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Abstract

Estimation of the anthropogenic over natural contribution in the
chemical content of soils and sediments is very important but not easy
to measure. Normalization based on either aluminium or iron, as ref-
crence conservative clements having supposed natural distributions,
is a useful tool in solving this problem. However, several independent
factors can influence the normalization procedure, which if not taken
into account could lead to completely erroncous conclusions about
the arigin of the particular clevated concentrations of certain ele-
ments. Therefore, a great deal of caution should be exercised during
application of the normalization procedure. Analytical data from 93
soil samples from the Sinjsko polje enabled us to critically apply this
procedure. Linear regression analysis, evaluation of enrichment fac-
tors and trend surface analysis with the construction of appropriate
maps were used to test the procedure. Presuming an existing linear
dependence between the conservative element and the heavy metal it
is possible with the use of linear regression to simultancously define
the heavy metal geochemical background (baseline) and to isolate
natural and/or anthropogenic outliers (anomalies). Coupled with geo-
graphic plotting lacilities this type of outlicr-screening is used to
locate arcas of man made pollution.

Statistical treatment of selected elements included the calculation
of means, standard deviations and other estimates of basic statistic
parameters. Evaluation of enrichment lactors reveals the dependence
of this parameter upon four main factors: the choice of reference ele-
ment; the choice of reference material; the homogeneity of reference
element distribution in the study area; and correlalion of particular
clement with reference element. Examination of trends is a common
procedure in the analysis of geochemical maps. Its purpose is to seg-
regate the underlying trend that possibly pervades the study arca,
from the local variations, that is, the “noise” or “background”,

Statistical analysis, as suggested by the results in this work,
would be more properly used over general arcas in the karstic terrain,
with different geological, geomorphologic and hydrogeological char-
acteristics, rather than being focused on the relatively small phenome-
na such as poljes. with many local geologic, hydrogeological and
geochemical constraints.
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1. INTRODUCTION

Onc of the main characteristics of soil as a part of
the environment is that it serves as a purification medi-
um for water on its way from the surlace to the under-
ground. So, soils arc also sinks for many materials
transported onto the land. Many substances that occur
naturally, such as trace metals and nutrients, may be
mobilized as a result of natural processes, as well as
human activities. Belore anthropogenic contributions to
soils can be assessed, contributions duc to natural pro-
cesses must be estimated. For most continental arcas
natural trace element concentrations can range over (wo
orders of magnitude, causing confusion in data interpre-
tation regarding anthropogenic loading (WINDOM et
al., 1989). However, the natural value or background is
more a range than a single value, and it strongly depe-
nds on local factors and the particular environment. A
background range, or soil (sediment) baselinc, which is
probably more correct, is thus close to the definition of
the threshold in exploration geochemistry, which is
defined as a value that scparates anomalous samples, or
areas, from background (SINCLAIR, 1991). In an ideal
situation, geochemical threshold levels should be select-
ed on the basis of orientation survey information with a
carcful inspection of data [rom both the numerical and
spatial viewpoints. The current range, availability and
power ol computers permits the easy ordering and
manipulation of data (after, il necessary, transformation
to a normal distribution), allowing the direct isolation of
the top-most 2% of the data. This avoids the mean plus
two standard deviation rule which has led to many mis-
interpretations in the past. In fact, so widespread was
the application of the rule that many users of explo-
ration geochemical data believed that the threshold was
the mean plus two standard deviation level, rather then
a carcfully selected value based on geochemical and
geological evaluation of the data.

Both exploration and environmental geochemists
identify the geochemical background as being of prime
importance. Statistical outliers and geochemical anom-
alies arc rclatively rare events and difficult to study sta-
tistically due to the fact that anomalous populations
could have several different sources. It is far better Lo
reliably define the geochemical background and then
focus on individuals which are above background.
These are, by definition, anomalies that require atten-
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tion and interpretation in terms of mineral occurrence,
lithology, or sccondary geochemical environment
(GARRETT, 1989).

In order to show the importance of background or
baseline for global geochemical mapping, the leaders
and cooperators of IGCP-259 “World Geochemical
Map” (after the termination of this project), proposed a
new project as an extension and the logical continuation
of the previous one. The new IGCP-360 has been
named “Global Geochemical Baselines” in order to
stress the importance ol geochemical background for
the geochemical mapping of the globe. Firstly, the new
project definitely recognizes the karstic terrain as a
peculiar arca in the geochemical sense, and sccondly,
soils developed on carbonale rocks, as a specific geo-
chemical environment, which was pointed out by PIRC
& MAKSIMOVIC (1985), PIRC ct al. (1989, 1991)
and PROHIC (1989), PROHIC & JURACIC (1990)
and PROHIC et al. (1990), among others. Critical
cxamination is required for establishing geochemical
baselines in the karstic environment.

There are several sources of trace elements in the
environment, both natural and man made: soil parent
material (rocks), commercial fertilizers, liming materi-
als, sewage sludges, animal wastes, pesticides, irriga-
tion walers, coal combustion residues, metal-smelting
industries, car emissions, and others. With the excep-
tion of the parent material, all are anthropogenic in
naturc. The first seven sources arc the primary input
sources in agro-ccosystems. The rest may have an
impact on the natural ecosystem, as well as on urban
and rural arecas. Free of human interference, the trace
element content of the soil is largely dependent on that
of the rocks [rom which the soil parent material was
derived, and on the process of weathering 1o which the
soil-forming materials have been subjected. The more
aged and older the soil, the less may be influence of
parent rocks (ADRIANO, 1986). Metals such as zirco-
nium, rubidium, and strontium, which are derived from
rock material by natural weathering processes, consti-
tute this group. The second group is made up of metals
which have become enriched chiefly as a result of
human activitics, and includes, among others, chromi-
um, cobalt, nickel, copper, zinc, cadmium, mercury,
and lead.

These two groups often overlap; for example, the
enrichment of mobile elements such as manganese and
iron, which may also have had an additional anthro-
pogenic origin. By their own accumulation, these met-
als can cause other elements to accumulate. Even the
precipitation of carbonates can be influenced by
“anthropogenic” means and in turn influence the metal
levels (FORSTNER & WITTMANN, 1981). The con-
centrations ol trace clements in soils are dominantly
determined by inorganic detrital, rather then organic
and nondetrital materials. The inorganic detritus is the
result of chemical and physical weathering of the conti-
nents, and is composed mostly of a limited number of
silicate mincrals, such as quartz, feldspars, micas, clay

minerals, metal oxides and sulphide minerals. In some
arcas and for some soil types, carbonate minerals repre-
sent an important component. Of the malterials con-
tained in natural sediments, quartz, feldspar and carbon-
ates are relatively poor when compared to the other
phases, and thus serve to dilute soil metal concentration
(WINDOM et al., 1989). Nonetheless, when attempting
to determine the “extent ol pollution™ recorded in the
soil by means ol trace metal load in sediments, it is of
primary importance to establish the natural level of
these substances, i.c. the “pre-civilization™ level, and
then subtract it from existing values for metal concen-
trations in order to derive the total enrichment caused
by anthropogenic influences. The trace element content
of soils is, thus, a composite ol natural and contaminant
source material and reaction products, and is mostly
associaled with the fine-grained fraction.

Whereas [ine-grained sediment, or the fine-grained
[raction of mixed sediment, is potentially a sensitive
indicator of sediment contamination, pollution asscss-
ment is made difficult by the need to differentiate cont-
aminant levels from background levels in sediments of
different origins and textural characteristics. Without
correction for variable background levels, meaningful
comparison of trace element concentrations are imped-
ed by large levels ol bias and variability. Scveral
attempts have been made to solve this problem which is
briefly called the “background question™.

GARRETT (1989) uscs, as he named, the chi-
square plot, which is a relatively simple approach based
on a multivariate probability plot where each multi-ele-
ment geochemical sample is represented as a single
value. The resulting diagram would be interpreted
much as a univariate probability plot, where the pres-
ence of more than one straight-line segment is taken as
evidence of multiple populations, and outliers, as indi-
viduals or small groups, are separated from the remain-
ing data by gaps on the plot. The purposc of this proce-
dure is to identily statistical outlicrs which are candi-
dates for interpretation as true geochemical anomalies,
and (o isolate a multi-element subset that is representa-
tive of the geochemical background.

Comparison ol contaminant trace element levels
over large distances and time periods requires a method
separating contaminant, which is anthropogenic, [rom
natural components that is applicable to the size of
region under consideration. The aim is to facilitate the
significant reduction of variability in trace element con-
centrations by regional definitions of baseline (HAN-
SON et al., 1993). Although the validity of a regional
definition of baseline may tend to decrease as the
region becomes larger, we use this approach to describe
a uniform baseline [or soils in the Sinjsko Polje, which
is representative of a typical karstic polje, using differ-
enl approaches given in the literature. Our goal was to
establish the best approach of data normalization that
would prove applicable for a specilic karstic environ-
ment.
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Fig. 1 Geographic location and soil sampling grid of Sinjsko Polje.
2. DESCRIPTION OF THE AREA

The territory comprising the Sinjsko Polje and its
surroundings measures 25 x 35 km. It is situated mostly
in the Dalmatian part of the Republic of Croatia with a
small NE extension into Herzegovina (Bosnia). The
basin, clongated in the SSE direction, lies between the
Dinara mountain in the northeast, Svilaja in the west
and Mosor in the south. Northeast of the Dinara range,
a small section of the Livno Polje was not mapped (Fig.
). The geology is shown on the geologic map
1:100,000, sheets Sinj (PAPES et al., 1984) and Omis
(MARINCIC ct al., 1982). The surroundings ol the dep-
ression consist largely of Mesozoic carbonale rocks of
chiefly Cretaceous and Jurassic age, with a subordinate
extent of Palacozoic and Tertiary (flysch) clastics. The
surface of the Sinjsko Polje is covered in part by Terti-
ary marls (with coal) and largely by Pliocene-Quater-
nary lacustrine and fluvial deposits (Fig. 2). The territo-
ry belongs to the High Karst of the Quter Dinarides
with prevailing NW-SE directions of structures which
bend in the south toward an E-W dircction. The sur-
roundings arc intensely karstified, with the karst
hydrography dominated by the Cetina river. The soils
comprise rendzinas, brown and red soils on limestones
and dolomites, and minor terra rossa on carbonate beds,
and rankers, brown acid soils and podzolic brown soils
on clastic rocks. In the depression, hydromorphic soils
are common (Fig. 3).

A number of industrics and intense agriculture,
especially vine and vegetable growing, are characteris-
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tic. The soils on the surrounding carbonates and on the
gravel plains are mostly brown soils on limestone, lessi-
vated brown soils and in places terra rossa. In the area
of the lake, soils are hydromorphic (PIRC, 1993).

3. SAMPLING AND ANALYTICAL
METHODOLOGY

Grid sampling of soils was taken after analysis ol
variance sampling designs, lollowed by the subsequent
analysis of these malerials. The analysis of variance
designs that were used in the study are of the unbal-
anced, nested type. The grids applied were 1x1 and 2x2
km. The point of origin of this grid was randomly dcter-
mined for the project of the Geochemical Map of Istria.

AOV sampling was applied to sample sites of this
grid according to MIESCH (1976), so that at a number
of randomly selected grid sites a second samplc was
collected 100 meters away, cither (randomly) to the
north, cast, south or west of the sample point. Then a
number of randomly sclected samples were split into
two subsamples which were separately analyzed. This
procedure permitted the break-down of the total vari-
ance within the analyzed samples into the component
between areas, then into the component within arcas
and between grid points, within grid points and between
samples 100 m apart, and the component between ana-
Iytical replicates, which is the analytical error. The
scheme for partition of the total variance within the data
is thus:
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The total variance can be separated in this design
into components as follows (PIRC, 1993):
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The statistical significance of components is estab-

lished by the F test.
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Fig. 2 Simplified geologic map of the study area (after MARINCIC el
al., 1976; PAPES et al., 1982). Legend: 1) Quaternary sediments
- alluvium, proluvium and terra rossa: 2) Miocene sediments -
marl, limestone, sand and clay with coal; 3) Eocene and Palaeo-
cene sedimentary rocks - Promina clastites, foraminiferal lime-
stones; 4) Upper Cretaceous sedimentary rocks - limestones; 5)
Lower Cretaccous sedimentary rocks - limestones and dolomites;
6) Jurassic sedimentary rocks - massive limestoncs, limestones
with dolomite lenses; 7) Permian and Triassic rocks - a) Clastic
sedimentary rocks with gypsum and anhidrite, b) Spilitized dia-
bases; 8) Faults and diapiric contacts, observed and inferred.

/6390

3.1. SAMPLE MATERIALS: SOIL

Soil was collected by channel sampling of the upper
15 cm (below the Ol and Of horizons, if present) of the
soil profile (PIRC et al., 1991). At each sampling site, a
sample of about 1 kg was collected with comprised
sampled material from 5 sampling points, one at the
exact location of the site, and another four at 10 m N, E,
S and W from the central point. Compositing was used
to reduce local variability. The air dried soil fraction
that passed through the 2 mm sieve was reduced by
repeated quartering and milling to 0.062 mm for analy-
sis. Samples were collected during 1989. It is important
to mention that the samples had been taken before the
aggression and war started in the region, so it can be
concluded that the samples were not contaminated by
the activity of war.

The grids applicd were 1x1 and 2x2 km for depres-
sions which are, as a rule, of smaller sizes, and 5x5 km
for the surrounding elevated terrain. The point of origin
of this grid was randomly determined for the project of
the experimental geochemical map of Istria,
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Fig. 3 Simplified pedologic map (after MARTINOVIC et ul., 1983).
Soil mapping units: KO-MG colluvium, carbonate, nongleyic-
cugley, mineral, anthropogenized; CR-SV terra rossa-calcocam-
bisol; R-SV rendzina-regosol on limestone; R-RI & RI rendzina-
regosol on marl; A, fluvisol, carbonate; ;HN"™" hydromeliorated
fluvisol-eugley(80:20); ,, JIN"" cugley-fluvisol (90:10) hydro-
meliorated; HN-KO cugley-colluvium (70:30) hydromeliorated;
HN"" cugley-peaty gley (90:10) hydromeliorated.
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3.2. ANALYTICAL METHODS

Samples were analyzed for 35 elements (after total
hot 4 acid: HCIO,-HNO,-HCI-HEF at 200°C digestion)
by inductively-coupled plasma spectrometry (1CP-
AES), in the ACME Labs in Vancouver.

3.3. QUALITY ASSURANCE AND CONTROL

Quality assurance was maintained by minimizing
human error through good training and the care of col-
lectors and lab workers who did the sample preparation,
by using composile samples (o reduce the local vari-
ability, and by submitting samples [or analysis in ran-
dom succession in order to evenly distribute the crror
duc to the shift of analytical conditions across samples.

Control of the accuracy of the ICP-AES was achi-
eved by blind determinations of the geological standard
materials: BUTR 8, GXR 6, SJS-1, SO-2, GXR-6,
MAG-1, SCo-1, SGR-1, SJS-1 and SO-1 1n 1992, (rcc-
ommended values in ABBEY, 1983). Accuracy is
somelimes not casily assessed owing to contrasting in-
dications of particular standards. In the first approxima-
tion it is acceptable for most of the determined ele-
ments. Detailed comparisons of elemental abundance
should be made, however, on the grounds ol careful
consideration of the indications ol the standards,

Precision was monitored by analysis of variance
estimation of laboratory error, i.e. the variance compo-
nent between the analytical splits. So, the precision is
expressed as variance joined to the laboratory error,
which for aluminium is 3%, scandium 4%, iron 2%,
lead 15%, cadmium 44%, copper 3% of the total vari-
ance respectively (note that these values are for the
entire region ol poljes in Slovenia and Monlenegro
batched together). Generally, laboratory error greater
than 50% of total variance is considered too high, and
analytical results insullicient either for estimating mean
concentrations, or for the construction ol geochemical
maps (PIRC, 1993). It can be seen that the precision for
cadmium is close to this limit, so that data for this ele-
ment should be interpreted with extreme caution. The
reason why we included cadmium in our study is its
very peculiar distribution in the Sinjsko Polje which,
although being expected according to the field studies,
still represents an open question. So we decided to
reanalyze the samples [rom the Sinjsko Polje for cadmi-
um. The laboratory error of ICP for lead is 15%, which
is not too high taking into account the difficultics con-
nected with the analysis of lead in the emission spectra,
but for regional studies it is rather satisfactory, For
other elements the precision is below 5%, which is con-
sidered excellent.

3.4. DATA PROCESSING

Data processing ol seven elements sclected from the
batch of the 35 analyzed elements was mainly done
using the STATISTICA version 4.3 program and the
resulting element maps are colored maps drawn by

ROCKWARE and SURFER coentouring programs. The
raw data single-element maps were drawn using an
inverse-distance weighting cell averaging computer
routine (ROCKWARE) with contours drawn (SUR-
FER) at the 10th, 25th, 50th, 75th, 90th, 95th, and 99th
percentiles of the cumulative element distribution
which allows comparison of the spatial distribution pat-
terns for different elements (HOWARTH, 1983). Maps
ol element distribution after outlier screening were
drawn by the same procedure.

4. AN OVERVIEW OF THE GEOCHEMICAL
DATA NORMALIZATION PROCEDURES

A varicty of approaches for reducing natural vari-
ability have been used to improve the statistical power
in data intercomparison. There is no consensus on the
appropriate soil - sediment component to be used for
normalization i.e. to factor out the variability in natural
trace element concentrations. In most cases, the source
of the natural material making up the sediment has been
assumed 1o be constant, so the emphasis has been
placed on accounting lor the “grain size effect” (WIN-
DOM et al., 1989). Metals are nol homogencously dis-
tributed over the various grain size [ractions, and large
differences in total concentrations are obscrved in sedi-
ment samples from a single locality. Within the grain
size spectrum, the finer-grained fraction - consisting
mainly of clay minerals - show relatively high metal
contents. In the silt and [ine sand fractions the metal
concentrations generally decrease as that [raction is
dominated by quarlz components with low metal con-
tents. In the coarser [raction, the presence ol heavy
minerals may cause the metal portion to increase stll.

Different methods for grain size correction are pre-
sented in the literature and compiled by SALOMONS
& FORSTNER (1984). These methods will reduce (not
eliminate) the [raction ol the sediments that is largely
chemically inert, 1. e. mostly the coarse-grained quarlz,
leldspar and carbonate minerals, and increase the sub-
stances active in metal enrichment, i. ¢. hydrates, sul-
phides, amorphous and organic materials. Analyses
have been carried out often on a specific size fraction to
correct [or natural variability, but this approach requires
a separation step and the results are olten confusing
since concentralions in a certain size fraction do not
rellect the concentration in the total sediment (WIN-
DOM et al., 1989).

The basic geochemical approach to normalize geo-
chemical data 1s by means of conservative components
whose levels are unalTected by contaminant inputs, for
example, grain size, Al, Fe, Sc, Ni, TOC and Li. A con-
servative element is used as it is assumed that it has had
a uniform [lux to the sediments over the past century
from crustal rock sources. Consequently, changes in the
water, salt, CaCO,, or organic matter conlent, especial-
ly in the upper layers, can be compensated for (FOR-
STNER & WITTMANN, 1981). A conservative cleme-



72

Geologia Croatica 48/1

nt which is often used as a normalizer of trace clement
data is aluminium, due to its high natural abundance
and because it is not commonly associated with anthro-
pogenic input. Additionally, aluminium is a major con-
stituent of soils and sediments as a structural element of
clays. Aluminium was most recently used by WIN-
DOM et al. (1989), in the study of estuarine and coastal
marine sediments, ESSER et al. (1991), in study of soil
contamination, and HANSON et al. (1993), who stud-
ied contamination of estuarine and coastal marine sedi-
ments. It has strong positive correlation with many
major and minor elements in soils, which are consid-
cred as natural content and is used to significantly
reduce data variability for the purposes of sample inter-
comparison over small (WINDOM et al., 1989,
SCHROPP et al., 1990) and larger (HANSON et al,
1993) regional arcas. The association between Al and
other elements has a geochemical foundation which can
be used as a basis lor developing statistical models of
the natural elemental content in sediments ol varying
textural and minecralogical characteristics. Linear
regression was used Lo estimate model parameters for
each metal with aluminium (HANSON ct al, 1993).

On sediment samples from the Ems River Estuary in
Northern Germany a series of potential reference ele-
ments - Cs, Eu, Fe, Rb, Sc, Sm and Th (measured by
neutron activation analysis) - were tested by ACKER-
MANN (1980). This study suggests that cesium appears
Lo be the preferred reference element for two reasons: it
is particularly well correlated with the <20pm fraction
and the ratio, s(100%)/s(0%) is greater than for any
other elements. The main disadvantage is that cesium is
not analyzed in routine studies. Due to the very close
gecochemical relationship between scandium and alu-
minium (which is most often taken as a reference
value), the measurement of these components seems (0
be recommended (THOMAS & MARTIN, 1982;
GUEGUENIAT et al., 1983; GOLCHERT et al., 1991).
Scandium has the advantage over its geochemical coun-
terpart aluminium when standardization of trace ele-
ments is made due (o all the obstacles which could arise
when comparing the major and trace elements (analyti-
cal concentration range, differences in precision and
accuracy, dilficultics in making simultancous analysis
for most techniques). Additionally, ash content can be
used as a “conservative parameter” (SHOTYK et al.,
1990), the content of the element of interest in the sup-
posed nonpolluted area (FULLER et al., 1990), concen-
tration of titanium (TTIAN et al., 1993), cerium (REHM
et al.. 1984), strontium (WINDOM ct al., 1989), lithium
(LORING, 1990), nickel (WU, 1984), iron (VAN ALS-
ENOY et al., 1993; DASKALAKIS & O’CONNOR,
1995) and rubidium (RANDLE ¢t al., 1993), among
others. Apart from the inorganic component of soils,
particle-bound TOC was also used for normalizing
trace element data (WINDOM ct al., 1989) assuming
that 1t acts as a matrix on particle surfaces for complex
formation. One weakness of TOC as a normalizer, how-
ever 1s the fact that TOC itsell is subject to considerable

augmentation by human activity and is often a contami-
nant (DASKALAKIS & O’CONNOR 1995). An excel-
lent review ol standardization techniques is given by
VERTACNIK (1994). Generally, it appears that correc-
tions made with conservative elements are especially
valuable. Il separation of coarser grain size, for exam-
ple down to <63pum, is carried out prior to correction,
still better results may be obtained.

The numerical approach to the problem of normal-
ization with conservative elements is linear regression
analysis. A baseline model was considered acceptable
when the covariation with a conservative element was
statistically signilicant, and the linear regression inter-
cept was close to zero (HANSON et al., 1993; DAS-
KALIS & O’CONNOR, 1995).

Another problem associated with the natural versus
anthropogenic contributions to or share ol the trace ele-
ment contents in sediments and soils is the quantifica-
tion ol environmental impact. The basic idea is to make
the comparison with a standard reference carth materi-
al. It is assumed that this standard material is not conta-
minated, and its trace element content can be taken as
“background values™. Several possibilities have been
discussed to establish background values for trace ele-
ments (FORSTNER & WITTMANN, 1981; PROHIC,
1989; PROHIC & JURACIC, 1989):

1. average shale composition as a global standard
value;

2. fossil aquatic sediments from a defined environment
as a standard;

3. recent deposits in relatively unpolluted areas;

4. short, dated sedimentary cores which provide a his-
torical record of events.

A first attempt to quantify the extent of heavy metal
pollution in sediment on a more global scale was made
by FORSTNER & MULLER (1973) by the comparison
of heavy metal consumption with the natural concentra-
tion of the respective elements in unpolluted sediments,
which is then recorded in the “Index of Relative Pollu-
tion Potential”. A similar approach was used by NIKO-
FOROVA & SMIRNOVA (1975) by calculating the
“Technophility Index” which is the ratio of the annual
output of a metal to its “Clarke” (mean concentration in
the carth's crust). The higher the TT of a metal, the more
intensively it is involved in technological migration. A
quantitative measure of the metal pollution in aquatic
sediments has been introduced by MULLER (1979),
known as the “Index of Geoaccumulation™ (/,,,,):

7., =log, —"—
& &2 15%8,

C, is the measured concentration of the element “n”
in the pelitic sediment fraction <2mm, and B is the
geochemical background value in fossil argillaceous
sediment (“average shale™). The factor *1.57 is used
because of possible variations ol the background data
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due to lithogenic effects. The [, consists of 7 grades,
whereby the highest grade (6) reflects 100-fold enrich-
ment above the background values (SALOMONS &
FORSTNER 1984).

Another way to quantify the possible environmental
impact by measuring the trace element content in sedi-
ments is the so called “Sediment enrichment factor” or
simply “Enrichment factor” {Ef) which is the concen-
tration ratio of a given element (C,...) to the consery-
ative element in sample (C,, ,mue) With respecet L()“lhc
same ratio in a standard material C, /C_ . .. (FOR-
STNER & WITTMANN, 1981; LI, 1981):

c. ./
Ef nsamplc

cons.sample

“nrel “eons.rel

A quantitative claboration of enrichment factors is
not an easy lask and mostly depends on local conditions
with respect to the type ol environment, soil or sedi-
ment type, main goals of the study etc. However,
GOLCHERT et al., (1991) distinguished three cate-
gories ol enrichment factors : BEf<2, 2<Ef<10 and
EFz10. HASSAN & ISMAEL (1993) showed how dif-
[erent materials used as relerence materials can give
quite different, even erroncous conclusions about the
origin of the particular elements. That is why the choice
ol relerence malterial and appropriate conservative ele-
ment is crucial to the [inal conclusions, a [act which is,
in many papers, still not sufficiently evaluated. In this
study we have tried to critically apply several approach-
es before recommending, in our opinion the best one
for the given material in a given environment. Finally,
in this study, the average shale (TUREKIAN & WEDE-
POHL., 1961) was chosen as the normalizing standard.
The average crustal igneous rock often used in similar
investigations is not used here, because the average
shale is presumed Lo be a more closer representative of
continental soils (LANTZY & MACKENZIE, 1979)
then the average igneous crustal rocks.

5.STATISTICAL TREATMENT OF THE
RESULTS AND INTERPRETATION

5.1. LINEAR REGRESSION ANALYSIS

Considering the presumption of an existing lincar
dependence between the conservative element and the
heavy metal it is possible with the use of linear regres-

sion to simultancously define the heavy metal geo-
chemical background (baseline) and to isolate natural
and/or anthropogenic outliers (anomalies). Coupled
with geographic plotting facilitics this type of outlier-
screening is uscd to locate arcas of man-made pollution.

Statistical treatment of selected clements included
the calculation ol means, standard deviations from the
mean, and other estimates ol basic statistic parameters
(Table 1). Alter the assessment of population normality,
performed through normal probability plots of raw data
(Fig. 4), the data for Cu and Pb were log-translormed
and used in further analysis. Corrclation coclficients lor
the sclected elements are given in Table 2. Linear
regression analysis results (Table 3), display coeffi-
cients of determination (') for metal correlation with
aluminium and iron before and after outlier removal.

The choice of aluminium as the conservative ele-
ment is mainly due to the fact that its levels are relative-
ly unaffected by pollution, its accuracy determination
and precision (3% error) by 1CP analysis. Aluminium
also serves as a measure of the clay content (DASKA-
LAKIS & O'CONNOR, 1995) and its strong correla-
tion with other elements (Tables 2 and 3). Alternati-
vely, iron could have been used as a conscrvative ele-
ment but since most elements have a slightly stronger
correlation with aluminium (Tables 2 and 3) it seemed a
more appropriale choice.

To have a valid regression model not only do the +*
have to be high, but it is also important that the residu-
als are independent, have zero mean and constant vari-
ance (DILLON & GOLDSTEIN, 1984; ROCK, 1988;
BARNETT & LEWIS, 1994). The autocorrelation was
thus tested by Durbin-Watson statistics (Table 3) and
heleroscedasticity by visual checks ol residuals of
selected elements plotted against the independent vari-
able (Al).

The identification of outliers which have dispropor-
tionate influence on the estimated background model
was performed through graphic analysis ol residuals
with normal probability plots (relative cumulative per-
centages are expressed as -36 1o +30 from the mean -
normal expected value). In the case ol normal error
structure the residuals plot on a straight line, and outlier
(anomalous) values are marked as departures at either
end of the plot (DILLON & GOLDSTEIN 1984; BAR-
NETT & LEWIS 1994). Usually these departures occur
al the lower and upper 5% (+20) of the normal expect-
ed distribution. When these dissimilar samples are iden-
tified, they are removed [rom the data sct leaving a

Cu Ph Zn Ni Cr Cd Al Fe
n 95 95 95 95 95 95 95 95

Mean 106 50 114 71 142 1.18 592 2.90

Median 76 49 115 68 08 1.00 5.95 3.08

Min. Il 9 28 9 16 0.20 (.82 (.43

Max 923 220 208 160 2270 3.50 11.30 6.67

Std. dev. 109 28 43 35 227 0.96 2.59 1.28
Skewness 4.84 3.11 0.04 0.33 6.17 0.62 -0.06 0.07 THBIE T BaSis SIATEHSE Bralsle
Kurtosis 3332 1655 078 042 4130 -0.77 -0.71 -0.26 ) L
ments in ppm, Al and Fe in %.
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Fig. 4 Lincar regressions and corresponding equations of metals on aluminium for nincly-five samples in Sinjsko Polje.

background population whose residuals plot on a stra-
ight line on the normal probability plot. After outlier
screening/trimming contour maps ol background ele-
ment distributions are drawn. Residual maps of the lin-
ear regression model (with Al as the independent vari-
able) for cach clement reflect the deviations from the

background (Figs. 6e and h, 8b) and are an additional
product of this analysis. To demonstratc how normal-
ization through lincar regression modeling ol trace cle-
ments as univariate dependent variables, and aluminium
as the independent (conservative) variable [unctions, a
choice of elements with high (Ni, Zn), medium (Cr, Pb)
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Al Fe Cu Pb Ni Cd Zn Cr
Al
Fe 0.93
Cu 0.40 0.32
Pb 0.60 0.57 0.26
Ni 0.94 0.88 0.42 0.52 5 . . .
cd 0.47 0.36 0.43 0.32 0.43 Table 2 Sinjsko Polje soil correlation coef-
oy 0.87 0.84 0.41 0.65 0.84 0.50 ficients (all are significant at p<0.03,
Cr 080 075 036 049 080 028  0.68 A= Gy POl e, [og-pratis.

formed.

and weak (Cu, Cd) association with aluminium was
made (Tables 2 and 3).

The results of the linear regression models for Cu,
Pb, Cd, Ni, Cr, Zn and Fe with Al as the independent
(normalizing) variable after outlier removal show that
except for Cu, Pb and Cd. aluminium accounts for more
than 80% of the element concentration variability (1r* >
0.8). For Pb fifty-seven percent (1’=0.57) of variability
is accounted for by Al, while Cu and Cd exhibit very
weak correlation with both Al and Fe (" > 0.2; Table
3). The results of the analysis of selected elements are
plotted against aluminium (Fig. 4). The poor correlation
of Cd and Cu with Al is probably duc to the anthro-
pogenic contributions of these elements to the soils
which arc not a function of the soil clay content. Altho-
ugh it has been suggested (WINDOM et al., 1989;
HANSON et al., 1993) that weak correlations of Cd
with Al are a consequence of its association with organ-
ic matter, others (DASKALAKIS & O'CONNOR,
1995) think the that low molar concentration of Cd in
natural materials makes it more susceptible to contami-
nation than elements (Cr, Ni. Pb, Zn) whose concentra-
tions arc buffered by their higher natural abundance.
The disrupted association of Cu and Al (even after data
trimming r'=0.29) is readily explained by extensive use
of copper vitriol by local farmers in vineyards situated
on the slopes that surround the Sinjsko Polje valley (Fig
od, e, .

The procedure of outlier identification and back-
ground distribution modelling of a single element can
be readily visualized using chromium as an example.
The initial normal probability plot of residuals indicates
the presence of three individual samples that are grossly
scparated from the main mass of data (Fig. 5a, b, ¢).
Despite the better correlation of the log-transformed Cr

data with Al (Table 2) the transform was not applied in
the analysis since the three outliers severely influence
the distribution and when removed the data does not
range over more than one order of magnitude. The nor-
mal probability plot of residuals for the remaining sub-
set of 92 samples implies the presence of another four
anomalous samples, with 82% of Cr variability associ-
ated with Al (Fig. 5b). Finally, the trimming ol the data
by removal ol the four extreme samples from the data
set resulted in a background data subset with 17 = 0.93,
and a normal probability plot of residuals close to a
straight line indicating normality (Fig. 5¢). The trim-
ming phases can also be easily visualized through the
differences in contour maps. The same trimming proce-
dures were applied to the other elements and the results
arc presented as initial contour maps (all data plotted)
and as resulting maps after outlier removal (Figs. 6 and
8). The amount of extreme dala in all cascs varies bet-
ween 5 and 8%.

5.2. BASIC STATISTICS AND ANALYSIS OF
ENRICHMENT FACTOR

The basic statistical parameters lor 8 investigated
elements in 95 soil samples are shown in Table 1. Ins-
pection of the mean values reveals that values lor Cu,
Pb, Zn, Ni and Cd are higher than in either reference
material; standard shale (TUREKIAN & WEDEPOILIL,
1961) or standard soil (MARTIN & WHITFIELD,
1983). The mean value for Cr is close to the values in
the standard materials, while the found concentrations
of Al and Fe are higher in both the standard shale and
standard soil materials. In Table 2. soil correlation coef-
ficients significant at p<0.05, n=95, are presented. It
can be seen that Al and Fe have excellent correlation

T Table 3 Cocffecients of Determination (r%) for
after outlier

all data Durbin- all data metal correlations with aluminium or iron,

(n=95) Watson d* (n=95) subtraction and Durbin-Watson statistic for autocorre-

norm. to Al norm. to Fe norm. to Al lation of residuals. Cu, Pb and Cr arc log-

) Fe 0.86 1.58 ' transformed.

Cu 0.16 1.93 0.10 (.29 #*Durbin-Watson statistic: number of expla-

Pb 0.36 1.98 0.32 0.57 natory variables k=1, d; =1.64 and d,,

Ni (.88 1.73 0.77 0.94 =1.69 are critical bounds which indicate

Cd 0.22 1.86 0.13 0:27 the presence or absence of antocorrelation

Cr 0.64 1.95 0.56 0.82(0.93)* and the stability of R?, if d>d, no autocor-

7n 1.35 0.70 0.86 relation is present and the R* are stable

Q.75

(DILLON & GOLDSTEIN, 1984).

*Non-transformed Cr data was used in the
analysis (see text), and two outlier removal
steps were used.
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(r=0.93). Aluminium shows excellent correlation with
e e " nickel (r=0.94) and very good correlations with zinc
: 7’ T (r=0.87) and chromium (r=0.80). Iron corrclates very
2 J g T well with both nickel (r=0.88) and zinc (r=0.84).
s W Correlation coeflicients for copper, lead and cadmium
£, // with respect to aluminium and iron are generally low.
T L7 In the normalization procedural part of this paper
8 o we mentioned that one commonly used way of expres-
: sion of anthropogenic over natural influence in sedi-
T 0w w0 ww ww 2w wm ments is the “Sediment enrichment factor” or simply
Resid o 5 7
e “Enrichment lactor” (El). It represents a concentration
ek S o it b ratio of a given element to the conservative element in a
b sample with respect to the same ratio in the standard
3 S material. From the definition of the enrichment lactor it
2 ’ is clearly scen that this parameter depends, at least, on
=4 four factors: 1) the choice of reference element, 2) the
E g choice of reference material, 3) the homogeneity of ref-
£ crence element distribution in the study area, and 4)
B correlation of particular element with reference ele-
3 ; » ment.
-20 E ~ ~ i
o Y e v " The influence of reference element choice upon the
value of the enrichment factor is shown in Table 4 and
Fig 7. Enrichment factors based on iron as a reference
Nermal Probability Plot of Residuals c £ .
Cr (58 clement are, for all selected heavy metals, slightly
s ) o lower or almost the same and for Zn even higher than
5 // as with Al (Fig 7). This can be explained by the fact
; : /..f/"y‘/
£ v
é ) ,,-f»“"/
g ! /" Fig. 5 Normal probability plots ol residuals for Cr vs, Al a) Normal
~ 2 .///‘ probability plots of residuals for original data. b) Normal proba-
.37;/ = ; - - = mana 9 bility plots of residuals after gross outlier removal with subset of
h ) ’ Resdas size 92, ¢) Normal probability plots of residuals for the accepted

L background model with subset of size 88.

‘ Cu  (0) Pb (o) Cd (o) Ni () Cr (o)  Zn (6) Fe (o)
Metal/Al 1824 1519 997 1120 021 032 11.87 227 27 57 209 6.2 051 0.06
(mean in Sinjsko Polje samples)
Metal/Al (shale)* 4.31] 1.92 0.03 6.51 8.6 9.1 0.47
Metal/Al (soil)* 4.80 4.90 7.00 9.8 13.0 0.52
Ef(Alshale® 496 6.6 521 521 734 585 1.83 0335 313 669 230 068 1.19 0.15
(mcan)
Ef(Al) soil##* 380 3.6 203 288 1.69 032 275 588 1.61 048
(mean)
Ef(Fe)shale®* 452 545 467 4067 672 511 156 035 295 6.66 195 0.53
(mean)

Table 4 Level of pollution of soils from Sinjsko Polje.
o Ef(Alshale =[Conc. mclal‘\“_,mm,/Aiww]/[lnctaLN,e,.wSm!u/AIJ‘.‘_nm_‘c_“mlu;]
¥ Ef(Fe)yshale =[Conc. mclul_\ﬂmlm‘/Almml/[mcmlwL P 1.\ S—
FHECEAAD soil =[Cone. metal, o AL IAMetal e ginfAlege on]

* Data from TUREKIAN & WEDEPOHL (1963)

* Data from MARTIN & WHITFIELD (1983).

Fig. 6 a) Distribution of Cr in soil all data; b) Cr distribution after first outlier trimming; ¢) background Cr distribution; d) Cu distribution - all
data; e) Cu vs Al residual map reflecting deviations from background model; 1) background Cu distribution; £) Pb distribution - all data; h)
Pb vs. Al residual map reflecting deviations from background model; i) background Pb distribution.
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that the iron concentration in investigated soils, expre-
ssed as its mean, is lower then in the standard reference
materials (either shale or soil) while concentrations of
most of the analyzed heavy metals are higher, which
gives the lower numerator in the expression for the
enrichment factor. Depletion of iron is influenced by
the type of hydromorphic soil and pedogenic processes
which take place in the temporary flooded area of the
karstic polje.

The influence of standard reference material used in
these calculations was shown by HASSAN (1993). The
average shale alter TUREKIAN & WEDEPOIIL
(1961) is most [requently used reference material in
similar studies, since it is more representative of the
continental soils than is the average crustal rock, as
shown by LANTZY & MACKENZIE ( 1979). In addi-
tion, in this study we compared results with the average
soil after MARTIN & WHITFIELD (1983) as a refer-
ence material. A ratio between a particular element and
aluminium in soil is generally higher than in shale, so,
conscquently, the enrichment factors based on soil as a
standard material are lower than ones based on standard
shale. Although it seems that the choice of standard soil
is more appropriate, as [ar as we are dealing with soils
as sampling media, we cqually used both standard

|; Metal/AI*" =[Cone. metal

xrunplr/‘A Is‘»lm]ﬂc] ’f[m et a]{uucmgc mil}/Al[swrl age sai n] ¥

malerials because one, shale, is widely accepted and
checked as reference material, while other, soil, is only
used recently, and needs more confirmation from other
independent studies.

The third factor, homogeneity ol the standard ele-
ment distribution, is not considered, as far as we know,
as a critical factor in the evaluation of enrichment fac-
tor. However, the enrichment factor shows the change
of content of particular clements over the constant
value (being the reference element value) which depe-
nds, as presumed, on general natural causes. But if the-
se natural causes change locally, for diflerent rcasons
they may mask the change of studied element and lead
to completely erroneous conclusions about the origin of
a particular element. T'o avoid these mistakes first of all
the distribution ol the standard element should be
examined belore it is utilized as the standard element.
We show its dependence by plotting the aluminium dis-
tribution in the study arca (Fig. 8i). The highest values
are in the arca southeast from Sinj, on the cast bank of
the river Cetina, and smaller arca northeast from Sinj,
on the west bank of the river Cetina. The first anomaly
is caused by soil type, the second by geology or litholo-
gy type. The arca southcast of Sinj is covered by
hydromeliorated cugley-fluvisol in a 90:10 ratio and

Fig. 8 a) Distribution of Cd in soil -all data; by Cd vs. Al residual map reflecling deviations from background model; ¢) background Cd distribu-
tion; d) enrichment factor distribution of Cd; e) enrichment factor distribution of Ni; f) enrichment Factor distribution of Cu; g) enrichment
factor distribution of Cr; h) enrichment factor distribution of Pb; i) distribution of Al in soil -all data.
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hydromeliorated cugley-peaty gley in 90:10 ratio (Fig.
3). Both types of hydromorphic soils are enriched in
aluminium with respect to other types of soil in the car-
bonate environment, On the geological map of the stud-
icd arca (Fig. 2) the area northeast of Sinj is shown as
an area ol discrete bauxite deposits which shows up as
an aluminium anomaly in adjacent soil.

At first glance it seems that enrichment factor maps
(Fig. 8) for cadmium, nickel, copper, chromium and
lead, and map of the distribution of aluminium in soils
are complete opposites. Following our previously estab-
lished conclusions it seems that enrichment factor maps
strongly depend on distribution of aluminium in the
soils of study area. This conclusion, although true at
least for some arcas, is oversimplified and enrichment
factor distributions are also influenced by man-made
activities. Our approach tells us that enrichment factor
maps are the results of, both, positively correlated
anthropogenic contributions of particular elements and
the negatively correlated distribution of the reference
element in soils. Therefore we urge caution when eval-
uating the enrichment factor data.

In general, the statistical model presented here
depends, as shown, on correlation with a conservative
clement, i.c. aluminium, or, alternately, with alumi-
nosilicates, mostly clay minerals. The lack of good cor-
relation is due to two main reasons ¢ firstly, when par-
ticular element is not mainly bound to clay minerals but
to some other mineral phase in the soil (or sediment),
and sccondly, when a particular clement is enriched in
soil (or sediment) due to the man-made activitics. In the
later case, the anthropogenic contribution to the ele-
ment content is mainly bound to the exchangeable
phase of the sediment (and soil) (FORSTNER & WHI-
TTMANN, 1983; PROHIC, 1989). In order to show
these dependencies, we chose elements with various
correlations with aluminium, from copper, and cadmi-
um (poor corrclation 1=0.40 and 0.47), lead (good
1=0.60), and chromium (very good correlations r=0.80),
to excellent (zine r=0.87) and nickel (1=0.94). Of these
clements, copper and lead, and probably partially
chromium, arc cxamples of elements with significant
contributions from man-made activities, while cadmi-
um is mostly bound to organic matter, although some
could also have origin in pollution sources. Zinc and
nickel are dominantly bound to the clay mineral [rac-
tion in soil.

Figures 8a-d shows development of the model for
cadmium. TFigure 8a is the map of the “raw” cadmium
data, which shows high values of cadmium in the mid-
dle part ol the polje, west rim of the polje and southeast
from Sinj. Figure 8b is regression residual map, while ¢
is & map of cadmium distribution after outlier subtrac-
tion (for explanation ol this procedure see previous
chapter on chromium example). The last map of cadmi-
um, Fig. 8d, is the enrichment factor map, which shows
an anomaly northeast of Sinj which was not previously
apparent. The nickel enrichment factor map (Fig. 8e)
probably represents the background distribution of this

clement. The copper enrichment [actor map (Fig. 8[)
illustrates the use of copper vitriol in vineyards on the
slopes that surround the Sinjsko Polje valley. The map
of the enrichment factors for lead (Fig. 8h) shows the
pattern which can be explained by the theory of over-
bank sediments. Enrichment effects are shown along
the upper course of the river Cetina, on its west bank
for pollution coming from upper course ol the river
beyond the study area.

Quantitatively, the pollution levels for sclected cle-
ments in soils of the Sinjsko Polje range [rom 1.61 for
zinc to 7.34 for cadmium (Table 4). If we take the crite-
ria given by GOLCHERT (1991) our values of the
cnrichment factors will fall into the second group of
very probable influence of the man-made activitics.

5.3.TREND SURFACE ANALYSIS

Examination of trends is a common procedure in the
analysis ol geochemical maps. [is purpose is Lo segre-
gale the underlying trend that possibly pervades the
study area, from the local variations, that is, the “noise”
or “background”’(MILLER & KAIIN, 1962). Thereby,
the original set of data, represented in the form of a
geochemical map, can be separated into two parts -
trend and residuals. The exact form of the computed
surface is that for which the sum of squares of the resid-
uals, that is, the differences between the original and
calculated values, is the least. Trend surface, therelore,
includes the regional or deterministic component in the
total variability of the data, while the residuals contain
local or irregular geochemical valucs, unrelated the
principal distribution (NICHOL et al., 1969). Residuals,
which represent the random deviations from the com-
puted trend, consist of two components - one represent-
ing an crror due to sampling and analytical methods,
and another related to the real variation between the
observed value and the calculated surface in the control
point. The latter may be called “true” residuals. Com-
puting the trend surface is sometimes necessary only o
reveal whether regional variation exists and is persistent
in the total variability. In such a case, the trend surface
mapping serves as a quantitative analytical technique
that can provide the desired answer (LUSTIG, 1969).
If, however, the stress is laid on various causes of the
total variability, then additional analysis is required to
accommodate unexplained variance revealed alter elim-
ination ol the regional trend.

One of the main problems arising [rom trend surface
analysis is the proper choice of the polynomial approxi-
mating the original data (geochemical map). The poly-
nomial of first, second or third degree (planes, quadrat-
ic and cubic surfaces) arc most commonly used,
although one usually never goes higher than the fifth or
sixth degree. While the trend surfaces of successively
higher orders more neatly (it the original data, they can
creale serious problems in interpretation. While they
enable the regional [eatures of an investigated area o
be more thoroughly interpreted, they also diminish the
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values ol residuals and rule out the possibility of clearer
insight into the character of anomalies and “outlicrs™.

The first degree trend surface has some advantages
in this respect. As a general linear model, conveniently
expressed in the form of the equation Z=A+Bx+Cy+g,
where x and y represent geographic coordinates, it sep-
arates the linear component (plane), while all non-lincar
clements reduces to residuals - the unexplained part € of
the total variability (DAVIS, 1986). Segregation of the
lincar trend, containing deterministic component with
normally distributed data (regression model), renders
the possibility that the frequency distribution of residu-
als which, alternatively, represent random fluctuations
around an equilibrium state, assume less skewed asym-
metry with regard to the untrended data. Residuals can
retain the positively skewed (lognormal) distribution
cven alter the lincar trend (and sometimes even the
higher order trends) have been removed. However, non-
linear relationships, being the cause ol such a distribu-
tion, can arise from very dillerent origins. So, for the
trend itself to have been proved, it does not matter
whether it is expressed as quadratic, cubic or some
higher member of a polynomial. If the trend exists at
all, then it can be shown by the first degree trend sur-
face, and each successive member of a polynomial
serves only to minimize the squared deviations from the
trend more effectively, in which case the next polyno-
mial member (p+1) [its better into the regression model
than the former one (p).

To prove the trend, one can use the goodness-of-fit
test. Application of the test in geochemical research
usually involves the question of critical values on
which basis one can deduce whether or not the predict-
cd model succeeds in fitting the original data. Signi-
ficance of obtained values is usually attested to by the
statistical F-test, but it should be noted that a large
number of data (control points) will almost invariably
guarantee a statistically “significant™ trend surface
(TINKLER, 1969: UNWIN & LEWIN, 1971). The
goodness-ol-lit test applies the ratio of the sum of
squared values of a compuled trend against the sum of
squared original data, and results are usually represent-
ed in the form of a determination ceellicient D=1’
(DAVIS, 1986). Here, r is the correlation coclficient
between the trend surface map and the original geo-
chemical map. II' the test produces values of D that fall
below 0.06 or 6% (r=0.24) for the linear surface, then
the distribution of data points over the map is not sig-
nificantly different from random at the o=0.05 level
(HOWARTH, 1967). In the case of original data being
standardized, which is desirable if several gcochemical
maps are to be compared, the general lincar model
(planc) reduces itsell to the form Z=0 because of total
agreement with the plane of zero values in the original
set ol data (A=0, B=0, C=0). Obviously, the horizontal
(Z=0) or gently dipping plane can be taken as an indica-
tor of prevailing local elfects or variations among con-
trol points.

5.3.1.Trend-surface results

Trend surface analysis for five elements (Fig. 9a-i),
Cd, Cu, Ni, Al and Pb - shows, in general terms, a very
slight linear trend, or in some cases, no trend at all.
There is no observable trend whatsoever in the case of
two elements - Cd and Pb, which have very low values
of the goodness-of-fit test. The determination coeflTi-
cient D (in %) takes the values of 1.00 (r=0.10), and
0.64 (r=0.08) for Cd and Pb, respectively. The trend
surface is a gently dipping plane tilted to the NNE
(3.0°) in the former case, and ENE (4.4°) in the latter.
No regional variation is present in the spatial distribu-
tion of these elements, which is a sure indicator of the
total variability ol the respective geochemical maps
being contained in the local variations, possibly due to
some kind of human activity in the area.

However, the remaining elements, including Ni, Cu
and Al, all exhibit a slight linear trend. The determina-
tion coellicient gives the values of 8.41 (r=0.29) for Ni,
0.76 (1=0.26) for Cu, and 6.25 (r=0.25) for Al. While
the [irst-degree trend surfaces for Ni and Al are almost
of the same orientation - due NW which unmistakably
reveals the course of the Cetina river as some agent
contributing to their spatial distribution, for Cu the
plane is inclined to the NE (13.9°) which is ncarly per-
pendicular to the former two. It is [airly logical to
assume that the regional trend, exhibited in the spatial
distribution of Ni and Al appears to be strongly influ-
enced by the Cetina river. The fact that the plane is tilt-
cd opposite to the river course can be explained in the
way that there is some natural cause displaying the pro-
found impact on (he increase of Al and Ni concentra-
tions down river and to the far end of the Sinjsko Polje.

In contrast, the NE tilt of the first-degree trend sur-
lace for Cu highlights the somewhat different nature of
its distribution over the study arca. Obviously, dissemi-
nation ol Cu in the investigated area is in no way relat-
ed to the factors involving the fluvial regime and accu-
mulation of sediment along the river as may be sup-
posed in the case of Ni and Al On the contrary, high
values of trend for Cu in the SW part of the Sinjsko
Polje should prabably be cvaluated in light of increased
agricultural activity (mostly vineyards) on the soils
developed on the underlying Miocene marls. The trend,
then, is basically not of regional, but of strictly local
extent.

The noted discrepancies among the computed trends
could well be accounted for by specilic conditions
related to the karstic arcas. Namely, the borders
between “regional” and “local” can be casily attenuated
when related to such isolated parts of karstic terrain,
such as relatively small karstic poljes. An area with pre-
vailingly non-karstic characteristics surrounded with
carbonate beds, sometimes with highly developed and
deep karst, can virtually be an “island” bearing little or
no geochemical resemblance to the outer regions, but
behaving independently. It is expressly emphasized in
the case of total isolation, when no drainage or other
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ways ol communication, exist in the arca. That is, how-
ever, not the casc here, judging [rom the computed
trend surlaces for Ni and AL

What is regional and what is local can become very
questionable and must be determined separately lor
each element. Moreover, much attention should be
focused on detrended values or residuals, for further
explanations, such as in the case of Cu.

5.3.2. Nature of residuals

In the case ol nonexistent, as well as very low or
inconspicuous trends, residual values, naturally, can not
be much different from the data accounting for the
whole variability. In other words, the map of residuals
will have almost the same appearance as the original
map of untrended values. Examination of both will
undoubtedly lead to the same conclusions. Spatial dis-
tribution of high and low concentrations of these ele-
ments remains practically unchanged, which is to say
that the total variability of data is attributable to the
local effects in the area of investigation.

However, differences become apparent, though not
greatly, when examining the maps with more accentuat-
ed trend, such as in the case of Al, Ni and Cu. The only,
but exceptionally important difference is indicated by
increasing the already high untrended values after the
trend is removed. In this way, the nature of residuals is
still more effectively stressed because it reveals some
influence of specilic local variation in the research area.
Obviously, for Ni and Al it must be conncceted with

river Cetina (probably with the overbank flow), and for
Cu there must be some process of introducing this ele-
ment in the soil through agricultural activity (pollution).

6. CONCLUSION

Estimation of the anthropogenic over natural contri-
bution in the chemical content of sediments is very
important but not easy to determine. Normalization
based on either aluminium or iron as reference conserv-
alive clements, having supposed natural distributions is
an uscful tool in solving this problem. However, this
should be undertaken with caution as several indepen-

dent lactors can influence this normalization which, if

not taken into account, could lead to completely erro-
neous conclusions about the origin ol particular ele-
ments. Analytical data from 95 soil samples from
Sinjsko Polje enable us to critically evaluate this proce-
dure. The lollowing conclusions can be drawn from this
study:

I. On the presumption of an existing linear depen-
dence between the conservative element and the heavy
metal it is possible with the use ol linear regression (o

simultancously deline the heavy metal geochemical
background and to isolate natural and/or anthropogenic
outliers. It was possible to estimate the background
populations and their spatial distributions for Cr, Ni, Zn
and Pb after outlier removal. The process of baseline
estimation was far less successful for Cd and Cu since
Al accounted for less than 30% of their variability indi-
cating that the arca suffers from serious pollution by
these metals and that their chemical mode of occur-
rence in the investigated area is nol governed by the
clay content in the soil.

2. Estimation of the enrichment factor depends upon
four main factors, namely: the choice of reference ele-
ment; the choice of reference malterial; the homogeneity
of reference element distribution in the study area; cor-
relation of a particular element with the reference ele-
ment. :

3. The results of trend surface analysis can be sum-
marized as follows:

a) The regional trend in the study area is very slight
{(Ni, Cu and Al), or, in some cases, practically absent
(Cd and Pb).

b) The spatial distribution of Cd and Pb is apparent-
ly in a domain of the strictly local control factors.

¢) The slight trend shown by Ni and Al is undoubt-
edly related to the river Cetina, in contrast to the trend
shown by Cu, which must be connected with the chemi-
cal pollution in vineyards, and should not be considered
regional.

Statistical analysis, as suggested by the results in
this work, would be more properly used over general
areas in the karstic terrain, with dilferent geological,
geomorphologic and hydrogeological characteristics,
rather than being focused on the relatively small phe-
nomena such as poljes, with many local geologic,
hydrogeological and geochemical features.
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