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The paper presents the data obtained in the study of the health of the ecosystems in a number of recreational areas
of the Black Sea and the Eastern Gulf of Finland. Prompt assessment of the ecosystems health was carried out by
testing the health of adult bivalve mollusks inhabiting them, using the functional load method based on the analysis
of their heart rate measured by a fiber-optic bioelectronic system. The goal of the study was to test the innovative
bioindication technology developed earlier by the authors on the basis of the above-mentioned method in the
regional programs for environmental monitoring of the ecosystems of coastal marine and freshwater recreational
water areas (using the example of a number of water areas of Sevastopol, as well as several freshwater areas of the
Kurortniy District of St. Petersburg. It has been established that the functional state of mollusks may serve as an
indicator of excessive pollution of coastal waters by the objects that discharge insufficiently treated wastewater
from their local treatment facilities, including household wastewater. The technology applied in this study for the
assessment of functional state of local species of mollusks may be effectively used to solve the problems of early
diagnostics of alterations in the health status of coastal aquatic ecosystems and contribute to ensuring the ecological
safety of recreational water areas, serving as an infobase for the development of science-based environmental
management decisions. Taking into account a high expressiveness and easy-to-use technology applied in the study
(which does not require expertise for its practical implementation), this technology may be considered as the best
available technology for biomonitoring the water quality of recreational waters in Russia.

KEYWORDS: assessment of the state of coastal water areas; biomarker studies; functional state of animals;
bioindication; aquatic ecosystem health; heart rate of mollusks; biomonitoring; best available technologies

DOI: 10.17816/phf46438/2713-153X-2020-3-2-64-73

COKPALLEEHUA:

HR - heart rate;

IBSS - A.O. Kovalevsky Institute of Biology of the Southern Seas of the Russian Academy of Sciences;
BODS5 - biochemical oxygen demand on the fifth day;

COD - chemical oxygen demand;

SRCES RAS - Scientific Research Center for Ecological Safety of the Russian Academy of Sciences;
Trec - recovery time;

SPCRAS - Saint Petersburg Federal Research Center of the Russian Academy of Sciences



INTRODUCTION

In times of increasing anthropogenic pressure the value
of many marine and freshwater coastal areas as recreational
water bodies is constantly reducing. At the same time persis-
tent water pollution inevitably leads to a decrease of adaptive
capacities local aquatic organisms not related to saprabionts.
Thus, in contrast to macrobenthos animals with a long life cy-
cle inhabiting unpolluted water areas, animals from the pollut-
ed ones usually have a lower status of their functional state.
Compared to similar organisms from conditionally clean wa-
ters, they require additional energy costs to maintain homeo-
stasis, which inevitably adversely affects their health.

In a number of documents [1, 2] reference is made to the
necessity of the development of new techniques and instru-
mental approaches for the development of some criteria for
assessing the state of ecosystems based on the application of
biological methods. Recent studies have demonstrated the ef-
fectiveness of the use of biomarkers in the indication of biolog-
ical effects of the impact of pollutants or their mixtures on the
ecosystem state [3-6].

In this regard a number of criteria and methods were pro-
posed and substantiated based on biomarker indicators of
macrobenthos invertebrates and fish, as well as on the deter-
mination of concentrations of contaminants in sediments and
organs of aquatic organisms. A biomarker is understood as the
response to biologically significant impacts of different nature
[7-10]. The directions for the use of biomarker indicators were
provided in such important international environmental docu-
ments as the ICES Working Group on Biological Effects of Con-
taminants (WGBEC) [2] and in the EU Directive [1].

The paradigm put forward by the British scientists turned
out to be very successful: “Healthy animals, healthy ecosys-
tem” [11]. According to this paradigm, biomarker studies
conducted on individual organisms (randomly taken from the
natural population) make it possible to extend conclusions to
the state of the population as a whole and, thus, to indirectly
assess the ecological state of the ecosystem inhabited by the
animals under study - biological “targets” of integral toxic ef-
fects of pollutants [3, 8, 12].

Carrying out biomonitoring investigations for the diagnostics
of the state of the surrounding aquatic environment it is recom-
mended to use a number of living organisms as “targets” of the
toxic effects of pollution, among which bivalve mollusks play an
important role [2]. In this case, the study of the biomarker “re-
sponse” of mollusks could be carried out at different levels: ge-
netic, organismal, tissue, and others [6, 7, 11, 13, 14].

An obvious advantage of this approach is that the record-
ed effects may manifest themselves at the organismal level
when exposed to even sub-lethal concentrations of water pol-
lution [4, 15-18]. This makes it possible to detect changes in the
health status of target species long before the onset of serious
changes or even degradation of their populations, communi-
ties, and disturbances of the ecosystems they inhabit [7, 12, 13].

It is a matter of common observation, that a decrease in
the body’s ability for quick recovery after stress loads (within
the tolerance of the species) characteristic for poor health may
be detected by the method of functional loading long before
the obvious manifestation of signs of a serious disease not only
in humans [19], but also in the invertebrates [ 20-22]. In par-

ticular, the cardiovascular system indicators are currently used
for assessing the adaptive capacity and health of the organism
[19, 20, 22, 23, 24]. In @ number of studies with higher crayfish
and shell mollusks it was reported that [5, 6, 12, 15, 25], a study
of higher crayfish and shell mollusks showed that the speed
of recovery of their cardiac rhythm after standardized stress
influence characterized the ability of organism to compensate
for changes caused by external factors, which was an impor-
tant sign of the tested animal’s health. Indeed, the adaptive
capabilities of the cardiorespiratory system reflect the inten-
sity of physiological processes, and also, in many cases, make
it possible to assess the functional state of the organism as a
whole [9, 19, 20, 23]. Heart function of mollusks has lately be-
come one of the most widely used indices in assessing effects
of heavy metals [26-28], ammonia [29], detergent [12], and oil
[30]. Previously, it had been found by the biomarkers of the
locomotor activity of the valves of bivalve mollusks [31-34].

Within the framework of previously mentioned ecotoxico-
logical biomarker studies, the authors found that both marine
and freshwater shell mollusks taken from ecologically safe clean
zones differ from the animals from polluted water areas as they
demonstrate higher adaptive capacity [6, 10, 24, 25, 35]. It is ex-
pressed, in particular, in a significantly shorter HR recovery time
to the background level after removing one or another type of
short-term functional load. In this regard, a new physiological
biomarker was proposed [15, 24, 35]: the time of adaptive recov-
ery of HR to the background level after the removal of a short-
term (within 0.5-2 hours) functional load [22]. At the same time,
as further studies showed, it was most convenient to use a rapid
(in 2-3 minutes) change in water salinity (within the tolerance
of the species) per one hour as a standardized functional load.
Based on the use of this method, an innovative technology was
proposed for bioindication of ecosystems state in the water ar-
eas in which the animals under study live [6, 10, 36]. Later, the
technique was tested in a number of domestic and international
projects [24, 25, 37-42].

This paper presents the data obtained in the study of
health characteristics of ecosystems in a number of recre-
ational areas of the Black Sea and the Eastern Gulf of Fin-
land. The main goal of the studies performed was to test the
prospects of using the bioindication technology discussed
above in regional programs for environmental monitoring
of the state of ecosystems in coastal marine and freshwater
recreational water areas (using the example of a number of
water areas in Sevastopol, as well as in the Kurortniy District
of St. Petersburg).

MATERIALS AND METHODS

Four Sevastopol water areas (in the area of Cape Khrustal-
niy, Kruglaya Bay, Kazachya Bay, Matyushenko Bay) with dif-
ferent levels of recreational load (Fig. 1, Table 1) were selected
as objects of research on the Black Sea coast, and the subject
of research was the Mediterranean mussel, Mytilus gallopro-
vincialis (Lam.).

Mytilus galloprovincialis (Lam.) is a typical representative
of the Black Sea malacofauna. The mussels were sampled in
May (before the beginning of the tourist swimming season)
and in October (at the end) of 2019.

In Fig. 1 the sampling sites are marked with red dots.
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Fig. 1. Schematic map of the areas under study: A - b. Sevastopolska-
ya (1-b. Matyushenko, 2 — Cape Khrustalniy); B — b. Kazachya,

C-b. Kruglaya

Puc. 1. KapTta-cxema paifoHOB ncciegoBaHusa: A — 6. CeBacTono/ibckas
(1- 6. MaTIOLLEHKO, 2 — MbIC XpYCTa/ibHbIi); B — 6. Kasaubs,
C-6.Kpyraasa

The data of the hydrochemical characteristics of the
seawater samples from the studied water areas, regularly
measured by the experts from the A.O. Kovalevsky Institute
of Biology of the Southern Seas of the Russian Academy of
Sciences are as follows: salinity, dissolved oxygen content,
biochemical oxygen demand on the fifth day, chemical oxy-
gen demand, pH value, mineral and organic forms of phos-
phorus and nitrogen, - met the water quality standards
imposed to fishery reservoirs [43]. However, it should be
noted that the salinity of water in the Kruglaya Bay (15 %)
was noticeably lower compared to the other three water
areas, in which this indicator was practically the same and
corresponded to the usual value for the upper horizon of
the Black Sea - 18 %, (see Table 2). This, apparently, is asso-
ciated with the inflow of wastewater from local treatment
facilities of numerous public catering enterprises located in
the coastal strip into the water area of the bay.

The experiments were carried out on bivalve molluscs
sampled in the coastal zone at a depth of 0.5-2 m. The se-
lection of organisms was collected by hand. In total, 250
individuals were taken from all studied sites.

Four water areas of the beaches of the Kurortniy Dis-
trict of St. Petersburg were selected as objects of research
on the coast of the Eastern Gulf of Finland. The salinity of
the waters in all of them is practically the same and does
not exceed 1,7 %.

Table 1.

Brief description of the areas under study

Tabn. 1.

KpaTkas xapakTepucTiKa paiioHOB UCC/Ie40BaHUA

The sampling areas
(coordinates)

Visual inspection results

Characteristics of infrastructure facility/
level of recreational load

The sampling area is the surface of the

The beach is located in the city center; the

Khrustalniy Cape
(44.617626,33.511528)

Kruglaya Bay
(44.597430, 33.448286)

Kazachya Bay
(44.579081, 33.409535)

Matyushenko Bay
(44.629388, 33.522752)

metal supports. The water is transparent,
the visibility is 1.5-2 meters. The bottom is
clean, rocky, with small silting zones. Con-
tamination with various plastic waste and
pieces of rope was noted.

Sampling area - the surface of the concrete
support of the berth. The water is turbid,
visibility is no more than 30 cm. The mus-
sels are covered with a layer of silt. There
is no obvious oil pollution, but there is a
smell of oil products.

Sampling area is the surface of the chain se-
curing the buoy. The transparency of the wa-
ter is about one meter. The bottom is sandy
with separate islands of algae thickets.
There are no visual signs of oil pollution, no
dead organisms, plastic.

Place of sampling - concrete reinforcement
surface. The water is clear, the visibility is
about three meters. The bottom is clean,

pebble, not silted.

coastline is equipped with sun loungers,
awnings, a rescue point, with a large
number of cafes and restaurants. In the
immediate vicinity there are yachts and
boats parking, a place for cruising boats, a
ferry, small-size boats.

The coastline is equipped with a beach (sun
loungers, awnings, lifeguard), with a large
number of cafes and restaurants. There is a
yacht club in the immediate vicinity.

The coastline is not equipped for a beach.
In the apex part of the right horn of the bay
there are boat stops; a residential area of
apartment buildings, a military unit and a
military training ground are adjacent to the
reservoir. There is also a military unit on the
southern coast of the bay. There is a cottage
village on the central promontory. The left
apex of the bay is not equipped.

The coastline is not equipped for a beach
(there are no sun loungers, awnings, a res-
cue point), catering facilities are removed.
The Mikhailovsky Battery Military History
Museum adjoins the beach. In the immedi-
ate vicinity there is a cruise boat and a ferry.



Table 2.

Water salinity (S, %.) in different bays

of the city Sevastopol
Tabn. 2.
Be/numnHbI coneHOCTH (S) BOAbI U3 pasHbIX
6yxT ropoga CeBacronons
Cape Kruglaya | Kazachya | Matyushenko
Khrustalniy Bay Bay Bay
S, %o 18 15 18 18

The Eastern Gulf of Finland is characterized by a shallow
depth: on average - 38 m, with an area of 29,000 kmz2. The
main environmental problems of this water area are asso-
ciated with water pollution as a result of the discharge of
untreated or insufficiently treated industrial, agricultural
and domestic wastewater, as well as with a high degree of
population of the coastal area (St. Petersburg and the Len-
ingrad Region). This is fully typical for the Kurortniy District,
located on a considerable length of the northern coast of
the Eastern Gulf of Finland.

Despite the fact that currently the State Enterprise
“Vodokanal” [water and wastewater treatment plant] of
St. Petersburg purifies 98,5% of domestic wastewater, the
coastal waters of the Gulf of Finland within the city con-
tinue to become polluted due to the unsatisfactory oper-
ation of treatment facilities and unauthorized discharges
of untreated and insufficiently treated wastewater from
the Leningrad Region. Thus, according to the data of the
North-West Directorate for Hydrometeorology and Envi-
ronmental Monitoring, the concentration of easily oxidiza-
ble organic substances exceeds the established standard in
water samples taken in many large and small rivers of the
Leningrad Region flowing into the Gulf of Finland.

The resort area of St. Petersburg is one of the most
ecologically clean areas of the Northern capital. It stretches
along the coast of the Gulf of Finland in a strip 6-8 km wide
and 45 km long. The center of the district is the city of Sest-
roretsk; it also includes the city of Zelenogorsk and nine vil-
lages: Beloostrov, Solnechnoye, Pesochniy, Komarovo, Re-
pino, Serovo, Ushkovo, Smolyachkovo and Molodezhnoye.

The district is a territory with a unique natural potential
and recreational resources of both regional and federal sig-
nificance. There are more than 40 permanently functioning
sanatoriums, dispensaries, boarding houses, rest houses,
ski and tourist complexes.

However, in recent years, the services of Rospotreb-
nadzor [Federal Service of Supervision of Consumer Protec-
tion and Welfare] increasingly impose a ban on swimming
in coastal waters due to water pollution above permissible
standards. This is due to the fact that the level of anthropo-
genic load on these water areas, apparently, exceeds their
assimilation capacity.

The following territories were selected for the study:

1. Water area adjacent to the Dubki park (Sestroretsk).

2. Beach “Chudniy” in Repino settlement, which is a
resting place for a large number of people. In the immedi-
ate vicinity of the bay there are 3 restaurants, a hotel and an
administrative building.

3. Beach “Zolotoy” of Zelenogorsk town, also adapted
for recreation of the population. Catering establishments
are located in the immediate vicinity of the water area.

4. The area next to the Detsky beach in Ushkovo set-
tlement. It is not so crowded. There are no retail outlets
and catering establishments in the adjacent territory, and
boarding houses and country houses of the village are locat-
ed quite far from the coast - on a high sandy hill.

When assessing the ecological state of the selected
recreational areas, it should be kept in mind that phar-
maceuticals (for example, those listed in HELCOM as haz-
ardous pharmaceuticals: ibuprofen, diclofenac, estradiol,
etc., and others, and their metabolites), which may also
have a significant effect on aquatic organisms studied in
the water areas.

The bivalve mollusks Unio pictorum inhabiting all the
studied waters of the Kurortniy District were chosen as
animal bioindicators. The number of 3-6 year-old animal re-
quired for testing was collected by hand at a depth of 0,5
meters. Then they were placed in plastic containers and,
within 1-2 hours, were delivered to the laboratory of the
Scientific Research Center of Chemistry and Economics of
the Russian Academy of Sciences, where they were placed
in 10 L aquariums with continuously aerated natural water
from their habitat.

In both studies, artificial lighting around the clock was
used in the laboratory room. During the experiments the
water temperature was kept stable, depending on the
season, within the range of 16—-19 C°. The animals were not
specially fed, although they could receive some food from
natural water.

In the laboratory, miniature holders were glued to the
shells of mollusks in the region of the projection of the
heart for attaching fiber-optic sensors intended for con-
tinuous recording of heart rate and heart rate analysis in
on-line mode. Following several hours of continuous reg-
istration, the functional state of the mollusks was test-
ed according to the functional load method developed
by the authors. The physiological state of the mussels
Mytilus galloprovincialis (Lam.) was assessed using the
original bioelectronic system developed by the authors
[10, 44-47] and the method of functional loads: a rapid
decrease in water salinity to 9 % for one hour, followed
by restoration of ambient salinity. In the case of fresh-
water mollusks Unio pictorum, a rapid increase in water
salinity up to 6 % for one hour was used as a functional
load. The functional state of the mollusks was tested fol-
lowing their stabilization and HR maintaining for at least
two hours at a given temperature.

Following the experiments the sensors were carefully
removed from the shells all mollusks were returned to their
habitat without any damage.

RESULTS AND DISCUSSION

The results (after appropriate statistical processing) of
testing the functional state of mussels from all sampling
sites in both the spring and autumn seasons of 2019 are
shown in Fig. 2.
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Kazachya Bay Cape Khrustalniy Kruglaya Bay Matyushenko Bay

Fig. 2. Histogram of Trec values measured in May (blue bars)
and October (red bars) in 2019 in the investigated waters

of Sevastopol

Puc. 2. Tuctorpamma BeAn4mnH TBOCCT, USMEPEHHbIX B Mae
(rony6bie cTon6MKKN) U B OKTAGPeE (KpacHble CTONBUKM) 2019 T.
B UCC/I€40BaHHbIX akBaTOpuAX CeBacTono A

The analysis of the status of water areas was carried out
using the recommendations for ranking the ecological status
of water areas set forth in [6, 36] on the basis of a large num-
ber of approbations of this method over ten years in fresh-
water, brackish and marine areas of different countries and
continents [5, 25, 41, 42].

The results of studies of the ecological state of ecosystems
in the waters of Sevastopol are presented in Table 3.

Data presented in Fig. 3 and in Table 3 shows that, re-
gardless of the season, the status of ecosystems in the
water areas of the Kazachya and Matyushenko Bays and
near Cape Khrustalniy remains at a level not lower than
“good”. At the same time, the Kazachya Bay is the most
ecologically safe throughout the year, therefore, it can be
considered a reference, and mussels inhabiting it can be
used as reference animals in cage studies with transloca-
tion of mussels from one site to another to exam Crimean
coastal waters quality.

Table 3.
Results of testing of the mussel’s functional state from different bays of Sevastopol
and analysis of water quality before and after the resort season 2019 6
Tabn. 3.
UToroBble pe3y/ibTaTbl TECTUPOBaHUA GYHKLIMOHA/IbHOrO COCTOSAHUA MUAWIA Pas/IMYHbIX aKBaTOpUii CeBacTonons ’
M aHa/M3a CTaTyca STUX aKBaTOPUI A0 U MOC/IE KYPOPTHOFO Ce30Ha 2019 roaa
T _,mininthe T __,min in the period
The area under study pericr)eccl from 10 to 20 Statlij; c;/lf;/vaztgiga reas flr'ec;m 5 to 11 October Sta:;u(s):tfovt\)/::ezgalgeas
May 2019 Y 2019
Kazachya Bay 26%3 high 2343 high
Cape Khrustalniy 53%12 good 496 good
Kruglaya Bay 44%3 high 86%12 satisfactory

Matyushenko Bay 54%6 good 507 good

Ecosystems in the area of Matyushenko Bay and
Cape Khrustalniy have, apparently, a sufficiently high
self-cleaning ability, therefore, throughout the year
they remain in good ecological condition despite their
rather intensive recreational use.

On the contrary, the ecosystem of the Kruglaya Bay
water area has, apparently, insufficient self-cleaning abil-
ity for the season with the peak intensity of the coastal
catering establishments. Despite its fairly good ecological

state in the autumn-winter period, with the beginning of
the holiday season (and not under the influence of any lo-
cal industrial enterprises) its ecological state deteriorates
sharply. This certainly reduces the recreational attractive-
ness of the bay during the holiday season.

The results of ranking the waters of the Gulf of Fin-
land in accordance with the established average Trec
of samples from the group of mollusks were as follows
(see Table 4).

Table 4.
Results of testing Unio pictorum mollusks from different_areas of the Kurortniy District of Saint Petersburg
using the functional load method and subsequent analysis of the status of these water areas in the summer
period May-August 2019
Tabn. 4.
UTorosble pe3y/bTaTbl TECTMPOBaHMA MO//IOCKOB Unio pictorum, pas/mMyHbix akBaTopuii KypopTHoro paiioHa
CaHkT-lNeTep6ypra meToaomM GYHKLMOHA/IBHOM Harpy3KuM 1 NMoC/1eAyIoLLLEro aHa/n3a cTaTyca STUX akBaTOPUIA B ZIETHUIA
riep1og, Maii-aBryct 2019 roga
Ecological status . Sestroretsktown | Repino settlement | Zelenogorsk T Ushkovo
T _values, min . . . ree settlement T
of the water area rec T __values, min T __values, min values, min . rec
rec rec values, min
High <50 45%11
Good 50-70 70%8
Satisfactory 70-100
Bad 100-200 120+10 180+14
Very bad >200




The results obtained are in accordance with the results
of sanitary and chemical studies of Rospotrebnadzor spe-
cialists in St. Petersburg (see Table 5 [48]), according to
which (in particular, in terms of COD and BODs5 indicators),
the characteristics of organic water pollution of the inves-
tigated beaches of Repino and Zelenogorsk do not comply
with sanitary rules and norms. At the same time, the Dub-
kovskiy (Sestroretsk) and Detskiy (Ushkovo settlement)
Beaches are water areas, the ecosystems of which are at
a fairly high level.

The contrast between characteristics of the ecological
state of the water areas of the beaches in Sestroretsk
and Repino and in Zelenogorsk indicates that they are
not affected by wastewater from urban areas of St.
Petersburg. And their difference from the state of the
ecosystem of the beach water area in Ushkovo reveals
the main source of excess pollution - the insufficiently
efficient operation of local treatment facilities of boarding
houses and catering enterprises located close to the coast.
We have the same picture as in the case of Round Bay in
Sevastopol. At the same time, in our opinion, the increased
value is due to pollution associated with the presence of

high concentrations of detergents in the water, and BOD5
is due to the discharge of untreated wastewater from
domestic sewage. The latter is also indicated by the data
of Rospotrebnadzor, demonstrating the excess content of
coliform bacteria in the water of the water areas of Repino
and Zelenogorsk.

It should be noted that these types of surface water
pollution typical for domestic wastewater have a negative
impact not only on the quality of bathing water, but also
on the health of organisms living here. We also observed
this effect on the Mediterranean mussels of the Boka-
Kotor Bay of the Adriatic Sea [41] and, as indicated above,
in the mussels of the Kruglaya Bay in Sevastopol.

Thus, mollusks can be considered as good indicators
of excess pollution of coastal waters with household
wastewater, and the technology used in this work for the
assessment of functional state of local species of mollusks
may be used as an effective, most relevant method for
the rapid detection of objects located near coastline that
dispose of insufficiently purified wastewater from their
local treatment facilities into this water area.

Table 5.

The values of the COD and BODs5 indicators on the beaches of the Kurortniy District of St. Petersburg in June 2019
(according to Rospotrebnadzor in St. Petersburg)

Tabn. 5.

Bennuunnbl nokasateseii XMK u BIK5 Ha nasaxkax KypopTHoro paitoHa CaHKT-TleTep6ypra
B MIOHe 2019 roga (no gaHHbIM PocnoTpe6Hag3opa no CaHkT-TNetepbypry)

. COD June 2019 Standard BOD, June 2019 Standard BOD,
Water area of the Gulf of Finland mgo,/ dm? mgo,/ dm? mgo,/ dm? mgo,/ dm’

Beach “Dubkovsky”, Sestroretsk <30 <30 4,1 <4

Beach “Chudniy”, Repino 81 <30 231 <4
settlement

Beach “Zolotoy”, Zelenogorsk 71 <30 18 <4

Beach “Chudniy”, Ushkovo 39 <30 6.4 <4
settlement

CONCLUSIONS

Insufficiently purified wastewater from boarding houses
and catering establishments located close to the coast affects
not only the sanitary-chemical and microbiological characteris-
tics of coastal waters that are unfavorable for people, but can
also lead to disruption of the health of ecosystems of coastal
waters and their accelerated degradation.

The technology presented in the research work does not
require the involvement of highly qualified specialists for its
practical implementation. Taking into account a rather high
rapidity and ease of use, it may be considered as the best avail-
able technology for biomonitoring the water quality of recre-
ational waters developed in Russia. It may be effectively used
in solving problems of early diagnostics of the state of coastal
aquatic ecosystems and preventing threats to the ecological
safety of ecosystems in recreational waters.

The technology implemented in these studies com-
plements modern methods of bioindication of the qual-

ity of surface waters quality as a habitat of aquatic or-
ganisms, and can be considered as an information basis
for developing science-based management decisions to
ensure the ecological safety of recreational water areas.
After some refinement and appropriate approbation it
may be recommended for use in regional programs for
ecological monitoring of ecosystems of both coastal ma-
rine and freshwater areas.

This publication was prepared with the financial support of
SRCES RAS - SPCRAS, project No. 0241-2019-0018, as well as with
partial financial support from the RFBR grant No. 18-44-920010
“Evaluation of the recreational menu of the waters of the Sev-
astopol region by bioindication methods” and Cross-border co-
operation programs “Russia-Estonia” for the period 2014-2020,
project ER90 HAZLESS. The content of this publication is the sole
responsibility of SRCES RAS - SPC RAS and in no way reflects the
position of the countries participating in the Program and the
European Union.
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B paboTe npnBOAATCS AaHHbIE, NOAYYEHHbIE NPY UCCIE[0BAaHUN 340POBbS SKOCUCTEM PO PEKPEaLMOHHbIX aK-
BaTopuii YepHOro MOps 1 BOCTOUHOM YacTh DMHCKOro 3anmBa. OnepatyBHas OLLEHKa 340POBbsl SKOCUCTEM MPOBO-
[MNack NyTeM TECTUPOBAHNS 340POBbS 0OUTAKOLMX B HUX B3POUIbIX 0COBEN ABYCTBOPYATLIX MOI/TIOCKOB METOAOM
(QYHKLMOHANBbHOM Harpy3ku Ha OCHOBE aHaNM3a UX KapavopuTMa, U3MepsieMOro € NMOMOLLBK BOIOKOHHO-OMTUYe-
CKOV BUO3NEKTPOHHOM cucTeMbl. OCHOBHas Lesb paboTbl COCTOSNA B anpobaumm pa3paboTaHHOM paHee aBTopamu,
Ha OCHOBE 3TOro MeToAa, MUHHOBALIMOHHOM TEXHONMOMMM BUOMHAMKALIMM B PEMMOHAbHbLIX MPOrpaMMax aKonormye-
CKOrO MOHUTOPUHIA COCTOSIHUS SKOCUCTEM MPUBPEXHBIX MOPCKUX M MPECHOBOAHbLIX PEKPEALMOHHbIX akBaTOpUi
(Ha NnpuMepe psaa aksaTopuin r. CEBaACToOMNoNS, a TakXKe HECKONbKMX MPEeCHOBOOHbIX akBaTopuin KypopTHOro paroHa
CaHkT-lMeTepbypra, pacnonoXeHHbIX BAOIb CEBEPHOIO NobepeXbsi BOCTOUHOM YacT MUHCKOrO 3a1MBa). YCTAHOB-
NEHO, YTO DYHKUMOHANbHOE COCTOSIHWME MOJITFOCKOB MOXKET CITYXKMTb MHOWMKATOPOM CBEPXHOPMATMBHbIX 3arpsisHe-
HUI NPUBPEXHBbIX BOA, 0ObeKTaMu, COpacbIBaKOLLMMM HEAOCTAaTOYHO OYULLEHHbIE CTOKM CBOMX JIOKANIbHbIX OYMCT-
HbIX COOPYXXEHUI, B TOM YNCIE XO3SMCTBEHHO-ObITOBbIMM CTOKaMU. MICNONb30BaHHAas B paboTe TEXHONOIMS OLLEHKM
(QYHKLMOHANBHOrO COCTOSIHUS MECTHbIX BUAOB MOJIHOCKOB MOXET 3PMEKTUBHO NMPUMEHSATLCS ANS peLleHns 3a-
[y paHHen AMarHOCTUKM COCTOSIHUS 300PO0Bbs NPUBPEXKHBIX BOAHbIX SKOCUCTEM M CNOCOBCTBOBATL OBEeCcneyeHmnto
3KOI0rMyecKom 6e30MacHOCTM peKpPeaLMOHHbIX aKBaTOPUIA, CTyyKa B Ka4eCcTBe MHMOPMALMOHHOM OCHOBbI 415 Bbl-
paboTKM Hay4YHO OBOCHOBAHHbLIX MPUPOAOOXPAHHBIX YNPaBAEHYECKMX peLueHnin. C y4eToM AOCTaTOYHO BbICOKOM
3KCMPECCHOCTU U NMPOCTOTbl MPUMEHEHUSI UCMONb30BaHHOW B paboTe TEXHONOrM, He TpebytoLLen NpuBaevYeHus
CreuyanmcToB BbICOKOM KBanndUKaLmm 415 ee npakTMyeckom peanmsaumm, AaHHYH TEXHOIOTMIO, MO MHEHUIO aBTO-
pOB, MOXHO PacCMaTpUBaTh, Kak pa3paboTaHHy B POCCMM HaunyuLLyo AOCTYMHY TEXHONOMMK BMOMOHUTOPUHIA
KayecTBa BOA peKpeaLMOoHHbIX akBaTopui. OHa MOXKET 3P eKTUBHO UCMOb30BaTLCA AN PeLleHNs 33434 paHHen
OVArHOCTUKM COCTOSIHMS MPUBPEXKHBIX BOAHbIX 3KOCUCTEM U CIY>KUTb MHPOPMALMOHHOM OCHOBO 4115 BbIpabOTKU
Hay4YHO 0H6OCHOBAHHbIX MPUPOAOOXPAHHBIX YNPABAEHUYECKMX PELLEHWIA.
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