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SCANNING ELECTRON MICROSCOPY STUDIES OF PARTICLES
(PM-10) FROM THE TOWN OF KAVADARCI AND VILAGE
VOZARCI , REPUBLIC OF MACEDONIA

Ivan Boev!

' “Goce Delcev” University, Stip, Republic of Macedonia
ivan.boev@ugd.edu.mk

Abstract

In this paper the results are presented which are obtained with an analyses
on the PM-10 particles by applying the Scanning electronic microscopy from
the region of the town of Kavadarci during the month of November 2014.
The obtained results point to the fact that the [IM-10 particles are mostly of
litogenic origin, that is, the determined mineral contents point to the fact that
the particles mostly originate from the local geological environment. Only in
one sample it was determined the presence of anthropogenic particles which
could be linked with the activity of the metallurgic factory for production of
fero-nickel which is located near the researched region.

Keywords: PM-10 particles, scanning electronic microscopy, Kavadarci,
Vozarci.
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UCIIATYBABE HA YECTUYKUTE (IIM-10) O KABAJTAPIIU U
CEJIO BO3APIU, PETIYBINKA MAKEJOHMNJA, KOPUCTEJKHA
EJEKTPOHCKHN MUKPOCKOII (SEM)

HNeBau Boes!

1 Yuusepsurer ,,['one [denues” - llltun, P. Makenonuja
ivan.boev@ugd.edu.mk

AncTpakT

Bo TpynoT ce npukaskaHu pe3yaTaTUTe IITO ce JOOMEHHW CO aHaju3a Ha
yectnykute [IM-10 co nprmMeHa Ha CKEHUHT eJIeKTPOHCKATa MUKPOCKOIH]ja Off
peoHoT Ha rpagot KaBagapuu Bo TeKoT Ha HoeMBpu 2014 ropuna. [lobueHurte
pe3yaTaTu BO OCHOBAa yKaxKyBaaT Ha (pakToT jieka uectuukute [IM-10 Bo
HajrosieM OpOj MMaaT JIMTOr€HO MOTEKJO, OJHOCHO YTBPJCHUOT MHUHEpAJIeH
COCTaB YKaxKyBa Ha (pakTOT JleKa YeCTMUKUTE BO HajrojeM Opoj MOTEeKHyBaaT
Of1 JIOKAJIHUOT reoJiolku ckjon. CaMo BO €fleH NMpUMEpoK Oellle yTBPAEHO
NPUCYCTBO HAa aHTPONOreHN YeCTHYKM KOM MOXKAT Jla ce MoBp3atT co padoTara
Ha METAJTyprUuCKAOT KOMOMHAT 32 MPOMU3BOJICTBO HA (DEPOHUKE, KOj € JIOMpaH
BO HerocpeiHa 6JIM3MHA Ha UCTPa’KyBaHUOT PETHOH.

Knyunn 36opoBu: uecmuuxu [IM-10, ckanumz enekmporckama
mukxpockonuja, Kasaoapuu, Bosapyu.

1. Introduction

The town of Kavadarci is in Republic of Macedonia (south-East Europe)
near the border with Republic of Greece (Fig. 1). About 40 000 inhabitants
live in the town which is located in the south part of the Tikves area. The
inhabitants are working in the field of agriculture (production of grapes and
wine), and some of them work in the industry for production of fero-nickel as
well as in the industry for production electro-parts for motor vehicle (Stafilov
et al, 2008, Stafilov et al, 2010, Baceva et al, 2011, Boev et al 2013, Stafilov
et al,2013).

The geographical position and relief of Tikves valley is a significant
factor which affects the overall climatic characteristics. It is an area where two
zonal climates have their effects: Continental and Mediterranean.

The Continental climate exists on the north and continues along the River
Vardar and Bregalnica. As a result there are short but quite cold periods.

The Mediterranean climate affects the south coming from the Aegean
Sea, bringing mild winters with relatively high temperatures
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The Tikves valley is a rather warm area, which positively affects the
development of winegrowing. The average temperature in Kavadarci is 18.9°C
(from the highest temperature of 41°C), in Demir Kapija 19.5°C (from the
highest temperature of 44.5°C). The warmest months in Kavadarci are July
and August with average monthly temperature of 24.7°C, and the coldest
month being January with average monthly temperature of 1.5°C.

The largest part of Tikves valley is characterized by small amounts
of precipitation. The area around Gradsko is considered to have the lowest
precipitation in Republic of Macedonia. The average annual precipitation in
Kavadarci is 484mm.

Romania
P & Harzegoving Sattia 5
Mortenegrs
Ersata 1 Kosow Buigara
v
Abar
il Greece
PRI i Aglomeratic tulf
+ | Datnium £ 5" Agglomeratic andeste tuff
+ | Dafhevium ne_ Travertne Emestons
+ Lowar river terrace [#] Travertne umesione
& | Upper river temace = Sandy series
i) Fibver larvca [T~ sands and s | Conglomerates [l vaities ana dolomites
Tl i 4 Upper yeliow (a
% marks, shales. sandstones (b) . schists, cherts and cabases 32 P i
E3) i arz-sericite schists a
[ Uippst rinar tnrack |5 Lowar yeliow sandstones - Disbases ooy
5" Tufts and breccias % Limestones - Gabibros [l #renisoites and amphiscle schists

Fig.1. Goegraphical and geological map of area of Kavdarci (Ivan Boev,
2014)
Ca. 1. Teorpadcka u reosonika mana Ha obnacta Kapamapium

2. Geological settings
The geological ingredients in the area of Tikves involves various
geological formations (Rakicevic and Hristov, 1965) with different geological
age (Fig.1). The oldest formations have a NW-SE direction and belong to the
inner part of the Vardar zone. The lowest Paleozoic (Pz) metamorphic layer
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consists of two series amphibolites and amphibole-chloritic shale with marble
pro-layers and quartz- sericite shale with marble pro-layer and phyllites. In the
structure of the Vardar zone there is presence of serpentinites.

Over the Paleozoic formations the Mesozoic formations developed (Mz),
mainly in the lower chalk zone. The Turonian sandstones (K2), conglomerates
and massive chalkstone stretch south-west and western part of the Tikves area.
The diabase and submarion outpouring of spilite are also common in the lower
part of this sequence, where there are smaller masses of gabrous. The Paleozoic
and Mesozoic rocks cover almost 40km? from the west and south-west part of
Tikves area.

Upper eocenic (E,) flich sediments and yellow sandstones are present
along the valleys of the Vardar, Crna Reka and Luda Mara, as well as in a small
amount in the Tikves basin. These sediments with 3900m depth cover 35m?of
the northern part of the area.

The Tikves basin is filled with Pliocene (Pl) sediments represented with
various series of sandstone. The Pliocene sediments cover the largest part of
the area (about 190km?).

South-east of Kavadarci there are quartery (Q) pyroclastic vulcanic rocks
represented by tufs, brecias and conglomerates, which cover about 25% of the
area. The quarterly period is represented with diluvium (d), river terraces (t)
and alluvium (al).

3. Methodology

Gathering samples is done according to standard procedures by setting up
two mobile stations, one in the area of village Vozarci (near the iron smeltery
for ferronickel) and the other in the urban part of the town of Kavadarci. 10
samples have been collected in the area of the village Vazarci, and 13 from the
urban part of Kavadarci.

The determination of concentration of elements in traces is performed
applying the ICP-MS method with accordance to ISO standards.

SEM analyzes were recorder on Scanning electron microscopy VEGA3
LMU and INCAEnergy 250 Microanalysis System for quantitative analyzes of
the samples. SEM analyzes are made with SE detector on 20kV voltage. First
we clean the samples and then put small piece on sample holder with carbon
double — adhesive tape on it. The samples were analyzed on high vacuum mode
more than 0.018 Pa. Sample surface is motorized on 5 axes (x-y-z, rotation and
tilt). For scanning electron microscopy is used VegaTC software.

The energy—dispersive X-ray system for SEM is fully quantitative SDD
with excellent performance at low and high count rates. Capable of achieving
a resolution better than 125eV on the MnK , FK and CK peaks. The working
distance for X-ray is 15 mm.
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4. Result and discussion

The concentration of the solid particles in the air, determined with the
indicative measures conducted in the industrial zone of Kavadrci during the
month of November 2014, on the measuring lots in Kavadrci and Vozarci
are within the frames of the 24-hours limit for protection of human health
prescribed but the procedure for limit values for levels and types of pollution
substances in the air and levels of alarm, terms for reaching the limit values,
margins of tolerance for limit values, objective values and long-term objectives
9”Official Newspaper of RM3, No. 50/05), except on 17 and 21 of March),
when an insignificant (<10%) noverflow of the limit value is observed.

It should also be noted that the geo-chemical contents of the particles
I[IM-10 (Table 1.) points to the fact that there are no anthropogenic values and
that the particles contents mostly correlates to the litogenic contents as a result
of the geological structure.

The studies conducted through SEM point to the presence of mineral
phases from the type of feldspar, plagioclase, pyroxene and quartz (Fig.1-5).
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Table 1. Chemical composition of particles PM-10 (ICP-MS)
Tabeaa 1. Xemuicku cocta Ha yectnukute [IM-10 (ICP-MS)
07/PO37 | 08/PO37 | 09/PO37 10/37 11/PO37 | 12/PO37 13/37 15/37

KavadarcilKavadarcilKavadarcilKavadarcilKavadarcilKavadarcil Vozarci | Vozarci
mg/kg
Li <025 | <025 | <0,25 | <025 | <025 | <025 | <0,25 | <0,25
Be <0,25 <0,25 <0,25 <0,25 <0,25 <0,25 <0,25 <0,25
B 230,85 | 147,08 | 205,51 | 12642 | 426,07 | 123,96 1,59 151,11
Na 1949 2529 2343 1512 1848 1378 998 2038
Mg 158 177 272 272 114 96 194 285
Al 221 264 191 116 154 140 182 380
P 22,8 212 38,6 254 15,1 139 32,7 543
K 1405 2310 2413 1030 1173 1587 1183 1737
Ca 20 18 5849 4346 11 5188 2832 4457

Ti <125 | <125 | <125 | <125 | <125 | <125 | <125 | <125
v <025 | <025 | <0,25 0,53 <025 | <025 0,27 0,35
Cr 2,75 5,85 2,68 597 2,81 14,28 6,59 <1,25
Mn | 499 244 443 5,98 2,57 1,63 5,72 6,66
Fel | <125 | <125 | <125 | 11532 | <125 | <12,5 | 13425 | 185,53
Co | <025 | <025 | <025 0,38 <025 | <025 0,27 0,30
Ni 25,60 | 48,93 3,08 12,39 3,96 <1,25 7,76 11,71
Cu | 1230 1,96 3,15 <125 | <125 | <1,25 2,32 4,29
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Zn | 43,70 | 4420 | 4540 | 4038 | 37,82 1498 | 46,86 | 30,08
Ga 0,20 <025 | <025 | <025 | <025 | <025 | <025 1,04
Ge | <025 | <025 | <025 | <025 | <025 | <025 | <025 | <0.25
As | <025 | <025 1,60 <0,25 0,31 0,22 0,84 0,73
Se <025 | <025 | <025 | <025 | <0,25 | <025 | <0,25 | <025
Rb 0,60 1,33 1,88 0,08 1,06 1,29 0,59 2,13
Sr <0,25 | <025 1.47 <025 | <025 | <0,25 | <025 0,25
Mo | <025 | <025 | <025 | <025 | <025 | <025 | <025 | <025
Pd 043 <025 | <025 | <0,25 | <025 | <0,25 | <025 0,97
Ag | <025 | <025 | <025 0,31 <025 | <025 | <0,25 0,18
Cd | <025 | <025 | <0,25 2,12 0,23 <0,25 0,28 0,57
Sn 247 3,09 542 6,97 6,76 5043 13,96 18,62
Sb | <025 | <025 | <025 | <025 | <025 | <025 | <0,25 | <0.,25
Cs | <025 | <025 | <025 | <025 | <0,25 0,23 <025 | <025
Ba 13,39 10,14 8,72 0,98 6,62 1,58 1043 | 46,67
Tl <025 | <025 0.26 <0,25 0,26 0.40 3,90 045
Pb 487 2,90 145 0,31 1,79 2,53 2,22 242
Bi <125 | <125 | <1,25 | <125 | <1,25 | <125 | <1,25 | <125
Th | <025 | <025 | <025 | <025 | <0,25 | <0,25 | <0,25 | <025
U <025 | <025 | <025 | <025 | <025 | <025 | <025 | <025
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Element Weight% |Atomic%
OK 57.66 73.17
MgK |14.36 11.99
SiK 12.37 8.94
CaK 1.57 0.80
Fe K 14.04 5.11
Totals |100.00

1 2 3 4 H & 7

[Fun Scale 78 cts Cursor: 0.000 ke

Fig.2. SEM and EDS analysis of particles PM-10 (Pyroxene)(Kavadarci)
Ca. 2. SEM u EDS anam3u Ha yectnukute [IM-10 (ITupokcen)(Kapamapim)

Element Weight% |Atomic%

OK 58.85 71.51
SiK 41.15 28.49

Totals |100.00

1 2 3 4 5 & 7
[Full Scale 78 cts cursor: 0.000 ke

Fig.3. SEM and EDS analysis of particles PM-10 (Quartz) (Kavadarci)
Ca. 3. SEM u EDS anamm3u Ha yectnukute [IM-10 (KBapm)(Kasagapim)
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Elemen (Weight |Atomic
t Y% %o

OK 6191 71.73
MgK 2.32 1.92
AlK 4.61 3.43
SiK 9.48 6.78
CaK 16.59 8.31

Fe K 5.09 1.83

Totals  |100.00

30pm Etoctron Image 1

1 2 3 p s & 7
[Full Scale 78 cts Cursor: 0.000 ke

Fig.4. SEM and EDS analysis of particles PM-10 (Complex silicates)
(Kavadarci)
Ca.4.SEM u EDS ananu3u Ha yectnukute [IM-10 (CunukareH KOMIIeKc)
(KaBapgapun)

Element Weight% |Atomic%

OK 47.93 61.66
AIK  |5.86 4.47
SiK 46.21 33.87

Totals |100.00

1 2 H 4 s & 7
[Full Scale 72 cts cursor. 0.000 ke

Fig.5. SEM and EDS analysis of particles PM-10 (Quartz)(Kavadarci)
Ca.5. SEM u EDS ananu3zu Ha yectuukute [IM-10 (Ksapu)(Kasagapim)
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