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Abstract

A database of nutrients and dissolved oxygen for 2012-2022 was formed from long-term
monitoring results of the hydrochemical indicators of the Yalta Port water area. The paper
shows dynamics of nutrients for the studied water area and determines inorganic forms
of nitrogen (nitrites, nitrates, ammonium) as priority pollutants in the port ecosystem.
The self-purification capacity of the Yalta Port water ecosystem was assessed by calculat-
ing the specific assimilation capacity (ACsp) in relation to nitrates, nitrites and ammonium
using the balance method. The rates and times of removal of these inorganic nitrogen forms
from the mentioned ecosystem were calculated. The paper analyses the obtained ACsp
values for the Yalta Port water ecosystem for two periods (2012—2017 and 2018-2022).
The study shows that for nitrates, there is an increase in ACs, from 31.49 to 36.07 pg/(L-day)
for these periods, respectively. The same dependence was established for nitrites. For this
nitrogen form, the change in ACs, ranged from 0.08 to 0.1 pg/(L-day). As for ammonium,
an inverse relationship was observed for these periods: a decrease in the ACs, value from
8.67 to 7.56 pg/(L-day). The paper compares the obtained ACs, values in relation to inor-
ganic forms of nitrogen for the Yalta Port water ecosystem with similar values for the Se-
vastopol Bay ecosystem, which is under high anthropogenic load, affected by river runoff
and has limited water exchange with the open sea. The more intensive hydrodynamic
regime is suggested to account for the higher self-purification capacity in relation to inor-
ganic forms of nitrogen in the Yalta Port ecosystem (as part of Yalta Bay) if compared with
Sevastopol Bay.
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AHHOTAIHUSA

ITo pe3ynpTaTaM MHOTOJISTHETO MOHHTOPHHTA THIPOXUMHYECKUX TTOKA3aTENCH aKBaTOPHH
SAnturckoro mopra 3a 2012-2022 rr. chopmupoBaHa 0a3za JaHHBIX O KOHIEHTpAUU OWO-
TE€HHBIX 3JIEMEHTOB U PACTBOPEHHOI0 KHCIIOPO/ia 3a YKa3aHHbIN nepuoa. s uccnegyemoit
aKBaTOPHHM IOKa3aHa TMHAMUKA COAEPKaHMs OMOTEHHBIX 3JIEMEHTOB M BBIJIEIICHBI HEOpra-
HI4Yeckrne (HopMbl a3oTa (HUTPUTHI, HUTPATHI, aMMOHHH) KaK IPHOPUTETHBIE 3arps3HAIO-
IIMe BelIeCTBa B 3KocucTeMe mnopTa. OLeHKa CaMOOYHCTUTEIBHOW CIIOCOOHOCTH 3KOCH-
CTeMbI aKBaTOPHM SINTHHCKOIrO MOpTa BBINOJIHEHA IIyTeM pacdera OallaHCOBBIM METOJIOM
BEJINYMHBI yJENbHON acCUMHUISIINOHHOHN eMKocTh (AEy,) B OTHOIIEHWN HUTPATOB, HUTPH-
TOB M aMMOHMA. PaccunTaHbl Takke CKOPOCTH M BpeMs yJIaJEeHHUS 3THX HEOPraHWYECKUX
¢dopm a3oTa U3 ykazaHHOH 3kocucTeMbl. [Ipoanani3upoBanbl nonyueHHble 3HaueHus1 AEy,
JUISL SKOCUCTEMBl akBaTOpuM SlnThHCKOro mopra 3a Asa nepuona: 2012-2017 u 2018-
2022 rr. Iloka3aHo, YTO B OTHOLIEHNWH HUTpPATOB Habmoxaercsa yBenmdeHue AEy, ot 31.49
10 36.07 Mkr/(J'cyT) 3a yKa3aHHbBIC MEPUOJBI COOTBETCTBEHHO. Takas K€ 3aBUCHMOCTh
ycTaHOBIIeHa il HUTpUTOB: m3MeHeHume AE,; cocraBuno ot 0.08 no 0.1 mkr/(rcyr).
B oTHOIIEHNN aMMOHMS 3a yKa3aHHbIE IEpPHOJBI HAOIIOMaeTcsl 00paTHAsT 3aBUCHMOCTH —
ymenbienne AEy; ot 8.67 1o 7.56 mMkr/(i1-cyt). [IpuBeeHbI pe3ynbTaThl CPaBHEHHUS TIOITY-
YeHHbIX 3HadeHWH AEy, B OTHOIIEHMM HEOpPraHWYecKMX (OpM a30Ta Uil SKOCHCTEMBI
aKBaTOPUM SINTHHCKOTO TOpTa C COOTBETCTBYIOUIMMH IIOKA3aTeIIMH ISl SKOCHCTEMBI
6. CeBacTOMOJILCKON, KOTOpas XapakTEepHU3yeTCsl BBICOKOW aHTPONOTEHHOW HArpy3KOW,
MOJIBEPI)KEHA BIIMSHHUIO CTOKA PEK U MMEET 3aTPyIHEHHBII BOZOOOMEH C OTKPBITHIM MOPEM.
BrIckaspiBaeTcs MpEAIIONOoKEHHE, YTO HPUYUHOW Oosiee BBICOKOW, YeM Y 3KOCHCTEMBI
6. CeBacTOMONBCKON, CIIOCOOHOCTH K CaMOOYHMINEHHIO B OTHOIICHHH HEOPTaHHYECKHX
(opM a3oTa 3KOCHCTEMBI SIITHHCKOrO MopTa (Kak 4acTH SINTHHCKOTO 3aiuBa) ABISETCA
6oJiee MHTEHCUBHBIIN TMIPOJMHAMHIECKUI PEXHM.

KaioueBble c1oBa: OMOTeHHBIE JIEMEHTHI, OMOTEHHBIN a30T, IKOCHCTEMA, CaMOOYHCTH-
TEeJbHAs CTIOCOOHOCTD, ACCUMMIIAIIMOHHAS €MKOCTb, SITTHHCKUI TOPT
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Introduction

The coastal waters of the Southern Coast of Crimea, in particular Yalta Bay,
being recreational and resort areas, experience significant anthropogenic pressure
with pronounced seasonality.

The Yalta Port water area, with depths of up to 8.5 m, is part of Yalta Bay and
is bounded by a harbour with a protective breakwater. The water area is under ad-
ditional anthropogenic pressure due to year-round navigation in the port and runoff
from mountain rivers. As a result, higher concentrations of pollutants, including
nutrients (phosphates, nitrates, nitrites, ammonium and silicon), are observed
in the Yalta Port waters compared to similar indicators in the entire Yalta Bay.

The eutrophication level for the aquatic environment is determined by the dis-
tribution of biogenic nitrogen and phosphorus compounds, their seasonal and annual
variations and recirculation degree. The sources of inorganic nitrogen (nitrites, ni-
trates and ammonium) entering the sea are river waters, domestic and industrial
effluents and atmospheric precipitation. The nitrogen cycle in the surface layer of
water is associated with nitrification NHs* — NO;~ — NOs~ and ammonification
NO37 —->NO, — NH4+.

To date, numerous studies have been devoted to the hydrological and hydro-
chemical characteristics of the coastal waters of the Southern Coast of Crimea,
including Yalta Bay. Work [1] summarises information on the hydrometeorologi-
cal conditions of the Yalta coastal zone based on all observation data from 1870
to 2003 and on the hydrochemical regime in 1986-2004. Work [2] compares
the hydrochemical characteristics of two water areas (the Yalta Port area and Yalta
Bay) analysing the annual dynamics of concentrations of biogenic substances (ni-
trogen NOz~, NO3z~, NH4*, Niot, phosphorus PO4*, Pyt and silicon SiO2) as well as
dissolved oxygen (O,) and water temperature in the surface layer for 1987-2004
and 2005-2010. The presented results show changes in the ecological state of
the surface water layer of Yalta Port during the study periods.

The inflow of significant amounts of nutrients and pollutants into Yalta Bay is
caused by the runoff from the mountain rivers: Derikoyka (Bystraya) and Uchan-Su
(Vodopadnaya) with their tributaries, Lyuka (which supplies water to Yalta), and
others Y. Of note, according to work [3, p. 61], “the Vodopadnaya River mouth and
the adjacent waters of Yalta City Beach are in an area of ecological risk due to ele-
vated levels of nitrates and nitrites in the river water and severe bacterial contami-
nation by Escherichia coli in the seawater (several hundred-fold above sanitary
standards values during the high season)”. According to the data , the channel,
floodplain and mouth of the Bystraya River and the adjacent water area of the Yalta

1 Borisova, Yu., 2014. The Uchan-Su River. In: Yu. Borisova, 2014. Plantarium. Plants and Lichens
of Russian and Adjusted Countries: The Open Online Plant Atlas and Field Guide. Available at:
https://www.plantarium.ru/page/landscapes/point/2563.html  [Accessed: 29 August 2025] (in
Russian).
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passenger seaport are in an ecological risk zone. Elevated levels of nitrates and
nitrites were recorded in the river water. The seasonal dynamics of inorganic nitro-
gen and phosphorus in the mouth zone of the Vodopadnaya River was studied
in work [4]. The studies revealed that nutrient concentrations in the freshwater
of the estuary significantly exceeded those in the seawater: nitrites (7.2-fold),
ammonium (3.0-fold), nitrates (62.9-fold), and mineral phosphorus (13.2-fold).
The total mineral nitrogen concentration in the river water was 27.9 times higher
than in the seawater.

Currently, comprehensive monitoring of the background environmental condi-
tion in the coastal waters of Crimea, especially in the areas adjacent to the infra-
structure of cargo, passenger, fishing and military fleets. Therefore, a proper as-
sessment of the baseline condition is difficult.

The effectiveness of natural self-purification of marine ecosystems is deter-
mined by interdependent processes, such as input of pollutants, their deposition
in bottom sediments and interaction with marine aerosols, the redistribution of pol-
lutants and their transformation by biota, and the dynamic removal of pollutants
beyond the water area. Under intense anthropogenic pressure, the first step towards
normalising the ecological status of shallow marine waters is to assess their self-
purification capacity by calculating the assimilation capacity (AC) of the ecosys-
tem in relation to a priority pollutant or complex.

The AC concept developed by Yu. A. lzrael and A. V. Tsiban [5], based on
the results of comprehensive oceanographic studies, was tested on the Baltic Sea
ecosystem for benz(a)pyrene, polychlorinated biphenyls and a number of toxic
metals (Cu, Zn, Pb, Cd, Hg). According to [5], the AC indicator characterises
the ability of a marine ecosystem to withstand the addition of a certain amount of
pollutants without developing irreversible biological consequences. AC has the di-
mension of a substance flux (mass of substance per unit of volume per unit of time).
As shown in [6, 7], when using the balance method for calculating AC, the most
difficult task is calculating the integral residence time of pollutants in the ecosys-
tem under study. This quantity depends largely on the physical and chemical prop-
erties of a particular pollutant, the hydrodynamic parameters of the water area, and
the set of processes (physical, chemical, microbiological) responsible for destruction
of the pollutant or its removal beyond the boundaries of the water area under study.

The work is aimed to determine the priority pollutant based on the results of
long-term monitoring of nutrients in the Yalta Port water area and to assess the self-
purification capacity of the ecosystem by calculating the specific AC (ACsp) in re-
lation to inorganic forms of nitrogen (NOs~, NO2 ", NH4").

Notably, a literature data analysis reveals that this study provides the first cal-
culation of this kind for the ecosystem of the Yalta Port water area.
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Materials and methods of the study

To achieve our objective, a database on the Yalta Port water area was created.
It was based on materials from the annual reports Sea Water Quality by Hydro-
chemical Indicators for 2018-2022 by the Federal State Budgetary Institution State
Oceanographic Institute? and materials from the database of Marine Hydrophysical
Institute. According to work?, hydrochemical studies of the biogenic complex
were carried out by the Yalta Environmental Pollution Monitoring Laboratory
using methods approved by the Roshydromet hydrochemical monitoring system .

Samples were collected in the Yalta Port water area at a single point with
a depth of 6 m at the base of the breakwater annually from January to December,
with standard hydrological monitoring conducted every ten days. Trends in the sea-
sonal and long-term dynamics of nutrients and dissolved oxygen against the back-
ground of changes in temperature and salinity of the surface and bottom water layers
of the Yalta Port water area for 2018-2022 were considered. Changes in the ecologi-
cal situation in the water area were assessed compared to the previous period of
2013-2017 [8].

The analysed database consisted of 1,920 measurements of total nitrogen and
phosphorus content, mineral nitrogen complexes (nitrites, nitrates, ammonium),
phosphates, silicon and dissolved oxygen, as well as sea water temperature and
salinity. The number of analysed samples and concentration limits are presented
in Table 1.

The characteristics of the database for 2013-2017 are presented in work?.
In this study, AC was calculated using the balance method proposed by Yu. A. lzrael
and A. V. Tsiban [5]. The authors of this paper have adapted the method for marine
ecosystems where state hydrochemical monitoring is carried out [8], for example,
in Sevastopol Bay with regard to inorganic nitrogen and phosphorus [9, 10].

According to [7], the final formulas for estimating the mean value Ay and stand-

ard deviation +/D[A.;]1 for AC of a marine ecosystem (m) in relation to the i-th
pollutant are as follows:

AE, =Am + [D[A,] oy

— Qm'C ri = “Cinri 2
Ami=07th-Vi, D[Am]:(MJ -DLvil, (2)

max i Cmaxi

where Qn is the volume of water in the calculation area; Curi is the threshold
concentration of a pollutant; Cmax i is the maximum concentration of a pollutant
in the ecosystem; v; is the rate of removal of a pollutant from the ecosystem,

the average value Vi and dispersion D[Vi] of which are determined according to

2 Korshenko, A.N., ed., 2024. Marine Water Pollution. Annual Report 2022. lvanovo: PresSto, 302 p.
(in Russian).

3 Oradovsky, S.G., ed., 1993. Guide on the Chemical Analysis of Sea Waters. RD 52.10.243-92.
Saint Petersburg: Gidrometeoizdat, 264 p. (in Russian).
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Table 1. Characteristics of the used data for 2018-2022

Parameter MPC Average ((%I %)](,i Ln/ltérg) (?é?/?:t?(;(:l
PO/, ng/L 50 12 48 (96) 8.48
Pot, ng/L - 54.9 172 34.76
NO2, pg/L 24 3.7 15.4 (64) 2.80
NOgs7, ng/L 9032 140 953 (11) 201.77
NH4", pg/L 389 18.6 104 (27) 14.27
Neot, pg/L - 1157 4301 831.60
Si202, pg/L 368 265 1698 (461) 303.91
02, % - 91 109 6.49
Salinity, %o - 16.98 19.41 2.52
Temperature, °C - 17.1 26.7 5.87

Note. The number of samples taken to determine the nutrient concentrations is 120 for each
parameter, and 360 for each of oxygen content, temperature and salinity.

the original algorithm [6, 7]. In the equation above, the most difficult part of calcu-
lating AC is the quantitative assessment of the integral residence time of a pollutant
in the ecosystem under study.

For areas under state monitoring, including the waters of Yalta Bay and Yalta
Port, work [7] suggests a method to estimate the residence time of pollutants in the eco-
system. This indicator is calculated as the ratio of the change in pollutant concen-
tration per unit of time to its average concentration, as well as the average rate of
pollutant removal, determined from the complete data set for a specific water area
(in our case, Yalta Port). The specific rate of pollutant removal is estimated using
the equation

t=Clv,

where 1 is the residence time of a pollutant in the ecosystem; C is the concentration
of a pollutant in seawater; v is the specific elimination rate of a pollutant from

the ecosystem.
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The specific rate of pollutant removal from the ecosystem of the studied water
area was determined by the change in pollutant concentration in seawater per unit
of time using the formula

Vn = (Cn — Cn+1) / (tn - tn+1)1

where vy is the specific rate of pollutant removal from the ecosystem during
the selected period of concentration decrease t, — tn+1; Cy IS the concentration dur-
ing the period t,; Cn+1 is the concentration during the period t+1; forn =1, ..., N,
where N is the sample size. Using the ratio of the average concentration of the i-th
substance under study and the average rate of its removal (for all selected periods),
the integral time of the pollutant residence in the ecosystem is calculated:

Ti = Cavi/ Vavi.

The calculation results from the above equations are shown in Table 2.

The reliability of the calculated AC values is ensured by the analysis of a large
dataset from long-term monitoring observations (1,920 measurements) over 10 years.
It should be noted that for the Yalta Port water area, some boundaries with adjacent
water areas are not strictly defined (i. e., they are permeable), therefore, ACs, per
unit volume (1 dm?®) was calculated as a relative value characteristic of the central
part of the port water area [7].

To calculate AC parameters, only data from the water area under consideration
was used, which allowed for a better assessment of its response to pollutant inputs
and its self-purification capacity compared to using MPCs, which are accepted for
all marine ecosystems disregarding regional peculiarities.

The average values of all forms of inorganic nitrogen during the observation
period did not exceed the corresponding MPCs. This allowed us to use these aver-
age values as a threshold level in calculating the self-purification capacity of
the ecosystem under study, which is one of the prerequisites for using lIzrael's bal-
ance method [5] for calculation, the second prerequisite being the availability of
long-term monitoring data.

Results and discussion

During the study period, the salinity in the Yalta Port water area varied be-
tween 4.59 and 19.41 %o, with strong desalination (less than 10 %o) observed
in the surface water layer in 2018, 2019, 2021 and 2022. Oxygen saturation
remained consistently low (averaging 89-92%), resulting in a dissolved oxygen
deficit of 25-37%. The actual concentration of dissolved oxygen varied significant-
ly, ranging from 5.29 to 10.99 mg/L.

The average values for 2018-2022 for all mineral forms of nutrients did not
exceed the MPC. As can be seen from Table 1, only the MPC for silicon was ex-
ceeded during the study period, which is quite understandable given the significant
volume of fresh river water entering Yalta Bay ». The maximum phosphate content
in 2021 was close to the threshold value (96% of the MPC).
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A single sample of surface water taken on 15 July 2022 in the port area con-
tained high concentrations of nitrates and ammonium: 953 pg/L (0.11 MPC) and
190 pg/L (0.49 MPC), respectively. The maximum total nitrogen content in the sur-
face waters of the port area during this period reached 20,779 ug/L, which is five
times higher than that for other samples that year (4,301 pg/L) (Table 1) and previ-
ous years (1559-3266 pg/L) and is obviously associated with heavy rainfall and
the transport of nutrients with river water from the catchment area [3, 4]. The ni-
trite content reached its maximum (15.4 pg/L) in 2019, when the second maximum
of ammonium content (104 pg/L) was recorded, which in other years did not ex-
ceed 69 pg/L. The dynamics of average and extreme values of the studied nutrients
for 2018-2022 are presented in Fig. 1.

With relatively little change in the aeration of the waters (O.a) Of the Yalta
Port water area during the described period, an increase in the average annual con-
centration of phosphorus and nitrogen was observed [8]. Thus, the total phosphorus
content (Pr) increased from 16 ug/L in 2018 to 77 pg/L in 2021, and that of nitro-
gen (Nwt) increased from 650 pg/L in 2019 to 1440 pg/L in 2022. Among mineral
complexes, the maximum increase in the average annual concentration is character-
istic of nitrates (from 51 pg/L in 2018 to 228 pg/L in 2022), while less noticeable
for phosphates (from 6.5-11.7 ug/L in 2018-2020 to 15.7-16.3 ug/L in 2021-2022)
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Fig. 1. Long-term dynamics of average and extreme values of nutrients content
in the water area of the port of Yalta in 2018-2022
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and nitrites (from 2.4-3.8 to 4.7-5.5 ug/L in the specified years). The dynamics of
ammonium nitrogen concentration showed a decrease from 24-25 ug/L in 2019—
2020 to 9 pg/L in 2021.

An analysis of the database for 2018-2022 showed that inorganic forms of ni-
trogen (NOs~, NO2~, NH4") were the priority nutrients in Yalta Port: their concen-
trations increased by 50-120% over five years (the dynamics of phosphates and
silicon were not as pronounced), and their contribution to total nitrogen reached
70%. At the same time, comparative estimates of inorganic and total nitrogen con-
tent based on data for two periods (2013-2017 [8] and 2018-2022) showed a two-
fold increase in the total content of mineral forms of nitrogen (on average from
84 pg/L in 20132017 to 161 pg/L in 2018-2022) in the waters of Port of Yalta
against a significant decrease in the total content of this pollutant (on average from
1212 to 996 pg/L for the specified periods) (Fig. 2). Due to the reduction in the or-
ganic component contribution, the total share of mineral nitrogen increased from 7
to 16%.

The created database allowed us to assess the self-purification capacity of
the port's water ecosystem by calculating its AC for inorganic forms of nitrogen
(nitrates and nitrites) that showed steady growth, as well as for ammonium, whose
content changed insignificantly. The characteristics of the self-purification capacity
of the marine waters of the Yalta Port ecosystem with regard to nitrates, nitrites
and ammonium for 2013-2017 and 2018-2022 are presented in Table 2.
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Fig. 2. Content of inorganic and total nitrogen in the Port of Yalta water area
in 2013-2017 and 2018-2022
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Table 2. Calculation results for the specific value of ACs, in the ecosystem of the Port
of Yalta water area in relation to inorganic forms of nitrogen for 2013-2017 and 2018-
2022

- ' Content, ng/L - ACs,
orms of nitrogen . — wg/(L-day) Ti, day ne/(L-day)

2013-2017

Nitrites (NO2) 25 135 0.049 52-55 0.081

Nitrates (NO3") 61.6 300.0 1.120 55-59 31.490

Ammonium (NH4") 19.8 43.0 0.180 113-120 8.660
2018-2022

Nitrites (NO") 3.7 15.4 0.065 58-60 0.097

Nitrates (NO3") 140.0 953.0 4.210 33-37 36.070

Ammonium (NH.") 16.5 104.0 0.220 81-83 7.560

As shown in Table 2, the average elimination time for nitrites from the Yalta Port
water area in 2018-2022 was 58-60 days, while in 2013-2017 it was 52-55 days.
In 2018-2022, the time required to remove nitrates and ammonium from the eco-
system decreased by approximately 20 and 30 days, respectively.

Nitrate removal occurs much faster. The removal rate varies widely: its maxi-
mum values for nitrites reach 0.302 pg/(L-day), nitrates — 9.86 ug/(L-day) and am-
monium nitrogen — 2.95 pg/(L-day), which exceeds the average values for the peri-
od by 2.3-9.2 times.

An analysis of ACsp dynamics showed that the ecological situation in the Yalta
Port water area in terms of nitrite and nitrate concentrations in 2018-2022 im-
proved compared to 2013-2017, but deteriorated in terms of ammonium content.
The decrease in ACs, for ammonium as a reduced inorganic form of nitrogen indi-
cates an increase in the inflow of untreated municipal wastewater into the Yalta
Port water area in the recent period.

To verify the obtained parameters of the self-purification capacity of the Yalta
Port water area ecosystem, they were compared with the corresponding ACs, val-
ues for the Sevastopol Bay ecosystem published in [10, 11]. For Sevastopol Bay
as a whole, the ACy, for nitrites was 0.047 ng/(L-day) and for nitrates it was
25.92 ng/(L-day). An analysis of the results showed that these values are lower
than those obtained for the ecosystem of the Yalta Port water area (Table 2).
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This indicates a more favourable state of the water area, apparently due to in-
creased water dynamics.

The ACs, value for ammonium in the Yalta Port water area was 7.56 pg/(L-day),
which exceeded the average value for the Sevastopol basin (5.67 pg/(L-day)) and
the value in the bay’s most problematic eastern part (1.99 pg/(L-day)), which is
affected by the Chernaya River runoff [11, 13].

The self-purification capacity for inorganic nitrogen was compared for Port of
Yalta and Sevastopol Bay. Although they share common pollution sources (tech-
nogenic and recreational press, inflow with river waters), the Yalta Port ecosystem
revealed a significantly greater self-purification potential. We attribute this differ-
ence to the distinct hydrodynamic conditions of these water areas.

Unlike Sevastopol Bay, which has limited water exchange with the open sea,
Port of Yalta is characterized by complex hydrodynamic processes [13]. These are
driven by the western and south-western currents of the Rim Current, which flow
along the southern coast of Crimea. Furthermore, the interaction of the Rim Cur-
rent's northern boundary with the shelf topography, such as capes and bays, signifi-
cantly shapes the local circulation. Future research will focus on how this interac-
tion affects the self-purification capacity of the Southern Coast of Crimea's coastal
ecosystems.

Thus, the calculated ACsp values for each form of inorganic nitrogen allow us
to assess the self-purification capacity limit specifically for the ecosystem of
the Yalta Port water area, in contrast to the uniform MPC adopted for all marine
ecosystems disregarding local peculiarities.

When assessing the self-purification capacity of the Yalta Port water area eco-
system in cases of emergency discharge, the ACs, should be used as a reference,
which is 0.097 pg/(L-day) for nitrites, 36.1 pg/(L-day) for nitrates and 7.56 ug/(L-day)
for ammonium nitrogen. Regulating discharges, given the established quantitative
limits covering the entire range of disposal processes, will improve the envi-
ronmental condition of the port's water area and, as a result, reduce the negative
impact on Yalta Bay as a whole.

Conclusions

Based on long-term monitoring results (2012-2022), a database has been cre-
ated on the content of nutrients and dissolved oxygen in the waters of Port of Yalta.
We used this database to assess the dynamics of nutrients and identify inorganic
forms of nitrogen (nitrites, nitrates, ammonium) as priority pollutants of the port
ecosystem.

For the first time for this ecosystem, over two periods (2012-2017 and 2018-
2022), the ACs, for inorganic forms of nitrogen (nitrates, nitrites and ammonium)
was estimated using the balance method, and the rate and time of their removal
from the studied ecosystem were calculated.
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The decrease in ACs, for ammonium as a reduced inorganic form of nitrogen,
obtained for 2018-2022, indicates that the amount of untreated municipal waste-
water entered the Yalta Port water area during this period was greater than during
the first period.

The ACs, values, obtained for the ecosystem of the Yalta Port water area
for 2018-2022 for all inorganic forms of nitrogen, were compared with similar
indicators for the ecosystem of Sevastopol Bay, an area with high anthropogenic
pressure and limited water exchange with the open sea.

The calculated ACs, values for each form of inorganic nitrogen (nitrates, nitrites,
ammonium) can be used by local authorities for quantitative and qualitative
assessment of municipal and storm water discharge as main sources of these forms
of nitrogen.

REFERENCES

1. lvanov, V.A., Repetin, L.N. and Malchenko, Yu.A., 2005. [Climate Changes of Hydro-
meteorologocal and Hydrochemical Conditions of the Yalta Coastal Area]. Sevastopol:
MHI, 163 p. (in Russian).

2. Sovga, E.E., Godin, E.A., Plastun, T.V. and Mezentseva, 1.V., 2014. Assessment of
Hydrochemical Regime of the Yalta Bay Coastal Waters. Morskoy Gidrofizicheskiy
Zhurnal, (3), pp. 48-59 (in Russian).

3. Vetrova, N.M., lvanenko, T.A., Gaisarova, A.A. and Mennanov, E.E., 2019. The Prob-
lem of Ecological Risk Zones in the Coastal Areas of the Crimea. Biospheric Compati-
bility: Human, Region, Technologies, (2), pp. 59-73. https://doi.org/10.21869/23-11-
1518-2019-26-2-59-73 (in Russian).

4. Egorov, V.N., Bobko, N.I., Marchenko, Yu.G. and Sadogurskiy, S.Ye., 2021. Nutrient
Content and Limitation of the Phytoplankton Primary Production in the Estuary Area
of the Vodopadnaya River (South Coast of Crimea). Ecological Safety of Coastal and
Shelf Zones of Sea, (3), pp. 37-51. https://doi.org/10.22449/2413-5577-2021-3-37-51
(in Russian).

5. lzrael, Yu.A. and Tsyban, A.V., 1989. [Anthropogenic Ecology of the Ocean]. Moscow:
Gidrometeoizdat, 529 p. (in Russian).

6. Sovga, E., Mezentseva, |. and Verzhevskaia, L., 2015. Assimilation Capacity of
the Ecosystem of Sevastopol Bay. In: E. Ozhan, ed., 2015. Proceedings of the Twelfth
International Conference on the Mediterranean Coastal Environment MEDCOAST'
2015, 6-10 October 2015. Varna, Bulgaria. Varna. Vol. 1. P. 317-326.

7. Sovga, E.E. and Mezentseva, 1.V., 2017. Methodological Aspects of Estimates of Self-
Purifying Ability of Marine Shallow Water Ecosystems (Gulfs, Bays, Ports). Ecological
Safety of Coastal and Shelf Zones of Sea, (3), pp. 57-68 (in Russian).

8. lvanov, V.A., Sovga, E.E. and Mezentseva, 1.V., 2019. Long-Term Dynamics of
Biogenic Elements and Oxygen in the Yalta Port Water Area in 2013—2017. Ecological
Safety of Coastal and Shelf Zones of Sea, (2), pp. 86-93. https://doi.org/10.22449/2413-
5577-2019-2-86-93 (in Russian).

9. Sovga, E.E., Mezentseva, I.V. and Kotelyanets, E.A., 2017. Assimilation Capacity of
the Marine Shallow Water Ecosystems with Various Anthropogenic Impacts as the Es-
timation Method of Its Self-Purification Ability. Problems of Ecological Monitoring
and Ecosystem Modelling, 28(4), pp. 39-52. https://doi.org/10.21513/0207-2564-2017-
4-38-51 (in Russian).

52 Ecological Safety of Coastal and Shelf Zones of Sea. No. 3. 2025



10. Sovga, E.E., Mezentseva, 1.V. and Khmara, T.V., 2022. Simulation of Seasonal Hydro-
dynamic Regime in the Sevastopol Bay and of Assessment of the Self-Purification Ca-
pacity of Its Ecosystem. Fundamental and Applied Hydrophysics, 15(2), pp. 110-123.
https://doi.org/10.48612/fpg/92ge-ahz6-n2pt (in Russian).

11. Mezentseva, 1.V. and Sovga, E.E., 2019. Self-Purification Ability of the Ecosystem of
the East Part of the Sevastopol Bay with Respect to Inorganic Nitrogen. Ecological
Safety of Coastal and Shelf Zones of Sea, (1), pp. 71-77. https://doi.org/10.22449/2413-
5577-2019-1-71-77 (in Russian).

12. Sovga, E.E., Mezentseva, 1.V. and Slepchuk, K.A., 2020. Comparison of Assimilative
Capacity and Trophic Index for Various Parts of the Sevastopol Bay Water Area.
Ecological Safety of Coastal and Shelf Zones of Sea, (3), pp. 63-76.
https://doi.org/10.22449/2413-5577-2020-3-63-76 (in Russian).

13. Repetin, L.N., Romanov, A.S. and Churilova, T.Ya., 2010. Upwelling in the Area of
Anticyclone Vorticity on the South Crimea Shelf. Ecological Safety of Coastal and
Shelf Zones of Sea, 22, pp. 205-227 (in Russian).

Submitted 28.11.2024; accepted after review 11.01.2025;
revised 24.06.2025; published 30.09.2025

About the authors:

Irina V. Mezentseva, Senior Research Associate, Sevastopol Branch of the N. N. Zubov
State Oceanographic Institute (61 Sovetskaya St., Sevastopol, 299011, Russian Federation),
PhD (Geogr.), ORCID ID: 0000-0001-9771-0380, mez-irina@mail.ru

Elena E. Sovga, Leading Research Associate, Marine Hydrophysical Institute of RAS
(2 Kapitanskaya St., Sevastopol, 299011, Russian Federation), DSc (Geogr.), ORCID ID:
0000-0002-0670-4573, ResearcherID: A-9774-2018, science-mhi@mail.ru

Tatiyana V. Khmara, Research Associate, Marine Hydrophysical Institute of RAS (2 Kapi-
tanskaya St., Sevastopol, 299011, Russian Federation), Scopus Author ID: 6506060413,
ResearcherID: C-2358-2016, xmara@mhi-ras.ru

Contribution of the authors:

Irina V. Mezentseva — calculations of the assimilation capacity of the Yalta Port ecosys-
tem, analysis of the calculation results

Elena E. Sovga — study task statement, analysis of the method of assimilation capacity
calculation, comparison of the assimilation capacity values of the ecosystems of Yalta Port
and Sevastopol Bay, preparation of the manuscript

Tatiyana V. Khmara — calculations, discussion of the study results, data analysis and visu-
alisation, article editing

All the authors have read and approved the final manuscript

Ecological Safety of Coastal and Shelf Zones of Sea. No. 3. 2025 53



