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Keywords: children are more vulnerable to contaminants than adults. Therefore, due to the
fﬁggﬁ'z'l:};ttoé'gniﬂg;‘:;ts' diversity of air pollution sources in Tehran, the present study was conducted to
schools, PMF model. determine the severity of pollution, origin and health risk assessment of some

potentially toxic elements in the dust of elementary schools in three districts of
Tehran. For this purpose, 27 dust samples were collected from the indoor and outdoor
areas of schools, and the concentration of elements was measured by induced coupled
plasma mass spectrometer (ICP-MS). Calculation of different geochemical indices
showed that the four elements Cu, Zn, Sb and Pb have the highest enrichment and
pollution compared to other elements. The results of calculating the health risk index
revealed that As, Cu, Ni, Pb and Zn have similar hazard quotient (HQ) values in
children and adults. Also, the health risk of exposure to Cr and Mn through dermal
contact is higher in adults than in children, and the total hazard index (HI) of all
elements in children is higher than in adults. Among the studied elements, two
elements, lead and chromium, threaten the health of children more than others. Based
on principal component analysis and positive matrix factorization (PMF) model,
three geogenic, traffic and mix sources were identified for different elements. Pb, Zn,
Cu and Cd were considered as indicators of traffic origin. The results of this study
reveal the need for special attention to students' health.
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EXTENDED ABSTRACT

Introduction
On a global scale, among the

environmental hazards, air pollution in urban
environments with suspended particles or dust
is particularly important and can cause an
increase in the death rate in cities (WHO,
2006). The chemical composition of dust
particles, especially the concentration of trace
elements, is the controlling factor for their
potential health effects (Hsu et al., 2016). The
study of the chemical composition not only
helps to evaluate the toxicity of suspended
particles, but it can also be used to determine
the origin and is especially effective in
determining natural and anthropogenic
sources (Han et al., 2015). The pollution of
potentially toxic elements is one of the most
common pollutions caused by human
activities, because it has the ability to bio-
accumulate and even in low concentrations
can cause health abnormalities (Rastegari
Mehr et al., 2016). In recent years, several
studies have been carried out in Iran in the
field of pollution of potentially toxic elements
in dust. Considering the size of the city of
Tehran, the air pollution in a large number of
days of the year, the presence of numerous
polluting sources in this city, its high
population and also the greater risk of trace
elements for children, the present study was
carried out with the aim of evaluating the
pollution of potentially toxic elements in dust
in Tehran schools using geochemical factors,
and determining the source based on principal
component analysis and PMF model.
Material and methods

In this study, 27 dust samples were
collected from inside (17 samples) and outside
(10 samples) classrooms in 6 schools located
in the 12th, 13th and 18th districts of Tehran.
These three districts represent the amount of
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pollution in the centre, pollution in the east,
and an area with less traffic on the outskirts of
Tehran. The samples were air dried, and
particles smaller than 63 pum were analysed
using ICP-MS after multi-acid digestion, to
determine the concentration of selected
elements. Geochemical and statistical methods
including enrichment factor (EF),
contamination factor (CF), hazard index (HI),
principal component analysis (PCA) and
positive matrix factorization (PMF) were used
for data analysis (Ho et al., 2010; Naimi and
Ayoubi, 2013; Tashakor et al., 2021; Sun et
al., 2016).
Results and discussion

The results showed that the average
concentration of Pb, Zn, Cu and Sb have the
largest difference compared to their global
average in soil. Fe, Pb, Cu and Sb having the
highest coefficient of variation in the region,
show the most unbalanced spatial distribution
among the studied elements. The average
values of the enrichment factor and
contamination factor showed that Sb, Cu and
Zn are the most enriched in the indoor dust and
Cu, Sh, Zn and Pb are the most enriched in the
outdoor dust. In general, in most of the
sampling stations the enrichment factor is
high, indicating high contamination of dusts
for most of the studied metals. Also, based on
the intensity of pollution, the three studied
districts can be considered as district 13 >
district 12 > district 18. The results of the risk
assessment revealed that exposure to dust
particles for all elements through ingestion in
children shows a greater risk than skin contact
and inhalation. The highest value of the
calculated risk index is related to Cr, As and
Pb. In outdoor dust, the risk index for Pb and
Cr in children is more than one and threatens
children’s health.
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Based on the principal component analysis,
V, Mn, Al, Co and Fe in the dust of schools in
the region are mainly originated from
geogenic sources, while Cd, Pb, Zn, Cu and Sb
with more pollution in dust are mainly
originated from anthropogenic sources,
especially traffic. On the other hand, the PMF
model determined three main sources for the
elements in dust, including traffic, geogenic
and mix sources. It should be noted that the
non-geogenic origin of the elements in this
component can be sources other than traffic,
such as paint, industries, and car repair shops
in some areas.

Conclusion

In general, this study showed that school
dusts of Tehran are highly contaminated, and
urban elements (Cd, Cu, Pb and Zn) are highly
enriched. The results of statistical analysis and
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PMF model indicate the important role of
traffic in the release of Pb, Cu, Cd, Zn and to
some extent Sh into the environment. In
general, the schools of region 13 (Shahid
Andarzgo School, Parvin Etisami School, and
Mahdiun School) and Mehr Maryam School in
region 12 have the most pollution. According
to the obtained results, the occurrence of
severe pollution of some potentially toxic
elements in school dust, and the exposure of
students to them in the long-term will cause
many problems and there is a serious need to
manage the main source of these pollutants,
including high traffic load, use of non-
standard fuel and worn out cars. This study,
along with investigating the mobility of
metallic elements, can provide a basis for risk
assessment and mid-term and long-term
planning for pollutant control.


https://gnf.khu.ac.ir/article-1-2802-en.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-20 ]

2538-449X : jl> Lls B85 YA amio V) Ll 5 ke o) oled A al>

gy Ao
AT (7] o pwd
03318 o) P ol dlxo
Joumnal homepage https://gnf.khu.ac.ir

ol yd (2ol oyl Ll 48 Sl 08l polic caodlw yhas g Lico o SoglT antllas

" e (63 y ko T (5 5L s g0l puble dabld
Ol @S snslem olKisls (e pole oaSasly s )| ol )57
Ol @S sl olKails crny pole oaSiiils woliwl .Y

Olnl @S wsrilem oIS (e pole caSiidls Lsliwl Y

oA.zS.'g Ao OleMb!

(] ke o3158) o lie wiile sladasme 5o Sliaws ogill yolic 4y ,Lé Fogll b LLs)l o b SIS o azss b
o £95 4 4z b cnlply o YLS )5 51 5 p & osu¥T ply 4o 065 a8 iz 5 ,ls (glofng Coonl VEN Y)Y bl
Jolis j Sy el shs b)) s abliie ( Fogll cus s Bua b Lol addllas ()l 5o sm san¥T VFVEN LY
S 5l g YV jshaie ol (sl ol plowil (g5 ;e DS 51 adlate ans (il Gojloe gloyle )0 Shiaws ogill ol 5o o5lg
ek b yolie clld 5 ad o paige (wlie (S95m abgre g lapdS 210 (5LaS a5 4 (Sopm 5 (A1 «Sliows ogilly jolic
olas calise oloandiinme) s asls aculs 0335 (5,:505ll ICP-MS) Ll oo slawdl o> g ool oSl jle
PMF Jao ol

@l Wl yolie S0 & Cund |y (Sogll 5 (Fab S8 uitar e 5 Olsentil w53, iome paie oz 4 b
stelie (HQ) Jlas s )5 polie (59 5 oy S e o oSian, | 0l (Lt Cuodls s (a3l dslxe
bS5l 500 5 09,5 (e )0 658 5 (SA6 Sl Sl e s (VLS5 5 (S0 0 1,
el GYLS 50 5l i (06 50 polie plas (HI) S s (a3li 5 005 (055 51 G QLS50 50 (S
Jelod bl oS oo i 1) O35S (ol ol 5l e 095 5 0 e pate 93 caslllas 3550 ol (s
cilize yolie (sl (oS5 5 Sl wliime; Lite s (PMF) e e (3L )33 Jore 5 Lol adlse

5 andllas ol ol wiad azs 3 L o Sl Lt (asls lste 4 peadlS 5 s (55 o pms polie 0 prass

Sjle e BT ligal 2ls Codl 4 0%y ax g5 @

atashakeri@Kkhu.ac.ir (s S Uac @ ghumo odiows itk
She 50 Slows 0gall jolic cudlus Hlas 4 lace (Sogll aalllas (V1) o o0 (6K cf 6,51 b (soblpile o oyl dy oLt

[QNOIE]



https://gnf.khu.ac.ir/article-1-2802-en.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-20 ]

e Sliows 05l polic Cuodl s 5 Lie ¢ Sogll anlllae

o) en g 60'.3—‘0..2[.0:

392 ez se Wl o b slaclale o (o g anils
Rastegari Mehr et ) wiss sods slas,loual
5 S o)l 4z L l3l ol (al, 2016
SR o) Lo )3 03 BB e e
.(Khan et al., 2008) axiwe sl gl o
3 olpl j goasie Gl ol gl Sl o
o ploxil JLé 0 Sliow 0gill jolie  Sogll aie;
@l asdllas b YY) e 5 gigwly) ol
25 Gl gy wols (las liws jo jLe 598
< peodlS < g5y < oy Do dp polie (Soll
ol Ol a5 el ol <EILS <SS < S
G Lida 5 009 Sglicie Ciliee Jgad o laoasY
adlae .l o953 olE Cawal o] sl
Olrs o3y ke g9y 2 (VWA Gl 5 (M)
o Bl & S 0l (By5 (>l (Sogll il
A S 0 4 38 g Base ol Jdo oS el
SV cdale s addlhe ol s el oad lgie
Joloss sloolaal b Jad jo ol s, )0 obis
Oizred Sel 0a lgie Jlo 3 p Juad o (ool S
Lé s S aallas L (YIY) o Sen 5 Slams
Licie b g 316 45" w0l (L5 15 e bl
gl e sies Sy iz 5o LWl sl
Sbe asdlas L (VYY) Slgi8 05,5 sod )18 o5 5
yolie ‘;a}ﬂ Eie aS ol ol QloLﬂ e Sl
S35 b ) ool coled Sl ogall
3,90 adlate ;3 (o iy g Staio Slals
e L
93 2 3 |y lade (n eSS o g @il Sl
Sog & azgi boolo GLas (VLS )5 5 (355 095
Jls slajg 5l ool olaas yoloa (Sogll )l s

YL Coraz s w‘ S D3 o..\.;.g.Yyl @L;.a S99

vy

doddo
~Jbe 5o Lo Sl e o b Sogll g5 ¢ slows
Long et) coul atils 5 pKaix jilidl 5 sla
cilisee glolae 0ilgs oo o YT ol .@l., 2013
bl cedls sl 1) byl g ools 18 b cos |
3 Boee o5 L 5 Cg, (S Glos 5155l el
e et bt S g0 Lide (ej dgy
ol IS 31 sy ge pilos 5 yladl Coodls 534S ol
Sk lie o (Rastegari Mehr et al., 2016)
slgr (Sogll (e Cunj Sblre Gle
Glojrg Coal )Ll b Blae SIS L (600 slalae
Lo 0 )3y 9 S 0 £ Gl 9o Wil o0 9 0,00
Sd 5l Glacgamme las l,3 (WHO, 2006) 54
3518 5 s Oglite slaliie b 2o 5 3,
G oM b olyd pl oYL polie e (o
Pope and Dockery,) cwl bls,l o cwdw

.(2006
S logms (Sl w00 s et syl
dog 395 59351 (29> dodemagl Cd gy o
aig )L swme el b g bosly g ol jd
Zhao et al., ) % Lice bobls o )5 ous
.(2006; Maricq, 2007; Tashakor et al., 2021
robe ol ohng Lo OlS olerd oS5
sk egill Sl eans S e (S5
oS 5 anlllae (Hsu et al., 2016) coula;l
oS 3l 5 (Slios o3 & e &5 oot
9 oolitl s Ui crapns 50 Wlgs oo aSl (S oo
w3b 5o ol olul 5 (ormb wlie usS )3 029 4
Sodl.(Perrinoetal., 2008; Han et al., 2015)
5 5 Sl SoslT o5l 5l Sl ogilly olis

cllal Cany Colild aST > el Sl slacoled


https://gnf.khu.ac.ir/article-1-2802-en.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-20 ]

e Sliows 05l polic Cuodl s 5 Lie ¢ Sogll anlllae

O g goblpila

a5 o0 6ol yie Lo YE+ 5 0 4Vl
a2y YW B - e bl gl (ke y5b
;I (Dehghani et al., 2018) <ol oz ol 5 il
Olrl 09y Jled 3 ol bl (St S
A 5l ed s lelis,l Syglone j3 5 (655 50
ol oy Bt (6o 0550 Dligu, 5 LS 0 )lo
0 9 S P19 Sliga) &5 Wgd o 0y Gliwl (nl 5
355 4 1) Corlune (R 1)l 5 slodiigg o 5
logygeis) 5l o9 S jsb 4 ailesls olais]
(e 30 (S 09 8 Sk slas Sk Jols
(gt anglyd 3 ST dyaglSaS W Bgi (S anile
Slewl 00game 0 v g 55155 Glacs T g ok
OYAY (L 5 (bogeste) 948 oo cdlive o)l 45
&8ls 5158 Sl 55, » bome 35 old e
5 LeslSS e Jod S5 sl 5l alegygais 5 ons
ALE 0,0 dgzg b alite bla o 8 Sal

.C~»‘o¢ﬁ:4ﬂ)|\ Lﬁl& 5 Cﬂ)ﬁj }@A:L;dt“$¢mﬁj

35S sl Sz polie yiban sl eizen 5 o
ogily yolie (Sogll b)) Ban b yol> aalllas
3eslatwl b s (w,lae 0 09290 ,Le o0 Slew
sl 00 ploil PMF Jow 5 Lol sloadlie Jod>s

b gy 9 lgo
andllan 5550 Allaio

LBlo g2 y0 yoghS Ve e Sl G Sy Ol e

4285 QY 54> 0 YO L addo ¥) g a>,0 Y0 o g
Y gaz 00V B agdo ¥ gax,00) 5 Jb oy
LIS ol s ol ool 2By B8 Job adds
&bl lowds Jlas 5l g 00g a5 APYAAYS oz
00 el Alore YOO g axb VYV dihais YV o
aw adllas cpl 5o (OYAF ol o bl asldle) cul
adllae AlF VY bl b 31 YA 5 VY Y adlaie

;&)L.s u.\i.)L..a ‘dJL..u‘s.u 0,93 sSJ (5‘6 y° ! 00

Legend

5221 Andesite volcanics
B Tuff
Shale
| Conglomerate
&= Limestone
Piedmont fan and vally terrace deposits

Fig 1. Geological map of Tehran City

Yy

O e (lidime) 4085 Y S5


https://gnf.khu.ac.ir/article-1-2802-en.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-20 ]

e Sliows 05l polic Cuodl s 5 Lie ¢ Sogll anlllae

O g goblpila

Shol dilge Ll bl peeil 5l ol
5 eolawl L (Principal Component Analysis)
EPA PMF. ) PMF Jas 5 SPSS .V23 13l o 5
2 eolawl (VB
Ok sladiged )3 yolie (Fud é anle sl
chile 5l g @z e yaie Glpe @ mallul jaie
b aney clile gl 4 S o ol Sl
Ho et al, 2010;) oo oolatwl ,; doles

:(Rastegari Mehr et al., 2016
(Cx /CSc) Sample
(Cx /CSc) background

EF = ")

Wges ;o yaic clale CX (sample) akl, ol o
yae clle CSc (sample) 5 adlas 5,90 ,Le
5 Cx (background) .cul jLé aiges o gy
Wged o k8 clale s 5« 5.5 CSc (background)
oL gz o be 3 1) g e pare Sl 5 a2y
.Asb.)cso

55 Shiows o5illy polie (Fogll ;o251 (rizman
Naimi ) i asloes ¥ alslee 5 osliul b aslllas oyl
:@and Ayoubi, 2013

__[C]sample
CF_[C]Background ™

[C] sample . Say)T ;556 CF e, oyl o
cbale [C] background g ow,p 9,50 paie cdals

(S o yobe Sl cdale) a2 50 diges ;o yaic

Ye

Waigad 42 32xi 9 (6,10 paiges
VY aslais ol00 500N ddlaie VY ggoons
4 VY aibate 55 pe 50 (Sogll Gliee canilel plyis 4,
WA dibats 5 1505 3,5 50 (o)l earnoplis ey
Syge Old adle jo e (S5 L L adhie S
S slad Gl gl paiges a8 S I8
Gl glagisn I sSeel wly (i la S
Py 5 LISer w)ncaly a5 adl Wil
SSogll alin jolateds (oizan ad plnil 5555
Shomlse By oo bma g S JBI
Al 388 L8 diged 1S duyie bl 5 (Sg e Larre
o 5 B slad 5l jLe aiges YV ggeze jo
s ) 31 45 e (6 slaz AV oo sl 5 LS
Ay dbogsre 3l diges Vo g (WIS S0 5l diged VY
S bea) slbans a4 leaiged ol aiiloy
Biole;l @ (gilwoslel (slp g Jite oo, 38
50 bdigad ol Jatine o))l olKadls gouds iy
Slso 31 St ojlolaz (gl 5 oot St Lame slad
o3lail b e clyd ol ool YV e b S 515
Sl glaansS )3 (9,8 FY 1 5SS
alllass g0 polic J§' ol (poss (sln g a3 )5 )15
@l osd Chx sladly (o0 (Fiw il by
V Jgo i Je,l besly; ool ;] 4 (ICP-MS)
ool 5L Sl peiges bl sla Shg g Condse

Woold Jodoxi wll gog,
Jol bt (o Slaals 5l adllas ol 5
Sogll ,eS «(Eby, 2016) Sob 8 cuyo
USEPA, ) ol ,laz L 4 (Hakanson, 1980)

yolie Lice s sl ceioman .0 osliul (2001


https://gnf.khu.ac.ir/article-1-2802-en.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-20 ]

e Sliows 05l polic Cuodl s 5 Lie ¢ Sogll anlllae

oo 5 sobinals

Lg)‘oﬁd.js.o) S IR uL?:.u‘ u»)b..o SleMbs| 9 Més—ﬂ -\ J9J.>
Table 1. Location and information of selected schools for sampling

aiges a5 | Out/Indoor Y X A ydo &9 il o 4w yoko o
D; In 3949996 539810 ge-ail pss \Y FLBPRH KWL
D, Out
D3 In 3957929 529855 ge-ail pss \Y OB =65 1 yue
Da4 Out
Ds In 3952034 544219 ge-ail pss \Y sobazel gy
D¢ In 3949950 541492 g ail sy \Y Y
D+ Out
Dsg In 3950051 543792 g ail sy \Y g
D9 In 3952329 544588 g ail sy \Y wole
Do In 3949426 540823 Hgo-ail x50 \Y RS
D11 Out
D12 In 3949916 537611 sdgo-ail g5 'Y e e
Di3 Out
Dus In 3949650 | 530946 | iy aiiis v o ook
Dis out 3948792 | 540319 | iyl Y LS ol o g
Dig In
D17 In 3947891 540378 sdgo-ail ey \Y Sloew plal
Disg Out
D19 In 3956731 528299 PR CERY YA obxd pow
Dao Out
D21 In 3944948 531031 JEAPRSPHICEN YA ) 03 jus
D2 In 3949236 521657 PRSP ICER YA olazel gy
D3 Out
Dos In 3943902 532624 PRSP ICER YA ael) b olpl slags
Dys Out (S
Das In 3945263 531088 PR JCE A Cyeiie
Dz In 3956613 | 522419 | ity aipis A G ol e

—oald 31 (glod yiuS s jo g cnl a8 iy (g5l Joe
oolitul 5,50 Slguw, g S dsa  Fogl dox o
sleclale (Hopke et al., 2006) s,.5 -~ 8
ol g Lo P 3l (sl gazme olpie 4 oadoanlinn
D9l oo 0010 prdgl S
Xij = Yhe1 Ginfij + €i )
asgazee | -t aigei ) £58 oo 5l Join clale X
maiged ,0 Koth aie Jule o Qik el (Lol o0ls
ol Koth s j0 Joth (sladisS 51 cadu Fij el tn
do abe JS olawi Py el suile Bl s ile €4
GPMF s Lo Jilbg s o s 555516 el ot

el cwdle Jhs (msls g ol g epdle
Slhiaws ogilly yolic a3 0091 )L (2ym0 10 5,18
bl 3 5 (G oled g S ety s
oy e cblas lojlu Jawgs oo &3l)1 Lol
33 eolitul 5yse aslllas pl jo 5 dnulne IS5 el
USEPA, 2001; Zheng et al., 2010;) s 5
Rastegari Mehr et al., 2016; Tashakor and
.(Modabberi, 2021
ol b sy slols gl adllas opl o
Joe 3l eshol adlge Jolo pr odle jLé 5o LousyY]
Sl SO a8 ws solawl (PMF) caze s pilo xS


https://gnf.khu.ac.ir/article-1-2802-en.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-20 ]

e Sliows 05l polic Cuodl s 5 Lie ¢ Sogll anlllae

O g goblpila

S le
Sb>Cu>Zn>Pb>Mo>Ni>Cd>As>Cr>Co>
Mn>V>Fe>Al

&9 )L.-":
Cu>Zn>Sb>Pb>Mo>Ni>As>Cd>Cr>Mn>
Co>V>Fe>Al

S o 3 (FogfT ok (g2
rare WV oly (Sadgé cups ambun mls
e Som 9 (I L slaaised j asllhae 5 )9e
@ ol paie jloslatul b )] 45 e ool dalllas
ol .ol 0ol 00,91 ¥ S 50 &> o paic laie
S le o as W e i et ls pl Sl
b (Sab S 00 1 (59, 9 e Olgeuti polic
Ooelge 9 IS ol (SaB (S8 03 50 e D
oeodlS (S, euals U dawgie (Sob s 03, 40
IS S chgie (Sads 00) )3 pg)S g
03y 3 gl § o5 (Sab i 03 ;0 (ol 5 ol
03) )3 o (S JLd )3 W)l 1 (Sud sd e
03y 3 s § 59y cOlyeril i L3 (Sab e
S 03, 5 JSui 5 e sy S it
RIS SV SEVUUR S S A
25 57 sl g o5 (Fad g 00 50 ol oy
plo 0 OF ddhaie 655,000 aw,oe) D2 oS
e s LS (Sabgl e 0o, )0 leoliw
03, ;o (oBiws! YY) bolliws! suopo AV 50 Gy
aw y0e-D2) eolKins] o ys VF o s S gE
NY ddlhie —asgle aw,00 Do OY adlais oS5 00l
— 03, (VY dibaie o 0y 4wy D13 s D12
58 655,080 aw e D1 oKl 9 wuas S Sl

Syl 18 aas Cold o (Sad SE 0oy ;0 VY ddhaie

1

Sun et) Sy g0 JSlo> 4 Q Bus o Slhee alewg
.(al., 2016

Xi'—2p= Jikfkj
Q =2?=1Z}-11[%*"'” ®
50.\.3)0»))' | FA;)‘A_&AU” QT)‘)‘\S
PMF (sl oo yielyb G aS sl Q aseus 9o
S5l e 15 slesaly o JolS b 4 Jow 0,90

ol 005 81|

Sliows osill yaie VF chli bl aods
(2] e 1p9)S SIS ool (S ) e
5 535 v +Olsoatil maslly (ol pripagll 250
705 (olae bl>) Sgpm 5 (3 jle 0 (JSS
Vider 0 Gl SB e yole cbile Sl
ol 005 03 5]
o2l 5 peiagll polie clile (. Sile @l (ulul
2 3 ol adlllas (wjlae Sy g IS L 5o
Sz S o yole pl cdle .Sl 5l Gl
5 ooy 5 LS polic il Sl Lol wil oS
S35 L aalllas 3,90 ke (IS5 L o 15
e 0 Sl SB e gl clile (:Sle 4,
Sz S e gl cble I min Swl Sy
5 o Sy wopw polie cble (SLe ol
Sl 5eSiles & S | DS o 2 lganct]
g o e g ‘Q,QJ as oo plas S L:oQT
Sy o polie iy 5092 Ll b s
robe o ) S @i rFoileel wihie o
ol gmalS Wy, e o lis adllhaes jge
Sk SB o Lmo] el 4 Canns 36 clale

el 5 D90 & Sy L g A3 L o


https://gnf.khu.ac.ir/article-1-2802-en.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-20 ]

e Sliows 05l polic Cuodl s 5 Lie ¢ Sogll anlllae

O g goblpila

05 S5l prteagll g ol chawgie (Sogll waslily g
—ot O pyle (e g (A1 L sladiges s
RLEN
robe 5l clle @y az g b jlas b5l s
OL..M) cul...l ] 00 0\5)51 A 9 Y Jg‘d} 329 Ml}m
yobie pled sl )le SIS (50553 (o yme j0 a5 0l
L ;.\.SGA bl.?u‘ LS)"“"‘"")‘"D ulfosf)o &1; o|) )I
IR Blel 5 sy eled iy o Sl
Zheng et) o,Ken 5 S5 LL3,1 cpl o ailass 5
robs pop b er &y Jled e @l 2010
oy S OssS rS)l8 oy 13 5 Lk 50 3525
5J&:.; (8 o 5&5?;."))1 .~.\.§~))5T CA.«JJQ g,-@g-.’Lm“’ E.il:.; cél.}
(HQ) jlaz Ceand )5 5l (polins i 5 (595 9 2
olas Jb o wsls plas (YL )5 9 50sS ol
2 S led 5l (BU 5Se g e ln et la
&l lacin] e .l (5065 31 s YLS
S OYLS 5 3 358K 5 p3,S orme 0 B85 18
Cawgy 00 mhaw g Conl 10,55 15 (652l Coonl
bl Gl p 6 in Hlas Jlabl b awslie jo YL, 5
yolie plas o (HD) jlas a3l yozan 5)ls o )0

v

00, ;o olfus! duo 0 00 51 i 40 lgens] paie
D1) bolKins! aoys VY jo g s Lo Sos s
Do «slaiel (ngp awyde D5 55,00 amjne
—ods a8lg VY adlais ;o Loy ] colos 45" (augle a0
yase a3l 8 sl ol o (SadsE 03 50 il
Sl g 00, 4o olSiusl a0 YV 51 iy o e
o0 D2 D1) aolfiias ao )0V A o g soas L5
D12 o8] g aas (L Soi 8 03, 10 (55,0
Sab g 03, ;0 (VY dilaie ;0 0 oo duydn)
oS S plgie nlple oyl LB wad coliis
S 6L 5l i (Sogll eyl Sl jLe
alfaw sblo ( Sogdl ol wlal 5 uizen 35l
dilaie < VY ailaie &g 4 g5 s |, dxlllas jge

26,8 L5 o VA dilaie < VY
ool Py 5 S L yo polie (Sogll o
alS wig, ailoads ools L ¥ S o ol el
y s e s el s il ol
Gl ol oyl gl L el [ K00Ss alie Jgym
sl 31 595 5 e (S0l el gy St y0 o5
rolis ( Fogll cupo polie 4y azgi b ool i
Ml S G 5 lsentil sy e
CILS 555 cqoaolS g8 oSt | e IS ey g


https://gnf.khu.ac.ir/article-1-2802-en.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-20 ]

e S Lo os.oJlJ ).aL.c wmpsw‘;oﬂ allao u‘)lg“"mﬁd‘)u[""”hb

MAIKG) )5 oyl Sl sladisod ;5 polis clale g LT aods -Y Jsur

Table 2. Descriptive statistics of elements’ concentration in dust samples of Tehran schools (mg/kg)

Element Al As Cd Co Cr Cu Fe Mn Mo Ni Pb Sh \Y Zn
(%) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (malkg) | (%) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
Sl ke
Mean YNV AIA .10 4o AA/AY V\ENA | YR | frase ¥/ MY | YYUR AIDY YANA | ASVAE
Std.deviation | V<A | vy JYY YIAY BYNA YYAS | oA | AYEEY Y/-4 FEIVY £a/0Y F/ra woa | ovrers
Min VBT YN 10 ¥Is ¥q 3 \IVE Y¥o Y Yo a4 YIA YA Yoy
Max B/ VO/A \E VY Yo fRY | ofA oY 4 YYA YAY YY/Y £4 VY
cVv OYE | e .Y oY 1Y OYF | v JIYA -0 Y oY -1 -IFY AIYA
S e
Mean ey | ava Y V- f AA/E vy | ovwva | sea Y5t FE/F ¥\ ey YA SEIY VYo
Std.deviation | -/ov | VAf ny: \E Y\/PF Vv | ena | safod Y5 AN YY) Y/AQ YIYY YovisY
Min Y/¥0 £10 oY YIA ) a4 Y/EA FaA YIA ¥ Ve Y/f oY SVE
Max oY | vvE Y \Y/¥ V50 FAY ¥ Yo NI$ A A VY Yo VEFY
cVv Y oY A oY Y et | e Y e AIYY .50 e Y AIvE
VZ\%':;‘;‘Z" VI 1Y .10 AIYO of VE /o Y VA Yo Yo 10 5. 5

@ Kabat-Pendias and Mukherjee (2007)
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Fig 2. Box plot of elements’ enrichment factor in a) indoor and b) outdoor dust samples
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Table 3. Hazard Quotient (HQ) and Hazard Index (HI) in children

|As [Co [cr [Cu

|Cd

| Pb [ Mn [Ni [Zn
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Table 4. Hazard Quotient (HQ) and Hazard Index (HI) in adults

|As [Co |Cr | Cu

|Cd

| Pb [ Mn [Ni [ Zn
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Table 5. Calculated components for elements after Varimax rotation
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Fig 2. Source profiles of the studied elements from PMF model analysis
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