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Abstract: The paper presents data from SEM characterization of Air Filters from Kavadarci town
and Tikves valey, Republic of Macedonia. Several filters from air pumps were submitted for characteriza-
tion of particulate matter by Scanning Electron Microscopy (SEM) / Energy Dispersive Spectroscopy
(EDS).The method of individual particle analysis provides important information about the composition
and morphology of the particles, information that otherwise cannot be obtained by bulk analysis methods.
The SEM-EDS technique is a valuable tool for the characterization of particles of less than 10 pm
(PM10). Additionally, the identification of the morphology and chemical composition of these particles
provides valuable information for the determination of their origin. EDS analyses revealed that the filters
contained several aluminosilicate phases, including illite, plagioclase, quartz, and possibly amphibole/py-
roxene and chlorite. Other phases observed were calcite, gypsum, iron oxides/hydroxides, chromites, sil-
ver minerals, and metallic phases. Minor nickel was found associated with metal oxides and stainless

steel. No indicated of fibrous materials.
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INTRODUCTION

All over the world, air pollution is becoming
a major concern. Depending on the conditions, the
fine and ultra-fine particulates may persist in the
atmosphere for days or weeks and travel hundreds
or thousands of miles from their source (Tyagi,
2009).The term dust usually comprises street dust
and house dust (Culbard et al. 1988; Fergusson and
Kim 1991; Fergusson 1992; Dundar and Ozdemir
2005; Ochsenkiihn and Ochsenkiihn-Petropoulou
2008).

In 1997 the Environmental Protection Agency
(EPA) proposed a new standard of ozone and par-
ticulate matter levels in the atmosphere. The par-
ticulate matter levels of up to 10 microns in diame-
ter (PM,) at each monitor within an area must not
exceed 150 pg/m’, in one hour more than once per
year, averaged over 3 years. The particulate matter

levels of up to 2.5 microns in diameter (PM,;s),
must not exceed 15 micrograms per cubic meter
(ug/m’) and 65 pg/m’, respectively, each year and
24-hour period. Dusts may be classified into natu-
ral and synthetic, according to their origin.

Suspended Particulates Matter (SPM) is con-
stituted of aerosol dust or other particulates of size
1 to 200 microns suspended in air (Chandrasekaran
et al., 1997).

Mineral dust is mainly constituted of the
oxides (Si0,, Al,O;, FeO, Fe,0;, CaO, and others)
and carbonates (CaCO;, MgCQO;) that constitute
the Earth's crust + Global mineral dust emissions
are estimated 100—-500 millions of tons per year. It
is estimated that about 30% of the mineral dust
load in the atmosphere could be ascribed to human
activities through desertification and land misuse.
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Most concerned with dust collection are the min-
ing, metallurgical, coal, gas, iron and steel, clay,
chemical, and food industries.

The mineralogical content of dust depends on
several conditions: the current erosion of the rocks
and soil (Sterk and Goossens, 2007), the traffic
intensity in the urban settlements, wind intensity,
the presence of the industries generating dust, etc.
The quantity of dust in the air as well as its minera-

logical content significantly affect the population
health (Ostro, 1994), Poschl (2008) indicated that
particle size, chemical composition and mixing
states of atmospheric aerosols pose significant im-
pact on climate and human health. Therefore, it is
essential to understand size distribution and chemi-
cal composition of aerosol particles particularly in
urban atmosphere.

METHODOLOGY

The samples were cut and mounted on 25
millimeter Cambridge-style SEM stubs using dou-
ble sided carbon tape, and graphite coated to pre-
vent charging.

Coated samples were presented to a Quanta
650F SEM, fitted with a back-scattered electron
detector (BSED) and a Bruker 5030 X-ray detec-

tor. The Esprit Quantax 1.9 EDS Analysis System
was used to determine elemental composition of
particulate matter. Point Analysis was used to
characterize the samples in high-vacuum mode,
using an accelerating voltage of 15 kV and a spot
size of 6. BSE images of selected fields of view
were taken to examine SEM-based characteristics.

RESULTS

EDS analyses revealed that the filters con-
tained several aluminosilicate phases, including
quartz, illite, plagioclase, and possibly amphibole/
pyroxene and chlorite.

Si0, particles (commonly called silica) are
characterized by high content Si and O. Silica was
observed in sample 11.

The puresilica particles have natural and an-
thropogenic origins (Liet al., 2010b). These partic-
les have tubular structure. It is the most abundant
chemical constituent of Earth’s crust and a major
component of sandstone and granite. Thus, the
most abundant source for this particle type is soil
related. Additionally, silica is widely used for mak-
ing building materials.

Fig. 2A. EDS spectrum of illite

Aluminosilicate particles are composed pri-
marily of feldspar (Si, Al, Ca or Si, Al, Na) and
clay (Si, Al or Si, Al, Fe), their origin is mainly
crustal, but they can also come from erosion of
building products and road dust. Other elements
are present in minor concentration in the alumino-
silicate particles. These particles mainly present an
angular shape, ranging from polyhedral to sharp
one. Illite and plagioclase were identified in sam-
ple 4 (Fig. 1). Chemical composition of these min-
erals is shown in Tables 1 and 2, respectively.

Figure 1 showing illite, plagioclase and spores
or pollen. EDS spectra of illite and plagioclase are
given on Figs. 2A and 2B.

Fig. 2B. EDS spectrum of plagioclase
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Table 1 Table 2
Chemistry of Illite Chemistry of plagioclase

El AN Unn. c. Norm. c. Atom. c. El AN Unn. c. Norm. c. Atom. c.

(mass %)  (mass %) (At %) (mass%) (mass%) (At%)
(0] 8 46.26 52.32 67.71 (0] 8 46.51 46.09 59.95
Mg 12 1.83 2.07 1.77 Na 11 5.99 5.93 5.37
Al 13 11.17 12.64 9.70 Al 13 14.26 14.14 10.90
Si 14 17.38 19.65 14.49 Si 14 28.20 27.94 20.70
Cl 17 3.52 3.98 2.32 K 19 0.90 0.85 0.47
K 19 3.06 3.47 1.84 Ca 20 5.05 5.00 2.60
Fe 26 5.19 5.87 2.18 Total 100.9%

Total 88.4%

Fig. 1. BSE image of Sample 4 showing illite (red),

plagioclase (blue), and spores or pollen (yellow).

Table 3

Chemistry of calcium carbonate

around aluminosilicates

Calcium rich particles

Particles composed of high content of Ca
(<50% relative contribution by weight) fall into
this group. Carbonate minerals identified include
calcite (CaCQs) along with traces of other dustrela-
ted elements which are the common constituent of
soil and often observed in the individual aerosol
particle analysis (Lu et al., 2006; Shao et al.,
2008). These particles are irregular fragments with
distinct rough surfaces on all faces originated from
process of building construction and demolition
and commonly found in Earth’s crust. The mor-
phology of this small particle suggests its mineral
origin.

Calcium carbonate was observed on and
around clay minerals in sample 4. (Fig. 3).

Chemistry of calcium carbonate is given in
Table 3 and 4.

Table 4

Chemistry of calcium carbonate
on aluminosilicates

El AN Unn. c. Norm. c. Atom. c.

(mass%) (mass%) (At%)
(0] 8 38.41 5222 69.07
Mg 12 2.21 3.00 2.61
Al 13 6.20 8.44 6.62
Si 14 11.84 16.09 12.12
Cl 17 0.53 0.72 0.43
K 19 1.30 1.77 0.96
Ca 20 7.23 9.83 5.19
Fe 26 5.83 7.93 3.01

Total 73.6%

El AN Unn. c. Norm. c. Atom. c.
(mass%) (mass%) (At%)
C 6 14.23 14.31 24.65
(¢} 8 38.72 38.93 50.36
Mg 12 0.43 0.43 0.37
Al 13 1.02 1.03 0.79
Si 14 1.79 1.80 1.32
Cl 17 0.56 0.56 0.33
Ca 20 42.71 42.94 22.18
Total 99.5%
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Manganochromite and stainless steel were
observed in sample 4. Figure 4A shows BSE im-
ages of Manganochromite while Figure 4B shows
EDS spectra of manganochromite. BSE images
and EDS spectra of stainless steel is shown in Fig-
ures. 4C and D respectively.

Metals, metal oxides, and metal oxyhydroxi-
des were found with clay minerals. BSE images
and EDS spectra are given in Figures 4E and 4F,
respectively.

Minor nickel was found associated with metal
oxides and stainless steel (Fig. 4D).

Also, metals, metal oxides, and metal oxyhy-
droxides were found with clay minerals (Fig. 5).

Hydrous phases, observed to be volatile under
the electron beam, presumably produced water va-
pour or carbon dioxide as an effect of heating (Fig.
5E,F,)

Fig. 3C)

Esl} =

Minor nickel was found associated with metal
oxides (Fig. 5B),

The filter contained carbon and chlorine,
which may be present as background in mineral
spectra. Sample 11 also contained several, relati-
vely large, carbon rich globules.

Carbon-rich particles: The group with the hi-
ghest abundance corresponds to that of carbon-rich
particles mainly from natural origin. Carbon-rich
particles of natural origin are pollen and spores.
Additionally, spheroidal particles associated with
sulfur in some of their edges were observed, possi-
bly due to adsorption and the formation of secon-
dary phases from SO, * present in the environment.

Several (alumino)silicates with varying ele-
mental compositions could not be conclusively
identified (e.g., Fig. 6). Chemistry of iron magne-
sium silicate and iron magnesium aluminosilicateis
given in Tables 5 and 6, respectively.

Fig. 3D)

Fig. 3. BSE images and EDS spectra of sample 4.
A) BSE images of calcium carbonate (indicated in A) around aluminosilicatesa B) EDS spectra of calcium carbonate around alumin-
osilicates; C) BSE images of calcium carbonate on aluminosilicates; D) EDS spectra of calcium carbonate around aluminosilicates
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Fig. 4. BSE images and EDS spectra of metallic phases in Sample 4.
A, B) Manganochromite (indicated in A)a C; D) corrosion resistant stainless steel; E, F) metallic copper, zinc coating (indicated in E)
on a sodium, magnesium aluminosilicate
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Fig. 5. BSE images and EDS spectra of oxides in Sample 4.
A, B) Magnesium silicate with metal oxide (indicated in A);C, D) iron oxide on a magnesium silicate
(possibly pyroxene/amphibole) (indicated in C); E, F) iron oxyhydroxides (indicated in E) on a hydrated
magnesium clay mineral
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Fig. 5. BSE images and EDS spectra of Sample 11.
A, B) Iron magnesium silicate (indicated in A); C, D) Iron magnesium aluminosilicate (possibly chlorite)

Table 5 Table 6
Chemistry of iron magnesium silicate Chemistry of iron magnesium aluminosilicate
El AN Unn. c. Norm. c. Atom. c. (‘DOSSiny Chlorite)
(mass%) (mass?s) (At%) El AN Unn. c. Norm.c.  Atom. C.
C 6 6.67 8.16 15.12 (mass%) (mass%) (At%)
(0] 8 30.89 37.78 52.58 C 6 7.83 8.03 13.55
Na 11 1.57 1.92 1.86 (0] 8 4482 45.97 58.24
Mg 12 2.59 3.16 2.90 Na 11 0.96 0.99 0.87
Al 13 1.65 2.01 1.66 Mg 12 2.62 2.69 2.24
Si 14 14.05 17.19 13.63 Al 13 9.15 9.38 7.05
Cl 17 1.33 1.63 1.02 Si 14 16.58 17.00 12.27
Fe 26 23.01 28.15 11.22 Fe 26 15.53 15.93 5.78
Total 81.8% Total 97.5%
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Calcium sulfate — these particles are originna-
ted by acid-base neutralization reactions in atmos-
phere and by deterioration of building’s surface,
composed of CaCO; (marble and limestone), and it
is due to reaction with sulfur compounds in the
atmosphere. Calciumsulfate is also used for the
production of cement and it is a secondary product
of desulphurization of flue gas. The shape of these
particles is typically symmetrical and elongated,
even if there are irregular examples of particles,
too.

Gypsum was observed in sample 11 (Figs.
7A, B). Metals, metal oxides, and metal oxyhydro-
xides were found with clay minerals (Figs. 7C, D).
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Hydrous phases, observed to be volatile under the
electron beam, presumably produced water vapour
or carbon dioxide as an effect of heating (Figs. 7 C,
D).

The chemistry of gypsum is shown in Table
7, while the chemistry of iron oxides/oxyhydroxi-
des is shown in Table 8.

Silver and associated minerals were observed
in sample 11 (Fig. 8).

Chlorargyrite (Figs. 8 A, B), with minor acan-
thite. Chlorargyrite and silver (bright phase indi-
cated in C) (Figs. 8C, D). Silver mineral (Figs. 8E,
F), can be of crustal origin, but may also come
from human activities such as industrial processes.
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Fig. 7. BSE images and EDS spectra of Sample 11.
A, B) Gypsum (indicated in A);. C, D) iron oxides/oxyhydroxides (indicated in C) on a magnesium silicate mineral.
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Fig. 8. BSE images and EDS spectra of silver minerals in Sample 11.
A, B) Chlorargyrite (indicated in A) with minor acanthite (seen in B); C, D) Chlorargyrite and silver (bright phase indicated in C).
E, F) Silver mineral.

In aerosol of this region also have been identi-
fied: metal oxides and sulfides; magnesium silicate
with iron oxide (Fig. 9A, B); magnesium silicate
with zinc, iron oxide (Fig. 9C, D); and aluminosili-
cate coated by iron, chromium, titanium and nickel
oxides and/or sulfide (Fig. 9E, F). This group of
particles mainly corresponds to Fe oxides with ir-
regular morphology which are assumed to be soil
related.
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Minor nickel was found associated with metal
oxides (Fig. 8E). Metals, metaloxides, and metal oxy-
hydroxides were found with clay minerals (Fig. 8).

Because these minerals are present in the ore
processed in the ferronickel smelter plant which is
situated in this area, we can conclude that the con-
tent of these particles in the analyzed samples
come from human activities in the metallurgical
plant.
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Table 7 Table 8
Chemistry of gypsum Chemistry of iron oxides/oxyhydroxides (indicated
El AN Unn. ¢ Norm.c  Atom. ¢ in C) on a magnesium silicate mineral
0, 0 0
(mass7) (mass75) (A%) El AN Unn. ¢ Norm. ¢ Atom.c
0 8 41.08 54.65 73.16 (mass%)  (mass%)  (At%)
S 16 9.84 12.79 8.54 C 6 7.29 7.98 17.73
cl 17 9.90 12.86 7.77 0o 8 21.39 23.41 39.03
Ca 20 15.17 19.70 10.53 l\ﬁz{% g ;-?g ggg ;-;‘6‘
Total 7% Si 14 8.62 9.43 8.96
Cl 17 1.45 1.59 1.20
Ca 20 1.55 1.70 1.13
Fe 26 42.96 47.01 22.46
Total 91.4%
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Fig. 9. BSE images and EDS spectra of metal oxides and sulfides in Sample 11.

A, B) Magnesium silicate with iron oxide. C, D) Magnesium silicate with zinc, iron oxide (indicated in C).
E, F) Aluminosilicate coated by iron, chromium, titanium and nickel oxides and/or sulfides
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CONCLUSION

Based on investigations carried out it can be
inferred the following:

Filters contained several aluminosilicate
phases, including illite, plagioclase, quartz, and
possibly amphibole/pyroxene and chlorite. Other
phases observed were calcite, gypsum, iron ox-
ides/hydroxides, chromite, silver minerals, and
metallic phases. Minor nickel was found associated

with metal oxides and stainless steel. No indication
of fibrous materials

Particles such as illite, plagioclase, quartz,
amphibole/pyroxene, chlorite, calcite and gypsum
are mainly from natural origin, while iron oxides /
hydroxides, chromite, silver minerals and nickel
come from human activities such as industrial
processes, especially the ferronickel smelter plant
which is situated in this area.
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Kayunn 360poBu: paB; Bo3ayIIHH ¢unTpy; KaBamapiy; THKBEIIKH PErHOH

Bo 0BOj Tpy/1 ce NPE3eHTHPAHH [IOAATOLH O HCIUTYBa-
BaTa Ha MpaB OF BO3AYIIHHM (GHITPH CO METOAOT Ha
CEM/EJIC (ckaHHHT €IeKTPOHCKA MHUKPOCKONHja / eHeprer-
CKH{ ANCIIEP3MBHA CIEKTPOCKOMHja). BakBHOT HaunHa Ha aHa-
JM3Upake Ha MHIMBHUAYAIHH YECTHYKH JaBa 3Ha4ajHH HH(OP-
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MallMH 32 COCTaBOT M MopdoJiorujata Ha YECTHUKUTE, KOU HE
MOJKar Ja ce JoOHjaT Co APYrUTe aHATUTUYKH METO/IH.

Co 0BOj METO[ € HCIUTAH HPAOT 0L HEKOJIKY BO3AYIIHH
¢mnrpu ox rpagot KaBagapiy u THKBeIIKaTa OKOJIMHA.
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On 1obueHnTe MOAATONN MOXeE /1a C€ BUAH JIeKa MPaBOT
o unaTpuTe ce CoCTOM O]l HEKOJIKY alyMOCHIMKAaTHU (a3,
BKJIy4yBajKM WJIMT, IUIArHOKIIAC, KBapL, aM(pHOOIN WK THPO-
KceHH u xiaoput. Ox npyrure ¢asy ce 3acTalneHH KaJIluT,
THIIC, XKEJIC3EHU OKCHAU / XUAPOKCHIM, XPOMUT, MUHEPAJIN Ha

cpebpo u Meranuuuu (azu. Maja KOHIEHTpaLja Ha HUKEI €
HajJieHa BO acollMjanuja co METaTHUTE OKCUIH U He'procyBad-
KU 4enuK. [IpucycTBO Ha BIAKHECTH MHHEPAIN HE € yTBpIe-

HO.
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