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Abstract: The objective of this study was to determine the origin and type of
organic matter (OM) in recent sediments of the Tisza River, along a distance of
153 km through the territory of Serbia. For this purpose, group organic—geo-
chemical parameters and biomarker compositions were used. All samples con-
tained approximately same amount of OM, which was deposited under uni-
form, dlightly reducing conditions. Based on the distribution of n-alkanes, the
origin and type of OM could not be precisely estimated. However, the n-alkane
patterns suggest the presence of immature singenetic organic matter of terres-
trial origin. The distributions of terpanes and steranes and the values of the cor-
responding maturity parameters indicate that the Tisza River sediments, apart
from immature singenetic organic matter, contain oil pollutants of anthropo-
genic origin. The identical compositions of these biomarkers in al samples con-
firmed that the recent sediments of the Tisza River, from KanjiZza Town to the
confluence into the Danube River, contain the same type of oil pollutants. Based
on the compositions of terpanes and steranes and the values of the biomarker
parameters in Tisza sediments, it is supposed that the oil pollution generally
could be related to heavy fuel oil from tankers, due to intense river transport
and, to lower extent, to crude oils from the Elemir and Rusanda oil fields.

Keywords. sediments; Tisza River; organic matter; biomarkers; oil pollutants.

INTRODUCTION

Biologica markers (biomarkers) in bitumen (soluble organic matter extracted
from sediments, coals, oil shales and source rocks) and oil are complex organic
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598 STRBAC et al.

compounds with a strong resemblance in structure to their parent organic mole-
culesin living organisms. In organic geochemistry, they are extensively used to
estimate the origin of sedimentary organic matter (OM) and its geological evo-
lution. In other words, based on the presence, abundance and distribution of res-
pective biomarkers in oils, the origin, depositional environment and maturity of
the organic matter, as well as the relative length of migration pathways and the
degree of biodegradation could be assessed.2 For this purpose, numerous bio-
markers, n-alkanes, isoprenoid aliphatic akanes, polycyclic alkanes of the ste-
rane and terpane types and alkylaromatics have been used. Recently, the appli-
cation of biological markersin environmental chemistry has proved its self to be
a promising tool for the determination and identification of petroleum pollutants
in soils, recent sediments, ground and surface waters.34 The content of singen-
etic organic matter in recent sediments varies over a wide range from 0 to 80 %2
and therefore can not be used as an indicator of the origin of organic matter. For
this reason, biomarker fingerprints typical for crude oils, as highly mature orga-
nic matter, can be useful in evaluating whether the organic matter extracted from
the environment, is singenetic or it represents anthropogenic organic matter of
petroleum origin. This primarily refers to n-alkanes. In crude oils, n-alkanes have
uniform distribution of odd and even homologues (the Carbon Preference Index,
CPI, isabout 1), usualy in the range of C10—Css. An n-alkane distribution with a
strong predominance of lower homologues C1o—C»2 indicates algal organic mat-
ter input and/or high maturity.1 On the other hand, elevated concentrations of odd
long-chain homologues (Co5—C33) show that terrestrial OM also contributed to
the precursor biomass.>6 It should be noticed that oil derivatives, such as gaso-
line and diesel, have different n-alkane distributions, which range from n-Cg to
n-C1o, and n-Cy» to n-Cos, respectively. Moreover, these derivatives do not con-
tain polycyclic biomarkers of the sterane and terpane types.’:8

Similarly to n-alkanes, the distributions of polycyclic akanes (C21—C22 and
Cy7—Cgp diasteranes and steranes, C1g—Cy7 tricyclic diterpenes and Co7—Cag
pentacyclic triterpenes) in oils are distinctive and noticeably different from those
observed in bitumen of recent sediments, due to their higher maturity.1.9 How-
ever, different crude oils show unequal distributions of biomarkers. Each oil is
characterized by a distinctive distribution of biomarkers as a kind of “finger-
print”, which depends on the origin, depositional environment, age, maturity,
relative length of migration and mineral composition of the source and reservoir
rocks.10.11 This feature of oil can be very useful in environmental chemistry for
the determination of the source of pollution. Consequently, analyses of this type
obtain aforensic character.

In this paper, the surface sediments of the Tisza River, in the part of river
flow from Kanjiza Town to its confluence into the Danube, were investigated.
Considering the navigable character of the Tisa River, and thus its exposure to
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ORGANIC MATTER IN THE TISZA RIVER SEDIMENTS 599

anthropogenic impact, an investigation of the origin and type of organic matter in
its sediments was the defined objective of this study. For this purpose, group
organic—geochemical data and biomarker compositions were used.

EXPERIMENTAL

A total of 10 sediment samples were collected from 9 sites along the Tisza River on the
territory of Serbia (Fig. 1; Table I). These sites are located near Kanjiza Town (entrance area
of the River from Hungary to Serbia) up to its confluence into the Danube. The length of this
river section is 153 km and it covers amost the entire length of the Tisza River through the
territory of Serbia. The sediments consist of sand, silt and clay. Silt is predominant, with the
exception of two samples (M22 and M9), in which sand is the most prominent (Table ).

Legend:
® Sampling points

A Oil fields
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Fig. 1. Map showing the sampling points.

TABLE I. List of the investigated samples

Sample Distance from confluenceintothe  Depth interval Lithology
Danube River, km cm Sand, % Silt,% Clay, %

M18 153 20 25 52 23
M21 136 0-10 29 50 21
M22 136 0-10 47 41 12
M25 123 0-10 20 55 25
M9 88 20 54 33 13
M7 60 20 28 53 19
M8 50 20 28 52 20
M6 12 0-5 3 65 32
M4 8 0-10 16 57 27
M5 6 20 36 41 23
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Samples from the sediment top layer (0—20 cm) were collected using a plastic corer and
transported to laboratory in polyethylene bags. The sediment samples were wet-sieved through a
63 um sieve and then air dried at room temperature. The dried samples were gently pounded
in a porcelain mortar. Subsequently, the samples were split into smaller aliquots by coning
and quartering.

Elemental analysis was performed to determine the contents of total organic carbon
(Corg), sulphur and nitrogen. The total organic carbon content was determined after removal of
carbonates with 1:3 diluted hydrochloric acid. The measurements were realized using a Vario
EL I11, CHNS/O elemental analyzer, Elementar Analysensysteme GmbH.

Soluble organic matter (bitumen) was extracted (36 h) from pulverized samples using a
Soxhlet apparatus with an azeotropic mixture of CH,Cl, and CH;OH and quantified.

The bitumen extracts and crude oils were separated into saturated, aromatic and NSO
fractions using column chromatography over silica gel. The saturated hydrocarbon fraction
was eluted with n-hexane, aromatic hydrocarbons with mixture of n-hexane and dichloro-
methane (4:1 volume ratio) and the NSO fractions (polar fraction, which contains nitrogen,
sulphur, and oxygen compounds) with mixture of dichloromethane and methanol (1:1 volume
ratio).

The saturated hydrocarbons were analyzed by gas chromatography—mass spectrometry
(GCMS). A gas chromatograph Agilent 7890A GC (H5-MS capillary column, 30 mx0.25
mm, He carrier gas 1.5 cm?® min, FID) coupled to an Agilent 5975C mass selective detector
(70 eV) was used. The column was heated from 80 to 310 °C, at arate of 2 °C min'l, and the
final temperature of 310 °C was maintained for an additional 25 min. Detailed analyses of the
target compounds were conducted using the following ion chromatograms. m/z = 71 (n-alka-
nes and isoprenoids), m/z = 191 (terpanes) and m/z = 217 (steranes). The individual peaks
were identified by comparison with literature datal? and based on the total mass spectra
(library: NIST5d). The biomarker parameters were calculated from the GC-MS chromato-
gram peak areas (software GCMS Data Analysis).

RESULTS AND DISCUSSION
Group organic—geochemical parameters

The amount of the total organic carbon (Corg) and soluble organic matter
(bitumen) in the surface sediments of the Tisa River, from the most upstream
analyzed point near KanjiZza Town down to its confluence into the Danube River
aregivenin Tablell.

The resultsindicate that in the relatively long part of the river flow (153 km),
the contents of the total organic carbon (Cgrg 0.85-1.66 %) and soluble organic
matter (bitumen 0.07-0.14 %) in the surface sediments remained approximately
uniform. Based on the predefined quantities, it could not be assessed whether it
was singenetic organic matter, or polluting matter of anthropogenic origin. The
soluble organic matter was mainly represented by polar, NSO compounds (87-93
%). The relative contents of saturated and aromatic hydrocarbons were low, which
is in accordance with the low maturity of the surface sedimentary organic matter
(TableIl). The contents of nitrogen and sulphur were also relatively uniform. The
content of sulphur did not exceed 0.1 %, indicating that pollution with sulphur
compounds could be discounted.
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TABLE II. Group organic-geochemical parameters; Corg — total organic carbon content;
db — dry basis; HC — hydrocarbons; NSO — polar compounds containing nitrogen, sulphur and
oxygen

Content of
sample . %db N,%db S %db Bitumen, % Sﬁgﬁgf/jd Alfl%”,‘ﬁzc NSO, %
M18 123 0.10 <01 008 59 51 890
M21 0.85 0.07 <01 007 5.3 27 920
M22 0.96 0.07 <01 014 6.6 76 88
M25 1.19 0.10 0.1 0.09 40 29 931
M9 13 0.11 <01 o1 6.9 17 914
M7 118 0.09 <01 o1 6.1 34 95
M8 113 0.08 <01 007 65 62 873
M6 129 0.10 <01 011 6.9 34 897
M4 166 0.13 <01 008 33 37 930
M5 136 0.09 <01 009 36 46 918

Molecular composition of the organic matter

n-Alkanes and isoprenoids. All samples showed very similar distributions of
n-alkanes and isoprenoids. The n-alkanes were identified in the range C1g to Css,
with amaximum at n-Cy7 or n-Cog (Fig. 2).

The mass chromatograms (nvVz 71) of the saturated fraction showed two
distinct parts. The lower n-alkanes, C16—Co2, showed a uniform distribution of
odd and even homologues, resulting in CPI (C16—C22) values lower than 1.40
(Table 1I1). The n-dkane patterns in range Co3—Css were characterized by a
marked odd over even predominance, with a maximum at n-Co7 or n-Cog, which
resulted in high CPI values for full distribution of n-alkanes (C16—C3s) and high
CPI valuesin the range Co3—Css (Tablell11).

Based on these results, an explicit conclusion about the origin of the organic
matter in the analyzed sediments could not be drawn. However, the n-alkane
maximum at n-Cy7 or n-Cog, along with a sharp predominance of odd homologues
in the range of Cy3—C3s n-alkanes imply that the surface sediments of the Tisza
River contain singenetic organic matter of terrestrial origin.13 The uniform distri-
bution of lower n-alkanes, C16—Cpo, in al samples could be considered as an indi-
cator of the anthropogenic oil type pollutants.814 However, such a distribution of
lower n-alkanes could be attributed to algal singenetic organic matter as well.1.°

The pristane (Pr) to phytane (Ph) ratio is widely used as an indicator for the
redox settings of the depositional environment.115 The relatively uniform values
of this parameter that were lower than 1 (with exception of sample M25; Table
I11) indicate that organic matter of all sediments was deposited under uniform,
dightly reducing conditions. The concentrations of Pr and Ph were dlightly lower
than the concentrations of n-alkanes C17 and C1g (parameters Pr/n-C47 and Ph/n-
-Cyg; Table I11). However, this result is not useful, because it could be related to
both singenetic organic matter and oil pollutants.14.16
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Fig. 2. GC-MS chromatograms of n-alkanes and isoprenoids, m/z 71 of the saturated fraction
isolated from the most upstream sample (a), a sample from the middle part of the analyzed
river flow (b) and from the location close to the confluence into the Danube River (c). Peak
assignments. n-alkanes are labelled according to their carbon number;
Pr — pristane; Ph — phytane.
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TABLE Ill. Parameters caculated from the distributions and abundances of n-akanes and
isoprenoids

Sample n-Alkane n—A! kane CPI CPI CPI Pr/Phd Pr Ph
range  maximum (C;5-Cg5)? (C16-Cpp)P (C3Cgs)° N-Cyi7 n-Cyg
M18  Ci5Cs Cori Coo 3.40 1.25 564 095 090 071
M2l  CisCss Cor Coo 4.00 1.26 510 083 070 064
M22  CigCss Cor Coo 3.98 1.32 514 088 063 069
M25  CisCass Cor Coo 477 1.36 618 112 08l 078
M9 Ci6Css Cori Cpo 5.07 1.27 601 075 078 070
M7 Ci6Css Cori Cpo 5.17 1.32 624 090 097 083
M6 CisCss  Co7i Co 5.50 1.32 666 089 096 0.89
M4 Ci6Css  Co7; Cog 4.68 1.13 528 054 065 050
M5 Ci6Css Cori Cpo 4.39 1.23 538 082 093 077

8Carbon Preference Index (CPI) determined for the full distribution of n-alkanes C5-Cas (mass chromatogram
m/z 71), CPI (C16—Css) = 1/2 [Zodd(n-C171-Cgs) / Zeven(n-C151-Cgy) + Zodd(n-C17n-Cgs) / Zeven(n-Cign-
—C3g)l; BCPI determined for the distribution of n-alkanes C16—Cpp (mass chromatogram mv/z 71), CPI (C16—
—Cyp) = 1/2 [Zodd(n-C17-N-Cp1) / Zeven(n-Cqg—n-Cop)+Zodd(n-C17-n-Co1) / Teven(n-C1gn-Cyy)]; CCPI deter-
mined for distribution of n-alkanes Cy3—C3g (mass chromatogram m/z 71), CPI (Cp3—Cgs) = 1/2 [Zodd(n-Coz—
—-Cgg) / Zeven(n-Coo—n-Czyg)+Xodd(n-Cp31-Cgs) / Zeven(n-Cog-Cgg)]; dpr/ph = pristane/phytane

Tricyclic and pentacyclic terpanes. The distribution of tricyclic diterpanes
and pentacyclic triterpanes (hopanes) in the saturated fractions of the sediments
(ion chromatograms myz = 191) for the most upstream sample, a sample from the
middle part of the analyzed river flow and a sample from the part that is close to
the confluence into the Danube river are shown in Fig. 3. The values of specific
organic—geochemical parameters, calculated from the distributions of these bio-
markers are given in Tables IV and V.

All the samples had aimost identical distributions of tricyclic and pentacyclic
terpanes (Fig. 3). The values of the terpane source parameters indicate the same
origin of the organic matter in the sediments (Table 1V). The terpane distribu-
tionsin all samples were typical for oils. They were characterized by a predomi-
nance of the thermodynamically more stable isomers with 17a(H)215(H) and
22(S) configurations, as well as by the presence of typical geo-isomers, 18a(H)-
-nechopanes (Fig. 3). These compounds have never been reported in biosphere
and recent singenetic organic matter. The presence of singenetic immature orga-
nic matter in the sediments was confirmed by the identification of isomers with
the biogenic 174(H)214(H) configuration in all samples (Fig. 3). The values of
terpane maturity ratio (Table V) arein the range typical for crude oils.1

Based on distributions of terpanes in the saturated fractions of the sediments
and the values of the corresponding maturity parameters, it could be concluded
that, in addition to singenetic organic substance, the analyzed samples contained
organic matter of anthropogenic origin, which could be related to crude oil.
Furthermore, the identical distributions of these biological markersin all samples
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represent strong evidence that the sediments of the Tisza River, in its flow from
KanjiZza town to the confluence into the Danube River, contain the same type of
petroleum pollutants.
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TABLE 1V. Source parameters calculated from distributions and abundances of tricyclic and
pentacyclic terpanes, Ol — oleanane index = oleananex100/(oleanane+Csyl7c(H)215(H)-
-hopane); Gl — gammacerane index = gammaceranex100/(gammacerane+Czq17a(H)215(H)-
-hopane)

Sample ol Gl  Cygtricyclic terpane/ Cys tricyclic terpane Cygf50dCapo /P
M18 12.73 10.36 0.88 0.59
M21 1391 9.68 0.97 0.60
M22 12.15 10.48 0.89 0.59
M25 1256 9.07 0.95 0.60
M9 12.07 10.20 0.95 0.61
M7 11.63 10.99 0.88 0.60
M8 12.34 10.82 0.95 0.60
M6 13.45 10.29 0.99 0.60
M4 13.15 11.24 0.94 0.61
M5 13.66 10.41 0.85 0.60
Rusandacrudeoil 1259 9.68 0.85 0.51
Elemir crudeoil 12.39 10.34 0.74 0.47

angl?m(H)Zlﬁ(H)—3O—norh0paneyC3o170:(H)21ﬁ(H)—hopane; oleanane, gammacerane, tricyclic terpanes and
pentacyclic terpanes (hopanes) were quantified from the mass chromatogram nvz 191

TABLE V. Maturity parameters calculated from the distributions and abundances of pen-
tacyclic terpanes

Sampl e Cglaﬂ(S)/ 0310( ﬁ(S'F R)a C3oﬂa/ Cgoa ﬂ] ngTS/CZQO( ﬂ: Td/ (TS+Tm)d
M18 0.57 0.16 0.35 0.44
M21 0.56 0.17 0.34 0.40
M22 0.57 0.15 0.35 0.43
M25 0.56 0.16 0.34 0.44
M9 0.56 0.16 0.33 0.40
M7 0.57 0.16 0.34 0.41
M8 0.57 0.16 0.35 0.45
M6 0.56 0.16 0.35 0.41
M4 0.56 0.16 0.34 0.42
M5 0.56 0.16 0.39 0.46
Rusanda crude oil 0.60 0.11 0.27 0.44
Elemir crude oil 0.56 0.11 0.33 0.42

8C31170(H)215(H)22(S)-hopane/C31 17 o(H) 215(H)22(S+R)-hopanes; bC3017ﬂ(H)21a(H)-hopa1e103017a(H)-
218(H)-hopane; ©Cpg18a(H)-30-nornechopane/Cog17a(H)214(H)-30-norhopane; dC2718oz(H)-22,29,3O-trisnor-
neohopane/(Cy718a(H)-22,29,30-trisnorneohopane+Co717a(H)-22,29,30-tri snorhopane)

Seranes and diasteranes. The sterane biomarkers in all samples had amost
identical distributions (Fig. 4). The uniform distributions of the Cy7—Cog
14a(H)17a(H)20(R) regular steranesl’ (Table VI) in all samples confirmed that
the organic matter in the sediments was of the same genetic type.

The sterane distributions in al samples were typical for oils, which corro-
borates the presence of oil-type pollutants in the sediments of the Tisza River.
Apart from the regular steranes with a biogenic 14a(H)170(H)20(R)-configur-
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TABLE VI. Source and maturity parameters calculated from the distributions and abundances
of steranes and diasteranes

o a o b o ¢ Cxoo(S) CBAR)/ CorfpAS)/
sample % Cor” % Cog” % Cod’ ¢ oaafSHR)Y Cro(BAR)+0efR)) Cor(BedS)+arofR))'
M18 B2 204 374 0.49 0.49 0.30
M21 274 328 398 0.48 0.46 0.31
M22 31.8 309 373 0.49 0.50 0.29
M25 203 324 383 0.48 0.47 0.31
M9 22 310 368 0.52 0.49 0.28
M7 331 307 362 0.51 0.51 0.29
M8 286 316 398 0.48 0.48 0.34
M6 203 314 393 0.48 0.49 0.34
M4 275 330 395 0.51 0.48 0.32
M5 276 354 370 0.55 0.52 0.37
Rusanda 281 356 363 0.62 0.64 0.32
crude oil
Elemr 270 368 362 0.57 0.59 0.22
crude oil

3100%Cy714a(H)170(H)20(R)-sterane/=(Co7—Cog) 14a(H) 17a(H) 20(R)-steranes; blOOXC2814(x(H)l7a(H)20(R)—
-sterane/X(Cp7—Cog)14a.(H)170(H) 20(R)-steranes; Cos Cog = 100xCpgl4a(H)17a(H)20(R)-sterane/Z(Co7—
—Cog)140(H)17a(H)20(R)-steranes, dC2914oc(H)17oc(H)20(S)-sterandC2914oc(H)17oz(H)20(S+R)-steranes;
€Cog14/4H)17AH)20(R)-sterane/(Cogl4AH)17 A H)20(R)-sterane + Coglda(H)17a(H)20(R)-sterane;
fC2713ﬂ(H)17a(H)20(S)-di asterane/(Co7134(H) 17a(H)20(S)-diasterane + Co714a(H)170(H)20(R)-sterane); the
sterenes and diasteranes were quantified from the mass chromatogram mvz 217

ation, the short chain, Cy1—Cop, and Co7—Cog isomers with the thermodynami-
caly more stable 14a(H)17a(H)20(S)-, 144(H)175(H)20(R)-, and 145(H)174(H)-
20(S)-configurations, as well as the typical geo-isomers, 13f(H)17a(H)- and
13a(H)17p5(H)-diasteranes, were present (Fig. 4). The values of the sterane matu-
rity ratios are in a range typical for crude oils (Table V1).1 The dightly lower
values of these parameters than in crude oils could be attributed to the influence
of singenetic immature terrestrial organic matter (expressed through an elevated
concentration of Cogl4a(H)17a(H)20(R)-sterane), the presence of which was con-
firmed by the distribution of the long-chain n-alkane homologues and identi-
fication of pentacyclic hopanes with the biogenic 175(H)215(H) configuration.

Therefore, distributions of sterane biomarkers clearly prove that in addition
to the singenetic immature terrestrial organic matter, the analyzed samples also
contain oil pollutants of anthropogenic origin. Moreover, the identica com-
positions of the steranes in all samples confirmed that the sediments of the Tisza
River from Kanjiza Town to the confluence into the Danube River, aong a
distance of 153 km, contained the same type of oil pollutant.

Assessment of the oil pollutant source

Based on previous discussion, it was established that sediments of the Tisza
River, in addition to some singenetic immature terrestrial organic matter, con-
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tains an ail type pollutant. Considering navigable character of the Tisza River,
the observed continuous oil pollution most probably resulted from persistent and
extensive transport via river barges, which commonly use heavy fuel ail.

As mentioned above, the crude oils represent mature organic matter and are
characterized by specific distributions of steranes and terpanes with a predomi-
nance of the thermodynamically more stable isomers, which are not found in
biosphere and recent singenetic sedimentary organic matter. Consegquently, most
values of the maturity biomarker of the crude oils parameters, which represent
the ratios of more and less stable isomers, vary in arelatively narrow range.1 On
the other hand, each crude oil sample has a characteristic distribution of
biomarkers as a kind of “fingerprint”, which in addition to maturity, depends on
the origin, depositional environment, age, relative length of migration and the
mineral composition of the source and reservoir rocks. Therefore, crude oils can
significantly differ in values of source parameters, such as distribution of Co7—
—Cp9 14a(H)17a(H)20(R) regular steranesl’, gammacerane and oleanane indi-
ces,18-20 ratio of Cyg to Cos tricyclic terpanes! and Cpgl17a(H)21B(H) to
C3p170(H)21B(H) hopane.l Comparison of the distributions of terpanes and ste-
ranes and the values of the corresponding biomarker parameters in the extracts of
sediments of the Tisza River and previously investigated crude oils from oil
deposits in the Serbian part of Pannonian Basin showed great similarity between
extracts of investigated sediments and crude oils from Rusanda (well 5; depth
interval 2665-2675 m) and Elemir (well 19; depth interval 1640-1644 m) oil
fields (Figs. 3-8; Tables |V and V), which are located close to the investigated area

Pentacyclic terpanes
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Fig. 5. GC-MS chromatograms of terpanes m/z 191 of the saturated fraction isolated from
Rusanda crude oils. For peak assignments, see the legend to Fig. 3.
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Fig. 6. GC-MS chromatograms of terpanes m/z 191 of the saturated fraction isolated from
Elemir crude oils. For peak assignments, see the legend to Fig. 3.
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Fig. 7. GC-MS chromatograms of steranes, m/z 217 of the saturated fraction isolated from
Rusanda crude oils. For peak assignments, see the legend to Fig. 4.
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Fig. 8. GC-MS chromatograms of steranes, m/z 217 of the saturated fraction isolated from
Elemir crude ails. For peak assignments, see the legend to Fig. 4.

(Fig. 1). Therefore, the oil contamination observed in the Tisza sediments, apart
from heavy fuel oil from barges, to a lower extent can probably be related to the
Rusanda and Elemir crude oils. According to the geological setting of the terrain,
there is no possibility of natural migration of oils from the oil fields to the Tisza
River surface sediments. Therefore it could be assumed that observed oail
pollution resulted from oil shipment at the station located on the river bank and
further transport by barges.

CONCLUSIONS

The origin and type of organic matter of the Tisza sediments along its 153
km distance through the territory of Serbia were evaluated using group organic—
—geochemical data and the biomarker compositions.

The contents of the total organic carbon and soluble organic matter were
similar in all samples. The organic matter was deposited under slightly reducing
conditions. All the samples had almost identical distributions of n-alkanes, ste-
ranes, and tricyclic and pentacyclic terpanes, indicating the same origin of the
organic matter.

Based on distribution of n-alkanes, the origin and type of organic matter
could not be precisely estimated. However, the n-alkane maximum at n-Cy7 or
n-Cyg and the marked odd over even predominance in the range of n-Co3n-Csg
suggested the presence of immature singenetic organic matter of terrestrial origin.
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Typical oil distributions of terpanes and steranes along with values of the
corresponding maturity parameters clearly indicated that the sediments of the
Tisza River, in addition to immature singenetic organic matter, contained oil
pollutants of anthropogenic origin. The identical distributions of these biomar-
kers in al samples represent strong evidence that the recent sediments of the
Tisza River, in its flow from Kanjiza Town to its confluence into the Danube
River contained the same type of oil pollutants.

Based on the compositions of terpanes and steranes and the values of the
biomarker parameters in the Tisza sediments, it is supposed that oil pollution
generdly could be related to heavy fuel oil from barges, due to intense river
transport. Comparison of the distributions of terpanes and steranes and the values
of corresponding biomarker parameters in the extracts of sediments of the Tisza
River and previoudly investigated crude oils from oil deposits in the Serbian part
of Pannonian Basin showed that the oil contaminants observed in Tisza sedi-
ments, apart from heavy fuel oil from tankers, to a lower extent, could be attri-
buted to Rusanda and Elemir crude ails.
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n3BO[J

IMPUMEHA BMOJIOIKUX MAPKEPA Y OOPEBHUBALY ITOPEKJIA Y THUITA OPTAHCKE
CYIICTAHIE Y CEIMUMETHUMA PEKE TUCE

CHE)XAHA IIITPBALL', TOPIAHA TAJUIIA’, ANTEKCAHIIPA ITAJHOBUR’, HEBOJIIA BACHR’,
KCEHHJA CTOJAHOBHE' 1 BPAHMMHP JOBAHUHBREBHR'

105a1cyﬂmeu7 3qwiniuiie yusotiine cpegune, Ynusepsuiteii EJYKOHC, Bojeoge ITywinuxa 87, 21207 Cpemcka
Kamenuuya, ZHeHwap 3a xemujy, HXTM, Cuygeniucku wipi 12—16, 11000 Beoipag, 3Pygapcxo—ieonow1cu
paxyniteni, Ynugep3uitiei y beoipagy, Bywuna 7, 1100 Beoipag u 4Xemujcxu paxynivew,
Ynusepsuiueiwi y beoipagy, Cinygentucku wipi 12—16, 11000 Beoipag

Linsb papa je 540 fa ce yTBpAX MOPEKIO U THI OPraHCKe CYICTaHIle y PELIEHTHUM Ceu-
MeHTHMa peke Tuce, y Jeny Toka KOju ce Hajna3u Ha TepuTtopuju Cpduje, ykynne nyxune 153
KUJIOMETpa. Y Ty CBpXYy KOpUIIheHH Cy TPyIHU OPraHCKO—TEOXEMHUjCKU MapaMeTpy U cacTaB
duomapkepa. CBY y30pLH cafip:Ke MPUOIMKHO UCTYy KOJTUUMHY OPraHCKe CyTCTaHLE Tal0XEHE
y dmaro penykuuoHoj cpenuHu. Ha OCHOBY pacriopesne #-ajqkaHa HUje Suio Moryhe mpenusHo
YTBPIUTH NOPEKJIO U THUI OpraHcke cymncraHie. Mehytum, #-ankaHcke pacnozesne ykasane cy
Ha MPHUCYCTBO HE3pEJie HATUBHE OpPraHCKe CYIICTaHIle CyBO3EMHOr Nopexia. Pacrogene tep-
NaHa U CTepaHa U BPEAHOCTH OAroBapajyhux maTypallMOHMX NapaMmeTapa yKasyjy ha Cemu-
MeHTH peke Tuce, mopen He3pesle HaTUBHE OpPraHCKe CyICTaHLe cangpxe HadTHy 3arahyjyhy
CYIICTaHLly aHTPOINOIeHOr nopekia. UieHTHUHe pacnofene OBUX OMOMapKepa y CBHUM Y30p-
MMa noTephyjy Aa pelieHTHH cenuMeHTH peke Tuce, y neny Toka on mecra Kamuxka o ymha
y pexy [lyHaB, cappke UCTH TUN HadTHOT 3arahusaya. Ha ocHOBY pacnopena TepnaHa U cTe-
paHa ¥ BpEJHOCTH DMOMapKepCKUX MapaMeTapa MPETIOCTaB/beHO je fa HadTHO 3araheme
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reHepaiHo MOTHYe O Ma3yTa U3 TaHKePa, yCiel HHTEH3UBHOT PEYHOT TPAHCIIOPTA H, Y Mak0j
MepH, oI cHpoBUX HadTH U3 HadTHHUX 1osba Enemup u Pycanpa.
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