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Abstract

The purpose of this work is to determine the content and spatial distribution of hydrocar-
bons in the upper (0-5 cm) layer of bottom sediments of Balaklava Bay and to assess
probable sources of hydrocarbons in this water area. The quantitative determination of
the total content of hydrocarbons was carried out by calibration of the flame ionization
detector with a mixture of hydrocarbons (C12—Cao), which had been prepared by the grav-
imetric method, with the content ranging 0.1-5.0 mg/L. N-hexane was used as an extract-
ant. The measurements were carried out using Kristall 5000.2 gas chromatograph.
The total amount of hydrocarbons in the bottom sediments of Balaklava Bay reached
2385 mg/kg, with an average of 880 mg/kg, and that of n-alkanes — 154 mg/kg, with
an average of 61 mg/kg. The maximum concentrations of hydrocarbons are noted
in the central part of the bay and the minimum ones — in its seaward part. In the sea
bottom sediments of Balaklava Bay n-alkanes were identified in the range of C13—Css.
The total content of hydrocarbons in the sea bottom sediments of Balaklava Bay corre-
sponded to the levels noted in the polluted zones of coastal areas of the World Ocean.
The presence of bimodality in the n-alkanes distribution chromatograms apparently indi-
cates the mixed origin of hydrocarbons. The calculated markers indicate that normal al-
kanes in the sea bottom sediments of the water area are of predominantly terrigenous
origin (TAR, Alkterr, Y Cas-35/Y Cis-21(040)) @nd also signify chronic petroleum contamina-
tion (CPl;, UCM/R). The hydrocarbon composition of sea bottom sediments in the sea-
ward area of Balaklava Bay differed from that recorded in the inner parts of the water
area. Calculated for this area, diagnostic indices, which allow differentiation of oil and
biogenic hydrocarbons, indicate predomination of natural hydrocarbons.
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AHHOTaANUA

Lens paboTsl — onpesesieHne COAEPkKaHU U IIPOCTPAHCTBEHHOTO PACIpeieNieHNs yriie-
BOZIOPOJIOB B MoBepXHOCTHOM (0—-5 cM) cioe MOHHBIX oTioxeHWi 0. bamakiaBckoH,
a TaK)Ke OICHKA BEPOSTHBIX HCTOYHHKOB MTOCTYIJICHHUS YTIIEBOAOPOAOB B ATY aKBaTOPHIO.
KonmiecTBeHHOE OmpezneneHne CyMMapHOTO COAEPKaHHS YIIIEBOAOPOAOB NPOBOMIN ITy-
TEM KaTMOPOBKH IUIAMEHHO-HOHU3AIIMOHHOTO ICTEKTOpa CMEChI0 yriaeBoaopoaoB (Ci1—Cao)
(B muanazone 0.1-5.0 Mr/it), KOTOPYIO TOTOBHITH TPAaBUMETPHIECKUM METOIOM. B kauecTse
9KCTpareHTa MCIoJb30BaIN H-TeKcaH. V3MepeHue MpOBOAMIIM HA Ta30BOM Xpomarorpade
«Kpuctann 5000.2». CymmapHO€ KOJIMYECTBO YIJIEBOIOPOJIOB B JOHHBIX OTJIOKEHUSIX
6. banaknaBckoii nocturano 2385 mr/kr npu cpeaHeM 880 Mr/kr, a H-ajakaHOB — 154 Mr/kr
npu cpeaneM 61 mr/kr. MakcuManbHble KOHIIGHTPALWHU YTIIEBOJIOPOJIOB OTMEUYCHBI B LICH-
TpaNbHON YacTH OYXThl, @ MUHUMAJIbHBIC — B €€ MOPUCTOH 4acTh. B TOHHBIX OTIOXEHHIX
0. bamakimaBckodl HACHTU(UIMPOBAHKI H-adKaHbl B Auana3zone Ci3—Css. OOmee comeprka-
HHE YTJIEBOAOPOAOB B JIOHHBIX OTJIIOKEHMSIX 0. bamakiiaBCcKoi COOTBETCTBOBAIO YPOBHSM,
OTMEUYECHHBIM Ha 3arpsi3HEHHBIX yJacTKax MPHOPEXHBIX paiioHoB MupoBoro okeana. Hamu-
4yre OMMOJABHOCTH Ha XpOMaTorpamMMax paclpesiefieHHs] H-aIKaHOB, I0-BUANMOMY, yKa-
3BIBACT HA CMENIAaHHOE IMPOUCXOKICHHE YIIEBOAOPOI0B. PaccuntaHHble MapKephl CBHE-
TENBCTBYIOT O NPEUMYLIECTBEHHO TEPPUTCHHOM MPOHCXOXICHUN HOPMAJIbHBIX aJKaHOB
B JoHHBIX oTnoxeHusx akBaropud (TAR, Alkterr, Y Cas.35/Y Ci5:21(eu)), @ TAKKE O TPH-
CyTCTBUH XpoHHUeckoro HedrsiHoro 3arpsisaerus (CPl,, UCM/R). Cocrtas yrieBomopo-
JIOB JIOHHBIX OCAJIKOB JUIsi MOPUCTOr0O ydacTka 0. bamaknaBckod oTiauvaincs ot 3aduKcH-
POBaHHOTO BO BHYTPEHHMX YacTsIX aKBaTOPHH. PaccunTaHHbBIE [UIs 3TOTO pailOHa JHarHo-
CTUYECKUE WHJIEKCHI, no3Bousitoiine nuddepeHuypoars HedTsHbIE U OHOT€HHbIE yriie-
BOJIOPOJIBI, YKA3bIBAIOT HA MpeobIiafatomiee MpUCyTCTBUE IPUPOTHBIX YTIEBOIOPOIOB.

Kamo4deBbie cJ0Ba: YIIICBOJOPOIBI, H-alIKaHBI, JOHHBIC OTJIOXKCHUS, NUATHOCTHYC-
cKkue uHAeKCHl, Oyxta banaknasckas, UepHoe mope
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OUI] UsBIOM «MoaucMoa0oruyeckue U OHOTCOXMMHYECKHE OCHOBBI T'OMeocTasa
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JAnsi nuTHpoBaHMs: YIJICBOAOPOABI B MOBEPXHOCTHOM CJIOE JOHHBIX OTIOKECHHH
Banaxnasckoit 6yxTel (Ueproe mope) / O. B. ConoBbeBa [u ap.] // Dkomorudeckas 6e3-
OMacHOCTh mpuOpexHod wu menbdoBoit 30 wmops. 2022, Ne 2. C. 101-117.
d0i:10.22449/2413-5577-2022-2-101-117

Introduction

Today, the interest in the environmental problems of Balaklava Bay has in-
tensified. In recent years, the pressure on the water area has been increasing
due to the active operation of the small fleet. It is known that the input areas of
the major part of anthropogenic hydrocarbons (HCs) are limited to the coastal
areas, river mouths and port water areas [1, 2]. Balaklava Bay has all the above
features: its coast is intensively used, the Balaklava River flows into the bay and
the quay walls of the waterbody are heavily used as a berth for yachts and small
vessels [3, 4]. The situation is also worsened by the lack of centralized sewage
systems in the cafe on the embankment, from which untreated sewage flows di-
rectly into the aquatic environment.

High HC concentrations negatively affect the life processes of hydrobionts
[5, 6]. Therefore, many researchers analyzed the total amount of organic matter
in bottom sediments [1, 3, 4, 6]. This indicator makes it possible to estimate
the level of organic pollution of the water areas, but not to identify the nature of
these substances.

The genesis of organic matter, including HCs, in bottom sediments can be
defined by knowing the molecular composition of normal alkanes (n-alkanes),
which is one of the possible markers of the organic matter origin [7]. Natural
sources of HCs, including n-alkanes, in marine soils are plant and to a lesser ex-
tent animal residues [8]. Anthropogenic sources of HCs in bottom sediments in-
clude organic pollutants, among which oil and oil products are the most common
[9, 10].

The purpose of this work is to determine the content and spatial distribution
of HCs in recent bottom sediments of Balaklava Bay as well as to assess the
probable sources of hydrocarbon input in this water area. These sources were
identified on the basis of data on the individual composition of n-alkanes and di-
agnostic indices.

Various markers are used to identify the genesis of HCs. To differentiate
allochthonous and autochthonous origin of HCs the following are applied:
the terrigenous/aquatic ratio (TAR), Alkterr terrigenous index (percentage of
terrestrial alkanes), > Cas.35/% Cis-2100dd), average chain length (ACL), ratio of low-
molecular-weight homologues to high-molecular-weight (LWH/HWH) homo-
logues [11-16]. Certain biomarkers allow specifying the biogenic component of
compounds, in particular to estimate the contribution of herbaceous and woody
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vegetation to the formation of the allochthonous component of HCs entering bot-
tom sediments. These are, for example, Ca1/Co and ACL ratios [14, 17, 18].
To differentiate the oil and biogenic origin of detected HCs such ratios are used
as the Carbon Preference Index (CPI), in particular CPI; calculated for the high-
molecular-weight n-alkanes, the ratio of the value of the unresolved complex
mixture (UCM/R) to the aliphatic fractions of HCs, ACL, LWH/HWH [11, 14,
19-21].

Material and methods

The material for the study was bottom sediment samples of the upper layer
(0-5 cm) taken by a diver with Plexiglas pipes with sealed top and bottom during
the winter of 2019 in different parts of the coastal water area of Balaklava Bay
(Fig. 1). Sampling stations were selected with regard to the peculiarities of
the bay morphometry, hydrological-hydrochemical structure of waters, probable
sources of pollution and the nature of the sedimentation process. At the same
time, the presence of river flow and the zone of pollutant concentration
in the central part of the bay was considered [2, 3, 22].

The sample preparation was done according to the procedure . A sample
weight (5-7 g) was placed in a conical flask, 20 cm?® n-hexane was added and
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Fig. 1. Map of stations for samplings sea bottom sediments of hydro-
carbons analyses in Balaklava Bay, 2019

D Drugov, Yu.S. and Rodin, A.A., 2020. [Ecological Analises for Qil and Oil Product Spills: Prac-
tical Guide]. Moscow: Laboratoriya znaniy, 273 p. (in Russian).

104 Ecological Safety of Coastal and Shelf Zones of Sea. No. 2. 2022



shaken for 30 minutes. The extract was allowed to stand (10 min), then trans-
ferred to a clean conical flask. A similar extraction was carried out two more
times and 60-70 cm® of the extract was obtained. The obtained extract was
passed through a glass column (15 cm x 1 cm) with a tapered tip and filled with
aluminium oxide to separate the polar compounds, and then concentrated to
a volume of 1 cm?.

An aliquot of the concentrated extract (1 pL) was injected with a microsy-
ringe into the Crystal 5000.2 Gas Chromatograph evaporator with a flame ioniza-
tion detector (FID) heated to 250 °C. Hydrocarbons were separated on a HT8
Capillary Column 25 m x 0.32 mm with a stationary phase film thickness of
0.25 um (SGE Analytical Science). The column temperature was programmed
from 40 to 330 °C (temperature elevation rate 10 °C/min). The carrier gas (he-
lium) flow in the column was 2.5 mL/min without splitting. The detector temper-
ature was 320 °C Y.

The quantitative determination of the total HC content was performed by cal-
ibrating the FID with a HC mixture (C12—Cao), Which was prepared gravimet-
rically, with the HC content within the range of 0.1-5.0 mg/L. The error of
the chromatographic method is 4 %Y.

To process the results and determine the individual n-alkane content the
authors used Chromatec Analytic 3.0 software, the absolute calibration method
and percentage normalization ). Sensitivity of FIDs is proportional to the
number of carbon atoms in a molecule?. This relation is especially obvious for
a hydrocarbon series. Correction mass coefficients of sensitivity Fi for the peak
areas of sample components were calculated according to state standard GOST
33012-2014 (1SO 7941:1988) by the formula

(12.01-nc +1.008-ny )-0.851
! 12.01-nc ’
where ng; is the number of carbon atoms in the i-th component; nui is the number
of hydrogen atoms in the i-th component; 0.851 is the mass fraction of carbon in
heneicosan used to obtain equality Fi = 1 for heneicosan.

HC determination was carried out at the scientific and educational centre of
collective use “Spectrometry and Chromatography” of A.O. Kovalevsky Institute
of Biology of the Southern Seas of RAS.

The following ratios (markers) were used to determine the probable genesis
of n-alkanes:

— > 2535/ .Ca5-21(00d) [13];

= TAR =Y Co7429+31/Y Case17+419 [11];

- UCMI/R [20, 21];

- C31/C29 [17, 18];

— LWH/HWH = Y (C13-C21)/>(C2-Cs7) [15, 16];

— Alkterr = (C27+C29+C31+C33)/ZC14-38 [12];

— ACL = (27-C27+29-C9+31-C31+33- C33+35- Ca5+37- C37)/C27+Co9+Ca1+Cast
+Css+Cs7) [12];

2 Emmanuel, N.M. and Sergeev, G.B., eds., 1980. [Experimental Methods of Chemical Kinetics.
A Textbook for Higher Education Students]. Moscow: Vysshaya shkola, 375 p. (in Russian).
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— CPI1 = (1/2){(C15+C17+C19+C21)/(C14+C16+C1s+C20)+(C15+C17+Cro+Ca1)/
/(C16+C1g+C20+C22)} [19];

— CPI2 = (1/2){(Ca25+Ca7+Ca9+Ca1+C33+Cs5)/(Caa+Ca6+Cog+C30+Cs2+Cas) +
+(Cas+Co7+Co9+Ca1+Cast +Cs5)/(CostCastCapt+CartCastCas)} [19].

Results and discussion

The particle size distribution of bottom sediments in Balaklava Bay is not
homogeneous [4]. The bottom sediments are represented by grey silt, mainly with
an admixture of sand. The proportion of silt is greater in the apex part of the bay,
whereas at the bay mouth the marine soils are represented by sand with
an admixture of shells, which affects the accumulation capacity of the sedi-
ments. The amount of HCs, including aliphatic fraction and unresolved complex
mixture, in bottom sediments of Balaklava Bay ranged from 21 mg/kg to
2,385 mg/kg and corresponded to the nature of marine soils. They were distribut-
ed unevenly across the water area (Fig. 2). High levels of contamination were
registered in the bottom sediments at Stations 2—4 located near the eastern shore
of the central part of the bay. The zone of their concentration as well as that of
other pollutants [2] was in the central part of the bay. This fact, as indicated
in the literature [22], is related not only to hydrodynamic features of the water
area but also to the nature of marine soils. At most stations, the obtained HC con-
tent values were comparable with data typical for bottom sediments of the Black
Sea coastal waters [23]. In particular, similar values were recorded for bottom
N sediments in Gelendzhik Bay (11-252 mg/kg),
Feodosiya Bay (17-80 mg/kg) and the Bol-
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sediments of Balaklava Bay with the mentioned norms, the HC content exceeded
the permissible level (50 mg/kg) in 87.5 % of bottom sediment samples. Today,
there are other domestic classifications of bottom sediments contamination
with HC. For example, according to the classification of V. I. Uvarova [27], bot-
tom sediments can be divided into

— clean-0+5.5;

— slightly contaminated — 5.6+25.5;

— moderately contaminated — 25.6+55.5;

— contaminated — 55.6+205.5;

— polluted — 205.6+500.0;

— very polluted- over 500.0 mg/kg.

According to this classification, the bottom sediments of Balaklava Bay are
classified as slightly contaminated (12.5 %), contaminated (12.5 %) and very pol-
luted (75 %). As noted by I. A. Kuznetsova and A. N. Dzyuban [28], bacterial
communities clearly show a “concentration boundary” (40-60 mg/kg) of oil con-
tamination of bottom sediments, below which the water-soil microbial ceno-
ses can manage HCs entering the bottom sediments and stabilize the situation.
According to this data, 87.5 % of the studied bottom sediment samples exceeded
the *“concentration boundary” of oil pollution (contaminated and extremely pol-
luted according to V. I. Uvarova's classification). All mentioned approaches
to assessment of HC pollution level in bottom sediments are of relational charac-
ter and do not allow identification of HC nature. The most informative in terms of
identification of the origin of n-alkanes are various molecular ratios indicating
the preferential ways of HC entry into the environment.

In the bottom sediments of Balaklava Bay, n-alkanes in the Ci3-Css range
were identified. In six samples, Ci3 content was below the detection limit. Ci4
was not detected in one sample. Alkanes with chain length of Css and Css were
not identified in two and one samples, respectively (see table). The other com-
pounds were present everywhere. Typical chromatograms of the bay bottom sed-
iment HCs are shown in Fig. 3.
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The content of the sum of identified n-alkanes in the bay area ranged from
1 mg/kg to 154 mg/kg (see table). Similar to the total HC content, maximum con-
centrations were registered in the central part of the bay.

The distribution of n-alkanes on the chromatograms was bimodal. At all sta-
tions, the first peak corresponded to compounds in the Cy—C,, range and
the second peak fell predominantly on Czs—Cs (Fig. 4). In particular, at Sts. 3, 6-8,
a high proportion of C,; was observed. At Sts. 5 and 8 a predominance of Cyo was
noted. The C,; homologue had a high concentration at all study stations (except
for St. 8). Together with the CPI values (table), which in most cases are close
to 1, this indicates the accumulation of products of phytoplankton organism
biosynthesis and microbial HC degradation in bottom sediments [1, 29].
For the high-molecular-weight n-alkanes, the maximum concentrations were
inthe homologues within the Cz—Cs2 range. Odd-numbered compounds in this
part of the spectrum are mainly of terrigenous origin [18].

The source of even-numbered n-alkanes Cag, Cso, Cs2 is the sapropel matter,
which is formed on the basis of organic mass of phyto- and zoobenthos, plankton,
lower plants and is autochthonous for marine ecosystems [30]. According to
available data, chromatograms characteristic of bottom sediments of different
genesis show three types of distribution: bimodal distribution, predominance of
high-molecular-weight fractions and predominance of low-molecular weight al-
kanes [12, 31]. The bimodality of distribution is usually attributed to sediment
input from both the land and water layer. Consequently, analysis of the peaks on
chromatograms of the Balaklava Bay sediment suggests simultaneous inputs of
allochthonous, autochthonous compounds and their bacterial degradation.
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— ] —f

2 — 6

Proportion, %
o
~
z
4
=
-

13 14 15 16 17 I8 19 20 21 22 23
24 cpl, -

Proportion, %

24 25 26 27 28 29 30 31 32 33 34 35 C./C.

Carbon atom number

Fig. 4. Distribution of n-alkanes and main markers in the sea bottom sediments of
Balaklava Bay
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The sum of C15—C» n-alkanes (3 Cis-21) gives an idea of autochthonous com-
pounds [15]. The sum of odd-numbered homologues Cz5—Css (3 Cos-35) represents
mainly terrigenous alkanes [16]. The ratio of these groups allows identifying the
origin of organic matter more reliably while excluding the influence of factors
such as the sedimentary particle size distribution and sedimentation rate [13]. A
high (more than 1) ratio (3 Czs-35/ C1s-21) indicates a strong influence of terri-
genous matter. In our case, the values of this index ranged within 0.77-2.74 (see
table). The minimum value was noted at St. 7 and at St. 8 this parameter slightly
exceeded 1 (1.18). The average value was 1.87. High ratios of the mentioned
groups of n-alkanes indicate a significant input of HC from the land.

Another parameter widely used to identify HC sources is the ratio of individ-
ual compounds with an odd number of atoms — TAR. It also allows estimating
the ratio of allochthonous to autochthonous alkanes. This ratio varied from 1.06
to 4.36 (see table), with an average of 2.79. In general, this ratio characterizes
the predominance of allochthonous material coming from the land.

The components > Cy1- reflect autochthonous substances [15], and > Coo+ re-
flect the terrigenous input [16]. The ratio Y C21-/Y Coo+ (LWH/HWH) is often used
to estimate the preferential pathway of organic matter input. The mentioned ratio
at the sampling stations ranged within 0.24-0.67 (see table). On average, it was
0.39, which demonstrates terrigenous input of organic matter.

The Alkterr index calculated using the formula (Ca7+Cao+Ca1+Cas)/ 2= Cia-ss iS
one of the indicators of inputs from the land [32]. The index ranged from 0.08
to 0.39 (see table), with an average of 0.28. Together with other markers, this in-
dicates a high content of terrigenous matter in the bottom sediments.

Terrestrial woody and herbaceous vegetation often contributes significantly
to formation of the qualitative composition of bottom sediments. The main peak
associated with woody vegetation falls on Cyg, while that associated with herba-
ceous vegetation falls largely on Ca; [17, 18]. The ratio of these markers (Cz1/Cag)
varied widely: 0.53-6.27 (see table), with an average of 2.70 for the water area.
Thus, we can say that in general the bottom sediments in the water area contain
traces of herbaceous plants. Except for St. 5 and 7, where the proportion of Cy
associated with woody species was high. At St. 6 the contribution of both compo-
nents was approximately equal.

The average carbon chain length (ACL) of n-alkanes is also related to their
genesis. Low ACL values are characteristic of woody plant HCs, whereas high
ones indicate the predominance of herbaceous vegetation in the formation of HCs
[14]. In case of fresh oil contamination, a decrease in ACL is also observed [33].
This parameter varied from 28.85 to 29.96 (see table), with an average value of
about 30. This shows approximately the same role of herbaceous and woody plants
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in the formation of organic matter of the bottom sediments of the area. However,
it should be noted that this approach is only applicable to “fresh” organic matter
[1].

It is known that when oil and oil products degrade, the light HCs are the first
to disappear and the concentration of more stable compounds increases. There-
fore, the ratio of high-molecular-weight n-alkanes is more informative to deter-
mine the nature of HCs. The main criterion of HC biogenicity for high-molecular-
weight n-alkanes is the widely used CPI coefficient, the ratio of the sum of odd-
and even-numbered homologues [1, 34-36]. In case of oil contamination its val-
ues are often close to 1.

Groups of alkanes with short and long carbon chains tend to have different
odd number indices, which are denoted as CPIl1 and CPl., respectively. Calcula-
tions showed that for the lighter n-alkanes CPI, ranged within 0.40-1.30 (see ta-
ble), with an average of 0.84. The CPI was low at sites 1, 2, 5. At the other sites,
it was close to 1. The high content of low-molecular-weight even-numbered
n-alkanes in the indicated water areas may be the result of microbiological degra-
dation of organic substances [1, 7, 37]. At the other stations, the proportions of
the above mentioned compounds were approximately equal. CPI, values describ-
ing the ratio for n-alkanes with long chains ranged from 0.81 to 2.39 (see table),
with an average of 1.24. The predominance of odd-numbered compounds was
registered at Sts. 3 and 7. For other areas the index was about 1, which indicates
oil contamination of the bottom sediments. For the high-molecular-weight
n-alkanes the CPls were higher for the low-molecular-weight ones.

For n-alkanes containing traces of oil contamination, a clear predominance of
odd- or even-numbered components is not characteristic [38]. Therefore, in terms
of low-molecular-weight, oil contamination can be supposed at Sts. 3, 4, 6-8.
It is likely that relatively fresh oil HCs, which have not yet degraded, have been
registered. But the simultaneous detection of CPI about 1 and C peaks at these
stations may indicate not the oil but planktonogenic nature of the detected ali-
phatic HCs [1]. This phenomenon was noted for Sts. 3, 7. For the high-molecular-
weight n-alkanes the CPI close to 1 at Sts. 1, 2, 4-6, 8 is evidence of chronic oil
pollution of the water area.

The prevalence of compounds with an odd number of carbon atoms in
the low-molecular-weight n-alkanes may indicate not only fresh input of oil
products but also their production as a result of activity of microorganisms
[38, 39] and macrophytes [17, 18]. So, we can assume that n-alkanes with short
carbon chains identified in the bottom sediments of the inner parts of Balaklava
Bay were of mixed origin, which is characteristic of the coastal areas of the Black
Sea [40].
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One of the important parameters in assessing the presence of oil contami-
nation as well as the intensity of biodegradation of HCs is the occurrence of
unresolved background or unresolved naphtheno-aromatic “hump” (Unre-
solved Complex Mixture, UCM) on chromatograms, with a maximum in
the high-molecular-weight n-alkanes [1]. UCM is a mixture of complex iso-
mers and homologues, branched and cyclic HCs, which cannot be separated
in a chromatographic column [41]. The number of oil components repre-
senting UCM can be up to 250,000 compounds. This indicates the fact that
UCM is the most complex mixture of organic compounds existing on Earth
[42]. However, in spite of the obvious association with oil sources, the pres-
ence of UCM in the low concentration range may also be due to bacterial deg-
radation of autochthonous organics [43].

The unresolved background configuration depends on its composition.
The “humps” of natural and anthropogenic HCs differ [1]. Anthropogenic com-
pounds are characterized by a “hump” in the region typical of high-molecular-
weight n-alkanes. This maximum in the low temperature region occurs due to
microbial degradation of natural organic compounds, in particular plant detritus
[44]. At Sts. 1-5 and 8, the unresolved background curve was “double-humped”
(an example is shown in Fig. 3). At Sts. 2 and 8, the steeper “hump” was in
the low-temperature region indicating the predominant degradation of autochtho-
nous matter.

At other stations (Sts. 1, 3-5), we can speak about the presence of an unre-
solved mixture due to both microbial degradation and accumulation of anthropo-
genic organic compounds. At Sts. 6 and 7 located closer to the bay mouth and
having a significantly lower (1-2 orders of magnitude) level of n-alkanes
in the bottom sediments than at the other stations, the unresolved background was
subtle. It should be noted that at Sts. 6 and 7, located in the seaward part of
the study area, the soil nature differed from that in other areas of the water area
with a muddy structure. These sediments were composed of sand and/or sand
with an admixture of shells. As a result, in this area organic matter is likely to be
deposited to a lesser extent than in the inner part of Balaklava Bay.

The ratio of unresolved background value to n-alkanes content at most of
the sampling stations ranged within 4-7 (Table 1), which is a diagnostic sign of
chronic oil pollution [20, 21]. The exception was St. 7, where at low HC concen-
trations the “hump” fraction was 0.67, which most likely corresponds to the result
of bacterial transformation of organic substances [43].

The marker values calculated for the bottom sediments of Balaklava Bay
(Fig. 4) indicate the predominance of terrigenous HCs in the bottom sediments of
the water area as well as the presence of oil contamination. In this aspect, St. 7
stands out: in the bottom sediments thereof, judging by the marker values, HCs of
autochthonous nature prevailed. CPI and UCM/R markers at this station indicate
the presence of natural HCs [20, 21]. Given their total content, the outer part of
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the bay (St. 6 and 7) can be characterized as having low HC levels in the bottom
sediments. It is the most seaward part of the study water area located behind
the circular eddies “locking” the bay and limiting its water exchange with the sea
[45]. The low HC values in the area of the seaward part of the study area (St. 6
and 7) may also be attributed to the nature of the marine soils represented by sand
with an admixture of shells, which affects the sediment accumulation capacity.
However, the absence of oil contamination and predominance of autochthonous
n-alkanes in the bottom sediments are only noted in the eastern part of this area.

Conclusions

1. The total amount of HCs in bottom sediments of Balaklava Bay varied from
21 mg/kg to 2385 mg/kg and corresponded to the nature of the bottom sediments.
The recorded pollution levels were mostly consistent with those observed in con-
taminated areas of the World Ocean. The mentioned substances were distributed
unevenly over the water area. Their concentration zone was in the central part of
the bay. Minimal HC content in the bottom sediments was registered in the open
part of the bay.

2. The content of n-alkanes in the bottom sediments of Balaklava Bay. Ba-
laklava ranged from 1 to 154 mg/kg. The maximum values were recorded in the
central part of the water area (in the area of constriction), particularly near its east-
ern shore, and the minimum values were recorded in the open part of the bay.

3. The distribution of n-alkanes in the chromatograms showed signs of bimo-
dality throughout the water area of Balaklava Bay, which indicates a mixed origin
of HCs.

4. The molecular markers indicate a mainly terrigenous origin of HCs
in the bottom sediments of the water area as well as the presence of chronic oil
pollution in the inner part of the bay.

5. The bottom sediment composition of the most open seaward part of Ba-
laklava Bay differed from that of the bottom sediments in the inner parts of the
water area. Given the marker values, HCs of autochthonous nature prevailed
there.
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