s
Y VAP LT 5 oo F oyl VF 0550 [Clg ] sslinless

\\

IPRF Sl 35 ek 33155y cslowdly 39551, 31 00kl 1 p 33 o5 1y ¥l

Mliges by audyd Sl e dew S sile il JlS Pall; SO F oresegle 7yl Fodl; dll pai sgemme sl yer e e ol pl g

NN+ 35y gy /- ANYS 1t g ) Q0S¥ redly s gy

oS>

cslomodly (5518 )3 o0litsl 3,90 (slygiST, 5l (S ABle (ol slowdly B, Igp (Gl VT S8 Cae (29 slacsyglod S (S 1 Bud g Ao
ol S0 S0 455 g 135,250 Al S, e a5 1555, 53l S 20 il 435y, dyi S35 S8 e (5o
)..oL.C 3)95)4‘ Jl&a}] u.u.lblf 4 oo o.).u\(’l dl..aﬁ sy u.w])ﬁl 0;‘ .JJ;@ A.JZ.T =b.’>L » oJ.uY’l le.aaﬁ sy u.w])ﬁl 4 oo &S MLL;O r\,S Lo.u-'Ma
Olal38l e o Syl glo adss )58, Sy (b adllas cpl Sl Bam 03,5 o ea VT o 55 (S el 4 13 g Lawdly 53 eadoln]
o1 552550 4155 S 4l

bio Sl 515581y ol 53 00,8 a3l 5058 iz 3l e casSe JSU5 4 adlllas (] 53 o3litl 3)90 ()l et (slowsdly 5958,y oy 32 (W9
cutly )13 g8y ()1 o 59y 2 & (oo dxiio K g 390 00D Ay CEIESy sk 95T e T 53 & 3T elitl 43S 39Sl lgied; o
25551y 0=l 59 52,08 35 5 0T (39,5 Sl o (3 51 (b Ol Lawdly (B) 2 89,8 Bl (IS g0 e Wl |y (e 29,5801 5 oS
85 B nn 290

9 CdoghS Yo 410 31 5Wg il b oS woly Lis gl 35,5 e sl (e Jhe VD) (555 )5 st 5 3 (SO Sl Az a8 by )l gl (Laakdly
a 8By 0 I VY & /Y 5l by (o (il8l uismen Wb o Gl Ao 3 VoV g YOIYY g 4 oy ol e 4 AD PPIML 5,8, 18" clale
Gy eimd oSSy I8 sl IS ¢ )5 40 (sladnST (ol yeiSTy 5l 2,5 55 aS WS ssalie oyl ogMe 33,5 o Ao yd Ve 39 SIS ials el
A3l ge 25l IS 65 9 a3l 1S

os VT HLisd e por ialS 4 yomie a5 20,5 o dbml (6555 adss (5 5 (S8l alss s g8y 50 48 ol i adllas ol (6 pS Al
2 olsie ol e & 538 oo p 139,18 55 (il 5 o8 B Gl (00 GRS Gizmen 33,5 0 p80)lS 55 ul3El el g b 4ol
Candld (SO S alss sl (ili8l g oud Lo cudl S ol Cuols

39,8 (S Sl od wlo adow j55STy (Sl e Slawwdly 0l b bl S th)‘s.\.)s

s

5 Jeo> lio) alisee plie jl 5,8 I oluS 5 Lis] i

[ Downloaded from ioh.iums.ac.ir on 2026-06-20 ]

Slagbyy yemdie (o)ut 9 (S slacyled (&
03] sl o a Sogll l Bl S50 9 20
J=8 5l e eSS (B 3 sl Jlw
L) sy lowdly 9 5L 9558 ((Sojglon slasnls
ooy 313 s ol o Wlon S s 05w |,

phwadl ay i lisee mlis 113 I oluS 5 L]

cde 4 el aniS laa Syl gas M sl
5 olbwdl oM (5, 208 T SleS 5 i
Sl GlalSeow alyygo pbl and wis )0 e
LSl 01 g s S 5 L

Ol ol ol (Kb pole olRisly cadligy 0aSiils S cusligy s 55 e bkl -
ol colhen (lien (Sisn pole o8l wudlagg oSl ¢ i ieul 5 Cudligy Clisiog 3 50 g gldd e cuslige (S9el ele b bl =Y

Ol e e oSl )l pole SIS soud 0,5 ¢ylysbiul ¥

el et Ol S5t pole olRuils ecedligy oSl wcedligy s SIS (IS cudligy @liging 3 5o olutils —F

.Ol)ﬂl (O‘M P L;lr—y oKy pole 0uSisly ‘&)‘s 09,5 ool -0

i oyliawd S (S pole olKuisly cublags 0aSily ((gldd > cublagy (owline 09)5 ¢ )lpl i (ylwd ST (S pole oKl dasre cublagy Clidss 3 pe bl =

ol

Ol il el (S pole olStily wnatligy 01Kl IS cuiligy liing 35 e ol S -V

ol eolian (lian (s s pole oK iily wrsligy aaSiily ¢ Jid el g cdlipg Sliidos 1S pe g (sl cudliny (bjgel (sele dad Ll (Jgtame sdiwgs) —A

fghorbani@umsha.ac.ir


https://ioh.iums.ac.ir/article-1-1809-en.html

{

7
O;
N

)l e Slowdly 59581, Sl esliul L p 891" by 2V

[ Downloaded from ioh.iums.ac.ir on 2026-06-20 ]

JLsd yolie 5,955 Jlasl jialsS 4 e oan Yl
oy ohl8 il ass )0 g Lewdly ) o D)
5 b adllas ol plogl 1 am 33,8 o oY
St Sl (6 wlo alss Wi ye81) G csle
s oo () it ol S SI 4055 S il
dawgh Cbl)S Sl Loy y5iST) 5> adss o9 sUl (sl
Iy @dls g adod 09 )il i )lojon oS 0 001>
29551y =l GHLS (mppr 035 03latal 3l
cbale 5 (o o a3 1y p 39 I8 il 4 jos

W8S B gy 90 Cglise

17 %9
adllae ol ,d odliul 5yg0 (dislojl acgao pl,Sbs
So jl oalaiwl b ookl 3y50 (slod 33,5 o ot live

dlsgas o] Jlonl gl Sl 5 00:3)5 4as gm0 aS
L3 5 Seal ) (oo 3 5 (5L8) (gl yilid
2 yrogls dluwgdy 048 dsiual (gl b o 485 (b
LeoyS Syl 55 p )5 S gy 5 0435 ool
) il anyd ¥e dgas 4 ol b A e 0213
P39S 0ui W1 (p 35 5" (gl SV (glod) oy
= A it slagg) )3 uey g Sl oolil L
AD ppm Sacdale U a3 S oo 5255 ylaizyee (slgo
4 aigge bMs! cas oau VT gyls clon 33,5 sl
by dbaasee cpl slod 535 0 3,y bS] dlasse
g Led) a0 00y LoyS ol )5 lw a0 ¥e U i
T Camgby g giwlod lawgy SBUI o) cobs,
So bMs ] S8 ae (03,5 o0 Gl Jlsud
3 =8 lmoa i ¥T el 5l (gl paigal Ca poip
S5l Slo o 352 21035 e Ladly 5T,
8,5 plodl LT HLis g Loy jo ciglate clale pdaw
Sy by LSl sy (o295 9 53959 J5

395 334 azie sla Shy cle ao (Sl s
5 b slod > gy (1iSTy (ol 5,Skee
b oy i Cangs ] dsgS 3o oL
5]

S35 56 00T o Josly qite Gyl slowdly
5551 aisS 1503 5 (15908 9 ST ¢S g )dn
solic Al o tuo 0¥ o 36 (gl 45 A8l e
slaJBesly Jd 5l ()l s slaoly > JLb
oSt slagil 5 o)l sladSlse (Jeus 500
o ly gl g oals iSly (cow bS5 92 b Wl oo
2 5lg e el diles haS cow pf 9 2002 g
VoV ) YL 5Ldg U o 5l s 09801 90 oy (sLi2d
V] 25,5 sl (cdgsls

il s Jis g gk )3 olewdl laygS],
5 odlaiwl 350 (sl yeSTy il (S londs sl g aisl
S Sl 6 Bl 455 (Sl e lawdly (53
S Sl o> Bl 951, 55 ol el (DBD)
248 00,5 0bul sl adsdy S a5 205 o sl
o ogdedy (A) 4525 aji )9Sy o g Lad S
Ly e 53 Sl 55 gl 6515 s
Olasi oo 10 g 2045 o0 3wl 5100 a8y (e g s
o Ay 5 Glde €ya 8 500, SYL 1) 5L
P Geiozen 598y g5 ol 53 o> (Rl ) Lewsdhy
DY )0 Sl 4 oS IS0 4 (51 (8

sLlie (5 s ()l b LoDl 59l
Sl 30 ClB YL o]y e 5l 5,84y
L;l_as&]élé L;l).g Jﬁ)lf w.bls ‘3194» )'l L;lob)bj ub.b
o=l bbb lgn ol b sl oo g oYl sl
Spman Jod | colae (B0 Gl SIS nl 92
55 5 6 3ol sV JulST a5 L (53,
IV b o 208 o

2 S Sl glo alss 8T, culee IS
o oS Alols cowl sanis assby o 4 Slidss
b gn LSy s 5 S S 455 S Loy 25
anb ,d oan Yl Hlas ey iolisl 4 e o
ldd Cop Glalidl ul 3,5 oo (S Sl adss

\Ya7 QLT} Bl g a)l».-:;' NF 09> U/{Ub’__"/’ﬂ/ aslale 9>



https://ioh.iums.ac.ir/article-1-1809-en.html

=
: \ 17
O]) 9 ) ‘)J] ‘ ) @

[ Downloaded from ioh.iums.ac.ir on 2026-06-20 ]

Do o b 4 535, pans S 3 045 Lammria il
By CBlGSy Hsbdn yiedee O gl 9 Ve (2)e
ol g 4o YL 5y B paw S§ bwgs g 0l

(Y JS5) 135 o Juate YU 5Ldg

EY VI

¥ S5 )3 lawdly by, bawgi p 85157 Bl ol
L;’])U u.w‘.)«..: s )9bul_o.m Cowl ol 0y ULM)
03920 ‘9._5 P J._.stL;o LSJ){)L—{ )L_J9
b slalo; , 31 L5 ws eald yoxs +/Y=Y/Y1it/min
5133, 5 jascie sV s olise (g9 Cglise
S cpl o1y Bls e ialS 5 > ili8l e
o bonye it ) Joda 3 0 Yy han
5 = J b olsisan o VT Gls o33l (:S0ke
ol odal ] (o lol Sl

Jledale Gilielwccwlig ¥ S 5l aS job ylen
Owli8l cel d)lg o dad > A+ 5 YO+ 4 AQ ppm
o byye @l ) Jgi 300,50 Bl I
g ccbale 1 b olgiea boan YT Gis o35k WSbe
Al o)lge den jo cdale yinli8l Sl g o samline

CgghS Ve ay CgolS V0 5l (03,08 5y (]34l
225 o bedls aen » Bls S il esls

@15V QKV

() pydg,)s Bi> 003l

3 o ol 4 Lawdly (g, 4 89l Bl ) Y IS
)8 3y g 0a¥T (039)9 calé b >

ol 590 u.zbnlaﬂ as gazme Soiled =V S5

e 09 5

]
= &+ mm ]
1 -
-_— . -
B ol gons - 2= ol e
[l

aplag 0g 25Ul

Lol 51, Soslas Y S

ld 905 9 13,5 o (6,13 paiges jJUI (¢l (Gastight
25833,5 e 3T GCMS § GC ol8d Loy
CO Hyomod 6,50 iiSly WY ginme clale
1 Ml &ys o 4, NO2 4 NO (03 .£O2
d)ﬁfo)'l.)_ﬂ owd gy 00 e sl oo
S S8l {SGAIT, UK) 30,8 A S gige
G750) (9, ey (Kimo-AQ100)
(USA EST-1510,) ;! 4 (polytector, Germany
P43 S o ot
o=l 3 0dlaiwl )50 (Sl et slowdly 951,
5148 35 (DBD) 4 38Ulis> @lo 455 g3 5l aslllae
xS S d yta e ¥ cualis b 5,158 i
a3l (yo Juo V00 2 Yr 0 Ve alal) il o
2= 9 ke B0 Jsbo 4y (que domiio S 035
cdly y8 5581 ()b aw g9y 2 &S pracdee Ve
3981y ol 53 dgeioo Laal 1y (e 298l i
Al (6392 ©ygmo 4 45 00 b udlS
Sl pyS Y lade )8 eolatwl aldss 39 il lgicay

\Ya¢ QLT} ol Ad o)Lq..."'» AY 09> Ul{l/b’.:/l}‘ alale EE)



https://ioh.iums.ac.ir/article-1-1809-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-20 ]

AR

=

e s cslasdly 5551, Sl kil L g B5,lS Sl Yl

ol bl i g ol o 51 (1B lsis 4 Woa VT G 03l (Sike ) Jga

Pl Sre Iyl (%) pSolee U VAN Uinlesl 3590 pite
-1+ Vo/vE NPV -I¥
AL+ FU/AY .18 (483> p y1d) by (o
WiV £-/AY VY
#Ivs Yo/sv Ad
s /-5 O /AY Yo (PPM) o ¥1 cdale
AISY DO/AY -
WY YAV Vo
<efe ARIAL FYIFY Y- (cdg) 3,8 34

o8l cel edgsl SV ay cggliS N0 5l o)l
20,5 oo edls dad > S Sl 60 (g pdy bl
Bl 0as Dol NO2 g NO clale o i

sobplen w3 e Ui |y lawdly by Lawss 238918

@NO-1SKV. gNO20KV g NO2-15KV @NO2-20KV

(PPMYoit 5ady3 (339 s ST (53 5 a5
=

1 RRRRIRRRRIY

Uhgy 4 pRg )l Blo y3 0 sl (595 (slaaesT clale —0 JSs
5Ly g 0aa¥l (03909 ble by (o 3l (ol s 4 Lawdly

@)
— T
S
T gy S
| o s PRI
L2
n |
S Sl 5
] |
" B
]
Scans 3 R 1l 3] E: ; r)

S Ll gy i G b e Y game 5 S5
GC/MS ol&zws Ja.wy [XW)

leos YT Gl )l (ke 4 bgrje gls ) Jgio
oael o] )bl Jelows 9 2,8 5Wg 5l (b gy
bl o

Gis )3 opyS deaSls> iy sl ¥ s
sobglen i oo ol ) My gy bawgs p)89,18
&L S deS1ied Gy Sl culiy S 5l oS
)L 3Ly 9 0aYl (399 clale I (b (2
Ol ha S ool 3 1) ()8 weSlies pdy
A

5 ebale alpdl woliy IS5 5 45 sbislen
oaalS el djlas don DA+ 5 VA 4 Ad ppm

3L Lialidl 00,5 o op)S aSTlied sl bl

@ @isKv p20kv

)
) ©
3
:? »
Y9
7.
“
5
AW

0

85ppm  250ppm 500ppm | 85ppm  250ppm 500ppm | 85ppm  250ppm 500 ppm
0/3 Ymin 0/6 Ymin 1/2Ymin

g3 le 5 ol o0
Dby do pyg S Bis 5 S w8 (05 (g pdy Sl Y S
5Lg g oa¥T (o395 ke Ly (o0 ) (L e 4 Lowsdly
sl

\yva¢ QLT} Bl ¥ a)L«.i NF 09> (j/{/)b’_:/fﬂ/ aslale 9>



https://ioh.iums.ac.ir/article-1-1809-en.html

=
: \ 17
O]) 9 ) ‘)J] ‘ ) @

[ Downloaded from ioh.iums.ac.ir on 2026-06-20 ]

a5 NOIW]adloo 555 sl (Sopsdl alss oS
e gl il g (aludd e lalS eel,
L osds dbool Jlad (cladioS 5y93 p Jloinl a5 53,5 0
Camols cle 4 ol ogMle il o G133 0siyY]
busio codl S Clo 0a YT 0ad b €dl)S o
adss 4l ) eVl usle L) g 00,5 oas
b oo Rl Golye 4 (S sl

Jsane s8], Lodds (Ll 5581, auglio Cr
015 0,51 o] 4 llllas 3 o8 S 1Sl glo aulss
Ay (o (B9 SOl odd bt ol S gl @ ol
s Ve g Ve Goye g Jsb e dhe V s
21y 39, Sl eyl L 020,8 odlaitw] adsd 59 xSl lgicay
A 05 298N (s ptadken ¥ (i 9 B A ND uold
(cdgolS ¥+ ) San do oyl U 1y oS Uy 4 00l
» &gy 2B slaodl skl 4 B (Jy w3 YL
oo Wl ) plaSona

SWy & py3e S o 55 QLIS 45 wabs Lt gl
011 (6395 e 5 5L a0 w208
10 31 5Ly Liulidl L 48 ol ol gl 0l
b o GB35 LS ClgelS Ve 4y clgls
NV ] gy o odalive L8 Cldlllas jo alive gl
Uil e 4 g LialiEl b i L Laalsél [V
1y Gilidl ol e a5 (Sl e @08
Sbul Gl 4 joie & Al e 551 5 by S
Jusb gloasss 5 Lagyg sl 2y 52 9 Jlb slodiss
A o Colpd )0 45 30,5 e oYL i D)
23,5 o a1 Jldle oo il

LS wlale Tl | oS ol ol adllas gl
AS 3,8 a8 Lug)lS ol o il 55 s
N+ ppm 5l (399 cdale (Rl G jug s o5
PV Tk o il (o)l gxe jsbods Av e ppm 4y
st Slllas 4 Cons (68Ul s (S adlas
Sllllas b avolie )3 55581y Job (g 0392 55 (s
Cle 4y ol slhcdale ) 1wl e jiSe s Al
adbaie )3 ;503 b jloa ¥l clodgSUge ol dlold
o3V L g5yl sl 098U 0y Jloil s

015 3yl NO2 4 NO calé cuslyy JS5 ol 5l a8
5Ly g o1Vl 039y < bale LS Ly (o b
Jladale o VY 4 /Y 5l oo Gljelasb e (g0,
oli8l cel d)lso dar >0+ 5 YO+ 4 A ppm
5Ly iulsl 33,8 o 00 5ol NO2 5 NO clalé
sl jo CdgolS Ve any cdgslS VO Sl o3l
Lacdls dan 3 o b NO2 4 NO clalé 33l
20,5 oo

ool 0 ooy jasds Il Y g o eke
985 6y @l g paan Ll il addlla
o g 2530l 9IS (5 s 9IS (5 ol
|, GC/MS oS5 slaS_sy | glsgns 5 IS
JS=5 ol 3 amd e LS ) p)89)IS° 55 plSn
PLSD 005 (k28 DY gass (ke Ol
Dged odalie |) Low)M) Ju.:|)5 )| odla!

S 35 4 g Sy

50 3 4cllis ol 3 o3zl 5,90 (slasdly 5T,

S ) adllae ol > g o iSlgd o s
4 Ml Wle jp g 9 g 4 &S oAb haue
o1 baste CudlS mdges 03litnl 45 29 uSUl gl
o lieo ol Ay L oad Mol cudl S g5 S
5 S ySl Colin Cusolh (g maw colue )l
o1 Lot adl,S V)] 08 e YU ole Canglia
Jial s i a5, ygiST, GS 3 oS + /Y e 4
¥ 3Ly eagame 53 YL 5Ly Loy asie 4 95T,
i oils cllo 3 el sladzs, Sy ool
L g aoselys 56551y (ed90s (sliwly 5> odliw) cdls
S CdlS So S slaans) cul SlLbl s 5 38l
b 4385 o )13 o0 Jlod 4 STy blE (S
S5y i dla  ogdle 133, e sln] (5, i
Cygo d &S Cubdl)S slaansy cpl Blibl > Gglie
Vb e )3 idg He5) (63g0e sl 53 o3l
SOy i adle 5 (o 3958l 03g45%0) 9551,
5 Al 39,80l ey aliold 3 5 e Sl CB10iS,
b Olallas L dunlio jd oS gy yio Lo VO (e

\Ya¢ QLT) ol Ad o)la.f'» AY 09> CJ/{UE’.:/IP alale EE)



https://ioh.iums.ac.ir/article-1-1809-en.html

{

7
O;
N

)l e Slowdly 59581, Sl esliul L p 891" by 2V

[ Downloaded from ioh.iums.ac.ir on 2026-06-20 ]

ul_:)> > 9 5299 clale 46.))4)1_{ )L.Js )1 u"‘"l"
oBl8 92,08 SWy LRl L cn S ST oy
og-Sne Sl (g39)9 Cale 5 (39)9 by (g Mbee
Capmad IS (3258 4S106d g0y Sl (55, 2
dusldo (3 S LS 60 4 ol Dbl p)S AuS g0
cle &S [VV] sl oo o5 Lows e Cldllas (S0 b
o oS 2nS 990 sribipnS] 4 ploS o))
298 53 03 baio CBlS (g9 2 ()5 ST
> s 38T Sl IS0, 9 eJgSge
Sol oyl et (gl 3,08 cls 5| S
Oiariw ladeuwsl g o5l ades 51 b Y guame
DAL 0,5 o wils GlS 5 opl o] Lials el
&L 999 <l Loy adllae (ol ) odgs (ol jlade
EBe g 25 oS Wy b 5l adlllae clo puite
L obdy la e, 5)55 5 53150 3605 oYl
S 5 03 555 JgSlya 50u T s JiSgn 5]
u_o..?‘ sl O},,.Sl Oﬁl Soled ) O}:mf] Lgb.»Jl.ipl)
LS)]J—:’.L}. sl ‘_5_19 A;_wbu.o Sod sla O‘J\f._mg‘
@y oSy sl 4 de gl bl oo (d9axe
dloul g oaly STy Jog0 5anST L (o3l (o 5unnS]
il 5 Soge @ ol iy o Wl (o ol
(V) et0,—>e+0+0
(V)0 +0,+M - 05+ M
2 b e b feST sledgSdge ejo nl oo
o 9,580 sl e 45 cggls 10 YU (slaliy
Ol L 2)95 gy 0 bl (il i (55
Mool g oad diwss oo (g5l sla e,
a0l by a8 aolei e (ol 9 (J9SU5e 50S]
{A] adle yj ©)g0
(Me+03->0+0,+e
(£) 0 + 05 - 20,
Ol e cpl 3 @38 lajlly 4 a5 L
Sy Gl & o g (Ssaly pie 45 265 s

ke 3y55 JLaial oAl 1L g oy oS
93,5 oyl (S Sl adsg 5l ys end sloul Jlad
25 Byl il e I3 5 ed ¥l 55 2y
28 Ml ol Caol (gl 0dd baie bl S
01 Mg 5l 5 01 YT 1 gyt o YU (slacale
Coel g 00,8 Qi ap s ) (Sopsdlalss 5l
335 o 03V 1S guaslnnsS]

LS (o3 Ll b wsals L guls a5 jeblen
&l L anlie p ials opll o plals Sl
|y o e 4 45l e o i [Y+] alie colallins
bad Copw g 55 (S Sl alss 95 » P
Oldllas d s addllas (pl 5o oaY] 58l s
od oV sl olad e g o) &S [V ] iy (L3
Slonl JUb polie (uSly g (S g cawlio Cuo b
Gyl 51 S o ol |y o] 56 g 0a T L ok
5 i Caold 48 0u s bain <8l S, 0
90,5 5 Sl i 5l a3 Wl oo
=5 O3l SleiiSly oDy sLa STy j 093s
S8l by L ean YT G 5 3 aalllS

b 3 18 T 0S5 51 o Ty
oA YT 5 o5l om obisS s Blo oy e &y IS
ST 0538 Gl (il g2y (il L il oo o8
Ay Jl ol 5 gy 9 cmnl 2V (SaS
PR3 9 a9 Pl ede 4 ol jae > s
B ey o] San enid slo S
L a8 imd o ot Slalllas gl [VW] iled Jae
Ll o pRIPl (293 o)l cdals Wy 5 (23 38l
» 2o ojf edals adlas cpl > Jb ool LYY
S g 039 yxie Y0+ ppm s > Leddls plos
Ol pie dn an g L S o dbml (wguone
45 3gad bl b ool plgicee (295 ol cdale
50,5 G ) ConBlS 28 00l baio cudlyS
sladbodly g (ol (iS4 ol s eel,
G55 DS Gl csl & 23,5 oSS gm
23,5 oo 03]

oS AeSlied (g pdy Sl &5 wishy i ol

\Ya7 QLT} Bl g a)l».-:;' NF 09> U/{Ub’__"/’ﬂ/ aslale 9>



https://ioh.iums.ac.ir/article-1-1809-en.html

=
: \ 17
O]) 9 ) ‘)J] ‘ )

[ Downloaded from ioh.iums.ac.ir on 2026-06-20 ]

o=l =l il ol I a0, S
ol glo lyicas |y dlue ol liisee oda o wlal
A3 Loy kg o, I )15 I les 5 Gl
by SO oSy ol aies T wsilass 3
& Ygmaxe JSii a pomie lgp emen (5T
9 Pz gl OS5 295 51 45 295 00 (b Ailen
g i) adlls olsly YA YA sl o 5o
b S 5 TS 98 e 5 o)LSan
5 5 by sldsge o (iSTy bl Sl oo
395 3ol )25 ©yge & et S0 b oS

.[\” A cYA]
CHCL, +0—COCl, + HCl o)
CHCL, +O" —COCL + H' (VF)

d9d> (plslyy g bl oo (cow Hlams S 5 (G

Jo-8 BB byeiSly 5l () oys (a9 (o jloxe
U)—“‘B g 09M_L @ bS Gllkeo u.ol_.w')a o
s gl 2 2R (o8 Jeae (piin
ol 255,505 ailgs e 40 IS s ST eluS
935 63 IS JoSdge 00 815 oSG0 IS
OFd opimed g dpmallinl oI — (o 5 bl Jul
s Aol 5 aday e o SV game
50 OluS 5 pam abl = e lewdly bawgs b,
olSon o uilonl g )Sen o T]90lish awgs 5
odalin yobs dsllas > Joawo 93 .03l 6003 ,5 S5
6 ) Aol eais ()55 by ledllas j3 48" Wy )8
St Jsl et 3 (0l 508 5 5 el 31 9)l8
3 A yebas laaadl 4 31 g ol S 1adll
T35 —g)IS 65 Mo bl st > 5
0 a0 Y S5 pgd S ) s potae 583 Hobay
4225 Eg-d9e S § (] 395 5 Sl gn By pae
IYY V] Cwl 039 3)l50 31 65k 50 oDl Lawgs
915 (63 ¢S A )15 iy Sllllae M

- Indarto

- Foglein

- Futamora
- Evans

BN =

alwgay oad dloul ol coyd cle 4y canl San
pas y 503 By b il slile (65l (slayg Sl
B Comols d loSoo |y el (gl s
Eel Coml (1Ko 48 0 Cond 00 Laugn .l S
5 ol ST e o] 4 o8 g 0l sl 3l Gl
o a8 Gllas @l 23,5 JeuS gy b JI00),
Bl 5 ()l by (05 5 31 (o) 2
PCEWRIS P X WA Y} Q}‘ as By o ol JJ‘c\;’&bx
L (slasdly & s B lasdly S 5
ol 192 (23 55Uy (I8 L Blse 35155 5 039, yieS
039 oS5 s o)) Sl g aihy calgss clbs lude
)53 A4S Canl 03,5 5,155 1)50lg8 [YO-YV] o]
B30 &y p) Cype & CundBlS by ]
(6) 03+°= 0, + 0°
()0* + 05 = 0, + 03
(V)03 = 0,+"
Dbl oo CandUS et col dimd lis % e )
O 5 0090 (668 ST G ol dboul 5l e
[P AS o (3l 0aia¥T o )36 )3 (ooe
ol N2 9 02 j9-ds )3 ()l slowdly
s NO a8 ol 5 15l o pish lizsl NO
Ol L (S g Lo sl gy wlg oo 4 S
Joas 9 NO bl [YA] 25,8 3uSTNO2 & s lya
Y] Ciig pi Sypo & lgi o0 1y NO2 & L'j
A)Je+ N, > N+N+e
)N+0, > NO+0
(y-)N+ 053 > NO + 0,
(Y))0 + NO, - NO + 0,
(\Y)NO + 0; - NO, + 0,
LNO2 5 NO cbale il lis gl a5 eblan
b il lgn by (23 laljal g SWy 38l
s oljdlan oles oy cdale (alisl ol cde
35 s 03 9 02 N2 sl oS0 g 331 (laryg 2SI
23,5 2o NO2 g NO bl g 3)55 1 yinli8l el &S
4o (b 3 oS (e )b OV pae Ay
J=s an Loy 98Ty )3 )0, I8 sl ()55,

\Ya¢ QLT) ol Ad o)la.f'» AY 09> CJ/{UE’.:/IP alale EE)



https://ioh.iums.ac.ir/article-1-1809-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-20 ]

i
N

\

7

)l e Slowdly 59581, Sl esliul L p 891" by 2V

Sl (pSon (9)dt g LS 5 (13905 23LS] 3505
Sl g IS e s |y L STy b 3,8 slgiiig
e ConUlS S (5l D Bguw SO)15g)000
3 Sed an g il o)l (o5 st w8 Gl
Olalllae goibge Coml 1 SKoo 540 (pSine QYW
W Ve
Cygmio Ay 04 0313 dmwgd Cudl,S l aalllas oyl )
Loy 5951, aulss o9 Sl lgies wlojy 5 65092
2SSl alss a8 )5 saalive 9 40,5 ealatuwl
BalS 4 oxie 45 53,5 0o Sl (6555 Al (S
ceel g oas anl ool ) boan VT HLas ce pu
23y o cdale Jl3 8l Ly p )89 8 G 55 38l
GBS 1 (oS 8L gl (3 DRI Grinen
Pl ol ade a8 )38 o p 8 o)1 55
b ()38l g oad 03l drwgl Cudl,S Lls Cuols
55 (SIS Sty Gl 38l b canils (S 8T adss
(8lo il 31 CO 9 CO2 sy SLal 5 p 3y IS
i 3 (ol Jgame SO plgisdn ol sl 25
355 o8 e o) oo Wy I3l L g 035 SISy
5Ly Galidl L il ey plssiee ) of ede oS
B i g Jlile (65,530 sl g Sl sy
Mol (il OY gaze Cunild 00l 03D drwgs ]S
Jold )91y ol by 23891 0 55 51 55 00
35 (b SIS Sl IS ¢35 glaspuS]
gt 250l )18 535 5 25450 )l 53 il 9IS

&l

1. Assadi AA, Bouzaza A, Merabet S, Wolbert D.
Modeling and simulation of VOCs removal by
nonthermal plasma discharge with photocatalysis in a
continuous reactor: Synergetic effect and mass
transfer. Chemical Engineering Journal. 2014; 258:
119-127.

2. Ghorbani Shahna F, Ebrahimi H, Jaleh B,
Bahrami A. Decomposition of gas-phase chloroform
using nanophotocatalyst downstream the novel non-
thermal plasma reactor: by-products elimination.
International Journal of Environmental Science and
Technology. 2015; 12: 3489-98.

plo allie b > S e g LIS s
b gl 00 (s Y guaze wgMeds LS odalin
0323 ool ol (b )3 8 hLSes 5 1)9ebish
G [ A5 5agS 8 51 oalital b Sy JS sl
o 503 0, sla Jodge yph> 3 (o (S
585 605 o pemen Sl 5 L Bl U
(b (> g Olsle ) IS (6T el
5 S 03l Lol o) pl bwy S5y ISl
A0S e s OL3E o)l ool b yoee 4o
S8 Sl 1 Sl So)e wjos (b
S pgbplan LSl e (niz Gob Sl Sl
422 Bk Sl izren g Conl 0l N0 S5 )
IFF Y] 205 e wlgh o da oles
(v0)
HCoC+CI" - Co +HA
Sy 575 4 Bl o s 4 (8399 0Y] 55
il adlbe > 2)JAS 136 Y gae w3 9
VL Clle oy 5508 55 48 1,08 sanlio
Pl i )15 cbals ogdledny ged g 1) (5
Lo a8l ol 9 peSeiar 39157 L it 4435
1538 e Al MalS ), g g ylo s Lawsgs
SLdseS o > &5 Wdges (015 ol (pl [V
S & S Glacyg piolS a ol i
25 gzmen il gl Jsge LS o L g
Sy ade olus'
5 S 0a s dloul Jb IS &Y g iame ol oy
S S 4y g 0lg 5> DY gimze S50 IS0l
33 Jo JB Y5 (] A (55355
Cewd ol 0 ol pl Sl Sl oolawl b g il 0
i) Bis lgice o gty (AL e
o) el YUy ey IS (65 Mo oS3 >
A5 Jo 3 2l (2l Jpas Me 35 S 5
b o5 Jyame lgisei |y 2wl o)1 55

1. Marotta

\Ya7 QLT} Bl g a)l».-:;' NF 09> U/{Ub’__"/’ﬂ/ aslale 9>



https://ioh.iums.ac.ir/article-1-1809-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-20 ]

system. Journal of Electrostatics. 2015;73:80-88.

15. Guaitella O, Thevenet F, Guillard C, Rousseau
A. Dynamic of the plasma current amplitude in a
barrier discharge: influence of photocatalytic
material. Journal of Physics D: Applied Physics.
2006;39(14):2964

16. Tang X, Wang M, Feng W, Feng F, Yan K,
editors. VOCs degradation with non-thermal plasma
and Ag-MnOx catalysis. International symposium on
plasma chemistry; 2011.

17. Kwong C, Chao CY, Hui K, Wan M. Removal
of VOCs from indoor environment by ozonation over
different porous materials. Atmospheric
Environment. 2008;42(10):2300-11.

18. Mista W, Kacprzyk R. Decomposition of
toluene using non-thermal plasma reactor at room
temperature. Catalysis Today. 2008;137(2):345-9.

19.0h JH, Mok YS, Lee SB, Chang MS.
Destruction of HCFC-22 and distribution of
byproducts in a nonthermal plasma reactor packed
with dielectric pellets. Journal of Korean Physical
Society. 2009;54:1539

20. Hussain M, Russo N, Saracco G. Photocatalytic
abatement of VOCs by novel optimized TiO,
nanoparticles. Chemical Engineering Journal.
2011;166(1):138-49

21.Sun Y, Zhou L, Zhang L, Sui H. Synergistic
effects of non-thermal plasma-assisted catalyst and
ultrasound on toluene removal. Journal of
Environmental Sciences. 2012;24(5):891-6

22. Encinas A, Rivas FJ, Beltran FJ, Oropesa A.
Combination of Black-Light Photo-catalysis and
Ozonation for Emerging Contaminants Degradation
in Secondary Effluents. Chemical Engineering &
Technology. 2013;36(3):492-9.

23.Feng F, Ye L, Liu J, Yan K. Non-thermal
plasma generation by using back corona discharge on
catalyst. Journal of Electrostatics. 2013;71(3):179-84.

24. Dinh MN, Giraudon JM, Lamonier JF,
Vandenbroucke A, De Geyter N, Leys C, et al.
Plasma-catalysis of low TCE concentration in air
using LaMnO 3+ § as catalyst. Applied Catalysis B:
Environmental. 2014;147:904-11.

25. Tang X, Feng F, Ye L, Zhang X, Huang Y, Liu
Z, et al. Removal of dilute VOCs in air by post-
plasma catalysis over Ag-based composite oxide
catalysts. Catalysis Today. 2013;211:39-43.

26. Futamura S, Einaga H, Kabashima H, Hwan
LY. Synergistic effect of silent discharge plasma and
catalysts on benzene decomposition. Catalysis
Today. 2004;89(1):89-95.

27. Pekarek S. Non-thermal plasma ozone
generation. Acta Polytechnica. 2003;43(6)

3. Subrahmanyam C, Renken A, Kiwi-Minsker L.
Novel catalytic non-thermal plasma reactor for the
abatement of VOCs. Chemical Engineering Journal.
2007; 134: 78-83.

4. Subrahmanyam C, Renken A, Kiwi-Minsker L.
Catalytic non-thermal plasma reactor for abatement
of toluene. Chem. Eng. J. 2010; 160: 677-682.

5. Taghavirad SS, Davar H, Mohammadi MJ. The a
study on concentration of BETX vapors during
winter in the department of ports and shipping
located in one of the southern cities of Iran. Inte J
Cur Life Sci. 2014;4(9):5416-20.

6. Ebrahimi H, Bahrami A, Jaleh B, Ghorbani
Shahna F. Gaseous chlorobenzene degradation by a
novel non-thermal plasma reactor. Fresenius
Environmental Bulletin. 2015; 24: 1871 -78.

7. Preis S, Klauson D, Gregor A. Potential of
electric discharge plasma methods in abatement of
volatile organic compounds originating from the food
industry. Journal of Environmental Management.
2013; 114: 125-138.

8. Liang WJ, Ma L, Liu H, Li J. Toluene
degradation by non-thermal plasma combined with a
ferroelectric catalyst. Chemosphere. 2013; 92: 1390-
1395.

9. Subrahmanyam C, Renken A, Kiwi-Minsker L.
Novel catalytic non-thermal plasma reactor for the
abatement of VOCs. Chemical Engineering Journal.
2007; 134: 78-83.

10. Chirokov A, Gutsol A, Fridman A.
Atmospheric pressure plasma of dielectric barrier
discharges. Pure and Applied Chemistry. 2005; 77:
487-495.

11. Oh WC, Choi JG, Zhang FJ, Go YG, Chen ML.
Synthesis of Expanded Graphite-Titanium Oxide
Composite and its Photocatalytic Performance.
Journal of the Korean Ceramic Society.
2010;47(3):210-5.

12. Karuppiah J, Reddy EL, Reddy PMK, Ramaraju
B, Karvembu R, Subrahmanyam C. Abatement of
mixture of volatile organic compounds (VOCs) in a
catalytic non-thermal plasma reactor. Journal of
hazardous materials. 2012;237:283-9.

13. Karuppiah J, Karvembu R, Subrahmanyam C.
The catalytic effect of MnO x and CoO x on the
decomposition of nitrobenzene in a non-thermal
plasma reactor. Chemical Engineering Journal.
2012;180:39-45.

14. Abedi K, Ghorbani-Shahna F, Jaleh B, Bahrami
A, Yarahmadi R, Haddadi R. Decomposition of
chlorinated volatile organic compounds (CVOCs)
using NTP coupled with TiO »/GAC, ZnO/GAC, and
TiO ,—ZnO/GAC in a plasma-assisted catalysis

\Ya¢ QL:T) ol Ad o)Lq..."'» AY 09> Ul{l/b’.:/l}‘ alale EE)



https://ioh.iums.ac.ir/article-1-1809-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-06-20 ]

)l e Slowdly 59581, Sl esliul L p 891" by 2V

28. Abedi K, Ghorbani-Shahna F, Jaleh B, Bahrami
A, Yarahmadi R. Enhanced performance of non-
thermal plasma coupled with TiO 2/GAC for
decomposition of chlorinated organic compounds:
influence of a hydrogen-rich substance. Journal of
Environmental Health Science and Engineering.
2014;12(1):1-9.

29. Lee WJ, Chen CY, Lin WC, Wang YT, Chin
ClJ. Phosgene formation from the decomposition of 1,
1-C 2 H 2 CI 2 contained gas in an RF plasma
reactor.  Journal of  hazardous  Materials.
1996;48(1):51-67.

30. Féglein KA, Szépvdlgyi J, Szaboé PT, Mészaros
E, Pekker-Jakab E, Babievskaya 1Z, et al
Comparative study on decomposition of CFCI3 in
thermal and cold plasma. Plasma chemistry and
plasma processing. 2005;25(3):275-88.

31. Vandenbroucke A, Morent R, De Geyter N,
Leys C. Decomposition of Trichloroethylene with
Plasma-catalysis: A review. Journal of Advanced
Oxidation Technologies. 2011;14(1):165-73.

32. Nakagawa Y, Fujisawa H, Ono R, Oda T,
editors. Dilute trichloroethylene decomposition by
using high pressure non-thermal plasma: humidity
effects. Industry Applications Society Annual
Meeting (IAS), 2010 IEEE.

33. Iijima S, Nakamura M, Yokoi A, Kubota M,
Huang L, Matsuda H. Decomposition of
dichloromethane and in situ alkali absorption of
resulting halogenated products by a packed-bed non-
thermal plasma reactor. Journal of Material Cycles
and Waste Management. 2011;13(3):206-12.

34. Mok Y, Lee SB, Oh JH, Ra KS, Sung BH.
Abatement of trichloromethane by using nonthermal
plasma reactors. Plasma Chemistry and Plasma
Processing. 2008;28(6):663-76.

35. Marotta E, Scorrano G, Paradisi C. Ionic
reactions of chlorinated volatile organic compounds
in air plasma at atmospheric pressure. Plasma
Processes and Polymers. 2005;2(3):209-17.

\Ya7 QLT} Bl g a)L«.i NF 09> U/{Ub’_:/’ﬂ/ aslale 9>



https://ioh.iums.ac.ir/article-1-1809-en.html

=
Abstract \ V
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Abstract

Background and aims: One of the innovative technologies for air pollution control is non-thermal plasma.
The dielectric barrier discharge reactor is one of the reactors that applied in non thermal plasma technology for
air polluation control. In dielectric barrier discharge reactor, the distance between the electrodes for electric
discharge is low and lead to increasing space velocity of the pollutant in the discharge zone. This increase in
the velocity results in a decrease in the probability of collision of the produced active species with pollutant
molecules, which consequently decreases the efficiency of pollutant degradation. The aim of this study was to
design a new dielectric barrier discharge reactor for increase the dischrge gap zone.

Methods: The non-thermal plasma reactor employed in this study was made of quartz as a rectangular cube
shape. In this reactor, the expanded graphite was used as the discharge electrode which was poured uniformly
in the bottom of the reactor and a copper plate was on the outer surface of the reactor applied to play the role
of the earth electrode. Chloroform removal efficiency as a function of flow rate, concentration of pollutants
and applied voltage was investigated in this reactor. In addition, it was observed that the exhaust gas from the
reactor contains nitrogen oxides, chlorine, hydrochloric acid, phosgene, trichlorobenzaldehyde and
trichloroacetaldehyde.

Results: Results of the study showed that electrical discharge was created in larger discharge gap which
resulted in space velocity decrease of pollutants in this region and caused to increase of chloroform
degradation.

Conclusion: Flow rate increase lightly affected on the degradation which is owing to the adsorption property
of the expanded graphite as well as an increase in discharge gap region.

Keywords: Expanded graphite, Non-thermal plasma, Dielectric barrier discharge reactor, Chloroform.
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