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2.1. INTRODUCTION
Aquatic ecotoxicology involves the solution of a wide range of problems related to
the study of biodiversity, with the condition
of the sustainable functioning of hydrobiocenoses in order to determine the support capacity of aquatic ecosystems with different
anthropization rank, to quantify the migration of ecotoxicants and to elaborate the bioremediation processes of aquatic ecosystems.
The deciphering of the processes of migration, bioaccumulation, bioamplification and
of the role of ecotoxicants, especially metals,
in the functioning of aquatic ecosystems is a
very current problem of world importance, a
special role having the quantification of the
contribution of hydrobionts communities in
the processes of self-purification and secondary pollution of inland waters.
Quantification of the functional role and
weight of the main groups of hydrobionts
in the biogenic migration of metals, in the
processes of self-purification and secondary
pollution of inland waters, as well as determining the influence of chemicals on fish development in early ontogenesis, metabolism
and development of aquatic organisms, the
development of production-destructive pro-
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cesses, were the basis for the formation of
the concept of of the assessment of the buffer or resistance capacity of the aquatic ecosystems in Moldova, the determination of the
limit of the tolerance of some aquatic organisms to chemicals (Zubcov, 1997,2000).
These complex multi-annual ecotoxicological investigations were carried out within
several national (AQUSYS, 2014-2019; AQUABIO 2020-2023) and international (MIS-ETC
1150, 2012-2015; MIS ETC 1676 – INPOLDE,
2013-2015; BSB27 MONITOX and BSB165 HydroEcoNex, 2018-2021) projects.
The ecotoxicological investigations of the
flowing aquatic and lake ecosystems, as well
as the assessment of the quality of water,
fishery products, risks assessment and the
elaboration of the scientific bases for the sustainable valorization of aquatic resources can
be targeted in two compartments – those with
a purely ecological aspect, and the ecotoxicological ones (Figure 2.1).
The basic sources of metals in inland waters are bedrocks, soils, as well as the technogenic pollution. Metals are one of the most
numerous persistent ecotoxic substances
which, penetrating into surface waters, play
a very important role and, depending on concentrations and forms of migration, become
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Ecological aspects:
assessment of the state of ecosystems
- biodiversity, ecological indices,
population, biomass, production,
age, sex at the level of communities,
populations, ecosystem; physicalgeographical parameters, pollution
sources, abiotic factors

Ecotoxicological aspects:
routes of entry into organisms,
accumulation, metabolism, dose-effect
relationship, elimination, detoxication
or increase of toxic effects of
ecotoxicants in the living environment,
resistance, tolerance of organisms

Estimation, evaluation, determination of the hazard,
risk, elaboration of measures to remedy
the living environment and detoxication of ecotoxicants
Figure 2.1. The main compartments of ecotoxicological investigations

essential elements biocatalyzing the biochemical processes or, conversely, toxic and
dangerous elements.
The large number of metals, the varieties
of their migration forms, and the wide range
of concentrations are the basis of several classifications of this group of ecotoxic substances, from „elements of life”, „biometals”, to
„toxicants” and „heavy metals”, according to
their influence on living organisms. Nevertheless, there are also classifications based on
the chemical properties, according to the distribution in the environment, etc. (Strakhov,
1979; Linnik & Nabivanets,1986; Szyczewski
et al., 2009).
Strakhov (1979) introduced for the first
time the notion of the form of migration,
and established that a considerable part of
the metals migrates to the river waters in the
form of suspensions, emphasizing the importance of research of the ratio between soluble and suspended forms of migration, as an
indicator of the geological and physico-geographical processes of the regions.
The migration capacity of metals in surface waters and their forms of migration are
conditioned both by the properties of metals
themselves and by the physico-chemical peculiarities of the environment, i.e. by the value

of the pH, temperature, oxidation-reduction
conditions, hydrological regime, the presence
of complexing agents, suspended substances,
the vital activity of the hydrobionts (Strakhov,
1979; Linnik & Nabivanets,1986).
Human activity introduces substantial corrections in the distribution and migration of metals in the aquatic environment. The state of the
largest rivers, lakes and reservoirs in the world
demonstrates that the dynamics of metals, their
forms of migration, depend to a great extent on
the complex of anthropogenic factors (industrial wastewater, surface runoff from agricultural
land, urbanized territories and highways).
The pollution of surface water gave impetus to a new research direction – the toxicological one, and thus a series of synthesis works
on environmental pollution, including surface
water, were published. Penetrating the aquatic ecosystems, metals may become the cause
of hydrobiontes poisoning and, ultimately, of
humans (Moore, Ramamoorthy, 1984).
The difficulty of determining the resistance limits lies in the fact that, unlike organic compounds including the persistent ones,
metals do not decompose, but pass only from
one state to another, which complicates in a
large extent the evaluation of the influence
of metals on aquatic animals and plants.
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In this context, the investigation of the migration of metals in surface waters represents
today one of the current scientific directions of
research in the field of ecotoxicology. The ecotoxicological researches, aimed at clarifying
the biological importance of metals and their
toxic action on hydrobionts and water quality, correspond to the requirements of several
Directives and Regulations in the field of conservation of the living environment (Directive
2000/60/EC; SETAC Europe 29th Annual Meeting 26−30 May 2019; REACH — Regulation No
1907/2006; WHO Promotion of Chemical Safety Unit & International Programme on Chemical Safety, 1992; Philip et al., 2018).
All the above-mentioned directions of research are current for the Republic of Moldova, where the shortage of good quality water
is acutely felt, and the anthropogenic action
on the environment is constantly increasing.

2.2. METHODOLOGICAL
GENERALIZATIONS
The ecotoxicological investigations of the
metals were carried out on the Dniester River and the Prut River – the main aquatic arteries of the Republic of Moldova, which are
transboundary water bodies, because they
originate on the territory of Ukraine in the
Carpathian Mountains and carry their waters
through the regions with dense populations of
Ukraine, Moldova and Romania (Figure 2.2).
The Cuciurgan refrigerent reservoir and
the Costeşti-Stânca Dam lake are also border
ecosystems with a complex destination. On
both rivers were built dam lakes with hydropower purposes. In the river basins of both
ecosystems are concentrated large main industrial centers of the nominated countries,
therefore, the quality of their waters largely
depends on the anthropogenic influence in
these regions and on the implementation of
nature protection measures, based on scien-
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tific elaborations and knowledge of the legalities of intrabasin processes of distribution and
migration of chemical elements.
In order to establish the regularities of the
distribution and migration of metals in the system „water-suspended substances-underwater
deposits-hydrobionts” and to determine the
role of the main natural and anthropogenic
factors that influence their direction and forms
of migration, the material was systematically
collected from 10-12 points of the river ecosystems (on the Dniester river from Naslavcea
to Palanca, on the Prut river from CosteștiStânca to Giurgiulesti; in recent years also
from Criva – to Costești), monthly or quarterly,
in accordance with standardized regulations
and reflected in the recently edited guide
(Hydrochemical and hydrobiological sampling
guidance, 2015). The analysis and complex
monitoring of the state of aquatic ecosystems,
including the determination of metals, were
carried out by classical methods and according
to ISO standards (Guidance on the Monitoring
of Water Quality and Assessment of the Ecological Status of Aquatic Ecosystems, 2020).

Figure 2.2. Hydrographic basin of cross-border
rivers of the Republic of Moldova
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In parallel, a hydrological database was created (flow rate of flowing water, speed of water,
amount of suspensions, transparency) containing hydrochemical data (mineralization, oxidation-reduction processes, pH value, gaseous
regime, content of organic substances in water,
suspensions, silts); climate data (temperature,
amount of atmospheric precipitation); materials about the volume of wastewater and the
amount of use of fertilizers and pesticides containing metals; geological data (chemical composition of soils and rocks, hydrogeological parameters) from the hydrographic basins.
In addition, the amount of metals was determined in the wastewater overflowing in
the investigated aquatic ecosystems, in atmospheric precipitation (rains and snow), in the
leakages from the industrial territories (thermal power plant, municipality of Chishinau) or
from the agrarian squares (vines, orchards).
The water samples, subjected to the analysis of the metal content, were immediately
filtered, in situ, through membrane filters
with a pore diameter of 45 microns, in order
to separate the dissolved metals from the suspended forms. The samples of the silts and
the biological samples were processed no later than 12-24 h after collection. In silts it was
determined the total content of metals, in 5
particle size fractions, in sludgeous solutions
obtained by centrifugation for 30-45 minutes
with a speed of 2500-3000 rotations/min.
In the suspended substances and the underwater deposits, besides the determination
of the total microelement content and the total amount of organic substances, the mobile
forms of the metals were also determined: Me1
– the easily soluble and easily interchangeable
adsorbed carbonates, Me2 – the organomineral
form and Me3 – the metals that are in association with the amorphous iron and manganese
hydroxides. The indicated forms were separated by the method of gradual extraction,
according to a scheme previously described in
detail (Zubkova, 1996).

In order to establish the level and regularities of metals bioaccumulation in aquatic
plants and animals and to evaluate the contribution of the main groups of hydrobionts in
the biogenic migration of chemical elements
in order to elucidate the role of metals in the
functioning of aquatic ecosystems, samples of
superior algae (macrophytes) planktonic and
benthic invertebrates were collected quarterly. Hydrobiont samples were divided by body
size, weighed and subjected to the analysis of
metals and humidity. In paralel, hydrobiological research was carried out: diversity, herd,
biomass, production.
In order to evaluate the influence and establish the level of accumulation of the metals
in the early stages of fish ontogeny, the content
of microelements in roe and larvae at different
stages of their development (morula, gastrula,
organogenesis, after hatching of larvae, larvae
of 3, 6 and 12 days) was investigated. Numerous experimental works and modelings were
carried out in the conditions of enterprises of
fishing households with larvae, brood, cargo
fish and breeding fish (Zubkova N., 2011).
To determine the level of accumulation of
metals in fish, the muscles of the body, skin,
gills, liver, gonads were analyzed.
In order to establish the influence of the
metals on the size of the primary production
of phytoplankton and the destruction of the
organic substance, experimental works were
carried out directly in situ on the Dniester
and Prut rivers, and Dubasari, Cuciurgan and
Costeşti-Stanca accumulation lakes. For experiments, a quantity of water was collected,
part of which was taken for the analysis of
metals, and in others solutions of metals were
added in concentrations ranging from the minimum to the maximum possible for the given
ecosystem (from 5 to 10 concentrations).
Bottles (transparent) were filled with the
water samples, obtained with the addition
of metals together with the reference water
(without addition), in order to determine the
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primary production and the destruction of organic matter (opaque bottles), which were
subjected to the exposure for 24 hours, at a
depth of 30 cm from the surface of the water; then, using the method of determining
the dissolved oxygen, the production and the
destruction values were calculated by the
classical method (Guidance on the Monitoring
of Water Quality and Assessment of the Eco-

logical Status of Aquatic Ecosystems, 2020).
In order to assess the buffering capacity
of the aquatic ecosystems in Moldova and the
quality of the water according to the content
of the metals, the above-mentioned investigations were made in situ modelings and several laboratory experiments.Thus, the investigations were carried out according to the
scheme presented in Figure 2.3.

Estimation of influence of natural
and anthropogenic factors on the metal migration

water

algae

suspensions

invertebrates

muds

Fish:
caviar,
brood,
mature

Estimation of multifactorial
equations, contribution
of factors and patterns of
metal accumulation
in aquatic organism

The state of biocenoses:
diversity, number, biomass, productivity

The ynamics of migration and
accumulation in:

Estimating the quality
of the enviroment and
the migration directions
of the chemicals

Modeling and evaluation
of the influence
of toxic substances
on hydrobionts and
production processes

Identifying the role of
aquatic organisms in the
biogeochemical circuit

Determining the support
capacity of the ecosystem

Determination
of resistance and
tolernce limits

Assessment of the
ichthyofauna status,
quality of the fish products
and development of
biotechnologies in aquaculture

Development of the scientific bases for the monitoring,
assessment and sustainable use of aquatic ecosystems
Figure 2.3. Scheme of ecotoxicological investigations of metals in aquatic ecosystems
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2.3. RESULTS OF
ECOTOXICOLOGICAL
INVESTIGATIONS
The ecotoxicology and biomonitoring of
metals in aquatic ecosystems, with the purpose of establishing tolerance limits and assessing the resistance of aquatic plants and
animals in the conditions of instability of the
physico-chemical properties of the aquatic
environment, is a major problem for several
reasons.
First of all, these investigations contribute
significantly to the solution of the fundamental problems – establishing the evolution of the
specific diversity of the hydrofauna, deciphering the mechanisms of regulating their numerical herds, the processes of bioproductivity, the
trophic structure of the communities, the circuit and the flow of the chemical elements in
the trophic chains of the ecosystem. The applicative spect consists in the protection of
the aquatic fauna and flora genofond, and the
elaboration of recommendations on restoration and sustainable valorization of aquatic resources (Zubcov et al., 2016).
The importance of the multi-annual complex investigations carried out allowed for
the first time, by performing the polyfactorial analysis, to determine the quantitative
parameters of the share of the main factors
(the water flow, the quantity of suspensions,
the volume of the discharged wastewater, the
quantity used by agrochemicals and fertilizers) in the dynamics of the migration of metals in water, suspensions, silts of the Dniester
and the Prut River.
The given regularities are described by
equations such as:
y = a0 + a1x1 + a2x2 + ... + anxn
For example, in the case of aluminum and
titanium, the natural factors such as water
flow (Q, m3/s) and the amount of suspended

substances in water (S, mg/l), are determinants, and for Răut river (a tributary of Dniester river) these metals fall into the following
equations:
Al = 0.330 · Q + 0.012 · S + 1.2; R = 0.82
Ti = 0.159 · Q + 0.011 · S – 0.7; R = 0.86
The main sources of aluminium in aquatic
ecosystems are the mountain rocks and soils
of the region. The weight of the natural factors in the dynamics of migration of these
metals exceeds 80% both in the Dniester river
and in the Prut river and their tributaries. It
has not been determined an obvious influence
of anthropogenic factors on the dynamics of
aluminum and titanium.
In the 80s and 90’s of the last century,
the dynamics of copper and zinc in the investigated waters was in a pronounced dependence on the amount of agrochemicals
with the high content of these metals (blue
vitriol and zeneb), used against diseases of
the vines and orchards, the weight of these
agrochemicals in the migration processes of
copper and zinc in the hydrographic basins of
the aquatic ecosystems oscillating within the
limits of 40-70%.
The use of chemical preparations and fertilizers on agricultural fields during the development of intensive agriculture strongly influences the dynamics of migration Cu, Zn and
Mn in the aquatic ecosystems of the Republic
of Moldova (r=0.70-0.92), to which contributes the abundant character of atmospheric
precipitations, the heavily dismembered relief and the intense processes of erosion (Zubcov et al., 2013 a).
The wastewater of cities and industrial enterprises pollutes the aquatic ecosystems with
Ni, Zn, Cu, Ag, Cd (r>0,73), modifies the ratio
of dissolved and suspended forms of metal migration, which is especially felt downstream
of the Chisinau municipality, the cities of Soroca, Ribnita, Tighina, Tiraspol, Iasi, Cahul,
especially during the etiage period.
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Some aspects of the migration of metals
in technogenic aquatic ecosystems have been
elucidated, as for example, the storage-cooling lake of the Cuciurgan thermal power plant.
For this ecosystem, the multiannual trend of
the dynamics of metals was determined – the
indicators of the thermal power plants activity (Mo, V, Cd, Pb, etc.). A strong dependence
was established on the time factor (A, year),
the amount of burnt coal (C, t/year) and fuel
oil (P, t/year) which, for the concentrations
of molibden in water (Mo, μg/l) and vanadium
in suspensions ((Vs, μg/l), is described by the
following equations:
Мо = 0.91·А + 4.33·C + 3.5·P – 1809; R = 0.81
Vs = 1.04·A + 6.97·C + 0.1·P – 2068; R = 0.82.
The operation of the thermal power plant
started the pollution of the water of the refrigerant basin with V, Mo, Ni, Cd, Mn, and of
the underwater deposits – also with Pb, Zn,
Cu, the concentrations of which are in a direct correlational dependence on the amount
of fuel burnt at the station (r=0.76-0.97). The
increased temperatures are reflected on the
oxidation-reduction processes that change
the migration of metals in the „water-suspension-silts” system. In this ecosystem, secondary pollution processes are recorded, when
metals from the silts enter the water layer. In
the area of the power plant and in the atmospheric precipitations, the concentration of
metals is 3-15 times higher compared to that
outside the area.
The underwater depositions of fl. The Dniester and the Prut river refer to the sandy
muds of the Dubasari dam lake, to the clay
muds and sludges of the Cuciurgan basin. Suspended substances and underwater deposits
of reservoirs and rivers are powerful accumulators; for several metals, their content in
the silts is visibly higher than in the parental
rocks and regional soils.
It has been established that in the adsorbed complex, together with the easily
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soluble carbonates and in the associations of
the amorphous iron and manganese hydroxides of the underwater deposits are concentrated 56-78% of metals in mobile forms of
migration and accessible for hydrobionts. It
was determined the dependence of the content of different forms of metal migration and
their distribution in the particle size fractions
of underwater deposits on the amount of clay
particles (G, %) finely dispersed and that of
organic substances in them (B, %), which are
described by regression equations, such as for
example, for the accumulation of the content
of some metals (Cu, Mn, Ni) in the silt of the
Dubasari accumulation:
Cu = 0.29 · G + 42.23 · В – 49.5; R = 0.94
Mn = 0.90 · G + 0.08 · В + 68.5; R = 0.99
Ni = 0.75 · G + 1.56 · В + 117.7; R = 0.99.
According to one of the main concepts
of biogeochemistry and toxicology (Filenko,
1986), organisms and biocenoses not only
adapt to the chemical factors of the environment, but, in turn, they actually modify the
composition of the environment in accordance
with the needs of the living in the process of
development and reproduction. In connection
with this, one of the criteria for establishing
the permissible level of metal content in biological objects is the determination of dependencies between their concentration and the
intensity of bioproduction of hydrobionts in
the ecosystem. If the polyfactorial influence
of natural conditions on intrabasinic processes
and also the physiologic-chemical characteristics of hydrobionts are not taken into account,
a non-objective picture of the situation can be
obtained, because metals represent simultaneously both vitally necessary elements and
toxic elements (Zubcov et al., 2016).
We considered it necessary to determine
the limits of the concentrations of metals in
water of Dniester and Prut rivers, and of the
Dubasari, Costeşti-Stanca and Cuciurgan reservoirs, to elucidate the optimal concentra-
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tions and those which can have an inhibitory
action on the production-destructive processes (Zubcov, 1997,2000). The analysis of the
obtained results proves that for all the investigated aquatic ecosystems, common regular-

ities of the influence of some or other metals
on the production of phytoplankton and the
destruction of organic substances are pursued, most of them being described by polynomial equations of 2-4 order (Figure 2.4).

Figure 2.4. Dependence of the values of the phytoplankton primary production
(Р, mg О2 /l) on the concentrations of some metals (Cu, Zn)

Thus, there were established the optimal
or favorable concentrations for the functioning
of the ecosystems (which do not influence the
production-destructive processes), the admissible concentrations (gradually decreases the
primary production) and the extreme or critical concentrations for the aquatic ecosystems
(the size of the primary production decreases
sharply and reaches the zero value) that allow to attribute the aquatic ecosystems in the
category of unpolluted, polluted and heavily
polluted or dirty (Zubcov, 1997, 2000).
In the current year it was proved that
the elements Cd and Bi, already at concentrations of 1.5-2.0 μg/l, inhibit the production processes of phytoplankton. Co enhances
these processes up to concentrations of 4.55.0 μg/l and Se – up to 46-50 μg/l. The support capacity at increased concentrations in
the Prut river is higher than in Dniester river,
which is directly caused by the imbalance of
the Dniester river hydrological regime.
The establishment of flows and the revealing of the metal accumulation legalities in

aquatic plants and animals, along with those
of the production-destruction processes, were
the basis for the formation of the concept of
the evaluation of the buffer capacity of the
aquatic ecosystems in Moldova depending on
the dynamics of the metals content. Thus, a
new methodology of assessing the state of
aquatic ecosystems is theoretically substantiated and proposed, according to which the
waters of the Dniester, Prut, Dubasari and
Costeşti-Stanca accumulation lakes were favorable in 85-94% of cases and only in 2-6%
of cases were critical for the production-destruction processes, while in the Cuciurgan
reservoir, in 68-84% and 8-17% of cases, respectively (Zubcov et al., 2013 a, b).
The range of oscillations of the concentration of metals in the investigated aquatic
plants is quite large and is conditioned by the
taxonomic peculiarities of the plants, the content of metals in water and the muddy deposits, the chemical properties and the biological
importance of the microelements and, also, of
the season (Zubcov et al., 2013a, b). However,
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Figure 2.5. Dependence of metal concentrations (Pb, Mo) in aquatic plants
on those in the water of Cuciurgan reservoir

Figure 2.6. Dependence of metal concentrations (Bi, Co) in Chlorella vulgaris
on those in water in laboratory experiences
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the multiannual investigations have allowed us
to establish the dependence of the content of
a series of microelements in aquatic plants on
their concentrations in water, which fall within
the linear one (Figure 2.5).
By laboratory modeling it was established
the accumulation of metals in phytoplankton
(Figure 2.6).
The range of oscillations of metal concentrations in benthic invertebrates in the
aquatic ecosystems of Moldova is very high

and is conditioned both by the variation of
the natural conditions of the environment,
the biological importance of metals, as well
as by the taxonomic and age peculiarities of
the hydrobionts.
For all groups of benthic animals, the
functional dependence of the accumulation
of metals on their body mass was established
(Toderaş et al.,1999). This dependence is described quite truthfully by the equation of linear dependence of the type:

lg y = lg a + b lg W,
where:
y – concentration of the micro-nutrient in μg/exp.,
W – the mass of the individual in mg,
a – the coefficient showing the size of the concentration of the chemical element in μg/exp.,
when the mass of the body is equal to 1 mg,
b – the angular coefficient that determines the change of the concentration of the microelement at the increase of the body mass.
Examples of linear dependencies are the following:
Gammarus balcаnicus (n = 27):
lg Mn = lg(-1.361± 0.040) + (1.134± 0.064) lg W, r = 0.98,
Limnomysis benedeni (n = 15):
lg Ni = lg(-1.692± 0,020) + (1.013± 0.044) lg W, r = 0.99,
Dreissena polymorpha (n = 39):
lg Pb = lg(-2.291± 0,032) + (0.783± 0.015) lg W, r = 0.99,
The obtained research results of the allow
to find that the mass of the body of benthic
invertebrates, along with the environmental
conditions, represents one of the main factors that determine the level of accumulation
of metals.
It is very important to take this into account when comparing the level of accumulation of metals in hydrobionts in different aquatic ecosystems because, otherwise,
non-objective conclusions may be drawn. For
example, in Dreissena polymorpha from Dniester river, with body mass within 2-800 mg,
the average content of some microelements
seems to be higher than that of Dreissena
polymorpha in the Cuciurgan reservoir, with

a body mass of 2-4000 mg. At the same time,
in individuals with close mass values, the content of microelements in the molluscs of the
river is considerably lower compared to that
of the refrigerent lake.
It was determined that, among the benthic invertebrates, the molluscs have the
highest weight in the process of forming metals in the circuit. In Figure 2.7. we give several examples of the dependence and degree
of accumulation of metals (27) in two species
of molluscs (Crassiana crassa, Unio tumidus)
on their concentrations in water (laboratory
modelings).
Thus, the functional role was quantified
and, for the first time, quantitative indices
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Figure 2.7. Dependence and degree of accumulation of metals in two species of molluscs
(Crassiana crassa, Unio tumidus) on their concentrations in water (laboratory modeling with 27 metals)

of the contribution of the main groups of
hydrobionts to the biogenic migration of microelements were obtained. It was evaluated the possibility of using aquatic plants, of
the mass species of hydrobionts, especially
of daphnia, chironomids, myzids, molluscs
and fish eggs and brood as monitors and
bioindicators in the implementation of integrated ecological monitoring in aquatic
ecosystems.
The content of metals in fish is one of the
links of biological monitoring of metals and
evaluation of the direction of the substance
and energy circuit in aquatic ecosystems. The
research of the phenomenon of accumulation of
metals in fish has both an ecological and hygienic importance. In the conditions of increasing
anthropogenic influence on aquatic ecosystems,
the problems of accumulation, in particular of
metals, gain a major importance (Zubcov et al.,
2019a,b). This information is particularly valuable, because the trace elements, in optimal
quantities, are always necessary for humans,
but in the case of abnormal concentrations can
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become the cause of imbalance, endemic diseases and even intoxication.
Some metals accumulate in the food chain,
which can eventually affect the health of humans who feed on fish products. There are
well known cases of intoxication of people
with cadmium and mercury as a result of eating polluted fish (Zubcov et al., 2012).
It was determined that in the case of
eggs and larvae of fish, their microelementary composition constitutes an accurate
image of the dynamics of the microelement
content in water (r=0.90-0.98) and has distinctive peculiarities depending on the species (Figure 2.8.).
Fish eggs and larvae can, therefore, serve
as a safe test when assessing water quality by
metal content.
It is established the synergism and antagonism of metals in the process of acculating
metals in roe, larvae and brood of fish. Here
we must mention that the presence of zinc in
water reduces the toxicity of cadmium and, in
turn, zinc and manganese suddenly decrease
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Figure 2.8. Dependence of the accumulation of metals in the larvae of Ciprinus carpio (r=0.88-0.98)
(modelling in production conditions).

the toxicity of copper and nickel. Even more
so, when copper, zinc, manganese was added
to the Dniester water, each in concentrations
of 40-50 µg/l, a reverse effect was obtained.
It was established that a stimulating action
on the development of the eggs had the complex of these microelements and, as a result,
the share-part of the viable hatched larvae
increased (Zubcov et al., 2016).
The dynamics of the accumulation of microelements in fish fry depends more on the
nutritional base and less on the concentration of microelements in water, being conditioned by the taxonomic and age peculiarities of the fish.
Fish have a fairly developed homeostasis
mechanism, that regulates the processes of

accumulation and redistribution of microelements between different organs depending
on the plastic and generative metabolism of
fish and their needs for one microelement
or another. In the period before spawning, the intense processes of accumulation
of biologically important microelements in
gonads predominate, accompanied by the
decrease of their concentrations in skeletal
muscles, and in the growth period – vice
versa. However, the microelemental composition of organs and tissues is a function
of the environment composition.
The processes of accumulation of metals
in the organs and tissues of sexually mature
fish have a rather complicated and diverse
character, conditioned by the complex of en-
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vironmental factors and the physiologic-biochemical status of the organisms. Therefore,
the link between the level of accumulation of
metals in the organs and tissues of the investigated fish and the environment is not questioned, although in fish the mechanism of homeostasis is quite developed, which regulates
the processes of accumulation of chemical
elements (Zubcov et al., 2012).
When the metals enter the body of fish,
their distribution through different organs
takes place – a process dependent on biological necessity. In most cases, the maximum
concentrations of Pb, Mo, V, Cu, Ni, Cd are
detected in the liver, of Mn, Al, Zn – in gonads, and the minimum concentrations of Mn,
Al, Ni, Mo, Cu, Zn – in skeletal muscles and of
Pb, Cd, V, Ti – in gonads. It was established the
permanent change of the content of microelements throughout the vital cycle of fish, for
example, the accumulation in the liver of Fe,
Cu, Zn and Mn during the period of intense
nutrition, the increase in concentrations of
Fe, Zn, Mn, Co, Cu, Mo in gonads directly before spawning – a process accompanied by a
decrease in their content in muscles (Zubkova
N., 2011; Zubcov et al., 2016).
Heavy metals, according to the decision of
numerous international commissions on environmental protection and health care issues,
are reported as a priority pollutants (WHO.
Promotion of Chemical Safety Unit & International Programme on Chemical Safety, 1992;
Philip et al., 2018). It is known that, in not
so high concentrations, practically all metals
participate in biochemical processes arising
in living organisms and are an indispensable
part of many vitamins, ferments, metalloproteins and other compounds, without which
metabolic processes are impossible. However,
with the intensification of anthropogenic action on aquatic ecosystems, most of the time
we encounter the problem of the toxic influence of metals on hydrobionts, including on
the growth and development of fish.
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We have conducted experiments to assess
the impact of different concentrations of metals in water on the development of roe, the
growth of larvae and brood of fish. The experiences with the individuals of one year, two
years and those who are sexually matured, in
order to elucidate the action of metals – microelements contained in water and fodder –
were carried out in fish tanks, plastic pools
and experimental ponds. In experiments,
simultaneously with the assessment of the
state of fish, their biometric parameters, the
concentration of accumulated microelements
and a whole complex of indices were also recorded, such as the values of temperature,
pH, hardness of water, concentrations of the
basic components of the ionic composition of
water, biogenic elements, organic substances,
etc. (Zubkova N., 2011; Zubcov et al., 2017).
The results of the experimental works
showed that the eggs of the species investigated by the fish are more sensitive to the
action of the increased concentrations of
metals at the gastrula stage and at the beginning of the organogenesis stage. The increase of the concentrations of copper, nickel, lead, manganese, zinc, cobalt in water
(even insignificant – within the limits of 5-15
µg/l) in the embryo hatching stage and in
the first 48 hours can lead to the destruction
of up to 50-70% of carp, silver carp, bighead
carp, grass carp and roach larvae. It turned
out that when using the water from Dniester
river, the effect of depression, in the case of
the investigated fish, is already manifested
when adding to the water 8-15 µg/l of lead
and cadmium, 20-30 µg/l of copper and nickel, 30-40 µg/l of cobalt and over 80-100 µg/l
of zinc and manganese.
It was established that the incubation of
the eggs in the water containing 20-30 µg/l
of lead and cadmium already at the gastrula
stage, a pathological development of the eggs
is observed (voids of an indeterminate form
are formed in the cells) and, finally, at the
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hatching, the monstrous forms of the larvae
(over 75-88%) prevail over those with a normal development. The introduction of these
metals into the water at the initial stage of
gastrulation in concentrations above 30 µg/l
causes the loss of a considerable number of
eggs, their development is stopped and a
mass destruction of embryos (up to 85%) is observed already at the stage of organogenesis
(Zubkova N., 2011).
In connection with the fact that the larvae, in the first 48 hours until the filling of the
swim bladder and the transition to the mixed
type of nutrition, are very sensitive in the
case of a mixture from the outside, in order
to carry out experiments for evaluation of the
influence of new microelements, most of the
time we have used three days larvae.
As a criterion for assessing the influence
of metals on the larvae, their biometric indices and the number of perished larvae were
taken. In all aquariums the same density of
larvae was maintained and, if in one of the
three variants their perishing was recorded,
then the same number of live larvae was extracted from the other aquariums.
From each category of 3, 6, 12 and 24
days, 40-50 individuals were chosen, they
were weighed, their total length was measured, and at the end of the experience (over
12 or 24 days), their total protein and metal
content was also determined.
The results of the research have shown
that lead, cadmium, nickel and copper in concentrations of 20-40 µg/l hinder the growth
and development of carp and phytophagous
fish larvae (Figure 2.9.).
It is also necessary to note that lead and
cadmium from each other are synergists, because when they are used simultaneously,
their negative action on the growth of larvae
is doubled.
After an exposure of 12 days, the share of
the larvae perished in the experience with the
addition of copper was 22-30%, of cadmium –

23-32%, of lead – 21-24%, of nickel – 20-25%,
and in the control group – 16-17%. We must
also note that in aquariums with the addition
of cadmium, lead, nickel and copper, the larvae perished mainly in the first 6 days, and in
the reference ones their perishing had a uniform character throughout the entire period
(Figure 2.10.).

Figure 2.9. Change in the length of carp larvae
(in mm) under the influence of metals after
filling the swim bladder

Figure 2.10. Change in the mass of carp larvae
(in mg) under the influence of metalsmicroelements after filling the swim bladder
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Therefore, according to the results of experimental research, we can conclude that
cadmium in concentrations of 20-25 µg/l, nickel and lead in concentrations of 25-30 µg/l and
copper starting with 30-40 µg/l, inhibit the
growth and development of larvae aged 3-6
days of carp, silver carp and bighead carp.
Experiments with one-month old fry have
shown their higher resistance to the investigated metals, compared to roe and larvae.
These experiments were also carried out in
aquariums, the fry were fed 2 times in 24
hours with ordinary compound feed and clorel
suspension.
Experimental investigations were also carried out with sexually mature individuals,
namely with carp and silver carp, with individuals of the same age, with a close body
weight and similar degree of maturity of the
gonads (Zubkova N., 2011).
In the experience with a duration of 15
days, increased concentrations of a whole
complex of metals (copper zinc lead nickel
cadmium) were used, which periodically, up
to 5% cases, are found in the surface waters
of Moldova. The fish were fed with compound
fodder and clorel suspension once in 24 hours,
but the food was consumed slowly, so in the
last 7 days the feeding of the fish was interrupted.
The obtained results allow us to conclude
that the increased concentrations of metals,
especially the extremely high ones, even in
the case of a not too long time of action in
the last stages, directly before the spawning,
can be essentially reflected on the effectiveness of the eggs laying; if the eggs get into
the water with such a metal content, then
they also perish for the most part.
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2.4. CONCLUSIONS
• Quantitative estimation of the share of
natural (hydrological, biological parameters) and anthropogenic (pollution, daming of rivers, etc.) factors in the processes
of migration and forecasting of metal flows
in the investigated ecosystems;
• Determination of the coefficients of migration and biogeochemical mobility of
metals in aquatic ecosystems and their hydrological basins, which are converted by
human activity;
• Establishing the regularities of accumulation of chemical substances in aquatic organisms, quantifying the functional role
and the share of the main groups of hydrobionts in biogeochemical migration, determining the influence of chemical substances on the development of hydrobionts and
production-destructive processes.
• Determination of the dangerous level of
certain substances toxic to the functioning
of aquatic ecosystems.
• Deciphering the accumulation processes
and the role of metals and other chemical substances in the development of fish
at various stages of development (eggs,
larvae, brood, unmatched individuals
and breeders), redistribution and change
of the ratio between different metals in
fish organs depending on plastic and generative metabolism, as well as the argumentation of the importance of different
metals in assessing the quality of fishery
products are of major importance; some
of them being pioneering, are of importance for the development of ecological
and ecotoxicological investigations.
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