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The research purpose was studying the possibility of using some mono- and polycyclic hydrocarbons of oils on
the Apsheron Peninsula as genetic indicators (biomarkers). The oil extracted from oil-contaminated soils from the
Balakhany deposit on the Absheron Peninsula was investigated. The oil contamination was analyzed by chromatography-
mass spectrometry method. Low sulphur Azeri oils contain the important relict hydrocarbons such as nickel and vanadyl
porphyrins. For the oil from the Balakhany deposit there was revealed the presence of homologous series of n-alkylcy-
clohexanes and n-alkylcyclopentanes, and the relationships between methylcyclohexane and the sum of cyclopentane
hydrocarbons was studied. C,, bicyclanes and their methyl homologues were determined in the investigated oil. Tricyclic
saturated hydrocarbons belong to the class of naphthenes which consist of the significant part of oil hydrocarbons. Ada-
mantane and its closest homologues (1-, 1,3- and 1,3,5-methylsubstituted adamantanes) relating to the tricyclic saturated
hydrocarbons were identified in the investigated oil. In the oils of the Absheron Peninsula there were also found the tetra-
cyclic structures with cyclopentanoperhydrophenanthrene system as the core, i.e. these compounds belong to the sterane
hydrocarbons, the ratio of which for Balakhani oil is C,:C,:C, = 28:33:38. For oil gopans, a fragment ion m/z=191
characteristic for them was revealed. For hydrocarbons of a number of gopans of C,, composition and higher; i.e. in cases
when C-22 atom becomes chiral, there may be two epimers that differ in R or S configuration of C-22 chiral center. In
the initial biogopans of C,, composition and higher, C-22 atom has a strictly defined R configuration. It appears in a num-
ber of doublet peaks characteristic for chromatograms of mixed oil gopans. Comparison of biomarker mass fragmento-
grams of the investigated relict hydrocarbons, including steranes (m/z 217) and gopans (m/z 191) showed that they retain

the composition almost identical to the composition of the initial oil during the experiment.
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Introduction

The hydrocarbon composition of the oils reflects
the nature and conditions of the processes occurring dur-
ing their formation. The problem of oil research remains
one of the most important one, both from the point of view
of the source of individual hydrocarbons, the scientific
and technical classification of oil raw materials, and from
the point of view of purely geological and geochemical
problems.

By today the petroleum literature has been very rich
in valuable materials and monographs covering various
aspects of this problem. Azerbaijani oils have become objects
of research of famous scientists almost simultaneously with
the discovery of their deposits.!'”! Researches of the scien-
tists relate to the study of the composition and properties
of oils, their fractions, individual hydrocarbon composition
and are aimed at solving a number of theoretical and practi-
cal issues related to the problem of extraction, processing
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and rational use of oils, as well as a more rigorous scientific
classification of oil raw materials. As a result of the studies
carried out with the use of modern physicochemical methods
of analysis, including UV, IR, '"H NMR, EPR, mass spec-
trometry, gas and liquid chromatography, the structure-group
composition of high-molecular heteroatom compounds typi-
cal for oils of Azerbaijan and their vacuum residues has been
studied. The found patterns are explained from the stand-
point of modern ideas about the genesis of oils.!

To establish the chemism of the processes of oil trans-
formation under the influence of natural and climatic fac-
tors, it is important to study such hydrocarbons that have
retained the structure of the initial organic material. Studying
so-called relict hydrocarbons — biological markers or bio-
markers is of particular interest.[*” The composition of bio-
markers is a "fingerprint" for a specific deposit and is never
repeated. Oil biomarkers are represented by hydrocarbons
of different classes: alkanes, naphthenes and arenas. Com-
pounds of the isoprenoid structure take an important place.
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Lenvio nacmosiweli pabomvl OLLIO U3VUEHUE BOIMONCHOCIIU UCNONL30BAHUS HEKOMOPLIX MOHO- U NOTUYUKIUYECKUX
Veneeo0opodos Hepmell Anuieponckoeo nOIyocmposa 6 Kauecmee 2eHemuuecKux noxasameneu (ouomapkepos).
B pabome uccneoosana negpmo, gvidenennas uz neghmesazpsisHeHHbIX NOYE Mecmopodcoenust baraxanvl Anweponckozo
nonyocmposa. Hegpmesazpsznenusi anaiuzuposanu Memooamu xpomamo-macc-cnekmpomempuu. OOHUMU U3 ANCHbIX
PENUKMOBLIX  COCOUHEHUTI MATOCEPHUCIBIX A3ePOAONCAHCKUX Hepmell AGIAIOMC HUKenesble U 6aAHAOUTbHbIE
nopgupunsl. s nedhmu Banaxanckoeo mecmopoicOenusi GblA6IEHO HAIUYUE CEPULl 20MON02UYECKUX PSO08
H-QAKUTYUKTIO2EKCAHO8 U H-ANKUTYUKIONEHMAHO8, U3YUeHbl COOMHOUEHUS MENCOY MEMUTYUKTIOLEKCAHOM U CYMMOTU
YUKIONEHMAaHo6blx y2ie6000po0os. Cpedu buyukianos 6 ucciedosannot negmu onpeenenvt ouyuxianst C, u ux
MemunbHble 2oMonoau. Tpuyukiuieckue HacvliyeHHble Yeneso00po0bl OMHOCAMC K KIACCY HAQMEN08, COCMABIAIOUUX
SHAYUMEbHYI0 MACCY Y21e8000p000s hedhmu. Hoenmuguyuposanvl adamanman u e2o onudicatiwiue comonoeu. 1-, 1,3-
u 1,3,5-memunzamewennvie adamanmansl. B negpmsix AnwepoHckoeo nomyocmpoga Handewvl mempayukiuyeckKue
CMPYKmMypbl, 8 OCHOBE A0PA KOMOPLIX LEHCUN CUCEMA YUKIONEHMAHONEP2UOPODEeHanmpena, m.e. Jmu coeOUuHeHus
NPUHAOTENCAM K CIMEPAHOBLIM Y2lle6000p00aM, COOMHOuEeHue Komopulx 015 banaxanckou nepmu cocmasnsiem
C,.C,C =28:33:38. [lna nedpmanvix 20namnoe eviaeien xapakmepnvii Ons HUX pazmenmuvii uon m/z 191.
Hns yene6o0opodos psioa zonarnos cocmaea C,, u 6biute, m.e. 6 mex cayuasnx, koeoa amom C-22 cmanoeumcs Xupanbioim,
obpazyiomces 0ea snumepa, omaudaiowuecs R unu S konguzypayueti xupaivrnoeo yenmpa C-22, umo nposigisemcsi 6 psioe
0yOIemHbIX NUKOS, XAPAKMEPHBIX 05l XPOMAMOZPAMM cmecu Hedpmanvix eonanos. Conocmasienue OUOMAPKEPHbIX
MACC-PPazmenmoepamm Ucciedyemvix peluKmosvix yeneso0opooos, 6 mom uucie cmepanos (m/z 217) u eonanos
(m/z 191) nokasano, wmo oHu COXPAHUIU COCMAB NPAKMUYECKU UOSHMUYUHBIN COCMABY UCXOOHOU Hedhmu.

KaroueBrble ciioBa: PenkroBrie YIII€BOAOPOAbI, CTCPAHbI, I'OIIaHbI, HOp(l)I/IpI/IHI)I, XpoMaTo-MacC-CIICKTPOMETPpU .

Experimental

As a research object oil extracted from oil-contaminated soils
of the Balakhany deposit on the Absheron Peninsula was used.

Gas chromatography and mass spectrometric analyses were
performed on a Thermo Quest MD-800 GC 8000 Series GC/MS
device with using an Fision AS 800 autosampler. One ml of the sam-
ple was injected into the Splitless-mode injector at 280 °C. A gas-
chromatographic capillary column (ED-VRXS 0.25 from SGEB)
with a length of 30 m and an internal diameter of 0.25 mm was used.
The carrier gas was helium. The temperature was raised from 80 °C
to 300 °C at a rate of 4 °C per minute.

The interpretation of gas chromatograms and mass spectra
was carried out with use of the Mass-lab TM 4.1.3 computer pro-
gram. Quantitative control of the investigated substances was carried
out by integrating the peak areas and comparing them with the inte-
grated areas of the standard, for example, for aromatics, 1,1-binaph-
thenes (C, H,,) or squalane (C, H,,) for the alkane fraction.

Results and Discussion

Among a great variety of organic compounds identi-
fied in oils, tetrapyrrole compounds, related to chlorophylls
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and gemins, which perform the most important functions
of living systems, take a special place. They are present in oils
in the form of metalloporphyrins.®! It follows from literary
sources that the composition and structure of oil porphyrins are
largely similar. Porphyrins are compounds in which four pyr-
role rings are linked together via methine (—C=) bridges into
a single cyclic conjug ate system, which is based on a 16-mem-
bered macrocycle comprising 4 nitrogen atoms. As a substitu-
ent, radicals of limiting, unsaturated hydrocarbons, acids,
esters, aldehydes, aromatic compounds, efc. can act. More
often, porphyrins are in the form of metal complexes formed
by the substitution of imine hydrogens with a metal, for exam-
ple, magnesium in chlorophylls, iron in hemoglobin.”!

Porphyrins are contained in oils in the form of complexes
of vanadium — vanadyl porphyrins (VO?**) (Figure 1) and nickel
—nickel porphyrins (Ni**). The main feature of oil metallopor-
phyrins is that they are considered as biomarkers of oil, i.e.
analogues of hydrocarbons, which have retained the features
of the structure of the initial bioorganic molecules.[*!

Oil porphyrins being optically active products rotate
the plane of polarization to the left. The presence of opti-
cal activity in these molecules gives grounds to consider
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them products of living origin. The similarity and kinship
of plants, animals and organic substances of similar struc-
tures in organisms, as well as the role of porphyrins as relict
oil hydrocarbons (biomarkers), testify to the organic nature
of the origin of oil.

CH3 HBC

HaC CHs

HgC CH3

CHa3 HsC

Figure 1. Vanadyl porphyrin.

Metal porphyrins in the distillation process accumulate
in residual fractions boiling above 300 °C, especially in oil
residues.

Isolation of porphyrins from Azerbaijani oils
was carried out by hot extraction with ethyl alcohol accord-
ing to the known method.*!% Taking into account the insig-
nificant content of porphyrins in Azerbaijani oils, subse-
quent experiments were carried out with a large amount
of o0il (3—10 g instead of 1 g of o0il). However, in the extracts
obtained, only traces of porphyrins were observed.?!

Unlike sulfurous oils, in the low-sulfur oils of Azerbaijan,
there is extremely small amount of porphyrin complexes.! !

It is known that low-paraffin oils on the Absheron Pen-
insula tend to be rich in alicyclic hydrocarbons.!'*! It is these
hydrocarbons that determine the place of oils in a num-
ber of natural organic compounds. A characteristic feature
of them is a low content of asphaltenes and a high content
(over 40 % per oil) of light fractions. In the saturated hydro-
carbon oils, naphthenes predominate and make up more than
70 %.231 It should be noted that the oil of each oil-bearing
region is characterized by specific set of genetic indicators
determined mainly by the conditions of formation of oil-
bearing rocks and hydrocarbon generation processes.®

The research purpose was to study the possibility
of using some mono- and polycyclic hydrocarbons of the oil
on the Apsheron Peninsula, in particular, the oil from the Bal-
akhany field, as genetic indicators in conducting environ-
mental assessments.

At present there are numerous data on the content
of various monocyclic naphthenes in oils, which, for the most
part, are concentrated in a single polycyclic block.

The evidence for the presence of homologous series
of n-alkylcyclohexanes and n-alkylcyclopentanes in the inves-
tigated oils is mass chromatograms (fragmentograms) recorded
for the most characteristic fragment ions m/z 69 for n-alkylcy-
clopentanes and m/z 83 for n-alkylcyclohexanes (Figure 2).

R
O/\/—v m/z83 U‘/—v m/z269 OX\/\/m/zlm

Figure 2. Cyclic hydrocarbons.
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For the Balakhany deposit, the relationships between
methylcyclohexane and the sum of cyclopentane hydro-
carbons of composition C, (0.55) have been studied. In all
oil samples from the investigated deposit the presence
of homologous series of C, -C,. alkylcyclohexanes has been
proved (Figure 1S, Supporting Materials).

The literature!® contains data on the presence in the oils
of homologous series of cyclohexanes with an isoprenoid
chain, which according to scientists are of a relict nature. In
the samples of oil isolated by us with use of computerized
chromatography-mass spectrometry, isoprenoids with m/z
183 have been determined.

In oils there are widely extended C, bicyclanes
and their methyl homologues. In particular, from the methyl
decalin homologues in oils isolated from Balakhany soils,
3-methylbicyclo(4,4,0)- and  2-methylbicyclo(4,4,0)-
decanes, which are present almost in equal concentrations,
were revealed (Figure 2S).

Tricyclic saturated hydrocarbons belong to the class
of naphthenes that make up a significant part of oil hydrocar-
bons. The adamantane and its closest homologues (1-, 1,3-
and 1,3,5-methylsubstituted adamantanes) relating to the tri-
cyclic saturated hydrocarbons were found in the investigated

oil® (Figure 3).
Hy
H,
H3

CH,

Figure 3. Adamantanes.

According to the study,® the formation of hydrocarbons
of the adamantane series in oils is a multi-stage reaction.

It should be noted that in some oils there are structures
that under natural conditions are not capable of isomerizing
into hydrocarbons of the adamantane series; they are isomer-
ized with difficulty in the presence of aluminum bromide. This
conclusion is based on the fact that in more transformed oils
they are present in significant quantities, compared with less
transformed ones. Obviously, the nature of the initial organic
matter plays a decisive role in the formation of hydrocarbons
of the adamantine series, and the presence or absence on
the mass fragmenotgrams with m/z 135, 149 and 163 of "pro-
toadamantane" structures serves as the genetic feature.

Adamantane and its derivatives are used as medicines.
The effective antioxidant and biological properties of some
adamantylphenols have also been revealed.

In the oils on the Absheron Peninsula, tetracyclic struc-
tures are found, the core of which is the cyclopentanoper-
hydrophenantrene system, i.e. these compounds belong
to the sterane hydrocarbons. Steranes, along with gopans, are
the most important relic biologically marking hydrocarbons
of oils. Structural formula of regular, i.e. ordinary steranes,
corresponds to natural a-cholestane having configuration
of 5aH, 14aH, 17aH, 20R of the corresponding chiral cen-
ters (Figure 4).

Steranes, as well as tricyclic hydrocarbons — deriva-
tives of perhydrophenanthrene, are representatives of cyclic
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m/z 149, 151
N

L » m/z217,218

Figure 4. Steranes.

isoprenoid hydrocarbons, however, they are not found in all
oils. Thus, they are absent in light oils that don’t contain
higher fractions. However, studies have shown that they are
present in the oil samples investigated by us.

In the genetic plan the ratio of steranes C,:C,.:C,
is of known interest. In Azerbaijani oils it is rather close
and lies within the limits of 1.8-2.2.55) For Balakhany oil it
is C,:C,:C,,=28:33:38.

Clear results (a much smaller background on the chro-
matogram) were obtained by constructing the mass frag-
mentograms for the most characteristic sterane ion or for
a molecular ion with m/z 217 (Figure 38S).

For oil gopans (17a), fragment A is more intensive than
fragment B. For biogopanes (17), on the contrary, the inten-
sity of fragment B is greater than the intensity of frag-
ment A (Figure 5). Figure 4S shows a typical chromatogram
of gopans with a fragmental ion m/z 191 characteristic for
them, obtained by us for the investigated oil.

B — m/z 177 (for Ca); m/z 191 (for Cso)

m/z 205 (for C31)

m/z 369

Figure 5. The main direction of the decay of gopans under
the influence of electron impact.

For hydrocarbons of a number of gopans of composition
C,, and higher, i.e. in cases when C-22 atom becomes chiral,
there may be two epimers that differ in R or S configuration
of C-22 chiral center. In the initial biogopans of composition
C,, and higher, C-22 atom has a strictly defined R configura-
tion. At the same time, the transition to oil gopans, in addi-
tion to the epimerization of C-17, is accompanied by epimer-
ization of C-22, which is manifested in a number of dou-
blet peaks characteristic for chromatograms of mixed oil
gopans.!'l Figure 4S shows the chromatogram of the mixed
gopans obtained by us, on which doublet peaks characteristic
for hydrocarbons of composition C,, and higher are clearly
visible. In the computer processing of chromatograms, there
are shown their reconstructions on the fragmental ion m/z
191, most characteristic for gopans.
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The relative distribution of gopans is considered as
a characteristic "fingerprint" of the oils of the given sedi-
mentation basin.

Conclusions

Comparison of biomarker mass fragmentograms of relict
hydrocarbons, including steranes (m/z 217) and gopans (m/z
191) has shown that during the experiment under the influence
of only natural climatic factors they retain the composition
almost identical to the composition of the initial oil.

It follows from the above mentioned that in the envi-
ronmental expertise associated with the identification of oil
contaminated soils and the identification of the source of pol-
lution, as well as monitoring the development of the situation
in the contaminated area, it is desirable to use a complex
of alkane, sterane and terpane indicators widely used in vari-
ous geochemical studies.
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