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SUMMARY

Currently, the Mediterranean basin, in particular the Black and Azov Seas, is experiencing a
pre-crisis state due to the negative impact of anthropogenic pollution. Information about the
presence of technogenic and agricultural pollutants (heavy metals, pesticides, polychlorinated
biphenyls, dioxins, oil products, radionuclides, surfactants) in bottom sediments, aquatic
organisms, suspensions in of great theoretical and practical interest for assessing the potential
threat of anthropogenic influence of the productivity of sea waters. Tens of thousands of
dolphins have already died in the Black Sea on the territory of several countries due to the
military aggression of the Russian Federation - war. A multicomponent marine system (water
— zooplankton — phytoplankton — bottom sediment — fish) within an ecological framework is
considered to protect the seas from pesticides. Using gas chromatography method it was
established that in bottom sediments, sea water and others of the Black and Azov Seas there
could be detected stable chloroorganic pesticides — DDT and its methabolites p,p' — DDT,
p.p- DDE, o,p' - DDD; hexachlorocyclohexane and its isomers: a - HCCH, B -HCCH, vy -
HCCH; heptachlor (COP); organophosphorus pesticides: methaphos, carbophos,
phosphomide, phozalone; nitrogen — containing pesticides: atrazine, simazine, prometryne;
fluor — containing pesticides: trephlane.

As a condition for preventing an ecological catastrophe, it is necessary to monitor the state of
the ecosystem of the Azov-Black Sea basin within the framework of environmental
monitoring of Ukraine.
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Introduction

Currently, the Mediterranean basin, in particular the Black and Azov Seas, is experiencing a pre-crisis
state due to the negative impact of anthropogenic pollution. High levels of pesticide accumulation in
bottom sediments and fish indicate the unfavorable state of the marine ecosystem.

Conditions for the reproduction and habitat of aquatic organisms have deteriorated. There was a
change in the dominant complexes in the bottom biocenoses, significant changes in the species
composition of zoobenthos and flora. In the Sea of Azov, the number of bacteria increased 1 million
times. The coastal regions (Odessa, Kherson and Crimea) accounted for about 1 billion cubic meters
m per year of collector-drainage and to clean water, most of which enters the sea, which contributes to
a decrease in the salinity of sea water in the coastal zone and a decrease in the self-cleaning capacity
of sea water, as a result of which the toxicological situation has worsened.

According to scientists, tens of thousands of dolphins have already died in the Black Sea on the
territory of several countries due to the military aggression of the Russian Federation. It has been
established that since the beginning of the full-scale invasion of the Russian Federation into the
territory of Ukraine — war on February 24, 2022, a large number of dead marine mammals have been
found on the beaches of the Odessa region. The probable cause of their mass death is the use of sonars
on submarines and surface boats by the ships of the aggressor country, which negatively affect the
health of animals (https: /www. unian. net/ecology/massovaya - gibel - delfinov - v — chernom —
more).

Information about the presence of technogenic and agricultural pollutants (heavy metals, pesticides,
polychlorinated biphenyls, dioxins, oil products, radionuclides, synthetic surfactants) in bottom
sediments, aquatic organisms, suspensions in of great theoretical and practical interest for assessing
the potential threat of anthropogenic influence of the productivity of sea waters.

We (1987-2007) carried out monitoring of pollution by persistent organochlorine pesticides of objects
of the marine ecosystem of the Black and Azov Seas: bottom sediments, sea water (surface and
bottom), fish, algae etc.

Materials and methods

A multicomponent marine system (water — zooplankton — phytoplankton — bottom sediment — fish)
within an ecological framework is considered to protect the seas from pesticides. Using gas
chromatography method it was established that in bottom sediments, sea water and others of the
Black and Azov Seas there could be detected stable chlororganic pesticides — DDT and its
methabolites p,p' — DDT, p,p'- DDE, o,p' - DDD; hexachlorocyclohexane and its isomers: o - HCCH,
B -HCCH, y - HCCH; heptachlor (COP); organophosphorus pesticides: methaphos, carbophos,
phosphomide, phozalone; nitrogen — containing pesticides: atrazine, simazine, prometryne; fluor —
containing pesticides: trephlane.

Ecological and geological research

Average content of stable chloroorganic pesticides (COP) in Black Sea and Azov Sea (2000) water
samples ranges from 10 — 107 mg/l. COP content in bottom sediments varies between 10 and 10
mg/kg. COP content in fish varies between 102 — 10 mg/kg. Initial samples of bottom deposits
contained DDT (total), HCCH (total), phozalone up to 10~ mg/kg. 50% of the samples contained
simazine and atrazine; phozalone was found in Black Sea water and bottom sediments (Crimea
region) in 78% occasions, yalan and saturn in 38% of Azov Sea samples. In NW part of Black Sea
shelf (between the Dniester Liman and the mouth of Karkinitsky Bay) the surface water samples at a
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0.5 m depth contained 10 - 107 mg/l DDT in 44% of cases. HCCH ranged from 10 — 10”7 mg/l in
28% of samples. Heptachlor was found in 11% of occasions to the extent of 10° mg/l; trephlane in
33% of samples varies from 10 - 108 mg/I.

In bottom water samples at a 20-30 m depth DDT was found in 72% of cases between 102 and 107
mg/l; HCCH in 61% between 10 — 107 mg/l. Aldrin was present in 5.5% of samples to the extent of
10 to 10® mg/l (Figure 1, Figure 2). It should be noted that pesticide content in the bottom water
samples, as a rule, is characteristic by a ten times higher, and COP pollution occurs twice more
freguently (of the total number of samples) than that in surface water at the same location (Figure 1).
The Azov Sea is characteristic of a more uniform spatial distribution of pesticides over its whole
water area. There is a need in creation of a monitoring system for the Black Sea and Sea of Azov, in
elaboration of a system of assessment criteria to estimate the risks of the toxicants present in the
components of a marine ecosystem.

Let us compare pesticide pollution of bottom sediments of the Black and Azov Seas with pesticide
pollution of bottom sediments of the Aegean Sea (Izmir Gulf).

Bottom sediments of the Aegean Sea (Izmir Gulf) were analyzed for contents of persistent
chloroorganic pesticides (COP). It was found that DDT total was present in 100% of the samples,
ranged from 10 to 10> mg/kg. HCCH total was detected in 81% of the sediments and varied from 10"
5 to 107 mg/kg. Heptachlor was found in 4.8% of the samples in concentrations of 10 mg/kg.
Threphlane was present in 71% of the sediments ranged from 10 to 10 mg/kg. Polychlorobiphenyls
were detected in 14% of the samples. The DDT total in the bottom sediments of the Aegean Sea
(Izmiran Gulf) on average is higher than in the Black Sea and Azov Sea sediments. 24% of the bottom
sediments samples from the Aegean Sea (Izmir Gulf) contained DDD metabolites and 66% of the
samples contain metabolites of DDE, thus giving evidence of a long-term occurrence of DDT in the
marine ecosystem, destruction of DDT into DDD with microorganisms and also destruction of DDT
into DDE in the living organisms (tablel). There is a need in elaboration of criteria to assess the
danger of toxic substances concentrations in the components of the marine ecosystem (Mitropolsky,
Nasedkin, Osokina, 2006).

Table 1 Content of stable chloroorganic pesticides (DDT, HCCH) in objects environment, mg/l,
mg/kg

Objects environment Water Bottom Fish
sediments
Black Sea and Azov Sea 10° - 107 104 -10° 102-10-°

NW part of Black Sea self | Surface water 0.5 m depth - -
(between the Dniester Liman | DDT, HCCH
and the mouth Karkinitsky | 10*— 107

Bay) Water depth 20-30 m
DDT 103 - 107
HCCH 10*-107
Aegeun Sea (Izmir Gulf) - DDT 10* - 1072 -

HCCH 103- 1073

According to our calculations, in 2023, the concentration of DDT in environmental objects decreased
by 2 orders of magnitude, depending on natural conditions. HCCH continued to be used, because its
concentration remains at the same level.
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Figure 1 Map-scheme of the content of organochlorine pesticides in the components of the ecosystem
of the North-West shelf of the Black Sea

The dynamics of income, accumulation and further transformation of the pesticides in bottom
sediments was found to depend on the summary influence of the following factors; hydrodynamics
(surface and bottom currents), granulometric composition of bottom sediments and bottom contour.
Negative pesticides influence on the ecological state of sea water area involves not only their
incoming with agricultural pollution by water and agrarian ways, but also accumulation in the bottom
sediments, as well as the secondary repeated transfer of contaminant mass from the sediments to the

bottom water and biota.

Conclusions

As a condition for preventing an ecological catastrophe, it is necessary to monitor the state of the
ecosystem of the Azov-Black Sea basin (within the framework of environmental monitoring of

Ukraine), including:

expansion of sanitary protection zones in areas of recreational areas;

case studies aimed, at determining the maximum allowable amount of pollutants that the sea
can process;

rationing of the permissible load on the aquatic ecosystem in the zone of discharge of treated
wastewater (the zone of effective mixing of wastewater with sea water;

reduction in the amount of drainage and waste water from irrigation systems and industrial
enterprises entering the seas;

studies aimed at regular analysis of effluent toxicity;

aeration of the water of the Sea of Azov in order to eliminate the freezing phenomena by
increasing the amount of oxygen in sea water and increasing its selfcleaning properties;
deeutrophication of the most polluted regions of the Azov-Black Sea basin with the use of

aquaculture;

1)
2)

3)
4)

5)
6)

7)
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8) bioaccumulation of pollutants in combination with subsequent biotransformation of
pollutants;

9) selection of microorganisms and selection of strains specially adapted to the biodegradation
of certain pollutants;

10) biotesting and bioindication for hydrobionts and fish, taking into account the increasing
accumulation of toxicants in trophic chains: sea water — zoophytoplankton — bottom
sediments — fish — seabirds - humans.

It is necessary to carry out systematic observations (monitoring) of the content of new pesticides in
the objects of the marine ecosystem.

Calculations have shown that the cost of cleaning contaminated areas with the help of special bacterial
preparations (Yablokov, Ostroumov, 1985) can be only 1/10 of the cost of cleaning them in other
ways. In the future, apparently, one of the most important requirements for the creation of any
synthetic substances that can be used on a large scale in the economy will be the requirement of their
rapid degradability — the ability to mineralize and enter the biotic cycle again as under the action of
ligh and moisture, and under the action of biological products.

The words of the largest naturalist of the present V.I. Vernadsky “The life of manking for all its
heterogeneity, has become indivisible, one. This is the beginning of the spontaneous movement of a
natural phenomenon, which cannot be stopped by the accidents of human history. For the first time, a
person really understood that he is an inhabitant of the planet and can — should think and act in a new
aspect, not only in the aspect of an individual, family or clan, state or unions, but also in a planetary
aspect.
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