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The ability of a bay and gulf ecosystems to self-purification was estimated and the current 
ecological state of the Sevastopol Bay in whole and the separated parts of the bay was given 
as an example. A zoning by type of anthropogenic impact subject to the water exchange 
with the open sea and an influence of the Chernaya River run-off were taken into account. 
A comparative analysis of assimilation capacity of the most environmentally disadvantaged 
part of the Sevastopol Bay (the Southern Bay) and the clean water area, bordering on the 
open sea, was carried out. The hydrodynamic regime of the Sevastopol Bay was described 
using numerical modelling. The prospect, opportunity and examples of the methodology 
for assessing the assimilation capacity of marine ecosystems are demonstrated. 
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hydrodynamic regime.  
 

I. INTRODUCTION 
The threat to environment safety of the shallow water areas with high anthropogenic 

impact and limited water exchange comes not only from the high concentration of pollutants but 
also the formation of spots of “chronic” pollution. Different pollutants have negative effect on 
the sea ecosystem state that causes the need to improve the situation.  

The Sevastopol Bay is one of the areas with high anthropogenic loading. This bay is the 
semi-enclosed estuary with limited water exchange. It is exposed to the constant anthropogenic 
impact because it is active shipping and water engineering area and also the Russian Navy 
placement with the industrial and economical infrastructure. A river runoff (the Chernaya River 
flows into the eastern part of the bay) and terrigenous runoff have a great impact on the 
hydrochemical water structure. Also municipal waste water and stormwater runoff negatively 
affect on the bay because with them an addition amount of biogenic elements get into the bay 
water. 

Current ecological state of the Sevastopol Bay is considered as critical and it requires 
research-based approach to normalize. The calculation of assimilation capacity towards the 
specific contaminant is one way to analyze the sea ecosystem capacity to self-purification. The 
methodology implemented for the Sevastopol Bay conditions will allow regulating routine 
discharges of pollutants into the bay water on the scientific basis depending on the ecological 
state and hydrodynamic characteristics.  

The aim of this paper is to compare the assimilation capacity of the most polluted 
Sevastopol Bay part (the Southern Bay) and the clearest part of bay which borders on open sea. 
On calculation a long-term monitoring of ecological state of the Sevastopol Bay waters was used 



and the hydrodynamic regime was taken into account. The methodology of the assimilation 
capacity calculation in the other shallow water areas of the Black Sea is demonstrated.  

 
II. MATERIALS AND METHODS  

This research is based on the long-term monitoring carried out by the Marine 
Hydrophysical Institute (MHI) in the Sevastopol Bay on 36 stations for 1998 – 2012 (a network 
of stations on Fig.1). The MHI bank of oceanographic data (BOD) contains such hydro-chemical 
parameters as dissolved oxygen, salinity, phosphates, inorganic nitrogen (nitrates, nitrites, 
ammonium) and silicon.  

 

 
Fig.1. A network of stations for monitoring in the Sevastopol Bay. 

 
The bay zoning were used as a scientific justification for the choice of the most and less 

polluted areas in the Sevastopol Bay by the anthropogenic impact [1] and by the peculiarities of 
morphological structure [2]. The bay is divided on four areas: of low, of moderate, of strong and 
of very strong pollution. Interesting fact is that the dedicated areas coincide with the bay zoning 
according the morphological parameters [2]: zone 1 is of low pollution; zone 5 (with the area of 
oil harbor) is of moderate pollution; zones 3 and 4 are of strong pollution; zone 2 (the Southern 
bay) is of high level of contamination. 

To carry out the effective actions of improvement of ecological bay water state it is 
important to evaluate the dynamic in this area using modeling, to estimate quantitatively and to 
forecast the different external influences on the ecosystem. The main model component should 
be the hydrodynamic model which describes the circulation dynamic in the region.  

The hydrodynamics in the bay was calculated using the unsteady 3D version of hydro-
thermodynamic model MECCA (Model for Estuarine and Coastal Circulation Assessment) [3]. 
The environment bay was approximated to the horizontal grid 47 × 97 nodes with pitch at 80 m 
to which the model was adapted. The six levels were calculated in depth in σ-coordinate system.  

The assimilation capacity method was used to evaluate sea water self-purification. The 
assimilation capacity is ability the sea ecosystem to sustain the addition of some pollutants 
without the development of irreversible biological consequences [4]. The assimilation capacity 
has a dimension of a flow of matter, namely, a mass of matter in a volume unit per a time unit. 

The problem of the assimilation capacity estimation has two aspects. The first one is that 
is difficult to determine the cause-and-effect relationships between the pollution and biological 
impact. The second one is connected with the difficulties of the forward and reverse transition 
from the unit of flow (how the assimilation capacity is measured) and the unit of mass how the 
environment pollution is measured.  
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To overcome difficulty of the first aspect the weakest link in ecosystem should be found. 
On that basis the threshold of vulnerability of the whole ecosystem is determined [5]. To 
overcome difficulty of the second aspect the balance method is used [4]. But it is not always 
possible to use this method because the observing over the sea pollution is not constant and the 
intervals between the observing are longer than the time of the inner environmental remediation 
of object under study. 

This balance method was successfully used for the evaluation of assimilation capacity in 
the port of Odessa and the port of Nikolayev in relation to oil and phenol [6, 7], as well as in the 
Dnieper estuary ecosystem subject to zoning of water areas according to the anthropogenic 
loading [8].  

In case of lack of long-term monitoring to evaluate the assimilation capacity of sea waters 
it is possible to use “synoptic” method [9]. Long and repeated observations are not needed for 
the application of this method. We need only data of one oceanographic survey. This method is 
based on the assumption of the survey results that the inhomogeneous distribution of pollutants 
in homogeneous water mass according to the physical parameter is the result of self-purification 
in water. The last storm is the reference point of this process (that is why this method called 
“synoptic”). 

This method is based on the analyses of the inhomogeneous distribution of pollutants in 
hydrologically homogeneous water. The point T,S-charts were made according the results of 
each survey. The water mass is shown on these charts as a “cloud” of points. Each point means 
the water sample under chemical analysis (a data of temperature, water salinity in bottom and 
surface layers is needed for plotting these charts). 

The assimilation capacity of the Sevastopol Bay was evaluated by the balance method 
[4]. This method was used both for the zone of very strong pollution (the Southern Bay) and 
more clear part near the open sea (further – zone 1 following [2]). To evaluate the assimilation 
capacity it is most difficult to calculate the integral time of being the pollutants in the ecosystem 
under study. It depends on physicochemical properties of a particular pollutant, the water 
hydrodynamics and the complex of processes (physical, chemical, microbiological ones) that 
promote the destruction of pollutants and its spread out of the researching water area.  

The final formula for the evaluation of mean miA  and mean square deviation ][ miAD  of 
the assimilation capacity of sea ecosystem (m) against i-pollutant is following:  
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where Qm is a volume of water in the calculated domain; Cthr i is a threshold limit of pollutants; 
Cmax i is a maximum pollutant concentration in ecosystem; vi is a rate of pollutant elimination 
from the ecosystem; a mean value iv  and a dispersion ][ ivD  of the rate is defined by the original 
algorithm [10].  

The data set about three forms of nitrogen was used for the evaluation of assimilation 
capacity of the Southern Bay. This data is obtained from 1998 to 2012. It composes 714 
definitions for the Southern Bay and 1117 definitions for the zone 1. 

 



III. RESULTS AND DISCUSSION 
Modeling of hydrodynamics in the Sevastopol Bay and the Southern Bay.  
It is insufficient to pay attention the bay water dynamics despite the fact that exactly the 

flows have an influence on the exchange with the open sea and determine the ecological situation 
in the water area. The different aspects of the bay water dynamics were fully researched using 
mathematical modeling [11]. In situ measurements of currents are less presented in literature [12].  

Special dynamic conditions were in the zone 1 (sea depth is 19 m). The two-layer 
multidirectional flows are seen here. The western flows prevail in upper 10 m layer. These are 
the runoff flows caused by the Chernaya River. In summer the depth of layer covered with the 
western flows is reduced and increases to 12 m or 13 m in spring or after the rains. The eastern 
flows prevail in the layer deeper than 13 m. The average current is higher in this layer than in the 
upper. The midstream is in the depth of 15 to 16 m. Only in two cases there are one-layer flows 
in the all depth [13]:  

a) The first case happens in spring and after continuous pouring rains (about 4 days). 
These increases runoff flows. In this case we see the western flows in the whole 19 m layer. 

b) One-layer flow is also in the second case. But it has another direction (into the bay). 
The observations were made in early summer after strong offshore winds (up to 14 or 16 m/s). 

The modeling of pollutants spreading in the Southern bay is showed [14] that the 
pollutants will be accumulated in water by typical water volume of rain runoff and sewage at the 
north winds. This worsens water quality. The pollutants are carried by wind currents of other 
directions outside the Southern bay. The relatively fast purification of the Southern bay occurs 
on condition of sewage stopping.  

The patterns of current are shown on Fig.2 which was obtained using model MECCA [3]. 
As initial conditions in situ data for July 2002 was chosen. As a boundary conditions we have 
used data on weather conditions (air temperature, wind current and direction, precipitation, etc.), 
the surface water temperature and sea level, measuring on the hydrometeorological station 
"Sevastopol", located in the center of the bay on the Pavlovsky Cape, and an average discharge 
of the Chernay River (flow rate 1.2 m3/sec, flow rate of 0.2 m/sec).  

The patterns of surface current is given on Fig.2, a and of bottom current – on Fig.2, b 
from 8 to 12 July, when the wind direction was suddenly changed, even during the day. Fig.2, c 
shows the actual wind at 6-hours discreteness at 8 – 12 July. 

The current changes cardinally after the wind direction changing. In zone 1 the water 
exchange is quite intensive due to close location with the open sea. Under certain wind 
conditions the flow current is 40 – 60 cm/sec in the input channel; and 15 – 20 cm/sec in the 
bottom layer. A 2 – 3-layer structure of flow of different directions is observed in the strait.  

The Southern Bay is comparative shallow water area; therefore currents are determined 
mainly by wind. The south wind contributes the water exchange from the Southern bay to the 
Sevastopol Bay. The flow current is lower than in the Sevastopol Bay. The wind currents can be 
observed under wind condition 5 – 10 m/sec and more. In the bottom layer the flow is directed to 
south in the inner bay. 

The assimilation capacity of the Southern bay ecosystem and the Bay ecosystem adjoin 
the open sea towards the inorganic nitrogen, based on long-term monitoring of ecological state. 

The southern part of the Sevastopol Bay which includes the Southern Bay and the Kilen 
Bay is characterized by difficult water exchange with the main water area. The Southern Bay is 
the most polluted bay among the others because of difficult water exchange with the main 
waters; the location of numerous ship moorages; the volume of industrial, household and storm 



water. The freshened areas are typical for the inner Southern Bay but the intensity of spreading 
water is not constant throughout the year. The south-west coast of Sevastopol Bay adjoins the 
developed net of faults in the Chernaya River basin and the Sarandinaki beam where the 
underground runoff is drained from large areas with significant reserves of groundwater. Great 
among of runoff water gets into the Southern Bay as a result of the submarine unloading. This is 
registered by decreasing of salinity and increasing of silicon.  
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Fig. 2. The patterns of the surface (a) and bottom (b) currents in real winds (c) in the west part 

of the Sevastopol Bay from 8 to 12 July 2002. 
 

In the surface layer the water (especially in the inner part) is characterized by the maximum 
concentrations of nitrogen. At the same time on nitrates the 20-fold increase over the average 
values is seen in the Sevastopol Bay [14]. The untreated sewage, storm runoff gets into the 
Southern Bay according to the information given in [14]. Also floats are located here.  

The self-purification capacity towards inorganic nitrogen (nitrites, nitrates and ammonia 
nitrogen) as a priority pollutant in municipal wastewater and storm water was evaluated for the 
Southern Bay and a part of the Sevastopol Bay adjoin the open sea. Also the inorganic forms of 
nitrogen are involved in the productive and destructive processes in the marine ecosystem.  

The mean inorganic nitrogen for observing period did not exceed the corresponding 
maximum permissible concentration (MAC) which was used as threshold. The calculated 
specific (per 1 liter) values of the assimilation capacity for each form of inorganic nitrogen differ 



from the corresponding MAC (Table). This makes possible to estimate the limit of each 
ecosystem to self-purification capacity.  

Comparative values of the assimilation capacity for the Southern Bay ecosystem and the 
water area adjoin the open sea (zone 1) for inorganic nitrogen are given in Table. For calculation of 
the assimilation capacity the morphometric parameters of areas under study were used from [2]. 

For the Southern Bay the maximum specific rate of pollutant elimination from the 
ecosystem reached 0.03 µM/l day for nitrites; 2.10 µM/l day for nitrates and 0.32 µM/l day for 
ammonium nitrogen that exceeds the average rate of elimination in 3 – 4 times. For zone 1 the 
maximum specific rates of elimination were 0.066 µM/l day for nitrites, 1.28 µM/l day for 
nitrates and 0.94 µM/l day for ammonium. For more clear water area the average rate of 
elimination were from 4.5 to 5.5.  
 
Table. The assimilation capacity of the Southern Bay ecosystem and the ecosystem of the 
Sevastopol Bays adjoin the open sea (zone 1) for inorganic nitrogen.  
 

Parameter, units 
NO2 NO3 NH4 

Southern 
Bay 

zone 1 
Southern 

Bay 
zone 1 

Southern 
Bay 

zone 1 

Number of measurements 240 373 225 351 249 393 

Threshold value of 
concentration, µM/l 

1,43 221,43 20,71 

Average concentration, µM/l 0,23 0,12 12,59 2,45 0,95 0,57 

Max concentration, µM/l 1,48 0,42 142,79 13,31 8,17 8,18 

Average rate of elimination, 
µM/l day 

0,008 0,012 0,49 0,28 0,10 0,21 

Specific assimilation capacity, 
µM/l year 

1,77 15,57 212 1863 48 197 

Volume of Southern Bay, m3 10253990 

Volume of zone 1, m3 33825650 

Assimilation capacity, t/year 0,25 7,4 30 880 7 93 

 
The Southern Bay is characterized by high values of maximum concentrations with 

respect to zone 1 (Table). The nitrates and nitrites concentration exceeds in 10 times and 3 times, 
respectively and the ammonium concentration is in the same range for these two zones. 

According to the above mentioned estimations of the Southern Bay ecosystem capacity to 
the self-purification amount of inorganic nitrogen must not exceed 0.25 ton for nitrites, 30 ton 
for nitrates and 7 ton for ammonium nitrogen. Note, the quantitative limit of inorganic nitrogen 
conforms uniform discharge of pollution. In case of the emergency discharge to estimate the 
ecosystem self-purification capacity, we should consider the specific value of assimilation 
capacity for nitrites, nitrates, ammonium 0.0048, 0.58, 0.13 µM/l day respectively. Because we 



do not have exact information about total volume of inorganic nitrogen which get in the Southern 
Bay by municipal and storm water than it is impossible to estimate how many times this level is 
exceeded now. In zone 1, the threshold value is 7.4 ton for nitrites, 880 ton for nitrates and 
93 ton for ammonium nitrogen. Note, differences take place with respect to overestimation of 
average rate of elimination which were lower in the Southern Bay (3,5 – 4 times) than in zone 1 
(4,5 – 5,5 times). Probably this is connected with the dominance of biological processes in clear 
zones (recirculation of inorganic nitrogen) over anthropogenic impacts. However, the problem 
demands additional study.  

 
IV. CONCLUSIONS 

The Sevastopol Bay ecological state, which is depended on economical activity and 
anthropogenic impacts, is analyzed using multi-year in situ study.  

The possibilities of the previously developed method for the assimilation capacity 
calculation to normalize of pollutant discharges were estimated for marine ecosystem. Firstly the 
comparative estimations of the assimilation capacity in the Southern Bay as the most polluted 
part of the Sevastopol Bay and the bay area adjoin the open sea as more clear to inorganic 
nitrogen forms (as main pollutants in municipal and storm water runoffs) were obtained. We 
showed that at the balanced discharge amount of inorganic nitrogen pouring in the Southern Bay 
during a year should not exceed 0.25 ton for nitrites, 30 ton for nitrates and 7 ton for ammonium 
nitrogen. In zone adjoin the open sea at above mentioned wind conditions the self-purification 
has higher value such as 7.4 ton per year for nitrites, 880 ton per year for nitrates 93 ton per year 
for ammonium nitrogen  

We showed that the self-purification capacity of the Southern Bay ecosystem depends 
mainly on the anthropogenic impact level while for the ecosystem adjoin the open sea (zone 1) 
this capacity depends on both anthropogenic impact and biological productively-destructive 
processes which are connected with recirculation of inorganic nitrogen.  

Considering the mentioned quantitative limits in which all the recycling processes 
considered a standardization of discharges will make a contribution to the improvement of 
ecological situation both in the Southern Bay and area adjoin open sea. As a result it decreases 
the load on the Sevastopol Bay as a whole. 
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