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A bstract: The results of the spatial distribution of zinc in topsoil (0-10 cm) over the city of Skopje, Repub-
lic of Macedonia, are reported. The soil samples from 233 previously defined locations in the study area were col-
lected. Inductively coupled plasma — atomic emission spectrometry (ICP-AES) was applied for the determination of
zinc. Data analysis and construction of the map were performed using the Statistica (ver. 9), AutoDesk Map (ver.
2008) and Surfer (ver. 9) software’s. It was found that the median content of zinc in the topsoil for the entire study
area is 100 mg/kg (with a range of 23-18000 mg/kg) which exceeds the estimated Macedonian and European zinc
median contents in topsoil by a factor of 1.2 and 1.9, respectively. It is evident that the content of zinc is high in the
topsoils from the industrial areas (156 mg/kg) exceeding the target value of Dutch standards (140 mg/kg) which is a
result of contamination, mainly by dust from the iron and steel works.
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INTRODUCTION

Zinc is the 22" most abundant element in the
Earth’s upper continental crust, with an estimated
abundance of 75 mg/kg. The global average
amount of Zn in soils is 90 mg/kg (Bowen, 1979)
and in European topsoil is 68 mg/kg. Zinc occurs
in oxidation state +2 and has five naturally occur-
ring stable isotopes. Many naturally occurring Zn
minerals exist of which sphalerite (ZnS), smithso-
nite (ZnCOs), zincite (ZnO), vurcite (ZnS), ganite
(ZnAl,04) and hemimorfite [Zn4(OH),Si,0;-H,0]
are a few examples. Zinc is present as an accessory
element in many common minerals, such as pyrox-
ene, amphibole, mica garnet, sulphides and mag-
netite (Stafilov & Sajn, 2016). Zinc typically ex-
hibits elevated concentrations in mafic rocks (in
basalt about 100 mg/kg) and lower values in felsic
rocks (in granite about 50 mg/kg). Most sediment
rocks contain between 20 and 100 mg/kg Zn (shale
and schist have the highest values) (Stafilov &
Sajn, 2016).

The most important anthropogenic sources of
Zn are the metallurgy industry, burning of fossil
fuels, mines and Zn ore processing. Most Zn is
used in car industries, alloys and galvanzation pro-

cedures, the colour industry, lacquers and oint-
ments. Zinc is employed to form numerous alloys
with other metals. Zinc is also used extensively to
galvanize other metals such as iron, to prevent cor-
rosion. Zinc oxide is widely used in the manufac-
ture of paints, rubber products, cosmetics, pharma-
ceuticals, floor coverings, plastics, printing inks
and soap etc. Therefore, Zn is often present in ur-
ban regions where it is mostly generated from in-
dustrial activities and traffic (Adriano, 1986- Sajn
et al., 1998; Crnkovi¢ et al., 2006; Stafilov et al.,
2009, 2010).

Zinc is an essential element for most living
organism with important role in enzymes processes
and cellular metabolism (Sandstead, 1994), in im-
mune function, protein synthesis, DNA synthesis,
and cell division (Prasad, 1995). Even the toxicity
of Zn is relatively low there are cases when poi-
soning with Zn can occur in both acute and chronic
forms. Acute adverse effects of high zinc intake
include nausea, vomiting, loss of appetite, abdomi-
nal cramps, diarhea and headaches. The chronic
effects are expressed as low copper status, altered
iron function, reduced immune function, and re-
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duced levels of high-density lipoproteins (Rink &
Gabriel, 2000) or in raising the possibility that
chronically high intakes of zinc adversely affect
some aspects of urinary physiology (Johnson et al.,
2007).

Previously Jancev et al. (2010, 2014) have
published data for the contents of several elements
in soils from the Skopje Valley including Zn (Pb,
Zn, Cu, Ni, Cr, Ba, Y and As) determined by ESA
method (emission spectral analysis) with very high
calculated average and median values for most of
these elements, which is as a result of the analyti-
cal technique applied. Therefore the results present

in this work are the first detailed data about the
content of zinc in the soil of the city of Skopje.
Thus, the purpose of this work is monitoring and
determination the distribution of zinc in the soil in
the city of Skopje, Republic of Macedonia, and its
immediate surroundings. From the investigated
region topsoil samples (0—10 cm) were taken from
233 locations. The content of zinc was analyzed
using atomic emission spectroscopy with inductive
coupled plasma (ICP-AES). All data about the con-
tent of zinc were statistically processed and from
the obtained results distribution map was prepared.

STUDY AREA

Skopje, the capital and the largest city in the
Republic of Macedonia, occupies the northern part
of the Republic of Macedonia. The Skopje region
covers an area of 1815 km” with a width of 10 km
and in a length of 25 km from which the urban area
covers an area of about 225 km? (Figure 1). The
region is clearly defined from the natural sur-
roundings by mountain massifs. To the south the
Mt. Jakupica separates it from the Pelagonia Val-
ley; to the east the hill of Gradeski Rid separates it
from Ovce Pole, to the north-east it is open to Ku-
manovo Valley through the Romanovce Downbhill,

and to the north the Mt. Skopska Crna Gora sepa-
rates it from the Kosovo Valley. To the west the
mountain of Zeden separates the Skopje Valley
from the Polog Valley (MOEPP, 2009). The city of
Skopje has 550,000 inhabitants.

Geographical location and orographic charac-
teristics are the major modifiers of the climate in
Skopje Valley: there is no direct influence of the
Mediterranean climate and it is directly affected by
continental influences, while a typical mountain
climate prevails in the higher mountains (Laza-
revski, 1993; MOEPP, 2009).

Scale (km)
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Fig. 1. Location of the investigated area in the Republic of Macedonia
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The Skopje Valley is built of Neogene-Qua-
ternary sediments, and its mounts and hilly parts
consist of rock masses of various ages (Figure 2).
Precambrian rocks are present in the southern part
of the valley in various petrographic varieties
(gneiss, mica, leptinolites, cipolines and marbles).
Magmatic granite rocks are embossed in these
rocks in the spots and today are quite changed (i.e.
highly metamorphosed). Precambrian rocks are
mostly found on the mounts of Kitka and Suva
Planina and they penetrate under the Neogene
sediments to the valley of the Markova Reka river.
In structural view these areas belong to the periph-
eral part of the Pelagonian horst-anticlinorium and
on the mountains of Osoj and Vodno they are in
tectonic contact with Paleozoic schists (MOEPP,
2009).

Paleozoic rocks are found in the northern and
western brim of the valley, in the mountains of
Osoj and Vodno, along the river of Fus§, the mounts
of Zeden and Skopska Crna Gora and also near
Katlanovo. More petrographic varieties appear
(marbles, low crystalline schists, quartzites and
granites). From a structural point of view these
terrains are part of the Western Macedonian zone,
which reaches a deep fault along the Vardar zone.
Mesozoic rocks are mainly found in the south,
north and north-west of Skopje Valley. The Skop-
ska Crna Gora mountain is mainly built of Paleo-
zoic rocks, and belongs to the Vardar zone (Sta-
filov & Sajn, 2016). Cenozoic rocks are repre-
sented by conglomerates and flysch sediments de-
posited in older terrains on the flat southern parts
of the valley.

Fig. 2. Geological map of the investigated area
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The bottom of the valley mainly consists of
Neogene and Quaternary sediments. Neogene
sediments are mostly found in the basin of Marko-
va Reka river, between Katlanovo and Taor, near
the villages of Brazda, Glumovo and Nerezi; Qua-
ternary sediments and conglomerates are mostly
found in the southern part of the valley, while gla-
cial and moren forms are found in the southern ba-
sin of the river of Markova Reka, among other
places. The most widespread alluvial and proluvial
sediments are found at the bottom of the valley
from 220 to 240 m (MOEPP, 2009).

A geological map of the investigated area was
prepared acording to the Geological Map of the
Republic of Macedonia from 1976 (Pendzerkovski
& Hadzi-Mitrova, 1977) (Figure 2). It can be seen
Quaternary floodplain sediments, Quaternary
swamp sediments and Quaternary younger river
terraces are present along the Vardar, Treska and
Lepenec rivers. The mountain Vodno in the south
is built mostly of Pliocene sediments and Paleozoic
rocks, with some Miocene sediments and Quater-
nary older river terraces at the foot of the mountain
close to the city. Pliocene and Miocene sediments
compose the western part of the study area, while

the northern part is mostly composed of Quater-
nary older river terraces and Miocene sediments.
Quaternary swamp sediments are present in the
eastern part of the study area.

In pedological structure of the Skopje region
the following types of soils could be found: verti-
sols, red soil (terra rossa), cambisols, solonetzes,
alluvial soils and skeletal soils. The most prevalent
soil type in the Skopje Field are alluvial soils
which cover an area of about 10,000 ha, mostly on
the right side of the Vardar river and along the
lengths of the major Vardar, Treska Lepenec,
P¢inja and Markova Reka rivers (MOEPP, 2009).
Vertisols appear at all altitudes and they are ranked
as relatively fertile soils and are suitable for grow-
ing cereals (Stojmilov, 2002). Red soils, present on
the Skopska Crna Gora, Jakupica and Zeden moun-
tains in the eastern part of the valley, among other
locations, are the oldest soils in the valley. The
lower slopes of Mt. Skopska Crna Gora are under
deluvial soils. Terra rossa soils appear on the
higher hills while cambisols originate from delu-
vial and alluvial soils. Most of them are present in
the north-west part of the area (MOEPP, 2009).

MATERIALS AND METHODS

Sampling, sample preparation and analyses

Samples of surface soil (0-10 cm) were col-
lected for analysis from 233 previously defined
locations in the study area (Figure 3). All samples
were collected in accordance with specific stan-
dards for collecting soil. Each sample must be rep-
resentative, which means each sample should be a
mixture of five samples collected in an area of 10 x
10 m. It is important to collect the sample at each
defined coordinate. Figure 3 presents a map show-
ing the soil sampling locations in the city of Skopje
and its surroundings. The soil samples were packed
in polyethylene bags marked with a code and sam-
ple number.

The soil samples brought to the laboratory
were cleaned and homogenized and dried at room
temperature or in a drying oven at 40°C. Subse-
quently, they were passed through a 2 mm sieve
and ground in a porcelain mortar until reaching a
final particle size of 125 um. For decomposition of
soil samples, a wet process of decomposition was
applied via the addition of a mixture of acids. In
PTFE vessels, 5 ml of concentrated HNO; was
added to 0.2500 g of fine-ground sample; the proc-

ess was repeated until brown vapours appeared.
Then, 2 ml of HCIO4 and 5-10 ml of HF were
added. When the soil samples are completely dis-
solved, 5 ml of H,O and 1 ml of HCI were added.
This is performed once or twice, depending on
whether the soil was completely dissolved. Finally,
dissolved sample was filtered and transferred to a
25 ml calibrated flask and made up to the mark
with redistilled water.

The prepared solutions were analyzed by
atomic emission spectrometry with inductively
coupled plasma (ICP-AES) according to the in-
strumental conditions previously given by Bala-
banova et al. (2011).

Data processing and preparation
of distribution maps

From the obtained results descriptive statistics
were prepared and multivariate factor analyses by
R-method were applied in order to identify the as-
sociations of the chemical elements (Reimann et
al., 2002). Spatial distribution maps were prepared
for each factor using universal kriging method with
a linear variogram interpolation.

Geologica Macedonica, 31 (1), 73-81 (2017)
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Fig. 3. Topographic map of the investigated area with the sampling locations

RESULTS AND DISCUSSION

Data from the descriptive statistics of meas-
urements of zinc in topsoil from the city of Skopje
are given in Table 1 and its spatial distribution is
presented on Figure 4. The average content of Zn
in soil from the investigated area is 230 mg/kg,
with a minimum value of 23 mg/kg and a maxi-
mum determined content of 18000 mg/kg. The
median value for the content of Zn in soil is 100
mg/kg. The highest content of Zn was found in the
soil collected from the eastern part of Skopje
(Madzari, eastern industrial zone and the central
part of the city). A higher content of Zn was also
found in the soil samples collected from the north-
ern part (Figure 4). A higher content of Zn was
also found in smaller areas in the south-eastern,
southern and western parts of Skopje.

According to the geological formations, a
higher content of Zn was found in the soil over the
Miocene sediments and Quaternary young and old

terraces (Table 2, Figures. 4 and 5). The average
content of Zn according to the geological forma-
tions ranges from 79 to 118 mg/kg, with the lowest
average content in soil over the Pliocene sediments
(79 mg/kg) and the highest average content (118
mg/kg) in soils over the Quaternary old terraces
(Table 2).

Table 1

Descriptive statistics for the content of zinc
in surface soil (mg/kg)

n X X(BC) Md Min Max PlO P25 P75 Pgo
233 230 100 100 23 18000 69 82 130 200

n = number of soil samples; X = arithmetical average; X(BC) = arith-
metical average after Box-Cox method; Md = median; Min = mini-
mum; Max = maximum; P;o= 10" percentile; Pys = 25 percentile; P75
=75 percentile; Poy= 90 percentile
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Fig. 4. Spatial distribution of the content of zinc in the soil from the city of Skopje

According to the land use, the average content
of Zn ranges from 83 to 156 mg/kg. A higher aver-
age content of Zn was found in soils from the in-
dustrial areas (156 mg/kg) and the lowest average
content was found in soils covered by shrubs (83
mg/kg) (Table 2, Figure 5).

From the comparison of the obtained values
for Zn with Dutch standards it can be noted that the
Box-Cox average content of Zn in soil from Skopje
is below the target value (140 mg/kg), with the ex-
ception of its average content in soils from the in-
dustrial zone (156 mg/kg) but is consistently lower
that the intervention value (720 mg/kg). The higher
value of Zn in soil from the industrial zone is a
result of contamination, mainly by dust from the
iron and steel works. Namely, it was found that the
content of Zn in filter dust from the steel produc-
tion which was left on the open place for a long
period is about 23 % (Stafilov, 1991, De Koning et
al., 2005, Stafilov et al., 2009).

A comparative analysis was conducted based
on the data of the contents of zinc in the soils in
Macedonia (Stafilov & Sajn, 2016) and Europe
(Salminen et al., 2005) (Table 2). For the compara-
tive analysis, the average and median values were
used from which the median value was shown as a
more stable parameter. From data presented in Ta-
ble 3 it can be seen that the average and median
contents of zinc are higher in relation to the data
for Macedonian soil for 1.6 and 1.2 times, respec-
tively. These differences in the content of zinc in
soil from Skopje and in the topsoil from the whole
territory of Macedonia are due to the anthropo-
genic influences. The average and median contents
of zinc are 3.4 and 1.9 greater in soils from Skopje
than in European soils, respectively, also due to the
anthropogenic influences of industry and urban
activities in Skopje.

Geologica Macedonica, 31 (1), 73-81 (2017)
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Table 2

Average contents of zinc in soil according to the geological formations and land use (mg/kg)

Geological formation Zn Land use Zn
Quaternary floodplain 92 Forest 97
Quaternary swamp sediments 90 Shrub 83
Quaternary young terraces 110 Open area 110
Quaternary old terraces 118 Cultivated land 86
Pliocene sediments 79 Urban area (low buildup) 116
Miocene sediments 108 Urban area (high buildup) 134

Industrial area 156
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Fig. 5. Average content of Zn according to the geological formations and land use

Table 3
Comparison of the median, minimal and maximal values of zinc in soil from Skopje
with those for soil from Macedonia and Europe (mg/kg)
Skopje (this work) Macedonia (Stafilov & §ajn, 2016) : Europe (Salminen et. al., 2005) Dutch standard
X Md Min — Max X Md Min — Max X Md Min — Max Target Intervention
230 100 23 - 18000 140 83 8.0 — 10000 68 52 <3 -2900 140 720

X = arithmetical average; Md — median; Min — minimum; Max — maximum
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CONCLUSION

The results of the study of spatial distribution
of zinc in topsoil (0 — 10 cm) over the city of
Skopje, Republic of Macedonia, show that the ar-
ithmetical average content of Zn in the topsoil for
the entire study area is 230 mg/kg, while the Box-
Cox average and the median content is 100 mg/kg
with a range of 23 mg/kg to 18000 mg/kg. The
highest content of Zn was found in the soil col-
lected from the eastern part of Skopje (eastern in-
dustrial zone) with the average of 156 mg/kg.

From the comparison of the obtained values for Zn
with Dutch standards it can be noted that the Box-
Cox average content of Zn in soil from Skopje is
below the target value of Dutch standards (140
mg/kg), with the exception of its average content
in soils from the industrial zone of 156 mg/kg. It
was found established that the higher value of Zn
in soil from the industrial zone is a result of con-
tamination, mainly by dust from the steel produc-
tion.
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Peszume

IMPOCTOPHA JUCTPUBYIIUJA HA IUHK BO ITOYBUTE Ol TPAJIOT CKOIIJE
N HETI'OBATA OKOJIMHA, PEIIYBJIMKA MAKEJOHHUJA

Tpajue CTaqmnosl*, Pobept I.l.lajﬂz, Jbaypa Axmern'

! Hncimuiayi 3a xemuja, [Tpupoono-maitiemaiivuku Gaxyriteid, Yuusepsuieit ,, Ce. Kupun u Memoouj“ 6o Cxoiije,
Apxumeoosa 5, 1000 Ckoiije, Peityboauxa Makedonuja
*Teonowu 3a600 na Cnosenuja, Jumuyesa ya. 14, 1000 Jby6wana, Crosenuja
trajcest@pmf.ukim.mk

Kny4ynn 360poBu: IMHK; I04YBa; IpocTopHa aucTpulOynuja; Cromje; Penyonuka Makenonuja

IIpe3enTupanu ce pe3yaraTuTe OJf MPOCTOpHATA JHUC-
TpuOylHja Ha UHK BO HoBpmuHCKaTa nouysa (0 — 10 cm) ox
rpagor Cxomje, Perryomka Makenonuja. I[Ipumeponure mod-
Ba ce 3eMaHH Of mpeTxoAHo aehuHupanu 233 nokanuu. 3a
ompeJelyBambe Ha IIMHKOT IPUMEHEeTa € aTOMCKaTa eMHCHOHA
CIEKTPOMETpPHja €O HWHAYKTHBHO crperHara miasma (ICP-
AES). 3a 06pab0oTKa Ha IOJATOLHTE U KOHCTPYHPakhe Ha Kap-
TaTa Ha AUCTpHOyIMja mpuMeHeTH ce copTBepute Statistica
(ver. 9), AutoDesk Map (ver. 2008) u Surfer (ver. 9). YTBpze-
HO € JieKa BPeIHOCTa Ha MeJMjaHaTa Ha COJp)KMHATA Ha LIMH-

Geologica Macedonica, 31 (1), 73-81 (2017)

KOT BO MOBPIIMHCKUTE MOYBH O] LIEJIOTO UCITUTYBAHO MOJpay-
je m3necysa 100 mg/kg (ox 23 mo 18000 mg/kg) mro ru Han-
MHHYBA IIPECMETAHUTE BPEIHOCTH HA MEIMjaHaTa HA COAPIKH-
HaTa Ha IIMHK BO MOBPIIMHCKMTE MOYBM o MakenoHuja u
EBpomna 3a 1,2 u 1,9 matu, coonBeTHo. YTBPACHO € JeKa COap-
JKMHATAa HAa LIMHKOT € MOBHMCOKAa BO MOBPIIMHCKHTE MOYBU BO
uHAycTpuckara 3oHa (156 mg/kg) HanMUHYBajku ja onTu-
MajHaTa BPEIHOCT CHopeln XoJaHiackuTe cTanmapau (140
mg/kg) mWTO € pe3ynaTar Ha 3araayBame, IJIaBHO of paboraTa
Ha JKeJNle3apHUIaTa.






