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Abstract. Composite monthly samples of airborne particles collected at the
measuring station in Lazarevac (Kolubara basin, Serbia) during nine consecu-
tive months were chemically characterized in this study. The concentrations
of certain minor elements in the PM;; particles exceed a pallet of the elements
that contain values higher than the maximum allowed concentrations. The
most concerning are the As and Co concentrations, two very toxic elements
that can cause cancer-related sicknesses through eventual inhalation.

This report connects the chemical composition of the suspended air particles
(potential pollutants) with their source and provides an estimate of the air quali-
ty in the investigated area for a particular timeframe of several consecutive
months. The results indicated that air quality in Lazarevac area was rather low,
affected by the excessive As and Co concentrations. The main source of the meas-
ured air pollution was an increased level of ash. The resulting ash-dominating
pollution implies the necessity of the use of proper air filters in the nearby
thermo-electric power plants, and sustainable use of coal in domestic house-
holds. In addition, the pollution can be moderated by careful use of coal as a
solid fuel in individual local households. The results additionally provide a solid
base for the future comparative studies of the local and regional air quality.

AnctpakT. KoMIIO3UTHY MeceyHU y30pLM Basd/yXa CaKyl/baHU Cy TOKOM
JleBeT Mecelld Ha MepHoj cTaHuuu Jlazapesal (Koay6apcku 6aceH, Cp6uja).
Y3opuu cycneHpoBaHux yectuua (PM;,) cy aHa/iM3upaHy Ha XeMUjCKH ca-
ctaB. KoHLleHTpauuje ogpeheHnx MukpoeseMeHaray PM;, yecTuiiamMma noka-
3yjy KOju eJleMeHTH caZp)Ke BPeJHOCTU M3HAJ MaKCHMaJHe [J03BOJbeHe
KOHIL|eHTpauuje. Y 3abpumanajyhe noBuiieHUM KoHIleHTpanujama cy As u Co
KOjU Cy [iBa jaKO TOKCHMYHa eJleMeHTa Koja MHXaJallujoM MOry U3a3BaTH
KaHLeporeHa 060/bema.

Y oBOM pajly Cy NoBe3aHM XeMMjCKH cacTaB YeCTHIla ca hUXOBUM U3BOpPUMA
KOjHU Jlajy NPOLeHy KBaJIUTeTa Ba3/yxa y y30pKOBAaHOM NoJApy4jy y oznpebhe-
HOM BpeMeHCKOM HHTepBaJy. Pe3ysiTaTu y30pKoBamba TOKOM UCIUTUBAHOT
BpPeMEeHCKOI MUHTepBaJia [T0Ka3yjy JIoll KBaJIUTeT Ba3Jyxa Ha nozapy4jy Jla-
3apeBlia KOjH je Y3pOKOBaH NMOBUILEHUM KOoHLeHTpalnyjama As u Co. 3amebhy
OCTaJ/IuX, Kao IVIaBHU U3BOp 3arabera Bas/yxa je MOBUILEH caJpXaj nemnesa
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y Ba3zayxy. JloMHHAHTHO 3araheme nernesioM ykasyje Ha noTpebe HHCTaNaLHje
Ba3JyLIHUX QUITEPA HA TEPMOEJIEKTPAHY, Ka0 U CMakheHO KopHUIlhemwe yriba
Kao0 YBPCTOT TOPHBA Y JIOKJIHUM JoMahuHCTBUMA. HaKOH 0BUX U TPETXOAHUX
HCTpPaKMBaka KBAJIUTETA Ba3/lyXa HHCTAIMPAHU cy GUITEepU HaA JIOKAJIHY

K/byuyHe peyn:

CycneHdosaHe yecmuye, Makpo
KOMNOHeHmMe, MUKPOKOMNOHEeHMe,
Kosy6apcku 6aceH, Jlazapesay.

TepMoesiekTpaHy. Ho, 6e3 063upa Ha yrpajmwy GuiaTepa, pe3yaTaTH HcC-
TpaKMBalba Cy BeoMa Jo6pa OCHOBAa M MOTY INOCIAYXHUTH 3a Oyayhe
KOMIIapaTHBHE Ka0o U KOpeJaTHUBHE CTyJUje 0 KBaJIUTETY Ba3Jyxa Ha HC-
TPa>KUBAHOM IIPOCTOPY.

Introduction

The tropospheric air contains a certain amount
of aerosol particles often found in solid- or fluid
states. Beside natural aerosols, the Earth’s atmos-
phere contains a considerable quantity of so-called
industrial aerosols that might have a negative effect
on local flora and fauna, and importantly represent
a serious danger for human health.

Particulate matter (PM), as a criteria air pollu-
tant, is a complex mixture of chemical agents in par-
ticles, ranging from nanometer-sized molecular
clusters to coarse dust particles being large enough
to not to be inhaled into the lungs with aerodynamic
diameter >10 pm. Particle composition is known to
affect health risk (commonly attributed to the com-
bustion products which include mechanically gen-
erated dust), in particular those airborne particles
which size goes below 2,5 p including those de-
creasing below 10 um - have been associated with
excess mortality and morbidity in numerous epi-
demiological studies (LippMAN, 2012).

The main sources of coarse suspended matter
(PM;(), both in urban and rural areas are: power
plants, vehicles and traffic, furnace combustion
(wood and coal), mechanically-generated- and
wind-raised dust (construction site dust, landfill
site-produced dust, dust from agricultural area,
street dust), fires, smelters.

There is a widely accepted hypothesis that chem-
ical components of particles and their capacity to
carry potentially toxic substances are the key risk
factors affecting human health. However, it is not
fully understood which of these particles are the de-
cisive influencers on human health (WanG et al,,
2005). Thus, suspended particles can often be found
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in concentrations considerably above the natural
background levels (in particular anthropogenic
processes in urban areas) affecting local human
population (e.g., exposure to metallic particles; BAEzZ
etal, 2007).

Coal combustion in thermo-electric power plants
encompasses exclusively combustion of organic por-
tion of coal whereas inorganic components usually
do not burn. Nevertheless, the combustion can in-
duce a series of physicochemical transformations of
inorganic components of coal, which ultimately re-
main in the ash. Combustion-transformed inorganic
parts remain in the ash being a by-product of the
main coal (organic matter) combustion. These inor-
ganic elements show various distribution patterns
among combustion-derived mineral fractions (Popo-
vIC & DjorDJEVIC, 2005). This provide a possibility to
differentiate the bottom ash (residue) and “fly ash”.

By the decrease in ash particle size, the concen-
trations of As, Cu, Mo, Pb and Zn increase (Popovic
etal, 2001), with appearance of Se and Cr (SHAH et
al,, 2008). In case that quartz is more abundant in
the fly ash, pyrite and carbonates make a more sig-
nificant part of contribution the bottom ash (Popovic
etal, 2001).

Along with smoke gases, fly ash and electro-filter
ash may reach local air bypassing the installed elec-
tro filters; such air can be enriched with metal par-
ticles and carry up to 85% of the total amount of ash
in thermo-electric power plants. In Serbia, 6-7 t of
ash is produced per year (solemnly local power
plants), and is mostly deposited near thermo-elec-
tric power plants. Just a small quantity is used in the
cement industry (BASCAREVIC et al., 2006). Suspended
ash and mineral dust particles (less than 10 um in
size), in addition to their quantity and quality may
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cause a deterioration of human health (FuBini &
AREAN, 1999; JENG et al.,, 2010; CATALANO et al.,, 2012).
If particles with toxic elements are inhaled, there is
a risk of being transferred directly to the blood-
stream through the lungs. Consequently, the moni-
toring of heavy metal content in suspended particles
is of a great importance.

Owing to their toxicity or carcinogenicity, 10
metals are listed among 188 hazardous air pollutant
substances, including following compounds (YUE et
al.,, 2007): As (0.03pg/m?3), Be (0.02 pg/m3), Cd
(0.02 pg/m?3), Cr®* (0.008-0.1 ug/m3), Co (0.1 pg/m?3),
Pb (1.5 pg/m?3), Ni (0.1-0.2 pg/m?3), Mn (0.05 pg/m?3),
Hg (0.09 ug/m?) and Se (0.08-20.0 pg/m3).

Combustion of various types of coals in thermo-
electric power plants, industrial boilers, and house-
hold furnaces represents a primary source of Sb, Se,
Tl, Be, Ni and V. In addition, industrial coal combus-
tion contributes to the releasing of As, Cr; Cu, Mn and
Zn in atmosphere. Combined with coal combustion
products in individual households the metal-en-
riched aerosol may additionally cause an increase
of Hg, Mo, Se, As, Cr, Mn, Ti. The wood combustion,
however, cause an increased concentration of V, Ni
and Sn (BLock & DAMS, 1975; VukMIRoVIC, 1997; Tasi¢
et al,, 2006). According to the authors, these ele-
ments have documented a negative impact on the
public health and the environment. At last, a pres-
ence of Ni and Mn is dominantly associated with a
combustion of oil-using furnaces and ferroalloys
(BAez et al., 2007).

Studies of fly ash derived from combustion of
coal from the Kolubara basin indicate that coal con-
tains an incombustible, inorganic matter that
through combustion process partly becomes a
glassy, amorphic matter (BASCAREvIC et al., 2006).
The ash content is mostly composed of quartz and
alumosilicates, with low contents of feldspars and
anhidrite. Particles of fly ash are generally spherical
in shape with diameters of 0,5 pum to 100 pm and
mostly contain Si0,-Al,03;-Fe,0;-Ca0-MgO in de-
scending order (DorpEVIC et al., 2005; BASCAREVIC et
al,, 2006). Trace elements appear in the following
order: Ni>Cr>As>B>Cu>Co=Pb>V>Zn>Mn (VUKASI-
Novi¢ et al,, 2009).

Street dust is an important source of heavy metal
pollution, and in particular, inhalation of fine parti-
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cles may result in the intake of highly toxic metals
in urban areas. Street or road dust develops from
dry and wet deposition, biological inputs, road sur-
face deterioration, road paint degradation, vehicle
abrading including vehicular fluid and emission of
fluid-associated particles (KaBADAYI & CESUR, 2010).
By elevating particles from the ground and through
their re-suspension, ca. 50% of total natural emis-
sions of Cr, Ni, V, 20-30% Mo, Ni, Pb, Sb, Zn and
<10% Hg and Se can be emitted back into the at-
mosphere (VukMIRovI¢, 1997). Urban dust can con-
tain following heavy metals: Cr, Cu, Ni, V, Ba, Co, Mn
and Pb, as reported by numerous authors (NorRrRA &
STUBEN, 2004; TANNER et al.,, 2008; PArRK & DaM.,
2010).

Increased concentrations of Cd, Pb, Se and Zn have
commonly been associated with the sources deriving
from road traffic and thermal sources (power plants,
etc). An increase of concentrations of Ca and Fe soil-
derived dust has a dominant impact on elevated con-
centrations of Ca and Fe whereas a proximity to
industrial complexes and alloy manufacturing struc-
tures is related to Cr and Ni. Cr and Ni can also con-
tribute to an increase of Sb and Zn (Pak & Dam, 2010).
Fe and Zn in fine fractions are associated with com-
bustion processes and vehicle emissions. Having an-
tioxidant properties, Cu and Zn are common in
additives for engine oils (MAURA DE MIRANDA et al.,
2010). Pb and Ni have usually been reported as lead-
ing gasoline exhaust emission by products (Joksic et
al, 2009). In addition, a mechanical abrasion of
metallic surfaces may affect an increase of the levels
of Ni values (JoksiC et al., 2009). Ni and Mn can origi-
nate both from traffic and natural sources (KABADAYI
& CESUR, 2009). High percentages of As, Cd, Cu, Ni and
Zn may be emitted from metallurgical industrial
plants. Emissions of exhaust gases derived from the
combustion of gasoline are common in urban area.
Discharged gases in urban areas often exhibit fluctu-
ation in the quantities of Pb, Cu, Zn, Ni and Cd (Pacyna
& PacyNA, 2001). Cd often originates from the wearing
of vehicle rubber tires (Bagz et al., 2007). By measur-
ing concentrations of various metals in PM,, aerosol
particles, As, Be, Ca, Cd, Co, Cr; Fe, K, Mn, Ni, Pb, Sb, Se
and Zn in PM; are confirmed in urban areas (traffic),
metallurgic- and petrochemical industries. The met-
allurgic- and petrochemical industries have been doc-
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umented as the pollution sources (KiHOUNG & DAM,
2010).

A number of studies have been conducted em-
phasizing the environmental pollution and impact
on human health. The major part of the environ-
mental pollution emphasizes the effect on urban
areas. A study reporting the environmental quality
of outskirts of a city in Japan registered the elevated
concentrations of six toxic elements in a course of
nine years (monitoring period; As, Be, Cr, Hg, Mn
and Ni). The highest average concentrations were
recorded for Mn, whereas the lowest concentrations
are documented for Be (NGUYEN et al,, 2010).

Investigations of the smog heavy metal concen-
trations (Cd, Cr, Cu, Fe, Mn, Ni and Pb) in smog in the
Polish city of Zabrze (traffic-laden intersection) in-
dicated that the concentrations of Cr, Ni, Fe and Cu
were in an increase, respectively 19.7, 817.4, 16.7
and 13.1 times higher than their average ambient
concentrations (Pastuszka et al., 2010).

The mineral composition of the investigated par-
ticles from Kolubara is represented with quartz,
feldspar, clay minerals, gypsum, barite, hematite,
carbonate minerals, composite particles and organic
particles (coal, soot, particles from motor vehicle ex-
haust gases, polycyclic aromatic compounds; CvET-
koviC et al., 2013). The particles represent the
agglomerated cluster of minerals of which silicates,
alumosilicate minerals, as well as hydroxides of Fe,
Mn and Ti are dominant. Silicium dioxide in aerose-
diments of the investigated area (Kolubara) domi-
nantly appears in the form of quartz representing
endangering health pollutants (introduced to the
human organism through breathing).

This work is an ongoing study, a continuation of
earlier investigations (CvETKovIC et al,, 2012, 2013)
with the emphasis on testing of different potential
local pollution sources (power plant Kolubara-A,
furnaces, fly ash from power plant Kolubara-A, traf-
fic pollution, brick industry, heating plant - combus-
tion of oil fuel, metallurgical plant - Kolubara metal).
We provide chemical characterization of air-sus-
pended particulate matter, air quality and potential
heavy metal contaminations. The resulting values
are compared with the maximum allowed concen-
trations (MAC). The MAC has been used for a com-
parison between the national regulations (OFFICIAL
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GAZETTE RS 65/2008) and the regulations of the Eu-
ropean committee for standardization.

Methods and material
Sampling area and sampling

The samples of PM10 particles were collected
near the Upper Miocene Kolubara lignite basin at
the sampling point in Lazarevac (44° 22’ 57" N;
20°15’ 36" E; Fig. 1). This Neogene basin is econom-
ically one of the most important coal-bearing basins
in Serbia (Zvotic et al., 2013) supplying the local
power plants. Considering the vicinity of a coal-
burning power plant represents one of the major air
pollution sources in the town (in particular power
plant “Kolubara A” including produced fly ash).

Belgrade’

e

Fig. 1. Location of sampling point.

The sampling point is located in the urban area,
in a local schoolyard (Kovacevi¢, 2016). This chosen
sampling point is interesting because it is under di-
rect influence of various pollution sources, in par-
ticular during the wintertime. Namely, according to
the earlier investigations it is reported that a quan-
tity of the total particulate matter, carbon black and
SO; was above the maximum allowed concentra-
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tions per month. Moreover, this particular time-
frame provides an insight into recent ecological past
of this particular region.

Suspended particles had been sampled from sum-
mer (June-September 2007) to winter (October-
March 2007/08). The AT-2000 device was used for
sampling floating particles below 10 um in size. This
automatic device for sampling PM;, was placed in an
open area having a goal to collect highly representa-
tive floating particles. Using a vacuum pump, the air
with suspended particles was filtered through a col-
lector with a cellulose filter which retained the par-
ticles below 10 pm. After a 24h sampling period, the
device was automatically switched off. It is to note
that the efficiency of sampling of the filter paper is a
function of the pressure and gas velocity. PM;, mass
concentrations were determined gravimetrically by
using an electronic balance (10-pg precision) by
measuring filter papers before and after sampling
(dried at 105°C).

Elemental analysis

During the procedure, the four “Blank” samples
were prepared in the same manner. Two “Blank”
samples were spiked with adequate aliquot of the
multicomponent standard solutions of the analytes.

In order to measure concentrations of the most
abundant major and minor/trace elements, the daily
samples of filter-collected suspended particulate
matter were amassed (or assembled, etc) into the
composite monthly samples. To separate PM;, parti-
cles from the cellulose filter paper, a mixture of acids
was used: H,S0,:HNO3:HCIO, (3:1:1), followed by a
mild heating. Removal of cellulose, extraction and
evaporation was followed by further decomposition
of samples by using an ETHOS One microwave diges-
tion system and a mixture of acids HNO5:HF (3:1). ICP
- OES (ICap 6500 DUO, Thermo scientific, UK) was
used for measurement of concentration of the metals.

Statistical analysis

The statistical analysis encompasses tools for sta-
tistical data processing, which are an integral part of
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the program package STATISTICA 6. In order to illus-
trate results, a descriptive statistics and Box-Whisker
plot analysis were used. The goal of the statistical
processing of data was to understand the differences
of the average values of the chemical concentrations
of the particles (the columns represent the measuring
places, the rows the classes). As the initial hypothesis,
we took a premise that the chemical concentrations
of particles are normally distributed. The justification
for this hypothesis is corroborated by the fact that the
samples from the measuring point belong to the pop-
ulation that has the normal distribution.

Scanning electron microscopy with
energy-dispersive spectrometry

Scanning electron microscopy (SEM) analyses
were carried out on an instrument JEOL JSM-6610LV
microscope. This scanning electron microscope
achieves high-resolution images with magnifications
of 5 to 100.000 x (for magnifications used in the
paper refer to Fig. 4). Microscope works in the low-
and high-vacuum conditions. Tungsten filament or
LaB6 crystal were used as the electron source (cath-
ode), at accelerating voltage of 0.3-30 kV. Besides the
detectors for secondary electrons (SE) and back-
scattered electrons (BSE), this microscope uses en-
ergy-dispersive spectrometer (EDS) - detector X-Max
large area analytical silicon drift connected with
INCEA Energy 350 microanalysis system, and
cathodoluminescence detector (CL). For sample
preparation, a carbon tape was used, with sample
adhered to one side and the other fixed to glass plate
of 10 mm in size. Samples fixed in such mode were
coated with gold. Semi-quantitative chemical analy-
ses were obtained by using a 64 standard minerals
and synthetic compounds.

Results
Chemical analyses of suspended particles
According to the standard of air quality for sus-

pended particles (PM;,; published in the OFFICIAL
GAzeTTE RS 65/2008), it is mandatory that the con-
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centration of Cd and Mn are measured, whereas
other elements (their concentration) can be com-
pared with the literature values.

The summary of monthly concentrations of the
major elements in the suspended particles sampled
at the single measuring point in Lazarevac are given
in Table 1. K and Al are dominant elements across
the entire set of samples (collected in the period
from July 2007 to February 2008). The summary of
monthly concentrations of the minor elements in
the samples is in Table 2.

The samples analysis indicate that the values
recorded by the concentrations of Zn, Cr, Cu, Ni, Mn
and Fe are below the MAC. That implies a lower
probability of a toxic impact of these elements onto
the public health. However, the values indicate a po-
tential intoxication affecting local population, be-
cause even low concentrations of toxic elements in
suspended particles could be inhaled over a longer
period inducing health issues. At the measuring sta-
tion, the concentrations of As and Co were much
higher relative to the MAC value. Comparable high

daily dosages may pose a serious threat to the
health of local population (Table 3).

The resulting concentrations of major- and
minor components in PM;, particles (Table 1 and 2)
are similar to those reported in dust (NGUYEN et al,,
2010) but with differences of dust analyses re-
ported by PAcYNA & Pacyna, (2001). This difference
is primarily illustrated by the values of Cd, Cu, Mn,
Cr, Fe, Ni, Be and As (Table 2). The increased values
of the elements Ni, Cr and Be have rather similari-
ties with the values reported by NGuYeN et al. (2010),
whereas the concentrations of Fe and As are more
closer to those of PacyNa & Pacyna (2001). The con-
centration of Mn is fully in line with the concentra-
tions reported in both aforementioned studies.
Other concentrations, of minor and major elements
(see Table 1 and 2) in the most part match with the
values reported within the above-mentioned stud-
ies. These elements are in the most part in accor-
dance with the standard values from Tables 2a.

The quality control was performed by the Addi-
tion Standard Method. In order to define the accuracy

Table 1. The chemical distribution of the major elements in PM,, particles (ug/m?® per day).

Month June July August September October November December January | February
Element S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14
Al 18.54 22.79 19.26 20.16 11.02 20.68 20.31 23.87 18.77
Ca 0.33 0.58 0.34 0.25 0.20 0.25 0.41 143 0.24
Mg 1.19 1.59 1.38 1.25 1.06 3.07 3,20 3.65 2.97
Na 32.48 35.15 45.33 51.65 27.00 44.35 43.14 52.34 39.51
K 0.98 0.78 1.48 0.78 0.87 1.01 0.61 1.20 091
Table 2. The chemical distribution of trace elements in PM, particles (ng/m? per day).

Month Samples Fe Ti Zn As Se | Cd [ Ni Cr Co | Be Mn Cu Sb Ba
June S-6 |[1026.08 | 227.61|675.10| 68.04 |0.93]0.78|1.35]|17.90(0.21{0.129|25.58|579.78 | nd nd
July S-7 |1540.76 | 288.90| 818.10|140.69| 3.81 | 1.07|3.27|26.50(0.51|0.245|36.17|915.84 | nd nd

August S-8 |[1560.77 | 203.84| 642.00| 52.61 | 7.47 | 1.32|3.50|20.85(0.46|0.177 | 33.69|1709.67| nd nd

September | S-9 |1551.50 | 166.67 | 723.40| 8.78 | 6.83|1.31|3.49|17.60(0.14|0.094|31.46|906.71 | nd nd
October S-10 (1593.00 | 83.56 | 515.50| 11.48 | 6.35|1.33|3.92| 9.80 |0.37|0.074 |32.71|1402.62|1.270| nd
November | S-11 |1338.32 | 378.64|627.80|13.87 |6.89|1.19|2.17|16.10(0.75(0.229 |31.73| 402.58 | nd nd
December | S-12 |1397.68 | 282.58|618.90| 15.10 | 542 | 1.05(4.25(14.10 | 0.84 | 0.243 [ 34.68| 457.68 | nd nd
January S-13 |[1568.58 | 402.12| 782.70| 19.33 | 4.21|1.12|2.79|17.80(0.57|0.190 | 37.27|1044.98| nd nd
February | S-14 (2635.52 | 387.04|585.70| 22.41 | 3.46 | 1.09|6.12|20.90|1.39|0.273|57.48(415.72 | nd |335.1
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and precision, two spiked and two unspiked “Blank”
samples were used. In accordance with the range of
calibration curves, the final concentration of the
analyses in spiked samples was 50,00 pgl. The
“Blank” samples (spiked and unspiked) were meas-
ured at the beginning and in the middle of the meas-
urement (after five samples of the Series). The results
of the concentrations, accuracy (Recovery %) and
precision (RSD %) are presented in the Table 2a. The

Table 2a. Accuracy and precision of the analytical method.

Element | Concentration (pgl™!) | RSD (%) | Recovery (%)
Al 49.04 211 98.1
Ba 50.91 4.19 101.8
Ccd 50.91 3.86 101.8
Co 50.10 3.49 101.2
Cr 49.50 213 99.0
Cu 53.37 5.25 106.3
Fe 50.60 3.57 101.2
K 62.25 10.8 119.7
Mn 51.60 1.44 103.1
Ni 51.30 3.11 102.6
Pb 52.10 6.32 104.0
Zn 52.19 4.20 104.2
Ca 76.31 5.88 134.5
Mg 51.48 1.15 102.9
Be 52.61 4.98 105.0
Se 56.30 3.98 111.2

Table 3. Values of maximum allowed concentrations for PM;, particles.

range of the Recovery 98.1-134.5 suggest a good ac-
curacy in case of the minor components, but lower in
case of the major components, especially Ca.

Statistical data processing

Basic descriptive statistics of the concentrations
of major- and minor elements are shown in Tables
4 and 5.

Statistic data processing using the Box whisker
plot method

The presentation of minor components in PM;
particles were statistically processed and presented
in the diagram (Fig. 2). The diagram is used to com-
pare the dispersion of element concentrations (in
ng/m3). The values of element concentrations had
been studied on monthly basis; these are presented
in Fig. 2. Figure 2a illustrates a dominant presence
of iron, with a median shifted towards the upper
quartile. The presence of dispersed concentrations
is for a feature typifying Fe, in particular the maxi-
mum values that have a relative uniformity through-
out the sampling months. Copper is the second most
abundant element. It is similar to Fe, Cu character-
ized by very high concentrations in the entire set of
the samples analyzed. The median of the Cu concen-
trations has lower values in the relation to those of
Fe. The concentrations of Zn are lower than the val-
ues of the previous two ele-
ments. The median is shifted
towards the lower values of

the quartile, whereas the dis-

persion of the maximum and
minimum values is lower, in

particular, relative to the
minimum values. A high uni-

formity of the throughout the

months is also the main fea-

ture characterizing the Zn

concentrations overall con-

sistency throughout the sam-

pling period. Ti differs from

Element Value Unit Literature

7n 0.367 pg/m® day Directive - 2004 /107 /EC; Directive - 2008/50/EC
Directive 2008/65 /Republic of Serbia

cd 5 ng/m day Directive - 2004 /107 /EC; Directive - 2008/50/EC
Directive 2008/65 /Republic of Serbia

As 6 ng/m’day Directive - 2004/107/EC; Directive - 2008/50/EC

Cr 5 ng/m’day Directive 2010/75/EC

Cu 10 pg/m’day Directive 2010/75/EC

Ni 20 ng/m®day Directive - 2004 /107 /EC; Directive - 2010/75/EC

Co 0.06 ng/m’day Directive 2010/75/EC

Mn 150 ng/m’day Directive 2010/75/EC

Fe 50 ng/m?day Jovi¢ & JovaNovic (2004)

the previous elements, the
concentrations are lower and
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Table 4. Basic descriptive statistics of major element concen-

trations (n=9).

Element | Mean | Median | Minimum | Maximum | St. Dev.
Al 19.49 | 20.16 11.02 23.87 3.64
Na 41.23 | 43.14 27.00 52.34 8.52
Mg 2.15 1.59 1.06 3.65 1.04
Ca 045 | 0.33 0.20 1.43 0.39
K 096 | 091 0.61 1.48 0.26

the median occupies up to the central part of the
quartile. The dispersion of the Ti has not been dis-
tinctived, their values are consistent with average
values. In Fig. 2b, Mn is characterized by the equal-
ized concentrations, the median takes up the space
between the quartiles, and dispersion is more no-
ticeable with reference to the higher concentrations.
Concentrations of Cr are regular, having a median
similar to those of Mn; it occupies the segment be-
tween the quartiles. With regard the As, the median
is shifted towards the lower values, whereas a dis-
persion of the maximum concentrations is promi-
nent across all minor elements.

The elements with lower concentrations and
their distribution are shown in Fig. 2c. Selenium ap-

Table 5. Basic descriptive statistics of concentrations of major

elements (n=9)

Element Mean Median | Minimum | Maximum | St. Dev.
Fe 1579.13 | 1551.50 | 1026.08 | 2635.52 | 435.26
Cu 870.62 906.71 402.58 | 1709.67 | 451.23
In 665.47 642.00 515.50 8.810 95.84
Ti 269.00 282.58 83.56 402.12 | 109.01
Se 5.04 5.42 0.93 7.47 2.21
Cd 1.14 1.12 0.78 1.33 0.18
Ni 3.43 3.49 1.35 6.12 1.35
Sb 0.14 0.00 0.00 1.27 0.42
Co 0.58 0.51 0.14 1.39 0.38
Mn 35.64 33.69 25.58 57.48 8.85
Cr 17.95 17.80 9.80 26.50 4.68
As 39.52 19.33 8.78 140.69 43.16
Be 0.18 0.19 0.07 0.27 0.07

pears as a most common element. The median is po-
sitioned within the central part of the quartile,
whereas the minimum values have dispersed pat-
tern. The Cd median is shifted towards the lower
quartile. A dispersion of the extreme values is neg-
ligible, thus dismissed from the interpretation. Ni
has the most prominent dispersion of maximum
concentrations. As for the other elements in Fig. 2c
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Fig. 2. Box - plot diagram of the chosen minor elements in suspended particles (in ng/m?).
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the Ni is less apparent. The dominant values of the
Sb concentrations are clustered around the lower
quartile. The dispersion is moderate, still with
minor presence of higher values. The concentra-
tions of Co throughout the months are regular indi-
cating the value of the meridian. The dispersion of
the higher Co values is more prominent. Be is rep-
resented by the concentrations falling into a narrow
range (Fig. 2d), the median is around the center of
the quartile. The measured values of Be have no dis-
tinctive discrepancies (see Table 2 for details).

The major components in PM;, particles are
shown by the following five elements (Al, Na, K, Mg,
Ca). The values are represented in ug/m?. The dia-
gram 3a exhibits a dominant distribution of K. The
position of the meridian is towards the higher-level
concentrations. The dispersion of the maximum
concentrations is moderate. Al is the second most
common element. Concerning the Al median, this
value exhibits a shift towards the higher concentra-
tions. The low dispersion is present by the lower
concentrations of Al. The positions of the quartiles
indicate a high consistency of Al concentrations
throughout the months, being in a direct correlation
with the mineral composition (unchanged presence
of alumosilicate minerals for the complete testing
period). Dominant concentrations of Mg are rather
balanced during the entire sampling period (corrob-
orated by the quartile position). The dispersion of
the minimum concentrations is narrow. Dominant
concentrations of Ca are regular, along with a con-
siderable dispersion of the higher values. The dis-
tribution of Ca concentrations is regular (Fig. 3b).

The elemental mapping of the surface
with suspended particles - distribution
of all elements present

The determination of the distribution of all pres-
ent elements in suspended particles of daily samples
is performed on the sample surface of ca. 700 um
(Fig. 4). In this manner, the spatial arrangement of all
the elements is present including their participation
in the sample (the denser/darker and lighter zones
represent high concentration). In addition, by a com-
parison of the concentrations of certain elements in
the same zones, we can more closely define a partic-
ular mineral phase. In addition to the area with the
mapped particles, Fig. 4a exhibits the summary spec-
trum, whereas Fig. 4b illustrates the distribution of
individual elements in the analyzed area.

Discussion

The concentration of chemical elements in sus-
pended particles was measured during the entire
test period, and the results represent monthly ele-
ment concentrations. According to the type of mu-
tual bonding and content, all of the tested elements
were divided into major elements and minor ele-
ments.

Major elements are dominant in suspended par-
ticles and are building the structures of the minerals
as the elements carriers. Na and Al are the promi-
nent leading elements in the structures of clays,
feldspars and other alumosilicates. Moreover, Al is
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Fig. 4. a. Mapped suspended particles; b. Mapped area with EDS spectrum. Distribution of the elements present in the particles covered

(Na, A, Si, K, Ca, Fe).

a composite part of many amalgamated, complex par-
ticles, which have mostly an alumosilicate structure.
In addition to the investigations of mineralogical
structures of suspended airborne particles in Lazare-
vac (CveTkoviC et al,, 2012, 2013), the similar conclu-
sion that the presence of minor and major elements
in fly ash as products of combustion has been re-
ported by number of authors. In the six fractions of
fly ash samples derived after coal combustion, many
minerals are detected: calcite, anhydrite, gypsum
(Ca); magnetite, hematite, Fe-spinels (Fe); clay min-
erals (Na, K, Al); plagioclase, K-feldspar, muscovite
(Na, K, Al, Fe), glass - amorphous matter (Si, Al, Na,
K) (VassiLEv et al., 2005; KRrISHNAN et al,, 2017).

In Fig. 3, the monthly medium content has varia-
tions according to the median that is shifted toward
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higher values. This indicates that even dispersed
maximum values of Na concentrations are not pro-
minent (Table 1; S-7 and S-13). A similar distribu-
tion would be the case for Al, if the average
concentration values for each month show more
consistency. The average frequency is shifted almost
to the boundary of the maximum concentrations. Al
exhibits even the lower maximum value dispersion
(Table 1; S-7 and S-13). The monthly distribution of
the concentrations for Ca and Mg is relatively consis-
tent, in particular for Ca (Fig. 3). The discrepancies in
concentrations for these two elements were in De-
cember and January 2008, at the expense of the in-
creased presence of dolomite, calcite and sulfates in
samples of PM;, particles (CveETkoviC et al., 2012;
2013). Atlast, calcium has regular content through-
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out the months. The values are quite regular, accord-
ing to the quartiles that match the average value.
Concerning the major elements, according to the di-
agram (Fig. 2) Fe and Ti are also present (illustrated
together with the minor elements for a better visual
presentation). Monthly variations are a feature char-
acterizing Fe. The medians are shifted towards the
higher concentrations. Such dispersed concentration
values is the characterized the presence of Fe. The
maximum value is measured in February 2008 (S-
14). Concentrations of Ti are in balance for the entire
testing period, indicating by the position of the me-
dians. Dispersion of the maximum and minimum
concentrations is in balance, no distinctive discrep-
ancies.

Maximum values are measured during January
2008 (S-13). In suspended particles, Fe and Ti are in
connection with hematite, magnetite or limonite and
leucoxene. In addition, according to investigations of
KukiEer et al. (2003) Fe oxides can be located within
inclusions of silicate particles. It is noteworthy that
the concentrations of these elements are elevated
during the winter months, which can be explained by
the presence of ash particles that may concentrate
the aforementioned elements (CvETKovIC et al., 2012,
2013). By observing mutual relationships, an inter-
dependence of major elements is emphasized as
their connection with a particular mineral composi-
tion. Because the suspended particles are of great
importance as influencers on human health, the
proper characterization of a composition of major el-
ements has a high significance. The resulting rela-
tionship of concentrations is as expected; the entire
set of the elements among themselves are a compos-
ite part of many mineral types traced in PM; parti-
cles. Alumosilicate minerals (clays, chlorite, mica,
feldspars) which are a segment of suspended parti-
cles best illustrate this relationship. In addition, me-
tallic minerals (hematite, limonite-leucoxene) are
very common. An increased level of deviations is only
characteristic of calcium, which is most commonly in
connection with gypsum, calcite or dolomite.

The concentration of minor elements is very im-
portant in PM; particles; at they directly influence
a toxicity of inhaled dust. Toxicity of each element is
characterized according to the maximum allowed
concentrations (MAC), prescribed by the European
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directive (2010/75/EU) and Serbian regulations (OF-
FICIAL GAZETTE RS; 65/08). The concentrations of the
toxic elements, in PM;, particles are of a great signif-
icance due to the possibility of influencing public
health.

Besides major elements in coal ash, numerous
minor elements are detected: lithophile (Ca, Be, Cs,
Mg, Mo, rare elements, W), chalkophile or sidero-
phile (As, Cd, Cu, Bi, Co, Fe, Mn, Ni, V), nonmetals S
and B (VassiLEv et al., 2005).

The values of Zn in PM;, particles represent the
measured daily concentrations during entire sam-
pling period (per month). Different monthly concen-
trations are measured, exposing different values for
each month. The highest content is measured in the
summer months. The July (S-7) in particular stands
out as the month with the sunniest days. The appro-
priate climatic conditions enabled the distribution of
Zn to the area of the Kolubara basin arrived from the
Zn factory in Sabac. Among the analyzed minor ele-
ments, the contents of daily concentrations of Zn
measured each month and across a year do not ex-
ceed the MAC prescribed by the European directive
and Serbian regulations. Consequently, they do not
pose a threat to human health (Tables 2 and 3).Zn in
particles is bonded with silicate minerals, usually
concentrated in ash, which characterized by using
the presence of Zn in silicate phases of ash. In addi-
tion, mixed particles of silicate minerals and Fe ox-
ides are the carriers of the concentrations of Cr, Cu,
Mn, Ni and Zn (KukiEr et al,, 2003).

Arsenic (As) is one of the most toxic elements,
which once inhaled, can cause numerous sicknesses,
of which cancer is the most common (ATSDR 1999;
[PCS 1999). The reported monthly concentrations of
As are ielevated, reaching higher values during the
entire measurement period. The maximum meas-
ured values of As are recorded within the summer
months (June, July, August). High concentrations of
As measured in the location of Lazarevac raise a
warning flag, as the area has dense population. Nu-
merous reports have analyzed the presence of As in
urban dust, flying ash and coal dust. Majority of the
reports are similar to the results obtained during this
work (e.g., BLock & Dams, 1975; GATARI et al., 2005;
SENLIN et al,, 2007). A few reports elaborated the im-
pact of As®* and the less toxic As®* ash through com-
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bustion (SHAH et al., 2008; TANBOONCHUY et al., 2011;
CaraLaNo et al., 2012). As and Se found in PM;, parti-
cles are in non-silicate phases (KM & KazoNicH,
2004), whereas in coal ash, arsenic is present in a
form of arsenopyrite (Kim & Kazonich, 2004).
Cadmium (Cd). Concerning the toxic elements, Cd
is least present in coal (in sphalerite) and urban dust
(KaBADAYI & CESUR, 2010; PARK & DaM, 2010). Through
coal combustion, Cd is concentrated in ash, where it
bonds with silicate phases (Kim & KazonicH, 2004).
Some reports indicate that Cd discharged by coal
combustion occurs in submicron phases of ash (Pas-
TUSZKA et al., 2010). Its monthly distribution at the
measuring location of Lazarevac has values below
the MAC, indicating that the measured concentra-
tions of dust are not harmful to human health. How-
ever, through absorption and even lower
concentrations of those allowed during an extended
time period could become harmful to human health.
Manganese (Mn) is an element that may originate
from numerous sources. The most common sources
of Mn are coal dust, or the latter can be a product of
fuel combustion. Its monthly distribution has varia-
tions, mostly being a function of the impact of the be-
fore-mentioned sources (NGUYEN et al.,, 2010; KaBADAYI
& CESUR, 2010; MoRreNo et al.,, 2011; AL-KHASHMAN,
2013). Concentrations of Mn from July to January
2008 are regular. Higher values are measured in Feb-
ruary 2008, nevertheless monthly concentrations of
Mn do not exceed the MAC. Concentrations of this el-
ement do not affect human health. Concerning trace
element associations in the ash from the ”"Nikola
Tesla” power plant (combustion of Kolubara’s basin
coal) the oxides of Fe and Mn seem to be dominant
substrates of Cr and Ni (PopoviC et al., 2001).
Selenium (Se) is one of the elements whose con-
centrations considerably differ through the monthly
measurements. Lowermost concentrations meas-
ured are those from January and March, whereas the
highest values are measured in August same year.
Because coal is considered as the main source of Se,
the impact of coal dust PM;, particles is dominant in
the summer period. After coal combustion, Se be-
comes concentrated in crystal, a glassy and amor-
phous phase of ash. The following researchers (BLocK
& Dams, 1975; Kim & KazonicH, 2004; SHAH et al,,
2008) reached similar conclusions. The entire set of
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the monthly inputs was below the MAC, concluding
that Se concentrations do not affect human health.

The monthly contents of chromium (Cr) has con-
siderable variations (Lazarevac measuring station).
The full set of measured values of Cr are below the
MAC (with very low values) of which the months
June, July and August are emphasized having a con-
siderable increase of values. Concentrations of Cr in
Lazarevac are likely affected by individual household
furnaces indicate that Cr is mostly concentrated in
particles of ash and dust (SHaH et al., 2008; TANNER et
al,, 2008; NGYEN et al., 2010).

The highest measured concentrations of copper
(Cu) were in August, October and January 2008. The
entire set of measured values is below the MAC. The
highest Cu contents seems not to originate from coal
processing, it is rather associated with local agricul-
tural activities (BEM et al., 2003; TANNER et al., 2008;
KHan et al., 2010; KaBaDAY1 & CESUR, 2010).

Cobalt (Co) detected within suspended particles is
present across the entire sampling period. The con-
centrations exhibit an irregular pattern. Co belongs to
the group of highly toxic elements, and minimal doses
of inhalation can cause serious consequences. The val-
ues measured in February 2008 contain a highest Co
concentration. Increases in the concentrations across
the sampling period impose a health threat to the local
population at the expense of the diseases that may be
induced by Co inhalation (carcinogenic, bronchial
asthma, pituitary gland damage to lungs, bone mar-
row; KoMATINA, 2001). The results exhibit that Co often
appears in inorganic sulfide particles of coal in the
summer months (CLARK & SLosS, 1992). In the winter
months, Co is available in silicate semi-crystalline and
crystal phases of ash (Kim & KazonicH, 2004).

Concentrations of nickel (Ni) for the entire investi-
gated period were under the Mac value, with the ex-
ception of February 2008 once the highest centrations
were registered. Despite the monthly concentrations
are below the MAC, these value may affect human
health. Even lower concentrations if introduced to a
body over a longer period could cause change. Ni can
be released in the air by numerous sources (coal, fuel,
dust), and is characterized with a capability to achieve
a strong connection with a considerable number of el-
ements (PARK & DAM, 2010; NGYEN et al.,, 2010; KABADAYI
& CESUR, 2010; AL-KHASHMAN, 2013).
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The presence of barium (Ba) in PM, particles is
not very high. Within the sampling site, Ba is detected
exclusively in February 2008 (S-14) attesting its dom-
inance among ash particles. As Ba is not considered
as a toxic element, there is no impact or avluation on
public health. Barium is detected in the finest parti-
cles in the form of barite, or as a composite part of
particles released due to fireworks (combustion of
the green flame) and setting off firecrackers (CONKING,
1985; MoreNo et al., 2007; VEccHi et al., 2008).

The lower concentrations of beryllium (Be) are
measured during the entire sampling period. Such
distribution of concentrations leads to a conclusion
that Be is connected with industrial dust, or is re-
leased due to fuel combustion. Globally, Be and his
impact on the environment has not been sufficiently
studied, thus there is no MAC value for this element.
The latter is well-connected with a large number of
elements due to its capability to appear in wider
pallet of the pollution sources (PARK & Dam., 2010;
ARkiaN et al,, 2010; GaRrciA et. al., 2012).

The concentration of antimony (Sb) was meas-
ured for October (S-10). The content is very low and
is below the MAC for the months in which it was de-
tected. Antimony is very rare in PM; particles, and
if present, it is in connection with industrial dust
(BLock & Dams, 1975; PARk & DaM, 2010).

The results of the mapping of the surface of sus-
pended particles through the distribution of all present
elements indicate the presence of particles of different
shapes, ranging from rounded, spherical forms to ir-
regular complex particles of different shapes that form
aggregates of multiple mineral species. The main min-
eral phases were identified earlier by this method
(Cverkovi¢ etal, 2012; 2013; CveTkoviC, 2013): from the
group of silicates (quartz, alkaline feldspars, plagio-
classes, clay minerals, chlorite, biotite), from the sulfate
group (barite, gypsum), and from the oxide group
(magnetite, hematite) and calcite.

Conclusion

The evaluation of air quality in school yard
(Lazarevac) was performed by monitoring and sam-
pling the air over nine consecutive months. The con-
centrations of minor elements in suspended particles
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exhibited that certain elements appear in concen-
trations higher than the MAC. This particularly
refers to As, Co sampled at the above-mentioned
measuring station. The most worrying are concen-
trations of As (as an extremely toxic element that
can cause deadly diseases through inhalation).

This study connected the chemical composition
of the particles with its mineralogical composition
providing an evaluation of air quality in the investi-
gated area for a particular period. In general, air
quality in the entire area during the period was is
rather poor due to the excessed values of As, Co. In
order to improve the air quality, it was necessary to
change or install new filters (onto a local thermo-
electric power plant), what would considerably
lower the ash content in the air. A bit later after the
sampling period, new air filters were installed.
Other sources of higher concentrations are not de-
pendent on the technological process, making a
human impact of limited influence (primarily re-
garding urban and coal dust). Most importantly, the
results provide a solid base for the eventual com-
parative monitoring studies of local air quality,
which is already an ongoing local environmental
topic.
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Pe3ume

leoxeMuja :KUBOTHE CpeJUHE KPO3
aHa/IM3y CYyCIIeHA0OBaHMUX YeCTHUla
Basjyxay yp6aHoj cpeaunu JlazapeBua
(Cpouja)

Tonorpadcku Basayx yBek caZpxu ofpeheny
KOJIMYMHY aepoCOJIHUX YeCcTHla Koje ce Hajlase y
YBPCTOM WJIM TEYHOM cTamy. [lopes nmpuposHUX
aepocoJa, y aTMmocdepH ce Haslase U 3HaYajHe KO-
JIMYMHE T3B. UHAYCTPHUjCKHUX aepocoJia KOju Mory
HeraTUBHO YTUIIATH Ha Pa3BoOj OUJ/bHOT U KU-
BOTHELCKOT CBETa, a NpPEeACTaB/bajy U 030UJbHY
ONIACHOCT IO 3JpaBsbe Jbyau. U3meby ocranu,
CUJIMLIMjyM JMOKCU/JL, Ce YTJIAaBHOM Hasla3| y 00JIUKY
KBapla U jeJlaH je oJi HajomacHUjux 3arahrBaya
KOjU Ce yAucCambeM MOXe YHETH Y JbYACKH Op-
raHu3am.

XeMHUjCKU cafpKaju CyCIeHJOBaHUX 4YeCTHULA
(PM;,) cy MepeHH TOKOM LieJIOT UCTUTHUBAHOT Iie-
puosa Ha MepHOM MecTy y JlazapeBiy. U3a6paH
JIOKQJIUTET 360T NMOTEHI[MjaJTHO BEJIUKOT 6poja 3a-
rabuBaya Tpeba Ja ykaxke Ha Moryhe KOHIleH-
Tpaluje TeLWKUX U APYyrux Metasna. Pesyiartatu
Npe/CcTaB/bajy MeceyHe KOHLeHTpaluje MepHOT
MecTa TOKOM Iepuo/ia y3opkoBama (2008 roauHa).
Jlo6ujeHe BpeTHOCTH Cy MOocMaTpaHe u ynopehene
ca MaKCMMaJIHUM /103BOJ/b€HUM KOHIleHTpalujaMa
(MJK), kako nomahe Tako u perysatuBe EBpor-
CKOI' KOMUTETA 3a CTaHJapAu3aLujy.

[IpemMa cTaHzapZy 3a CycHeH/OBaHe YecTUlie
06jaBsbeHOM y Cayxk6eHoMm [macHuky PC 3a ogpehu-
Bale KBaJIUTeTa BaszJyXa HWHCTPYMEHTAJHO CY
n3MepeHe cy KoHueHTpauuje Cd u Mn, gok cy
KOHIleHTpallyje ocTa/lMX ejJleMeHaTa ynopebheHe ca
CTaHJAPJHOM JTUTepaTypoM (Tabesa 3). [lo HayUHY
Be3MBaka U CaJipKaja CBU UCIIUTUBAHU eJIEMEHTH CY
NoJie/beHY Ha MaKpoeJieMeHTe U MUKPOeJIeMEHTE.

MakpoeJsieMeHTH Ccy JOMUHAaHTHU y PM, de-
CTULaMa U JUPEKTHO Cy Be3aHU 3a CTPYKType
MUHepaJsa Kao Hocehu esieMeHTH. O BUX CY Haj-
BaxkHUjU Na u Al kao Boziehu esieMeHTH Y CTPYKTY-
pu ruHa, desjcnaTa v 0CTalMX aJlyMOCUIMKATA.
Takobe, Al je cacTaBHU Jle0 BeJUKOTr OGpoja CTo-
NJbEHUX, CJ0XKEHHUX YeCTHULla KOju Cy NpeTexHO
aJIyMOCUJIMKATHOT cacTaBa.
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[Towto cy cycneHZ0BaHe YeCTHIe BPJIO BaXKHe
jep MOTy AMPEeKTHO YTHULATHU Ha 3/ApaBJbe JbYAH,
oZpehuBame cacTaBa MakKpo eJjieMeHaTa je of
M3y3eTHOTr 3Ha4aja. M3 Tabesie 1 BUAH ce Jia cy CBU
MaKpoeJieMeHTH Y 106poj Mehyco6HOj 3aBUCHOCTH,
ca usysehewm Ca Koju je y HEIITO JIOIIHjeM OJHOCY.
OBakaB OJJHOC je O4YEKHBaH, jep CKOpPO CBU eJie-
MEeHTH Npe/CTaB/bajy CACTaBHHU [le0 MHOTUX MUHe-
pa/IHUX BPCTa Koje cy NpucyTHe y PM,, yecTunama.
To ce Hajpe 0AHOCH Ha aJIYMOCUJIMKAaTHE MUHE-
pasie (TJIMHE, XJIOPUT, IUCKYH, esCIaTH) KOju Cy
cactaBHHM Jieo PM;, yectrua. Takobhe, BpJio cy yecTH
MeTaJIMYHU MUHepaJH (XeMaTUT, TUMOHHUT-JIEYKO-
kceH). Kao wro je HarnameHo, Behe ofcTynamwe
jenuHo je kapakTepyucTUYHO 3a Ca Koju je Hajuelihe
Be3aH 3a [UIIC, KaJIUT UJIH [OJIOMUT.

Cazpkaju MUKpOeJjieMeHaTa Cy BpJIO BaXXHU Y
PM,, yecTuLiama jep MOTy AUPEKTHO YTULATH HA
TOKCUYHOCT NpallvMHe Koja ce yaue. KoHneHTpa-
L 4je TOKCUYHUX esieMeHaTa y PM,, yectuama cy
0JL U3y3eTHOT 3Hauyaja 360T Moryher 3a/jp>kaBatba
OBMX 4YeCTHUIAa Y YOBEKOBOM OpraHu3My. KoHneH-
Tpauuje As u Co cy usnag M/IK Bpepgnoctu. Hajsu-
e 3a6puibaBajy KOHLEHTpauuje As - U3y3eTHO
TOKCUYHOI eJIeMeHTa KOjU HHXaJalUujoM MOxKe
M3a3BaTH TellKe 60JIeCTH.
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OBaj paj je moBe3ao XEMHjCKH CacTaB Ca MHU-
HepaJIHUM CacTaBOM 4YeCTULA U Jao MPOLeHy KBa-
JIUTETA Ba3/yxa Y UCOUTUBAHOM MOJPYYjy 3a aTU
[epyo/, y30pKoBama. [eHepa/iHO OCMATPaHO KBa-
JUTeT Ba3ayxa y JlazapeBuy je jiouier KBajJuTeTa
360r yTBpheHUX mpeKopayera Be3aHUX 3a JATH
nepuo/i y30pkoBama. /la 6u ce KBaJUTET Bazayxa
Mo60JbIIIA0 HEOMIXOHO je TPOMEHUTH WJIU yrpaju-
TH HOBe QUITEpPE HA TEpMOeJEKTPaHU Ja 6u ce
3HATHO CMambUJIU CajpKaju nemnesa. HakoH oBux u
PaHUjUX UCTpPaKMBama KBaJMUTETa OKOJIHOT Bas-
JlyXa, BasAyUIHU QUITEPU CY TOCTAB/bEHH HA
JIOKaJIHYy TepMoeJsiekTpaHy. OcTasii U3BOPU KOH-
LleHTpauuja He 3aBUCe 0/, TEXHOJIOLIKOr MpoLeca,
TaKOo /ia je yTHLaj YOBeKa orpaHuyeH (IpPBEHCTBEHO
ce MUCJ/IY Ha yp6aHy U yIJbeHy MpalnHy). Peyatatu
HCTpaXXKrBaka Ba3/yxa oKoJInHe JlazapeBLa y JaToM
BpPeMEHCKOM UHTepBaJly Cy BeoMa Jl06pa OCHOBa 3a
JaJba UCIIMTHUBAaKA KBaJIMTETa Ba3/Ayxa, Kako y Jo-
KaJly, TaKO Y IIMpPEM MOJIPy4Hjy Y30pKOBakha.
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