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The ecological state of the Sevastopol Bay and the Yuzhnaya Bay is compared by their trophic level
using the E-TRIX index. E-TRIX is defined by four state variables, which are strongly correlated with
primary production: chlorophyll a, oxygen as absolute % deviation from saturation, dissolved
inorganic nitrogen, and total phosphorous. The annual dynamics of biogenic elements is calculated;
the one-dimensional water quality model, which has been calibrated for the referred water areas,
is used. The annual E-TRIX index variations in the bays are compared; the correlation coefficients
between E-TRIX and its parameters are calculated; the contributions of E-TRIX variables are
estimated.

The annual variation of biogeochemical parameters in the Sevastopol and Yuzhnaya bays has
been simulated and E-TRIX index has been estimated. The calculations have showed that on the
average the Yuzhnaya Bay has higher trophic level: the average E-TRIX index equals 4.47. In the
Sevastopol Bay, the average E-TRIX value equals 4.01. The maximum values of the index have
reached 5.53 for the Yuzhnaya Bay and 4.55 for the Sevastopol Bay. However, when the level of
phosphates concentration which are the main limiting nutrient elements in the Sevastopol Bay is
higher than in the Yuzhnaya Bay (from early July to middle August), the trophic index in the
Yuzhnaya Bay is lower than in the Sevastopol Bay.

The relative contribution of components in the E-TRIX index has been estimated. It has been
revealed that the main factor determining the trophic level in the Sevastopol and Yuzhnaya bays
water is the concentration of dissolved inorganic nitrogen. The contributions of the other components
in the E-TRIX index are equivalent.
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Introduction

The state of semi-enclosed basins in impact zones is among the most urgent
problems due to the increasing anthropogenic load. Its consequences may result in
serious environmental problems including a significant decrease in the water
quality in gulfs and bays [1].

One of the adverse consequences of anthropogenic impact on the ecological
state of the marine environment can be an increase in the trophic level of the water
area (water body). The water eutrophication is often resulted from the excessive
input of nutrients and easily oxidized organic matter, the main source of which are
river runoff and industrial wastewater. Their impact is of a local nature.

There is no universal method for assessing the sea water trophic level and
generally accepted methods applied in practice. For defined study an approach
determined by the indicators and their number in the calculation of various
environmental indexes, taking into account a limited set of measured parameters
and indicators of the marine environment, is chosen.
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The trophic index E-TRIX [2] is an integrated complex indicator associated
with the phytoplankton primary production (the content of photosynthetic
pigments, mainly chlorophyll a) and the nutrient concentration.

The advantage of E-TRIX over many other indexes with which it is also
possible to assess the water quality is that the standard hydrochemical and
hydrobiological monitoring data are used for calculation. This allows one to
perform correctly a comparative analysis of the ecological water state in different
marine water areas according to their trophic level.

In different researches the authors use E-TRIX index calculated according to
monitoring observations for various shallow water areas: near-shore zone of the
Adriatic and Tyrrhenian seas [3, 4], certain gulfs of the Marmara Sea [5], the north-
eastern shelf of the Black Sea [6], the Danube region, Bulgarian near-shore zone, the
Odessa Gulf in the north-western Black Sea [7, 8], Sevastopol near-shore zone [9, 10].

In [9], E-TRIX index was simulated on the basis of monthly hydrochemical
monitoring data as well as the data on the chlorophyll a concentration from
February 2002 to November 2003 near the mussel farm located at the exit from the
Sevastopol Bay.

However, field observations were not always carried out in sufficient amount
at different points of space. Numerical modeling not only allows to fill gaps in the
points where the field data is absent but also to perform a model assessment of the
ecosystem state under conditions of its components variability. In addition,
numerical modeling provides the ecosystem evolution forecast under the mutual
effect of natural-climatic and anthropogenic factors.

In [4], E-TRIX index calculated from the multi-year monitoring data for the
Adriatic Sea was compared with the corresponding index obtained from the
biogeochemical model, and their comparability is shown.

The main purpose of the present work is to carry out a comparative analysis of
water state of the Sevastopol and Yuzhnaya bays by E-TRIX trophic index with
biogeochemical parameters calculated from the water quality model. It should be
pointed out that simulation of biochemical processes are carried out for the
Sevastopol Bay (which also includes the Yuzhnaya Bay).

The Sevastopol Bay is a semi-enclosed water area oriented in a latitudinal
direction from the east to west with a difficult water exchange with an open (less
polluted) part of the sea. The bay is characterized by shallow water and intensive
anthropogenic load which is also related to the Chernaya River runoff (Fig. 1).

\9

Fig. 1. The Sevastopol Bay zoning by to water pollution level (according to [11]): the areas of weak
(W), moderate (E), strong (C) and very strong (S) pollution
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As a water area of active economic use, the bay actually serves as a reservoir
into which get industrial and domestic wastewater as well as stormwater from the
catchment area. Every day up to 10-15 thousand m?® of untreated or conditionally-
treated wastewaters are discharged into the bay. With these wastewaters a wide
range of pollutants get into the water (in the concentrations which significantly
exceed the permissible standards [11]).

Depending on the localization of pollution sources, morphometry and
hydrometeorological conditions, in the Sevastopol Bay both relatively “clean”
zones and the ones of consistently high pollution (for example, the Yuzhnaya Bay)
are formed.

In [11] the Sevastopol Bay was divided into four zones. Geographically, the
western region (W) is a weak pollution zone, the eastern (E) — is a moderate one.
The central part of the bay (C) belongs to the strong pollution zone. In comparison
with the other parts of the bay, the Yuzhnaya Bay (S) is characterized by very
strong pollution. This division is rather relative.

Due to limited water exchange with the main water area and to the use as
a location of numerous ship berths, the Yuzhnaya Bay ranks first among other
Sevastopol bays in terms of industrial, domestic and storm sewage. Its apex is
characterized by freshened areas and the intensity of water freshening is unstable
during a year.

The Sevastopol Bay pollution level (in accordance with the zoning given
above) based on the processing of Oceanographic Database of the Marine
Hydrophysical Institute for 1998-2011 for the surface water is represented as
diagrams (Fig. 2).
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Fig. 2. Seasonal change of phosphate (a), nitrate (b), nitrite (c) and ammonium (d) (uM/I) content in
the waters of certain areas of the Sevastopol Bay chosen by the pollution level according to [11]

The Yuzhnaya Bay is the most polluted water area regardless of the season.
This is particularly represented in the concentration of nitrates and nitrites as well
as, to a lesser extent, in the one of ammonium. The absence of a pronounced
seasonal dependence indicates the predominant anthropogenic nature of the
nutrients getting into the bay.
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The Yuzhnaya Bay surface waters (especially at its edge part) are
characterized by the maximum concentrations of nitrogen compounds. More than
20-fold excess of nitrate concentration over the average values obtained for the
Sevastopol Bay (Fig. 2) is observed at that [12].

Research materials and methods

For assessing the water trophic level, E-TRIX index which is a function of
dissolved oxygen content and total phosphorus concentration, mineral forms of
nitrogen and chlorophyll a [2] is used. The last indicator characterizes the primary
production of phytoplankton.

According to [2], trophic index is determined as following:

E-TRIX = (Ig[Ch D%O N-P] + 1.5) / 1.2,

where Ch is a chlorophyll a concentration, pg/dm?; D%O is a deviation of the
dissolved oxygen content in absolute values from 100 % saturation; N is
a concentration of dissolved mineral nitrogen, pg/dm?®, P is total phosphorus
concentration, pg/dmq.

E-TRIX index vary from 0 to 10 [2]. Depending on E-TRIX, four trophic levels
are determined: low (< 4); medium (4-5); high (5-6) and very high (6-10).

At E-TRIX > 6 the sea regions under study are characterized by a high content
of nutrients, low transparency and the possibility of hypoxia occurrence in the
bottom layer. Conversely, at E-TRIX < 4 the concentration of the main nutrients is
insignificant; the waters are well aerated throughout the water column and are high
transparent [13].

The concentration of chlorophyll a, dissolved oxygen, mineral nitrogen and
total phosphorus required for E-TRIX index simulation were calculated from the
one-dimensional water quality model and its block of eutrophication [14].

For the Sevastopol Bay, the model was calibrated and proved itself well in
calculating the hydrochemical parameters of the bay as a whole and its separated
parts [15, 16].

Meteorological data (wind velocity and direction, air temperature,
photosynthetically active radiation, humidity and the amount of clouds) and the
data on annual discharge and runoff of dissolved substances of rivers flowing into
the water area were used as an input data. Annual variations of transparency, sea
water temperature, salinity, concentrations of phytoplankton, nutrients, oxygen,
organic phosphorus and nitrogen which are set for January 1% of the design year
were also used.

Research results and their analysis

To assess the water trophic level in the Sevastopol Bay (including the
Yuzhnaya Bay) and the Yuzhnaya Bay separately, the annual variation of
chemical-biological water parameters applied in the E-TRIX index simulation was
calculated.

E-TRIX index annual variation for the Yuzhnaya and the Sevastopol Bays is
shown in Fig. 3. During the year E-TRIX varied from 3.30 to 5.53 for the Yuzhnaya
Bay and from 3.59 to 4.55 for the Sevastopol Bay. On average, the Yuzhnaya Bay
trophic value (E-TRIXmean = 4.47) is higher than the one for the Sevastopol Bay
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(E-TRIXmean = 4.01). The exception is the period from the beginning of July to the
middle of August (210 — 255" computed days) in which the Yuzhnaya Bay trophic
index is lower than the one of the Sevastopol Bay. This can be explained by the
fact that in the given period phosphate concentration in the Yuzhnaya Bay was
lower than in the Sevastopol Bay (Fig. 2) which decreased the amount of
nutritional substances and resulted in the decrease of phytoplankton biomass and
trophic index down to 3.30.
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Fig. 3. E-TRIX index annual variation of the Yuzhnaya Bay (—) and the Sevastopol Bay (- - -)

For the Sevastopol Bay the minimum index (3.59) falls on the second part of
July (190-200" day), the maximum one — on the middle of October (280 — 290"
days). For the Yuzhnaya Bay the minimum index falls on (3.30) falls on July (230"
day), the maximum one (5.53) — on early October (270" day). In both cases the
maximum index coincides with the autumn peak of the phytoplankton bloom. The
second local maximum falls on the spring phytoplankton bloom.

Thus, the Sevastopol Bay water trophic level can be characterized as transitio-
nal from low to high one. From April to May (123-175" days) and from September
to November (238-353" days) there is a moderate trophic level (4 < E-TRIX < 5).
In other days of a computed year trophic level is low (4 > E-TRIX).

The Yuzhnaya Bay waters mainly belong to the moderate trophic level
(4 < E-TRIX < 5). However, from the middle of July to the middle of September
(191-249" days) the Yuzhnaya Bay trophic level is low (4 > E-TRIX) and from
October to November (272-300" days) it is high (5 < E-TRIX < 6).

In Fig. 4 and 5 the annual variation of E-TRIX index combined with the
parameters (concentration of chlorophyll a, total phosphorus, mineral nitrogen and
saturation of water with oxygen) in the Sevastopol and the Yuzhnaya Bays,
respectively, is given.

On the basis of the simulated data for the Sevastopol and the Yuzhnaya Bays
correlation coefficients between the E-TRIX index and the concentration of mineral
nitrogen, total phosphorus and chlorophyll a were calculated.
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Fig. 4. Annual variation of E-TRIX index (—) and the concentrations (- - -) of chlorophyll a (a), total
phosphorus (b), mineral nitrogen (c) and water saturation with the oxygen (d) in the Sevastopol Bay
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Fig. 5. Annual variation of E-TRIX index (—) and the concentrations (- - -) of chlorophyll a (a),
total phosphorus (b), mineral nitrogen (c) and water saturation with the oxygen (d) in the Yuzhnaya
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For the Sevastopol Bay the highest values were obtained for E-TRIX correlation
coefficient with a chlorophyll a concentration (r = 0.89) and deviation in absolute
values of the dissolved oxygen content from 100 % saturation (r = -0.78) which
indicates rather good relation of E-TRIX index values with the given parameters.
The correlation with the concentrations of mineral nitrogen (r = -0.42) and total
phosphorus (r = 0.41) is weak.

For the Yuzhnaya Bay the highest E-TRIX correlation coefficients were
obtained with the concentrations of chlorophyll a (r = 0.89) and mineral nitrogen
(r =0.66). The correlation with total phosphorus concentration (r = 0.57) is weak,
the one with the dissolved oxygen content deviation in absolute values from 100 %
saturation (r=-0.48) is weak.

Negative feedback of E-TRIX with certain parameters (D%O, N) can be clearly
seen in the annual variation of these values (Fig. 4 and 5).

Simulation of the relative contribution of components included into the E-TRIX
index is represented in Tables 1 and 2. E-TRIX is calculated by successive
elimination of one or another parameter (replacing it by one) included into the
computational equation. Ch chlorophyll contribution was negative because
simulated values of this parameter are less than one and its replacement by one
leads to the increase of actual E-TRIX. Other parameters included in E-TRIX have
the values which are more than one and exclusion of any of them leads to
a decrease in the actual value of E-TRIX.

Table 1
Relative contributions (%6) of E-TRIX components for the Sevastopol
and the Yuzhnaya Bays
the Sevastopol Bay the Yuzhnaya Bay
E-TRIX Range of Mean value Range of Mean values
components
values values
Ch -35...-11 -24 -63...-6 -26
D%O 22...28 -25 19...31 -24
N 35...48 -41 40...65 -50
P 23...28 -26 19...32 - 24

Table 2

Relative contributions (%6) of E-TRIX components for the extreme indexes
of the Sevastopol and the Yuzhnaya Bays

the Sevastopol Bay the Yuzhnaya Bay
E-TRIX components e gy T E-TRIXme | E-TRIXmn | E-TRIXmm
Ch 34 12 62 8
D%O 24 26 31 21
N 47 35 64 40
P -28 -23 -29 24
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It should be pointed out that at the maximum E-TRIX (4.55) relative
contributions N (35 %), P (23 %) and Ch contribution modulus (12 %) were
minimal for the Sevastopol Bay. In its turn, at the maximum of N (47 %), P (28 %)
contributions and Ch contribution modulus (34%) E-TRIX value is minimal (3.59).
The same situations are observed for the Yuzhnaya Bay: at E-TRIX (5.53)
maximum value relative contributions of N (40 %) and Ch modulus (8%) were
minimal and vice versa, at the maximum values of N (64 %), D%O (31 %)
contributions and Ch modulus (62 %) E-TRIX is minimal (3.30).

Thus, the concentration of nitrogen mineral forms is the main factor
determining the trophic level of the Sevastopol Bay and the Yuzhnaya Bay waters.
The contributions of other components included into E-TRIX are equal.

Conclusion

Modeling of annual variation of the Sevastopol Bay and the Yuzhnaya Bay
biogeochemical parameter and further calculation of E-TRIX index showed that, on the
average, the Yuzhnaya Bay has the higher eutrophication level: E-TRIXmean=4.47. In
the Sevastopol Bay average E-TRIX is 4.01. The maximum index was 5.53 for the
Yuzhnaya and 4.55 for the Sevastopol Bays. Trophic level of the Sevastopol Bay
waters can be characterized as a transitional from low to medium, and the one of the
Yuzhnaya Bay — basically as a medium level.

Separately stands out a situation when the Yuzhnaya Bay trophic index
becomes lower than the one of the Sevastopol Bay: from early July to the middle of
August (210-255" computed days of the year). This can be observed when the
concentration of phosphates, the main limiting nutrients, in the Sevastopol Bay is
higher than in the Yuzhnaya Bay.

When assessing the relationship between the E-TRIX index and its parameters,
it was found that the highest correlation is observed with the chlorophyll a
concentration (r = 0.89) and the dissolved oxygen content deviation in absolute
values from 100 % saturation (r = -0.78) for the Sevastopol Bay waters. For the
Yuzhnaya Bay waters the highest E-TRIX correlation is observed with the
concentrations of chlorophyll a (r = 0.89) and mineral nitrogen (r = 0.66).

The calculations of relative contributions of components included into E-TRIX
revealed that the main factor determining eutrophication levels of the Sevastopol and
the Yuzhnaya Bays is a concentration of nitrogen mineral forms. The contri-buteons
of other components included into the computational E-TRIX formula are equal.
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