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Abstract

Based on the data obtained during an expedition of Marine Hydrophysical Institute
in August 2019, the paper considers the morphology of the fields of temperature, salinity,
content of total suspended matter and coloured dissolved organic matter in two adjacent
areas located along the north-west (area 1) and south-west (area 2) coasts of the Herak-
leian Peninsula. The authors used methods and approaches based on classical oceano-
graphic analysis of the field structure of quantities under study. It is shown that in area 1
with the coastline oriented at an acute angle to the wind arrow, advective processes pre-
vailed, and the structure of the fields of oceanological elements contained no anthropo-
genic features. In area 2, the coastline of which is located along the normal to the wind
arrow, the surge effect and the rise of water from deep horizons to the sea surface were
noted. Here, in the water column, lenses with low salinity, increased content of total sus-
pended and dissolved organic matter were found. These lenses arose under the influence of
wastewater distributed in the upwelling ascensional circulation system from a nearby
wastewater collector.
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B 30He anBesIMHra y I'epakiierickoro noiayocrposa (Kpbim)
B aBrycre 2019 roaa
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Mopckoii eudpogusuueckuii uncmumym PAH, Cesacmonons, Poccus
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AHHOTaIUA

Ha ocHOBe maHHBIX SKCHERWINH, MTPOBEACHHON MOpPCKUM THAPO(H3UISCKUM HHCTHUTY-
ToM B aBrycte 2019 r., pacCMOTpEHBI 3aKOHOMEPHOCTHU CTPYKTYPHI HOJIEH TeMIIEpaTyphl,
COJICHOCTH, KOHIICHTPAITNH OOIIEr0 B3BEIICHHOTO BEIIECTBA M KOHICHTPAINH OKPAIICHHO-
IO PacTBOPEHHOTO OPTAHMYECKOTO BEIECTBA HA JBYX CMEXHBIX YJacCTKaX, PACHOJIOKCHHBIX
BIIOJIb CeBepO-3anaaHoro (yuactok 1) u roro-3amagHoro (yuactok 2) 6eperos I epakierickoro
MoJIyoCTpoBa. Mcrosib30BaHbl METOABI M MOJXObI KIACCUYECKOM OKeaHOIp ahuu, OCHOBAH-
HbIE Ha aHaJM3€e CTPYKTYPHI MoJiel paccMarpuBaeMblX BenuuuH. [TokaszaHo, 4yTo Ha yuyacTke 1
¢ OeperoBoii JMHKEH, OPUEHTHPOBAHHOW O OCTPBIM YIJIOM K BEKTOPY BeTpa, IPeBaIpOBa-
JI1 aJIBEKTHBHBIE MPOLECCHI, a CTPYKTYpa MoJjei 0KeaHOJOTHYECKUX JIEMEHTOB HE COIeP-
»KaJla aHTPOIIOTEHHBIX NpH3HaKoB. Ha yuacTke 2, 6eperoBasi IMHHUS KOTOPOTO PacIoJioKeHa
0 HOpPMaJM K BEKTOPY BETpa, OTMEYCH CTOHHBIN 3(P(GEeKT W MoabeM BOJA W3 Ty OMHHBIX
TOPH30HTOB K MOBEPXHOCTH MOPsI. 31eCh B TOJIIE BOJ OOHAPYIKESHBI JIMH3HI C MOHKEHHON
COJICHOCTBIO, TTOBBIIIICHHBIM COACP)KAHNEM OOIIETO B3BEIICHHOTO W PacTBOPEHHOTO OpraHU-
YECKOTO BEIIECTB. DTH JIMH3BI BOSHUKIIM TI0 ]I BIMSHIEM CTOYHBIX BOJ, PACIIPOCTPAHSBIINXCS
B CHCTEME BOCXOIAIIEH MUKy JEIIUHU alBEJUIMHTA U3 HAXOIAMIETOCS PAIOM KO JUIe KTopa.

KawuyeBble clioBa: TeMIepaTypa, COJEHOCTh, 00Iee B3BEIIEHHOE BEUIECTBO, OKpa-
LIEHHOE PAacTBOPEHHOE OpraHMYecKOe BELIECTBO, alBEJUIMHI, 3arpsA3HeHue, ['epakiei-
CKui noJryocTpoB, Kpsim

BaarogapHocTH. uCCIe0OBaHHE BBINIOJHEHO B paMKax roCyJapCTBEHHOTO 3a/IaHHs
OI'BYH OUI] MHI'U PAH mo teme Ne 0555-2021-0005 «KoMIIJIEKCHBIE MEXKIUCIIHTI-
JMHAPHBIE WCCIICAOBAHUS OKEAHOJOTHYECKUX TPOIECCOB, OMPEACISIIOMUX (YHKIUOH -
pOBaHUE U IBOJIOIUIO 3 KOCUCTEM MPUOPEKHBIX 30H UepHOTO U A30BCKOTO MOpEi».

Hdasa uurupoBanusa: Jlomaxun I1. J]., Yenviocenko A. . CTpykTypa nojieil okeaHo-
JIOTUYECKUX BEJMYMH B 30HE amBeJUlMHra y I'epakieiickoro mosyoctposa (KpeiM) B aBry-

cte 2019 roxa / Dkosjornveckas 6€30MACHOCTh MPUOPEIKHON U 11 TbYOBOH 30H MOPSL.
2022.Ne1.C.31-41.d0i:10.22449/2413-5577-2022-1-31-41

Introduction

The coastal water area of the Black Sea near the Herakleian Peninsula
(Fig. 1) has been studied well enough. Currently, there are some publications [1-8]
addressed to water dynamics, modeling, satellite studies of the distribution of pol-
lutants ¥, hydrochemical regime of the region®. Particular interest in this water
area is stipulated by the anthropogenic load on the marine environment that has
been increased in recent years.

One of the recently published papers [9] analyses the current data on the sources
of pollution in the coastal water area under consideration, the volumes of wastewater

D URL: http://dvs.net.ru/SWCrimea/stoki_ru.shtml

2 Korshenko, A.N., 2016. Marine Water Pollution. Annual Report 2015. Moscow: Nauka, 184 p.
(in Russian).
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Fig. 1. Diagram of oceanographic
stations of the survey conducted on
August 23, 2019 (1, 2 — conditionally
designated areas of the water area,;

Y black line with two red circles —
%\\\ the sewage treatment plant pipeline
S with two outlets). Inset map — the

>~ geographical position of the studied

g water area

entering it, and the chemical composition of pollutants. Only a few of the above
stated publications include the analysis of the fields of oceanographic elements,
which are used mainly as a background. From the point of view of oceanology,
this coastal water area of the Crimean Peninsula remains insufficiently studied.

The aim of this article is as follows:

— on the basis of the expeditionary data, to identify patterns in the structure
of the thermohaline field, as well as the concentration fields of total suspended
matter (TSM) and coloured dissolved organic matter (DOM) near the coast of
the Herakleian Peninsula;

— to determine the signs of anthropogenic effect on the marine environment
in the structure of the fields of the analysed quantities;

— to consider the factors that form the coastal area of contamination.

Materials and methods

The analysis was based on the materials of the expedition organized by
Marine Hydrophysical Institute on August 23, 2019, during which synchronous
observations of temperature, salinity, TSM and DOM concentrations were carried
out in the layer of 0—25 m. The survey was conducted according to the diagram
of stations shown in Fig. 1. The depth range in the testing area made from 6 to
150 m. At each station, all four parameters of the environment were synchro-
nously recorded in the in situ sounding mode with a depth step of 0.1 m using
the Kondor Sounding Complex®.

¥ URL: http://ecodevice.com.ru/ecodevice-catalogue/multiturbidimeter-kondor (Accessed:
8.03.2022).
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It should be noted that TSM and especially DOM are classified as the most
informative indicators of water quality. Currently, DOM is actively used interna-
tionally as an indicator of contamination (including bacterial one) of coastal sea
and ocean areas [10-12].

At the moment, the maximum permissible concentration of TSM and col-
oured DOM as a numerical indicator of marine environment contamination has
not been determined. Therefore, to assess the significance of the anthropogenic
component in the concentration field of these substances, their actual content was
compared with the concentration typical for the open waters of the Black Sea off
the Crimean coast.

Based on the results of numerous expeditions, we found that in the upper wa-
ter layer 20-30 m thick off the Crimean coast, the DOM content field was uni-
form. Its characteristic concentration varies within 1.4-2.1 mg/L, with the salinity
making 18.2-18.4 PSU [13].

Parts of the water area subject to anthropogenic effect stand out against the
surrounding background in the form of local maxima of the content of this sub-
stance. In the Sevastopol coastal area, the concentration of DOM of anthropo-
genic origin on the sea varies in the range of 2.2-14.8 mg/L. The maximum con-
centration of this substance was found in the area of the wastewater outlet of
Balaklava, located east of the entrance to Balaklava Bay [14].

On the schemes of the horizontal distribution of this quantity, the isoline of
the DOM concentration of 2.2 mg/L can be taken as a conventional border sepa-
rating water with an anthropogenic component and water where the anthropogen-
ic addition is insignificant. By the location of local maxima of DOM concentra-
tion, it is possible to determine objects that have an anthropogenic effect on the
marine environment [13].

In accordance with [15], in the central part of the Black Sea, the TSM con-
centration makes 0.2 mg/L. In the Crimean coastal waters, which are not under
anthropogenic load due to the influence of the coast and the bottom, it is much
higher and makes 0.8 mg/L [16].

Therefore, the concentration of coloured DOM and TSM, 2 mg/L and
0.8 mg/L respectively, is conventional conceming the natural norm for the con-
tent of these substances in the Black Sea waters near the Crimean Peninsula.

When we speak about impurities, we use the definition contamination adopt-
ed from work [17]. Thus, contamination means the presence of a substance where
it should not be or its concentrations above the background. Pollution results or
can result in adverse biological consequences for local communities.

The formations found in the structure of the fields of the considered quanti-
ties, which did not characterize natural distribution and stood out against the sur-
rounding background, were taken as signs of anthropogenic effect.

Results and discussion

The weather during the survey was determined by the southeastem periphery
of the anticyclone with its center over Belarus. The survey was accompanied
by the northern, northeastern wind with the average-per-day speed of 6 m/s.
The wind speed reached 8-13 m/s at sea during the survey. The sea disturbance
made 3-4 points.
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For convenience of description and taking into account the peculiarities of
the hydrological regime, we conditionally divide the entire water area under
consideration into two areas. Area 1 includes waters of the north-west part of
the Sevastopol coastal area, from Omega (Kruglaya) Bay to Cape Chersonesus.
Area 2 includes waters washing the south-west coast of the Herakleian Peninsula.
Area l is a relatively shallow (depth less than 30 m) water area, where the fields
of the studied quantities were formed under the influence of advective processes.
The state of the fields of oceanological quantities of area 2, which is located
above the slope, in an area with predominantly gentle relief and rather sharp in-
crease in depth near the coast, was largely determined by the vertical circulation
of water (Fig. 1).

In area 1, with the coastline oriented at an acute angle to the wind arrow,
the wind surge and the corresponding water transport towards the coast prevailed.
In area 2, the coastline of which is located along the normal to the wind arrow,
the surge effect and the rise of water from deep horizons to the sea surface were
noted. The structure of the water in the respective water areas was characterized
by qualitative differences.

A natural boundary was observed between the selected areas in the form of
a frontal section in the fields of all four analysed quantities, which was well
expressed on the sea (Fig. 2) and indicated by a dotted red line in Fig. 1.

In area 1, the water column was characterized by uniformity and parameters
close to those of the water of the open part of the Sevastopol coastal area. There,
water of elevated temperature and salinity with minimum content of TSM (0.6—
0.8 mg/L) and DOM (1.6-1.8 mg/L) was transported from the north (Fig. 2).

In area 2, on the sea, in the temperature field, an upwelling center (minimum
21.6-22.2 °C) is clearly visible, elongated along the south-west coast of the
Herakleian Peninsula. In the fields of other elements on the sea surface, the surge
effect is not so evident (Fig. 2).

The features of the vertical stratification of the analysed quantities in the sub-
surface water layer contain more detailed information about upwelling (Fig. 3).

In both areas, a two-layer vertical structure of the temperature field, typical
for the summer season, was observed with a monotonically decreasing profile
T(z). The upper guasi-homogeneous layer 10-15 m thick was clearly marked.
It was underlain by a seasonal thermocline, deeper than which the water tempera-
ture slowly decreased with the depth of up to 11-13 °C at 20-25 m horizons.
In area 1, the thermocline was located in the 13-—20 m layer, and its surface was
almost horizontal. In area 2, influenced by upwelling, the thermocline was
raised near the coast and was located at a shallower depth, among the horizons
of 8-15 m (Fig. 3, a).

The salinity in the upper water layer in area 1, equal to 18.1-18.3 PSU, was
higher by 0.1-0.2 PSU compared to area 2. That is, in the ascending circulation
system, less saline water was exposed to the surface of area 2 (Fig. 3, b).
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Fig. 2. Distribution of a — temperature, °C; b — salinity, PSU; ¢ — TSM
concentration, mg/L; d — coloured DOM concentration, mg/L in the upper
water layer in August 2019 according to the MHI expedition data

In contrast to the structure of the temperature field, the salinity field was rela-
tively uniform along the vertical. From the surface to the lower sounding horizon,
the salinity throughout the considered area varied within 0.2-0.3 PSU and was
characterized by nonmonotonous vertical stratification. Distribution S(z) is
a nonmonotonous function of depth with an intermediate minimum located in the 5—
20 m layer (Fig. 3, b).

An important element of the stratification of the haline field is the presence
of structural heterogeneities in the subsurface water with their salinity reduced by
0.05-0.17 PSU relative to the surrounding background. These formations were
most apparent in area 2, where they were identified as separate lenses with a ver-
tical and horizontal scale of about 10 m and 200400 m (Fig. 3, b).

The structure of the TSM concentration field in the analysed areas also dif-
fered significantly. On the sea, in shallow area 1, the TSM concentration varied
in the range of 1.1-2.0 mg/L. The field of this quantity was characterized by ho-
mogeneity. On the surface of the predominant part of the water area in area 2,
the TSM content was minimal (0.4—1.1 mg/L), except for its extreme south area.
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Here, against the background of a low-gradient TSM field, a lens with its vertical
scale of 5-7 m and maximum concentration of 2.4-2.5 mg/L within the entire
considered water area was clearly distinguished, which was three times higher
than the natural norm (Fig. 3, ¢).

In the vertical structure of the TSM concentration field, as well as in
the structure of the haline field, inhomogeneities in the form of lenses with
an increased content of this substance relative to the surrounding background,
were revealed in the water column. Moreover, such structural formations were
more often observed in area 2, where they were more evident (Fig. 3, ).

The concentration field of coloured DOM also had noticeable structural
differences. On the surface of the predominant part of the water area in area 2,
the content of this substance was close to the norm and made 2.0-2.1 mg/L.
In the south-west part of this area, a lens with the maximum DOM concentration
(up to 2.4 mg/L) was observed, which was traced throughout the entire water col-
umn from the surface to the lower sounding horizon. In most of the water area
in area 1, the concentration of DOM on the sea was minimal, 1.6-1.8 mg/L
(see Fig. 2).

In the vertical structure of the concentration field of coloured DOM, as well
as in the structure of the haline field and the TSM concentration field, individual
lenses with an increased content of this substance were noted in the water col-
umn. Similar structural formations were more often observed in area 2, where
they were more apparent, and the concentration of DOM in their cores reached
2.5-2.7 mg/L exceeding the natural norm by 1.2-1.4 times (Fig. 3, d).

The above information indicates that the fields of salinity, TSM and DOM
concentrations in area 2 had a component that was not present in area 1. In area 2,
in the upwelling ascensional circulation system, water came to the sea surface
from deep horizons, which had low salinity and high concentration of TSM and
DOM exceeding the natural norm. That water was evidently of anthropogenic
origin.

Based on the analysis of a series of hydrochemical surveys, numerical mod-
eling methods and satellite hydrophysics [3-9], the main source of pollution of
the considered water area has been established — wastewater collector of the Yuzhnye
treatment facilities. The traces of the spread of wastewater from this source can
be clearly visible on satellite images (Fig. 4).

Conclusion

Based on the data of the expedition conducted in the area of the Herakleian
Peninsula in August 2019, the structure of the fields of temperature, salinity,
TSM content and coloured dissolved organic matter (DOM) was analysed.

Two areas of the region under study are conventionally marked, namely:
the water area located along the north-west (area 1) coast and the water area
near the south-west (area 2) coast of the Herakleian Peninsula, where the fields of
the analysed values were formed under the influence of various factors having
their own properties.
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Fig. 4. Traces of the spread of wastewater from the collec-
tor of the Yuzhnye treatment facilities in the satellite image of
the water area near the Heraclean Peninsula (Google Earth
image)

In area 1 with the coastline oriented at an acute angle to the wind arrow,
advective processes prevailed, and the structure of the fields of oceanological
elements contained no anthropogenic features. In area 2, the coastline of which is
located along the normal to the wind arrow, the surge effect and the rise of water
from deep horizons to the sea surface were noted. In the water column, lenses
with low salinity, increased content of TSM and DOM were found, higher than
the natural norm.

It is shown that the main source of pollution of the water area under considera-
tion is associated with the wastewater collector of the Yuzhnye treatment facilities.
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