[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

5 ol aallhad (e § Cudl Aloes gy Wl

Ol Jame Clildg ke el
Y15 G YT Slois OTAY DEls (o5 ol coiis 059

b,y (LS sS lols agalge Olime p Jedd Ol i 56 oL,
Ol 4 slon 52 297 90 SSboy,l Gladd> L Glaip S pdr b 55 5

T ol ol Jlor dw Estial S S asl JLaS Tla Sl el Loy I SIS e il a0kl

AEA AN SRS R NANAURE IS BT

oS>

Sl 5 035 litem A Sl o gt (slan oo 35 g0 Aol (laodis VT Olpie 0 Silo )T (slail iz (Sla iy Sa ko ibde 5 4isaj
b s aolijos locusss oleld A agrlyo e ooy Sila b Sl allls o] ige LS onl b agrlse e 2 s
b as 53 s agrlpe Ole aslin 5 Sl 3 5 05 Joad 53 03 Ol gt (13 3 30 g0 Silos [ (slail iz (sla Sosben
b3S L

ol (Ao g0 0010 ) Loy (633 (Sl o 3o o b S| Silo o T (STl i (sl Sasckon b i agrlyo bl ipms 0 Ao
Skl U bl g 3,8 plonil o n 3380 55 s ST 4 s (18 31,8 5710 5,87 olSaws i olinal b (51 4 codlav 5
i 4,5 I Mann-Whitney test O po 51 agzlso Ol o o s

b Ol foad 53 Oy W 50 S1iO e 55 b 0L st ailato 3 8y d )8 aslijsy (SLacSussS Snléls s loaiily
wolijs) SSKusS el agrlse I i /FIVE /0¥ ugm™ Sl b sol fas jo 5 o/1¥AE /o) ugm™ Sl
s s fad s Slog)T shail iz sla iy Sosdet b oleld agrlye Olipe g ooy 2)50 plbdlim (slaconipe il s 5
g p S s 3 OUT aglye Olie 51 3VL (P<o/001) (Sl fme

B Ol foad 3 s, agalye oSCba Sl e ol 4 U 53 sl foad 3 s 5 aolifos (slacSKusS o lels agarlgo Oloo (5 S 425
izl Sl gl (sladl iz (slasn Saokea b (§ ke agarlse Ol opir adbio o3 wdly 55,8 aalij) (SlacS S nléls

ol Lol ae S se ( Jad aglse PAHS 1 gals 0850,

Olg (Say psle oluils iy oaSTails (gl Colllg wdige Ll WIS )

shahtaheri@tums ac.ir O (Sip pske ol (cotlig easCals sbul (sl > Codligs (6153 (U stmn (Sodims 5) =Y
Olg Say psle ouils wotligy aaslails skl (glugls 555 Y

O Sap esle olals (il oSl Slskial (s SLl g S5 —f

Oe Sy pske ARl el oISl (gl > il kg (6555 (5 iils =0


https://journals.tums.ac.ir/ijhe/article-1-5363-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

o g Comazr SRl s 4 i sl 55 5 > 50 PAHS
& A3 Sl VT 1S SuST 5 la g s 5t slas 2l 531
Sladlas S G—ibw-(”)c*—”" asl sl
53 La e lsa 55 3 5m 50 PAHS clale o8 ol osls 0L
bl ol 0 S b s gl a1 i s b
Jead 55 sleyd 3L 3 PAHS clale (ol sl slaasily
et Ol Joad 53 (38 56 55 PAHS (S5 5 Ol
alS L e, g Ol fasd b nlis 3o
s a5 adIsl) & 5 558 Ol 8l (e
s 53 PAHS GBI 131 e e (S5 4 28
OY ) 535 o Ot

590 PAHS L 5= o ala ul g sl 3151 ool sluss
Piccardo adlas .(VF OY) L ls aglse ba e (a3
b s g lpe Sl oS sl 0Ll (VYY) 0L
Oom W a3 S 5L (253 sl slacSusS (58
el agxlse Sl L (sl ime sl Ol fud 5o
b 5o agrlse Oljpe 5 (D070 0 0) anils Olin fod )3
Olosls 30 5, b 53 agrlpe Oljon 5l 28 /Y0 o S
53 1, PAHS 5l s 518 K ol ey Jases 5l b lis
03 303 (S sl et s e S slaod VT o5 S
ST i Sy s 4S5 (0)
American Conference of Industrial Hygienists
W 550 oS 5 55 sl b s3lme 350> ((ACGIH))
Sl 03 305 4o 55 5 03 300 (el 5150 L 550 5 O
Bl 4 agzrlpe lacl, S 5 b 5l alse ol b agrlse o5
Olier sy Ba b ol aadllas .(V0) Wl 28l Sae
V5 5 a5 eSS el i g
Joad 53 5 Ol g i slsn 225 s PAHS 5 5
Il 55 Joad 53 o8 53 agerlse Ol aslie 5 5l 5 Ol
A3 S Ll 5 1 b YAy

b S, 930

yeo¥

e had Olyds U 2L

VRV

(Polycyclic Ssloy,T glail> d sloacy Ssden
o5 ,5 4 sl aromatic hydrocarbons (PAHs))
Gl VT glaazas sl 515 (V) 035 SIL T glaod VT
S b 53 slyls 48 Wlod 4l G130 o 3 1l 5
Sl S asden (FY) den Sbos T slaadl Sl (s 2t
slgn (b ot g 51 T Sli e 5 Slas T glail>
Ll (P 0 &) dol e Ll b (K Bl le ane JT
S e Lile Sl el 5 b 5l Lasl Ol o 2l
5 d3be 3 sl S sSe Gbl il S ki L
NV EX) s 0l o Oyse o ) 5 slac s
s e slon 55 352 50 ool (laoaNT 0l e« PAHS
Sl ol s dlie e 035 2l e S LI
238 polgr 53 SIS 4 Jos Lo o VT opl b agrgo 4 S
International ol ;o 555 » Geizs Ml Lusl3T.(N)
(Agency for Research on Cancer (IARC))
30Uy slaes S 53 15 Slagyl S 5l 51 sk
QA) oLl sl ezt 30 w5 CB) Sl (Sas
Aol aa o ool y Cldllas (V) ol 63 505 (g uad b
5leed glm 53 55 5o PAHS Lagrlsn Ol Soen
(A) il ol plosil 4 O s 555

53 8 Osdee Frv 51 s cdote e Olasla e bl
Sleds pize slaod VT 51 (SU ot - s b (5 43 3bla
55 50 PAHS 31 oLy i bl agge (6 b K31 5
o 4 folus St g a3l Bl il s el sl o
Sl 53 () i sl Jis Glas s s 2 s 4 5
wls 5 pa gloyd 558 56 s a3 PAHS (s
s (V) DS e sl 31 Dl e e L
5 andlas 5,5 s PAHS L 51 i 00 W 550 oSl
Lme 3 O ke 5 e b a0 Aol ol 3 S
ol Ul clile G Sle ol e zad 53 by S
iy s o s Vo ng/MmP B Y e g5 gl j3esbe
L sl agarlpo Sn ((A) il ois 5 ons ) NE/M?

it 9 tmﬂfﬂ/
191 Gliuuls /g 6 jlosh /poidus 695

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://journals.tums.ac.ir/ijhe/article-1-5363-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

OlSed 5 52l ol ! Jlox dpmw

(Limit of quantification .S x5 4> 05w 53
(limit of detection (LOD)) a5 4>~ 5 (LOQ))
A g eSS e Al gl p i A S b s
V+ Lblank determination method 5, 3l e &5
Cgrr Sl yedd o o,y OA) dd eslaal aal i & gl
Sy 1SS 5 35 ad) 5T gy Sl nsy el
Oleily 5 lL Ol sla o Li 5 (Lags S jll
) =T i, sl i sl G s
s an S 4 (ClS 5Tl Lol glaesls Coms
T e s o VYOMP/N s 5 5 8 i s
LPAHS 31 G o gl Slicasd 33 Ah gl g ons
il ke e (O0F) s S e QLT ikt 4 e 5
sy dalee 2hals gy PAHS 51 a2l ol Lo
(Benzo[a] pyrene equivalents (BaPeq)) o, Wi
ToXic) e Jslas 5556 (5 tae b i 03 5 LIS
PAHS ;| & » ¢l — (equivalency factors (TEFs)
glachle 53 el 55 b O Lok w o Oly Sl oS
G ol 2 S Dole e S s LS 5 BaPeq
30w Ol 5 4 cwns PAHS 51 S S0 o Ol
(V4-Y1) s S el (TEFS =1) 00 W 550

ol SPSS 22 51531 o 15 5l eslirl L Laosl &bl LT
el Ol had Ol ons 30 bl g
Sl Sooten Lo s b asljs,; sl ss lels
03031 Ol s lsm 55 355 50 Sl ladl
Ao an $ K Mann-Whitney test

Lasl
Q};,UJPAHu@;xbgb;é:\;omw,ﬂ@u
Olej oy S 5 Cils L3 YV/AV GO/ YS min asls s
b e il Oloy o it 5 il S S b e e
DS 5 oS G 2 ki Sl gl s S 5
ol e i3 > 5 V0 pug/m’ L5 0 o wls ;sPAH

by A= ol o YVO Ug/Mm? B YO wuls 3 LS 5

® Z)ﬂ/
%ﬁ J VP9t il /g3 6o /it 6 )95

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

ARIA

A S0 051 01 02 ASTY Gbla s a0
s S A e O o s b S e
S sS S el Lus Ol sslas &) s
crobe s e U o Vsl 51 55 4l
oSle 5 JLe YVYY £ VA andlas 5550 ol oo
ol b (6ls pi sed 3 Sl V#/0SEANVD LT LIS wile
AU s g L3 S el B LS ) S el el
agrlse Olgee 2lsol ol agrl o Olse Ly o 1 otS
Eaozme 53 L 5 dy D) so Dol Gloj adae 53 3 &,
31550 5 5 Slaels 3 Ol Lad 5 (658 (51 114 5ed A
ploil S yS 13 53 315 OLT (slaole 55 5y Juab )3
sl danl o e o b s (ol ph e S
e 53 1ga oz SSle 23 8 &) o (5,18 e Lgs]
Glos Slu= 5 YYA°C i 3l LY+ /a¥ °C ol
WY °C ol lad ps s Sle s S e Yy °C
55 VY OC los Sl 51070 °C los il L
Lo 3l cbli= Ol S PAHS LS 5 5l s 5 es s
e s saed V65 S 55 1 Ll IS ol o5
555 4l se LT S el 03 503 (sua ) el
13 i sms G b 3 s agrlpe oLl ds Ol
OOVO s, 3l esli ol LPAHS b ¢, Sejlul 5 3 3
(National Institute (slas > e 5 asl o decs 50
for Occupational Safety and Health (NIOSH))
SIS 5l S oaws 5l e sl JIUT g (0F) A ol
Agilent o > o5 Sl 5L KT 4 pgme (38
(Technologies, Palo Alto, CA) 6890- GC-MS)
DB- eslizul 3550 O g sl glos (VW) as esliul (
SMS capillary column (30 m x 0.25 mm id,
555 Ve °C 5T cg> 0.25 pm film thickness)
)0 00 Ll 5L e 5 A L ymin gl S
e sbes s b= VMmN Sods gl 5 s dw; Yor °C

25 T8 OC G 5as 55
Soilos,T gl dim slacp S osden 51 S a Ll Olej


https://journals.tums.ac.ir/ijhe/article-1-5363-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

RS 53y /4944 5 +/444Y auls s PAH o5 5

L35 e mT W 550 0S5 6l (Sted o
53T 55 1) adllas 5,50 PAH LS 5 gla S5\ sl

Aas olis dal.(:.w.s

e had Olyds U 2L

slie VL 5 il S 5 b e a5 A 5 S
oS e A= b Sl gl o s eSS 4 b
SVOU 5 O Wl 5 S 5 sl s B e
Nt 5 2 S SIS L sa pa sl 4 YVO g

A& 56T s andlas 5,50 PAH oUS 5 s S () dyu

JJECIVON ) (ng/m?) (ng/m*) (min) (ug/m>)
+/4444 ZA\ O Yo. WARES o
(Naphthalene)
+/444A V/¥ O+ YO+ AYA g
(Acenaphthylene)
+/4444 VAN O YO! ANVA -
(Acenaphthene)
+/4444 /Yy O+ YO+ 4/9A .
(Fluorene)
+/4440 AR Oe e \GB VY/YO e
(Phenanth}'ene)
+/444Y $/08 O YO VY/YA Gt
(Anthracene)
+/4440 V/AY O YO \0/+ 4 s
(Fluoranthene)
+/444¥ o/f¥ Os YO Vo/PY .
(Pyyer{e)
+/444Y 0/40 N YO« YA/OY el
(Benz[a]anthracene)
+/449A /¥ O YO. VA/8) s
(Chrysene)
. \ . LS a5 s
/434v PIPY Vo Vo Y+/a0 (Benzo[b]fluoranthene, Benz}o[kj)t{uoranthene)
+/444¥ V/AY Vo« VO Y\/$V O Wl
(Benzo[a]pyrene)
+/4445 FINF Vor VO YE/VE S S LT
(Indeno[112,3_—cd]pyrene)
/4447 FING vo* VO \A7A%2 oAl o s
(Dibenz[a,}l]anthracene)
+/4440 /XY Vo. VO Y/AY Hersle o

(Benzo[ghi]perylene)

Yos

it 9 tmﬂfﬂ/
191 Gliuuls /g 6 jlosh /poidus 695


https://journals.tums.ac.ir/ijhe/article-1-5363-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

0o 5 52l 0l (1 Jlo v

Print Date: 18 Jun 2014 8:21:15

Chromatogram Plot

File: c:\warianws\data\ Rezaee\pah st 1.sms
Sample: PAH ST 1 ppm

Scan Range: 1 - 1600 Time Range: 0.00 - 25.00 min
Sample Notes: 13820317

Operator: Reza Ahmadkhaniha
Date: 7/6/2014 8:40 AM

RIC Merged pah st 1.sms 2000 GENTROID RAW |

kDﬂunls-}
400
Apex: 24.757 min,
Area: 265148
300
Apex: 24 870 min.
Area: 965428 {
Apex:18.532 min. |
Area: 342567 1
o
Apex: 12.383 min.
Area: 695547 |
200 \ -
| Apex: 18,613 min |
Area: 965884 |
| Apex: 15.100 min
1 Area: 1425364
Apex: 9.988 min.
Area: 1045689
Apex: 20.951 min
| Apex: 8.797 min. Apex: 15.631 min Area: 1212324
| Area: 634452 Area: 1295885 :
|
| Apex: 12.253 min,
i Apex: 8.391 min. Area: 885245 \
Apex: 5126 min. Area: 544525 Apex: 21672 min]
Area: 1452230 & Area: 675387 |
100 i® 1
b
v bl
1 s
| | . ; 4
(A |
‘ 1
|
& ‘ i
J
: | ' el RS
1 P ksl
S = e
o I e R e T
Ly R N 5 10 ) 115; ; 2'0 =
—— ECTIE e 5 = - s ___minutes
‘ 1 I Seg 2, lonization, Time: 1.00-25.00, El-Auto-Full, 50-550 miz
o =P Scans |

309 620

~ @30 1239

:)USLL.':‘ J‘,l:u (bfj‘»}; :\ JS.:A

s S (AVNSS) s &
S L0 et b als, e pS plels

%‘fﬁ‘&ﬁ@@‘ﬁ@yoﬁﬁw(pfwijﬂ
ML’J}) U’.‘.'LSL":‘ 4-6-"‘_5-‘ O\J;-‘ sl 63 g C"L".‘.SJ:J:'.\—“‘L

® ﬂy
%ﬂ J 119K Qlianls /g 0jlad /piins 095

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

Yev

S sl Ol 5IUT Loy, Jetls e slael =k
b e S Sl el Sk s o S
5 2SSl eks o ) Sl 035 (LOIVF) il S 5
BIRCIT PP IR (Q) SRCRIV RSV W WEYA R
Sl Sl o Somls 5 (FROVY) 03 S S 5 (s 2k
Oy 83 oo VY kil 5 cpad 5T 21T 53 (63 oS 5 53
S5 Gl 3l 5l laly Ao o VL 5 (F40/59)


https://journals.tums.ac.ir/ijhe/article-1-5363-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

S Y Js s S 1S 01 Jled slaSn S

s 0 DL ey 2550 oL 2

e had Olyds U 2L

aglge Sl 51 io /0T VY /M’ gl e
S50 ol glalaadge sl 5 S 5l b dlys,
T oS 5 S Sl aerlse Olie S 2 4l
ekl s e Yo pug/mP (Sla b o ST

Ol s 55 PAH oUS 5 L el gy 1 Kka «(Y) s

Sl gl gl L o5 5 hen

< S S A S Jled 3
(ng/m’)

VANOE/FO o /NOFE/VE N0V A NSYEY AT /) s
VAR =VIVN YL SR E VIS SOV SR EEVIS LRV Y =2V VSR VALZE SIS il
CYYAE/QY G FVAEAYY RO YY FYEE N o/ \VAE AT R
VATA= VRS 2 NRYA L =SV A EERVA L & EVRRN SRRV v =VRRR SERVAL AE VA | KIH
VYANES/AVE o YEAR /XS YR AYE YV A /N SFE VY 0 ks
VACTEZVARTRERY 0 gt 20 u SRRRVARF=IVAS SRRYA R - TVER ARNRVART - VAVNS ol 5T
VAT EVREZRYA B8 S 2V00 ARRVACIZEVRY NENEYA S 1 =008 | BERRVAR CESVAY S RSBt
VATAC V2 JNRRYA R VIS § SERVARVEVRRY SRYVA A u =V00 A SRRVAR SE VIR 41 O e
EAESAAD OV SOV OV /N OAAE VY FEFE A TY ol 1l W 55
VAN AE=V2Y 2 RVAVSEVIS L URRVAVE ESVRRY SERVA SV EIP) (ARVAL SE VIS 4 OS5
RAVECAYA AYVEOY N eed G AYOE /Y /YR FY R BN CACOPStRP TRt
VAVFECAYD o /VEYEOVA ATV Ve VFAR /AN e /e AV /0O Oy W 55
VAOAEN /100 +/YYYE/AFY VYA YA /YA /N E /A YOE /A VA O 65 o VT gkl
VAT E2VRT-S SRV ARETVER ARV SY-CIVPRR BERVA S CE2VOR  SEEEVAR & £ VRN R TS

u/hn\:l:./nh\

VYV /¥

R T=2VAN

AT/ ¥

u/hnn‘":l:h/hnna wﬂéidhﬁj—}d

Mann- o551 gl s 5 Jad Ui Cande 53
agrl e Ol p 2 Ol s 36w, 5> Whitney
S 5 &S b agrl e O e oS 513 0L PAHS L el s
g 53 (P= 41+ A) oy ST gl o 5% s e PAH
agrlsn Olgee 5l iy (P00 ) (ols pme osb & 5y

2 Okl fuad 5o deld il

BE wlﬂTwT)ﬁ;ﬁS;w;‘@bwulfwle.u
OS5 ple 3l s ol as Cund 500 a3 50 50l Lead
Cand e 3 el gl 5 4l ge Ol e 0 VL 5035
O/FSENY UE/M?) Cl ols § b O oLl

ol gl o eSS b s arlse Ol o feS

it 9 yﬂ/
191 Gliuuls /g 6 jlosh /poidus 695


https://journals.tums.ac.ir/ijhe/article-1-5363-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

OlSed 5 52l ol ! Jlox dpmw

sl b 3 PAH Us 5 U els agmrlpe S0 o(F) Jsu

Silo gl il L 0 S5 50n

< Sy S e Jles ;
(ng/m”)

VAZY-S2VAN VA A¥= V0% o SEENRVA ST CIVIL/NRRYA S £ VAR S RVA AT = VTR R
COFrEYEA  AYYESCAD  AVYE/4Qe ADE/SVA s JOAVES /) FY Sl
VOOTEN/YAY  /AVOE/+&s ASYE/NAY /A0NEAAY 4 /PFAE /) VY ]
EIAENQY o /PYRES0 /PO 80 /FOTE/ Y /FAVE/ SY RINH
VONYEVYYY  VYTEGAVO VA AYS VR AYY 0V /)] O ks
CEAYENNS /A0E/HAY JAQYEGNFA AVAE/HA0 /YN /TYY ol T
CYAYENAY 00810V /OOYE/AS W/BYYEGAEA VYAV ool sl
CYAAE NS OAYE/eFe GOAVES/QA o /FFVE/0PA 4/ FFAE /1Y O
VAQFEOAS V/FEGAOY V/EVEGYES V/FEEYNY VYA /YYY ol mT W 550
SYOVES AV o/0v ke /s0F  /OVEE/448 G /OAVE VA /FEVE0AD OnS
VAMEEVRL TN Yin o = V08 o SENRVAR A €IV~ SERYAn o VA% i SRV LA € VTR o RCPIERCRPILAPR PRt
TARZ*=SVARE SRRRVAR Y= V00 o SRNRVAVCE TV ET S SERNRVA SN C2VEN A NRVAn CE-TVA B Oy W 550
VAR VAN ANERVIAC C VARV ZN € VAL SRV N = IVRY I NRYA f70s SARYS Oy (83 o VT s
CYAYENFA O/ SE 0V /0QY /YT VE /RN /000 B T 5
VR =V o SERRVAS AE VAR DRIV LC VIS ARNNVRR VYRRV VARLC YRR R | ksl o s

das e QL PAH CLs 5 51 S 6l

o AT 550 S 5 gl sl 5 Dbl b o agr o
S Pl Pltinad 53 xS oW S VA UG S

Sl vBL_:.::.Ml)': EYYRVARPEYA “gJLlJi. L;TG-'\&;,-)};{

PAH oLS 5 3lazal 53 5 Coans Il 5556 0 m W 50 dalae cdale (F) J g

33 23 gl o Ska 33 2 agrlpe Sl
X ‘ BaPeq (0= $0) ol ! BaPeq o 5} Al Lo o S g pdes
EON n= oy | Bow TEF n= o" .« .
L = e (ug/m®) Sl l sl
(ug) (ng/m*) (ug) (ug/m?)
Y/v ofe s oY IYAOE/NYY \/¥ N T Y WAL AE=2VES 0% Sl
VIY ofee e VY JOFE/YEA Y/0 foof)  offoo oS YDA/ VO i
\lid ofeeeVF NN ESVACE YV N N 3% YT/ eve g
o/0 SRR EVAE /AN V/4 dfes)  efeeenq VVAAES /0 OF O sl
%ﬁ ‘\_@Jfﬂﬂ/ VP9t il /g3 6o /it 6 )95
Ol o il gy ole ozl ing u ale twlibad AKE


https://journals.tums.ac.ir/ijhe/article-1-5363-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

e had Olyds U 2L

PAH oS 5 Ll 33 5 Caoms dalas 556 (0w W 550 dalee lale 1(F) Juor asls!

33 BERVE PV 33 2 gl Sl
i ‘ BaPeq —— : BaPeq (1= ¥0) et Lo S sk
L n=¥0) b sl TEF n= ¥0) ol )
& (ng/m®) =E S (ug/m?) Solay,T glail
(ng) (ng/m?) (ng) (ng/m*)
70 AR 4N /O YEYYY Y/X fee)  efeeeYY CYYYE /8 RYEAtE
A SRRV JEAYE TN S Y/A JeY efeeYA CYAYE VS ol 5T
oY ofe Y A ==TVAL N \/A Jee)  efee VA VAAYE /40N RE e
o e OY  YAAETYS V/4 dfee) efeeeNq NATLEZVAN By
/A RN YOVES VAV \/$ oo ) [++\§ CASAE /A EE O3S
S o5k "
Y ofeY UAALESVALY ) A R ARYA==2VRR VN
ol 5l
Y/$ YF FYPOE/) 44 \/# \ JAY VAYYE /TP O WT 550"
VYT Sal®
e VTd ey
0/0 o/ 00 AR ==LVARA \ /) /N4 AN ==LV AYAL
O 82
GlT)J-;;_ Gk
(WAl < /OY AR ==VAF N \/Y \ LVAVA JYAYE /A OY _
ozl
LST “.\ : }}:J.-:zz-
/Y Ve YA YL/ TE o/ N ARRVIRRRIA OO/ Y & o
N
o A AR E=IVARE § e s
PAHs
Sbe ¢ sazme
7 \ WARLETVAN L C
150k . PAHS
500 . PAHs*

33 PAHSs clle o5 .l asls Olis Sladlas Ek S
sleos ol S5 plchle 5o ln olve) 5 50k Jged
O b Al aerlse 035 VU ramen 5 (VF) il J 5
S5 Sl ey Al ad slaos 51 5 50 DS 5
ol allan (OF) s aslizss S S il
s agln Olppe y head i 30 L) G
Sladl= dom glap Soodea b 0 b by, e sS

AR

s 5> S dol Sladlas plosl 5 agrlse U3
S 3Tl il L1 5 035 e a5 I
iU e VT L agarlpo U Jas o oDl iulsl s
el e sl 5wl (e gl o SB1S
ke 4351wl s bl 3 ed VT J S
&Lij)\d\ﬁot_m;\umph;fc)wuucwv_i_;

psda 9 yﬂ/
191 Gliuuls /g 6 jlosh /poidus 695


https://journals.tums.ac.ir/ijhe/article-1-5363-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

OlSed 5 52l ol ! Jlox dpmw

BEREC % &JLAJJI 6\%&6&w;_§)wbdu}f
OVYOFEVVE ng/m?) O, 55 (FY/YAEYV/FY ng/m?)
5o Ol Jead 53 55 (VAYEY/PY ng/MP) ol &
agrl e pSole 3, 5Vh e s S5 LS 5L agl g Ol se
5 ol a1 Jools il aslie s LS 5 Lo
LS 5 b 50 Ol g 5o s ,8 aslssy gl sS
J:.Lpszz W‘}Adlﬂ wf_.:M.: LA‘&L—.N‘OJ)JV}; J.:L;
IS el Bl el ST 53 oS 5 5 L 0L 2
gﬂ&y%))sajwbp:qdﬁ’té—lw\.v\i:ﬁ
anlas 55 (58 5 glosd 5L 53, 3 (guls misel s g
b 53 0 W 550 S 5 L agrlpe o Sike ol Sl
P e O VAR 7= VR I T¥-751 ) S SRR
sPiccardo gla ) @l s /FIVE/HF) ng/m?
Ol S agerl e uﬂi‘\*" aS sl olas (Yo oY) 0L,
S5 L s e 5 el Gl sS (K 8
Jezd s 5 VY NGMPOls s b 53 0 o W 5
agrlye Olse 3| S0l S 635 +/P0% /Y0 NG/M’p S
03 S cps V0 NG/ME G ) La et glpn 53 0 W 530
SV Sl el 4l go Ol 5e 45 das e OLES (golg iy
el ool slie )
ool agrlse Ol bt Ol 50 L5
il b b 3 OS5 nl b kel gl e il 53l
sls QLS andlas CLJ ONVYF) w238 Sladlas CL" L5l
S 8lsa 535 e PAHS U el agalge Ol e oS

® Z)ﬂ/
%ﬁ J VP9t il /g3 6o /it 6 )95

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

A\RR!

5Okl Juab 53 53 0,6 et lm 3 g ge Sy ]

35 el sl
S sS lols Gl agrlse 45 ol OLE adlllas ol
S 5Ll 5 Ol Jad 5o a s s 8 asli,
LS 5 pla b il agarl o 1 i ol 01 W 550
s el S S lels ool e PAH
S 4l O g (bl A Cand e 53 1l
el agrlse S0l A3 S S S 5 ol b st
WT 55 S 5 L O o smor o ol slacs S o
ez 53 5 /O VY U/ Ol feab s ol 5
o a3 S GBS \ESENY pg/m?
R Jrab 53 pp 53 48 ol O (el agrl 5o Ol e
gl o s5m 7 « PAH 0S5 S g s Ol
S Ol oy adlie 5o @l aSss el 5o ol
GV o st (6 Sl SLALL 3 g5 il 0y S
Ghla pl 4 ol VL (66 Comerr 5 add Lley oo
Glacn Ssoder b agrlse I3 JVs 5l 0Le sl ar
ol DAL 3 e (gl sm 53 3 g pe SClas T gledl iy
agrl3n Olpen (s a8 45 313 OLES g 1 gl ) ailate
Joad 53 a3 0L ed Sl 2 e Il S S L
3oy o b adaie g asls) g pS L ELS s
Lagrlse Ol op S (bS5 alo 3) 50 03 ol axdls
ha b elsss SusS dels 53 Okl b s LT
Joad 53 Glasl BB s 8 518 0l Jle wilats
Lor Glagn Saoden adlS 6l agrlse Olie o 2eS b
gl s b e s g0 Sl T slail>
Sl g a5 Lo s S edaltie o adlate s by o
se3p S 0 et s sl o
Chle (YY) cil (6 1S stV slls CAEl e gl a
Slsa 53 35 50 Sl ladl o sl S5
FS o ade (JELD oS adlate 53 50k Juad 53 el
Lo 5 sloyd 56 s PAHS 5l g)ls a0 5e E ol 035
R 48 3l 0L (V) (Yo \ +) ol en s Fioretti


https://journals.tums.ac.ir/ijhe/article-1-5363-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

Iy 7% B A &35k sl «s Applied Chemistry
s isslael s syls 385 (V) Wles ol e 55
osbizal 5550 HIUT Loy, 48 sls Ol SIUT s, >l s
) M s gor ks Slag 5, PAHS ST g
SRl S s LIl Olse 4 Ll o0 5030 DS 5

35S 5 5,50 PAHS L it agl 5o
by S sS il s agmlpe Ol 45 S
03 bl a5 BB (5l a5 5ed (slaolKaml S 53 s 5
dro 55 3 Ikl 5505 51 el gl g Ol LaelSan) S
(Occupational Safety 1wl slaolelw v 55 el
<. 1) and Health Administration (OSHA))
S 5 YmE/Mmio 50 5k O S O W5

(Y0) 34 5ol (/) mg/m?) NIOSH ; (\+ ppm

S S 4o
FB Jad agrlpe s b el glasSwsS el
els sl b e b glsa 33 o PAHS L o> 5
O i g 53 @Bl (g3 aslyg, GasSnsS
AV S e a2 L PAH G 5 L (g i gl 5e
5 ol BTN 550 (S 5 55 4 b g Bltinad 55 Ol
PAHS L (els aglsn Ole 25 sl Jod 53 el 5
ol e B 53 sl Jead 53 g g slon 50 2 e
ST s 55 Ol Jod 3 <l agrlse 0 Sls
e g b sl 5, PAHS LT g eslizal 5, 50

C,.w\ °Jj-,’ CJL\.SSJS Ui‘ )‘J\.E.é

Sl g S
O Olge b Slades = b () i) Jool= dlie
S Sl 53 STl Gl b sloacn S5 odn
S € g b asliysy G S wsS s LS OIS
220 Sleys il Sleds 5 (S e e oS0l
ose ol Culem L S Wl YFVTY US LYY JL

ol el ‘)"\ Qlj,@_? &_:Lajb J.\Z‘.LG,: C)LAJ}) L;iﬂlﬁ

YVY

e had Olyds U 2L

Los 2alS s Lla, 586 ol Ol Jomd s 4il3s,
S gy S 5 LGl o 5 5 g8 Ol J2alS
sl s 5> PAHS Bl 5331 e b (S5
OY ) 3 8 e Olis 5

Wl e sS lels js Bliinad 55 Ol op VL
O L) el BTN 55 oS 5 334 by o 2 3
DS 5 35 03 35 5l S 53 WY PG) ol 5T 5
£ b e Sl 53 O o SNL PAH 500,
5 e AV (010 PE) O (55 (e \ VY Sl S S
OF) (Y1) OLes s Fioretth addlas 55 ol slicz
Lsy 0 (FYY/V D) Ol 5 (FVY/ANE) Ol Joad 5s
Fomlyedd GolS Slial glags 5 o5 0,80 S 5w
JPAH wls 5 sl Koy obs)l o sol asdlas
50 (BaPEQ) & W 552 dsbes Sl s 3,
Oy W 53 dalae Sl S sl L2 aalllas il 23 8
(Y UMY 5ol Joas s ol BT 530 oS 5 gl
e (7 FA PG/MP) Ol ez 3 OF lie 1 i
clls oS sl ol (YY) O ,Kes s Norramit .. =
BB s 55 el BT 550 S 5 (6l & W 55 Jslae
53 Sl e 53 5a (613 el gl GlaelSil 3 Sl
NG wals 55 (Yoo Lol BYeeY l ) St Jsumd
ol axdllas 5l Jols slie 5l 5ol aS e 0 /0Q B o/0 Y
5 oS bl 53 VL e W 50 Jalas clale ol
Dbl Dl (51 0l T Sy 3905 (811 sl bin (sl
Az e 0L 1 PAHS 51 S ja S150W e Jely 5035
Lagrlpe oo s cdla b Jas o S, PAHS (VL clale
(TE) das o il 53l lasd lge oyl

Qo s &S sl oL BT sy ol s lasl =l
LAY 57.44/84 aals 53 2l SIPAH oL 5 ol
LG Ol see .3 g ZANYY 5 ZVA/PS aals 55 3L Sl
slacble gl gslgdn glaskae L L5 PAH wUs 5
38 5 ame et (Ml sl (g s Sl 2y
(International Union of Pure and (IUPAC))

it 9 tmﬂfﬂ/
191 Gliuuls /g 6 jlosh /poidus 695

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://journals.tums.ac.ir/ijhe/article-1-5363-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

OlSed 5 52l ol ! Jlox dpmw

@L'.o
1- Rashid Ashmagh F, Rezaei Kalantary R, Farzadkia
M, Joneidy Jafari A, Nabizadeh R. Survey of phen-
antherene biodegradationys model in contaminated
soils by acinetobacter sp. Iranian Journal of Health
and Environment. 2009;2(3):196-203 (in Persian).
2- Zare M, Shahtaheri SJ, Mehdipur P, Shekari M,
Hajaghazadeh M, Shahriary A, et al. Urinary 1-hy-
droxypyrene as a biomarker of carcinogenic polycy-
clic aromatic hydrocarbons in Iranian carbon anode
plant workers. International Journal of Environmen-

® Z)ﬂ/
%ﬁ J VP9t il /g3 6o /it 6 )95

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

YyY

tal Health Engineering. 2012,1(1):44.

3- Azimi Yancheshmeh R, Riyahi Bakhtiari AR, Mor-
tazavi S. Ecological risk assessment of polycyclic ar-
omatic componds in the surface sediments of Anzali
wetland in 2010. Iranian Journal of Health and Envi-
ronment. 2014;7(2):157-70 (in Persian).

4- Zare M, Shahtaheri SJ, Mehdipur P, Abedinejad
M, Zare S. The influence of CYP1A1 and GSTM1
polymorphism on the concentration of urinary
1-hydroxypyrene in cPAHs exposed Iranian anode


https://journals.tums.ac.ir/ijhe/article-1-5363-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

plant workers. Molecular & Cellular Toxicology.
2013;9(3):303-309.

5- Moradi Rad R, Omidi L, Kakooei H, Golbabaei
F, Hassani H, Abedin Loo R, Azam K. Adsorption
of polycyclic aromatic hydrocarbons on activated
carbons: Kinetic and isotherm curve modeling.
International Journal of Occupational Hygiene.
2014;6(1):43-49.

6- Shahtaheri SJ, Ibrahimi L, Golbabaci F, Hosseini
M, Fouladi B. Optimization of sample preparation
for 1-Hydroxypyrene as a major biomarker of expo-
sure to PAHs prior to HPLC. Iranian Journal of Pub-
lic Health. 2006;35(1):33-41.

7- Shahtaheri SJ, Ibrahimi L, Golbabaei F, Hosseini
M, Fouladi Dehghi B. Solid phase extraction for
I-hydroxypyrene as a biomarker of occupational
exposure to PAHs prior to high performance liquid
chromatography. Iranian Journal of Chemistry and
Chemical Engineering. 2007;26(4):75-81.

8- Cwiklak K, Pastuszka J, Rogula-Kozlowska W. In-
fluence of traffic on particulate-matter polycyclic ar-
omatic hydrocarbons in urban atmosphere of Zabrze,
Poland. Polish Journal of Environmental Studies.
2009;18(4):579-85.

9-Han X, Naeher LP. A review of traffic-related air pol-
lution exposure assessment studies in the developing
world. Environment International. 2006;32(1):106-
20.

10- Aghaei H, Kakooei H, Shahtaheri S, Omidi F, Are-
fian S, Azam K. Evaluating poly-Aromatic Hydro-
carbons in respiratory zone of the asphalt workers
in Tehran city. Journal of Health and Safety at Work.
2014;3(4):31-40 (in Persian).

11- Srogi K. Monitoring of environmental exposure to
polycyclic aromatic hydrocarbons: a review. Envi-
ronmental Chemistry Letters. 2007;5(4):169-95.

12- Zhang Y, Tao S. Seasonal variation of polycyclic
aromatic hydrocarbons (PAHs) emissions in China.
Environmental Pollution. 2008;156(3):657-63.

13- Piccardo MT, Stella A, Redaelli A, Minoia C, Vale-
rio F. Newsagents’ daily personal exposures to benzo
(a) pyrene in Genoa, Italy. Atmospheric Environ-
ment. 2003;37(5):603-13.

14- Fioretti M, Catrambone T, Gordiani A, Cabella R.

YV¥

e had Olyds U 2L

Occupational exposure to polycyclic aromatic hy-
drocarbons in airborne particulate matter: Validation
and application of a gas chromatography-mass spec-
trometry analytical method. Journal of Occupational
and Environmental Hygiene. 2010;7(12):672-82.

15- ACGIH. TLVs and BEIs based on the documenta-
tion of the Threshold Limit Values for chemical sub-
stances and physical agents & biological exposure
indices. Cincinnati: American Conference of Gov-
ernmental Industrial Hygienists; 2010.

16- Eller PM, Cassinelli ME. NIOSH Manual of Ana-
lytical Methods. 4th ed. Atlanta, GA: DHHS Publi-
cation; 1994.

17- Ozcan S, Tor A, Aydin ME. Determination of
polycyclic aromatic hydrocarbons in waters by ultra-
sound-assisted emulsification-microextraction and
gas chromatography—mass spectrometry. Analytica
Chimica Acta. 2010;665(2):193-99.

18- Sanagi MM, Ling SL, Nasir Z, Hermawan D, Wan
Ibrahim WA, Naim AA. Comparison of signal-to-
noise, blank determination, and linear regression
methods for the estimation of detection and quantifi-
cation limits for volatile organic compounds by gas
chromatography. Journal of AOAC International.
2009;92(6):1833-38.

19- HuY, Bai Z, Zhang L, Wang X, Zhang L, Yu Q, et
al. Health risk assessment for traffic policemen ex-
posed to polycyclic aromatic hydrocarbons (PAHs)
in Tianjin, China. Science of the Total Environment.
2007;382(2):240-50.

20- Nisbet IC, LaGoy PK. Toxic equivalency fac-
tors (TEFs) for polycyclic aromatic hydrocarbons
(PAHs). Regulatory Toxicology and Pharmacology.
1992;16(3):290-300.

21- Bostrom C-E, Gerde P, Hanberg A, Jernstrom B,
Johansson C, Kyrklund T, et al. Cancer risk assess-
ment, indicators, and guidelines for polycyclic aro-
matic hydrocarbons in the ambient air. Environmen-
tal Health Perspectives. 2002;110:451-88.

22- Safavi S, Alikhani B. Survey of geographical
agents in Tehran air pollution. Geography Research.
2007;58:99-112 (in Persian).

23- Norramit P, Cheevaporn V, Itoh N, Tanaka K.

Characterization and carcinogenic risk assessment

it 9 tmﬂfﬂ/
191 Gliuuls /g 6 jlosh /poidus 695

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://journals.tums.ac.ir/ijhe/article-1-5363-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

OlSed 5 52l ol ! Jlox dpmw

of polycyclic aromatic hydrocarbons in the respi-
rable fraction of airborne particles in the Bang-
kok metropolitan area. Journal of Health Science.
2005;51(4):437-46.

24- Kong S, Ding X, Bai Z, Han B, Chen L, Shi J, et
al. A seasonal study of polycyclic aromatic hydrocar-
bons in PM2.5 and PM2.5-10 in five typical cities
of Liaoning Province, China. Journal of Hazardous
Materials. 2010;183(1):70-80.

25- Pope AM, Rall DP. Environmental Medicine: In-
tegrating a Missing Element into Medical Education.
Washington DC: National Academies Press; 1995.

® Z)ﬂ/
%ﬁ J VP9t il /g3 6o /it 6 )95

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

YVO


https://journals.tums.ac.ir/ijhe/article-1-5363-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

Iran. J. Health & Environ., 2015, Vol. 8, No. 2

Assessing effects of seasonal variation on occupational exposure of
newsagent kiosks to polycyclic aromatic hydrocarbons found in the
urban atmosphere of Tehran Metropolitan

F. Rezaei', H. Kakooei', R. Ahmadkhaniha?, K. Azam?, L. Omidi', S.J. Shahtaheri'

! Department of Occupational Health Engineering, Faculty of Public Health, Tehran University of Medical Sciences, Tehran, Iran
2 Department of Human Ecology, Faculty of Public Health, Tehran University of Medical Sciences, Tehran, Iran
3 Department of Epidemiology & Biostatistics, Faculty of Public Health, Tehran University of Medical Sciences, Tehran, Iran

Received: February 2015; Accepted: 4 May 2015 7

ABSTRACT

Background and Objectives: PAHs are main components of urban air pollution and are mutagenic for
human being. Seasonal variations have effects on the amount of exposure to PAHs. The objectives of this
research were to determine the amount of newsagent’s exposure to PAHs found in the urban atmosphere of
Tehran City during warm and cold periods and comparing exposure levels in two periods.

Materials and Methods: The assessment of personal exposure was performed based on NIOSH method
5515 and was analyzed by gas chromatography—mass spectrometry (GC/MS). Mann- Whitney test was used
to determine the effects of seasonal variation on the amount of newsagent’s exposure to PAHs.

Results: The mean levels of newsagent’s exposure to benzo[a]pyrene in the south area of Tehran City were
0.148+0.010 and 0.417+0.041 ug/m? in summer and autumn seasons respectively. The amount was higher
than the mean levels of newsagent’s exposure in other geographic areas of city. The levels of newsagent’s
exposure to all PAHs (p<0.001) were significantly higher in autumn compared with summer.

Conclusion: The levels of exposure to PAHs during autumn were 2 to 3 fold higher than the levels of
exposure during summer. Newsagents in the south area of Tehran City were experiencing higher levels of

exposures to PAHs.
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