac activity. This 
indicates the need to take into account the negative 
effects of low concentrations of detergents, expressed in 
a significant change in circadian activity, with the loss of 
the predominance of the active state of mussels at 
night, which was stressed earlier (Kuznetsova and 
Kholodkevich, 2015). A higher locomotor (valve 
opening) during the night, leads to avoidance of 
vulnerability of mussels to diurnal predators). For the 
same species of mollusks, changes in biochemical 
markers of oxidative stress were shown (Messina et al., 
2014) under the action of SDS detergent. 

In the studies of oxidative stress in hydrobionts 
in the presence of water pollutants great attention is 
occupied by the study of detoxification and tissue 
protection systems, among which the enzymatic 
antioxidant system (AOS) plays a leading role (Soldatov 
et al., 2014; Chuiko, 2014). In the presence of the 
cationic detergent tetradecyl trimethyl ammonium 
bromide (TDTMA) at a concentration of 0.8 mg/l (a value 
close to the concentrations of the detergent in the 
surrounding aquatic environment) for 8 days, the 
mussels showed a change in AOS indicators, indicating 
the development of a state of oxidative stress. 
Significant changes were found in the peripheral tissues 
of mussels (gills and leg), which were in direct contact 
with TDTMA. An increased level of TBA-AP was noted by 
46 and 11, respectively. Against this background, a 
significant increase in the activity of SOD, which 
neutralizes O2-, was noted; in the gills, SOD increased 6 
times (p<0.05). At the same time, an increase in CAT 
activity by 1.7 and 3.2 times, respectively, was noted in 
the gills and leg. The tissue specificity of the AOS 
response to this detergent was shown, since The AOS 
system of the hepatopancreas showed the least 
sensitivity to the action of the detergent, and the gills, on 
the contrary, showed the maximum sensitivity to such 
exposure. 

In terms of the scale of pollution and the impact 
on biological objects, HMs compounds occupy a 
special place among pollutants, and their distribution in 
the environment is the most serious threat to its 
environmental safety, which is aggravated over the 
years. An important feature of metals is that their 
potential toxicity and bioavailability are largely 
determined by their form. The forms of elements in 
natural environments are influenced by the 
compositional and granulometric composition of the 
medium, the content and absorbing capacity of mineral 
and organic sorbents, pH, Eh, the composition of the 
aqueous phase, and many other factors (Dash et al., 
2021). A large amount of scientific literature has been 
accumulated concerning the distribution and 
accumulation of HMs in various ecosystems, the 
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ecotoxicological effects of metals on living organisms 
(Förstner, 1981; Handy and Depledge, 1999; Kapustka 
et al., 2004; DeForest et al., 2007; Strode, Balode, 2013; 
Hook et al., 2014; Moiseenko, 2019; Egorov, 2019), 
while free HM forms are the most toxic (Linnik and 
Nabivanets, 1986; Depledge and Rainbow, 1990). 

At the same time, one of the topical problems is 
the disclosure of patterns of behavior of HMs in the 
bottom sediments of water bodies and the assessment 
of potential environmental risks of HM accumulation by 
bottom sediments, which are components of surface 
waters. The effect of HM ions on the sorption of various 
organic toxicants by bottom sediments is considered in 
literature. The effect of Cd2+ and Cu2+ ions on the 
sorption of atracine, one of the most common 
herbicides, by bottom sediments was studied in (Du 
Laing, 2009; Gadd, 2004). It is shown that Cd exhibits a 
synergistic (enhancing) effect on the sorption of 
atracine, while copper has an antagonistic effect. The 
processes of sorption of HMs and other hazardous 
substances by natural sorbents are interrelated and little 
studied; therefore, understanding the patterns of the 
mutual influence of these toxicants in sorption 
processes seems necessary and very relevant. 
Competitive sorption of heavy metals by bottom 
sediments is practically not studied. The effect of 
organic pollutants on the transformation of heavy metal 
compounds has not been studied either. Biochemists 
have been studying the mechanisms of the toxic effect 
of HM ions on living organisms for many years. It has 
been established that HM ions can accumulate in living 
organisms, interfere with the metabolic cycle, and 
suppress the synthesis of proteins, including enzymes 
(Kováčová, Šturdík, 2002; Moiseenko, 2009, 2019; 
Gadd, 2004). However, it is equally important to study 
the effect of biota and its metabolites on the behavior of 
HMs in the environment. Although monitoring of the level 
of contamination of sediments of water bodies is still 
carried out by the total (gross) content of toxic elements, 
however, it should be noted that only labile hydrated 
ions or unstable complexes most easily penetrate cell 
membranes and, therefore, are considered biologically 
active, therefore, bioavailability is determining factor of 
HM toxicological impact on aquatic organisms. Labile 
forms of heavy metals such as Cu, Cd, Zn, Pb are 
priority environmental pollutants. For benthic organisms, 
the most accessible are dissolved forms of metals 
present in the pore (silt) waters of bottom sediments. 
Therefore, the factors affecting the distribution of metals 
in the “bottom sediments – pore solution” system are 
simultaneously the factors controlling their bioavailability 
(Levit et al., 2014). 

When evaluating the biological effects of HM 
environmental pollution, it is customary to determine the 
bioaccumulation coefficients of heavy metals (BCF) in 
animal tissues (Mendosa-Carraza, 2016). Tissue 
specificity in the accumulation of heavy metals (mainly 

Cu, Zn, Pb, and Cd) and metal specificity of the effects 
of such accumulation by mussel’s tissues were shown 
(e.g., Brown et al., 1998; Brown et al., 2004; Levit et al., 
2017; Zarykhta et al., 2019). However, in most 
ecotoxicological studies, the gross values of HM 
concentrations in experimental solutions are taken into 
account, without taking into account the concentration 
of labile forms of these metals and possible HM 
transformations in natural waters of various 
compositions. 

A lot of works are devoted to the biological 
effects of HM action on the physiological and 
biochemical indicators of the state of aquatic organisms 
(Gundacker, 2010; Fokina, Nefedova, Nemova, 2010; 
Moiseenko, 2019). Most of these studies were carried 
out on bivalves, both marine and freshwater species 
(Curtis et al., 2000; Chuiko et al., 2014; Kholodkevich et 
al., 2019). Curtis et al. (2000) evaluated the responses of 
the mussel’s cardiac system and changes in locomotor 
behavior (valve movements) to exposure to various 
concentrations of copper ions in water. The responses 
of these two functional systems to copper differed 
significantly and were not always dose-dependent. In 
the literature, we also find evidence of species specificity 
in the sensitivity of aquatic animals to HMs and in their 
accumulation (Levit et al., 2017). 

In general, the ability of macrobenthic 
invertebrates (mollusks and crustaceans) to accumulate 
heavy metals depends on the form of the metal and the 
characteristics of the organism; therefore, 
bioaccumulation should be considered in combination 
with data on metal concentrations in the abiotic 
components of the ecosystem (Kudryavtseva et al., 
2021). Using stripping voltammetry (IVA), it was found 
that the amount of IVA-labile forms of heavy metals, 
such as Cu, Cd, Zn, Pb, depends, among other things, 
on the pH of the experimental solution, which can be 
affected by the components of sanitizers and 
detergents. 

A batch of different test species each for a 
different trophic level is highly recommended in order to 
study the toxicity of a substance or synergistic effects of 
its mixture on benthic invertebrates (HELCOM 2014). 

It should be noted that a comprehensive study 
of natural objects using various methodological 
approaches and algorithms for their implementation will 
make it possible to predict the state of ecosystems 
under anthropogenic impacts in the face of new 
challenges associated with the emergence and spread 
of a new coronovirus pandemic. 

References  Références Referencias 

1.
 

Report of the WHO-China Joint Mission on 
Coronavirus Disease 2019 (COVID-19). Geneva: 
World Health Organization; 2020

 
(https://www.who. 

int/docs/default-source/coronaviruse/who-china-

Old Problems in the Face of New Challenges

       

1

Y
ea

r
20

23

19

© 2023   Global Journals

       

               

                          

                   

  

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
III  
  
Is
s u

e 
  
  
er

sio
n 

I 
 

V
I

  
 

(
I
)

https://www.researchgate.net/scientific-contributions/S-Kovacova-2104552092?_sg%5B0%5D=_bnY7j4IMqrPUMK-A5n5WqATU_yasl5zslYPMSS2JWiOeoScV5zffbNmem1amP_BrBNxnMY.wd8cc7FBNLAc1Ahde6uzg73lRzaV2u5c0aCok-MbR-OeEoe-VxTj6YKivoqX9bFLVgVOe5fAE1cTX7Zu0mZ-Mg&_sg%5B1%5D=UDGuDmJrFbcVmKsqDRYJ1iCDUCyGoIUH4HipKhzKJ5n1E4YenRWnblhg2cnIpaBLDkxniio.UsdjL6pCdIva6BV0VGe8FOBBP77jrV3xl4B3uriy5urlRoF4R_e3GgRLdxbJoNEl2NEXKalWeklkodl7fDdqXQ
https://www.researchgate.net/scientific-contributions/E-Sturdik-2113266385?_sg%5B0%5D=_bnY7j4IMqrPUMK-A5n5WqATU_yasl5zslYPMSS2JWiOeoScV5zffbNmem1amP_BrBNxnMY.wd8cc7FBNLAc1Ahde6uzg73lRzaV2u5c0aCok-MbR-OeEoe-VxTj6YKivoqX9bFLVgVOe5fAE1cTX7Zu0mZ-Mg&_sg%5B1%5D=UDGuDmJrFbcVmKsqDRYJ1iCDUCyGoIUH4HipKhzKJ5n1E4YenRWnblhg2cnIpaBLDkxniio.UsdjL6pCdIva6BV0VGe8FOBBP77jrV3xl4B3uriy5urlRoF4R_e3GgRLdxbJoNEl2NEXKalWeklkodl7fDdqXQ
http://ec.europa.eu/environment/water/water-framework/info/intro_en.htm


joint-mission-on-covid-19-final-report.pdf.https://doi. 
org/10.1093/occmed/kqaa036. Key Messages and 
Actions for COVID-19 Prevention and Control in 
Schools. Geneva; World Health Organization; 2020 
(https://www.who.int/docs/defaultsource/coronaviru
se/key-messages-and-actions-for-covid-19-preven-
tion-and-controlin-schools-march-2020.pdf. sfvrsn 
=baf81d52_4. List N: Disinfectants for Use Against 
SARS-CoV-2. US EPA. 2020. (https://www.epa.gov/ 
pesticide-registration/list-ndisinfectants-use-against-
sars-cov-2). 

2. Pereira S.S.P., Oliveira H.M. de, Turrini R.N.T., 
Lacerda R.A. Disinfection with sodium hypochlorite 
in hospital environmental surfaces in the reduction 
of contamination and infection prevention: a 
systematic review // Rev. Esc. Enferm. 2015. USP 
49. P. 0681–0688 // https://doi.org/10.1590/S0080-
623420150000400020  

3. Köhler A.T., Rodloff A.C., Labahn M., Reinhardt M., 
Truyen U., Speck S. 2018. Efficacy of sodium 
hypochlorite against multidrug-resistant Gram-
negative bacteria. Cited from: WHO-China Joint 

4.
 

Slye J.L., Kennedy J.H., Johnson D.R., Atkinson 
S.F., Dyer S.D., Ciarlo M., et al. Relationships 
between benthic macroinvertebrate community 
structure and geospatial habitat, in-stream water 
chemistry, and surfactants in the effluent-dominated 
Trinity River, Texas, USA // Environ. Toxicol. 
Chemistry. 2011. V. 30. P. 1127–1138. 10.1002/etc.

 

483
 

5.
 

Gagné F.,
 
Chantale

 
A.,

 
Fortier M.,

 
Fournier M. 

Immunotoxic potential of aeration lagoon effluents 
for the treatment of domestic and hospital 
wastewaters in the freshwater mussel

 
Elliptio 

complanata
 
// J. Environ. Sci. 2012. V.

 
24, Iss. 5. P. 

781-789. https://doi.org/10.1016/S1001-0742(11)
 

60862-0
 

6.
 

Gagné F., Chantale A., Cejka P. et al. Evidence of 
neuroendocrine disruption in freshwater mussels 
exposed to municipal wastewaters

 
// Sci. Total. 

Environ. 2011. V.
 
409(19):3711-3718. http:// 

dx.doi.org/10.1016/j.scitotenv.2011.04.037
 

7.
 

Gillis P. Cumulative impacts of urban runoff and 
municipal wastewater effluents on wild freshwater 
mussels (Lasmigona costata) // Sci.Total Environ.

 

2012. V.
 
431(4). P. 348-356. http://dx.doi.org/ 

10.106/j.scitotenv.2012.05.061
 

8.

 
Messina C.M., Faggio C., Laudicella

 

A. et al. Effect 
of sodium dodecyl sulfate (SDS) on stress response 
in the Mediterranean mussel (Mytilus galloprovin-
cialis): Regulatory volume decrease (Rvd) and 
modulation of biochemical

 

markers related to 
oxidative stress//Aquatic Toxicology 2014.

 

V.

 

157(18). P. 94-100. DOI:

 

10.1016/j.aquatox.2014.

 

10.001

 

9. Moiseenko T. I. Vodnaya ekotoksikologiya: 
teoreticheskie i prikladnye aspekty. Moscow: Nauka, 
2009, 399 p. (in Russ.) 

10. Ravera O. Monitoring of the aquatic environment by 
species accumulator of pollutants: A review // J. 
Limnol. 2001. V. 60 (Suppl. 1). P. 63–78.  

11. Levit R.L., Shigaeva T.D., Kudryavtseva V.A.  Heavy 
metals in macrozoobenthos and sediments of the 
coastal zone of the eastern Gulf of Finland // J. 
General Chem. 2020. V. 90, N13. P. 2700–2707. 

12. Elder J.F.,  Collins J.J. Freshwater molluscs as 
indicators of bioavailability and toxicity of metals in 
surface-water systems // Rev Environ Contam 
Toxicol. 1991. V.122. P. 37-79. http://doi: 10.1007/ 
978-1-4612-3198-1_2. 

13. Salánki J., Farkas A., Kamardina T., Rózsa K.S. 
Molluscs in biological monitoring of water quality // 
Toxicol. Let. 2003. V. 140-141. P. 403-410. 
10.1016/s0378-4274(03)00036-5 

14. Depledge M. H., Galloway T. S. Healthy animals, 
healthy ecosystems // Frontiers in Ecology and the 
Environment. 2005. V. 3, iss. 5. P. 251–258. 

15. Kuklina I., Kouba A., Kozák P. Real-time monitoring 
of water quality using fish and crayfish as bio-
indicators: A review // Environ. Monit. Assess. 2013, 
185, 5043–5053. 

16. Handy R.D., Depledge M.H. Physiological 
Responses: their measurement and use as 
environmental biomarkers in ecotoxicology // 
Ecotoxicology. 1999. V. 8. P. 329-349. 

17. Curtis T. M., Williamson R., Depledge M. H. 
Simultaneous, long-term monitoring of valve and 
cardiac activity in the blue mussel Mytilus edulis 
exposed to copper // Mar. Biol. 2000. V. 136, N 5. P. 
0837–0846. 18. Kuznetsova T.V., Sladkova S.V., Kholodkevich S.V. 
Evaluation of functional state of crayfish Pontastacus 
leptodactylus in normal and toxic environment by 
characteristics of their cardiac activity and 
hemolymph biochemical parameters // J. Evol. 
Biochem. Physiol. 2010. V. 46(3). P. 241-250. 19.

 
Hook S.E., Gallagher E.P., Batleyy G.E. The role of 
biomarkers in the assessment of aquatic ecosystem 
health // Integrated Environmental Assessment and 
Management. 2014. V. 10(3). P. 327–341. DOI: 
10.1002/ieam.1530

 20.
 
Widdows J., Donkin P. Mussels and environmental 
contaminants: bioaccumulation and physiological 
aspects. –

 
In: Gosling E. (eds), The mussel Mytilus: 

ecology, physiology, genetics and aquaculture. 
1992. Elsevier. Amsterdam. P. 383-424.

 21.
 
Gruber D., Frago C.H., Rasnake W.J. Automated 
biomonitors -

 
first line of defence // J. Aquat. 

Ecosyst. Health, 1994. V. 3. P. 87–92.
 22.

 
Kramer K.J.M., Foekema E.M. The 
“Musselmonitor®” as Biological Early Warning 
System. In: Butterworth, F.M., Gunatilaka, A., 

Old Problems in the Face of New Challenges

© 2023   Global Journals

1

Y
ea

r
20

23

20

     

     

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
III  
  
Is
s u

e 
  
  
er

sio
n 

I 
 

V
I

  
 

(
I
)

https://www.sciencedirect.com/science/article/pii/S1001074211608620
https://www.sciencedirect.com/science/article/pii/S1001074211608620
https://www.sciencedirect.com/science/article/pii/S1001074211608620
https://www.sciencedirect.com/science/article/pii/S1001074211608620
https://www.sciencedirect.com/journal/journal-of-environmental-sciences/vol/24/issue/5
https://www.sciencedirect.com/science/article/pii/S0048969711004256
https://www.sciencedirect.com/science/article/pii/S0048969711004256
https://www.sciencedirect.com/science/article/pii/S0048969711004256
https://www.sciencedirect.com/science/article/pii/S0048969711004256
http://dx.doi.org/10.1016/j.scitotenv.2011.04.037
https://www.researchgate.net/journal/Science-of-The-Total-Environment-0048-9697
http://dx.doi.org/10.1016/j.scitotenv.2012.05.061
https://www.researchgate.net/profile/Alessandro-Laudicella?_sg%5B0%5D=sew7ZPJRq8cvcJzTxKZjk_fEP9WnffkId-tpf7SF6yTL_N-k1YhDI9-R0p3h7Iy4swNE3Rw.6OhfQDF54w3zWRpGKw5Zxzd60OSU_NH3ENkWZWropGjTMD-FdseM0XeRSVuPaj22m_ymN2Oj-cmPzxP_8zEfjQ&_sg%5B1%5D=0QfO2A_1n2bw5MEMILVlIDlRSntaUn6ajtzFEakXQkvS2jMFEvfpmKqJGFkO8cdZ6NlVPaU._0nBS6xMj2xsf9D7Z_3R542UE3sO1D1yZdDvMnRb1SRNBKW0TY5vqnV9K3L8ASRYCutMqDTIDGnr4qV4mcXyYg
https://www.researchgate.net/journal/Aquatic-toxicology-Amsterdam-Netherlands-0166-445X
http://dx.doi.org/10.1016/j.aquatox.2014.10.001
http://dx.doi.org/10.1016/j.aquatox.2014.10.001
https://pubmed.ncbi.nlm.nih.gov/?term=Elder+JF&cauthor_id=1771274
https://pubmed.ncbi.nlm.nih.gov/?term=Collins+JJ&cauthor_id=1771274


Gonsebatt, M.E. (eds) Biomonitors and Biomarkers 
as Indicators of Environmental Change. 2. 
Environmental Science Research, 2001. V. 56. P. 
59-87. Springer, Boston, MA. https://doi.org/ 
10.1007/978-1-4615-1305-6_4 

23. Bae M.-J. Park Y.-S. Biological early warning system 
based on the responses of aquatic organisms to 
disturbances: A review // Sci. Total Environ. 2014. V. 
466–467. P. 635–649. 15 May 2019 EPA  

24. EPA, 2005 Technologies and techniques for early 
warning systems to monitor and evaluate drinking 
water quality. A state-of-art review. US Environment 
Protection Agency Officie of Water Office of Science 
and Technology, Health and Ecological Criteria 
Division, Report EPA/600/R-05/156, 236 pp. 

25. Nikinmaa M. Bioindicators and Biomarkers. Chapter 
12. An Introduction to Aquatic Toxicology. 2014, P. 
147-155. https://doi.org/10.1016/B978-0-12-411574-
3.00012-8 

26. Depledge M.H., Lundebye A.K., Curtis T., Aagaard 
A., Andersen B.B. Automated interpulse-duration 
assessment (AIDA): a new technique for detecting 
disturbances in cardiac activity in selected 
invertebrates // Mar. Biol. 1996. V. 126. N 2. P. 313–
319. 

27. Depledge M.H., Aagard A., Györkös P. Assessment 
of trace metal toxicity using molecular, physiological 
and behavioural biomarkers // Mar. Pollut. Bull. 
1995. V. 31. P. 19–27.  

28. Bychkov R., Zhuravlev V., Kodirov S., Safonova T. 
Cardiac inhibitory neurons in the snail Achatina 
fulica // J. Brain Res. 1997. V. 38. P. 263-278.  

29. Kholodkevich S.V., Kuznetsova T.V., Sharov A.N. et 
al. Applicability of a bioelectronics cardiac 
monitoring system for the detection of biological 
effects of pollution in bioindicator species in the gulf 
of Finland // J. Mar. Syst. 2017. V. 171. P. 151–158. 
DOI: 10.1016/j.jmarsys.2016.12.005.  

30. Kholodkevich S.V., Kuznetsova T.V, Sladkova S.V., 
Kurakin A.S., Ivanov A.V., Lyubimtsev V.A., 
Kornienko E.L., Fedotov V.P. 2021. Industrial 
Operation of the Biological Early Warning System 
BioArgus for Water Quality Control Using Crayfish 
as a Biosensor. In: Pandey B.W., Anand S. (eds) 
Water Science and Sustainability. Sustainable 
Development Goals Series. Springer, Cham.P. 127-
145. https://doi.org/10.1007/978-3-030-57488-8_10 

31. Spicer J.I., Weber R.E. Respiratory impairment in 
crustaceans and molluscs due to exposure to heavy 
metals // Comp. Biochem. Physiol. C.  1991. V. 100, 
Iss. 3. P. 339-342. 

32. Styrishave B., Rasmussen A.D., Depledge M.H. The 
influence of bulk and trace metals on the circadian 
rhythm of heart rates in freshwater crayfish Astacus 
astacus // Mar. Pollut. Bull. 1995. V. 31, N 1-3. P. 87-
92. 

33. Kozak P., Policar T., Fedotov V.P., Kuznetsova 
T.V., Buřič  M. and  Kholodkevich S.V. Effect of 
chloride content in water on heart rate in narrow-
clawed crayfish (Astacus leptodactylus) // Knowl. 
Managt. Aquatic Ecosyst. 2009. N 394-395, 08. P. 1-
10. https://doi.org/  10.1051/kmae/2009022 

34. Kuklina Iryna, Sladkova Svetlana, Kouba Antonín, 
Kholodkevich Sergey, Kozák Pavel.  Investigation of 
chloramine-T impact on crayfish Astacus 
leptodactylus (Esch., 1823) cardiac activity // 
Environ. Sci. Pollut. Res. 2014. V 21, N17. P. 10262-
10269. 

35. Kolupaev B.I. Respiration of hydrobionts in a toxic 
environment. Kazan: Publishing House of Kazan 
University.1992.127 p. (in Russ.) 

36. Martin J.S., Saker M.L., Teles L.F., Vasconcelos 
V.M. Oxygen consumption by Daphnia magna 
Strauss as a marker of chemical stress in the 
aquatic environment // Environ. Toxicol. Chem. 
2007. V. 26, N 9. P. 1987–1991. 

37. Ostroumov S.A. An amphiphilic substance inhibits 
the mollusk capacity to filter out phytoplankton cells 
from water // Biology Bulletin. 2001. V. 28, N.1. P. 
95-102. 

38. Ostroumov S.A., Widdows J.Inhibition of mussel sus
pension  feeding  by  surfactants  of  three  classes 
//Hydrobiologia.   2006. V. 556. P. 381−386;   DOI: 
 10.1007/s10750-005-1200-7 

39. Ryabuhina E.V., Botyazhova O.A., Nikiforova J.A. 
Change of functional condition of Ceriodaphnia 
affinis at influence of various factors of environment 
// Current problems of physiology and biochemistry 
of aquatic organisms. Proceedings of the III 
International Conference and Young Scientists 
School/ June 22-26, 2010. Petrozavodsk, Karelia, 
Russia. P.161-163. (in Russ.) 

40. Soldatov A.A., Gostyukhina O.L., Golovina 
I.V. Antioxidant enzyme complex of tissues of the 
bivalve Mytilus galloprovincialis Lam. under normal 
and oxidative-stress conditions: A review // Appl. 
Biochem. Microbiol. 2007. V. 43, N 5. P. 556-562. 

41. Gostyukhina O.L., Soldatov A.A., Golovina I.V. 
Influence of tetradecyltrimethylammonium bromide 
on the state of the enzymatic system of antioxidant 
defense of the tissues of the Black Sea mollusk 
Mytilus galloprovincialis Lam. // Reports of the 
National Academy of Sciences of Ukraine. 
2007. № 11. с. 147-151. 

42. Trusevich V.V., Gaiskii P.V., Kuz’min K.A. Automatic 
biomonitoring of aqueous media based on the 
response of bivalves // Mar. Hydrophys. J. 2010. V. 
3. P. 75–83. (In Russ.)  

43. Trusevich V.V., Kuzmin K.A., Mishurov V.J. 
Biomonitoring of the surface water quality with use 
of freshwater bivalvia moluscs // Environ. Control 
Syst. 2017, 7, 83–93. (In Russ.) 

Old Problems in the Face of New Challenges

       

1

Y
ea

r
20

23

21

© 2023   Global Journals

       

               

                          

                   

  

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
III  
  
Is
s u

e 
  
  
er

sio
n 

I 
 

V
I

  
 

(
I
)

https://www.sciencedirect.com/science/book/9780124115743
https://doi.org/10.1016/B978-0-12-411574-3.00012-8
https://doi.org/10.1016/B978-0-12-411574-3.00012-8
https://doi.org/10.1007/978-3-030-57488-8_10%23_blank
https://doi.org/%20%2010.1051/kmae/2009022
https://www.academia.edu/782718/An_Amphiphilic_Substance_Inhibits_the_Mollusk_Capacity_to_Filter_out_Phytoplankton_Cells_from_Water_by_S_A_Ostroumov_Biology_Bulletin_v_28_No_1_pp_95_102
https://www.academia.edu/782718/An_Amphiphilic_Substance_Inhibits_the_Mollusk_Capacity_to_Filter_out_Phytoplankton_Cells_from_Water_by_S_A_Ostroumov_Biology_Bulletin_v_28_No_1_pp_95_102
https://www.academia.edu/782718/An_Amphiphilic_Substance_Inhibits_the_Mollusk_Capacity_to_Filter_out_Phytoplankton_Cells_from_Water_by_S_A_Ostroumov_Biology_Bulletin_v_28_No_1_pp_95_102
https://www.academia.edu/782718/An_Amphiphilic_Substance_Inhibits_the_Mollusk_Capacity_to_Filter_out_Phytoplankton_Cells_from_Water_by_S_A_Ostroumov_Biology_Bulletin_v_28_No_1_pp_95_102
https://www.elibrary.ru/contents.asp?id=34057863&selid=44948858


44. Gaisky P.V., Trusevich V.V., Zaburdaev V.I. 
Automatic bioelectronic complex designed for early 
detection of toxic pollution of fresh and marine 
waters // Mar. Hydrophys. J. 2014. V. 3. P. 44–53. 
(In Russ.) 

45. Kuznetsova T., Kholodkevich S. Comparative 
assessment of surface water quality through 
evaluation of physiological state of bioindicator 
species: searching a new biomarkers // 
Proceedings - 2015 4th Mediterranean Conference 
on Embedded Computing (MECO 2015). Budva, 
Chernogoriya: IEEE, 2015. P. 339–344. DOI: 
10.1109/МЕКО.2015.7181938 

46. Soldatov A.A., Gostyukhina O.L., Golovina I.V. 
Functional states of antioxidant enzymatic complex 
of tissues of Mytilus galloprovincialis Lam. under 
conditions of oxidative stress // J. Evol. Biochem. 
Physiol. 2014. V. 50, N 3. P. 206–214. https:// 
doi.org/10.1134/S0022093014030028 

47. Chuiko G.M. Biomarkers in hydroecotoxicology: 
principles, methods and methodology, practice of 
use. Ecol. monitoring. Part VIII. Current probl. of 
monitoring freshwater ecosystems: A Study guide. 
Nizhnii Novgorod: NNGU, 2014. P. 309–326. (in 
Russ.) 

48. Dash S., Borah, S.S., Kalamdhad A.S. Heavy metal 
pollution and potential ecological risk assessment 
for surficial sediments of Deepor Beel, India // Ecol. 
Indic. 2021. V. 122, 107265. 

49. Förstner U., Wittman G.T.W. Metal pollution in 
aquatic environment. Berlin, Springer-Verlag, 1981, 
272 p. 

50. Kapustka  L.A.,  Clements  W.H.,  Ziccardi  L.,  
Paquin  P.R.,  Sprenger  M.,  Wall  D.  (2004)  Issue 
paper on the ecological effects of metals. U.S. 
Environmental Protection Agency Risk Assessment 
Forum, Washington, DC, 71 p. 

51. DeForest D.K., Brix K.V., Adams W.J. Assessing 
metal bioaccumulation in aquatic environments: The 
inverse relationship between bioaccumulation 
factors, trophic transfer factors and exposure 
concentration // Aquatic Toxicology. 2007. V.84, N 2. 
P. 236–246. https://doi.org/10.1016/j.aquatox.2007. 
02.022 

52. Strode E., Balode M. Toxico-resistance of Baltic 
amphipod species to heavy metals // Crustaceana. 
2013. V. 86. P. 1007–1024. 

53. Moiseenko T.I. Bioavailability and ecotoxicity of 
metals in water systems: critical levels of pollution // 
Geochemistry. 2019. V. 64. N 7. P. 675-688.                      
(in Russ.) 

54. Moore J.V., Ramamurthy S. Heavy metals in natural 
waters: monitoring and impact assessment. 
Moscow, Mir, 1987, 288 p. (In Russ.) 

55. Linnik P.N., Nabivanets B.I. Forms of migration of 
metals in fresh surface waters. Leningrad, 
Gidrometeoizdat, 1986. 270 p. (in Russ.)   

56. Depledge  M.H.,  Rainbow  P.S. Models  of  
regulation  and  accumulation  of  trace  metals  in  
marine  invertebrates //  Comp. Biochem. Physiol. 
1990. V. 97. P. 1−7. 

57. Du Laing G., Rinklebe J., Vandecasteele B., Meers 
E., Tack F.M.G. Trace metal behaviour in estuarine 
and riverine floodplain soils and sediments: A review 
// Sci. Total Environ. 2009. V. 407. N 13. P. 3972-
3985.  https://doi.org/10.1016/j.scitotenv.2008.07. 
025.  

58. Gadd G.M. Microbial Influence on Metal Mobility 
and Application for Bioremediation // Geoderma. 
2004. V. 122(2-4). P.109-119. http://doi.org/10.1016/ 

j.geoderma.2004.01.002 

59.
 
Kováčová

 
S., Šturdík

 
E. Interactions between 

microorganisms and heavy metals including 
radionuclides // Biologia -

 
Section Cellular and 

Molecular Biology. 2002. V.
 
57(6). P. 651-663.

 

60.
 
Levit R.L., Kudriavtseva V.A., Shigaeva T.G.

 
The 

effects of the main cations of natural aquatic media 
on zinc(II), cadmium(II), lead(II) and copper(II) 
sorption by aluminium oxide and kaolin // 
Interdisciplinary Scientific and Applied Journal 
"Biosphere”. 2014. V. 6, N 4. P. 382-387.

 

61.
 
Mendoza-Carranza M., Sepulveda-Lozada A., Dias-
Ferreira C., Geissen V. Distribution and 
bioconcentration of heavy metals in a tropical 
aquatic food web: A case study of a tropica 
estuarine lagoon in SE Mexico // Environ. Poll. 2016. 
V. 210. P. 155–165. https://doi.org/10.1016/j. 
envpol.2015.12.014

 

62.
 
Brown M.T., Depledge M.H., Metabolism of Trace 
Metals in Aquatic Organisms. Bebianno M.J, 
Langston W.J., Eds., London: Chapman & Hall, 
1998, p. 185.

 

63.
 
Brown R.J., Galloway T.S., Lowe D., Browne M.A., 
Dissanayake A., Jones M.B. et al. Differential 
sensitivity of three marine invertebrates to copper 
assessed using multiple biomarkers // Aquatic 
Toxicology. 2004. V. 66. P. 267–278.

 

64.
 
Levit R.L., Kudryavtseva V.A. Assessment of heavy 
metal contamination in the coastal sediments of the 
Eastern Gulf of Finland // Regional Ecology, 2017, N 
49 (3). P. 38-44.

 

65.
 
Zarykhta V.V., Zhang

 
Z., Kholodkevich S.V., 

Kuznetsova T.V., Sharov A.N., Zhang Yu., Sun K., Lv 
M., Feng Y. Comprehensive assessments of 
ecological states of Songhua River using chemical 
analysis and bivalves as bioindicators // Environ. 
Sci. Pollut. Research. 2019. V. 26. N 32. P. 33341–
33350. doi: 10.1007/s11356-019-06349-7

 

66.
 
Gundacker C. Comparison of heavy metal 
bioaccumulation in freshwater molluscs of urban 
river habitats in Vienna // Environmental

 
Pollution. 

2000. V. 110, Iss.1. P. 61-71. https://doi.org/ 
10.1016/S0269-7491(99)00286-9

 

Old Problems in the Face of New Challenges

© 2023   Global Journals

1

Y
ea

r
20

23

22

     

     

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
III  
  
Is
s u

e 
  
  
er

sio
n 

I 
 

V
I

  
 

(
I
)

https://doi.org/10.1134/S0022093014030028
https://doi.org/10.1134/S0022093014030028
https://www.researchgate.net/journal/Geoderma-0016-7061
http://dx.doi.org/10.1016/j.geoderma.2004.01.002
http://dx.doi.org/10.1016/j.geoderma.2004.01.002
https://www.researchgate.net/scientific-contributions/S-Kovacova-2104552092?_sg%5B0%5D=_bnY7j4IMqrPUMK-A5n5WqATU_yasl5zslYPMSS2JWiOeoScV5zffbNmem1amP_BrBNxnMY.wd8cc7FBNLAc1Ahde6uzg73lRzaV2u5c0aCok-MbR-OeEoe-VxTj6YKivoqX9bFLVgVOe5fAE1cTX7Zu0mZ-Mg&_sg%5B1%5D=UDGuDmJrFbcVmKsqDRYJ1iCDUCyGoIUH4HipKhzKJ5n1E4YenRWnblhg2cnIpaBLDkxniio.UsdjL6pCdIva6BV0VGe8FOBBP77jrV3xl4B3uriy5urlRoF4R_e3GgRLdxbJoNEl2NEXKalWeklkodl7fDdqXQ
https://www.researchgate.net/scientific-contributions/E-Sturdik-2113266385?_sg%5B0%5D=_bnY7j4IMqrPUMK-A5n5WqATU_yasl5zslYPMSS2JWiOeoScV5zffbNmem1amP_BrBNxnMY.wd8cc7FBNLAc1Ahde6uzg73lRzaV2u5c0aCok-MbR-OeEoe-VxTj6YKivoqX9bFLVgVOe5fAE1cTX7Zu0mZ-Mg&_sg%5B1%5D=UDGuDmJrFbcVmKsqDRYJ1iCDUCyGoIUH4HipKhzKJ5n1E4YenRWnblhg2cnIpaBLDkxniio.UsdjL6pCdIva6BV0VGe8FOBBP77jrV3xl4B3uriy5urlRoF4R_e3GgRLdxbJoNEl2NEXKalWeklkodl7fDdqXQ
https://www.researchgate.net/journal/Biologia-Section-Cellular-and-Molecular-Biology-1335-6399
https://www.researchgate.net/journal/Biologia-Section-Cellular-and-Molecular-Biology-1335-6399
https://www.sciencedirect.com/journal/environmental-pollution
https://www.sciencedirect.com/journal/environmental-pollution/vol/110/issue/1


67. Fokina N.N., Nefedova Z.A., Nemova N.N. Lipid 
content in White Sea mussels Mytilus edulis L. 
Influence of some environmental factors. 
Petrozavodsk: Karelian Scientific Center of the 
Russian Academy of Sciences, 2010. 243 p. (in 
Russ.) 

68. Kudryavtseva V., Shigaeva T., Alekseeva N. Heavy 
metals in the bottom sediments of the coastal zone 
of the eastern part of the Gulf of Finland // In 
Proceedings E3S Web of Conferences. 2021. DOI: 
10.1051/e3sconf/202126502015 

69. HELCOM 2014. BASE Project 2012–2014: 
Preparation of biodiversity and hazardous 
substances indicators with targets that reflect good 
environmental status for HELCOM (including the 
HELCOM CORESET project) and improvement of 
Russian capacity to participate in operationalization 
of those indicators. Baltic Marine Environment 
Protection Commission HELCOM, 2014, 264 p. 

 
 

 

Old Problems in the Face of New Challenges

       

1

Y
ea

r
20

23

23

© 2023   Global Journals

       

               

                          

                   

  

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
III  
  
Is
s u

e 
  
  
er

sio
n 

I 
 

V
I

  
 

(
I
)

http://ec.europa.eu/environment/water/water-framework/info/intro_en.htm
http://ec.europa.eu/environment/water/water-framework/info/intro_en.htm
http://ec.europa.eu/environment/water/water-framework/info/intro_en.htm
http://ec.europa.eu/environment/water/water-framework/info/intro_en.htm
http://ec.europa.eu/environment/water/water-framework/info/intro_en.htm
http://ec.europa.eu/environment/water/water-framework/info/intro_en.htm
http://ec.europa.eu/environment/water/water-framework/info/intro_en.htm
http://ec.europa.eu/environment/water/water-framework/info/intro_en.htm

	Old Problems in the Face of New Challenges
	Author
	I. Introduction
	References Références Referencias



