[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

(-
{

N

\VQYJ:}")JBJ; Al A)L«.fuc\' 09> ML'.ALG}J

Ao o3t Sl o (533,51 30 JUa b 418 yignd 3 slgis 49 SPME & 9,5
Jodg M5—Y 595 ¥ 9590

L 599355 Sugdg) ¢ gome cys ¢ Wigilé Lo le el les e ! chgt )5 dln dae

/A by b

W/ il o)

VYN sl ol

oWS>

Ry

Ly (i g (ame slaguled Gl S (s2axie SacSiSS g 0351 g slaosiy VT S5 (sloog S 51 (6 w53lle (S g0 Sl 5 388 9 die
x50 59yl =Y 1 5yl diges 0 M Sl gl gy o plgie 4 dals Bl g See sl gy 2008 el ol 5 sl o )] lag]

Gl 48,5 )18

&5 Jold (550 diged Calisee (sl yiol )l 55U 9w did Lo Sl jainadl Wgi Siolind it G 53 Joido 5-Y Caliseo glaclale 1 oy uif&”
2992355 el plojed ) Wged bl (Bly o) paige €3 085S ) oy SPME 5 Skas (55, 1 (g )3 Jsb 9 (gl S Sl 8

2055 ooy o paiged 38es (59 22 (IS Gloj imed g Lod aas o el a2y Jold (Jaore sl pielyl 3l 08515 oslitul 3)90 il
2 P 555 plsis 4 Bl e Cashy Kx ym )85 5l pdige €5 59y 2 SR T Seslind b > C g g lod & 0l LS gl TaaiBly
iali8l T (o)leSS bl dod 2alS L g 0391 Lod 4 dzanly CAR/PDIMS yib 5 diged (6,105 48 ol ol gulis wuled alsilas oS 5 ol jlade s

23,5 (o dpogi o) Vil Gl )1 55 0wl lod b Lulyd 3 (o> s e b e
&5 Sl 86 pas 2,5 )18 oslisul 3,90 I5m )3 3o IS =Y b)) > (Jod LB ysb & Slsie (yjge ;3 CAR/PDMS 1o 5l oslitsl 15 S ot
by g dnsle 53 alard jol 0bj Jolos b oled o Sl mslio 4035 40 ) 05l s (2 oo ps g (lod 03 208 Aol 53 (5 )b eiged

Al )8

ol i) gaplSY cadle igySen 5 ol by Joypties dgn J o0 gm0 3lguelS

O—i‘ a [Y-Y] .x_3)|>)9'>ﬁ Caingj by o u“*’]-\-ée
95 3 LS 5 4 B38 amd 4w b 9> Job o s
sl bLsd 5lopg 4 oale gobme 3 1) (3L 4 g5
IF] alonges iy 298 4y Jawomo g ilige
3yles 15 g 039 LS 5 ol j (S Joide =Y
9 ‘7"] Ao a ‘leuufusi C)%‘*’\!%)-é J....S )~| u"‘l"’“"
LV=0] 5yl Slglyd 5,8 slewd mlio
ckle Ly o (oaasie GBS g8
sla wlas 5o W9 RN DR
=S|l oas asl) Ll L i g as

o

LVRTU
Volatile organic) ,l,—5 STl S

5l (uwg aioly > 4 S (Compounds (VOCs)
wwd (ppdgene I (S )l 3 )8 Jelin é’lw
9 ol o pyme SISl glyly 5 005 Ioa claonis Y]
S ok Sl 5 e cpl 3 Aited Gy bame
5l =S (Halogenated hydrocarbons) 4j4lla
9 Coximo 5D sy 3 p)LS 45 0dgr (555 sloog S
Fawg doly Cle a9 0y miio we d)lse plw
pode ) (L) Canl jl 598 (YL o 9 )8

Oolpl 03 @5 (Bedo s loyd clilagy Oledsg (S pale oSl ubliagy 0aSiily ¢ glad > cudligs 05,5 i (Bodo daped (S pole oKl Hhabuol )

oldon Sleyd idligy Sled sy Sy pole olRily cublags 0aSiily ((gldd > cuiligy 05,5 cyldan Jloys dlagy lods 5 (Sibjs pale oSl sl (Jshume st gs) =Y

bahrami@umsha.ac.ir .l laen

ul).vl ‘.)L'v] 3 ‘ULL‘:)J oKl ‘P?l‘: 0uSisly A3 o 59; ‘UL“")J o Kiily sliwl =Y

Oyl (olied (lian Sloyd miligs Slesd g Sy pole olSutils wrailigy 0u8iily  g5glgrotnl 9 jlol 09,5 cylren Sloyy iy wloss 5 (SKij pole oKl sliwl —F

Al (S (S 90590 oSNy LPTC ¢ JoSlo pole dunsge Skl —0


https://ioh.iums.ac.ir/article-1-730-fa.html

L’
Ohlen 5 gz £l dlgtee \ @

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

Lol Ly SPME 55,8 5 Slglyd sl adgues
aigej ol ) Clllas 9 315 3929 Iga 51 (gl piges
aslllas ol o bl o 595 oly gl > joa
M}Iw9ub<\_§wlomdlﬁw
Vgone g 35050 dAsS (55 p iR d9iore S
&y BTEX LSy wile s ¥l 1 aasuiie
DY ] ol @byl

Ao 40 (6 =le Olallas u9.5l_: = Ol)_ﬂ 20
@byl Oygo el g ol o yle 3 SPME
o ojmg o IS slagmile 59y 2 adlllas Ll
U e o g (bl goled (b)) jslate
LIV0] ccwl ouis plodl pomio jobo 4y yeiS
sl alagbyy gl g @l b o0 o 4 ]l
S5y (e I (slmosd VT 51 (6l piges
i) 598 slrogud deue 4 Llgi o SPME
Ol 3 el S8 (65 mdiged o e oled
S s 4 SPME (g, 3,0 ol ings
syt dy lgn )3 Jsidg JS=Y a1 (gl ylo pdiged
85 B oy 2y90 Jad slapled o)

22 OR9)

o ypuxin S5 (g5l dipe bl g adllas opl AL
slod syld pdiged b9y yud g5 Sl yesie s9)
2 c8lil sled (g )b pdiges Cugloy (gl pdiges
Slo e pSoml )> cdbil plej St
290 S)lyddges loj Side g g 2 Co s
od Yl egas Cliasiin ay drgi b .cé)S plxil
dw 0 pldl Glie Oledllas pisten 5 dalllas )90
PDMS 100pm Joli SPME (¢,lo0 , b diges
CAR/PDMS75p (PolyDiMethyl
5 (PolyDiMethyl
Siloxane— PolyDiMethyl) PDMS/DVB65um
al> o ¢l, Supelco ¢S, s célw (DiVenyl

Siloxane)

Siloxane Carboxen)

dl)_: J_A.d)f)‘)_B odlaw J)ywl‘w}.\dubw‘

aald ) o dw )d) HoiSoxiyl (Lo p3U adllas
9 iz slod bl g (o Suslo a2 p> YA+ BV

l_g C‘)}‘*—“" = o oala_w! dyg—o LSLQM
5 (Halogenated hydrocarbons) _JI sla M
Solid sorbent ) usls slacils L (g)ls paiges
LacSiSS opl 5,8 dilawbin il o (sampling
APES as 039 (g0 sla Ml eolat wl wiejls
Mloul sy b g lws] gl 1y (SMSie
Soo ol b wled jre (sladyluiliw] 0gMes .lad o
@ dojls oS Al JJ& (6 5opmly 299> & gy & )
Spdg oLl g Cowlus U ola by (6558
il o il (sl o il

Solid Phase) ssl> ;Lo L zlysciul 4,80 i,
VA Jlo ) ,boydel (Micriextraction (SPME)
LS o Caa 4 g b glul Pawliszyn lbwgs
pAs pitmad g 0,5 H8005 bl YU Cuwlue
3,8 Ladsiges (gilwoslel j5 JI la M ;I ooli!
Cowl oad cel joSie sl Shg ol adly Jlol,8
Jgese slagby) v (230l plgie 4 SPME U
ale Il izl 5 sl ln il ise
LS pol (i ciling g (ol plojl gLy,
National Institute of Occupational Safety)
dy90 lo il (5,05 dises )5 (and Health (NIOSH)
[AA] 2,5 )18 a2

o=l 08 CulblB (g9 (gdumio Oldllas 039 5l
I 5> a1 LS 5 4o g opSoluil > b,
25 a hgy (= oyl dn Ul adndy @50
Lo ol aile SLuS 5 ()3 paiges 3 juelcusbse
doamill sl LS 5 do S o i slojl8
Myt GlS y «wlawdgll )l wluS ol I olus'y
9290 )| OS5 beuaslS)lgSue jload aclate
N cowl a8 )3 1,8 oolatwl 5y50 g laels (glon jo
)9y d‘d._xn.bn 2 L)“")K"Jb 9 Koziel [\\ﬂ—\'
2 48,8 e Gladss dgg b aS b o ol
(&35 sleasges JUT ;5 SPME 5,8 ais;

WAY 5 5 5l5 5 Y olad Ve o3[O asliale 5



https://ioh.iums.ac.ir/article-1-730-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

£
@‘ e bl 3 pdiges S lgie 4 SPME 5,8
N

SPME Lgl_m 45900 )lA_&o Oy LS‘)’. O?ﬁ""lﬁﬁjlg
3,5 ola]

sl
38 clblB Ll 5o szl il s g b bl
CAR/PDMS PDMS) SPME Jslizo (sla b
o) L J9=89,5-Y e (4l (PDMS/DVB
S ol Ui ol (8)S )8 (o) 3y90 ol 5
ol (gl oa G oLlB L (sl yud
iy () JS8) sl e e ] 4 (s il
&b =z 50 4 CAR/PDMS 08 cowlues
A_5b o PDMS/DVB , .6 cowlus jl 5V

.(p<0/05)
=Y sl Cisly Slej g oles cowlo bl
3)90 03b dogi (led aials (olul  Jgidg IS
S ol Lts @ls (Vo ¥V JS8) <85 )13
olay oy 5 tlw dad YAL B Yee Slod aely jo
S99 b (59, 5l oau YT Ol lie )3 ()b ne
Laooly clyusd co s YL glod jo by )l
95 3l oSy @l ploj ey Milise Fomb
9 LY Slej aly &S ob 4lis CAR/PDMS
Cgldy o (4B Y 9 485 1.0 B> V) adds
D)l dg3 g 0 odalie Sy ) daw ) () bxe

1.2 -
1
3
W W PDMS
-7
Looe W CAR/PDIMS
q POMS/DVE
b
0.4
0.2

Jar- e
sle b 59y 5l Jo89 5-F bl (s (lie -V JSi
PDMS/DVB pm 5 CAR/PDMS 75um PDMS 100um
Gl gyl asl, oles s 15 65

Vel )3 ghaw dw ) laly aie oloj rzmes
4o Lialejl gl o Ul 5 b clale (aids ¥ U
8 celw YF s g s ol Solwl &0
Oy 9 LKl an 3 YO (gylos bl o ool
Ladloee BME 5l (g © g 4 pud o hale O3 4
3lg adg Lo ste s 0a ¥l Lls (¢l (Exposed)
Colw adol dls o (5 Joibg JS-Y clale i o0
ojls 48 (dolye plo cpizmen 9 3kl el
= e by Jledliul b og cdale 5:85 (o
Chply Cpgo U b sls A 55, e
B Pleg)S oliiwd )3 Jladie (e g sjlli>
Varian ) oy S0l o Kl 4 Jate )5
CP-3800 Gas Chromatograph- Saturn
Ogw jl odlaiwl b (2200 Mass Spectrometry
VOCOL™ L x 60 m, LD.x 0.25 mm, 4ijge
9 Sy pj gaw s Cépd ©)ge dr 1.50 pm
5815 3 eolital b K315 5log 8 (slas sl
wlwlis .cdy i, plosl Varian Workstation
laols jl eslawl Ly aslllas 5y5 0 bS5 oS
National ) oy ol puti (5)l58 o, wlsols
(Standards and Technology Institute of
Sl o yid dwle Wb pbs] AN asws NIST
Fuller-) alal, jwlwl s SPME 4 bgsye 555
DA] céply &yeo (FSG (Schettler-Giddings
238305 £ e Sl il S 0328
ceypw U adlas jl iso ol 00,5 eolatwl
o DU () Soliwl daiols jo pdaw & > g Jas
aoly ol Clsal .8 )3 )l 8 d gl 590 asl
sl ol &S Canl sladlas ol wlel p ey
e ¥ 2 6l Gk 1o AD ) s
D] sl e asls

aseus SPSS 1531 455 51 oslizl b glol (sl LT
Merck) 4y adlgw (60 S 51.c8)5 pbl VS
4 35 L51)—f ey wslas lstwl ol L;l)g (u‘.oﬂ
o3l wl dy50 Jled ) GOl b osss 18] sladiges
e pwy s j Jplg =) e85 1,8

ey L.S}J‘:JS Y ooyled Voo WI{UK_:/’W aalale 93



https://ioh.iums.ac.ir/article-1-730-fa.html

L’
Ohlen 5 gz £l dlgtee \ @

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

80 -
70 - y=0.00683x
L6 R*=099706 P
%) 50 - v /”‘
340 /
$ 30 A
& 20 /,//
wo ¥
0
0 2000 4000 6000 8000 10000 12000
e o

CAR/PDMS .5 5l oolizal U Jgibg lS=Y |yl blégys —d S
S5 ye (b +b el 75um

53 ) YL g adais | o 5 e ) Bl
a0 YA- ol slod (Jlgie Cliyy 5 (b )5y
W3,5 Ot 4B ¥ lej g 01,5 il

sl ool e b Cap (2l Jilby
9 oledyd (SoailpdlS 0ged 93 53 Jgidg IS Y
A s @bt )5 )13 (g 3)90 (jgw )3 o9
P plej g Calus lojen (38,5 o ) b &S
—ad c(\° JS_“;) ‘_;JL:S 0ga— loa b sl e
Js-535,15-Y sl 55V cub o 5| CAR/PDMS
LopySoil (oyn @l (b 5l sl )30
b )3 pygnl g (it plej a8 ol Lt
e g 039 Gl N 5 Jeidg)lS=Y (sl ules )
500,50 K05 ol dls o 4 Coyus 40 >
Ui gi ol ozl WAls gl a S Lol
(e Gl cale cle 4y (CAR/PDMS)
dezg Jol baylys 55 el o <o, Jlas ojlgen
A S Ulg s Jolw balpd o (o) paiges )ls
o=l il g 5l gyl paiged CBlaal cas wwlie
o LacdUl zlyscnl gy da dsye 3 ol
aslllas dy5 0 yigw b ;0 CAR/PDMS L6
Yo U aady )l yueS ash o pls.cé)s )8
loj aly pl 3 ods blgy oS ol lis aads
10 JS5) 209,55 oanlia oo J (61 5 o33 o

5 Oleim (6l dsgel i)l paiged €5 (s
& o lp e ke o S0l Sl ool

1
v 23000

¥
26000 {
24000 } {
22000

a8y | gl

2 CAR/PDMS 1.6 (g5, | Jgidg J5—Y lly ol =Y Ut
2950l > 8Lk ol o)

36000 1

34000 -

32000

2 28000 1
%‘ 26000
24000 1 { } {

22000 -

20000

160 200 40 280
ol S 3 ) i glad
9ol 3 cdlil ol g5,

PDMS 100pm (sl b jl o2lizl b Jsibg 5= glyetl —F S

ks s > PDMS/DVB 65um 3 CAR/PDMS 75um
G 5l &)k azdly

&9, S(Carry Over) ousle 3L ypolie jJUT s
Jds 4 JUs ol b ool i | cglola Bl yu

WAY 5 5 5l5 5 Y olad Ve o3[O asliale 5



https://ioh.iums.ac.ir/article-1-730-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

e bl 3 pdiges S lgie 4 SPME 5,8

S 9o E55 595 3 (450 2 y3e) Igp by sy g (80)3) (oo Sl (1S (o 2 3) Lod ol (e sl jiel)ly p3b =) Jgax
Oisw 33 yio Sl /0 b CAR/PDMS b 0 ot lie

p-value F PPN JOS] Sl Sl JEIRTS slass TS oyl
A . XY <Y 50V V¥ £NY v Y Lo
- YYE SIS V)5 55F ¥ ¥o
<54 2% A £YA ¥ ¥
ey YA+ AN . B+ e YA\D [z ¥ v Cagb)
V55 DA~ FAY o v o
< YYA 0¥ YD ¥4 ¥ A
oee¥ LYY Y BAA 0% oV ¥ | s
o VY- £A Y)Y £10A ¥ ;0
¥R FAY Ve £0% v SV
.Y FAS Y 55 v ¥
XSV vy Ve FNY ¥ . b

(31Kl 433 s 2 1o3) (5)e S ciliee Lyl 53 CAR/PDMS 15 g, 51 Jgidg 5=Y bl e =Y Joo

poipes b Jl peipw b e glod by glo olej
\¥ AR Y 59

. A¥ <A < AD oY

-AY V¥ " 5oy ¥

< AY - - s ¥

- =* - 39,0

2,55 1 4ol iolel ¢ 18 Sloj 0,90 y3 il lade cdl cle @

b9 5 59y y sladisMe J6 5L
(N Jgi2) 2,185 gy 2590 OS5
e golaw )3 (l)3)dssed £ o) p S
& by Hlaljdl Ly as oy (Lt b,
Joiz) M pialS (il e yob 4 ()l paiged
o 29 Tolaw ) pEalS Gliwe a2 ()
oEalS ol Casby (b zokaw )3 g 0395 calgsy
QLS 5 Gy (o) 0 ol Ml o0 dgpcdie Yl
dg3 Solod aely o laa iy coypw oS 0
DS g 5> Sl 53 s paiges 3Slas (65U
2 e Slewl e 5 (g asges lys 51
Llod Calises (slacus po 53 (61 pdiged &5 duslts
L ol (owpp 09 Salgs o e v&wwb 94
&= om &S b lis Tukey (gjlol a0l 51 oolaul
Pl o Soliwl cdls jd ond saalin ()b pdiges
Taw ) 6y re GgliS 0ad () paiges slogp

b b gl us)f B a3 3)90 S piges
G ymasged 3l edel cowd any () pdiges £y &S
5 oacel s dy ppolio Sl el olsan olojon
il bl o Sb 58 5 FSG el 31
o=l ileasl cewd @y oy gy pdiged F iy ol
=V oS e (e 3 pliee Gy A S
23,5 il Jyidy IS
Oig= 2 0SBl b Jame (gla il 530
& = Foe sl el ae ey (ly—ie 4
KBS B (s 0590 5 09ed ol ) (59
3)5-0 Loy 9 Sl dod gl yiel)y polul il
oy S il dnyd Ve alld jd bod a8 )3 )1\E sy p
Cgby (gaw a3 31,5 (Bl a2 ¥ LY )
90 ¥ maw dw jd) Loy Ae BV dleld 0 oo
e 105 Sl bl s 5l Ce o 5 (1oyd A
Lod aS ol oyl gl a8 )3 )18 w)p 0y90 4l

ey J:.S}:‘bf Y ooyled Voo (j/{/)b’__"/’w aalale 95



https://ioh.iums.ac.ir/article-1-730-fa.html

L’
Ohlen 5 gz £l dlgtee \ @

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

72 EBS S oS pled (b)) Car el
Cgblb (@l (S aw b bl b bl
b ($95 3 515 3)90 ST 5 VL lise ()l
L damglio 3 Colus cpjidin (@ 9 (b cudyb)
b aseh) Pl plej oyt (g g oymd ol
oo ol @l Bl [ ) (el pggl oog:
e ols e LB L clayud o oL
s&_s s 5 (PDMS/DVB 3 CAR/PDMS)
hos oda Sl b b 4 Cans (YL Cules
GoaR Dy B 93 O ) Ndg 3,55 5 (PDMS)
s PDMS/DVB (sla, ) odaas Ll B L
4S5 23,5 o odalie d)lse aen > (CAR/PDMS
b 40y G 5V a5 CAR/PDMS b
s Eb s Ele el 5,55, PDMS/DVB
b g5 3 Glsden ) S8 sloyud VL
45 El s Yool CAR/PDMS 58 oo ]
is Lt LS 5 Lages 5 Lajls | ()l psiges (4l
o=l el onn )3 b VYA B Y. al ) JdSe
5 039 poyimSl B b 5 31 s ojll gl Ll
g o Sl Gk 3l o] 3 bl gl sl
el cbB L odladl3e8 pud ol [Ve]oply 0
sl 48 0l Ve F uS S olul g (daw
YL sl glatio g b J5deto o8 51 Sie ]
VAV Jlw 53 5bedsl g 0392 ()5 32 @ipe 2o VY- 0)
o 1jg Ly Jhd Jler sla oo g5l (ol
Ha)S ahly (2hb Sl ladglxe I ml b
29295 9 )95 meSle jl (Al yud cpl sl
V)] b a
MLl )5 els 5 SPME el IS 5
Sy IFee Jose nl 4 93 31 s Logos Labloe
59> 095 (Srlus dn ged oolitul jlade (yed
L olaS 5 )l (s 9 SPME (50l pd (6l
)l ol sla o wiile Lul iz 1 eolal
5l E)B UP9) 51 oala ] L)")’L*’ VY] el onuis
Gae SYeb (o) pdises CBlanl gly Ladle BV
O o 45 W 2 s bl i3 LS5

D)5 299 ¢+

abaly L g (225 Dy polie (bl p ooy oo
Job il g4t e o gl oloj i) =1/2D,
by Lyl paises (Response Time) gl b
prie Sl oo J§de =Y ()l pdiged sl (jgyd
(sl VA) (ol e Gl oo & s &
o=l g 5 e Bl ¥ el o uis )8
8l salgs l8 4t N0 Sl i & e

=Y &l SPME sl ad S0 (o)t ol
ogaid (yl 48 3l s calises baylyas > Jgid IS
sbady p (e sl b dmlie )3 (6] 5905
VO by o g joxie gl g 50 bame glod
blyd s b s ja (Y Jgdo) 135 bl aoy
aSlad il ¢ 3,5 lw a0 ¥ ay (6l
OBl 8o Ve nj s ol cnlpgiow b )l pdiges
(Y Jgiz) <8l

b_wy’o.)_p] Cowd MCJLJWMLS‘)J
9 SPME jl oslazisl b ylojen (613 paiges SPME
@l Cpiy 0o Jub J83 Ayl e )
Sloslwl U lojen gyl paiged 5 Juols diges V-
oy sl s &5 o s SPME 4 Jlé Jled
W PIRRIA

(5 5 Ao 9 Sy
08U SPME (59 j 45 ol iy e
ol il GL lass 4 o] 51 Slazals 5 ye3
Jin 5Ly JBls o 1y 2l sl o) b ol
Iy SPME o ol wlol o b 3gs gy 40 olowod
B gy S ol 0 85N eg s

WAY 5 5 5l5 5 Y olad Ve o3[O asliale 5



https://ioh.iums.ac.ir/article-1-730-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

£
@‘ e bl 3 pdiges S lgie 4 SPME 5,8
N

390> U hame bl &) s ()93 SPME
Lol 53 odel Cawd 4 ()3 pdiges F 55 g 0392 pylie
Xz o 05,05 K00S0 b gyl gme cgles ol caliso
GNP i ol 1) (Folite gl cale wldlas
bylys o b 4ol gladllas o Jlie jobo 4 ailodged
390 Loyl glseial (liee g9y 2 ciliee gl
L a5 035 odali 3)lge plod 3 .08)5 )18 (o)
L Lol (6)l,maises 5 ol line dod 2ol
oo b oo ()b me LialS SPME I eolasl
» CAR/PDMS .8 (g s mdaiises &y ials
P A g Ggliile ugh cilize (slas )
G5 b phals ol VL Cogby b Ll
FSG o5, o b 15U & asg5 b [26] cwl 030,85
A2 o i Oluobre ¢)liss] jeSl dwlrs (4ly
2 58U ol des (90,8 il daya Ve o gl oS
sl o (g5l [P Sy dwled nopd ¥ dgus
5 YL ety o)lgon oly (slabaseas 13 oS Lol
sl Ly 3 2y Cops 035 () il oo
B S ol ) 5 8l gn S, sl (5
5330 32l SPME gl 15 3 85 o
Cwd & Gy oloj Al oo Cugb) 05 J1F Ay
o=l @bl Sle g adllas 5)90 Lulyd (sl ol
Bl pte b baylpd 5l )l paiged )3 (b,
Ol B 5> yio o V1 e Ll 53 dix 2
dmog ool ol o b oo sl SRl o
Oig=w  cdle ;3 SPME (6,5, 4 a5 205 0
Dy Oyge o Ble V5l Gl

SPME 5, Slos aglio a3 (igh onl @l
O (29 Saen &5 b (Ui Jld B L gjgm)
75 OgSy bt o 9 3)1 392 (09 93 gl
890 yob 4 35 (6,50 Glllas il 0 ) 4 SHo 3
Johie Lo b, L SPME (g duolio 5 (o)
@ e dex ol Jlulaasls Mo 5 O3l 4l
ITV=YR] 5,5 o)Ll ) Sed 5 (sdugis 515 lallino
Ao Ly o sloii (sla by, (21,8 Sldlas oyl )
sslio OSHA L, NTOSH ylojlos 39550 (sl

2 bl b wi )5S 4 s b 5l 6,50
3 oy oy 9 JoSde i) Jlasl (Dol Sl
4 (50,005 43 Exposed igy 00,5 K o
a ool cpl o) 393y wtld polod pusd jslaie
d d2gi b qlie A0S (om0 )3 0ged A o oS
4o 0gud L)—" PRRNUSCIN b uuLw u.’b))] Slanl
g Ll e iulisl luisl mdaw ialS cus
g azdl Lilidl jas s as lisl & hals
Oladllas D99 ol L 208 o dinlS i Canolus
UL g g pSosladl el Gogy cnl 5 6% daste
ol Camlio g 15103,8 o3kl lga 45 (6,5 S 5
Jbe yobds ilodges pMel loa 51 gyl paiged (ol )
i 3 ol odizal b LT ksl 5 g0
@ Olsne Wby ool &S dem dxiS (] 4 SPME
Do 5 iise Jgrane sLngbsy niels Sy
iy igi oyl 50 [YO-YY] 5,5 eolatl
\r l) M LS';LO} 4.1&'.) ).) 9 L'Jj?m )J C,Jl>' )J SPME
sladaly ay g5 o aS o ol walise Sy
2 J989 SN Glp JA Ggm Sy b (las
ol s dis p .l Cund (g)ld pdiges 4By YE
Er oS Wloaly lis 35,50 cldlas plu g ide}
b igmd el )3 odal s & (055 ()b paiges
Sl (6595 s )3 odel Cawd 4 gyl pdiges F 5
Er— L2, 5 o oy i »> SPME
pae bYo 5l (SO 00,5 edlatwl om0 (5yl0 pdiged
" 1) 6095 9 (Bly o pdige bty Ll
2558 Clwbre (liwe 3 39250 Sl g
sleogi calisee Glallas .cudls (56 51 ,Lil
2 leds e Gl Dy Glawlowe (gl 1y (Salate
bowgy onds &l ogud l ladpe Vlie b o A
odlatwl )8 oyl ¢l Gedding 4 Schetler Fuller
18] cuwl o0
aS ol i Haore slayielyl (69 p aslllas

ey J:.S}:‘bf Y ooyled Voo U/{UK._"/’W aalale 95



https://ioh.iums.ac.ir/article-1-730-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

clinical oncology, 1998. 124(7): pp374-382.

6. Lynge, E. A. Anttila and K. Hemminki,
Organic solvents and cancer. Cancer Causes and
Control, 1997. 8(3): pp406-419.

7. Hajimiragha, H. U. Ewers, R. Jansen-Rosseck
and A. Brockhaus, Human exposure to volatile
halogenated hydrocarbons from the general
environment. International archives of occupational
and environmental health, 1986. 58(2): pp141-150.

8. Ouyang, G. and J. Pawliszyn, Recent
developments in SPME for on-site analysis and
monitoring. TrAC Trends in Analytical Chemistry,
2006. 25(7): pp692-703.

9. Li, K. A. Santilli, M. Goldthorp, S. Whiticar, P.
Lambert and M. Fingas, Solvent vapour monitoring
in work space by solid phase micro extraction.
Journal of hazardous materials, 2001. 83(1): pp83-
91.

10. Li, K.C. and D. Shooter, Analysis of sulfur-
containing compounds in ambient air using solid-
phase microextraction and gas chromatography
with  pulsed flame photometric detection.
International Journal of Environmental Analytical
Chemistry, 2004. 84(10): pp749-760.

11.Pan, L. JM. Chong and J. Pawliszyn,
Determination of amines in air and water using
derivatization = combined  with  solid-phase
microextraction. Journal of Chromatography A,
1997. 773(1-2): pp249-260.

12. Ouyang, G. and J. Pawliszyn, SPME in
environmental analysis. Analytical and
bioanalytical chemistry, 2006. 386(4): ppl059-
1073.

13. Pacolay, B.D. J.E. Ham and J. Wells, Use of
solid-phase microextraction to detect and quantify
gas-phase dicarbonyls in indoor environments.
Journal of Chromatography A, 2006. 1131(1-2):
pp275-280.

14. Koziel, J.A. and I. Novak, Sampling and
sample-preparation strategies based on solid-phase
microextraction for analysis of indoor air. TrAC
Trends in Analytical Chemistry, 2002. 21(12):
pp840-850.

15. Bagheri, H. A. Aghakhani and A. Es-haghi,
Sol-Gel-based SPME and GC-MS for Trace
Determination of Geosmin in Water and Apple
Juice Samples. Chromatographia, 2007. 66(9):
pp779-783.

16. Farajzadeh, M.A. and A.A. Matin,
Determination of BTEX in water samples with an
SPME hollow fiber coated copper wire.
Chromatographia, 2008. 68(5): pp443-446.

17. Matin, A.A. R. Maleki, M.A. Farajzadeh, K.

Oleie & SPME 0 Glallas pl plod j3 .Canl 0033)5
S9SNy e by Crr bl (pS0l
Ll 00 JLQ.M e

AuS Alg e igwyd Gyge 4 SPME jl eolail

ssloles d=slse Ly ol (moy gl (srslio Sl
Sloslaul b adl ()5 slalase g asel> > olord
o5 > Lapwled 57 (13,5 @oime <l g )5 ol
bl dgelse Sl e S5 plgiee b S
L SPME jjow 3 pyd jl olaiuwl .3ygl cawddy ol 3
o=l 28 cbB Wl oo glitte Hlil ywe Jobo
aobl SVl slale; Ul jwla o)l » SsS
0390 H10y05 58 emlre 31 ST pl Jbs cpl b
Sy e > @le S 0oyl el 51
b ea ] aldlas cocuwl plosl Jls o Legl 0,8

obe; ader jl Lacudgiome g ably opl 28) Cas )
T 558> s 9 Cagby jl oy p8b (IS
W33)5 38 yele (513 piges

&l

1. Voice, T.C. and B. Kolb, Comparison of
European and American techniques for the analysis
of wvolatile organic compounds in environmental
matrices. Journal of chromatographic science,
1994. 32(8): pp306-311.

2. Jakubowska, N. B. Zygmunt, Z. Polkowska, B.
Zabiegala and J. Namiesnik, Sample preparation for
gas chromatographic determination of halogenated
volatile organic compounds in environmental and
biological samples. Journal of Chromatography A,
2009. 1216(3): pp422-441.

3. Demeestere, K. J. Dewulf, B. De Witte and H.
Van Langenhove, Sample preparation for the
analysis of volatile organic compounds in air and
water matrices. Journal of Chromatography A,
2007. 1153(1-2): pp130-144.

4. Dewulf, J. H. Van Langenhove and T.
Huybrechts, Developments in the analysis of
volatile halogenated compounds. TrAC Trends in
Analytical Chemistry, 2006. 25(4): pp300-309.

5. Vamvakas, S. T. Briining, B. Thomasson, M.
Lammert, A. Baumiiller, H. Bolt, et al. Renal cell
cancer correlated with occupational exposure to
trichloroethene. Journal of cancer research and

WAY 5 5 5l5 5 Y olad Ve o3[O asliale 5



https://ioh.iums.ac.ir/article-1-730-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

£
@‘ e bl 3 pdiges S lgie 4 SPME 5,8
N

Ghiasvand, H. Mahjub and L. Tuduri, Field
application of SPME as a novel tool for
occupational exposure assessment with inhalational
anesthetics.  Environmental ~ Monitoring  and
Assessment, 2011. 184 (11): 6483-6490

29. Zare Sakhvidi, M.J. A.R. Bahrami, A.
Afkhami and A. Rafiei, Development of diffusive
solid phase microextraction method for sampling of
epichlorohydrin in air. International Journal of
Environmental Analytical Chemistry 2012. 92(12):
1365-1377.

Farhadi, R. Hosseinzadeh and A. Jouyban,
Headspace SPME—GC method for acetone analysis
and its biomedical application. Chromatographia,
2007. 66(5): pp383-387.

18. Fuller, E.N. P.D. Schettler and J.C. Giddings,
New method for prediction of binary gas-phase
diffusion coefficients. Industrial & Engineering
Chemistry, 1966. 58(5): pp18-27.

19. Baldwin, P.E.J. and A.D. Maynard, A survey
of wind speeds in indoor workplaces. Annals of
Occupational Hygiene, 1998. 42(5): pp303-313.

20. Alonso, A. M. Fernandez-Torroba, M. Tena
and B. Pons, Development and validation of a
solid-phase microextraction method for the analysis
of volatile organic compounds in groundwater
samples. Chromatographia, 2003. 57(5): pp369-
378.

21. Mills, G.A. and V. Walker, Headspace solid-
phase  microextraction procedures for gas
chromatographic analysis of biological fluids and
materials. Journal of Chromatography A, 2000.
902(1): pp267-287.

22. Augusto, F. J. Koziel and J. Pawliszyn,
Design and validation of portable SPME devices
for rapid field air sampling and diffusion-based
calibration. Analytical chemistry, 2001. 73(3):
pp481-486.

23. Tsai, S.W. S.T. Tsai, V.S. Wang and J.S. Lai,
Laboratory and field validations of a solid-phase
microextraction device for the determination of
ethylene oxide. Journal of Chromatography A,
2004. 1026(1): pp25-30.

24. Tsai, S.W. and K.Y. Kao, Diffusive sampling
of airborne furfural by solid-phase microextraction
device with on-fiber derivatization. Journal of
Chromatography A, 2006. 1129(1): pp29-33.

25. Tsai, S.W. and T.A. Chang, Time-weighted
average sampling of airborne valeraldehyde by a
solid-phase microextration device. Journal of
Chromatography A, 2002. 954(1): pp191-198.

26. Namiesnik, J. A. Jastrzebska and B. Zygmunt,
Determination of volatile aliphatic amines in air by
solid-phase microextraction coupled with gas
chromatography with flame ionization detection.
Journal of Chromatography A, 2003. 1016(1): ppl-
9.

27. Zare Sakhvidi, M.J. A.R. Bahrami, A.
Ghiasvand, H. Mahjub and L. Tuduri,
Determination of Inhalational Anesthetics in Field
and Laboratory by SPME GC/MS. Analytical
Letters, 2012. 45(4): pp375-385.

28. Zare Sakhvidi, M.J. A.R. Bahrami, A.

ey L.S}J‘:JS Y ooyled Voo W/{UK_:/’W aalale 93



https://ioh.iums.ac.ir/article-1-730-fa.html

[8T-20-G20Z UO 1rJe'swini'yol wouj papeojumod |


https://ioh.iums.ac.ir/article-1-730-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

Application of SPME as a passive air sampler for inhalation exposure
assessment: a case study on 2-Chlorophenol
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Abstract

Background and aims: Halogeneated hydrocarbons are among the most important classes
of toxic chemicals considering environmental and occupational health which can be
quantified by several methods. This study examined the applicability of solid phase
microextraction for sampling and quantifying of 2-Chlorophenol in the air.

Methods: A dynamic standard atmosphere generation system was constructed and effects of
sampling parameters such as fiber type, calibration mode and retraction length on sampler
performance were studied. Actual sampling rate calculated according to side-by-side
sampling was used for quantifications. The effects of environmental parameters including
temperature, humidity, and air velocity, were studied.

Results: There was no significant difference among sampling rates at different temperatures
and velocities (in dynamic conditions) but relative humidity had a significant negative effect
on the sampling rate. Storage ability of the SPME samples were seriously depends on the
time and temperature of storage. The SPME samples had a poor storage capacity in
comparison with the charcoal samples. However, sample recovery increased with decreasing
the storage temperature.

Conclusion: CAR/PDMS SPME in retracted mode is a good alternative for sampling and
analysis of this class of compounds in the air. Its sampling rate is stable in wide range of
temperatures and velocities. Therefore, it can be used readily in environmental and
occupational exposure assessments.

Keywords: Air sampling, Passive sampler, SPME, 2-Chlorophenol, Exposure
assessment.
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