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Assessment of state and quality of the sea and ocean surface layer waters resulted from binding the
data from satellite images and the results of the simultaneously done in situ measurements is the
actual direction of modern complex oceanological studies. Further development of this direction the
immediate task of which consists in defining hydrochemical composition of water based on satellite
data requires selecting the regions in the Black Sea where in situ measurements of water
hydrochemical characteristics can be carried out simultaneously with satellite monitoring of the
surface water state. The results of analysis of the hydrochemical characteristics’ (main elements of
nutrient and carbon cycles) spatial distribution in the Blue Bay waters based on the data of the
expeditionary research carried out by Marine Hydrophysical Institute in 2002-2014 are represented. It
is shown that this region and the stationary oceanographic platform (SOP) located in its southwestern
part constitute a convenient ground for synchronous remote and sub-satellite studies of natural
oceanological processes and impact of the coastal anthropogenic pollution sources. The data on
hydrochemical characteristics of surface water in the SOP region can be used to study background
state of the coastal marine environment as well as influence of intense natural processes (storms and
(or) upwellings) upon formation and evolution of hydrochemical and optical structure of surface
waters, surface water and atmosphere gas exchange, effect of physical, chemical and biological
processes on the sea water quality. Influence of two coastal sources of anthropogenic pollution upon
the Blue Bay marine environment was studied using synchronous remote and sub-satellite measure-
ments; the results of these investigations provide additional opportunities for developing and
certifying the methods of remote study and monitoring of the coastal marine environment state.
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Introduction. The entire shelf part of the Black Sea (regardless of the fact
which country an economic zone belongs to) is a water area exposed to constant
and intensive anthropogenic impact. River runoff control, water exchange violation
due to construction of different onshore facilities (e.g. piers), pollution and
eutrophication, which arise from the insufficiently treated sewage waters and
polluted river water discharge, are the factors of negative effect on coastal water
quality. Furthermore, the multipurpose usage of shelf water area (exploitation of
military and trade harbors, shipyards and ship repair facilities, fishing and
mariculture, tourism, recreation and so on) in the absence of appropriate
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environmental activities has resulted in a sharp deterioration of environmental
situation.

The consequences of long-term anthropogenic impact on shelf waters may
manifest themselves through the changes of hydrodynamic and hydrological
characteristics, transformation of water and bottom sediment hydrochemical
structure in the direction of their pollution and creation of technogenically and
ecologically dangerous hydrochemical background. The most negative case of
hydrochemical water structure change is an occurrence of hypoxic and anoxic
conditions [1 — 3] that result in regular fish mortality. Deterioration of water quality
(waters are one of the most valuable components of the Crimean recreational
potential) is also significant by its negative manifestation. At the same time, the
location of beaches and recreation zones on the one hand, and anthropogenic
sources of pollution on the other, is often uncoordinated and does not meet the
basic criteria of spatial planning. The assessments of such pollution source impact
on the quality of coastal waters are absent, the monitoring in not performed.

Therefore, the Black Sea shelf monitoring (its main purpose is a study of
current hydrological and hydrochemical regime) is the most important environment
protection preventive objective for diagnosis and forecast of marine environment
ecological state of the entire Black Sea. The estimation of the content of nutrients,
carbon cycle and dissolved oxygen elements in the water should be the main
direction of shelf water hydrochemical monitoring. These data give an insight of
organic substance internal biotransformation in marine ecosystems, basic
conditions of their functioning and the processes, which determine many of the
characteristics of the seawater quality.

In order to control a hydrochemical composition of coastal waters, a systema-
tic (at least annual) monitoring of all shelf waters, as it has been performed in
60" — 80™ of the XX century, is required. However, in recent years only the
episodic Black Sea oceanologic research, where hydrochemistry hadn’t been
always fully represented, was performed.

An estimation of the sea and ocean surface layer state and quality, obtained
according to the satellite survey data, and its comparison with the field
measurement results (performed at the same period of time) are the actual trends of
contemporary oceanographic complex research. The results of current satellite
monitoring and the Earth remote sensing are used to determine a content of
phytoplankton and total suspended matter content in the surface waters [4, 5], oil
pollution [6, 7], intensive phytoplankton bloom [8, 9], assessment of coastal
pollution source impact [10].

For the further development of this trend (its immediate goal is to assess a
hydrochemical structure of waters by satellite data) it is necessary to determine the
Black Sea regions where it would be possible to carry out the field measurements
of surface waters hydrochemical characteristics simultaneously with the satellite
monitoring.

Thus, we should select a shelf area where it is possible to register an
anthropogenic impact by change of hydrochemical characteristics, and at the same
time the region must be accessible for carrying out of operative expeditionary
works. According to these requirements, the Blue Bay area near Katsiveli village
and the stationary oceanographic platform (SOP), located at the south-western edge
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of the Blue Bay, were selected (Fig. 1). The objective of this work is an assessment
of this region as a ground for synchronous remote and sub-satellite field research.

‘Limenka river

Fig. 1. Blue Bay and the location of anthropogenic sources

Materials and methods. In the given work the results of the research, carried
out by Marine Hydrophysical Institute (MHI) at the ground located in the Blue Bay
region in September 2002, were used. The seawater samples from surface and near-
bottom horizons were collected in this expedition using the STD-probe. In seawater
samples the content of oxygen, nutrients (phosphates, silicic acid, the amount of
nitrates and nitrites) and the carbonate system (pH value, total alkalinity, total
inorganic carbon) was determined.

The results of the works performed at SOP by MHI biogeochemistry
department in 2009 — 2014 in different hydrological seasons (usually in May,
September and in late November) were also used. In this research the collection of
water samples at three surface water horizons — 0; 0.5 and 5 m was carried out by
means of submersible pump during 2 — 3 weeks at different time of a day (usually
at 7:00, 12:00, 18:00 and sometimes, if the upwelling was observed, at 23:00). In
case of intensive wind-induced mixing of a surface layer, the collection of samples
was performed from two and sometimes one horizon due to storm conditions. The
collected samples were immediately frozen in 250 ml plastic containers (these
samples were analyzed for content of nutrients in MHI stationary laboratory after
they had been brought ashore) or were analyzed for dissolved oxygen and carbon
dioxide concentration, values of total alkalinity and pH directly at the SOP.

In all cases chemical analytical determinations were carried out according to
techniques recommended for use upon hydrochemical ocean research [11]. The
certified standard samples (governmental standards) developed by STC Physico-
Chemical Institute of the National Academy of Sciences of Ukraine were applied
for device calibration when using the physicochemical measuring methods and
check of analysis results.
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Results and discussion. Hydrochemical study of the Blue Bay waters. The
Blue Bay (near Katsiveli village) is situated at a sufficient distance from the Kerch
Strait and there is no manifestation of the Azov Sea waters in this region.
Propagation of these waters, for example, into the Feodosia Gulf and further to
Meganom Cape in December 2006 had been registered by satellite images and was
confirmed later by field data of hydrologic-hydrochemical survey [12].

In the coastal region of the Crimea near the Blue Bay powerful industrial or
agricultural enterprises are absent. An anthropogenic impact on the water
hydrochemical composition of the Bay may be caused only by domestic
wastewaters discharged from the shore (Limenka River is a runoff for Katsiveli
treatment plants) or at insufficient distance from water line (Aquapark
entertainment complex, treatment plants between Alupka and Simeiz) (Fig. 1). It
was reliably recorded in the research carried out in 2002 [13, 14]. They indicated
that freshwater runoff of Limenka River had a sufficient effect on the distribution
in surface layer of silicic acid, and a seawater runoff from the Aquapark affected
near-bottom nitrate distribution (Fig. 2). The effect of two abovementioned sources
of anthropogenic impact on the Blue Bay coastal ecosystem was further confirmed
by hydrobiological research [15].
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Fig. 2. Surface layer silicic acid distribution (uM) — a and near-bottom distribution of nitrates (uM) —
b in the Blue Bay coastal waters in September 2002

One could assume that the SOP sufficient distance from the shore (440 m)
excludes the impact of Katsiveli village and Aquapark wastewater on the water
characteristics. Thus, when comparing the generalized data of hydrochemical
parameter analytical determinations obtained during the coastal expeditions, which
had been carried out at the Black Sea in 2006 — 2010 by MHI (the expeditions
covered the Black Sea shelf from the Kerch Strait to near-estuary areas of the
Danube and the Dnieper [16]), it was shown that characteristics for the SOP area
were similar to “background” characteristics for shelf water areas near the Crimea.

Nevertheless, during a more detailed examination of hydro-chemical and
hydro-optical research results (the research was performed in the Blue Bay at
September 16, 2002) it was found that the oceanographic platform is situated
within the zone, which in certain conditions is exposed to a coastal runoff impact.
Thus, in addition to inhomogeneous distribution of silicic acid in surficial waters,
nitrates in near-bottom waters and water saturation with oxygen (no figure given),
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the increased concentrations of phosphates and nitrites (no figures are given) in the
water column, adjacent to the SOP water area, were registered.

Hydrochemical research at the stationary oceanographic platform. While
studying a hydrologic-hydrochemical regime of shelf areas, one of the most
important goals of contemporary chemical oceanography is a research of physical
and biochemical process effect on gas exchange at the air-sea interface, because it
is the gas exchange that largely determines the oxygen budget and consumption of
carbon dioxide excessive amount by the ocean. Therefore the main goal of studies
at the SOP was to obtain the data of regular field observations on oxygen content
and vertical distribution and elements of carbon cycle inorganic part (pH, total
inorganic carbon and carbon dioxide partial pressure) in 5 m of water surface layer
and atmosphere with simultaneous monitoring of meteorological conditions and
hydrological characteristics of the water. Since 2012, a determination of nutrient
content was added to these parameters.

As it will be shown below, upwelling, regularly occurring near the Southern
Coast of the Crimea (SCC) in spring — summer period, has the greatest effect on
the content of all studied hydrochemical components. That is why before the
discussion of single components we are to consider the way of upwelling
phenomena registration near the SOP by means of field observation data. The
upwelling development at the SCC region can be observed by water surface
temperature change, obtained by means of satellite data (Fig. 3).
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Fig. 3. Water surface temperature change in the SOP area (Katsiveli village) near the Crimean coast
in 2010 according to the satellite survey on May 17 — a, May 19 — b, May 26 — ¢, May 28 — d [17].

Upwelling termination, according to the data of field STD-probing directly
from the SOP, is represented in Fig. 4. When analyzing Fig. 3 and 4 it is evident
that by the beginning of the measurement in late May 2010 cold water was no
longer displayed at satellite images. Nevertheless, cold water remained in close
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proximity to the surface and continued to affect the exchange processes between
water and atmosphere.
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Fig. 4. Temperature variation in the SOP area during the survey in May 2010 according to direct
measurement data
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Fig. 5. Variation of carbon dioxide equilibrium partial pressure in the seawater in the SOP area
according to the data of direct measurement carried out in 2010 — 2014
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Further we will consequently discuss the results of expeditionary research,
carried out at the SOP by MHI biogeochemistry department in 2009 — 2014
(Fig. 5— 8), and will analyze which way the upwelling affected the content of
single elements of carbonate system, dissolved oxygen and nutrients.

The carbon dioxide equilibrium partial pressure in the seawater (pCOy),
obtained during direct measurements at the SOP in different years, are represented
in Fig. 5. An average pCO, value in atmosphere calculated according to direct
measurement results, performed at the same time, is given for comparison.

It is evident that intra-annual changes of pCO, range in the seawater near-
surface layer are characterized by a number of features. The greatest amplitude of
pCO; changes in the seawater was observed during the expeditions, which took
place in May. It was manifested especially evident in May 2013. This may arise
from pCO, dependence from water temperature. An intensive spring warming of
waters takes place in May, and sufficient temperature fluctuations due to upwelling
are characteristic of the same season. Effect of these factors may be considered as
one of the main causes of pCO; sufficient changes during the spring warming.
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Fig. 6. Variation of seawater dissolved inorganic carbon in the SOP area according to the data of
direct measurements performed in 2010 — 2014
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In the majority of cases in spring pCO, values were higher in seawater than in
atmosphere, and as a result CO, evasion was observed. An exception was a survey
in May 2011, which was performed after prolonged upwelling. During this survey
some cases of equilibrium pCO, decrease in seawater to the values which were
lower than ones in atmosphere. In other cases, in May the equilibrium pCO; in the
water exceeded pCO; in the atmosphere both under the upwelling conditions and
without them.

Stably high pCO, was observed in the seawater in summer. Thus, in July 2010
during all the survey a stable CO, evasion to the atmosphere was registered.

The highest inhomogeneity of pCO, in the water is characteristic of autumn
survey results. The surveys were performed during the autumn water cooling in
September — October. In most cases of 2010 and in all cases of 2011 and 2014 the
pCO; in the water was lower than the corresponding value for atmosphere. Autumn
surveys of 2012 and 2013 were characterized by another pattern: in most cases the
pCO; in the water was higher than the one in atmosphere. A single case when
pCO; in the water was lower than in the atmosphere was registered in September
2013 at the moment of a frontal zone passage, which resulted in a dramatic water
temperature decrease.

During the observations carried out in November — December 2012 and 2013
pCO, values in the water were lower than in the atmosphere. In 2012 such pattern
had been observed throughout the survey and in 2013 — during most of observation
time. In November 2013 the increased pCO, values were registered after the storm.
It resulted in the fact that surf zone waters were carried in the area of observations.

The concentration of dissolved inorganic carbon (TCO,) is one of seawater
conservative hydrochemical characteristics. TCO, variation relative to the average
magnitude of this value for all observation time is represented in Fig. 6. Most of
observation results performed in May 2010 — 2012 and 2014 exceeded the average
value. In summer, and also in cold period of the year (November 2012 and 2013,
October 2014) there were observed lower TCO, concentrations.

The greatest TCO, change amplitudes were characteristic of surveys
performed in May, 2010 and 2012 and also for ones performed in July 2010. TCO,
fluctuations in May are due to upwelling, and their consequence is an influx of
deep waters with higher inorganic carbon content into the surface layer. In summer
TCO, is determined by activity of biota and also by calcium carbonate dissolubility
decrease due to water temperature increase.

Seawater total alkalinity values (Alk) obtained in 15 expeditions at the
oceanographic platform from 2010 to 2014 as well as during the expedition on
board of R/V Experiment in the SOP area in January 2007, are given in Fig. 7. As
is evident from the results of five-year research, seawater total alkalinity decreases
from the beginning of the year (May), reaching minimum values in August —
September, and then an intensive increase up to maximum values in winter months
takes place.

The greatest spread of Alk (as well as for pCO, and 7CO,) during some
expeditions is characteristic of surveys performed in May due to intensive changes
of seawater hydrologic characteristics in the SOP area in this period.
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An increase of total alkalinity for interannual changes is quite evident. In May,
2010 and 2011 its average values were practically the same, 3248 and 3244 pmol/I,
correspondingly; then a significant value increase is observed: 3275 umol/l in
2012, 3300 pumol/l in 2013, 3346 umol/l in 2014. Similar changes are characteristic
of all the seasons except December 2014, when average value of total alkalinity
3333 umol/I turned out to be somewhat lower in comparison with the analogous
3363 pumol/l value in December 2013.

Concentration of dissolved oxygen in surface layer near the SOP predictably
depends on hydrological season (Fig. 8), and it had been changed insufficiently
during a single survey. The greatest spread of values was observed in May, 2013
when the surface temperature, warmed up to 20 °C, dramatically decreased due to
upwelling. The level of water saturation with oxygen in spring-summer period is
stably equal to 110 %, and in winter period — to 97 — 98 % and the upwelling did
not affect these values.

Total content of nitrates and nitrites (approximate ratio is 10:1) in surface layer
near the SOP during the research time didn’t exceed 3 uM (Fig. 9). This value was
noticeably exceeded only once, on December 1, 2012 after a strong storm in late
November (see above).
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Fig. 9. Content of nitrate and nitrite sum, phosphates and silicic acid in the surface layer near the SOP
in 2002 — 2014

Phosphate content in surface layer near the SOP over the last 15 years
remained, as a rule, at ~0.1 uM level. Only in May 2010 a strong upwelling,
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observed in the SOP area, increased a phosphate concentration in 3 — 4 times in
comparison with “background” values without affecting the content of other
biogenic elements. Taken together, these observations confirm the conclusions [12]
about the fact that this area is characterized by the absence of phosphate deficiency,
which in its turn indicates active dynamic processes that promote a phosphate
inflow from the underlying layers of the sea.

Silicic acid content (Fig. 9) in the Blue Bay surface waters over the last 15
years constantly remains at 1 — 3 uM level and does not sufficiently change under
the effect of upwelling. Nevertheless, silicic acid concentration considerably
changes under the effect of coastal runoff manifestation. Thus, the increased
concentrations of this element (for instance, silicic acid concentration above 6 uM
found out in September 2002 near the estuary of Limenka River, Fig. 2, a) may be
used when searching for wastewater sources.

Conclusion. As is evident from the foregoing, the Blue Bay area is a
convenient testing ground to carry out synchronous remote and sub-satellite studies
of natural oceanographic processes (Fig. 3) and impact of coastal anthropogenic
sources of pollution (Fig. 2). Definite advantage of this testing ground is stationary
oceanographic platform situated in its south-western part.

Hydrochemical data on water surface layer in the SOP area may be used for
study of coastal marine environment “background” state, the effect of intensive
natural processes (storms and upwelling) on formation and evolution of surface
water hydrochemical and optical composition, gas exchange between the surface
waters and the atmosphere, as well as physical, chemical and biological processes
on seawater quality.

Two anthropogenic pollution coastal sources in the Blue Bay (their effect on
marine environment characteristics may be studied by means of remote and sub-
satellite synchronous research) complement the capabilities of the given ground for
development and approbation of remote methods of marine coastal environment
condition study and monitoring.
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