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Abstract

Here we describe the features of the horizontal and vertical distribution of total suspended matter in the northern part
of the Black Sea and their relationships with the water temperature, salinity, and density fields measured at the identical
grid during hydro-optical surveys from 2016 to 2020. The results show that the primary sources of increased total suspended
matter concentrations in the northern part of the Black Sea are low-salinity and turbid waters of the Kerch Strait; runoffs of
the Rioni, Enguri, and other rivers in the east of the survey area; together with freshened waters of the Dnieper, Dniester,
and Danube runoff from the northwestern shelf. Higher turbidity was observed in the deep-water part of the sea, associated
with the cyclonic gyres and meanders of the Rim Current effects. The total suspended matter vertical structure features an
upper mixed layer, which usually coincides in thickness with the upper thermohaline upper mixed layer. Significant negative
correlations were found for this layer comparing total suspended matter concentration versus temperature and salinity, while
the correlation appears positive with density values. Below, a total suspended matter subsurface maximum was observed in
the seasonal thermocline and pycnocline layer. The high turbidity layer appeared almost an order of magnitude thinner
in the regions of maximum temperature gradients versus the areas where the temperature gradient was weak. A local total
suspended matter minimum occurred below the cold intermediate core, corresponding to the main thermocline, halocline,
and pycnocline layer. Beneath this minimum, there was a local increase of total suspended matter coinciding with the upper
boundary of the hydrogen sulfide zone.

Keywords: total suspended matter, Black Sea, Rim Current, water temperature, salinity, density, circulation, upper mixed
layer, thermocline, pycnocline, halocline
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AHHOTaIMS

[To maHHBIM TUAPOONTUYECKUX ChEMOK, BBITTOJTHEHHBIX B CeBepHOU yacTu YepHOTo Mops IO OMHOM M TOit Xe
cetke B riepuof ¢ 2016 o 2020 rr., yTOYHEeHbI 0COOEHHOCTU FOPU30HTAIBHOM U BEpTUKAIbHOM CTPYKTYPHI MOJIsI 0011Ie-
ro B3BEIIIEHHOTO BEIIECTBa 1 OLICHEHA MX CBSI3b C pacIpeeIeHUsIMU TOJIei TeMITepaTypbl BOAbI, COJIEHOCTH U TUIOT-
HoctH. [TokazaHO, YTO OCHOBHBIMU MCTOYHWKAMM ITOBBIIIEHHON KOHIIEHTpAIlMKA OOIEro B3BEIIEHHOTO BelllecTBa
B MTOBEPXHOCTHOM CJIO€ CeBEepHOIt yacT YepHOro Mopst SIBJISIFOTCSI HU3KOCOJIEHbIE M MYTHBIE BOJIbI, TTOCTYMAIOIIME U3
KepueHckoro nmponuBa, Boabl CTOKOB Puonu, MHTYpu 1 Ipyrux pek Ha BOCTOKE aKBAaTOPUM U PACIIPECHEHHBIE BOIBI
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CTPYKTYpPBI KOHIIEHTPAaLMKM OOILIEro B3BEIIEHHOrO BEIIECTBA M T'MIPOJIOTMYECKUX MapaMeTpoB B CeBepHO yacTu YepHoro
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Huenpa, Jlnectpa u JlyHasi, IpOHUKAIOLIME HA aKBAaTOPUIO ChEMOK C CeBEpO-3aIraaHoro menbda. B rmy6oKoBogHOI
YaCTU MOPSI MOTYT IIPOCJIEKUBATHCS JIOKAIbHBIE 00IaCTH MYTHBIX BOJI, BOBHMKHOBEHNE KOTOPBIX CBI3aHO C 0COOEH-
HOCTSIMU BEPTUKAJIbHON LUPKYISLMU B 30HAX LIUKJIOHUYECKUX KPYroBOPOTOB U MeaHApoB OcHOBHOro YepHomop-
ckoro TeueHus . BepTukaiabHast CTPYKTypa KOHLIEHTpALIMK OOIIEro B3BEIIEHHOTO BEILIECTBA XapaKTeprU30Baiach Bepx-
HUM KBa3HOTHOPOIHBIM CJI0eM, OOBIYHO COBMAAAIOIIMM 1O TONIIMHE C BEPXHUM KBA3UOAHOPOIHBIM CJI0EM B MOJISIX
TepMOXaJIMHHBIX TTapaMeTPOB. B mpeneaax 3Toro ¢iost MeXay 3HaUeHUSIMU KOHLIEHTPALIMK OOLIEro B3BEIIeHHOTO Be-
LIECTBa U 3HAYEHUSIMU TeMIIEpaTyphbl M COJIEHOCTH HabJiomaaach 3HaUMMast JIMHEWHass OTpUaTeIbHAas KOPPesIiust
¥ 3HAYEHUSIMU TIJIOTHOCTU — IOJOXUTeNbHasd. [7y0ke, B cJl0€ CE30HHBIX TEPMOKJIMHA ¥ MUKHOKJIMHA, MIPOCIEKU-
BaJICsI MOATIOBEPXHOCTHBI MAKCHMYM KOHILIEHTpAIMK OOIIETO B3BEILIEHHOIO BellecTBa. B ob6acTsx, rae Habmonancs
MaKCUMAaJIbHBII BEPTUKAJIbHBIN IPaIUEHT TeMIIEPATypPhl, TOJIIIMHA CI0S MOBBIIIEHHON MyTHOCTH YMEHbBIIAIACh MTOU-
TH Ha MTOPSIAOK O CPaBHEHUIO C paifoHAMM, Te TPaJueHT TeMIepaTypbl ObII cl1abo BhIpaxkeH. Huke siapa XonomHoro
MPOMEXYTOUHOTIO CJI0SI B CJIO€ OCHOBHBIX TEPMOKJIMHA, FAJIOKJINHA U MUKHOKJIMHA MPOCIEXKUBANICS ITPOMEXYTOUHBII
MWHHUMYM KOHIEHTpALIMU OOILEro B3BeIIEHHOro BellecTBa. [1om 3THM MUHMMYMOM pacriojiarajics eiie OauH CIoi
MOBBILIEHHBIX 3HAYEHU KOHLIEHTPALIMK O0IIEro B3BELIEHHOrO BEIleCTBa, NIyOMHa KOTOPOIo cCoBMaaana ¢ yOuHoi
BEPXHEH TpaHULIBI CEPOBOIOPOIHON 30HBI.

KioueBbie ciioBa: o0liee B3BelleHHOe BemecTBo, YepHoe Mope, OcHoBHoe YepHomopckoe TeueHue, TeMIieparypa
BOJIBI, COJIEHOCTD, TIIOTHOCTD, LIMPKYJIALNS, BEPXHUIT KBA3MOTIHOPOIHBIN CIIOI, TEPMOKIINH, TMKHOKJINH, TAJTOKINH

1. Introduction

The intensive development of the shelf, the rapid growth of coastal cities and resort facilities, and the
massive coastal development lead to a significant increase in the anthropogenic impact on the Black Sea
ecosystem [1—3]. Along with river runoff, various industrial, agricultural, and domestic pollutants enter
the sea. In this regard, the relevance of assessing the ecological state of the Black Sea waters, which is
reflected in their hydro-optical structure, increases. The suspended matter has a significant effect on the
formation of the latter [4—6], the indicator of the content of which is the light beam attenuation coefficient
(BAC) [7—-12].

At present, four main layers are distinguished in the vertical distribution of BAC in the deep part of the
sea: surface, intermediate, boundary, and deep [7, 12]. The surface layer occupies the photic zone of the
sea. Its lower boundary varies within 40—70 m on average. In summer, the surface layer is characterized
by several BAC maxima, with the strongest maxima observed in the seasonal thermocline and in the upper
part of the main halocline [7]. In the shelf part of the sea, in the vertical distribution, there is usually one
BAC maximum [12]. In winter in the deep regions, only one BAC maximum persists in the vertical distri-
bution due to the absence of a seasonal thermocline. In the shelf zone, the BAC distribution is vertically
homogeneous [7, 12].

The intermediate layer is located at about 50—150m and is highly transparent. Its thickness in summer
does not exceed 30 m; in winter, it can increase up to 80 m. High transparency is associated with the absence
of organic matter accumulation conditions [7, 12]. Below lies the region of the oxygen zone transition into
the hydrogen sulfide zone (suboxic redox zone [13]). Here, elevated turbidity is associated with a high content
of suspended particles, including 93 % of inorganic and 7 % of organic particles [7, 14—18]. In the deep layer
that starts at the upper boundary of the hydrogen sulfide zone, BAC increases monotonically with depth in the
short-wave(violet) region of the spectrum, while the long-wave BAC remains constant vertically [14—20]. A
possible explanation is given in [20]. Absorption by yellow matter, a part of organic compounds, is intense in
the short-wave part of the spectrum and decreases sharply with the wavelength increase. Thus, it has a negligible
effect on BAC in the long-wave part of the spectrum.

Studies of the horizontal distribution of transparency features showed that the most turbid waters ap-
pear in the surface layer on the northwestern shelf, which is associated with intense river runoff [7, 9—12,
21, 22]. Horizontal fields of hydro-optical parameters presented synoptic variability in the form of alter-
nating areas of more transparent and relatively turbid waters, while the scale of synoptic formations was
10—100 km [12, 22].

Until recently, the general understanding of the Black Sea hydro-optical structure variability, espe-
cially in its deep-water part, is based on episodic measurements in different regions, seasons, and years,
which makes it difficult to identify patterns of variability of hydro-optical fields on various spatiotemporal
scales. In addition, to interpret the distributions of hydro-optical parameters, quasi-synchronous mea-
surements of thermohaline characteristics and instrumental measurements of currents are required. Such
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measurements have been regularly carried out since 2016 in the northern part of the Black Sea on the
R/V Professor Vodyanitsky. Some results of these studies for individual surveys are reflected in [23—28]. In
this paper, based on the generalization of all measurements performed from 2016 to 2020, we analyze the
relationship between the spatial structure of the concentration of total suspended matter (TSM) with the
distributions of hydrological parameters and water circulation. Note that in this study, the concentration
of TSM refers to the concentration of all suspended particles that remain on the filter when using one or
another filtration method.

2. Materials and methods

Hydro-optical and hydrological studies were carried out on the R/V Professor Vodyanitsky following the
same scheme of stations in the northern part of the Black Sea from Cape Tarkhankut to the border with Abkha-
zia. From 2016 to 2020, ten large-scale surveys were carried out in different seasons (Table 1). It should be noted
that unfavorable weather conditions and the closure of some areas for work did not always make it possible to
complete surveys according to the planned scheme.

For hydro-optical measurements, the attenuation coefficient of directional light was measured with a SIPO4
spectral sounder [29], developed in the Department of Optics and Biophysics of the Sea, MHI RAS. BAC was
measured in the red region of the spectrum at 625 nm with a vertical resolution of 0.1 m from the surface to the
maximum measurement depth. The maximum depth varied from 50 to 200 m on different cruises, depending
on the time and weather conditions of the hydro-optical measurements. We calculated TSM concentrations
using the empirical ratio TSM = 1.514 X BAC(625) — 0.23, obtained earlier for the northern part of the Black
Sea based on the data sets of BAC measurements and determination of the TSM concentration by the gravi-
metric method, collected at the same stations [28]. Hydrological parameters were measured by the Sea-Bird
911 plus CTD sounding complex; the speed and direction of the currents were measured by the ADCP WORK-
HORSE-300 kHz current profiler.

To assess the connection of the TSM spatial distributions to thermohaline parameters and their change with
depth, we calculated the linear correlation coefficients of TSM versus temperature, salinity, and density for all
stations with a vertical step of 1 meter. In addition, we determined a linear correlation between depths of TSM
maxima and various thermohaline isosurfaces: the lower boundary of the upper mixed layer, the transition lay-
er, the cold intermediate layer, the boundaries of the redox zone, the upper boundary of the hydrogen sulfide
zone, determined by the position of the isopycnal at 16.2 cond. units.

3. Results

An analysis of the TSM horizontal distributions in the surface layer revealed general patterns related to
the hydrological structure peculiarities. Within the polygons, there are several arecas with TSM extreme val-
ues, the appearance of which is associated with the centers of various water masses formation. On majority

Table 1

Cruises of the R/V Professor Vodyanitsky, in which measurements
of the light beam attenuation coefficient were carried out

Cruise, No Date Number of stations
87 30.06—20.07.2016 106
89 16.11-05.12.2016 112
94 22.04—06.05.2017 104
95 14.06—04.07.2017 113
98 14.11-28.11.2017 90
101 14—-27.12.2017 62
102 09.06—01.07.2018 122
103 28.08—20.09.2018 147
106 18.04—13.05.2019 142
115 27.11-16.12.2020 76
Total number of stations with BAC measurements 1102

126



CBs13b IPOCTPAHCTBEHHO# CTPYKTYPbI KOHIIEHTPALMH 00IIero B3BEHIEHHOTO BEIECTBA M THAPOIOTHIECKUX TAPAMETPOB. ..
The relationship of the spatial structure of the total suspended matter concentration and hydrological parameters...

1 I 1 I
45.5° - - - - - - - - - - -2 -
N N
o 1 i -
1
1
45 - AN A -
44.5°7 -
44° =
43.5° Dol LTSS, 0 A o =
A e
I o = o = = = 7 T T
- 5 10 15 20 25 30 35 40 0.45 0.7 0.95 19 145
E 32° 33° 34° 35° 36° 37°

Fig. 1. Distributions of TSM concentration (mg/1) in the surface layer and vectors of instru-
mentally measured currents (cm/s) at horizon of 25 m during the summer 2017 survey. The
position of the 18.1 %o isohaline is shown in green

cruises, regardless of the year and season, there were areas with increased TSM values to the south of the
Kerch Strait and the Kerch Peninsula. Higher turbidity is associated with the outflow of more turbid and
freshened Azov Sea waters through the Kerch Strait. Using the TSM concentration distribution in the sum-
mer of 2017 as an example (Fig. 1), it is evident that the area of increased TSM values spread along a vast
freshened zone with salinity below 18.1 %o, formed by the Azov Sea waters. According to the current velocity
in situ measurements, these waters propagate westerly with the Rim Current along the Crimean coast. The
outflow of the Azov Sea waters with an increased TSM concentration and low salinity from the Kerch Strait
and their spread to the west is well reflected in the suspended matter distributions and thermohaline param-
eters obtained from MODIS/Aqua scanners [30], and the climate array of hydrological measurements of the
BOD of MHI [31].

Another region of high TSM values occurs in the eastern part of the Black Sea along the coast of the Caucasus.
It was formed by a transfer of muddy and fresh waters of the flows of the Rioni, Enguri and other smaller rivers,
such as the Nechepsukho, Ashe, Shakhe, Sochi, and Mzymta, to the northwest by the alongshore branch of Rim
Current to the northwest (Fig. 2). Because of water circulation peculiarities, patches of high TSM values were
occasionally traced beyond the Caucasian coast in the open sea. Thus, according to the autumn cruise data from
August 28 to September 18, 2018, in the open part of the polygon, approximately between 36° and 37°E, 43.5° and
44.5°N, an extensive patch of elevated TSM values were observed (Fig. 2). According to in-situ velocity measure-
ments, this site was located on the northwestern periphery of the large-scale Eastern cyclonic gyre and originated
from the thrust of more turbid waters by the Rim Current branch from the coast of the Caucasus to the open sea.

According to the summer cruise, in the period between June 9—July 1, 2018, in the Tuapse area, a max-
imum TSM concentration was observed, associated with a local source of freshened and turbid waters here
(Fig. 3). These waters did not follow the Caucasian coast but propagated from the coast to the deep part
(Fig. 3). This can be explained by the alongshore flow decrease of the Rim Current in the eastern part of the
polygon recorded by instrumental measurements. At the same time, an anticyclonic eddy formed between No-
vorossiysk and Tuapse, along the east periphery of which freshened and more turbid waters entered the open
deep-water part of the polygon (Fig. 3).
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Fig. 2. Distributions of TSM concentration (mg/l) in the surface layer and vectors of in-

strumentally measured currents (cm/s) at horizon of 25 m during the autumn 2018 survey.

Green color shows the position of isochalines 17.85 %o (thin line), 18.05 %o (middle line),
18.25 %o (thick line)
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Fig. 3. Distributions of TSM concentration (mg/1) in the surface layer and vectors

of instrumentally measured currents (cm/s) at horizon of 25 m during the summer

2018 survey. The positions of isochalines 17,9 %o (thin line) and 18,15 %o (thick

line) are shown in green. The area where hydrooptical measurements were not taken
is shaded

In the northwestern part of the polygons, during spring-summer cruises, one more area of increased TSM
values was registered (Fig. 1; Fig. 4, a). In this area, as a rule, waters of low salinity were observed, which pene-
trated the survey area from the northwestern shelf (Fig. 1; Fig. 4, a). Shelf waters are characterized by maximum
turbidity and minimum salinity due to the runoff of Dnieper, Southern Bug, Dniester, and Danube rivers [7,
9-12, 21, 22].

In addition to the above areas of high TSM concentrations, in the deep part of the polygon, local areas
of turbid waters can be traced. Apparently, the existence of these regions is not associated with river runoff
or advection of coastal waters into the open sea. The occurrence of such areas can be explained by vertical
circulation peculiarities in the cyclonic gyres and meanders. So, for example, according to the summer and
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Fig. 4. Distributions of TSM concentration (mg/l) in the surface layer and vectors of instrumentally measured

currents (cm/s) at horizon of 25 m during the summer 2016 survey (a) and TSM concentration during spring

2019 survey (b). Green color shows the position of isochalines 17,9 %o (thin line) and 18,15 %0 (thick line) (a),
18,45 %o (thick line) (b)

autumn surveys in 2018, in the southern part of the polygons, areas of high TSM values were observed locat-
ed on the peripheries of cyclonic meanders (Figs. 2, 3). In contrast to coastal waters with high turbidity and
low salinity, waters with high TSM concentrations in the zones of these meanders were characterized by an
increase in surface salinity above 18.15 %o in summer and 18.25 %o in autumn (Fig. 2, 3). This increase in
turbidity and salinity is associated with the rise of more saline subsurface waters and a subsurface maximum
of TSM concentration, which leads to elevated TSM and salinity near the surface. TSM maximum depth
distribution varied from shallow 5—10 m in the regions of high surface TSM to deepened 15—25 m in the
surrounding waters [25].

In general, according to the data of all cruises in the deep-waters, the TSM concentration decreased with
distance from the coastal sources of turbid waters, while salinity, as a rule, increased (Fig. 4).

4. Discussion

Quasi-synchronous measurements of the TSM concentration and hydrological parameters during sur-
veys provided data for some statistical estimates of the identified features of a relationship between the
spatial structure of hydrological fields and the TSM field on the surface and for analysis of the variability
of this relationship with depth. An analysis of the horizontal distributions of the TSM concentrations and
thermohaline parameters, as well as the linear relationship coefficients between these distributions with the
increments of 1 m in depth, showed that within the upper upper mixed layer (UML) there was significant
negative linear correlation between the values of the TSM versus temperature and salinity at each horizon.
The correlation between TSM and density was positive [23, 26]. Thus, colder and less saline waters tended
to have increased turbidity due to the intense growth of organisms in colder waters, confined mainly to
the open parts of the sea and upwellings. In less saline waters, an increase in TSM concentration occurred
predominantly in coastal areas, where there is a significant input of river runoff enriched with particulate
matter of terrigenous origin.

The UML thickness in the TSM field significantly depended on the season (Fig. 5, a) and, as a rule,
coincided with the UML thickness in the fields of thermohaline parameters (Fig. 5, b, d, f). From late au-
tumn to spring, a well-developed UML with a thickness of up to 50 m was observed; in summer and early
autumn, the UML thickness did not exceed 5—10 m. Deeper than the UML, a subsurface maximum of TSM
concentration was traced, most prominent in summer and autumn (Fig. 5, a). The depth of this maximum
was 10—13 m in summer, increased to 18—22 m in early autumn, and up to 25 m at the end of autumn. The
distributions of vertical gradients of temperature (TVG), salinity (SVG), and density (o,VG) (Fig. 5, c, e,
g) showed that the depth of the subsurface maximum of TSM concentration coincided well with the depth
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of the maximum values (in absolute value) of vertical temperature and density gradients (Fig. 5, a, c, g).
In general, a strong linear relationship exists between the depths of the TSM subsurface maxima and the
maxima of the TVG and o,VG in the summer-autumn season (Table 2). In addition, it was found that the
thickness of the subsurface layer with high TSM concentrations, more than 1.5 times higher than the TSM
values in the overlying and underlying layers, depends on the absolute value of the vertical temperature gra-
dient. In areas of TSM maxima, the layer thickness with a high content of total suspended matter decreased
by almost an order of magnitude compared to areas where the temperature gradient was weak. A significant
linear correlation was obtained for the thickness of the layer with the maximum TSM concentration and the
value of the maximum TVG (Fig. 6).

During winter and spring cruises, the vertical stratification of the TSM concentration in the upper 60-m
layer was weak, and the subsurface maximum was practically undetectable. Directly in the surface layer up to
5 m thick, weak extrema of different signs were observed in the TSM structure, which resulted from the influ-
ence of synoptic atmospheric processes on the redistribution of surface waters with different TSM concentra-
tions (Fig. 5, a).

Below the subsurface maximum, the TSM concentration gradually decreased (Fig. 7, a). The cruises’
results show an intermediate TSM minimum within a 75—120 m layer, and its depth varies from 75—95 m in
late autumn, winter and spring to 100—117 m in summer and early autumn. The vertical temperature distri-
bution (Fig. 7, b) shows that this TSM minimum laid below the depth of the temperature minimum (the core
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Fig. 5. Vertical profiles of TSM concentration (a), temperature (b) and TVG (c), salinity (d) and SVG (e), density o, (f) and
o,VG (g) in the 0—60 m layer, averaged over all stations for each survey
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Table 2

Values of the linear correlation coefficients R between the depths of occurrence (H) of the subsurface maximum
of the Cygy; and the maximum of the TVG and 6tVG. R values significant at the 95 % level are shown in bold

Spring Summer Autumn Winter

Parameter
2017 2019 2016 2017 2018 2016 2017 2018 2018 2020

R(HTSMmax — TVGmax) 0.32 0.94 0.91 0.65 0.9 0.82 0.33 0.82 0.1 0.35

R(HTSMmax — otVGmax) 0.35 0.95 0.91 0.65 0.74 0.79 0.35 0.83 0.1 0.25

TVGmax, °C/m

Fig. 6. Correlation between the thickness of the
subsurface layer with high TSM concentrations
and the value of the maximum temperature
vertical gradient according to the data of the I
summer 2016 survey. Dashed lines are the 4 8 12 16
boundaries of the 95 % confidence interval CTSMmaX layer thickness, m

of the cold intermediate layer (CIL)), which occurred on 70—90 m, and was located in the layer of the main
thermocline, halocline, and pycnocline (Fig. 7, b — d). In general, a significant linear relationship was found
between the depths of the CIL core and the intermediate TSM minimum (Fig. 7, e).

Below the intermediate minimum, the TSM concentration increased again. And at depths beneath 100—
120 m, several relatively weak TSM extrema were recorded on the vertical profiles averaged over all stations
(Fig. 7, a). An analysis of the vertical structure of the density field showed that the greatest increase in the
content of suspended matter is observed in the layer of isopycnal surfaces 16.15—16.35 cond. units. Accord-
ing to [13], this layer covers the lower boundary of the suboxygen redox zone and the upper layer of the
hydrogen sulfide zone, the upper boundary of which is here determined by the position of the isopycnal 16.2
cond. units. The most intense deep maximum of the TSM concentration was well traced during the autumn
survey in 2017. On the averaged TSM profile, this maximum was located approximately at a depth of 170 m
(Fig. 7, a; Fig. 8, a), which corresponded to an isopycnal surface of 16.3 cond. units (Fig. 8, b), i.e., accord-
ing to [13], was in the upper part of the hydrogen sulfide zone. An analysis of the depth of occurrence of
TSM maximum at each individual station showed that across the survey area it varied in a wide range from
100 to 170 m. The consistency estimates of the spatial distribution of the TSM maxima depths and various
isopycnal surfaces with increments of 0.1 cond. unit, corresponding to the suboxygen redox zone (15.5—
16.15 cond. units) (Fig. 8, ¢) and the hydrogen sulfide zone (16.2—16.6 cond. units) (Fig. 8, d — f) showed
that the maximum correlation reaching R ~ 0.936 is observed for the isopycnal depth of 16.3 cond. units. In
general, a high level of consistency in the distribution of the TSM maxima depths in the hydrogen sulfide
zone with the distribution of the layer of isopycnal surfaces of 16—16.4 cond. units with R values exceeding
0.9 (Fig. 8, g) was observed.

5. Conclusion

Detailed hydro-optical surveys with high spatial resolution, performed on the same grid, provided data to
clarify the features of horizontal and vertical structures of hydro-optical fields and evaluate their relationship
with hydrological characteristics.
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zone (c), at the upper boundary of the hydrogen sulfide zones (d), in the hydrogen sulfide zone (e, f), change of the

correlation coefficient R between the depths of the Cyqy maximum and different isopycnes (g) according to the
data of the autumn 2017 survey. Dashed lines are the boundaries of the 95 % confidence interval

It is shown that the sources of increased concentration of total suspended matter in the surface layer of the
northern part of the Black Sea are low-salinity and turbid waters coming from the Kerch Strait; the waters of
the Rioni, Enguri, and other rivers in the east of the study region; and the freshened waters of the Dnieper,
Dniester and Danube penetrating survey area from the northwestern shelf.

In the deep part of the survey areas, local patches of turbid waters can occur, associated with the peculiar-
ities of vertical circulation in the cyclonic gyres and meanders of the Rim Current. Unlike coastal waters with
increased turbidity and low salinity, waters with increased TSM concentration in the zones of these meanders
were characterized by high surface salinity.
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It was found that within the upper mixed layer, at each horizon, a significant negative linear correlation was ob-
served between the TSM values and temperature, TSM and salinity, and a positive correlation between the values of
TSM and density, i.e. colder and less saline, as well as denser waters were characterized by increased turbidity.

It is shown that the thickness of the UML in the TSM field, as a rule, coincided with the thickness of the
UML of thermohaline parameters. Deeper than the UML, the main TSM maximum was registered, most
prominent in summer and autumn. The depth of TSM maximum coincided with the depth of the maximum
values (in absolute value) of the vertical gradients of temperature and density. The thickness of the subsurface
layer with high TSM concentrations, more than 1.5 times higher than the TSM values in the overlying and un-
derlying layers, was linked to the absolute value of the vertical temperature gradient. In areas where the TSM
maximum was observed, the thickness of the layer with a high content of total suspended matter decreased by
almost an order of magnitude compared to areas where the temperature gradient was weak.

Below the depth of the cold intermediate layer core, in the layer of the main thermocline, halocline, and
pycnocline, an intermediate TSM minimum was registered. Beneath the intermediate minimum, the concen-
tration of TSM increased again. At depths below 120—130 m one more TSM maximum occurred, located in the
upper layer of the hydrogen sulfide zone. The spatial distribution of the depth of occurrence of this maximum is
most clearly consistent with the distribution of the depth of the isopycnal 16.3 cond. units.
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