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Polycyclic aromatic hydrocarbons in crude oils from Poland
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The content of 17 polycyclic aromatic hydrocarbons (PAHSs) in oil samples derived from all three oil-bearing regions of Poland, i.e. from
the Carpathians, the Carpathian Foredeep and the Polish Lowlands (the Fore-Sudetic-Wielkopolska, the Western Pomeranian and the
Peribaltic areas), were determined. The concentrations of PAHs determined in these crude oils varied from 22.85 to 332.45 ppm. The av-
erage content of PAHSs in crude oils from the Carpathians and the Carpathian Foredeep (191.18 ppm) was several times higher than that in
crude oils from the Polish Lowlands (44.70 ppm); there was throughout, though, a relatively small variability in the content of perylene,
varying from 0.50 to 0.80 ppm. Of PAH compounds determined, the largest share was occupied by 3-cyclic hydrocarbons (an average of
72%) and 4-cyclic (about 24%), whereas the content of 5- and 6-cyclic hydrocarbons did not exceed 3%. Phenanthrene and fluorene
were prevailing PAH compounds. The diverse PAH composition in oil samples from the Polish Lowlands compared to those from the
Carpathians and the Carpathian Foredeep seems to have resulted more from the composition of original organic matter than from the
course of geochemical and biochemical processes (which occur during biomass decay) and the subsequent migration of these compounds
in rock formations.
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INTRODUCTION anthropogenic sources, particularly as the result of burning fu-
els for domestic, industrial and transport needs, coal coking and
oil treatment, and steel and aluminum manufacturing. PAHs
also reach the environment via liquid fuel spills during trans-

The polycyclic aromatic hydrocarbons (PAFs), many of port, storing or car handling (Behymer and Hites, 1988;

which possess toxic, mutagenic and carcinogenic properties, )
are pollutants commonly present in small amounts in all envi- Har;e;l/, 19?.8’ HOWSiF“ ahnd dJonest,) 1998). i th .

ronmental systems (McGroddy and Farrington, 1995; Ollivon olycyclic aromalic hydrocarbons occur in the environ-
et al., 1995; Maliszewska-Kordybach and Terelak, 1996; men_t as a mixture c_)f compoqnds co_ntalnlng wo Or MOre aro-
Bojakowska and Sokotowska, 1998; Harvey, 1998). Some of matic (benzene) rings. Their particular composition varies

these polyarenes present in the environment are of natural ori- according t9 rock and sediment type. The greatest hazard is
gin; they occur in plants or are the products of metabolic pro- caused by high molecular compounds, especially by those con-

cesses in microorganisms that decompose organic remains; in taining five or more rings. These harm and degrade slowly in

addition, they originate during geochemical and biochemical the etn\1|fr?t:1ment, anqt.so agcu;n:ﬁte 'mt SO'I.S ?nd -rlefcer:t .Sed]i'
processes that lead to the formation of fossil fuels (including ments. THhe composition ot a MIXIUTE I TOSSI TUEIS IS at-

crude oil generation) or are synthesised during volcanic erup- fectet_:l _by the composition of original material, the dgpositio_nal
tions, and forest, bush and peat fires (Evans et al., 1990; conditions (pH, Eh, temperature), the course of biochemical

Capaccioni et al., 1995; Jiang et al., 1998; Kozirski and Saade, processes _during organic  decay an(_j the course of
1998; Harvey, 1998; Howsam and Jones, 1998). However, carbonification and hydrocarbon generation after burial, the

most PAHSs in recent soils and sediments originate from
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Fig. 1. Location of crude oil deposits sampled

PAH composition in recent soils and sediments is largely
linked to the products of burning released to the atmosphere.

Crude oils generally contain several percentage of PAHS,
with substituted naphthalene and phenathrene being prevalent.
The proportion of unsubstituted PAH is relatively small; in
general, crude oils are characterised by a very low content of 5-
and 6-cyclic aromatic hydrocarbons of this type (Bence et al.,
1996). The highest concentrations of high molecular PAHs
(about several hundreds ppm) were recorded in hydrothermal
oils in the Gulf of California; these were generated by alteration
of organic matter at temperatures of 260-350°C (Simoneit and
Fetzer, 1996). The prevalence of 4-, 5- and 6-cyclic aromatic
hydrocarbons over 2- and 3-cyclic ones, and compounds
unsubstituted over alkylated compounds is also characteristic
for products of oil combustion as opposed to non-combusted
oils (Bence et al., 1996). Of the PAH mixture contained in ex-
haust gases, about 50% belong to compounds which “sur-
vived” combustion, even though the “survival rate” of
individual PAH compounds during burning varies from 0.04 to
0.87% (Beak et al., 1991; Tancell et al., 1995; Howsam and
Jones, 1998).

There is little information on the occurrence of environ-
mentally important PAHSs in fossil fuels. The abundant litera-
ture on the organic chemistry of ancient environments deals
mostly with alkylated PAHSs such as methylphenathrenes, good
markers that enable determinations of oil maturity and its
source of origin (Pu et al., 1990; Ramanampisoa and Radke,
1995; Smith et al., 1995; Requejo et al., 1996). Yet knowledge
of the ranges in concentration of high molecular PAHSs in crude
oils is essential because oil exploitation, transport, storing and
processing, as well as combustion of crude oils and their deriv-
atives, are a significant source for releasing these compounds to

the environment. There has been a lack of information on the
concentrations of unsubstituted PAHs in crude oils from Polish
deposits.

SCOPE AND METHODS OF INVESTIGATION

The content of PAHs was determined in 30 samples of
crude oils derived from all three oil-bearing regions of Poland,
i.e. from the Carpathians, the Carpathian Foredeep and the Pol-
ish Lowlands (the Fore-Sudetic-Wielkopolska, the Western
Pomeranian and the Peribaltic areas).

In the Carpathians 18 samples from deposits, located in the
Silesian and the Subsilesian units, were examined. These sam-
ples were derived from the following deposits: Kroscienko,
Potok-Turaszéwka and Bobrka-Rogi in which oil-bearing ho-
rizons occur within the Ciezkowice Sandstones, lwonicz-Zdroj
and Osobnica the oils of which occur within the Ciezkowice
and the Istebna Sandstones, and Wola Jasienicka in which
oil-bearing horizons occur within Early Cretaceous rocks, i.e.
the Weglowice Marls and Sandstones (Depowski, 1987).
These crude oils were generated primarily from organic matter
contained in Late Cretaceous and Tertiary host rocks (ten Ha-
ven etal., 1993). In the Carpathian Foredeep 3 oil samples from
the Grobla-Ptawowice deposit located north of Bochnia were
examined. In this deposit crude oil has accumulated in
Cenomanian sandstones and Oxfordian limestones. In the
Western Pomeranian area 3 oil samples (from the Rekowo,
Kamien Pomorski and Wysoka Kamienska deposits) and in the
Fore-Sudetic-Wielkopolska area 4 samples (from the Jeniniec,
Gorzyca, Kije and Kosarzyn deposits) were investigated. Oil
deposits in the Fore-Sudetic-Wielkopolska and the Western
Pomeranian areas relate to the Zechstein Main Dolomite; hy-
drocarbons generated from this lithostratigraphic unit are re-
cognised as autochthonous (Karnkowski, 1993). In the teba
Elevation of the middle Peribaltic area, where oil-bearing hori-
zons occur in the upper part of Middle Cambrian quartz sand-
stones, 2 oil samples from the Zarnowiec-Dabki deposit were
studied (Karnkowski, 1993). The location of these sampled oil
deposits is shown in Figure 1.

In oil samples derived from these deposits 17 PAHS, i.e.
acenaphthylene, acenaphthene, fluorene, phenanthrene,
anthracene, fluoranthene, pyrene, benzo(a)anthracene, chry-
sene, benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(e)pyrene, benzo(a)pyrene, perylene, indeno(l, 2,
3-cd)pyrene, dibenzo(ah)anthracene, benzo(ghi)perylene, are
listed in environmental studies by the US EPA (US Environ-
mental Protection Agency). The fraction of aromatic hydrocar-
bons was obtained using a columnar chromatography method
(AlO3, SiO,). The analyses were performed using a Hewlett
Packard gas chromatograph type 5890 Il with a mass spec-
trometer GS-MSD 5981 detector. A HP-5 non-polar capillary
column (length — 25 m, diameter — 0.2 mm, film — 0.33 mm)
(5%)-diphenylo-(95%)-dimethylopolysiloxane was applied.
The temperature was set from 70 to 200°C with a rate of
10°C/min and from 200 to 300°C with a rate of 2.5°C/min. The
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Table 1

PAHSs in crude oils of different regions from Poland (ppm)

Hydrocarbons Carpathians and Polish Lowlands teba Elevation
Carpathian Foredeep (Sudetic-Wielkopolska and (n=2)
regions (n = 21) Western Pomeranian areas)
(n=7)
*
- <015- 156
Acenaphthylene (Ace) % o072 <0.15
<015- 7.04 <015- 0.80
Acenaphthene (Acf) Y 039 <0.15
Fi Fl 7.25- 83.94 2.25- 14.38 186 - 6.48
worene (F1) 3137 8.60 417
Ph " . 48.59 - 17518 13.72 - 26.71 16.16 - 38.86
enanthrene (Fen) 102.42 2126 2751
0.98 - 3.37 0.58 - 192 0.33- 0.92
Anthracene (Ant) i EET RN 063
Fi h Fi 2.33- 852 0.08 - 0.79 <015
uoranthene (Flu) a0 o4l .
b Pi 414 - 1892 0.69 - 3.56 113- 3.72
yrene (Pir) 1104 2,04 2.43
101- 719 <0.23- 109
Benzo(a)anthracene (BaA) 347 o027 <0.23
ch ch 7.48 - 5128 2.02 - 26.30 6.51- 14.43
rysene (Ch) 2718 8.29 1047
0.30- 2.79 <0.05- 0.22 019- 031
Benzo(b)fluoranthene (BbF) T o091 o009 025
Benzo(k)fluoranthene (BkF) <0.05 <0.05 <0.05
0.36 - 10.66 <0.05- 125 0.49 - 3.52
Benzo(e)pyrene (BeP) 312 o040 o0
<0.05- 122 <0.05- 012 <0.05- 0.29
Benzo(a)pyrene (BaP) 043 T 005 o6
0.31- 117 0.52- 0.77 0.52 - 0.56
Perylene (Per) YT ot osi
<010- 041
Indeno(1, 2, 3-cd)pyrene (IndP) o0 <0.10 <0.10
. <010- 0.74 <010- 012
Dibenzo(ah)anthracene (DahA) T o1d <010 <0.10
. <010- 0.93 <010- 0.41 <010- 031
Benzo(ghi)perylene (Bper) T oid T oz o8
Total PAH 7105 - 245.25 17.75 - 43.77 18.50 - 46.41
A 139.29 3222 32.46
Total PAH 18.42 - 77.41 3.81- 28.28 7.83- 1834
8 46.38 1101 13.08
129 - 16.39 0.84 - 2.55 139- 511
Total PAHc —_— —_— —_—
5.50 140 3.25
Total PAH.7= PAHA + PAHg + 9176 - 332.45 22.85 - 68.55 27.77 - 69.89
PAHc 19120 44.70 48.83

*
min. content - max. content . .
; total PAH, — total of 3-cyclic aromatic hydrocarbons [acenaphthylene, acenaphthene, fluorene,

mean value
phenanthrene, anthracene]; total PAHg — total of 4-cyclic aromatic hydrocarbons [fluoranthene, pyrene, benzo(a)anthracene, chrysene];
total PAHc — total of 5- and 6-cyclic aromatic hydrocarbons [benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene,

benzo(a)pyrene, perylene, indeno(1, 2, 3-cd)pyrene, dibenzo(ah)anthracene, benzo(ghi)perylene]
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Fig. 2. PAHs in crude oils from different oil-bearing areas of Poland

For explanations see Table 1

analyses were performed using an outer standard method; the
following standards were applied: PM-612 from ULTRA Sci-
entific or certified perylene and benzo(a)pyrene. The samples
were analysed at the Central Chemical Laboratory of the Polish
Geological Institute.

RESULTS AND DISCUSSION

In the crude oils examined derived from these Polish depos-
its of different ages, the total content of 17 PAHSs varied from
22.85 t0 332.45 ppm (Tab. 1). The crude oils from deposits of
the Fore-Sudetic-Wielkopolska, the Western Pomeranian and
the middle Peribaltic areas, as well as from deposits of the
Carpathians and the Carpathian Foredeep, showed distinct dif-
ferences (Fig. 2). The crude oils from the Carpathians and the
Carpathian Foredeep deposits, linked to Cainozoic and Meso-
zoic flysch rocks, were characterised by an average content of
PAHSs (191.20 ppm), which was four times higher compared to
those derived from Palaeozoic rocks of the Polish Lowlands
(44.70 ppm).

Of the 3-cyclic aromatic hydrocarbons examined
(acenaphthylene, acenaphthene, fluorene, phenanthrene,
anthracene), phenanthrene and fluorene showed the highest
concentrations, whereas acenaphthylene the lowest. The crude
oils from the Carpathians showed much higher concentrations
of these hydrocarbons (phenanthrene — 102.42 ppm and
fluorene — 31.37 ppm) compared to those from the Polish
Lowlands containing 21.26 and 8.6 ppm, respectively (Tab. 1).
By comparison, the crude oils in the Alaska North Slope pipe-
line coming from the oil fields of Prudhoe Bay, Kuparuk,
Endicott and Lisburne, related to Triassic-Cretaceous shales,
were featured by higher levels of phenanthrene (262.5 ppm)
and fluorene (92.9 ppm) (Bence et al., 1996). In the Polish
crude oils, 3-cyclic aromatic hydrocarbons were dominant,
reaching about 72% of the total PAHs. The lowest share of

these hydrocarbons was recorded in crude oils from the
Wysoka Kamienska borehole (Polish Lowlands), reaching
56.3%, and in those from the Ptawowice deposit (Carpathian
Foredeep) — 61.5-65.5%. Among the PAHs determined,
phenanthrene was nearly constant constituting 53+6% of the
total 17 compounds examined.

Of 4-cyclic aromatic hydrocarbons [fluoranthene, pyrene,
benzo(a)anthracene, chrysene] determined, chrysene showed
the highest concentrations, and benzo(a)anthracene the lowest.
Considerably higher average levels of these compounds (46.38
ppm) were recorded in crude oils of the Carpathians and the
Carpathian Foredeep compared to those from the Polish Low-
lands (11.0 ppm). The Carpathian Foredeep oils also had a
lower content of fluoranthene than did the Carpathians oils
(Tab. 1). The 4-cyclic aromatic hydrocarbons formed on aver-
age of 24% of the total PAHSs. The highest proportion of these
compounds was recorded in the Wysoka Kamieriska borehole
(Polish Lowlands) (41.3%) and from the Ptawowice deposit
(Carpathian Foredeep) (29.0-32.6%), and the lowest in the
crude oils of the Gorzyca (16.7%) and Kosarzyn (15.3%) bore-
holes in the Polish Lowlands.

Of 5- and 6-cyclic aromatic hydrocarbons, benzo(a)pyrene
and benzo(b)fluoranthene showed the highest concentrations.
The content of benzo(k)fluoranthene in the crude oils exam-
ined was below detection limits, whereas indeno(l, 2,
3-cd)pyrene and dibenzo(ah)anthracene were recorded only in
crude oils from the following: Bébrka-Rogi (Carpathians),
Plawowice (Carpathian Foredeep), Gorzyca (Polish Low-
lands). The highest levels of 5- and 6-cyclic compounds were
noted in crude oils of the Carpathians deposits at Grobla and
Bobrka. Most of the examined Carpathians crude oils con-
tained benzo(b)fluoranthene (average 0.94 ppm) and
benzo(a)pyrene (0.43 ppm), whereas in Zechstein crude oils of
the Polish Lowlands, these compounds were commonly below
detection limits. In all the oil samples examined perylene
showed relatively small variation; its content in most samples
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varied from 0.50 to 0.80 ppm. Perylene, a compound formed as
aresult of biotic and abiotic transformation of organic matter, is
regarded as an indicator of anoxic sedimentary environments
(Silliman et al., 1998). The 5- and 6-cyclic aromatic hydrocar-
bons described make up only about 2.6% of the total PAH con-
tent in the crude oils examined.

The observed variation in PAH content was primarily
caused by original organic composition. Hydrocarbons accu-
mulated in rocks of the Main Dolomite (including the Wysoka
Kamienska and Kamief Pomorski deposits) were produced
from sapropelic organic matter (kerogen) of type Il (Kotarba et
al., 1998), whereas those in Carpathian flysch rocks include
humic organic matter (kerogen of type IIl) (Czepiec and
Kotarba, 1998). Primary differences may have been connected
not only with the different chemical compositions of terrestrial
and marine plants, but also with plant taxonomic differences in
successive geologic eras.

Although the crude oils examined are characterised by
much higher concentrations of PAHs compared to those from
solid fossil fuels (their concentrations in crude oils run to tens
or more ppm, whereas in peats there are hundreds ppb, and, in
brown and hard coals, several ppm), they contain much less
perylene than brown coals, and less benzo(a)pyrene than hard
coals (Bojakowska and Sokotowska, 1999).

The proportion of individual compounds in the overall
PAH composition is interesting. A nearly constant level of

perylene in the PAH mixture examined was observed; this pre-
vailing PAH compound constitutes generally 53+6% of the to-
tal PAHs. In addition, a greater share of high molecular
compounds, i.e., benzo(b)fluoranthene and benzo(a)pyrene,
was noted.

Both the diverse concentrations of PAHSs in crude oils of the
Polish Lowlands, the Carpathians and the Carpathian Foredeep
deposits and the relatively small diversity in the content of
perylene may indicate a relatively small influence of geochemi-
cal and biochemical processes taking place during biomass de-
cay and subsequent hydrocarbon migration in rock formations,
but rather primarily an influence of original organic matter
composition.

A characteristic high share of 3-cyclic aromatic hydrocar-
bons, especially phenanthrene and fluorene in crude oils, may
be useful for identifying environmental pollution sources by
oil-derived products. In recent soils and aqueous sediments 4-,
5- and 6-cyclic compounds, especially fluoranthene, are preva-
lent (Bojakowska et al., 1999). Thus an increase in the propor-
tion of 3-cyclic aromatic hydrocarbons in environmental
samples and an increase in the content of phenanthrene and
fluorene versus fluoranthene may indicate pollution of the en-
vironment by oil-derived products.

The studies were financed by the Committee for Scientific
Research.
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