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Tablel. LOD, %Recovery and %RSD of the measured elements
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%RSD %R LOD (ppb) Element
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7 104 1.5 Cu
6 96 0.3 Zn
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9 94 0.3 cd
5 105 1.5 Sn
7 104 1.5 Ti
9 96 0.3 Pb
9 105 03 Cr
7 96 1.5 Mn
6 105 1.5 Fe
7 103 1.5 Al
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Table 2. PM, concentration (ug/m’) in samples of eastern and western stations

OULST (6,18 p i g ol |
Ekbatan sampling station

oI 6,19 prdiged ol
Tehranpars sampling station Sample No.

10y diged plo;
Sampling time

445»04 O)LD.:J

67.7 49.6 1
53.1 458 2
48.17 48.99 3
18.85 15.62 4
37.87 64.1 5 olians;
27.68 37.84 6 Winter
25.01 41.6 7
37.78 36 8
53.19 43.78 9
26.5 34 10
79.53 94.31 11
53.74 53.57 12
47.11 37.86 13
83.24 78.64 14
47.34 62.97 15
53.6 29.75 16
Olewsls
52.46 77.42 17 Summer
73.66 71.1 18
78.02 67.1 19
113.81 63.44 20
53.42 51.2 21
40.83 32.9 22
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Table 3. Descriptive statistics of PM, concentration (ug/m’) in the eastern and western stations
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SD Max Min Mean Sampling station
18.9 94.3 156 517 () 6
East (Tehranpars)
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West (Ekbatan)
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Table 4. The mean and SD of metals concentrations in PM, (ng/m’) at sampling stations

(ObLsh @ (0ol ) 7%
West (Ekbatan) East (Tehranpars)
Sl Sl Sl eSle el
3 ylasbew! Mean 3 lasliw! Mean Element
SD SD
2188.5 2629.9 1993.4 3618.1 Al
23.4 49 8 14.7 Ti
14.2 313 17.7 35.9 Cr
12.1 26.5 22.8 68.1 Mn
768.6 2180.1 702.1 1543.4 Fe
43 9.5 8.6 21.5 Ni
7 18.9 17.8 62 Cu
63 210.5 146.7 296.6 Zn
2.1 6.1 3.6 11 As
- - 0.3 3.1 Cd
1.8 3.7 6 17 Sn
30.7 49.7 259 72.7 Pb

VAl ) oyled VA 090 ¢ laos pole aolilad

Y



w3 s S Gl e ) 2

sloyais adlllas (ol o eizmen widg: pgeiesll 5 ol
aSaisls las oYL (Sus o€ 4> 0V 3 Cr «LCu Zn Pb

il ] Sl elae Sl
5 olLhsr dwgn (boeaiS Jb lpear Zn
S 5 cplply g 0gd oo solatul Sy (0,5 0SS
i blog 26 ale 5150 oses pobay olxs
(A5 50) @y bl i Bpae 035 oo oy
s sy Gl L i g e ol b B
Sy e ol egate sladijy) lag
O Sh S e (Sogll Lol slagie
iwlu s (Smichowski ef al., 2007) g, o jladsa;
S5 i bloy slagz Vb (e sladss
2 o gex g JLaml At )0 e g Olgred
S eslitad Y8 Jlo 3 5 edel clusd lapbls
sl 0dh faian dyaz dalis olug sl gl o lag)]
3 e sleuS 5 (Root, 2000; Bleiwas, 2006)
Nigd co oolaiul uluyd ws olge ey ayég,
sbul gise gobw 5y, Ml 4Y oS
3l Sl gl SKhasl I a5 wuS
WS oo SrSslr s Gl lacend G Glale
ST ads s 3l ST (Okorie ef al., 2012)
Se Sl Caio )3 izmen 9 V5E g e g o
Syl ol Bpas 5,8 d o ald oeh o eolatl
Eria 3 3y sile LI 51 (gl ol 50 izmen
e 0 3 pgeedls 0,5 o LB eolatll 550
sybse oolitul Sleisle wlas 5 Semdly s bl
63 pigms o8l 40 o a5 il 51 (Wi et al., 2010)

ol o Fe s Ti 5 wivgy 58 51 3YL 3,0 oSl 5o
e yae chle goame oyl oYL clale e
Ol sey cdale S 4 addlas cpl jo ool (g S0l
s ;3 9o, 0 VVIY 5,8 (5,lo pdiges oK) )0 PM,
Bgr o, YA Gye (61 pdiges

2 PM, L oljen slayaic gly 0ol aulos BF j0lis
(2,2) QBLST 5 (352) )bld 6l peiges olSCius) 93
Olyd sldiges ples (gl .l ol ool lad ¥ S jo
Fe Al gl 5 EF polie 5,0 (5,0 pdiges ol jo 3lae
Ti g Mn Al sl 0y 5o aiges sSiusl ;o ¢ Ti g
5 (SIBE (Sre 4T 3 Syl FSZsS L sslens
oo 318 ol slie a5 Col (pl oo (yLis g 0ogs Ly
Gl yany Aoy |

Hlas Cr g Niasle oloyls 6l Ve U)o EF yolie
o2 9 Slawg Glagie pa lopaie (ol dlide 45 ans o
009 SYL 4 axgi L Cr oj50 y0 .ol Sludl slaace
S5 o pg,S aS el 5l el sdle Slusl elise EF
Gt S cdidle (Soj95 plp po a3l s
Conl (T 5 Ky ao Vg8 csle o gl op)ls
.(Esmaili Sari, 2002)

55N As Pb Zn o paic 5,5 (5,0 paiges o] ;o
As ¢ Pb Zn sla paie e (6,10 paiged olKius! 0 9 Cd
ol oy ylas el ol oxiws TO 51 55,5 EF 6l
odes LISy g 035 odd (S Dby yolie plas cul
Lol b pf slaae oyl slice

plxl s, Kamani et al. (2014) a5 glasllas o

PM,; 9 PM, ; sladises o polic (niolsld 5 wsls

1000

Enrichment Factor (EF)

01

Fe Zn Pb Cu

O 9 8 (5510 paiged ol | yo

mEast
West

Mn  Cr
Heavy metals

PM, ol yor sl 38 I EF polio-Y S

Ni As Sn Ti cd

Fig. 3- EF values of the metals in PM, at the eastern and western stations

IRl o) ojless )

Aoyss e psle aclilad
A



OhlSen s segllae

20,5 ol s

chale o PM, cdale o alal ) casdllas 050 o] 50 4o
o5t S 9031 3 eolital b oy 9250 (slals
cdale as ols Las g o (Sivmaad 5 o] jo 0l
b L osee jgbay aS'Ni ¢ Ti Mn Fe clale LPM,
(F ) clls s goe cuin  (Sad i)l

cbale a5 ol Glas G (Staen 355 oSl )
Shadl lace yay a5 Cr g Zn cldale L Fey (938 PM,
o (O JSB) Cdls o pire s (Ko (5 lo
Gy o] o b e slice L ejls LPM, s
Oy Sladl slogee YL e oind (Lis Wlgi o
ASb 3y 50 Blee SISl slice

Ol Sy (203!
As 5 Pb Ni Cr Cd axllae )50 sloyaie sloo 5o

w"-*‘ d‘)‘,’ )‘ 0594 QL"“.‘ 6‘)% (o LgL‘b}lé Q‘9’:‘°4'.’
bl ((Greene and Morris, 2006) wigd co gumo

400000~
r=0.745
<0.01
p Q
500,00+
o
o
300000~ ° @
o
&
E
)
250000~
£ 0O
o o
w
2000 00~
° o
150000 o °° o
&
o
100000~
T T T T T T T
o0 2000 000 6000 000 10000 12000
PM4 (ug/m3)
1000+ o
r=0.525
0.05 &

6000

[}
E
=) o
2 oo
z
40.00-|
20.00-
T T T T T T T
o 2000 4000 6000 80,00 10000 120,00
PM4 (ugim3)

IR Linear = 0.555

Mn (ngim3)

Ni (ngfm3)

«lodds (:_519 Ol s ‘5351“4 bl ;o asllas Q.;.\ N
e it 4 by 5 55 5 oo 31 20 sl Ll

Mb@ Lm}.a.;..c Q—.’.‘
PM, sladiges ;o il oo adas filog 5l o6 i
aS by las e Gyl g 3y (6,10 paiges oK) g0 o
S s yebay 5,5 PM, o Ni gSn «Cu cbale .Sk
‘_g)‘o).géﬁs.o.; oK ‘ 0394t 4O 4.;.1.9.) J.AL...JB ).u)la) ﬁ,Sl).; 9
o] 98 G (S0 S aunliia 02l 5 3,0
yobie BF polie ols (Las 55 @08 9 3,9 )l peiges
),:YL: d)‘““ Glil«u.i‘ 5 PM4 6[.%4)5.« Lg‘).g adlao 3,90
(e )‘ uLm.) A:‘j)‘sa as bs.: u)c om‘ )b QT JJQLM )I
o2 Al e A Sl By 5o ‘SSL.,..Jl 619&4“ ).»YL;
B o 5l s p0 e ol g s Sl 5l el

G 5 oo VT ceilsl comw odos bt Wlgs oo o]

inear = 0.763
50.00

40.00

30.00

20.00

10.004

T T T
000 60.00 80.00

PM4 (ug/im3)

T
2000

R Linear = 0.329
2000
r=0.574 .
p<0.05

1500

1000+

500

00

T T T T
6000 80.00 100.00 12000

PM4 (ugim3)

T T T
00 2000 4000

Oy (518 yrdiged ol 33 1 33 39590 Ni 9 Ti (Mn Fe cdilé s s PM, cdild &l gt -F S
Fig. 4- Changes in PM, concentration in relation to the concentration of Fe, Mn and Ni at the western station

WA Lo ) oyl VA 00 o olanome pole aslilad

q



w3 s S Gl e ) 2

ECR (55wl g Cr(VI) « bgsyo ECR ( 5YL aslllas
As Cr polie . Sleo ulwly JS ECR 56 Pb &y gy e
oSsl 9 (5% (5,0 pdigas olius! ;o PM, ;0 Pb 4 Ni .Cd
3gs AV Ve 7 g VY o Vo7 ol S )08 58 (61 pdigad
L olyad gaw (sl b et 31 5 o8 Calinn 0y o

ORS8N e P AWl 35 0 PM,
2385 by &y o iilgl g0y Ve v e PAEA

wlllae 050 Sliglbw 5 (o yare my Ol
Obew o e3gaowe PM, (55, Kermani et al. (2014)
Ghls Pb yolic cpl o 3l 5 aiols plosl ) 05 sl
50l P asllbae cnl ps Jo 0ol Loy cale o 59
G 43 6] Juds aS 0l yLis | (ECR) o0y s Seans

250 bgiye ol oS
b0 (il o Sy 0 VL Axlllan 8 90 polic e o

e
3000.00-]
r=0753

p<0.01 ®

250000

200000

Fe (ngim3)

150000

100000

500,00

T T T
40.00 60.00 8000

PM4 (ug/m3)

T
2000

Linear = 0.567

(_g‘)uUa).w oole A_iv Cr (VI) o 0‘5‘0 6‘); EPA (SMM
)‘)SA °5)§)‘>5 0 [SET W u...a...; d.v).‘a )‘ oady assLis
Gty b s ools arca, Cr(Ill) oS Jb> j00,.5 o
ICP- alwsgay axlllas ol j0 00l (g S 03lasl pg,S 000 sod
Lo s ol3T slgn j0 1ol jao e Cr (L) 15 oo Cr (V)
LS'L’))l (_gl).s oalazwl S)y90 Cr(VI) cdale u.sl);l.u Sl VF
100,10 892y calizes JSCol a4y 55 S (Park et al., 2008)
IS IS 4 ol plas a5 28,5 )18l 2 (58 sl ()
S S ST il IS5 S JIS o5 e 5L
S5l pmosl clpieal, TEPA 355 o Jalt 551, 531
Sl oé; 6@@ A 05; 9O 0 asl @LM‘

.(Hieu and Lee, 2010)
l.g c‘).o.b (o 6[.(&).4.\5 L.S‘J" 0w ‘))BTJ‘? ECR A de.>
S)90 LgLQ)AM uLuO 90 RO (0 UL"“‘" |) PM4 dl:.o u‘)b

R? Linear = 0.384

70.00 o
r=0619
p<0.05

£0.00

50,00

40,00

Cr (ng/m3)

30,00

2000

10.00

T T T T
40.00 60.00 80.00 10000

PM4 (ug/m3)

T
o0 2000

500,00

40000

300,00

Zn (ng/m3)

20000

10000

R? Linear =0.274

T T
o0 2000

T
40.00

PM4(ugim3)

T T
80.00 10000

B (510 paiged o] 30 4T 30 39590 Zn 5 Cr Fe Clild a3 S PM, il &y -0 S
Fig. 5- Changes in the PM, concentration in relation to the concentration of Fe, Cr and Zn at the eastern station

VARl ) oyl VA 050 ¢ lansme pole aslilad

\-



OhlSen s segllae

Olrd @€ 9 870 PM, Lol yod oo (sl 38 (ECR) (2155l pow Sy -0 Jgux
Table 5. The excess cancer risk (ECR) of the toxic metals in PM, at the east and west of Tehran

ol pw Sew (s Sy 9219 cble
0 (ng/m’)! (ng/m’)
ECR(10%) Inhalation unit risk Concentration (ng/m?®) role
. ) ) Elements
<« S < S
West East West East
54 61.2 1.2x102 31.3 35.9 Cr
26.2 473 434103 6.1 11 As
- 5.6 1.8x10°3 - 3.1 Cd
2.3 5.2 2.4x10* 9.5 21.5 Ni
0.6 0.87 1.2x10° 49.7 72.7 Pb

PM, L ol o coms slo3ls Lo jo il yé 5l 5YL 5,0
hob s Sy (VL J P &y bogy o Bl 0 YL
Lolyon yaie o jeslo bloce (al iy 05 Cr(VI) 4y bogs o
e CE(VI) il oo 5 5] g5 s gl Blae 53
Ol S Ll gl g 4285 8 azgs )50 il iy S

55 Jiss

ol 3wl
g 9 SUSalcaz0gs paall 0 a8 o joie s 3 oKl )

ol 039y Jfooage |y hol L aios ol plol 5Ls 890

°'>)§L5'°L5’b)'\59)£‘“"
Lb o % 93@
' Epidemiologic
2 TSP
3 MBI scitatsSSPS 21
4 Excel

> Shapiro-Wilk

¢ Enrichment Factor

7 Excess cancer risk

8 USA EPA IRIS Risk

? Independent samples t-test
10 Mann-Whitney U

Addo, M., Darko, E., Gordon, C., Nyarko, B. and
Gbadago, J., 2012. Heavy metal concentrations in road
deposited dust at Ketu-south district, Ghana. Interna-
tional Journal of Science and Technology. 2, 28-39.

oo Ll (gl by 00le G 4 (5550 sl ] S
Hiew (2010) a5 shalllas 1o 595 o oognins kS G o |
sl |, ECR 5 aiols plosl iz 0,5 oldgl o Lee 5
50,5 daalxa PM, s PM, . PM, 1,3 15 Ni s CdCr(V1)
adlae jo.obs Hlas )y ol ols s Sug ;) 00 3YL Cr (VD)
As 5Cd Cr (VD) (55, Jgims s o Park et al. (2008)
Cr(VI) & bgs o oljolo oo Sty 05253 55 PM, . o
hob yw S, w0l albxe JS ECR ululy 04
< 5l VL Ol Gp0 00 PM, L olpes o (slajld
o slo3ls el (Sl oy YL G s 4 el

390 5l s By ;0 PM, Lol e

S (LA (5 2y8 9 30 PM, 50 (oS slajld ()
sl odos j9boas Cd g As «Cr «Cu Pb Zn wils oo yaic
Jo> ohsts Sl glacld §f (20 5 ails b s
O g3l ol Sl i adis Jilog o Ji
Sy 3l A7y 45 09 0 51 VL s 3,5 PM,

258 LS Gl belyen o lajlé 1 (236 ol b

&b

Anderson, J.O., Thudiyil, J.G. and Stolbach, A., 2012.
Clearing the air: A review of the effects of particulate
matter air pollution on human health. Journal of Medi-
cal Toxicology. 8, 166-175.

VAl ) oyled VA 090 ¢ laos pole aolilad

ARl



w3 s S Gl e ) 2

Atiemo, M.S., Ofosu, G.F., Kuranchie-mensah, H.,
Tutu, A.O., Palm, N. and Blankson, S.A., 2011. Con-
tamination assessment of heavy metals in road dust
from selected roads in Accra, Ghana. Research Journal
of Environmental and Earth Sciences. 3, 473-480.

Bleiwas, D.I1., 2006. Stocks and flows of lead-based
wheel weights in the United States. USGS Research
Report. USA.

Esmaili Sari, A., 2002. Pollution, health and environ-
mental standards, First ed. Naghshe Mehr Press, Tehran.
(In Persian with English abstract).

Faiz, Y., Tufail, M., Javed, M.T. and Chaudhry, M.,
2009. Road dust pollution of Cd, Cu, Ni, Pb and Zn
along Islamabad Expressway, Pakistan. Microchemi-
cal Journal. 92, 186-192.

Ghiasseddin, M., 2015. Air Pollution, second ed. Uni-
versity of Tehran Press, Tehran. (In Persian with Eng-
lish abstract).

Greene, N.A. and Morris, V.R., 2006. Assessment of
public health risks associated with atmospheric expo-
sure to PM, ; in Washington, DC, USA. International
Journal of Environmental Research and Public Health.
3, 86-97.

Haritash, A. and Kaushik, C., 2007. Assessmentof
seasonal enrichment of heavy metals in respirable sus-
pended particulate matter of a sub-urban Indian city.

Environmental Monitoring and Assessment. 128, 411-
420.

Hieu, N.T. and Lee, B.K., 2010. Characteristics of
particulate matter and metals in the ambient air from a
residential area in the largest industrial city in Korea.
Atmospheric Research. 98, 526-537.

Kamani, H., Hoseini, M., Seyedsalehi, M., Mahdavi,
Y., Jaafari, J. and Safari, G.H., 2014. Concentration
and characterization of airborne particles in Tehran’s

subway system. Environmental Science and Pollution

Research. 21, 7319-7328.

Kermani, M., Arfaeinia, H., Nabizade, R., Alimoham-
madi, M., Alamolhoda, A.A., Bahramiasl, F. and Shah-
soni, A., 2014. Study on concentration of particulate
matter with diameter less than 10 Microns, heavy met-
als and polycyclic aromatic hydrocarbons related to
PM2. 5 in the Ambient Air of Sina Hospital District.
Journal of Environmental Health Enginering. 1, 93-
103.

Kim, Y.H., Kim, K.H., Ma, C.J., Shon, Z.H., Park,
CG., Song, S.K., Ro, C.U. and Brown, R.J., 2014. An
investigation into the relationship between the major
chemical components of particulate matter in urban air.
Chemosphere. 95, 387-394.

Leili, M., Naddafi, K., Nabizadeh, R., Yunesian, M.
and Mesdaghinia, A., 2008. The study of TSP and
PM10 concentration and their heavy metal content in
central area of Tehran, Iran. Air Quality, Atmosphere
and Health. 1, 159-166.

Lide, D.R., 2004. Handbook of Chemistry and Phys-
ics, First ed. CRC press, Florida, USA.

Loska, K., Wiechula, D., Barska, B., Cebula, E. and
Chojnecka, A., 2003. Assessment of arsenic enrich-
ment of cultivated soils in Southern Poland. Polish
Journal of Environmental Studies. 12, 187-192.

Lu, X., Wang, L., Lei, K., Huang, J. and Zhai, Y., 2009.
Contamination assessment of copper, lead, zinc, man-
ganese and nickel in street dust of Baoji, NW China.
Journal of Hazardous Materials. 161, 1058-1062.

Manno, E., Varrica, D. and Dongarra, G., 2006. Metal
distribution in road dust samples collected in an urban
area close to a petrochemical plant at Gela, Sicily. At-
mospheric Environment. 40, 5929-5941.

Moeinaddini, M., Sari, A.E., Bakhtiari, A.R., Chan,
A.Y.C., Taghavi, SM., Conell, D. and Hawker, D.,
2014. Sources and health risk of organic compounds

VARl ) oyl VA 050 ¢ lansme pole aslilad

'Y



OhlSen s segllae

in respirable particles in Tehran, Iran. Polycyclic Aro-
matic Compounds. 34, 469-492.

Okorie, A., Entwistle, J. and Dean, J.R., 2012. Estima-
tion of daily intake of potentially toxic elements from
urban street dust and the role of oral bioaccessibility
testing. Chemosphere. 86, 460-467

Park, E.J., Kim, D.S. and Park, K., 2008. Monitoring
of ambient particles and heavy metals in a residential
area of Seoul, Korea. Environmental Monitoring and
Assessment. 137, 441-449.

Rashki, A., Erikson, P., Rautenbach, C.D.W., Kaskaou-
tis, D., Grote, W. and Dykstra, J., 2013. Assessment of
chemical and mineralogical characteristics of airborne

dust in the Sistan region, Iran. Chemosphere. 90, 227-
236.

Root, R.A., 2000. Lead loading of urban streets by mo-
tor vehicle wheel weights. Environmental Health Per-
spectives. 108, 937-948.

Saeesi, M., Li, LY. and Salmanzadeh, M., 2012.
Heavy metals and polycyclic aromatic hydrocarbons:
pollution and ecological risk assessment in street dust
of Tehran. Journal of Hazardous Materials. 227, 9-17.

Sistani, N., Moeinaddini, M., Khorasani, N., Hamid-
ian, A., Ali-Taleshi, M. and Azimi Yancheshmeh, R.,
2017. Heavy metal pollution in soils nearby Kerman
steel industry: metal richness and degree of contami-
nation assessment. Iranian Journal of Health and Envi-
ronment. 10, 75-86.

Smichowski, P., Gomez, D., Frazzoli, C. and Caroli, S.,
2007. Traffic-Related elements in airborne particulate

matter. Applied Spectroscopy Reviews. 43, 23-49.

Soltani, N., Keshavarzi, B., Moore, F., Tavakol, T,
Lahijanzadeh, A.R., Jaafarzadeh, N. and Kermani, M.,
2015. Ecological and human health hazards of heavy
metals and polycyclic aromatic hydrocarbons (PAHs)
in road dust of Isfahan metropolis, Iran. Science of The
Total Environment. 505, 712-723.

USEPA, 1999. Method 10-3.1: Compendium of Meth-
ods for the Determination of Inorganic Compounds in

Ambient Air. Available online at: http://www.epa.gov.

Wei, B., Jiang, F., Li, X. and Mu, S., 2010. Heavy metal
induced ecological risk in the city of Urumqi, NW Chi-
na. Environmental Monitoring and Assessment. 160,
33-45.

AT )

>
/oo

WA Lo ) oyl VA 00 o olanome pole aslilad

\Y



S

-

S
?

A

L

Environmental Sciences Vol.18/ No.1/ Spring 2020

1-16

Assessment of heavy metals in Tehran’s airborne particulate matters (PM,) and their

associated health risk

Sohrab Mazloomi®, Abbas Esmaeili Sari and Nader Bahramifar
Department of Environment, Faculty of Natural Resources and Marine Sciences, University of Tarbiat Modares,

Nour, Mazandaran, Iran
Received: 2018.08.15 Accepted:2020.01.22

Mazloomi, S., Esmaeili Sari, A. and Bahramifar, N., 2020. Assessment of heavy metals in Tehran’s airborne
particulate matters (PM,) and their associated health risk. Environmental Sciences. 18(1): 1-16.

Introduction: Particulate matters are one of the most important air pollutants in Tehran and very dangerous for hu-
man health according to the epidemiological studies. The ambient particles contain heavy metals, some of which
are toxic and carcinogenic components. Therefore, in this study, the content of heavy metals in airborne particulate
matters (PM,) of Tehran was measured and the related health risk was assessed.

Material and methods: Sampling of PM, was conducted every six days using Chrono PM Sampler with a 10
L/min flow rate at two residential areas including Tehranpars in the east and Ekbatan in the west of Tehran. The
concentration of PM, was calculated with Gravimetric analysis. After the preparation of the samples using the
extraction solution (HCl and HNO,), the concentration of heavy metals was measured by ICP-MS. The metal rich-
ness was assessed using the enrichment factor. For health risk assessment of heavy metals in PM,, excess cancer

risk was calculated.

Results and discussion: At both sampling stations, the highest concentrations in all PM, samples were related
to Al and Fe due to the high abundance of these elements in the earth’s crust. The results of the enrichment factor
indicated that Al, Fe, Ti and Mn in PM, had low enrichment degree and the source of these metals might mainly
be the earth’s crust. Ni and Cr had a high enrichment degree. In addition, Zn, Pb, Cu, Sn, As, and Cd had a very
high enrichment degree and were mainly anthropogenic. The concentration of PM, was not significantly different
between the two stations in the east and west, but the comparison of the mean concentration of metals in PM,
samples between the two stations showed that the concentrations of Mn, Cu, Sn, Ni, and As at the eastern station

were significantly higher than the western station. The comparison of the enrichment factor between the two sam-
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pling stations also showed that the EF values of the studied elements at the eastern station were higher than those
at the western station, which could indicate a higher contribution of anthropogenic sources in the east. Among
the studied elements, the highest excess cancer risk was related to Cr(VI) due to its high toxicity. The total excess
cancer risk based on the average concentrations of toxic metals in PM, was 120.1x10° at the eastern station and
83.1x10 at the western station.

Conclusion: Most of heavy metals in PM, in the east and west of Tehran had mainly anthropogenic sources and
were generated by human activities, especially transportation. The average concentration of heavy metals in PM,
at the east of Tehran was higher than the west, and as a result, the excess cancer risk of toxic metals in PM, was
also higher in the east. The most dangerous carcinogenic element in particulate matters of Tehran was Cr (VI),

which should be taken more under consideration and its anthropogenic emission sources must be controlled.

Keywords: Heavy metals, Particulate matter, Enrichment factor, Health risk assessment, Excess cancer risk.
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