XIII_1435

GEOME 2
Manuscript received: April 2, 2006
Accepted: October 12, 2006

Geologica Macedonica, Vol. 20, pp. 27-32 (2006)
ISSN 0352 — 1206
UDC: 504.53 : 546.56

Original scientific paper

COPPER IN SURFACE SOIL OF VELES REGION, MACEDONIA

Zlatko Pancevski', Trajce Stafilov', Marina V. Frontasyeva®

!Institute of Chemistry, Faculty of Sciences and Mathematics, "Sts. Cyril and Methodius" University,
P.O.Box 162, 1001 Skopje, Republic of Macedonia
’Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research,
141980 Dubna, Moscow Region, Russian Federation
trajcest@iunona.pmf.ukim.edu.mk

A bstract: For the first time a systematic study of copper distribution in surface soil over of the Veles re-
gion, known for its lead and zinc industrial activity, was undertaken. A total of 201 soil samples were collected ac-
cording to a dense net (0.5 km) in urban and less dense net (1 km) in rural areas. Copper was determined by flame
atomic absorption spectrometry (FAAS) using microwave digestion technique with two different types of solvents:
aqua regia (HCI and HNOs) and the mixture of strong acids (HNO;, HCI, and HF). So far the same soil samples were
subjected to reactor non-destructive multi-element instrumental neutron activation analysis (INAA), it served as a
reference analytical technique for bulk copper determination. The results obtained by two methods of FAAS and
INAA are discussed. GIS technology was applied to reveal the areas most affected by copper contamination. It was
found that the content of copper in soil samples around the lead and zinc smelter plant is the highest and reaches 1800
mg/kg. Copper content in surface soil all around the town of Veles exceeds maximum permissible level for urban sur-
face soil. Elevated copper content in some rural areas of the Veles region most likely could be explained through us-

ing copper containing fungicides for agricultural needs.
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INTRODUCTION

Urban pollution with heavy metals has recently
become a subject of many studies (De Miguel et al.,
1997; Czarmnowska, 1999; Ilyin, 1997; Monaci and
Bargagli, 1997; Pietuchova et al.; 1996; Birke and
Rauch, 1999; Sajn et al., 1998) including several
wide-spread metals such as Ba, Cd, Pb, Cu, Zn, Cr,
etc. The regional contamination of soil occurs mainly
in industrial regions and within centers of large
settlements where factories, motor vehicles and
municipal wastes are the most important sources of
trace metals (A. Kabata-Pendias, H. Pendias, 2001).
Because of heterogeneity and ceaseless changing
of urban areas, it is necessary first to understand
the natural distribution and the methods for distin-
guishing man-made anomalies in nature. The natu-
ral background itself is variable, which means that
higher concentrations of some elements can be nor-
mal for one region but anomalous for the other.
However, there are cases when the industrial enter-
prises, especially metallurgical plants, situated near
cities can increase the pollution.

There were several investigations of soil,
vegetables and fruits produced in the region of Ve-
les but they were mainly concerned with contami-

nation by lead, zinc and cadmium (Stafilov et al.,
1994; Jordanovska and Stafilov, 1996; Stafilov and
Jordanovska, 1997; Filipovski, 2003). Copper was
not determined though it is known that copper
minerals are present in lead and zinc ore and con-
centrates used for the production of Pb and Zn in
the smelter plants (World Bank Group, 1998;
Manahan, 2000). Copper is an essential micro-
nutrient required in the growth of both plants and
animals. Very high concentrations of copper can be
toxic causing adverse effects such as injury to red
blood cells, injury to lungs, as well as damage to
liver and pancreatic functions (Casarett & Doull's
Toxicology, 1995). For this reason the goal of this
work was to determine the content of copper in the
soil from the town of Veles and its surroundings
and to assess the size of the area affected by the
lead and zinc smelter plant situated near the town.

For the determination of copper, two different
analytical techniques were applied: flame atomic
absorption spectrometry (FAAS) in the Institute of
Chemistry, Faculty of Science, Sts. Cyril and
Methodius University in Skopje, and instrumental
neutron activation analysis (INAA) at the [BR-2
reactor, FLNP JINR in Dubna, Russia.
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EXPERIMENTAL

Study area

The study area is characterized by the biggest
pollutant of the town of Veles and the wider region
— the Veles lead and zinc smelter established in
1973 located on the River Vardar. The emission of
lead and zinc dust that literally covers bigger parts
of the town would have been significantly less if
the dominant directions of the local winds were
considered in the selection of the location. Veles
has a specific geographical position. It lies between
two major hills, and below the town is the river
bed of the Vardar. As a raw material concentrate of
ore with a very high content (from 25-50%) of Pb
and Zn is used (mainly containing minerals galena,
PbS, and sphalerite, ZnS).
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Sample collection

Samples of natural surface soil in the town of
Veles and surrounding region were collected ac-
cording to the European guidelines for soil pollu-
tion studies (Theocharopoulos, et al., 2001).

The surroundings were sampled on a 1x1 km
grid; the town on a 500x500 m; and in the polluted
areas on a 250250 m grid. A total of 201 samples
were collected over the area of 33 sq. km (Fig. 1);
about 20 samples of this number were collected in
the direct vicinity of the plant.

Soil was sampled from the topsoils (0-5 cm).
The possible organic horizon was excluded. A
sample represents the composite of material col-
lected in the sample point and in four points on
10 m around it towards N, E, S, and W.
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Fig. 1. Distribution map for copper in the Veles region
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To provide sample representativity the mass
of such composite sample was about 1 kg.

Soil samples were air dried indoors at the
room temperature for about two weeks. Then they
were gently crushed, cleaned from extraneous ma-
terial and sifted through a plastic sieve with 2 mm
meshes. The sifted mass was quartered and milled
in agate mill to an analytical grain size below 0.1
mm (Sajn, 1998).

Sample preparation for the analysis

AAS. Microwave digestion. An Ethos Touch
Control pressurized microwave digestion device
(Milestone, Italy) with a rotor for 12 Teflon diges-
tion vessels was used. The vessels are equipped
with a pressure release system to prevent explo-
sions. A specially designed vessel, which allows a
temperature sensor and a pressure sensor to be
connected and the progress of the digestion to be
monitored, is substituted for one of the 12 vessels.

For AAS soil samples were dissolved by us-
ing the microwave digestion system. Soil sample
of 0.25 g by weight was placed into PFA vessel
and 4.5 ml HCI and 1.5 ml HNO; were added for
the Method 1. For the Method 2, 4 ml HNO;,
2.5 ml HCI and 1 ml HF were added to the sample
of the same weight. The vessels were closed and
placed into a rotor segment, then tightened using a
torque wrench and then the segment was inserted
into a microwave cavity connecting the tempera-
ture and pressure sensors. The conditions for these
two programs are given in Table 1.

Table 1

Microwave program for dissolution
with aqua regia

Step Time Temperature  Power

(min) 0 (W)
Method 1
| 10 ........... oo 500 ................
2 15 200 500
Method 2
1 6 7 160 500
2 4 210 500
3 20 210 500

Finally the vessels were cooled, carefully
opened, and digests were quantitatively transferred
into 50 ml calibrated flasks.
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All chemical reagents used were of analytical
grade. HCl, HNOj; and HF are p.a. from Alkaloid,
Skopje. Stock standard solution for Cu is from So-
lution Plus Inc. (USA) with a concentration of
1 mg ml ™.

INAA. The same well homogenized soil ma-
terial was used for don-destructive multi-element
INAA. Samples of about 0.100 by weight were
sealed in polyethylene bags for short time irradia-
tion in the reactor IBR—2m FLNP JINR, Dubna.

Analysis

FAAS. Copper was determined by flame
AAS using Sollar 2 by Thermo Elemental. Instru-
mental conditions for FAAS determination are
given in Table 2.

Table 2
Instrumental parameters for copper determination
by FAAS
Parameters Cu
Wavelength 324.8 nm
Spectral slit 0.5 nm
Lamp current 5 mA

Gas mixture Acetylene—Air

Background correction D,

NAA. In spite of a low detection limit for
copper determination in soil (30 mg/kg) by INAA,
this reference analytical technique provided data
on copper from irradiation of soil samples for de-
termination of short-lived isotopes. After a 60 second
irradiation and 5 — 7 minutes delay the activity of
#Cu (half-life time 5 min) was recorded by 7-
spectrometry using the 1039 keV line. Further de-
tails on irradiation and counting facilities are given
elsewhere (Frontasyeva and Steinnes, 1995).

Quality control

The QC of AAS determinations was per-
formed by standard addition method and it was
found that the recovery for the investigated ele-
ments ranges between 98.5 to 101.2 %.

The QC of NAA results was ensured by si-
multaneous analysis of the examined samples and
reference materials SDM (Soil) and SI-1 (Bottom
sediments) IAEA (International Atomic Energy
Agency).
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Mapping

The program GRINVEIW from the geo-
graphical information system software package

GIS-INTEGRO with raster and vector graphics
was used to generate raster-based contour map for
copper distribution over the entire sampled area.

RESULTS AND DISCUSSION

Copper is relatively abundant in the earth's
crust. The amount of copper present in soil is de-
pendent on the parent rock type, distance from
natural ore bodies and/or man-made air emission
sources. The primary source for the plants is from
the soil, but small amounts may result from cop-
per-based fungicides. Although copper concentra-
tions in plants tend to increase with increasing
copper concentrations in the soil, soil properties
such as the acidity level and organic matter content
can affect the amount of copper taken up. Acidifi-
cation of the soil through the application of certain
fertilizers, such as ammonium nitrate or organic
materials such as peat moss and pine needles, can
increase the uptake of copper into plants.

The content of copper in soil samples varied
depending on the type of the soil and the geo-
chemical characterization of the region (Kabata-
Pendias and Pendias, 2001). The mean content of
copper ranges from 10 — 20 mg kg for the most of
the soil samples from all over the world to 50 —
60 mg kg ' for some fluvisols or ferrasols (Kabata-
Pendias and Pendias, 2001). Contamination of soil
by copper compounds results from utilization of
copper-containing materials such as fertilizers,
sprays, and agricultural or municipal wastes, as
well as from industrial emissions. The most impor-
tant for copper contamination of soils is its great
ability of surface soils to accumulate this metal. As
a consequence, the copper content in soils has al-
ready been built up to the extremely high concen-
tration of about 3500 mg kg ' Cu from industrial
sources of pollution and of about 1500 mg kg
from agricultural origins of the metal (Beavington,
1975; Freedman and Hatchison, 1980; Tchuldziyan
and Khinov, 1976; Barcan and Kovnatsky, 1998;
Kabata-Pendias and Pendias, 2001).

Therefore, it is very important to follow the
content of copper in the regions with metallurgical
non—ferrous plants producing metals from sulfidic
ores in addition to the content of major pollutant
metals. In this work the content of copper in soil
samples from the town of Veles and its neighbour-
hood was determined. Namely, near the town lead
and zinc smelter plant is situated and the pollution
from lead, zinc and cadmium has been already reg-

istered (Filipovski, 2003; Stafilov et al., 1994; Jor-
danovska and Stafilov, 1996; Stafilov and Jorda-
novska, 1997).

It was important to verify the possibility of
analysis of copper in the samples by their dissolv-
ing in the microwave digestion system using two
different acid mixtures: aqua regia (nitric and hy-
drochloric acid) and aqua regia and hydrofluoric
acid. If copper is connected more with silicate
minerals in the samples, higher values of copper
can be expected in the sample solution obtained by
dissolutions with acid mixture with HF. The ob-
tained results show that the average content of cop-
per obtained by HF dissolution is 64.86 mgkg ',
while the average obtained by aqua regia dissolu-
tion is 61.51 mg kg (5.16 % in general). This
means that the most part of copper in the soil sam-
ples is not connected with silicates but with sul-
fides, sulfates or oxides (Fig 2).
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Fig. 2. Comparison of data for copper content (in mg kg™
obtained by strong acid mixture with HF and with aqua regia

However, some small portions of the sample
still cannot be totally dissolved with the acid mix-
ture even using HF. This can be proved by the
comparison of the obtained data with neutron acti-
vation analysis data and those obtained by FAAS
(Fig. 3). The comparison was performed for copper
content determined by INAA in 36 samples. (Cop-
per content in the rest of soil samples was at the
detection limit or below it.) It can be seen that the
bulk copper content determined by INAA is sys-
tematically higher than those determined by
FAAS.
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Fig. 3. Comparison of data for copper content (mg kg™)
obtained by INAA versus FAAS with strong acids mixture

Copper average content in soil for the whole
investigated region of Veles is 49 mg kg ', while the
average content for the surroundings is 33 mg kg .
Range of copper concentrations is from 10 to 1800
mg/kg. For Veles town the median is 49 mg kg ',

showing that soil in the surroundings of the town
of Veles also characterized by relatively high cop-
per content. This is especially important for the
soils around the lead and zinc smelter plant were
the content of copper in more than 20 soil samples
is higher than 100 mg kg™ (in some cases more
than 500 mg kg ") with maximal copper content of
1800 mg/kg in sampling point. Comparing these
results with the maximum permissible levels for
soil in some European countries (for example, in
the Netherlands were the limits is 36 mg kg ', or
Germany with the limit of 50 mg kg ' (Kabata-
Pendias and Pendias, 2001) the soils of the large
part of Veles region are contaminated with copper.
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INAA

W3BpIIEHO € CHCTEeMAaTCKO HCIUTYBamhe Ha AUCTPH-
OynmjaTa Ha GakapoT BO IOBPIIMHCKH MOYBU BO pErmo-
HOT Ha Benec, mO3HAT MO METANyPLIKAOT KaNalUTET 32
MIPOM3BOAICTBO Ha 0510BO U IHK. CoOpaHnu ce BKynHO 201
MPUMEPOK IOYBH, CO TycTMHA Ha Mpexara of 0,5 km Bo
yp6aHaTa o0iacT u CO MmoMmasia T'yCTHHA Ha Mpeskarta (o
1 km) Bo pypannarta obiact. bakapoT e onpepaenyBaH co
IIaMeHa aToMcCKa arcopruyona criektpomerpuja (ITAAC)
CO NpeTXOflHa NPHUMEHAa Ha MHUKpOOpaHOBA TEXHHUKA 3a
pa3lioxyBame €O fABE pAa3JIMYHH CMECH Off KUCEIUHHU:
"mapcka Boa" (HCl m HNO;) u cMeca Off CHITHU KUCETHHA
(HNOs, HC1 1 HF). UcTo Taka, npuMepoILuTe Of OYBa ce
7 TpefMEeT Ha UCIHUTYBaka CO PeaKTOpcKaTa HelleCTpPYK-
THBHA MYJITHEJIEMEHTHa WHCTPYMEHTaJHa HEyTpOHCKa
akTuBanuona ananmsa (MHAA), Koja ciysku Kako pede-

PEHTHa TeXHHUKa 3a OmpefeyBameTo Ha 6akap. Bo Tpy-
IOT ce fuckytupanu pesyiararute poouenu co [IAAC u
MHAA. ITpumenera e Texnonorujata GIS 3a yrBpayBame
Ha 3arajieHuTe o0acTu co 6akap. Y TBPAEHO € fieKa COp-
>KMHaTa Ha 6akap BO NPUMEPOIMTE Off TOYBA BO OKOJIH-
HaTa Ha TONMJIHUIATA 33 OJIOBO M IIMHK € HajBUCOKA, HO-
crurayBajkn u o 1800 mg kg™'. CoppkunaTa Ha 6aKapoT
BO IOYBUTE OKOJY TpPajfioT ja HAJMHHYBa MaKCHMAaJHO
MO3BOJIEHATa BPEMHOCT 3a ypbGaHa obiact (crmoped HOp-
MUTE Ha HEKOW eBPOICKH ip>KaBn). [[poMeHNIuBUTE Bpef-
HOCTH 3a COAp>KMHaTa Ha 6akap BO pypajiHaTa o6iacT Ha
peruoHoT Ha Benec moxart fja ce oGjacHaT U cO IpUMeHa-
Ta Ha 3alUTUTHH CPEJICTBA BO 3€MjOJEIICTBOTO.
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