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ŠµÏ±Ê´ Œ. ¨ ¤·. E14-2004-179
‡ £·Ö§´¥´¨¥ ÉÖ¦¥²Ò³¨ ³¥É ²² ³¨ ¶µ¢¥·Ì´µ¸É´ÒÌ ¶µÎ¢
· °µ´  ’·Ô°¸ (’Ê·Í¨Ö)

‚ · ¡µÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ¶µ¢¥·Ì´µ¸É´ÒÌ ¶µÎ¢, µÉµ¡· ´´ÒÌ ¢ 73
ÉµÎ± Ì ´  É¥··¨Éµ·¨¨ · °µ´  ’·Ô°¸ ¢ ¸¥¢¥·µ-§ ¶ ¤´µ° Î ¸É¨ ’Ê·Í¨¨. �·¨ ¨¸¶µ²Ó§µ¢ ´¨¨
¤¢ÊÌ ¢§ ¨³µ¤µ¶µ²´ÖÕÐ¨Ì ³¥Éµ¤µ¢ Å Ô¶¨É¥¶²µ¢µ£µ ´¥°É·µ´´µ£µ  ±É¨¢ Í¨µ´´µ£µ  ´ ²¨§ 
(����) ¨  Éµ³´µ°  ¡¸µ·¡Í¨µ´´µ° ¸¶¥±É·µ¸±µ¶¨¨ ¸ ¶² ³¥´´µ°  Éµ³¨§ Í¨¥° (��‘) ¨
 Éµ³¨§ Í¨¥° ¢ £· Ë¨Éµ¢µ° ¶¥Î¨ (ƒ” ��‘) Ê¸É ´µ¢²¥´Ò ±µ´Í¥´É· Í¨¨ 37 Ô²¥³¥´Éµ¢. ‘µ-
¤¥·¦ ´¨¥ Cu, Zn, Ni, Cd, Mn, Co, Pb ¨ As µ¶·¥¤¥²Ö²¨ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ��‘ ¨ ƒ” ��‘,
µ¸É ²Ó´Ò¥ 29 Ô²¥³¥´Éµ¢ ¡Ò²¨ µ¶·¥¤¥²¥´Ò ¶·¨ ¶µ³µÐ¨ ����. ‚¶¥·¢Ò¥ ¶Ê¡²¨±ÊÕÉ¸Ö
¤ ´´Ò¥ µ ¸µ¤¥·¦ ´¨¨ As, Ba, Br, Ca, Cd, Ce, Cr, Cs, Eu, Fe, Hf, I, In, K, La, Mn, Mo,
Na, Nd, Rb, Sb, Sc, Sm, Sr, Ta, Tb, Th, Ti, U ¨ V ¢ ¶µÎ¢ Ì ¤ ´´µ£µ ·¥£¨µ´ . �¥§Ê²ÓÉ ÉÒ
¶µ± §Ò¢ ÕÉ, ÎÉµ ¨¸¸²¥¤Ê¥³Ò¥ ¶µÎ¢Ò ³¨´¨³ ²Ó´µ ¶µ¤¢¥·¦¥´Ò ¢²¨Ö´¨Õ ¶·µ³ÒÏ²¥´´µ¸É¨
¨²¨ ± ±µ°-²¨¡µ ¤·Ê£µ°  ´É·µ¶µ£¥´´µ° ¤¥ÖÉ¥²Ó´µ¸É¨. � ¸¶·¥¤¥²¥´¨¥ Ô²¥³¥´Éµ¢ ¢ ¶µÎ¢ Ì,
¢¥·µÖÉ´¥¥ ¢¸¥£µ, µ¡ÑÖ¸´Ö¥É¸Ö ²¨Éµ£¥´´Ò³¨ ¢ ·¨ Í¨Ö³¨ Ì¨³¨Î¥¸±µ£µ ¸µ¸É ¢  ³ É¥·¨´¸±¨Ì
¶µ·µ¤, §  ¨¸±²ÕÎ¥´¨¥³, µÎ¥¢¨¤´µ, ¶µ¢ÒÏ¥´´ÒÌ ±µ´Í¥´É· Í¨° Pb, Cu, Cd ¨ Zn ¢ ¶µÎ¢ Ì
¢ · °µ´¥ ‘É ³¡Ê² . �·µ¸É· ´¸É¢¥´´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¸µ¤¥·¦ ´¨Ö Cu, Zn, Ni, Cd, Cr, Pb
¨ As ´  ¨¸¸²¥¤Ê¥³µ° É¥··¨Éµ·¨¨ ± ·É¨·µ¢ ´µ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ƒˆ‘-É¥Ì´µ²µ£¨°.
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Heavy Metal Pollution of Surface Soil in Thrace Region (Turkey)

Samples of surface soil were collected at 73 sites in the Thrace region, northwest part
of Turkey. Two complementary analytical techniques, epithermal neutron activation analysis
(ENAA) and atomic absorption spectrometry (AAS) with 
ame and graphite furnace atom-
ization were used to determine 37 elements in the soil samples. Concentrations of Cu, Zn,
Ni, Cd, Mn, Co, Pb, and As were determined using AAS and GF AAS and ENAA was used
for the remaining 29 elements. Results for As, Ba, Br, Ca, Cd, Ce, Cr, Cs, Eu, Fe, Hf, I,
In, K, La, Mn, Mo, Na, Nd, Rb, Sb, Sc, Sm, Sr, Ta, Tb, Th, Ti, U, and V are reported
for the ˇrst time for soils from this region. The results show that concentrations of the most
elements were little affected by the industrial and other anthropogenic activities performed
in the region. Except for distinctly higher levels of Pb, Cu, Cd, and Zn in Istanbul district
than the median values for the Thrace region, the observed distributions seem to be mainly
associated with lithogenic variations. Spatial distributions of Cu, Zn, Ni, Cd, Cr, Pb, and
As were plotted in relation to the concentration values in soil using Geographic Information
System (GIS) technology.

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR,
at the Department of Chemistry, Norwegian University of Science and Technology (Trond-
heim, Norway) and at the C�anakkale Onsekiz Mart éUniversitesi Sa�glik Hizmetleri Meslek
Yéuksekokulu (Turkey).
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INTRODUCTION

The soil, a main part of the terrestrial ecosystem, is a habitat for a great
number of organisms but at the same time, it is perhaps the most endangered
component of our environment, open to in
uence from a variety of different
pollutants arising from human activities (industrial, agricultural, etc.) [1, 2].
Prevention of soil pollution and its harmful effects however requires some basic
knowledge about the soil. The soil has a very complex structure and exhibits
greatly different properties from place to place. On each site, the soil has different
features and it is not always easy to decide if a part of an area is polluted or not.
However, if some basic knowledge (geochemical properties, human activities, and
atmospheric contamination, etc.) is available for the area of interest it may be
easier to determine the degree of pollution for that area.

Among pollutants, heavy metals have been the subject of particular atten-
tion because of their long-standing toxicity when exceeding speciˇc thresholds.
Among the key issues in the environmental research on heavy metals is their
mobility in the ecosystems and transfer in the food chains [3, 4, 5, 6, 7, 8]. Un-
controlled development in industry, agriculture and urbanization accelerates the
input of heavy metals into the environment in many parts of the world. Many
scientiˇc activities have been devoted to the determination of sources, types, and
degree of heavy metal pollution in soil [9, 10, 11]. An important background
for this kind of work is knowledge of geochemical baseline concentrations of
elements. Frequently erroneous conclusions are drawn about soil pollution with
metals because the baseline information does not exist.

In the Thrace region, situated in the northwestern part of Turkey, geochemical
baseline concentrations in soil are lacking not only for most of the commonly
discussed heavy metals but also for most other trace elements. This region is
one of the most important agricultural areas of Turkey and has very fertile soils.
The organic matter content of the topsoil is normally low. Intensive use of
the region for agriculture, strong increase of the population in connection with
industrialization, and opening the farmlands to urbanization means a high risk of
polluting the soil with heavy metals and other harmful substances. The region
also has highways with dense automobile trafˇc, and many industrial enterprises
are located in this region. Lack of strict application of environmental protection
legislation, need for better control of the pollution situation and absence of basic
data about heavy metal pollution in the region was the background for the present
work. The work is intended to be a base for future investigations of activities
leading to temporary changes in concentrations of elements in Thrace region soil.
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Distribution maps produced will help to clarify the situation in the region with
respect to heavy metal level.

EXPERIMENTAL

The region, which has an area of 24 000 km2, was divided into 20 × 20 km
square grids and topsoil (the uppermost 10 cm) was collected within each square
at 73 sites in September 2001 (Fig. 1). All samples were collected at least 300
meters away from highways and 50 meters away from the other roads.

Open, uncultivated and 
at areas of land were chosen. The region has three
main types of soil (GDRS data): these are eutric vertisol (covers the greatest part
of the region), mollic fulvisol, and rendzic leptosol (Fig. 2) [12].

Fig. 1. Sampling region and sampling sites

Samples were collected using plastic tools and stored in plastic bags. All
samples were dried and passed through a 2-mm sieve. Aliquots of about 0.4 g
were digested with 5 ml 65% HNO3 in a microwave digestion system for the
determination of the HNO3-soluble fraction of heavy metals.

The concentrations of Pb, As, and Cd were determined by means of a graphite
furnace atomic absorption spectrometry (Perkin Elmer AA-600) with an automatic
sample changer (AS-800). A NH4H2PO4 + Mg2O3 mixture for the determination
of Cd and Pb, and PdNO3 for the determination of As were used as matrix modi-
ˇers. Cu, Zn, and Ni were determined using 
ame atomic absorption spectrometry
(Perkin Elmer 1100B). Accuracy was checked by analysis of reference material
from National Institute of Standards and Technology (NIST 2709 San Joaquin
Soil). In the case of As, Pb and Cd, the reference material SpS-Sw2 Batch 108
(Spectra pure Standards AS) was used in addition to the soil reference material.
Running of blanks was done to check possible contamination of sample extracts.
All blanks, one for every ˇve sample, were prepared at the same time and the
same conditions as for the samples. About 20% of the samples were analyzed
in replicate for the control of total variation in sampling, analysis, and extraction
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of the sample. Good agreements between results of replicates were observed
(p < 0.01). Sample solutions were run in triplicate. The relative deviation (RSD)
between the three parallel measurements was normally less than 5%. Contents
of the other 29 elements were determined using Epithermal Neutron Activation
Analysis (ENAA) as described elsewhere [12].

SPSS 10 for Windows was used for principal component analysis. Ge-
ographic Information System (GIS) technology was used for constructing the
distribution maps of elements concentration over the area. Surfer 6.0 software
with kriging algorithm was used to interpolate the data.

Fig. 2. Soil composition of Thrace region (from GDRS)

RESULTS AND DISCUSSION

Descriptive statistics for some elements were given in Table 1, along with
World median values for the same elements estimated by Bowen [14]. In Table 2,
the present results for Cu, Zn, Ni, Cd, Cr, Pb, and As were compared with
international reference values for soils [15]. Results from VARIMAX principal
component analysis (PCA) were listed in Table 3. Spatial distributions of elements
were plotted according to their concentrations (Fig. 3).

The present maximum values of all elements in Table 2 except Pb, Cd and
Cu are lower than the maximum value of normal range values of natural soils
cited by the EEA report. However, the same values of As, Cd, Cr, Cu, Ni, Pb
and Zn exceed the Dutch standard values (normal level in good soil) for these
elements. On the other hand, median values of all these elements are below the
Dutch standard values for good soil but the maximum values of Cr, Cu, Ni and Pb
are higher than the maximum allowable levels of Dutch standard values. These
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Table 1. Descriptive statistics for heavy metals studied in this work (mg/kg)

Mean Median Range World median∗

As 8 7 1.9Ä51 6
Ba 550 490 240Ä1160 500
Br 8 6 0.1Ä30 10
Ca 30700 16100 1750Ä164700 15000
Cd 0.2 0.1 0.03Ä1.7 0.35
Ce 69 64 30Ä150 50
Co 11 10 1.5Ä27 8
Cr 173 93 20Ä830 70
Cs 4.0 3.4 1.4Ä12.8 4
Cu 20 16 1.8Ä167 30
Eu 0.8 0.8 0.2Ä1.6 1
Fe 26900 27100 5800Ä55400 40000
Hf 5.4 5.0 2.2Ä10 6
I 8.5 8.0 2.2Ä22 5
In 0.4 0.4 0.09Ä0.7 1
K 20100 19100 8700Ä46700 14000
La 26 25 11.5Ä59.7 40
Mn 600 467 62Ä3760 1000
Mo 0.6 0.5 0.08Ä4.6 1.2
Na 7800 7700 1400Ä21700 5000
Nd 24 23 12Ä5 035
Ni 50 36 2.6Ä249 50
Pb 33 19 4.8Ä968 35 (12∗∗)
Rb 93 89 35.5Ä186 150
Sb 0.9 0.6 0.2Ä6.7 1
Sc 10 10 3.5Ä20 7
Sm 5.6 5.4 2Ä13 4.5
Sr 178 149 44Ä543 250
Ta 1.2 1.0 0.4Ä2.2 2
Tb 0.8 0.7 0.3Ä1.4 0.7
Th 9 9 4Ä24 9
Ti 3700 3800 1500Ä6800 5000
U 2.6 2.3 1.3Ä5.5 2
V 78 80 18.6Ä170 90
Zn 45 45 6Ä165 90
∗Values from Bowen (1979).
∗∗Prior to global contamination.

results showed that there had been pollution of these elements in some sampling
points where the maximum values obtained were more than the Dutch maximum
allowable values.
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Table 2. Normal range of heavy metals in natural soil and Dutch value for good soil
quality (mg/kg) from EEA 1999 report [15]

Range in Normal level B value C value (needs Present Present
natural in good soil (maximum soil decon- study study
soil∗ (Dutch allowable tamination (range) (median

standard)∗ level)∗∗ measures)∗∗ value)

As 1Ä50 29 1.9Ä51 7
Cd 0.01Ä0.70 0.8 5 20 0.03Ä1.7 0.1
Cr 1Ä1000 100 250 800 20Ä830 93
Cu 2Ä100 36 100 500 1.8Ä167 16
Ni 7Ä4.280 35 100 500 2.6Ä249 36
Pb 2Ä200 85 150 600 4.8Ä968 19
Zn 10Ä300 140 500 3000 6Ä165 45
∗Source: International Ash Working Group, 1997; Lame and Leenaers, 1998.
∗∗From Dutch standard-1988, quoted by Ewers, 1991 and Lacatusu, 1998 [16].

The results obtained in this work are also compared with similar data for
Izmit Gulf surface soil [17]. The two sets of data show good agreement for rural
soil. Yilmaz et al.'s mean values for Cu, Zn and Pb were 21, 56 and 16 ppm,
respectively, whereas our median values for Cu, Zn and Pb are 16.2, 44.5 and
18.9, respectively. The present median values also show close agreement in most
cases with world median values for soil (Bowen, 1979). The highest values of
the metals shown in Table 2 were observed in areas near to Istanbul. The lead
maximum value is nearly ˇve times higher than EEA maximum value of normal
range for natural soil and eleven times higher than Dutch value for good soil.
The chief sources are presumably intensive vehicle trafˇc and various industrial
activities in the Istanbul region. The above results show that there are some areas
in Thrace region that are polluted with heavy metals to undesirable levels. In
the following the observed results for the above seven elements are discussed in
relations to the distribution maps in Fig. 3.

As

The highest values of As are observed in samples from the Istanbul district
and from areas near the Bulgarian border. However, the obtained concentrations
of As are between the limitation values of EEA for natural soil value (Table 2).

Cd

The greater part of Thrace region seems not to be polluted with Cd, except in
the vicinity of Istanbul and near the Bulgarian border, where Cd concentrations
are the highest.
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Table 3. Results of principal component analysis

Rotated Matrix Component

1 2 3 4 5

% of Variance 21.7 % 19.1 % 12.0 % 8.3 % 6.3 %
As 0.153 0.088 0.861 0.132 Ä0.103
Ba 0.141 Ä0.209 Ä0.249 Ä0.321 0.767
Br 0.448 0.173 0.198 0.601 Ä0.039
Ca Ä0.144 0.293 0.539 0.248 0.182
Cd 0.497 Ä0.052 0.499 0.306 Ä0.072
Ce 0.917 0.163 0.091 0.118 0.100
Co 0.304 0.759 0.056 0.305 Ä0.090
Cr Ä0.142 0.576 Ä0.261 0.317 0.015
Cs 0.469 0.542 0.215 0.113 0.158
Cu Ä0.111 0.294 0.846 0.152 0.039
Eu 0.687 0.387 Ä0.063 0.142 0.173
Fe 0.321 0.848 0.156 0.188 0.034
Hf 0.364 Ä0.290 Ä0.353 Ä0.064 0.021
I 0.318 0.220 0.164 0.670 0.016
In 0.054 Ä0.112 0.279 Ä0.036 0.430
K 0.081 Ä0.158 Ä0.141 Ä0.707 0.504
La 0.927 0.141 0.092 Ä0.029 Ä0.027
Mn 0.617 0.217 0.145 0.026 Ä0.004
Mo 0.292 0.086 0.455 Ä0.159 -0.058
Na Ä0.180 0.143 Ä0.349 Ä0.665 0.098
Nd 0.791 0.234 0.020 0.234 0.148
Ni Ä0.133 0.793 Ä0.049 0.270 Ä0.083
Pb Ä0.215 Ä0.039 0.676 0.127 0.161
Rb 0.422 Ä0.008 Ä0.103 Ä0.252 0.755
Sb 0.208 0.011 0.863 0.080 Ä0.104
Sc 0.338 0.893 0.110 0.013 0.036
Sm 0.882 0.245 0.052 Ä0.055 Ä0.038
Sr Ä0.191 0.206 0.010 0.222 0.561
Ta 0.747 0.121 Ä0.030 Ä0.044 Ä0.089
Tb 0.737 0.460 Ä0.009 0.218 0.084
Th 0.713 0.221 0.013 0.144 0.392
Ti 0.382 0.786 0.102 Ä0.048 Ä0.223
U 0.650 0.092 0.184 Ä0.509 Ä0.011
V 0.291 0.815 0.239 0.015 Ä0.187
Zn 0.416 0.568 0.463 0.280 0.082

Extraction Method: Principal Component Analysis. Rotation Method:

VARIMAX with Kaiser Normalization. Rotation converged in 12 iterations.
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Fig. 3, a

Fig. 3, b
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Fig. 3, c

Fig. 3, d
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Fig. 3, e

Fig. 3, f
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Fig. 3, g. Spatial distribution of heavy metals in Thrace region (a Å As; b Å Cd; c Å
Cr; d Å Cu; e Å Ni; f Å Pb; g Å Zn)

Cr
Cr concentrations in the northern part of the region are lower than in the

southern part and all obtained values are not outstanding than given values for
world average. This difference may be explained by the fact that the two regions
have different soil types. The south part is mainly covered by eutric vertisol
(Fig. 2) and the distributions of Cr and this soil type match each other.

Cu
The greater part of the region has low levels of Cu, except the Istanbul

area and the area near to the Bulgarian border. The highest single value is
observed in Istanbul area, probably due to polluting activities in the metropolitan
area. Another high value near the Bulgarian border is difˇcult to explain by any
activity on the Turkish side, and may originate from transboundary pollution.

Pb
Severe pollution is observed near to Istanbul and at two local points near the

borders to Bulgaria and Greece. The greater part of the region however appears
not to be appreciably polluted. The highest value of Pb is evident in samples from
Istanbul, nearly ˇve times higher than the accepted maximum value for natural
soil (Table 2).
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Ni
The southwest part of the region shows higher levels than the northern part.

The distribution pattern of Ni is similar to those of Cr and eutric vertisol soils,
and it seems that it is mainly of natural origin.

Zn
Slight Zn pollution is evident in the vicinity of Istanbul and near the Bulgarian

border. The greater part of the region appears not to be polluted. The PCA deˇnes
a component matrix consisting of ˇve different factors, which are interpreted as
follows: F1 (Ce, Eu, La, Mn, Nd, Sm, Ta, Tb, Th, and U) represents one
lithogenic component. The distribution pattern of F1 shows no relation with
settlement areas. F2 (Co, Cr, Cs, Fe, Ni, Ti, Zn) could re
ect a combination
of industrial pollution and a lithogenic component, but may as well be entirely
lithogenic.

All elements associated with F3 (As, Ca, Cd, Cu, Pb, Sb) indicate pollution
from industries and other anthropogenic activities. F4 (Br, I, K, Na) may indicate
contribution to the soils from the atmospheric deposition of marine salts. F5
(Ba, Rb, Sr) is interpreted as an additional lithogenic component. These results
are similar to corresponding interpretations of top-soil heavy metal data from the
literature [10, 18].

It should be emphasized that there is a lack of data for the natural concentra-
tions of most of these elements in the bedrock and underground soils in Thrace.
It is therefore fully possible that values that would be deˇned as pollution in other
regions simply represent the natural background. As indicated above that could
clearly be possible in the cases of Cr and Ni, where there are no particular air
pollution sources that could explain the apparently high values in the south. That
however does not eliminate the need for further studies in order to see if the high
levels of the metals in question are yielding similarly high levels in agricultural
crops. Even if the reason for the high levels encountered is natural, it may be
that crops absorb these metals to high levels.

CONCLUSIONS

The PCA and the measured results show that surface soils in the Thrace
region are polluted to a certain extent with several of the metals studied in this
work. This situation is also obvious from the distribution maps shown for some
of the elements. The heavy metal pollution is particularly pronounced in areas
near Istanbul, but we are not aware of any scientiˇc studies so far showing
harmful effects of this pollution on the human population or other biological
species. However, large amounts of crops, especially vegetables, are harvested
from gardens and farmlands near to Istanbul and served to people living in the
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city. Because of this, it is necessary to determine the levels of heavy metals in
soil and apply strict rules regulating the use of soils for agriculture and other
purposes. The degree of soil pollution around the city of Istanbul may indicate
a risk for human health also in connection with pollution of fresh watersources
supplying the city with drinking water. Further studies should be carried out in
all areas where excessive levels are shown in the surface soils, even if the reason
is a high natural content, in order to see to what extent agricultural crops growing
on these soils have metal concentrations within acceptable levels.

Acknowledgements. This work was supported by the Research Fund of the
University of Istanbul, Project No. 1672/30042001. Mahmut Cos�kun is grate-
ful to the Norwegian Government for Scholarship 2002/2003, and the Scientiˇc
and Technical Research Council of Turkey (TUBITAKÄNATO B2) for the Sci-
ence Fellowship, and the Joint Institute for Nuclear Research for the research
fellowship.

REFERENCES

1. Djingova R., Kuleff I. Thrace Elements Å Their Distribution and Effects in the
Environment. Department of Environmental and Industrial Health School of Public
Health. University of Michigan, 2000. P. 138Ä184.

2. Morton-Bermea O. et al. Heavy Metal Concentrations in Surface Soil from Mexico
City // Bull. Environ. Contam. Toxicol. 2002. V. 68. P. 383Ä388.

3. Steinnes E. et al. Evidence of Large Scale Heavy-Metal Contamination of Natural
Surface Soil in Norway from Long-Range Atmospheric Transport // The Science of
the Total Environment. 1997. V. 205. P. 255-266.

4. Steinnes E. et al. A Gradient Study of 34 Elements in the Vicinity of a Copper-Nickel
Smelter in the Kola Peninsula // Environmental Monitoring and Assessment. 2000.
V. 60. P. 71Ä88.

5. Donisa C. et al. Heavy Metal Pollution by Atmospheric Transport in Natural Soils
from the Northern Part of Eastern Carpathians // Water, Air and Soil Pollution. 2000.
V. 120. P. 347Ä358.

6. Fytianos K. et al. Accumulation of Heavy Metals in Vegetables Grown in an Industrial
Area in Relation to Soil // Bull. Environ. Contam. Toxicol. 2001. V. 67. P. 423Ä430.

7. Sanghi R., Sasi K. S. // Pesticides and Heavy Metals in Agricultural Soil of Kanpur,
India // Bull. Environ. Contam. Toxicol. 2001. V. 67. P. 446Ä454.

8. Lin Y., Teng T. P., Chang T. K. // Multivariate Analysis of Soil Heavy Metal Pollution
and Landscape Pattern in Changhua Country in Taiwan // Landscape and Urban
Planning. 2002. V. 934. P. 1Ä17.

13



9. Einax J. W., Soldt U. Multivariate Geostatistical Analysis of Soil Contaminations //
Fresenius J. Anal. Chem. 1998. V. 361. P. 10Ä14.

10. Facchinelli A., Sacchi E., Mallen L. Multivariate Statistical and GIS-Based Approach
to Identify Heavy Metal Sources in Soils // Environmental Pollution. 2001. V. 114.
P. 313Ä324.

11. Brus D. J. et al. Mapping the Probability of Exceeding Critical Thresholds for Cad-
mium Concentrations in Soils in the Netherlands // J. Environ. Qual. 2002. V. 31.
P. 1875Ä1884.

12. GDRS (General Directorate of Rural Services). Soil and Water Resources National
Information Center. www.khgm.gov.tr/gdrs.htm

13. Frontasyeva M. V., Nazarov V. M., Steinnes E. Moss as Monitor of Heavy Metal Depo-
sition: Comparison of Different Multi-Element Analytical Techniques // J. Radioanal.
Nucl. Chem. 1994. V. 181. P. 363Ä371.

14. Bowen H. J. M. The Environmental Chemistry of the Elements. London; N. Y.: Aca-
demic Press, 1979.

15. EEA. Environment in the European Union at the Turn of the Century. ISBN: 92-
9167-202-0, Catalogue No. GH-18-98-784-EN-C. Copenhagen: European Environ-
ment Agency, 1999.

16. Lacatusu R. Appraising Level of Soil Contamination and Pollution with Heavy Metals.
European Soil Bureau Research Report No. 4, EUR 17729 EN, 393-402, 1998.

17. Yilmaz F. et al. Heavy Metal Concentrations in Surface Soils of Izmit Gulf Region,
Turkey // J. Trace and Microprobe Techniques. 2003. V. 21. P. 523Ä531.

18. Jeran Z. et al. Atmospheric Heavy Metal Pollution in Slovenia Derived from Results
for Epiphytic Lichen // Fresenius J. Anal. Chem. 1996. V. 354. P. 681Ä687.

Received on November 17, 2004.



Šµ··¥±Éµ· ’. …. �µ¶¥±µ

�µ¤¶¨¸ ´µ ¢ ¶¥Î ÉÓ 28.12.2004.
”µ·³ É 60× 90/16. �Ê³ £  µË¸¥É´ Ö. �¥Î ÉÓ µË¸¥É´ Ö.

“¸². ¶¥Î. ². 1,06. “Î.-¨§¤. ². 1,51. ’¨· ¦ 285 Ô±§. ‡ ± § º 54719.

ˆ§¤ É¥²Ó¸±¨° µÉ¤¥² 	¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°
141980, £. „Ê¡´ , Œµ¸±µ¢¸± Ö µ¡²., Ê². †µ²¨µ-ŠÕ·¨, 6.

E-mail: publish@pds.jinr.ru
www.jinr.ru/publish/


