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Abstract 
The paper assesses the quality of the marine environment of Laspi Bay near the Batiliman 

Stow according to main chemical and microbiological parameters under various recreation-

al impacts on the water area. The material for the study was water and fouling samples 

taken in May, July and October 2023. The qualitative and quantitative composition of 

hydrocarbons was determined by gas chromatography on a Crystal 5000.2 chromatograph 

with a flame ionization detector in the Scientific and Educational Center for Collective Use 

«Spectrometry and Chromatography» of A. O. Kovalevsky Institute of Biology of the South-

ern Seas of RAS. Diagnostic markers of the origin of hydrocarbons were used to identify 

possible sources of organic substances. The abundance of bacteria groups (saprophytic  

heterotrophic, hydrocarbon-oxidizing, lipolytic and phenol-oxidizing) was determined by 

the method of tenfold dilutions using elective nutrient media. From May to October 2023, 

the concentration of hydrocarbons in the coastal waters of the Batiliman Stow was 0.013–

0.304 mg∙L–1. The composition of n-alkanes indicated the absence of oil pollution in the stud-

ied water area. The exceedance of the maximum permissible concentration for hydrocar-

bons, noted in July at one of the stations, is of natural origin and is associated with an active 

intake of allochthonous compounds. The quantitative assessment of the mentioned bacteria 

groups in the water and microperiphyton of macrofouling indicates an increase in the abun-

dance of indicator groups of bacteria in all samples taken in July. Nevertheless, the results 

of the hydrocarbon content study and the quantitative assessment of the main microbio-

logical indicators in the water and microperiphyton of macrofouling suggest that there are 

active bacterial self-purification processes in the water area of the Batiliman Stow. Accord-

ing to microbiological indicators, the studied area can be classified as conditionally clean. 
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Аннотация 
Оценено качество морской среды бухты Ласпи в районе урочища Батилиман по ос-
новным химико-микробиологическим параметрам в периоды различной рекреацион-
ной нагрузки на акваторию. Материалом для исследования послужили пробы воды 
и обрастаний, отобранные в мае, июле и октябре 2023 г. Качественный и количе-
ственный состав углеводородов определялся на базе НОЦКП «Спектрометрия и хро-
матография» ФИЦ ИнБЮМ методом газовой хроматографии на хроматографе «Кри-
сталл 5000.2» с пламенно-ионизационным детектором. Для идентификации вероят-
ных источников поступления органических веществ использовали диагностические 
маркеры происхождения углеводородов. Численность групп бактерий (сапрофитных 
гетеротрофных, углеводородокисляющих, липолитических и фенолокисляющих) опре-
деляли методом предельных десятикратных разведений с использованием электив-
ных питательных сред. Концентрация углеводородов в прибрежных водах урочища 
Батилиман с мая по октябрь 2023 г. составляла 0.013–0.304 мг∙л–1. Состав н-алканов 
указывал на отсутствие нефтяного загрязнения в исследуемой акватории. Превыше-
ние ПДК для углеводородов, отмеченное в июле на одной из станций, носит природ-
ный характер и связано с активным поступлением аллохтонных соединений. Количе-
ственная оценка обозначенных групп бактерий в воде и микроперифитоне макро-
обрастаний указывает на возрастание численности индикаторных групп бактерий 
во всех пробах, отобранных в июле. Тем не менее результаты исследования углево-
дородного фона и количественной оценки основных микробиологических показа-
телей в воде и микроперифитоне макрообрастаний указывают на то, в акватории 
урочища Батилиман активно происходят процессы бактериального самоочищения. 
По микробиологическим показателям исследуемый участок можно отнести к услов-
но-чистым акваториям. 

Ключевые слова: прибрежная зона, рекреационная нагрузка, морская вода, маркеры, 
перифитон, гетеротрофные бактерии, углеводородокисляющие бактерии, липолити-
ческие бактерии, фенолокисляющие бактерии, макрофиты, бухта Ласпи, антропоген-
ное загрязнение, нефтяные углеводороды 
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Introduction 
The coastline of the Batiliman Stow (a coastal-aquatic complex between Cape 

Sarych and Laspi Bay), from where the mountains of the Southern coast of Crimea 

begin, stretches from the base of Mount Kush-Kaya to Laspi Bay. The area is charac-

terised by intense water exchange with the open sea and by high aeration. Runup 

and surge phenomena typical of the Southern coast of Crimea result in water salini-

ty fluctuating from 17.70 to 18.47 [1].  
From the water's edge to shallow depths (10 m) the bottom is represented 

by boulders (boulder bench) (Fig. 1) with rare areas of sandy bottom (Fig. 2). 

The granulometric composition of bottom sediments and peculiarities of morpho-

dynamic conditions of the environment (drift of fine fractions to shallow zones) 

determine the absence of organic carbon accumulation within this coastal area [2].  

This is correlated with the reports [3] on the low number of microbial popula-

tion in the loose bottom sediments of nearby Laspi Bay where the number of sap-

rophytic heterotrophic bacteria averages 2500 cells·g–1 and the number of hydro-

carbon-oxidising bacteria does not exceed 2 cells·g–1. Of the macrophytes, Cystosei-

ra crinita (Dyby, 1830) and Ceramium diaphanum (Roth, 1806) dominate year-

round in terms of occurrence, while C. crinita and C. barbata (C. Agardh, 1820) 

dominate in terms of phytomass [4]. Cystoseira spp. is the main component of 

coastal phytocenosis and one of the main sources of organic matter [5]. Besides, 

Cystoseira spp. is considered to be the most suitable object of algomonitoring 

in assessing the environmental quality of marine coastal water areas, including 

the water area of Batiliman Stow [6]. 
The Batiliman Stow bordering the sea from the west of Cape Aya is a state natu-

ral landscape reserve of regional significance 1) and includes 208 ha of the Black 

Sea water area. The territory up to the next protected object, hydrological natural 

monument Coastal Aquatic Complex at Cape Sarych, has no nature protection sta-

tus, although works in this regard are being done. The authors of work [7] proposed 

1) Government of the City of Sevastopol, 2016. On Amendments to the Resolution of the Government 
of the City of Sevastopol no. 409-ПП “On Approval of the Regulations on the State Natural 
Landscape Reserve of Regional Significance Cape Aya” as of 29 April 2016. Resolution of the 
Government of the City of Sevastopol no. 178-ПП as of 25 April 2022. Sevastopol:  Government of 
the City of Sevastopol (in Russian).
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to create a national park Yuzhnoberezhny from Balaklava Bay to Cape Sarych 

including the adjacent water area and protected areas of regional significance.  

This area is highly appealing for tourists, but due to its small recreational 

capacity there is a danger of negative impact of mass unregulated visitation on 

the state of the water area ecosystem. Over the last decades, the ecological state of 

the concerned water area has deteriorated. This is due to the increase in the flow of 

visitors and development of the coastal zone, as well as the placement of mussel 

farms nearby (with an output of up to 83 t (per dry weight) of biosediments per 

year, including 3 t of protein and 1 t each of carbohydrates and lipids [8]). Recent 

studies have shown that the number of polychaete species has decreased from 

64 (1983) to 45 (2019) [9], the macrophytobenthos stock of the Black Sea envi-

ronment-forming species have decreased by about 1.5 times, whereas some bottom 

areas have lost vegetation at all [10]. According to the authors of work [11], 

in 2017–2018, the content of petroleum hydrocarbons (PHC) in the water of Laspi 

Bay was close to the maximum permissible levels. At the same time, in the summer 

of 2018, the maximum permissible concentration (MPC) was exceeded 3–4 times. 

The PHC content in Laspi Bay was higher than their average content in Sevastopol 

bays, and in 2016 the frequency of recorded cases of exceeding MPC in the bottom 

horizon of the water area of Laspi Bay was 25% [12, 13]. Thus, the authors indi-

cate that the study area, previously classified as reference clean, is under a signifi-

cant anthropogenic impact. Probably, the obtained results are related to the recent 

active development of the coastline of Laspi Bay [11]. 

Of note, this part of the coast is often affected by landslides, mudflows and 

coastal abrasion [14]. Development of this area only worsens the situation. 

Preservation of the Batiliman Stow coastal-aquatic complex requires an inte-

grated approach to the study of the coastal water area to calculate the current level 

of anthropogenic pressure and the stability of the complex against it. This approach 

will also allow proposing measures to minimise the negative effects of increasing 

recreational load without affecting the established cycle of matter and energy 

as well as aesthetics of this unique place.  

Within an integrated approach to the study of the ecological state of the Bati- 

liman beach water area, there has been little research of the hydrocarbon (HC) con-

tent in seawater and characteristics of its bacterial population, which is the first link 

in the process of biological self-purification of the marine environment. 

The work aims to assess the content of HCs and indicator groups of bacteria 

in the marine environment of Laspi Bay. 

The objectives of the study include determination of: 

– qualitative and quantitative composition of HCs in the coastal water area of

Laspi Bay; 

– the number of saprophytic heterotrophic bacteria – the main destructors of

readily available organic compounds in water and in microperiphyton of macro-

fouling; 
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– abundance of indicator groups of bacteria – oil, phenol and fat destructors

in water and in microperiphyton of macrofouling. 

Material and methods 

Water samples for HC analysis were taken in May, July and October 2023 

at two stations. Station 1 – biostation, low-exploited area with a low anthropogenic 

load. Station 2 – Tavrida Beach, an area with a high anthropogenic load in summer. 

Both at Station 1 and Station 2, water was sampled near the water edge (Fig. 1). 
Water samples were taken in glass-stoppered glass bottles with a capacity of 

1 dm3, pre-washed with chromium mixture, tap and distilled water and rinsed 

with hexane. Before sampling, the bottles were pre-washed with n-hexane and 

rinsed with the sampled water. 
Sample preparation was carried out according to the procedure 2). A water 

sample (250 mL) acidified with sulfuric acid (1:1) (1.5 mL) was extracted twice 

with n-hexane (25 mL each). The hexane extract was passed through a glass column 

filled with aluminium oxide and concentrated to a volume of 1 mL at room temper-

ature in a fume hood. 
The qualitative and quantitative composition of HCs was determined at the Sci-

entific and Educational Center for Collective Use “Spectrometry and Chromatog-

raphy” of IBSS using a Crystal 5000.2 gas chromatograph with a flame ionization 

detector (FID). 
An aliquot of the concentrated extract was injected with a microsyringe 

into the gas chromatograph evaporator heated to 250 °C. HCs were separated 

F i g .  1 .  The map of seawater and macrofouling sampling 

in the water area of the Batiliman Stow, 2023. Google Maps 

image (available at https://www.google.ru/maps) 

2) Drugov, Yu.S. and Rodin, A.A., 2020. [Ecological Analyses in Oil and Petroleum Product Spills. 
A Practical Guide]. Moscow: Laboratoriya Znaniy, 270 p. (in Russian).
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on a TR-1MS capillary column 30 m long, 0.32 mm in diameter and with the sta-

tionary phase film thickness of 0.25 μm (Termo Scientific). The column tempera-

ture was programmed from 70 to 280 °C (rate of temperature rise: 8 °C·min−1). 

The carrier gas (nitrogen) flow in the column was 2.5 mL·min−1 without flow split-

ting. The detector temperature was 320 °C. 
Quantitation of the total HC content was performed by absolute calibration 

of the FID with a standard mixture of HCs (C10–C40) ranging 0.01–0.5 mg∙L–1. 

A standard sample of ASTMD2887 Reference Gas Oil standard (SUPELCO, USA) 

was used as a HC mixture. The total HC content was determined by the sum of 

the areas of eluted n-alkanes peaks and the unresolved complex mixture (UCM). 

The results were processed with the Chromatec Analytical 3.0 software (the abso-

lute calibration and percentage normalization method). 
The following diagnostic indices were used to identify HC genesis: terri-

genous/aquatic ratio (TAR) [15], average chain length (ACL) [16], and low-

molecular weight to high-molecular weight homologues ratio (LWH/HWH) [17]. 

The Paq index [18] (aquatic to terrestrial plant index) determines the type of vegeta-

tion prevailing in the organic matter formation. Carbon Preference Indices CPI1 [19], 

calculated for lighter n-alkanes, and CPI2 [16], calculated for the high-molecular 

weight part of the spectrum, are used to identify the petroleum and biogenic origin 

of HCs. The HC genesis markers were determined according to the ratios presented 

in Table 1. 
Seawater samples for microbiological analysis were collected in sterile 50 cm3 

tubes and fouling samples were collected in sterile jars. In this study, the macro-

fouling community was assessed from which microperiphyton was then washed out 

T a b l e  1 .  Main diagnostic indices for identification of the hydrocarbon genesis 

Index Formula 

TAR ∑(С27 + C29 + C31)/∑(С15 + C17 + C19) 

LWH/HWH ∑(С13−С21)/∑(С22−С37) 

ACL 
(27C27 + 29C29 + 31C31 + 33C33 + 35C35 + 37C37)/ 

(C27 + C29 + C31 + C33 + C35 + C37) 

CPI1 
1/2 {(C15 + C17 + C19 + C21)/(C14 + C16 + C18 + C20) + 

+ (C15 + C17 + C19 + C21)/(C16 + C18 + C20 + C22)} 

CPI2 
1/2{(C25 + C27 + C29 + C31 + C33 + C35)/(C24 + C26 + C28 + C30 + C32 + C34) + 

+ (C25 + C27 + C29 + C31 + C33 + C35)/(C26 + C28 + C30 + C32 + C34 + C36)} 

Paq (C23 + C25)/(C23 + C25 + C29 + C31) 
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to determine bacterial abundance. In all sampling periods, macrofouling was repre-

sented exclusively by Cystosira. Its abundance decreased naturally from May 

to October, and its biomass was slightly higher in all sampling periods at St. 1. 

The abundance of saprophytic heterotrophic (HB), hydrocarbon-oxidising (HOB), 

lipolytic (LB) and phenol-oxidising (POB) bacterial groups was determined in each 

sample. The abundance of these bacterial groups was determined by the method of 

tenfold dilutions using selective nutrient media. For HBs, a peptone medium was 

used [20]. HOBs and LBs were cultured on a Voroshilova–Dianova medium [21], 

to which sterile oil or vegetable fat (1% of the volume) was added as the only 

source of carbon and energy. For phenol-oxidising bacteria, a modified Kalabina–

Rogovskaya medium was used [22]. When preparing the media, the salinity of 

seawater was taken into account. The most probable number of microorganisms per 

unit volume was calculated using McCready’s table (in triplicate) based on the me- 

thod of variation statistics 3). 

Results and discussion 

The total HC content in water at the studied stations from May to October 

2023 ranged from 0.013 to 0.304 mg∙L–1 (Fig. 2). In July, at St. 1, the exceedance 

of MPC for fishery water bodies (0.05 mg/L)  4) by 6 times was recorded (Fig. 2), 

at St. 2 during the study period, the value of HC concentration was rather low and 

did not exceed the MPC.  
Comparing the indicators of the low-exploited coastal area and the beach, 

it is difficult to speak about the increase of HC content on the beach in summer, 

when the anthropogenic load on the coast increases significantly. Probably, other 

factors play the leading role in formation of hydrocarbon content in the coastal wa-

ters of this area. 
The study of the individual composition of n-alkanes, as well as calculation of 

markers characterising the sources of organic substances origin in water, allow 

more reliable identification of HC input sources. 

F i g .  2 .  Hydrocarbon concentrations 

in the coastal waters of the Batiliman Stow, 

May–October 2023 

3) Netrusov, A.I., ed., 2005. [Practical Course on Microbiology]. Moscow: Akademiya, 608 p.

(in Russian).

4) Ministry of Agriculture of Russia, 2016. On the Approval of Water Quality Standards for Water

Bodies of Commercial Fishing Importance, Including Standards for Maximum Permissible

Concentrations of Harmful Substances in the Waters of Water Bodies of Commercial Fishing

Importance: Order of the Ministry of Agriculture of Russia dated December 13, 2016, No. 552.
Moscow: Ministry of Agriculture of Russia (in Russian).
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In water samples collected from May to October 2023, n-alkanes in the range 

n-C17–C31 were identified (Fig. 3), the n-alkane C31 was detected only once at St. 1 

in July (Fig. 3, b). The homologues of C29 and C30 were not detected in May at both 

stations (Fig. 3, a), the other n-alkanes were represented everywhere. 
The distribution of n-alkanes obtained in May at both stations was unimodal. 

Surface water samples collected in May 2023 were dominated by low-molecular 

weight homologues (Fig. 3, a), in particular heptadecane (n-C17), which is the main 

alkane produced by phyto- and zooplankton [23, 24], and alkane n-C19, also of phy-

toplanktonic genesis. The C18 and C20 peaks were well pronounced. They are asso-

ciated with the development of bacterial community [25]. Markers TAR and CPI1 

(Table 2) show the predominance of autochthonous matter in water, formed as a re-

sult of microbiological degradation of organic matter [26].  

F i g .  3 .  Distribution of n-alkanes in the coastal waters 

of the Batiliman Stow: May (a), July (b), October (c), 

2023 
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T a b l e  2 .  Content and composition of n-alkanes (markers) in the water of the coastal 

water area of the Batiliman Stow, May–October 2023 

Station 

number 
D С 

LWH/ 

HWH 
Paq TAR ACL CPI1 CPI2 

May 

1 

2 

С17–С27 

С17–С28 

0.013 

0.020 

1.59 

2.66 

1.00 

1.00 

0.23 

0.12 

26.17 

26.00 

1.78 

1.79 

1.50 

1.23 

July 

1 

2 

С17–С31 

С18–С30 

0.304 

0.024 

0.21 

0.34 

0.34 

0.52 

13.57 

4.50 

28.00 

27.40 

1.08 

0.48 

2.50 

0.92 

October 

1 

2 

С17–С30 

С18–С30

0.040 

0.020 

0.65 

0.34 

0.65 

0.65 

1.27 

3.33 

27.00 

26.90 

0.73 

0.60 

0.93 

1.32 

Note :  D – the range of identified n-alkanes; C – total concentration of identified 

n-alkanes, mg·L–1.

Thus, the n-alkanes in the water samples collected in May 2023 are predomi-

nantly autochthonous and are associated with phytoplankton and bacterial produc-

tion. The above season is characterised by active phytoplankton development [27]. 

In July, a relatively uniform distribution of n-alkanes was recorded at St. 1, 

where the MPC exceedance was observed. At St. 2, the distribution differed, 

showing signs of bimodality (Fig. 3, b): the first peak (even-numbered n-alkanes 

in the range C18–C24) may be associated with the work of the bacterial community, 

whereas the second peak (C27–C30) is usually associated with higher plants of 

both aquatic and terrestrial origin [25].  

At St. 1, the n-C17 homologue was identified in small amounts, while at St. 2 

it was not detected at all (Fig. 3, b). The TAR index at both stations was signifi-

cantly greater than unity (Table 2), indicating the predominance of allochthonous 

matter coming from land. 

Though at St. 1 in July 2023, the exceedance of MPC by 6 times was recorded, 

the CPI2 index value was 2.5 (Table 2), indicating the biogenic origin of organic 

matter. Moreover, the C17/C25 ratio was 0.08 (Table 2), indicating the predomi-

nance of allochthonous homologues [28]. The TAR index value significantly 

exceeded unity and was 13.57 (Table 2), which also shows the predominance of 

allochthonous matter in the water area. 
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Thus, despite the relatively uniform distribution of n-alkanes, which may signify 

fresh oil pollution, markers of the latter were absent. Diagnostic indices clearly 

indicate the predominance of biogenic allochthonous matter. It can be concluded 

that no oil pollution was detected in the studied samples, and the increased values 

of HC concentrations were due to natural processes. 

In surface water samples collected in October 2023, the distribution of n-alkanes 

was relatively monotonous (Fig. 3, c). The n-C22 homologue was dominant at St. 2; 

together with the CPI value (Table 2), this indicates the presence of HC microbial 

degradation products in open surface water [25, 29]. In the high-molecular weight 

part of the spectrum, the peak associated with the n-alkane C25, which is of alloch-

thonous origin, was pronounced for St. 2. The homologue C17, which is a marker of 

phyto- and zooplankton, was absent at St. 2 (Fig. 3, c). The values of TAR and 

LWH/HWH indices (Table 2) at the studied stations indicate the dominance of  

allochthonous matter coming from land. No signs of oil pollution were detected, 

as indicated by the CPI2 marker value (Table 2). 

The ACL marker is used to reveal changes in the ecosystem. The marker re-

mains stable for a long time and decreases abruptly in case of oil pollution [30]. 

High values of the ACL marker indicate the predominant contribution of herba-

ceous vegetation to HC formation, while low ACL values are characteristic of HCs 

of wood origin. This index ranged from 26 to 28 (mean 26.9 ± 0.7) (Table 2) 

at both stations, which indicates the absence of fresh oil inputs and reflects approx-

imately the same contribution of woody and herbaceous plants to the formation 

of organic matter of surface open waters in the water area. The Paq indicator [18] 

(Table 2) allows determining the type of vegetation prevailing in the process of 

organic matter formation: terrigenous or aquatic [18]. The indicator shows that in May, 

HCs of aquatic origin prevailed, whereas in July, terrigenous matter dominated 

at St. 1. The proportions of autochthonous and allochthonous matters were approx-

imately equal at St. 2. In October, a slight predominance of autochthonous com-

pounds was noted at both stations.  

From the analysis results of the water samples taken in the water area of 

the Batiliman Stow from May to October 2023, including during the high recre-

ational season, it was not possible to establish oil pollution of the bay waters.  

The main sources of formation of hydrocarbon background of the water area in May 

were autochthonous processes associated with the production of phytoplankton and 

bacterial destruction of organic matter. In subsequent periods, the importance of 

phytoplankton production decreased, bacterial processes and the input of alloch-

thonous compounds came to the foreground. The exceedance of sanitary norm 

values (MPC = 0.05 mg·L–1), observed in July (0.304 mg·L–1) at one of the sta-

tions, is of natural character and associated with active input of allochthonous 

compounds. 

An important indicator of the marine environment quality is the state of 

the bacterial community, for which organic matter, including HCs, entering 
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the water area is a nutritious substrate. Our results on the origin of HCs indicate 

active participation of bacteria in the synthesis and transformation of HCs. 

The results of the performed microbiological studies show that the maximum 

HB abundance (2.5103 cellsmL–1) in water was observed once in the May sample 

of St. 1 (Fig. 4, a), while in the other samples of St. 1, the number of HBs varied 

from 95 to 950 cellsmL–1. In the beach water area (St. 2), HB abundance ranged 

from 150 to 950 cellsmL–1 (Fig. 4, a). In May and July, the HB abundance at both 

stations exceeded the HB values in October samples, which is probably related to 

the phytoplankton blooms, typical of spring [31], and the increase in water tem-

perature in summer. The HB abundance in water of the studied sites is similar 

to the data [32] obtained earlier in the conditionally clean water area. 
At St. 1, HOBs were detected in all samples. The maximum (95 cellsmL–1) 

was observed in the July sample, while in the remaining samples, the abundance 

of HOBs did not exceed 10 cellsmL–1 (Fig. 4, b). In the May sample of St. 2, 

no HOBs were detected, and in October they were represented by single cells  

in a millilitre of seawater (Fig. 4, b). The HOB maximum at St. 2 was identified 

in July (95  cellsmL–1). The HOB share of the HB abundance in water samples 

at St. 1 did not exceed one per cent in May, and in July and October it was 10%. 

At St. 2 , the HOB share of the HB abundance was 10% in July and it decreased 

to 1.6% in the October sample. In clean waters, hydrocarbon-oxidising microor-

ganisms are considered to account for up to 7% of saprophytic heterotrophic micro-

flora [33]. 
No lipolytic bacteria were cultured in the May sample of St.  1 (Fig. 4, c). 

The maximum LB abundance was observed in July (200 cellsmL–1), and in Octo-

ber, the LB value was an order of magnitude less. The LB abundance in the water 

of St. 2 ranged from 2 to 150 cellsmL–1 (Fig. 4, c). The LB maximum was deter-

mined in July, as at St. 1. 

F i g .  4 .  Dynamics of the abundance (cells·mL-1) of hetero-

trophic (a), hydrocarbon-oxidizing (b), lipolytic (c), phenol-

oxidizing (d) bacteria in the water 
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POBs at St. 1 were detected in all samples (Fig. 4, d). The maximum 

(10 cellsmL–1) was detected at station 1 in July, while in the other samples of St. 1, 

this group of bacteria was represented by single cells per millilitre of seawater. 

At St. 2, POBs were also detected in all samples (Fig. 4, d). The maximum 

(95 cellsmL–1) was detected at St. 2 in July. In other samples, the POB abundance 

was under 10 cellsmL–1.  
The obtained results (Fig. 5, a) for the assessment of HB abundance in the mac- 

rofouling microperiphyton showed that at St. 1 the maximum HB abundance 

(2.5106 cellsg–1), indicating a sufficient amount of highly digestible organic mat-

ter, was observed in the May sample. In subsequent determinations, the HB abun-

dance was 9.5103 cellsg–1. At St. 2, the HB abundance in the May and October 

samples ranged from 2.5104 – 4.5104 cellsg–1, with the abundance value of HBs 

decreasing by an order of magnitude in July. The highest HB abundance at St. 2, 

as at St. 1, was determined in the May sample (4.5104 cellsg–1). 
HOBs were cultured from all fouling samples from the mentioned stations 

(Fig. 5, b). At both stations, the HOB abundance varied from 95 to 2.5102 cellsg–1. 

However, at St. 1, the lowest (95 cellsg–1) HOB value was recorded in the May 

sample, while in the other samples of St.  1, the HOB abundance ranged 

from 1.5102 to 2.5102 cellsg–1. In the beach fouling (St. 2), the maximum 

(2.5102 cellsg–1) was obtained in July and the minimum (95 cellsg–1) was rec-

orded in October. The HOB share of HB in July samples of St. 1 was 1.6%, and 

in July samples of St. 1 and 2 it was 2.6 %. In other months the HOB share at both 

stations was under 1%. The quantitative indicators of HOB obtained in the water 

area of the Batiliman Stow are much lower than those obtained in the micrope-

riphyton of breakwaters of the Sevastopol water area, which are under a significant 

anthropogenic load [34]. 

F i g .  5 .  Dynamics of the abundance (cells·g-1) of hetero-

trophic (a), hydrocarbon-oxidizing (b), lipolytic (c), phenol-

oxidizing (d) bacteria in the fouling 
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LBs were detected in 100% of fouling samples from St. 1 and 2 (Fig. 5, c). 

At St. 1, the abundance of LBs ranged from 45 to 95 cellsg–1, while at St. 2, 

the range of LB abundance was 25–450 cellsg–1. The highest LB abundance values 

at both stations were obtained at the height of the holiday season. The minimum 

LB abundance (25 cellsg–1) was determined in the May sample at St. 2. In the other 

samples at St. 1 and 2, the abundance of LBs varied from 45 to 95 cellsg–1. 
POBs at St. 1 were not cultured in the May sample, the results of follow-up 

observations at St. 1 showed an increase in the POB abundance in July and October 

samples, 75 and 95 cellsg–1, respectively (Fig. 5, d). At St. 2, the POB abundance 

ranged from 1 to 250 cellsg–1 (Fig. 5, d). The maximum (250 cellsg–1) at St. 2 was 

recorded in the July sample, the minimum in May, and in October the POB abun-

dance in beach fouling decreased to 45 cellsg–1.  
The data analysis showed that the absence of a pronounced abundance peak of 

saprophytic heterotrophic bacteria (Fig. 4, a) and the observed increase in the hydro-

carbon content in July at St. 1 (Fig. 2), given the composition of n-alkanes, can be 

related to the entry of high-molecular weight allochthonous compounds, which are 

less susceptible to bacterial degradation [35]. The input of allochthonous material 

can be related to precipitation occurred the day before (21–23 July 2023) (available 

at: https://goodmeteo.ru/pogoda-batiliman-orlinoe-sevastopol/23-7/) and the pecu-

liarities of the station location (possibility of mudflows). The HOB share of the HB 

abundance in fouling at both stations was rather low and did not exceed 2.6%, 

which corresponds to the values for clean water areas 5). The obtained quantitative 

characteristics of POBs and LBs in the fouling of the Batiliman Stow water area 

at the investigated sites were much lower than similar indicators of Golubaya Bay 

Beach (Sevastopol water area), at the same time the POB content was much higher 

than that in the periphyton of Golubaya Bay Beach [32]. The increase in the abun-

dance of indicator groups of bacteria (HOBs, LBs and POBs) at St. 1 and 2 in July 

both in the water samples and in the microperiphyton is a response of the microbial 

community to seasonal changes in the ecosystem, including an increase in the an-

thropogenic load on the water area of the Southern Coast of Crimea.  

Conclusions 

From May to October 2023, the HC concentration in the coastal waters of 

Batiliman Stow was 0.013–0.304 mg/L. The composition and content of HCs 

in the coastal waters of the Batiliman Stow are caused by natural processes. 

Oil pollution was not recorded.  
Quantitative assessment of the indicated groups of bacteria in water and mi-

croperiphyton of macrofouling and the obtained results of hydrocarbon content 

study indicate that, despite a significant anthropogenic load in summer, there are 

active bacterial self-purification processes in the water area of the Batiliman 

Stow. Based on the microbiological indicators, the studied area can be classified 

as conditionally clean.  

5) Mishustina, I.E., Shcheglova, I.K. and Mitskevich, I.N., 1985. [Marine Microbiology]. Vladivostok:

DVGU, 184 p. (in Russian).
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Taking into account the increasing anthropogenic load on this part of the coast, 

associated with the construction of tourist facilities, the results of baseline studies 

can be used further for comparative analysis of the state of the waters of the Bati- 

liman Stow during environmental monitoring or environmental assessment  

in emergencies. 

RE FERE NCES  

1. Kuftarkova, E.A., Kovrigina, N.P. and Bobko, N.I., 1990. Estimation of Hydrochemi-

cal Conditions of the Laspi Bay, the Region of Mussel Cultivation. In: IBSS, 1990.

Ekologiya Morya. Kiev: Naukova Dumka. Iss. 36, pp. 1–7 (in Russian).

2. Orekhova, N.A. and Ovsyany, E.I., 2020. Organic Carbon and Particle-Size Distribu-

tion in the Littoral Bottom Sediments of the Laspi Bay (the Black Sea). Physical

Oceanography, 27(3), pp. 266–277. doi:10.22449/1573-160X-2020-3-266-277

3. Skuratovskaya, E. and Doroshenko, Yu., 2022. Complex Application of Microbio-

logical Characteristics in Bottom Sediments and Biochemical Parameters of Mussel

Mytilus galloprovincialis (Lam.) for Assessing the Ecological State of Marine Coastal

Areas. Pollution, 8(3), pp. 1038–1048. doi:10.22059/poll.2022.337948.1341

4. Evstigneeva, I.K. and Tankovskaya, I.N., 2018. Macrophytobenthos of the Batiliman

Seashore Region (Black Sea, Cape Ajja Reserve). Bulletin of Tver State University.

Series: Biology and Ecology, (4), pp. 100–117. doi:10.26456/vtbio31 (in Russian).

5. Podkorytova, A.V. and Vafina, L.Kh., 2013. Chemical Composition of Brown Algae

from the Black Sea: Genus Cystoseira, Perspectives for Their Use. In: M. K. Glubokov-

sky, ed., 2013. Trudy VNIRO. Moscow: VNIRO. Vol. 150, pp. 100–107 (in Russian).

6. Kravtsova, A.V., Milchakova, N.A. and Frontasyeva, M.V., 2014. The Features of

Trace Elements Accumulation by Macroalgae Cystoseira in the Coastal Zone of Ma-

rine Protected Areas of the Crimea (the Black Sea). In: TNU, 2014. Optimization and

Protection of Ecosystems. Simferopol: TNU. Iss. 10, pp. 146–158 (in Russian).

7. Milchakova, N.A., Bondareva, L.V., Aleksandrov, V.V., Chernysheva, E.B. and 
Ryabogina, V.G., 2019. Prospects for Forming Specially Protected Natural Territories 
of Federal Significance in Sevastopol City. In: KFU, 2019. The Nature Reserves –2019. 

Biological and Landscape Diversity, Conservation and Management. The Abstracts of 

the IX Pan-Russian Scientific-Practical Conference (Simferopol, 2019 October 9–11). 

Simferopol: PP “ARIAL”, pp. 68–74 (in Russian).

8. Nekhoroshev, M.V., Uss, Yu.A. and Shalyapin, V.K., 1990. Chemical Composition of

Biodeposits and the Rate of Their Extraction by Cultivated Mussels. In: IBSS, 1990.

Ekologiya Morya. Kiev: Naukova Dumka. Iss. 36, pp. 37–41 (in Russian).

9. Kopiy, V.G., 2013. Taxocene of Polychaeta of the Laspi Bay Water Area (the Crimea,

Black Sea). Vestnik of MSTU, 26(1), pp. 69–77. doi:10.21443/1560-9278-2023-26-1-69-77

(in Russian).

10. Mironova, N.V. and Pankeeva, T.V., 2018. Long Time Changes of Spatial Distribution

of Phytomasses Stock of Seaweeds in the Laspi bay (the Black Sea). Ekosistemy, (16),

pp. 33–46 (in Russian).

11. Tikhonova, E.A., Soloveva, O.V., Mironov, O.A. and Burdiyan, N.V., 2020. Sanitary

and Biological Characteristics of the Laspi Reserve Coastal Waters (the Black Sea).

Ecological Safety of Coastal and Shelf Zones of Sea , (3), pp. 95–106.

doi:10.22449/2413-5577-2020-3-95-106 (in Russian).



Ecological Safety of Coastal and Shelf Zones of Sea. No. 1. 2024  127 

12. Soloveva, O.V., Tikhonova, E.A. and Mironov, O.A., 2017. The Concentrations of Oil

Hydrocarbons in Coastal Waters of Crimea. Scientific Notes of V.I. Vernadsky Crimean

Federal University. Biology. Chemistry, 3(3), pp. 147–155 (in Russian).

13. Soloveva, O.V., Tikhonova, E.A., Mironov, O.A. and Zakharchenko, D.A., 2018.

Monitoring of Oil Hydrocarbons Concentrations in the Coastal Waters of the Crimea.

Water: Chemistry and Ecology, (4–6), pp. 19–24 (in Russian).

14. Novikov, A.A., Kashirina, E.S. and Belokon, V.V., 2014. [Geological and Geomorpho-

logical Hazardous Processes as Threat Factors for Protected Areas of Sevastopol].

In: MHI, 2014. Ekologicheskaya Bezopasnost' Pribrezhnoy i Shel'fovoy Zon i Kom-

pleksnoe Ispol'zovanie Resursov Shel'fa [Ecological Safety of Coastal and Shelf Zones

and Comprehensive Use of Shelf Resources]. Sevastopol: ECOSI-Gidrofizika. Iss. 29,

pp. 61–69 (in Russian).

15. Meyers, P.A., 1997. Organic Geochemical Proxies of Palaeoceanographic, Paleolimno-

logic, and Paleoclimatic Processes. Organic Geochemistry, 27(5–6), pp. 213–250.

doi:10.1016/S0146-6380(97)00049-1

16. Zhang, S., Li, S., Dong, H., Zhao, Q., Lu, X. and Shi, J., 2014. An Analysis of Organic

Matter Sources for Surface Sediments in the Central South Yellow Sea, China: Evi-

dence Based on Macroelements and N-Alkanes. Marine Pollution Bulletin, 88(1–2),

pp. 389–397. doi:10.1016/j.marpolbul.2014.07.064

17. Blumer, M., Guillard, R.R.L. and Chase, T., 1971. Hydrocarbons of Marine Phyto-

plankton. Marine Biology, 8(3), pp. 183–189. doi:10.1007/BF00355214

18. Ficken, K.J., Li, B., Swain, D.L. and Eglinton, G., 2000. An N-Alkane Proxy for the Se- 

dimentary Input of Submerged/Floating Freshwater Aquatic Macrophytes. Organic

Geochemistry, 31(7–8), pp. 745–749. doi:10.1016/S0146-6380(00)00081-4

19. L(U), X. and Zhai, S., 2008. The Distribution and Environmental Significance of

n-Alkanes in the Changjiang River Estuary Sediment. Acta Scientiae Circumstantiae,

28(6), pp. 1221–1226.

20. Mironov, O.G., ed., 1988. [Biological Aspects of Oil Pollution of the Marine Environ-

ment]. Kiev: Naukova Dumka, 247 p. (in Russian).

21. Voroshilova, A.A. and Dianova, E.V., 1952. [Oil-Oxidizing Bacteria – Performance

Indices of Oil Biological Oxidation under Natural Conditions]. Mikrobiologiya, 21(4),

pp. 408–415 (in Russian).

22. Ermolaev, K.K. and Mironov, O.G., 1975. The Role of Phenol Decomposing Microor-

ganisms in Detoxication of Phenol in the Black Sea. Mikrobiologiya, 44(5), pp. 928–

932 (in Russian).

23. Tashlikova, N.A., Kuklin, A.P. and Bazarova, B.B., 2009. Primary Production of

Phytoplancton, Epiphytic Seaweed and the Higher Water Plants in the Channels of

the Selenga River Delta. The Bulletin of KrasGAU, (9), pp. 106–112 (in Russian).

24. Yáñez-Arancibia, A. and Day, J., 1982. Ecological Characterization of Terminos Lagoon,

a Tropical Lagoon-Estuarine System in the Southern Gulf of Mexico. Oceanologica

Acta, 5(4), pp. 431–440.

25. Nemirovskaya, I.A., 2013. Oil in the Ocean (Pollution and Natural Flow). Moscow:

Nauchny Mir, 432 p. (in Russian).

26. Nishimura, M. and Baker, E.W., 1986. Possible Origin of N-Alkanes with a Remarka-

ble Even-to-Odd Predominance in Recent Marine Sediments. Geochimica et Cosmo-

chimica Acta, 50(2), pp. 299–305. doi:10.1016/0016-7037(86)90178-X



128  Ecological Safety of Coastal and Shelf Zones of Sea. No. 1. 2024 

27. Vostokov, S.V., Lobkovskiy, L.I., Vostokova, A.S. and Solov’ev, D.M., 2019. Season-

al and Interannual Variability of Phytoplankton in the Balck Sea on the Basis of

Remote Sensing Data and In Situ Measurements of Chlorophyll-A. Doklady Earth Sci-

ences, 485(1), pp. 293–297. doi:10.1134/S1028334X19030097

28. Nemirovskaya, I.A., 2021. Distribution and Origin of Hydrocarbons on a Transarctic

Transect. Oceanology, 61(2), pp. 183–192. doi:10.1134/S0001437021020144

29. Bieger, T., Abrajano, T.A. and Hellou, J., 1997. Generation of Biogenic Hydrocarbons

During a Spring Bloom in Newfoundland Coastal (NW Atlantic) Waters. Organic

Geochemistry, 26(3–4), pp. 207–218. doi:10.1016/S0146-6380(96)00159-3

30. Huang, X., Meyers, P.A., Wu, W., Jia, C. and Xie, S., 2011. Signicance of Long Chain

Iso and Anteiso Monomethyl Alkanes in the Lamiaceae (Mint Family). Organic Geo-

chemistry, 42(2), pp. 156–165. doi:10.1016/j.orggeochem.2010.11.008

31. Finenko, Z.Z., Mansurova, I.M. and Suslin, V.V., 2022. Temporal Dynamics of Phyto-

plankton Biomass in the Surface Layer of the Black Sea According to Satellite Obser-

vations. Oceanology, 62(3), pp. 358–368. doi:10.1134/S0001437022030043

32. Doroshenko, Yu.V., 2018. The Estimation of the State of Golubaya Bay on Microbio-

logical Criteria During the Summer. Russian Journal of Biological Physics and Chem-

istry, 3(4), pp. 892–896 (in Russian).

33. Studenikina, E.I., Tolokonnikova, L.I. and Volovik, S.P., 2002. [Microbiological

Processes in the Sea of Azov under Anthropogenic Influence]. Moscow: FGUP

“NatsRybResursy”, 168 p. (in Russian).

34. Doroshenko, Yu.V., 2022. Microbiological Characteristics of the Hydraulic Structures

of Some Sevastopol Bays. Russian Journal of Biological Physics and Chemistry, 7(4),

pp. 645–649. doi:10.29039/rusjbpc.2022.0576 (in Russian).

35. Corner, E.D.S., 1979. Pollution Studies with Marine Plankton: Part 1. Petroleum Hy-

drocarbons and Related Compounds. Advances in Marine Biology, 15, pp. 289–380.

doi:10.1016/S0065-2881(08)60407-1

Submitted 30.11.2023; accepted after review 10.12.2023; 

revised 27.12.2023; published 25.03.2024 

About the authors: 

Elena A. Tikhonova, Leading Research Associate, A. O. Kovalevsky Institute of Biology 

of the Southern Seas of RAS (2 Nakhimova Ave, Sevastopol, 299011, Russian Federation), 

PhD (Biol.), ORCID ID: 0000-0002-9137-087X, Scopus Author ID: 57208495804, 

ResearcherID: X-8524-2019, tihonoval@mail.ru 

Olga V. Soloveva, Leading Research Associate, A. O. Kovalevsky Institute of Biology of 

the Southern Seas of RAS (2 Nakhimova Ave, Sevastopol, 299011, Russian Federation), 

PhD (Biol.), ORCID ID: 0000-0002-1283-4593, Scopus Author ID: 57208499211, Re-

searcherID: X-4793-2019, kozl_ya_oly@mail.ru 

Nataliya V. Burdiyan, Senior Research Associate, A. O. Kovalevsky Institute of Biology 

of the Southern Seas of RAS (2 Nakhimova Ave., Sevastopol, 299011, Russian Federa-

tion), PhD (Biol.), ORCID ID: 0000-0001-8030-1556, Scopus Author ID: 57208497483, 

ResearcherID: AAD-1704-2022, burdiyan@mail.ru 

https://doi.org/10.1134/S0001437022030043
https://www.scopus.com/authid/detail.uri?authorId=57208497483
https://publons.com/researcher/AAD-1704-2022


Ecological Safety of Coastal and Shelf Zones of Sea. No. 1. 2024  129 

Yulia S. Tkachenko, Junior Research Associate, A. O. Kovalevsky Institute of Biology of 

the Southern Seas of RAS (2 Nakhimova Ave, Sevastopol, 299011, Russian Federation), 

ORCID ID: 0009-0001-1752-1043, Scopus Author ID: 1220495;  

yulechkatkachenko.90@mail.ru 

Yulia V. Doroshenko, Research Associate, A.O. Kovalevsky Institute of Biology of 

the Southern Seas of RAS (2 Nakhimova Ave., Sevastopol, 299011, Russian Federation), 

PhD (Biol.), ORCID ID: 0000-0003-0498-3369; Scopus Author ID: 57211643141, 

ResearcherID: AAD-1706-2022,  julia_doroshenko@mail.ru 

Elena V. Guseva, Junior Research Associate, A.O. Kovalevsky Institute of Biology of 

the Southern Seas of RAS (2 Nakhimova Ave., Sevastopol, 299011, Russian Federation), 

Scopus Author ID: 57208488324;  guseva_ev@ibss-ras.ru 

Sergey V. Alyomov, Leading Research Associate, A. O. Kovalevsky Institute of Biology 

of the Southern Seas of RAS (2 Nakhimova Ave., Sevastopol, 299011, Russian Federa-

tion), PhD (Biol.), ORCID ID: 0000-0002-3374-0027, Scopus Author ID: 24070027300, 

alyomov_sv@ibss-ras.ru 

Contribution of the authors: 

Elena A. Tikhonova – statement of aims and objectives of the complex study, water and 

fouling sampling, manuscript writing 

Olga V. Soloveva – analysis of the results obtained on the hydrocarbon composition of 

water, results discussion, manuscript writing 

Yulia S. Tkachenko – preparation of water samples, determination of qualitative and quan-

titative composition of hydrocarbons in the water, writing and presentation of the article 

Nataliya V. Burdiyan – statement of the objectives of the microbiological study, analysis 

of the results obtained in the microbiological study, results discussion, manuscript writ-

ing, microbiological works to determine the abundance of indicator groups of bacteria 

in the periphyton 

Yulia V. Doroshenko – analysis of the obtained results on microbiological research, results 

discussion, manuscript writing, microbiological works to determine the abundance of indi-

cator groups of bacteria in the water 

Elena V. Guseva – study rationale, preparation of the literature review, fouling sampling, 

construction of graphical materials 

Sergey V. Alyomov – sampling, description of the macrofouling community and its chang-

es during different sampling periods 

All the authors have read and approved the final manuscript. 

mailto:alyomov_sv@ibss-ras.ru



