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The aim of this study is to determine the ambient concentration, content of heavy
metals and morphology and mineralogy of PM; s samples collected from air pollution
monitoring station in Haft-Tir square (central Tehran). For this purpose, PM2s
samples were collected by means of low-volume sampling device during five months
(April-August 2019). Based on the obtained results, there is more loading of PM2s
on June higher that 10 pgm™2 and showed high to very high pollution level. Variations
in metal concentration in the sampling months were relatively similar, showing order
of Zn>Ni>Pb>Cr>Cu>Cd. Comparing the mean concentration of metals with
international permissible limits the concentration of Pb and Cr in PM2 s samples was
lower than that of recommended by the WHO while the average concentration of Cd
and Ni was higher than those of USEPA recommended limit. Calculations of
enrichment factor and results of principal component analysis revealed that Cr is of
geogenic origin, Cd and Zn are derived from anthropic sources and Pb, Cu and Ni
are probably of mixed sources. Based on scanning electron microscopy images, PMas
are observed as a shapeless or irregular, rod-shaped, irregular spherical, completely
spherical, sheeted, as well as long chain aggregates or single crystals. According to
the results of X-ray diffraction analysis, clay minerals, quartz and calcite were found
as major minerals, gypsum and dolomite minerals were identified as minor minerals
and wastite and halite minerals were identified as rare mineral phases.
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EXTENDED ABSTRACT

Introduction
Nowadays, air pollution is a critical

environmental issue in many large and densely
populated cities all over the world. Particulate
matters or PM are of major air pollutants
effecting detrimentally on the human health in
the urbanized areas. Particulate matters with
six less than 2.5 microns are able to penetrate
deeply into the lungs and thereby causes
respiratory diseases such as bronchitis,
asthma, allergies, and cardiovascular diseases.
These suspended particles can enter the
atmosphere  from  both  natural and
anthropogenic sources. Soil dusts, volcanic
activities, sea sprays and even plant spores are
major natural sources. The anthropogenic
sources of these particles, especially in urban
environments, may be diverse and mainly
include traffic emissions, urban constructions,
house heating systems, fossil fuel combustion,
and street dusts.

Tehran metropolitan area faces the most
sever air pollution issue in recent years. The
average volume of airborne particles in Tehran
ambient air is estimated to be 50 micrograms
per cubic meter, five times more than the
permissible amount recommended (10 pgm)
by the World Health Organization. The Hafte-
Tir square is one of the central squares of
Tehran. The high volume of daily traffic as
well as numerous commercial and residential
centers around this square has made it one of
the most crowded and therefore the most
polluted areas of Tehran. The aim of the
present study is: i- to quantify the heavy metal
pollution level in PM;5s collected in the Haft-
e-Tir square ii- to investigate the mineralogy
and morphology of the particles and iii- to
appoint the possible source of toxic metals in
PM_ s particles.

Material and methods
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By locating a site on the roof of the
building of the Environmental Protection
Organization in the vicinity of Hafe-Tir
square, samples of PMas particles were
collected by a low volume PQ200 Sampler
Waltham during five subsequent months from
April to August 2019. Suspended particles
were collected on 0.45-micron Teflon filters
over 24 operating hours. In the laboratory, the
concentration of heavy metals (along with
some other trace elements) was measured by
inductively coupled plasma mass spectrometer
(ICP-MYS) after digestion of the samples in a
mixture of HF and HNO3 solution. The
chemical composition was then expressed in
terms of micrograms per cubic meter (ugm=)
by using relevant equation. In order to
determine the size, abundance and
morphology of PM particles, scanning
electron microscope (SEM) equipped with
energy dispersive spectrometer (EDS) was
used. Crystalline phases in the PM samples
were also identified by XRD analysis.
Results and discussion

The concentration of PMys particles is
varied monthly with the highest level
(62.1 pugm™®) on June and the lowest level
(8.3 ugm™) on July. It can be observed that the
average concentration of PMs particles is
considerably higher than the permissible limit
recommended by WHO (2005) (i.e.,
10 ugm?). Based on the measured average
concentration of PM.s, it can be inferred that
the local ambient air quality in Hafe-Tir square
is severely to very severely polluted.

The  monthly  variations of the
concentration of six potentially toxic metals
(Pb, Zn, Cd, Cu, Cr, Ni) in the PM_ 5 particles
showed that zinc has the highest
concentration, followed by nickel, lead,
chromium, copper, and cadmium. Enrichment
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factor calculation also confirms this finding so
that chromium with EF of 0.32 has low
enrichment, copper, lead and nickel with EF of
2.20, 442 and 1.48, respectively, are
moderately enriched. Cadmium and zinc are
also characterized by strong enrichment with
EF>20.

The origin of toxic metals in PM2s was
further determined by principal component
analysis method. The three principal
components were extracted with Eigen
value >1. In the first component, with 54% of
the total wvariance, chromium, titanium,
strontium, scandium, manganese and silicon
showed the highest loading factors. In the
second component, with 13% of the total
variance, lead, cadmium and zinc are of the
highest loading. The third component, with
about 10% of the total variance, Iis
characterized by a high loading of only two
metals, nickel and copper. Chromium,
titanium, strontium, scandium, manganese,
and silicon elements in the first component
indicate that these elements are mostly of the
geogenic origin. The second component
comprising of zinc, lead and cadmium, hints to
the possible anthropogenic of these metals in
PM_s particles.

The results of SEM studies equipped with
X-ray energy dispersive detector provide
useful information on the elemental and
morphological characteristics of the particles.
Based on the SEM micrograph images, the
particles are amorphous or irregular, rod-
shaped irregularly spherical, completely
spherical, sheet-like and as long chain
aggregates or single crystals. Based on the
EDS spectrum, it was found that oxygen,
carbon, silicon, aluminum, calcium, and iron
with percentage of 26.5%, 14.1%, 14.5%,
13.2%, 10.3%, and 5.3%, respectively,
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constitute the main elemental composition of
PM2s particles. The high percentage of
elements such as Si, Al, Fe and Ca in PM_scan
be attributed to the natural or crustal origin of
these particles. The results of XRD analysis
also indicate quartz, calcite, illite, condite are
the main minerals. Gypsum and dolomite
minerals are considered as accessory minerals
and wustite and halite minerals are as rare
mineral phases in the studied samples. These
results are in agreement with the results of
SEM analysis.

Conclusion

The findings of this preliminary study
showed that the concentration of PMas
particles in Hafte- Tir square is elevated and
significantly higher than their corresponding
permissible limits, so that the local ambient air
quality is severely to very severely polluted in
terms of PMys level. In terms of the
concentration of heavy metals, it was also
revealed that the average concentration of Pb
and Cr in the particles is lower than the
permissible limits recommended by WHO and
USEPA while the average content of Cd and
Ni in the studied samples are higher than their
corresponding values set by USEPA.
According to the calculation of the enrichment
factor and the appointment of the origin of the
metals using the principal component analysis
method, it can be inferred that chromium is
probably of natural origin, cadmium and zinc
are mainly of anthropogenic origin, and lead,
copper and nickel were probably derived from
a mixed source.

Morphological studies using SEM revealed
that the studied particles are amorphous or
irregular, rod-shaped, irregularly spherical,
perfectly spherical, lamellar, and also in the
form of long-chain aggregates or single
crystals. The results obtained from XRD
analysis also revealed that quartz, calcite and
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illite are the main minerals, gypsum and concludes that a meaningful insight on the
dolomite minerals are accessory minerals, composition, mineralogy and concentration of
while wustite and halite minerals are rare PM2sin ambient air is necessary to manage or
mineral phases. This study generally control their pollution at a local scale.

121



2538'449XL§L‘> Lgl.oLw VEY B VYA asas A F ) uLu.«.tL\j)'.Q) Al e)l.o.w‘/\d.b

gy Al
AT (7] o pwd

033195 (o) P ol dlxo
Journal homepage https://gnf.khu.ac.ir
(PM25) (39550 Y/O @lro Ol yd wlbcs y 9 (ol S (oo O3l cdale (35 o
(s (oo (59,90 axlllao) Ol 5 e § 35 30 (=19 50

TS ] 5957 Aokt
Oyl gl ¢ 0,0l siais olRiils (e pole (idy )] ol IS (geiils )
Ol g mls ¢ 59,0l Jixis olRiils (pey pole i Loliul Y

cuuS> alio OleMb|
PMzs ol)d culits cou - ol S oy 5 e Ol Clale S 03 sl Gigly cnl 5l S0 Ao azsw U

4 PMz2s 1,3 jslae cnl sl sl (0l 55500 se3cdn ploge y Iso (Sogll Giomis oSl o0 (spslaez VF /- q/Y] szl o
‘5)5169.?‘539153‘5&)11.3569))3(\T"’U\)%)Q,\Z—%o))ob& S b )0 5 e e S diges oy S AAERIER (RN IE-JRY
5| o 9 0030,5 (6 S 03Il il Lda olKiws Lawg apnl )0 o] s 5 e ladiges jo il3ls cdale ayo ‘5.\*15 s o3lg

55 a3 ool Cews & ol bl 5 wad hod cuSeste 5 p S See > p cible 4 o bl Luly, b PM_ 5
ool a5 9,55 oo 515 Ve HOM ™ jloxe Jlaie 51 5YL 5 039 aole plos 51 iy slasls,> s PMas @l)s S 318
(olis Gl

Grole don o Ol K s cdale sl el YL Lu..u b agas Sogll os, 40 laole daea ,o 55
1 CrgPb jls oo clale oS o cuns ZN>NISPH>Cr>CU>CA g, 5l 5 002 alive L5 (5,15 paiges e
olesbu s lastisl 51 YL ladsged jo Ni ,Cd g0 clale ke 9 Slem cublag Hloslu jlre a5l S )3
posS o5 ols las ol adlie Jlo (g, 5 (TS5 S drlre 055 (o ) el oy lame cLles
Lt 53 2 (sl S 5 o oo 5503 56 s 5 Sl Btoe Lt (51)1s (65, 5 onlS ol cn; Litcie Yoo
b UKo @ope & PMas ols a5 ols ol sty (59280l sy Sn sl s slipludl 5 (oanlo
lojsh b oy il SIS S & j0 &) rized 5 (514555 55,5 elS 55,8 plaiels ¢ JSD (glalen lanels
4 SS9 F)ls5 dCabl g oal) (ou) Sl Gl HSilgn Al Slalllas Gulel  aish oo csaline 35aie

Olee 4 cdls 5 cudyy s G 5 o8 S SE Glsie 4 Cuseles 9 e sl S (Lol sl SIS e

gishlagi@shahroodut.ac.ir _$sed :.adl : ) ghume odiows gisk
O95w0 VIO 8lae &l,3 cwliicsn ) g owlid SIS S Ol3ld cdale F i (V1) Lo B3NS o . o5 095 :llin oyl 4y Sl
VEY B VYA asmao ) o)leds A 0l -Lg"j)lP O poke Ao ol e Gucas o (60,90 axllas) led el (635 o L5.'>|5.\' 59 (PM25)

E08




PG PRSI

oS5 Jedo 4 ol (ol el Clgie @ ol e
SRS JBgJo 5 035 3yl o2 Comex SV
@ s Slbl g >l 10 sosie oSS 5 il IS 54>
Sl 00 b ez 5 5945 sloypd (nesgll 3 (S
oo plomil Slalllas wlusl » (Hassanvand et al., 2014)
D 5eSils pob 4 O s 5o I Gl IS oo
e 5 ey plp B o090 oS el CoSa e 05 S
Sz S el Lo (1 HIM™) 0 4rogs jlone
JrsS &850 sla)lis sk (YA s o))
(bl 0o ¥T Jlo (gl yiiun 10 (5 5o (Slgo S
Sl Blro DS ol ed e slon
RS SS9 Sy gl 5l (Ko picde Gl
5 St 5 Soommsl b paiz dgzg ol Gl
Ol Cnl S s daxte (GgSas 5 6)5 S0 (izmen
rposgl A p3 g cppel g 2y 3l Sl o
@l ok Sl azg bl oS i Gl gble
ol slen o Dhd ol YL e g Ll sl s (Blae
Sy Slosdll sl Jol> ailys oo Dly3 (ol 4l g adlate
Ll S 03 59y » SRe S plal il S 3l
gy S IPMas s oubis G5 g eSis 3ls
S 4 (63978 (6 e Sy iodlo 5 Lo sl (5 8
olild clale a0 gouxie Slalllas (eiST ) o0
loyes ;> PMos wlpd ool J5 5 55 5e8 (i
gy 5y a aelsl o a8 el A8 5 & jg0 y9iS Calisee
Slyd GFLEGE g (i, (o D90 o)L
L o3y g 05 4 003lg0 ddlaie glen oPMas
SFLAGE 5 bt (So3d Sloogas (ow) »«(1TA0)
190 o) (lpl G ngle g lége S ol
OWSe g (I soerl b (anag)l g olobl sloed
03l Lo )leg0 5 (condisss 9 (oalid SIS anlllae <(1YA7)

YYY

doddo

SseS (ool 5 e Jane Sy g (Fosll o5
Blre 3 daos¥T opl oyl 5l el Cumoz 9 Sy
5 ecaw; L 5l PM L (Particulate matter)
ESTRORVIS IR R S M RO
5 srels Lo 90 500 ails oo 3 ol itass 0,955
O srmb mlio dlax 3 aigd 9> Laoe o)lg ol L]
ol 5 Slad sl glaculed SB Lé 4 g Glee
Sgai 0,Ll alS slojgnl S 5 b s slaalzdll 5,
5 oists L3 cnl olielud] ale (AlVi et al., 2019)
g wbls (6ol Sl (S 5 98 b ol
St (st slojlugeSle (S5 ol baee
$lo 5,5 5 o sla g il daals sile
Sk 5l (Zereini and Wiseman, 2010) col Jbls
oS ol b 1,3 4 Ygome |, Blas Slgo  Scualing 5T o3l
JegSun Vol 5 SgS 3 g (PMas) yieg Ko YO 5
Ve gl S kb b glee &30S o e (PMig)
| oS s 55 (sl i 4 33 Ll o5 e
3988 i Glos! 4 (9800 Y1 31 5SsS 5 Lol ey
S5 o] iy p Aoz 3l oS YIS gl g 03,
Zoran etal., ) wss oo (6=l slojlons ion 5
4 PM1o g PM25 (5 ,.503lal 055 50l e o 45 (2020
g CodS o b bl 0 e 2L G e
Mbengue ) sgi oo 48,3 )i 1o (50 Bblie )0 0394
ojlail JJs s lga yo lee il Ko )b 5l (etal., 2015
Gl b Glal> Vo 251y mhe 5 SesS
FUTN IPURRCCON- SN CVIGH [ LIV ESI K SR PYR S
S s 1) S cal (el bl SIBT Wl e 39>
(Wang et al., 2020; Tagliani et al., 2017)



5 5 5055

) Old e Sleas Gid ao 0 Ve 35505 g (jaiS
el J e 0y sl IS
Oldee Sl 09,5 Lo ez g Olnl sl gd NS
3385 el G5 b e slapliee 5l (S e
Sl olee culiols I3V dilaie )3 9 jed 55 50 03995xe
9955 OS5 e nped slaplbls b oy S
oS5 9 3t sl e S 0L b Jlod oo
Gy S s ooy 5l (S sl tign 4o e
Oldee nl gz 0 picas ol pb 4 ol
5 Showp! b Ve ol Jo ol 4S8
dolie 4y picde Glaws 5l Guggil 5 ST (g0l ol
(Moo st bl plSe sl ladl ae s bl
Py 4S8 ool Glae (olil bl o Glase
cmlin g yws gboel, Jdo 4y .l 185 adols
ez 38 3l QUL s Glaee cpl BB (g
(sl gamly 35 a5 o7 sals a5 cal azdly ool
Ol cnl SLbIL )3 dasite (o859 5 6] FoSeme

PM &1)3 puad g 3lwodlel (5,10 paiges
80 pleety ) clie K6 SG (5510 paiged sl
S jlagme CLlix (losls (slgn (Fogll (aly cigles
gl 5l e VY elil jo 5 (i Glage )3 i)
Slb1 sloplezslo i1 glis,] ol ay0,S Gl e
a1y bag,0e wolscd) il (pizmen 5 lasl 65501 5
&= Job ;0 PM2s &l)d sladiges ailu, o JBlas>
Obnls Jad )3 5 (3o )3 5 Seden)) sl Jad 5o oo
S 92 1S5 olKiwd Loy (o2 0 9 01 0 ¢ 25)
Waltham PQ200 Sampler Jo. (Low volume)

Gle L3 5l 6l ptiges Olles 38 (5 )slaex

YY¢

(VA7) ohes 5 (g bawg olwjes bl &
I s Sy il 5 Jlaio lie el
Sl bawg lpl smio sl yes PMas s s (S
Olyls clale ) «(Kermani et al., 2021) o ,Son 4
g Skasl s PMas ld o byl Lice 5 o
b, «Soleimani et al., 2018) Koo 5 Sloules
b @l PMas ol)s o (S ol ol S
Mohseni Bandpi ) )|)See 5 oon commo Lawsgs (05
i 3l Fogll mobaw g clile ., et al., 2018
Lo gi Sl olJ[a):; (s e A ) Blre D)3 o
I3 a5 SIS s il 5 OFAF) Wil 5 o)
5 ool bawgi g 3r0 9 0 GULS Lege S 5o
OY38) sl Lelou

PRUIN OO T RS LIV LIS -1 S YT -V
Gl S Db e S Slils Sodl 4z
Oldse slg Giomie oSl )3 0ud (5slaez (PMzs)
o Y ol St Gloy Wy ey 5 e
Sl Lats s Y g 3 litcs ) gl SIS
Blro LS o ean YT il
b g, 9 dlgo

axdlbe 3 )30 dibrio

O oo yegeS Voo Sl hn (Frg b 0l 5 e
Jsb az 0 OV U 0. 5 Jb oye a0 VPO LYY
3355 o 3T ol sl o Bl (5
135 APAYY £ 30 03 e Cemaz VFAD Lo o
029 9 Olnl e (pFlerez p S (pl 5l &S Cul
Jolge lior Slos @ ailoaygls Comor 088
¥l Gha osmg el S8l g Jlisle SS b
SN2 O S 550 gekie Y5 JUd (55,995 (y5elie

Gipl S seoyo Yo dgas Bras L) Jxie axlg


https://fa.wikipedia.org/wiki/%D9%85%D8%AA%D8%B1%D9%88%DB%8C_%D8%AA%D9%87%D8%B1%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D9%85%D8%AA%D8%B1%D9%88%DB%8C_%D8%AA%D9%87%D8%B1%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D9%87%D9%81%D8%AA_%D8%AA%DB%8C%D8%B1_(%D8%A7%DB%8C%D8%B3%D8%AA%DA%AF%D8%A7%D9%87_%D9%85%D8%AA%D8%B1%D9%88)

5 5 5055

S5l Bl s
Jobme jo Olls clale e ) oy aalllae (pl yo
Ll s pSeglal g Lt sloaiges o s 5l Jol>
slacdale 51 Gde ol ws Al wg o] o oI5l
4 g o o lasliwl (V) aaly 5,k 5l eusds (6,501l

15000,5 Jhos (HIM™®) CaSia 2o 0,55 e
— (GsxV)

(txD) M

Iy g yo 38 clale Calayl, ol jo a5
S Jmal Jolone o 518 el G (UM )
(Ml > ) Jsloea w2 V (U > ) o
Se sl A G RTE B o ey
Ol o Cansl olSiss 4 I (539,529 1D 5 59,40k

b e VV/E litmin ]

lga yo (PM25) Glro wlyd cdalé sy

Saboes PMas o)d 55505 Ly e ble sl 6
Okl 3l dm g ol 159 Jlumms (g3l g b il
P> G D (598 Lyl 5 (6l padses
I ols cdal g os,8 coslooly i 1, g 0ee slon
03,5 dles (V) alal, 3 b

_ (wg—w;)x10°

PM, 5 = S )
b b slee 5 clale S PMas abal, ol jo
IM) 059500 VIO (Sglmns 5 5SS (Saliyog 5]
039 Wi @510 pises ol po il o535 Wr
Sl mmmV @D asgas 5l JB ol s
] se s 4y (F) 5 abal, 5l 593 a5 (M) 5,50

V=0xt )
MmPmin o> ) lsa o5 xSk Q )] o oS

el &bl oyl 1 50 (6,18 paiges LL g 5leT yo

VYo

2,5 pll USEPA (1997) s, laibil 35, b 3llae
o,Lil 3,50 olKiws lawgd dlae IS a5 O s
oz 5l osSee 1T0 sla il () g odd oS
Jsb o (PTFE: Polytetrafluoroethylene) - qlis
3 SV 0ol (19,8 oo A b o A) cacls YF
(5510 pigad Al B plosl 5l L1000 5 (5l mez aido
by g oadSis eiless ,o PTFE lé la
e ol 0 s WS Gy Jlems ol
ENECTR RSP REER S NI S I
Y olyen 4 il i JSIs 5 il Jol abese
sl e B g Sugisls 5iae el s
Jaw a3 18 cell ) Sae glp duo 0 PO S
A NERYIC PPN TRPRVIN ST JPNC e JERII
Glp diged Zld 59y poad (ptias glaoanV
g Slg YA lei b gag,Sle Jolo j0 aaBo Ve lojus
3asm ol eols I3 o5 ole axye Ve gles o
IRWIPE P S VRPVIRVOW PSR NN PVPHOR ORI 2
ol yid e B+ o> 4 00 pulads Jlogo Ol bawsgi g
A Jaise oads el sl s Bl 4y coles o gl
Slils clale s g U1 g sai solel Jolee
oBiolesl 1o 0,5 Jatie dwiae olfliole;l 4y (S
oleS olie By ol en ay) Lol (X ol3ls clale
Slawdy g0, iwab oKws Lwg (0
Inductively Coupled Plasma) Wl ooax
JN e sk, 8aT 590> L (Mass Spectrometry
4 Lod 038 6 Sojll )y p,55,5ee <10 G
Cews 4y oz lald annlie 5 jlinn (e Cono jslaie
4 (358 b9y & a3l ) b b Aiged S wone]
s (6 S0l gl 0,8 LT olKiws yaed S5

NSRS PN S



5 5 5055

&S5035l PMas cdale glel b (V) Jgo 5o

il el oals 08l adlllas 5,90 slaole ,o o
YYRY L il oad s Soadl PMys ols cale Js
PYINR o] Gy o5 el cSayie 059,500
Ole GrreS 5 0lo,m 10,0 cuaSaie 059 S0e
9 V) gy, )0 S yte p 059,500 AT 5 il
Ol s oy 90,5 Cd oledlo e VY 94 (5 Y
olocingusd,l gl |y ol cdale 5 oSl 0 wilale
2 pSeSee FAD iSls o A Jlas L XY/
@l ol Olas g )l YA 5 Ve slags) )0 caasSe e
30,5 YF 59, 0 PMas wl)d cdale oy tas olesls 5>
Vo o ol Blao g caaSo o 05,50 VO L il
2P S S caSeyte 2 pSe,See VoIV s>
2 oSS V8 14D b ply clile Silie 5 oloys
O 035, eSilon St Jilior 251 5 e
2 eSeyte g p)SeySee AV g YYIVY sy & 3
oloyd (JSloz) Yo gVY g (Slaz) s YO o,
@y PMas ols clale IS il 0 g ol
5 S 4 5o caaSayie p oS g,Sme VFI) olasls o
xSoyin y 0S5 ,Sen AV g Yo IVE i 4 o] ST
o2 oloyg 0l (6l el Caws 4 @l Lay0,5 0,415
oS yie p 089 ,See VPR, S cale IS S0l
Ol g0 Vo0 ol cdale #Slas as ols oylas
o155 e A0 T Jilior 3 S a 55 THIA

2 S ole cal po 5 53 caSe e p

YY1

> g g0 0dal e YU S¥olas jo a5 gl len
40l Jod oz Slslre ) ooliil 590 slse
00,5 damlie cde 4y bl pl sl o lastenl Loyl i
lizee blas o oo i (6,805l lee ol )3 cdale
slaslabiul b Slej 9 52 Ll 50 5 (2L3l5
S jlaroe Cblis slaglojlos aligy 00 (agas

sl Lo bl S o

5 Slold wilal Gaed jshaie 4 Regly ol o
595 CeSs e oSiws JIPM &l 3 wliscsy
Field Emission Scanning) Jlie ,is  cdus,
Sigma 300-HV Ja. (Electron Microscopes
oSelsin 655 Bln mecieb 4 e ply ©S 50
oolazul (ENnergy dispersive X-ray spectroscopy)
Slp baiges lwoolel x> o aSST S3 LS ays
Mo 48,9 b (g, 51 (39Sl 2 9Susg Seon Janwgs anlllae
oSy oo Gl el (ole oole laie )
OOl Sed & rizmen g diged g Sl (9l
elolid 00,5 oolitul Joglhe obS L (g polal
oBiws lawgs ju e 3lae SIS 5 0gz g0 0l slasle
Jawe (X-ray diffraction analysis) ,.Slgs, ol ,
Sl 38 5 oliule;l 4o ¢ (Philips-Xpert Pro
b jtld jolaie (nl sl 285 &j50 ll (Sane Slse
o0y ceaSee ol S slal b S5 lakad ay la
5o 50 (agrinsll Gloyalsn (555 pr e g 00
id A e BA> ey 50l ools 1,8 oBlws
@ oSl ansl GaLE L ook slails olalis Gl

0,5 ol 8 ladiges



ST ER- S P L SR SOMICH [T ERCH T IR O LS 5 5055

adllas 550 oKyl yo (UIM 2 > 1) PMas @l,3 cdale 6 L] clasein ) Joax
Table 1. Descriptive statistics of PM2 s concentration (ugm3) measured in the sampling station

oo Bl s B> Sl . Ske ol
VA YA AT RV YVE e
VEIFA YERY YLV FYIYA YYD sl
FIVY VEIEY AR YEIYY V#/A0 e
"N VEIEN AYYSVE N Slsye

BIA VOIY A YRR VAV e
BIAD VEIEY AY BYIYA YYAY oy JS

22,5 el gl Jloz 4 PMas @l)d clale |y 515
HOM3) Levgie Sogll (<Y pgm™>) o5 Sosll
Sosll 5 (YO0 -0pugM 3) syuss Sogll (TO-YO/0
Olgse (V) U5 wlel (> 00 pgm ™) wus L5
bl p iode laee lse CobeS a5 5 S sanlis
& pdisai ole O o 5PMas &l s clale Sl

2S5 o L8 el (L b sas (Sogll gl

(Modliyn 0ol aogs g slme polie b anglie ;o

0 o ,5PMas &l cdale . Kiloe a5 595 0 conlie
Lasgs ool dogs jlxe oyliue 3l ol ,5 ole j0 0394 ole
USEPA (2014) 4 (\-ugm 3 ) WHO (2005)
ool Cewss 4y yolie Jl> ol bl 3YL (PO pgm )
Slp odel s w4 glacdale ojb o adllas ol o

p595we A6V e ) Ol slo s plo ,oPMas

Sl G &S Slaglis 99,5 0 )8 (S
pdns S oo 0ddlive glae IS cdale las sl Galises
Sk Sl bl Jeallgius Gulul

Sl bl gy 1o coa S Olsiso (WHO, 2005)

YYV



3 5 5055

75 -
70
65
60
55 4

Very high pollution

High pollution

PMZ.5 [pgm-3])

Moderate pollution

50 4
45 4
40_
35 1
30
25 4
20 4
15 A
10
5
i

Low Pollution

ey o

Coiedpt
lols

e

18

G)I0 paigas calizee slaole ;o PMas clale yulul i Sogll mhass (gaipmnds N S0
Fig. 1. Classification of pollution level based on PM2 s concentration during the sampling period
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Table 2. Comparison of heavy metals concentration in PM2s (ugm) with permissible limits and their
corresponding level of other Iranian cities and abroad
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Fig. 5. SEM backscattered electron images and morphology of PM; s on the studied samples
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Fig. 7. An energy-dispersive spectrum (EDS) of clay minerals in PM.s
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