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Abstract. Compositions of organic matter in soil and sediment samples were analysed using standard geochemical analytical methods. The tested set
contained 44 lake sediment samples from three depth profiles on the bottom of the Horni Be¢va Reservoir and 14 samples of uncultivated soil from shal-
low profiles at the localities of interest: Poto¢nik, Lelekovice and Cervenohorské sedlo Saddle. Organic matter was characterised by determinations of in-
dividual carbon fractions/forms (Cyy, Corg: Cinins Chs> Chas Cra), by customary analyses of group parameters (Hum, EOM, TES, NES, AOX-S) and also
by multicomponent analyses of the contents and distributions of individual selected hydrophobic organic pollutants — normal and isoprenoid alkanes
(SH, ), polycyclic aromatic hydrocarbons (PAH), polychlorinated biphenyls (PCB) and organochlorinated pesticides (OCP).

Reliability of data, characterising organic compositions of the tested samples, was guaranteed by certified analytical methods and consequently verified
by statistical evaluations of correlations between the values of definitionally related quantities. Characteristics of the organic matter were then used in a
parallel investigation of sorption properties of some of the samples. Results of pollutant analyses were also evaluated and discussed with respect to the
Czech national legislation limits for permissible pollution of the environment; they proved, in general, a significant and widespread background
distribution of some of these xenobiotics in the examined rock environments. Characteristic distributions of individual alkanes determined by
multicomponent analyses also helped to distinguish external hydrocarbon contaminations from the natural background as well as to estimate a probable
source of contamination.

Key words: soil, sediment, chemical analyses, organic matter, hydrophobic organic pollutants, alkanes, polycyclic aromatic hydrocarbons, poly-

chlorinated biphenyls, organochlorinated pesticides, data quality, correlations, environmental interpretations

Introduction

Parameters describing and quantifying equilibrium distribu-
tion of chemical compounds among individual phases of en-
vironmental systems belong to significant physical and che-
mical quantities characterising properties and behaviour of
these compounds as potential pollutants of the environment.
Quantities describing the behaviour of chemical compo-
nents in equilibrium between gas and liquid phase (such as
boiling point, melting point, vapour pressure, solubilities,
diffusion coefficients and partition coefficients for more
simple two-phase systems, e.g. water — air or n-octanol —
water) are specific for every single compound and their va-
lues for common pollutants can be found in various mono-
graphs and data bases (e.g., Koch 1986, Sax 1984, Schwar-
zenbach et al. 1993, Mackay et al. 1999). In contrast, the
equilibrium distribution of organic pollutants in systems
such as water — natural sorbent (e.g., rock, soil, sediment or,
generally, geosorbent) depends much more on the nature
and composition of the solid phase in the sorption system.
A sum of processes leading to a decrease in sorbate
concentration in solutions by fixation onto solid phase of a
sorbent is often referred to as “sorption”. The mass or con-
centration balance of the final sorbate content in phases of
the tested system is usually referred to as “partition” or,
nowadays more frequently, “distribution”. In general, the
basic processes and mechanisms, which may participate in
the distribution of a sorbate between water and solid phase,
can include adsorption, partition, chemisorption, absorp-
tion, ion exchange and molecular exclusion. An experi-

mental assessment of contribution of individual model
mechanisms to the overall sorbate fixation by the solid
phase is often rather complicated, even in the case of
well-defined synthetic (chromatographic) sorbents. This is
even more the case of natural materials of much more com-
plicated matrix character (possessing miscellaneous and
variable mineral and organic compositions and structural
arrangements of the solid phase).

Equilibrium distribution of the sorbed component
(sorbate) between solid (s) and water (w) phase is generally
characterised by the distribution (sorption) coefficient Kp,
defined by an equation: K, = ¢, / c,,, where ¢, and c,, stand
for overall analytical sorbate concentrations in the sorption
system phase in question. The distribution coefficient Ky is
a commonly used measure of a sorption affinity of the
given sorbate (pollutant) with the investigated sorbent.

Hydrophobic properties are typical for many organic
sorbates, comprising a class of highly toxic and relatively
persistent environmental pollutants. This class of com-
pounds is represented, e.g., by aromatic hydrocarbons (es-
pecially PAH), their halogenated derivatives (e.g., chlori-
nated biphenyls, benzenes, toluenes, naphthalenes), satu-
rated and unsaturated aliphatic and alicyclic chlorinated
hydrocarbons, various organochlorinated pesticides and a
great deal of other compounds. The incidence of prior hy-
drophobic pollutants and studies of regularities controlling
their capture, migration and fate in various environmental
constituents/spheres therefore remain subjects of intense
interest of environmentally and ecotoxicologically ori-
ented research.
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Studies of abundant neutral and hydrophobic pollutants’
sorption onto various natural sorbents (see, e.g., Karickhoff
etal. 1979, Hasset et al. 1980 or Schwarzenbach and Westall
1981) proved that distribution coefficient values K grow
with an increasing hydrophobicity of sorbate molecules and
also with an increasing content of sorbent organic matter.
The measure of hydrophobicity (lipophilicity) is evalu-
ated by the partition coefficient for a two-phase system
n-octanol — water, Kqw, defined as a ratio of the overall equi-
librium concentration of the given compound in organic (o)
and water (w) phase: Kow = ¢, / ¢,,. For these purposes, the
organic matter content is usually expressed in the form of or-
ganic carbon mass fraction, foc. If the organic carbon con-
tent is expressed in percentage Cg, = poc (Wt%), then
foc = poc / 100. Mutual relationship between Kp Kow and
foc can then be represented by an equation:
Kp =foc - Koe = foc . b . Kow®, where K¢ stands for a nor-
malised distribution coefficient of a sorbate, calculated by
the relation of an experimentally obtained Ky, value to a hy-
pothetical 100% organic carbon content in the solid phase
(i.e., by arecalculation for a hypothetical sorbent of foc = 1).
Parameters a and b are empirically determined constants,
which are, to a certain extent, characteristic for individual
categories or groups of structurally similar pollutants and for
various types of natural sorbents.

A model of hydrophobic sorption, based on the afore-
mentioned relationships, is frequently cited in monographs
(Smith et al. 1988, Schwarzenbach et al. 1993, Yaron et al.
1996, Domenico and Schwartz 1998) and used in practice.
However, some more recent publications point out its limi-
tations (see, e.g., Luthy et al. 1997). The complications as-
sociated with practical applications of this model can be in-
directly demonstrated by the fact that the values of individ-
ual normalised sorption coefficients (Koc) published by
various authors and compiled in a respected database of en-
vironmental parameters of organic pollutants (Mackay et
al. 1999) are often significantly different (in extreme cases
even by orders of magnitude). The inconsistency of pub-
lished data is both due to different methods used for their
determination and specific differences in the properties of
investigated natural materials. K and foe parameters
should therefore be determined using methods which are
sufficiently reliable and properly validated for given pur-
poses. Considering the important role played by organic
matter in the processes of hydrophobic sorption of organic
pollutants, it is also necessary to draw the attention to a
more detailed characterisation of organic composition of
natural sorbents.

The above mentioned conclusions and recommenda-
tions were considered in our experimental study of sorption
interactions between hydrophobic organic pollutants and
some natural sorbents within the grant project
VaV/630/3/00 “Complex geochemical research on interac-
tions and migration of organic and inorganic chemicals in
rock environment”, allocated by the Ministry of the Envi-
ronment of the Czech Republic. In the present paper, re-
sults of a more detailed chemical characterization of or-
ganic matter in all studied natural materials are summa-
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rised. A wider set of the tested samples comprised rocks,
soils and sediments with different contents and composi-
tions of organic matter, which were collected at the sites of
current exploratory projects of the Czech Geological Sur-
vey (CGS). Compositions of all samples were character-
ised by a set of standard geochemical and environmental
analytical methods, including multicomponent analyses of
significant and widespread hydrophobic pollutants (PAH,
PCB, OCP).

A limited selection of the examined natural sorbents
was then tested for their sorption interactions with model
hydrophobic organic pollutants (sorbates). Results of this
sorption study are published in a separate article (Toul et al.
2003).

Samples and methods

Tested samples

A set of the examined natural sorbents included soil and se-
diment samples collected and investigated in a scope of a
complex project solution. The majority of materials were
represented by reservoir sediments collected from three
depth profiles excavated on the bottom of the Horni Bec¢va
Reservoir. The rest of the samples were collected from
shallow depth profiles of uncultivated fields at the localiti-
es of interest: Poto¢nik (P), Lelekovice (Le) and Cerveno-
horské sedlo Saddle (SCS). The origin/location and mine-
ral matrix properties (mineralogy, petrography and inorga-
nic geochemistry) of the samples are described in detail by
Koubova et al. (2003). Identification data of the samples
analysed for their organic composition are presented in
Tab. 1.

Sample preparations

The applied procedure was in full compliance with the
ISO/DIS 11 464 (1992) standard for initial preparation of
soil samples for chemical analyses. The collected soil sam-
ples were dried freely at ambient temperature and then
ground and sieved through a 2 mm sieve. The main fraction
of particles which penetrated the sieve was then kept at
5 °C in hermetically sealed glass jars. Dry mass was deter-
mined in aliquot parts of this way prepared analytical sam-
ples using standard procedures (drying at 105 °C until a
constant weight is reached).

Analysis of organic matter

The investigated samples were, first of all, analysed using
standard methods of geochemical and environmental orga-
nic analysis, which are used for the determination of vari-
ous group parameters. In addition to analyses of proportio-
nal shares of individual carbon forms (total carbon C,, mi-
neral carbon C,,, organic carbon C,,, carbon of soluble
humic substance Cyg, carbon of humic acids Cy,, carbon of
fulvic acids Cg,), several other common parameters were
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Tab. 1. Identification and granulometry of the examined soil and sediment samples

Depth interval Contents (%, m/m) of grain size fractions (mm)
Sample No. Sample type Location
[cm] <0.002 0.002-0.063 | 0.063-2.0 >2.0
P1 soil Potocnik 0-6 nd nd nd nd
P2 soil Poto¢nik 6-12 nd nd nd nd
P3 soil Potoénik 12-18 nd nd nd nd
P4 soil Poto¢nik 18-23 nd nd nd nd
SCS 1 forest soil Cervenohorské sedlo 0-8 3 13 61 23
SCS 2 forest soil Cervenohorské sedlo 8-16 3 10 63 29
SCS 3 forest soil Cervenohorské sedlo 16-24 3 15 36 46
SCS 4 forest soil Cervenohorské sedlo 24-32 3 12.5 48 36.5
SCS 5 forest soil Cervenohorské sedlo 32-42 3.5 17 39 40.5
Lel soil Lelekovice 0-5 11 56 11.5 21.5
Le2 soil Lelekovice 5-15 13.5 66 13.5 7
Le3 soil Lelekovice 15-27 15 64 14.5 6.5
Le4 soil Lelekovice 27-37 15 63.5 13 8.5
Le5 soil Lelekovice 3748 14.5 59 11.5 15
HBK 1 bottom sediment Horni Bec¢va 0-12 nd nd nd nd
HBK 2 bottom sediment Horni Bec¢va 12-22 nd nd nd nd
HBK 3 bottom sediment Horni Bec¢va 22-34 nd nd nd nd
HBK 4 bottom sediment Horni Be¢va 34-46 nd nd nd nd
HBK 5 bottom sediment Horni Bec¢va 46-50 nd nd nd nd
HBK 6 bottom sediment Horni Be¢va 50-54 nd nd nd nd
HBK 7 bottom sediment Horni Bec¢va 54-67 nd nd nd nd
HBK 8 bottom sediment Horni Bec¢va 67-76 nd nd nd nd
HBK 9 bottom sediment Horni Bec¢va 76-83 nd nd nd nd
HBK 10 bottom sediment Horni Bec¢va 83-91 nd nd nd nd
HBK 11 bottom sediment Horni Bec¢va 91-100 nd nd nd nd
HBK 12 bottom sediment Horni Bec¢va 100-109 nd nd nd nd
HBK 13 bottom sediment Horni Be¢va 109-116 nd nd nd nd
HBK 14 bottom sediment Horni Bec¢va 116-130 nd nd nd nd
HBK 15 bottom sediment Horni Be¢va 130-135 nd nd nd nd
HBK 16 bottom sediment Horni Bec¢va 135-145 nd nd nd nd
HBK 17 bottom sediment Horni Bec¢va 145-155 nd nd nd nd
HBK 18 bottom sediment Horni Bec¢va 155-166 nd nd nd nd
HBK 19 bottom sediment Horni Bec¢va 166-175 nd nd nd nd
HBK 20 bottom sediment Horni Be¢va 175-182 nd nd nd nd
HBK 21 bottom sediment Horni Bec¢va 182-189 nd nd nd nd
HBK 22 bottom sediment Horni Be¢va 189-199 nd nd nd nd
HBK 23 bottom sediment Horni Bec¢va 199-204 nd nd nd nd
HBK 24 bottom sediment Horni Be¢va 204-214 nd nd nd nd
HBK 25 bottom sediment Horni Bec¢va 214-225 nd nd nd nd
HBK 26 bottom sediment Horni Be¢va 225-230 nd nd nd nd
HBK 27 bottom sediment Horni Bec¢va 230-235 nd nd nd nd
HBK 28 bottom sediment Horni Bec¢va 235-245 nd nd nd nd
HBK 29 bottom sediment Horni Bec¢va 245-253 nd nd nd nd
HBK 30 bottom sediment Horni Bec¢va 235-268 nd nd nd nd
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Tab. 1, continued

Depth interval Contents (%, m/m) of grain size fractions (mm)
Sample No. Sample type Location
[cm] <0.002 0.002-0.063 | 0.063-2.0 >2.0
HBS 1 bottom sediment Horni Becva 0-12 0 2 93 5
HBS 2 bottom sediment Horni Bec¢va 12-21 1 2 74.5 22.5
HBS 3 bottom sediment Horni Bec¢va 21-33 1.5 3 53.5 42
HBS 4 bottom sediment Horni Be¢va 33-49 12 76 12 0
HBS 5 bottom sediment Horni Bec¢va 49-53 13.5 72 13.5 1
HBS 6 bottom sediment Horni Bec¢va 53-57 8.5 40 51 0.5
HBS 7 bottom sediment Horni Bec¢va 57-85 2.5 3.5 88 4
HBS 8 bottom sediment Horni Bec¢va 85-107 5 17 72 4
HBS 9 bottom sediment Horni Bec¢va 107-127 7 41 50 2
HBS 10 bottom sediment Horni Bec¢va 127-148 15 78 7 0
HBV 1 bottom sediment Horni Bec¢va 0-6 15 81 4 0
HBV 2 bottom sediment Horni Be¢va 6-13 13.5 81.5 5 0
HBV 3 bottom sediment Horni Bec¢va 13-19 16 81 3 0
HBV 4 bottom sediment Horni Be¢va 19-26 18.5 80.5 1 0

Note: nd — value not determined

Tab. 2. Chemical group parameters used to characterise organic matter of the examined soils and sediments

Symbol Parameter Unit LOD (unit) RSTDEV (%) Method code * SOP code
Ciot Total carbon % (m/m) 0.05 5 EA H-1
Chin Inorganic (carbonate) carbon % (m/m) 0.05 5 EA H-1
Corg Organic carbon (= Cyoi— Cppin) % (m/m) 0.05 5 EA H-1
S Total sulphur % (m/m) 0.02 5 EA H-1
Hum Total humic (= organic) matter % (m/m) OxT
Cus Carbon of soluble humic substance % (m/m) SE+OxT
Cha Carbon bonded in humic acids % (m/m) SE+OxT
Cga Carbon bonded in fulvic acids % (m/m) SE+OxT
EOM Extractable organic matter % 0.003 10 SE+G
AOX-S Adsorbed organic bonded halogens mg/kg 5 7 EA Z-4
TES Total extractable substances (IR) mg/kg 5 6 SE+IR Z-1
NES Nonpolar extractable substances (IR) mg/kg 5 6 SE+IR Z-1
TSH .4 Total normal (Cy(_3g) and

isoprenoid (Cy3.5¢) alkanes ‘ mg/kg ‘ see text ‘ see text ‘ SE + HRGC/FID ‘ H-3
PCB(14) Total polychlorinated biphenyls

(sum of all 14 determined congeners) ‘ mg/kg ‘ see text ‘ see text ‘ SE + HRGC/ECD ‘ Z-2
PCB(6) Sum of 6 PCB congeners

(Ballschmitter’s set) ‘ mg/kg ‘ see text ‘ see text ‘ SE + HRGC/ECD ‘ Z-2
PAH(15) Total polycyclic aromatic hydrocarbons

(sum of all 15 determined components) ‘ mg/kg ‘ see text ‘ see text ‘ SE + HPLC/FLD ‘ Z-3
PAH(9) Sum of 9 individuel PAHs

(as required by MP MZP CR, 1996) ‘ mg/kg ‘ see text ‘ see text ‘ SE + HPLC/FLD ‘ Z-3
OCP(8) Sum of 8 organochlorine pesticides

(as required by MP MZP CR, 1996) ‘ mg/kg ‘ see text ‘ see text ‘ SE + HRGC/ECD ‘ Z-2

Abbreviations: LOD — limit of detection; RSTDEV - relative standard deviatiation.

* Method code: EA — elemental analysis; OXxT — oxidimetric titration; SE — solvent extraction; G — gravimetry; IR — infrared spectrophotometry;
HRGC - high resolution gas chromatography FID — flame ionisation detection; ECD — electron capture detection; HPLC — high performance liquid chro-
matography; FLD — fluorescence detection; SOP — standard operation procedure (CGS Brno).
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assessed (total humic matter Hum, extractable organic
matter EOM, total extractable substance TES, non-polar
extractable substance NES, adsorbed organic halogens
AOX-S). The overview of all examined parameters with
methodology citations, approximate limits of detection
(LOD) and relative standard deviations (RSTDEV) are
presented in Tab. 2.

Organic composition of the tested soils and sediments
was also characterised by the determination of a propor-
tional share (distribution) of individual geologically and
environmentally relevant constituents — normal and
isoprenoid alkanes (SH,,;), polycyclic aromatic hydrocar-
bons (PAH), polychlorinated biphenyls (PCB) and
organochlorinated pesticides (OCP). Designations of all
individual analytes and their abbreviations used in this text
are presented together with basic parameters of individual
analyses (LOD, RSTDEV) in the descriptive characteris-
tics of the individual methods.

The majority of chemical characterisations of organic
matter were accomplished in the testing laboratory of the
Czech Geological Survey in Brno, using certified methods
described in the references CGS Brno (1999a—g). Humus
analyses were carried out in a laboratory of the Institute of
Soil Science and Microbiology associated with Mendel
University of Agriculture and Forestry (MZLU) in Brno.
Particle-size analyses were accomplished in a laboratory of
Geodril Brno, Ltd.

Methods, instrumentation and experimental
arrangements

The overview contains only basic characteristics of the
used methods. Detailed information on materials, experi-
mental arrangements, instrumentation and methodologies
is included in standard operation procedures (SOP) of indi-
vidual analytical methods cited in Tab. 2 (see also the set of
references CGS Brno 1999a-g).

Elementary analyses (EA) for carbon and sulphur con-
tents were performed by using the METALYT CS
100/1000 analyser (ELTRA, FRG). For the C,, and S de-
terminations, the samples were combusted in oxygen at
1200 °C, the mineral (carbonate bonded) carbon (C,,;,,) was
assessed via sample decomposition in orthophosphoric
acid. The content of organic carbon was in all cases deter-
mined indirectly by a calculation from the difference of
parallel analyses as Cyy = Ciop — Cpyin-

The total amount of humus (Hum) and carbon bonded
in its acidic constituents (Cyp, Cya, Cra) Were assessed us-
ing traditional methods based on volumetric bichroma-
tometric determinations of oxidizable organic soil matter
and its alkaline aqueous leachates (Kononova and Bel-
chikova 1961). Thus, in addition to the overall content of
organic humic matter (Hum), fractions of carbon bonded in
acidic humic substances (Cpyg), humic acids (Cy,) and
fulvic acids (Cg,) were determined.

Non-polar (NES) and total (TES) extractable sub-
stances were determined using a standard IR spectrophoto-
metric method complying with the ISO TR 11 046 (1994)

standard. The analysis is based on a solvent extraction of
extractable organic substances by 1,1,2-trichlorotrifluoro-
ethane and on a measurement of absorption intensities of
aliphatic extract constituents in the wavenumber range of
3200-2600 cm™'. The NES parameter is a measure of the
content of non-polar extractable substances in extracts,
which were purified via sorption of co-extracted more po-
lar compounds on silica gel. The TES parameter is deter-
mined in the same way as NES but indicates the overall
amount of compounds extracted by chlorofluorocarbon
(i.e., unpurified extract). Owing to a problematic calibra-
tion of the method in the case of natural sample analysis,
the relevance of TES is just tentative, and it can generally
be stated that TES > NES. Absorption spectra were mea-
sured on Perkin-Elmer 783 IR spectrophotometer and in-
terpreted using SPECTACLE/IR 1.50 application software
(LabControl, Germany).

Total adsorbed organically bonded halogens in solid
samples (AOX-S) were determined using method comply-
ing with the DIN 38 414 S18 (1989) norm. Samples, dried
at 105 °C and free of soluble halogens after water extrac-
tion, were burned at 950 °C in a stream of oxygen. The sum
of halogenated hydrocarbons in the products of burning
was determined using coulometric argentometric titration
on COULOMAT 7020 CL apparatus (Strohlein, Germany)
with CLMAT operation program.

Extractable organic matter (EOM) was extracted by ag-
itation with a mixture of n-hexane and acetone (1 : 1, v/v),
supported by an ultrasound. The EOM content in evapora-
tion residues of the extracts was determined gravimetri-
cally; constant weights of the evaporation residues were
measured using BP 210 D semimicrobalance instrument
(Sartorius, Germany).

Evaporation residues of EOM were also used for the
determination of the organochlorinated pollutants of inter-
est (PCB, OCP). Hexane leachates of EOM evaporation
residues were chromatographically purified on a column
with silica gel, impregnated with concentrated H,SO,,
NaOH and AgNO;. Pentane eluates, concentrated using
TurboVap evaporator (Zymark, USA), were analysed on
HP 5890 (Hewlett-Packard, USA) gas chromatograph,
equipped with an electron capture detector (ECD) and HP
ChemStation software package. Basic parameters of the
HRGC experimental arrangement for analysis of halo-
genated substances were: capillary column HP-5 (length
60 m, inner diameter 0.25 mm, phase film thickness
0.25 um), hydrogen as carrier gas, automated pulsed split-
less sample injection. This way, altogether 14 components
(congeners) of PCB and 8 components of OCP were deter-
mined, with LOD values of about 0.0001 mg/kg for the ma-
jority of analysed analytes (except 0.0003 mg/kg for
0,p’-DDE and p,p’-DDE and 0.0005 mg/kg for p,p’-DDT)
and with relative standard deviations of about 15 %.

Symbols (names) of the individual PCB congeners:
CB8 (2,4’-dichlorobiphenyl); CB18 (2,2’,5-trichloro-
biphenyl); CB28 (2,4,4’-trichlorobiphenyl); CB31
(2,4 ,5-trichlorobiphenyl); CB31  (2,4’,5-trichlorobi-
phenyl); CB44 (2,2°,3,5 -tetrachlorobiphenyl); CB52
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Tab. 3, continued
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(2,2°,5,5’-tetrachlorobiphenyl); CB101
(2,2°,4,5,5 -pentachlorobiphenyl);
CB118 (2,3’,4,4’,5-pentachlorobiphe-
nyl); CBI138 (2,2°,3,4,4°,5 -hexa-
chlorobiphenyl); CB149 (2,2°,3,4°,
5°,6’-hexachlorobiphenyl); CB153
(2,2°,4,4°,5,5 -hexachlorobiphenyl);
CB180 (2,2°,3,4, 4°,5,5’-heptachlo-
robiphenyl); CB194 (2,2°,3,3°,4,4°,5,
5’-octachlorobiphenyl); CB203 (2,2,
3,4,4°,5,5° 6-octachlorobiphenyl).

Symbols (names) of the OCP pol-
lutants: HCB (hexachlorobenzene);
v-HCH (y-hexachlorocyclohexane);
o,p’-DDE  [1,1-dichloro-2,2-bis(2-
-chlorphenyl)ethylene];  p,p’-DDE
[1,1-dichloro-2,2-bis(4-chlorophenyl)
ethylene]; o,p’-DDD [1,1-dichlo-
ro-2,2-bis(2-chlorophenyl)ethane];
p.p’-DDD [1,1-dichloro-2,2-bis (4-
-chlorophenyl)ethane]; 0,p’-DDT
[1,1,1-trichloro-2,2-bis(2-chlorophenyl)
ethane]; p,p’-DDT [1,1,1-trichloro-2,2-
-bis(4-chlorophenyl)ethane].

Analyses of all hydrocarbon con-
stituents were accomplished using
leachates from extractions with a mix-
ture of n-hexane and methanol (97:3,
v/v). Extract evaporation residues
were separated and divided on a silica
gel column into two fractions: satu-
rated hydrocarbons (SH or TSH) and
polycyclic aromatic hydrocarbons
(PAH). Before the final analysis, the
fraction eluates were also concen-
trated using TurboVap evaporator
(Zymark, USA).

Alkane fractions were analysed
on HP 6890 (Hewlett-Packard, USA)
gas chromatograph, equipped with
flame ionisation detector (FID) and a
data station with HP ChemStation
software package. Basic parameters
of the HRGC experimental arrange-
ment for alkane analysis: capillary
column HP-5MS (length 30 m, inner
diameter 0.25 mm, phase film thick-
ness 0.25 um); other parameters were
the same as were for PCB and OCP
analyses.

By using this method, 29 individ-
ual n-alkanes (in the range n-C(_s3)
and 6 isoprenoid alkanes (in the
range i-C3 »g) could be determined,
with the LOD values within
0.006-0.010 mg/kg for individual
components and the relative standard
deviations (RSTDEV) near 15 %.
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their determination are summarized
Individual environmentally rele-

com-

hydrophobic  organic
pounds, 35 SH,,;, 15 PAH, 14 PCB
and 8 OCP components (for their
specifications see method descrip-

tions in text), were determined by
multicomponent analytical methods

(HRGC and HPLC). The results of
these analyses were used for calcula-

tions of various summational group
parameters (3. TSH, >, PAH, Y PCB
and Y, OCP) shown in Tab. 3 and dis-

played graphically. Contents of indi-

vidual PAH, PCB and OCP compo-

nents are shown in Tabs 4-6 . The
overall data set for aliphatic hydro-

carbons could not be, due to its ex-

tent, included in this text and can be

found only in the research report of
the project (Bezdék et al. 2002).

Appraisal of the quality of results

and relations between investigated

The required quality of data, charac-

terising the composition of organic
matter in analysed soils and sedi-
ments, was guaranteed predominant-
ly by usage of certified methods with

Moreover, the accuracy of

both internal and external check of
achieved results was consecutively
checked by statistical regression

analytical reliability of obtained re-

related quantities,

analysis and by correlations between
which were determined using diffe-
rent methods or completed in diffe-
rent laboratories, participating in the

The presumptive relation between
the values of two qualitatively related
analyte concentration parameters is,

in practice (in ideal case), often a sim-

tities X and Y was therefore gained
through plotting the pairs of values of

ple linear dependence. The relation-
ship between the two compared quan-

both quantities on an X-Y point
graph. The values of a and b parame-
ters in a linear regression equation

b. X +aas well as the determina-
tion coefficient R? for linear trend line
of the plot were calculated using the
least square method in MS Excel

.
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Tab. 6. Concentrations of individual organochlorine pesticides (OCPs) in the examined soils and sediments

See Tab. 1 for sample identification and HRGC/ECD metod (in text) for symbols of component names.

HCB v-HCH o,p’-DDE p.p’-DDE o,p’-DDD p.p’-DDD 0,p’-DDT p.p’DDT
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Sample
P1 0.0004 <0.0001 <0.0001 0.0015 < 0.0003 <0.0003 0.0001 0.0010
P2 0.0004 0.0001 <0.0001 0.0040 < 0.0003 <0.0003 0.0001 0.0014
P3 0.0003 0.0001 <0.0001 0.0017 < 0.0003 <0.0003 < 0.0001 <0.0005
P4 0.0003 0.0001 <0.0001 0.0018 <0.0003 <0.0003 <0.0001 < 0.0005
SCS 1 0.0031 0.0001 0.0003 0.0265 <0.0003 0.0007 0.0068 0.0286
SCS 2 0.0033 0.0001 0.0002 0.0292 < 0.0003 0.0006 0.0052 0.0195
SCS 3 0.0010 0.0001 <0.0001 0.0069 <0.0003 0.0004 0.0010 0.0049
SCS 4 0.0006 0.0001 <0.0001 0.0032 < 0.0003 0.0008 0.0005 0.0044
SCS 5 0.0004 0.0001 <0.0001 0.0024 <0.0003 <0.0003 0.0003 0.0023
Lel 0.0068 0.0001 <0.0001 0.0011 < 0.0003 <0.0003 0.0001 0.0011
Le2 0.0101 <0.0001 <0.0001 0.0010 <0.0003 <0.0003 0.0001 0.0013
Le3 0.0093 <0.0001 <0.0001 0.0010 < 0.0003 <0.0003 0.0001 0.0014
Le4 0.0046 0.0001 0.0001 0.0007 <0.0003 <0.0003 0.0001 0.0011
Le5 0.0025 0.0001 <0.0001 0.0004 < 0.0003 <0.0003 < 0.0001 0.0010
HBK 1 0.0004 <0.0001 0.0001 0.0005 <0.0003 <0.0003 0.0001 0.0009
HBK 2 0.0004 0.0001 0.0001 0.0006 <0.0003 <0.0003 0.0001 0.0010
HBK 3 0.0004 0.0001 0.0002 0.0007 < 0.0003 <0.0003 0.0001 0.0010
HBK 4 0.0007 0.0002 0.0001 0.0013 <0.0003 <0.0003 0.0002 0.0013
HBK 5 0.0006 0.0001 0.0001 0.0019 < 0.0003 0.0004 0.0003 0.0014
HBK 6 0.0006 0.0001 0.0002 0.0028 <0.0003 0.0003 0.0003 0.0017
HBK 7 0.0003 <0.0001 0.0001 0.0003 < 0.0003 <0.0003 <0.0001 0.0007
HBK 8 0.0004 <0.0001 0.0001 0.0006 <0.0003 <0.0003 0.0001 0.0008
HBK 9 0.0006 <0.0001 0.0001 0.0011 < 0.0003 <0.0003 0.0003 0.0012
HBK 10 0.0004 < 0.0001 <0.0001 <0.0001 < 0.0003 <0.0003 < 0.0001 < 0.0005
HBK 11 0.0008 <0.0001 0.0001 0.0013 < 0.0003 <0.0003 0.0002 0.0012
HBK 12 0.0008 <0.0001 0.0001 0.0012 < 0.0003 0.0003 0.0002 0.0011
HBK 13 0.0005 <0.0001 <0.0001 0.0005 <0.0003 <0.0003 0.0001 0.0007
HBK 14 0.0009 <0.0001 <0.0001 0.0017 < 0.0003 <0.0003 0.0003 0.0016
HBK 15 0.0010 0.0002 0.0005 0.0022 < 0.0003 <0.0003 0.0004 0.0020
HBK 16 0.0004 <0.0001 <0.0001 0.0005 <0.0003 <0.0003 0.0001 0.0008
HBK 17 0.0004 < 0.0001 <0.0001 0.0005 <0.0003 <0.0003 0.0001 0.0008
HBK 18 0.0005 0.0001 0.0001 0.0022 < 0.0003 0.0004 0.0002 0.0016
HBK 19 0.0004 <0.0001 0.0003 0.0042 0.0010 0.0016 0.0007 0.0036
HBK 20 0.0002 0.0001 0.0001 0.0020 <0.0003 0.0003 0.0005 0.0017
HBK 21 0.0001 <0.0001 0.0001 0.0004 < 0.0003 <0.0003 0.0001 0.0006
HBK 22 0.0001 <0.0001 <0.0001 0.0001 <0.0003 <0.0003 < 0.0001 < 0.0005
HBK 23 0.0001 0.0001 0.0001 0.0001 < 0.0003 <0.0003 <0.0001 0.0005
HBK 24 0.0002 <0.0001 0.0001 0.0001 < 0.0003 <0.0003 <0.0001 < 0.0005
HBK 25 0.0001 0.0001 <0.0001 0.0001 < 0.0003 <0.0003 0.0001 < 0.0005
HBK 26 0.0001 <0.0001 <0.0001 <0.0001 <0.0003 <0.0003 <0.0001 < 0.0005
HBK 27 0.0002 <0.0001 <0.0001 <0.0001 < 0.0003 <0.0003 0.0001 0.0005
HBK 28 0.0001 0.0001 0.0001 0.0001 <0.0003 <0.0003 0.0001 0.0005
HBK 29 0.0001 0.0001 <0.0001 0.0001 <0.0003 <0.0003 0.0001 < 0.0005
HBK 30 0.0001 <0.0001 <0.0001 0.0001 < 0.0003 <0.0003 <0.0001 < 0.0005
HBS 1 0.0010 <0.0001 <0.0001 0.0016 <0.0003 <0.0003 0.0013 0.0041
HBS 2 0.0006 <0.0001 <0.0001 0.0005 <0.0003 <0.0003 0.0001 0.0006
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Tab. 6, continued

HCB v-HCH o,p’-DDE p.p’-DDE o,p’-DDD p.p’-DDD 0,p’-DDT p.p’DDT
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Sample
HBS 3 0.0008 0.0001 <0.0001 0.0005 < 0.0003 0.0003 0.0002 0.0008
HBS 4 0.0012 < 0.0001 0.0001 0.0038 < 0.0003 0.0006 0.0005 0.0034
HBS 5 0.0028 0.0011 <0.0001 0.0046 < 0.0003 0.0005 0.0003 0.0033
HBS 6 0.0015 < 0.0001 0.0002 0.003 < 0.0003 < 0.0003 0.0002 0.0022
HBS 7 0.0013 < 0.0001 0.0001 0.0008 < 0.0003 < 0.0003 0.0001 0.0008
HBS 8 0.0015 < 0.0001 0.0001 0.0018 < 0.0003 < 0.0003 0.0001 0.0009
HBS 9 0.0032 0.0001 0.0002 0.0051 < 0.0003 0.0008 0.0005 0.0069
HBS 10 0.0036 0.0005 0.0003 0.0080 < 0.0003 0.0003 0.0007 0.0035
HBV 1 0.0024 0.0001 0.0001 0.0037 < 0.0003 < 0.0003 < 0.0001 0.0027
HBV 2 0.0013 < 0.0001 0.0001 0.0028 < 0.0003 < 0.0003 0.0002 0.0017
HBV 3 0.0013 0.0001 0.0001 0.0033 < 0.0003 < 0.0003 0.0004 0.004
HBV 4 0.0016 0.0021 0.0001 0.0054 < 0.0003 < 0.0003 0.0002 0.0042

spreadsheet processor. The coefficient of determination R?
indicates (similarly to the correlation coefficient R) a mea-

sure of connectedness between the compared quantities.
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Fig. 1. Plot of Hum versus C,, values for all samples from the profiles
(HBS + HBV + Le + SCS); a— with outlying Hum values for HBS data set
(due to a calculation error), b — after correction of the erroneous HBS data.

Results of correlation evaluations between couples of
chosen quantities are, for various series of investigated
samples, summarized in Tab. 7. A wider selection of tested
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Fig. 2. Plots of Cyg (a) and AOX-S (b) versus C,,, values for all samples
from the profiles (HBS + HBV + Le + SCS).
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b. 7. Relationships between different analytical parameters characterising the organic composition of soils and sediments
See Tab. 1 for identification of sample sets from different depth profiles and Tab. 2 for symbols of the variables (methods); b is the coefficient (slope) of the linear regression equation Y

determination, found by testing relations between pairs of experimental variables Y-X for various sets and subsets of the samples.
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samples, comprising soils and reservoir sediments
(HBS+HBV+Le+SCS series), provided valuable and re-
markable correlations, e.g., in parameter couples of
Hum / C,,, (Fig. 1); Cys / C,, and AOX-S / C,,, (Fig. 2);
TES /EOM (Fig. 3); and TSH(n,ip) / EOM (Fig. 4). Data
in Tab. 7 further imply that there are close correlations in
limited soil subsets (coming from various collection
sites/profiles of individual localities) between a series of
some more compared quantities. This inference can be
concluded for almost all analysed subsets of soil samples
collected at the localities of Poto¢nik (P), Cervenohorské
sedlo Saddle (SCS) and Lelekovice (Le) (see Figs 5 and 6).
In the case of subsets comprising sediment samples from
the bottom of the Horni Becva Reservoir, the strength of
the correlations found increases in a profile series HBK <
HBS <HBYV for most of the compared couples of variables.

The main cause of the increased correlations between
compared parameters of individual soil sample subsets is
probably a genetically conditioned similarity of organic
matter composition in examined layers of the same sam-
pling profile. Differences and trends in values of the coef-
ficient of determination for reservoir sample collections
(as shown in Table 7) can be explained in a similar way.
In this case, certain worsening of the correlations between
the compared quantities in sediment subsets can be ob-
served. This is probably due to the increasing heterogene-
ity of organic matter phase and chemical composition
along a line from the dam (HBV series) across the centre
of the reservoir (HBV series) to its end (HBK series).

Variances in organic matter compositions of samples
coming from different localities imply different coeffi-
cients of linear regressions in Table 7 and also affect “b”
coefficient values (slopes) of lines in XY diagrams for in-
dividual subsets of analysed samples (see, e.g., Figs 5
and 6).

The convenience of the described statistical testing of
acquired data files can be demonstrated on its serviceabil-
ity for simpler identification of distinct or anomalous re-
sults and revelation of a systematic error in the whole se-
ries of humus analyses in some reservoir sediment sam-
ples (see Fig. 1).

Environmental interpretation of the results
of pollutant analyses

The contents of organic priority pollutants of the environ-
ment acquired from analyses of all tested sediments and
soils were also confronted with criteria and limits of ac-
ceptable pollutant concentrations, defined by the national
environmental legislation.

The acquired values of summary parameters NES,
2. PAH (9) and Y PCB (6) are shown in Figs 7-14 and
compared with A, B and C criteria for evaluation of soil
contamination in accordance with the national direc-
tive now in effect (MP MZP CR 1996). In addition to
established Igy values of C criterion (for standard soils
containing 10 % of organic matter or 5 % C,,, respec-
tively), actual values of I criterion for all tested sam-
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ples are also plotted in graphs. The I values are calcu-
lated according to the equation adduced in the aforemen-
tioned systematic directive: Ic = Igp . (% of organic
matter / 10) = Igr . (% Copy / 5).

NES contents in sediments of the Horni Becva Reser-
voir (see Fig. 7) do not exceed concentration limits of B
and C criteria; A criterion for natural background is ex-
ceeded only in some cases and the contravention is virtu-
ally negligible (A, B and C criterion values of Igr and I are
plotted in graph). PAH (9) values in all samples (Fig. 8) ex-
ceeded, in accordance with our expectations, the back-
ground criterion A (1 mg/kg). The concentrations in about
60 % of samples significantly (in the case of HBS 1 abnor-
mally) exceeded even the I¢ criterion limit calculated for
known C,,, contents in analysed samples. It is worth to no-
tice that the PAH(9) contents found in the surficial layers
of the bottom sediment samples HBK 1 and HBV 1 from
the Horni Becva Reservoir (18.8 and 26.8 mg/kg, respec-
tively) are very close to the values reported by Fernandez et
al. (1999) for analogous sediment samples from the lakes
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Fig. 3. Plots of TES versus EOM values for the sediment samples from

profiles; a— HBS + HBV, b — HBK.

of the High Tatra Mountains (Starolesnianské pleso and
Dlugi Staw: 18.0 and 13.0 mg/kg, respectively).

The calculated I value of C criterion was, in the case of
PCB (6), exceeded in one sediment sample only (Fig. 9). In
most cases, the concentrations did not even reach the level
set by A criterion; these limits were exceeded only at sam-
pling sites in the vicinity of the reservoir outlet.

The evaluation of the aforementioned pollutant contents
in samples from the localities of Lelekovice, Cervenohorské
sedlo Saddle and Poto¢nik indicates that NES concentra-
tions in all samples are far from reaching A criterion levels
(Fig. 10), and X, PAH (9) contents fluctuate around limits set
by A criterion (Fig. 11). >, PCB (6) contents are, except for
one sample, lower than a hypothetical background concen-
tration level given by A criterion (Fig. 12).

AOX-S values of all sediment samples from the Hor-
ni Bec¢va Reservoir (Fig. 13) are far from reaching the

a
40
*
35
30 A
25
e *
<
=1}
£ *
jan)
w2
[ *
15 T +
¢ o *
9
10
o . y 9374164+ 4.92164
/ R = 07999
518 S
4
0
0 1 2 3 4 5 6 7 8 9
EOM (mg/g)
b
25
20 £ 2
*
~ 15
Z
- *
wr
T
3 y =6.5471x+4.1918
R* =0.9606
5+5Le
*
0
0 0.5 1 1,5 2 25 3
EOM (mg/g)

Fig. 4. Plots of TSH versus EOM values for samples; a — from profiles
(HBS + HBV + Le + SCS), b — from HBS profile only.
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limiting concentration (500 mg AOX / kg of dry mass),
set by the directive for evaluation of pond sediments and
sludges (MZP CR 382/2001). A similar limit for soils
has not yet been determined, however, if the AOX con-
tents in investigated soils were compared by a value
EOCI indicator (= total extractable organically bonded
chlorine) with limits acceptable for cultivated soils, the
concentration level would be exceeded many times in all
tested samples (Fig. 14). These concentration limits for
farmlands, which are still valid according to the Direc-
tive MZP 13/1994 (0.1 mg EOCI / kg of dry mass), are
very strict and unrealistic.

Distributions of individual pollutants
in organic matter fractions

The contents of saturated hydrocarbons (alkanes), polycyc-
lic aromatic hydrocarbons (PAH), polychlorinated biphe-
nyls (PCB) and organochlorinated pesticides (OCP), acqu-
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samples from each of the profiles Le, SCS, P.

ired by means of highly efficient gas and liquid chromatog-
raphy (HRGC, HPLC), offer very useful information on
the proportions of individual components in the analysed
organic matter fractions of the tested samples. The distri-
butions of individual components (homologues) found by
multicomponent analyses of the examined samples can be
compared with known distribution patterns of these com-
ponents, characteristic for natural background concentrati-
ons in given materials and/or for some potential sources of
contamination. Anomalous distributions of individual com-
pounds, differing both qualitatively and quantitatively from
the natural background, reflect differences in composition
and origin of organic matter in the sample and sensitively in-
dicate possible external contamination by organic material
of similar composition.

Distributions of normal (n-C,,33) and isoprene-like
(i-C\3_0) alkanes in the tested samples are demonstrated by
selected examples of HRGC primary records. Chromato-
grams of all tested soils showed a characteristic predomi-
nance of hydrocarbons of higher molecular weights with
odd number of carbon atoms, with maximal proportional
share of n-C,; — n-Cj, (see, e.g., Fig. 15a, b). Significant
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predominance of odd n-alkanes indicates their biological
origin and the maximum suggests the likely source of
these hydrocarbons — vegetal organic matter containing
higher lipids (waxes) with long fatty acid chains.
n-Alkanes with shorter chains (n-C,,—n-C,g), which orig-
inate from algae or microbial activity, are present only in
negligible amounts.

A chromatographic record of n-alkane distribution in
sediments of the Horni Be¢va Reservoir is more compli-
cated. A significant predominance of higher homologues
with odd number of carbon atoms in chain is preserved
only in the lowermost layers of profile HBK (approxi-
mately in the interval of HBK 18-30 - see, e.g., Fig. 15c¢).
The amounts of odd and even alkanes in upper parts are
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Fig. 10. Contents of NES in soils from localities Le, P, SCS in confrontation with national limits (criteria A, B, C) of admissible soil contamination.

more or less equivalent, which indicates an external sedi-
ment contamination by oil derivatives. The most contami-
nated samples contain an alkane distribution correspond-
ing to distillation fractions of fuel oil/diesel oil (many sam-
ples in the interval of HBK 1-17 — see, e.g., Fig. 15d for
HBK 1). The maximum in a distribution diagram is then
shifted to lower n-alkanes, characteristic for the contami-
nating oil derivative. External contamination often masks
the contribution of lower biogenic alkanes, which originate
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from sapropelic organic matter and form a second maxi-
mum (around n-C;s) in bimodal-shaped distribution dia-
grams of similar but unpolluted sediment samples.

The most highly contaminated HBS samples are HBS 2
and HBS 3 (Fig. 15e). Moreover, in samples HBS 4 — HBS
10, a broad elution zone assigned to an unresolved complex
mixture (UCM) of branched saturated hydrocarbons was
observed. Such zone is characteristic for paraffinic lubri-
cant oils and is present especially in sample HBS 5
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(Fig. 15f). The UCM contamination is, to a certain extent,
also present in the samples of profile HBV (see, e.g.,
Fig. 15g). The contribution of lower oil derivatives to the
equalization of the predominance and distribution of n-al-
kanes is, however, not as significant as in case of profiles
HBS or HBK.

The recognition and assessment of differences in the
contents and distribution of individual constituents deter-
mined by means of multicomponent analysis can be facili-
tated by a collective diagram representation incorporating

3-D graphs of results acquired from analyses of monitored
compounds for a set of tested samples. This can be illus-
trated on a series of 3-D column graphs (see Figs 16-18)
showing the distributions of individual PAH and PCB con-
centrations in sample sets from particular profiles at the lo-
calities of interest. A comparison of these figures posi-
tively implies that 3-D result presentations of multicom-
ponent analyses can significantly contribute to the complex
evaluation and better utilisation of data, acquired using
these methods.
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Conclusions

With respect to the important role played by the sorbent or-
ganic matter in the processes of sorption of hydrophobic
pollutants, the primary attention in this paper was paid to a
more detailed characterisation of organic compounds in
the tested natural materials — samples of uncultivated soils
from the localities of Poto¢nik, Lelekovice, Cervenohorské
sedlo Saddle and sediments from the bottom of the Horni
Bec¢va Reservoir. Organic matter in these materials was
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characterised using standard and certified methods of geo-
chemical and environmental organic analysis. In addition
to the determination of proportional shares of various car-
bon forms (mineral, organic and various fractions of humic
carbon), the organic composition of samples was also cha-
racterised by customary determinations of other significant
category parametres (humic organic matter, extractable or-
ganic matter, total and non-polar extractable substances,
total adsorbed halogens) and by multicomponent analyses
of distribution (individual content) of significant hydrocar-
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Fig. 15a—d. HRGC chromatograms showing characteristic distribution patterns of individual alkane components in selected soil and sediment samples: a—P 3, b —Le 3, c - HBK 28, d - HBK 1.
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bons and prior organic pollu-
tants (normal and isoprene-like
alkanes, PAH, PCB and OCP).

Statistical testing of analyti-
cal data files by means of evalua-
tion of correlations between re-
sults of definitionally or quanti-
tatively related quantities,
proved valuable mutual correla-
tions between a high number of
quantities, applicable for envi-
ronmentally geochemical inter-
pretations. The interrelationships
among the detected correlations
increase significantly in sample
subsets from individual profiles
and localities. This trend appar-
ently reflects the similarity in
compositions or genetic cog-
nation of organic matter and rock
matrix in these sample subsets.
Statistical audit of the quality of
results also facilitated the identi-
fication and exclusion of outly-
ing or anomalous results, not in
line with the correlations found
among the tested quantities.

The contents of monitored
pollutants in the investigated
sediment and soil samples were
also evaluated with respect to
valid criteria and limits set by
the national environmental leg-
islation, defining the degree of
permissible pollution of individ-
ual environmental components.
The obtained values of total and
non-polar extractable sub-
stances (TES and NES), poly-
chlorinated biphenyls (PCB)
and total absorbed organic halo-
gens (AOX-S) category param-
eters of most soils fluctuated
around background concentra-
tion levels given by A criterion,
according to the systematic di-
rective of the MZP CR. The de-
tection limit and background
AOX-S parameters for the
tested sample collection indi-
cate, at the same time, the unre-
alistic, very strict and even tech-
nically hardly detectable limit
(0.1 mg EOX/kg) given for per-
missible EOX pollution on
farmlands. In contrast, higher
contents of X, PAH found in bot-
tom sediments of the Horni
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Multicomponent determinations of alkanes, poly-
cyclic aromatic hydrocarbons, polychlorinated biphenyls
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highly efficient separation methods (gas and liquid chro-
matography), provided very useful information on the
proportional share (distribution) of individual compounds
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Fig. 16. Content and distributions of individual PAH components in sam-
ples from profiles: a — LE; b — P; ¢ — SCS; d — HBS; e — HBV.

in the tested samples and facilitated the differentiation be-
tween their natural background and the actual contamina-
tion.

Significant predominance of odd alkanes and the posi-
tions of maxima in distribution diagrams of all tested soils
confirmed biological origin of the determined alkanes and
pointed to their precursor — vegetal organic matter, con-
taining higher lipids (waxes). Based on the characteristic
distributions of technical alkane mixtures (masking the
typical background of natural hydrocarbons including
lower biogenic alkanes), the positions (layers) externally
contaminated by oil derivatives were identified in depth
sediment profiles from the Horni Be¢va Reservoir. Hydro-
carbon contamination compositions corresponded to distil-
lation fractions of diesel or fuel oils and also (at another
sampling site) to complex mixtures of branched saturated
hydrocarbons, typical for paraffinic lubrication oils. 3-D
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graphic presentations and comparisons of results signifi-
cantly contribute to the complex evaluation and better utili-
sation of extensive data sets, obtained within multicom-
ponent analyses.
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Fig. 18. Contents and distributions of individual PAH (18a) and PCB (18b) components in sediment samples from the profile HBK.
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