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ABSTRACT

Introduction and purpose: The personnel of the hospital operating room are
constantly exposed to a level of anesthetics. The long-term exposure to anesthetic
drugs is associated with adverse health effects, such as neurological effects, liver
damages, spontaneous abortion, and congenital abnormalities. Considering the
high level of isoflurane use and its anesthetic complications, the present study was
conducted to investigate the concentration of isoflurane vapor in the respiratory
zone of operating room personnel in the hospitals of Sari, Iran.
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Methods: In this descriptive analytical cross-sectional study, the sampling was carried
out from the concentration of isoflurane vapor in the respiratory zone of personnel in
nine operating rooms of three hospitals in Sari based on the Occupational Safety and
Health Administration 103 method using a personal sampling pump and an absorbent
tube (Anasorb 747) filled by activated charcoal. The samples were analyzed and
determined using a gas chromatograph-flame ionization detector.

Results: The mean score of exposure of operating room personnel to isoflurane
vapor was reported as 3.73+6.17 ppm with a maximum of 26.25 ppm and a minimum
of 0.04 ppm. The concentration of isoflurane vapor in the respiratory zone of the
operating room personnel was higher than the Recommended Exposure Limit by the
National Institute for Occupational Safety and Health but lower than Occupational
Exposure Limit proposed by the Health and Environment Center of Iran. It is worth
mentioning that there was a significant and inverse relationship between the mean
score of exposure and the duration of operation period. However, there was no
significant difference between the mean scores in close and far positions.
Conclusion: The obtained results of the present study showed that the exposure
level of the operating room staff to isoflurane vapor was higher than the
recommended exposure levels. Moreover, based on the results, it could be stated
that different surgical conditions and operating room, as well as the duration of
surgery, are the most effective factors on isoflurane vapor concentration in the
operation room.

Received: 10 September 2018

Accepted: 21 December 2018 Keywords: Anesthesia, Hospital, Isoflurane, Occupational exposure, Operating

room

P Citation: Mohammadyan M, Taghavi Soghondikolae F, Yazdani Charati J, Babanejad E, Soleymani A. Investigation of
Personnel's Occupational Exposure to Isoflurane Vapor in Hospital Operating Rooms in Sari, Iran. Journal of Health Research in
Community. Autumn 2018;4(3): 56-67.


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.6.5
https://jhc.mazums.ac.ir/article-1-350-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.6.5]

JHRC axols yu C1odew SULENT dlas

93 Mo

Gl yed SOt low Jos GBT 5o Olygldg pl sl b GUSHIT kb dglgn (wy g

oS

O3 oS 5 s ) e 5 %0 3 polbe 5 sba Oslay Jas B OLS,S i dud 9 doie
(S o se e Ol Al iy e DL B sgn slals b ee eled LS e
Pl 5oL ealimal 4 a5 Ll e LI 3 (6ol 50k WM 5 (o355 4 55 Lk 5
OUS )™ it ailain 53 Oy b ol Hlomy CAale pany o C3kn b sl andllan 031y 5155 1 0utiiS™ 5y
o ol ()l S S0y fos G

ailets 55 Ol 5l g 5l Dl CLle 1 (615 4 gad ¢ grbaie — i — sieo 5 aslllas ol 5510 9y
Occupational) OSHA 103 s, wlal 5 sl g Oliwjloy 4w I Jas BUI & 53 OLS IS uds
(Anasorb 747) O3l d gl 5 (63,3 413 14 sed ey dlowy 4 (Safety and Health Administration
53T (GC/FID) (sl { gl i 555555 b (35 5Ly S 58 Sl oslizal b ot gai A3 pln]
s Il mnd g Ls S

35 i VNSV slas 0155l 550 Slolbu b Jae GUT OUS,1S" agalpo ke Kl sl
Olyslespl Jbe Clale 5 g Ogdos 53 Jidw +/0F Bl g Ogdes 53 230 YR/YO ST L O sl
sliaws 5 (Recommended Exposure Limit) REL I Jae BUI OLS IS wi adbie glsa >
OEL I Ll ¢55 i (National Institute for Occupational Safty and Health) NIOSH L. &
OLLa 55 S Ol pl JI8 5 s CaDls S s Lo 5 0 lislgiiy (Occupational Exposure Limit)
3 lstan daily (6513 2 g03 OLej Sk b Jus 053 Jsb 5 agrlpe hle (Sle & ol S
L5 odaliie (g lsline oglis ¢S5 5 595 Camdgn 93 55 LSl o Lel 6T sty o oSne
Shbu b Jes GBI OUS,HIS agarlgn 457 Lisls OLid andllae ol 51 odaT s o] 16 AR
i Ul il Gl gy rmed bl Sl (Mgt Sle spde 1 S 1Ol
S CBe Jelge o355 5l oy Jee Ol e s Jue GU s ol Soslie Lyl 3 oS
Bl n e U1 3 Ol o5

qu"‘: 4.@,7-‘}& ‘g_?f‘}@":f ‘Ol:.m’)la?: ch}b}}:\ cJ,a.c ol ‘5..’.515’ Slods”

Poldese 3 semme
{"Y@.mv\;@ x bl
TSl Sl ddex
Bal5bL Jeelosl
b L)

e olo sae olails (gle ey S
ohwsle Koy poke SKasls (Sl > cutlag oy S
olal ol

(b e Catlig edige Ayl wlia S gamails Y
JQ‘Z}L r)l.; Kails wol c..:l,\&. sl
olal ol sl

055 ke ol pame Glails gls LT 6l Y
Siy psle oy (g5 damdnl 5 s LU
olal ol sl

258 le Sla pie Slslial a5 et ) 5S5 ¥
(ol obasle Sas e ole oLssls e iy,
ol R

5ol e i) s e IS 0
058 ale ola sz oLl (ons el
o5 sl e 5 2ot

e 038 (IS i (6585 4ablb 1 s iy 5 3
r}l:— Szl (ol cuilag saSlails (sl czlag
ol ol sk é.:}i

Email: ftmhtaghavi@gmail.com

VWAV/ PR il b
WAV A/¥ iy b

‘)‘J)b}j:'.‘ JL’U L' QL.;JL{ ‘5&.& 4.6.").# SO L:)T ‘U’JL:-:Lw ‘J.:FLM\ 4)‘}[:[: ‘-l:»'lav 4‘5""4,3 G"Ji caabols L&ysi.l‘iw 6}.&3 §>)w AQL:.LW salsw! 4
BF=FV (MFATAY 5L canel s Coadlor Olados dles g lu ,gs GOk Loy Jae BUI 55

Aol

el Caliee Jolie OLS IS 518 Lases (sln il 0 o s gn pla 5 St G5 o el 31 (S Il (sl 5m

OT=TV ¥ o Lot of 6,50 NNV Sl Slouisle (S a ple oS8l ctlugy 0uSiils cdaols 4o crodlew liniag also


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.6.5
https://jhc.mazums.ac.ir/article-1-350-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.6.5]

O/\/ (J/J[S“"’J ué!.lm J gano

> 55 (NIOSH) Jad Clilig 5 ol (o dn 3o [A] Col
&G Olsieds Ogkn 55 i3u ¥ Usbae | REL (oalgiin ules
Sare pra G50 s B sl slaids P e
4 oS 5 g ol ol 03lital Oy g 3 Lol dils LS
Al g O g 53 ade 2 /0 Usles Ol cpl (s LS 59 2 ol an
9 b S S0 by Jesdiaw s Wl U= [7] 5
Sl Sy sl 5 0l e lig Sl sl S LIS
T30 o Osdon 53 i3 O Jlas Ol 5l 5 5!

ST Olj 5550 5 s kiplonil Slalllas 51 (gl gl
Sl 45 Wlesls OLas OLS ) wled Oljes 5 Jos sla B!
AV I3 ks adble 5 Jas GBI glg 5o Oy sls 50 CLle
ity ol 55 [Vr )V ] A8l s NIOSH (g5lgiten e Clale )
YL Cble &S 31 0l |5 s Slslay 5o Ou\ni'rl?:;‘ anlle
(O seken 53 25 V51 ) O sl gl abo 51 5 s sla5E
ol G (5T (b pt ol 035 5 0h 5 e
OLKea 5 Leandro Law g skiplnil Slallas s [VY] a2
WQML}Jgm);&mﬁohw_{l’khwdu,;
d 3 i Ol bgpl e S8 Chle (el gilueST
s=or sl pesde W] dab e (sl 53 23w V) e
s1s OLEs YA e s 0L 5 (5 im Loy 48 Sy 50
Olyslos s 5 Olyslos il b Jos GBI OLSH olad o 2o &S
jdbtms;ﬁl.é&joab'cjé)lfg;@f'fg&bﬁj):
DVF] 5005 5y 6 lsbin 5 oo San 1yl s il

3ok Ol 4 Olnl bl lay 55 Sul 4 w5 L
Cilg ealie 4 4 5 (3 g on 03l Ol o g 5l 0 iS5 gg
S oS g S8 L L s Slelse 55 el
Joe 314 8 | g (slaelaws 5 |z Joe Jsb 53 Sl
ol asdllae (LUl 5s 550 (6l Sl AlST Iy i
GG 53 01555l (5 gt S S5 Oljn o 3la b

OT 3 550 ) sS6 )y 55 5 Solw o SOk, ey Jos

Copae BOT SIS Jows 53 &5 (6557005 (bacd 350 bow s
AR o I 53 [1] 338 o eodT st A5 L 5
e $35dr S oS s Slge 4 (ode (Dl
ol iy (6o 5 Asy OT 5 ey 5 1 Jos (b Ol sles
Yot dle 55 (b g kSt e b g 8 ol B S
(s L oSS 5 Olanadia LA v 5 oy (s plan]
253 KT edowie SVLI 3 1y (s Al O sken V0 350
0 g e Solayle ¢ Slaizal (gla ot sa [Y] Al o 015 JLa
Slhe s Sl Jlo Ve 51 iy oS s Jlad] L6 ,e
Lug 5oy ml IS a bag,ls opl disi o ealizal Sl ys
Loy b [¥] L5 n 5252 Dless 81 S8 D) sty LaoiS 503
oz 51 OLST IS asl il a gy sl 5 Oleys 5 Cudldg (o
5 o> Slidd 1 K dadkloy Joe 361 DL
O3 oS B g Slge GLl I (ebaw 5 e 53 OIS el
Ll g5 o 48 Sl 0S5 s 03Le &S5 Oyl 5 50 [Y] 4,8 o
Sl b o s +/0-F Chale ks b adds dr (b ) s
Sedisn ol [F] UL @ (g5l g Oslaws 3l 5 SShae JialyT
OS5 OU s 4 Zoed 5 0355 olpan (M cansy o b
Rl 525050 03 ol pl 63,8 o SIS e e o S
[0] 35 8 o 0L Sl

L s Loyl b pese wled a5 Wlesls Olas Solallas
390 08AS (emas OIS ASle DLl s sdldg e O I
5 b DL o otk OV 5 (g0 5 4 355 Lk
WOyl (e (ggm slagyls UYL Clle ol ol
(SIS g8 3, Lol Olshysm 5 Ol
[FV] 35 0 Sans 5 Salen 3 I

ACGIH:) KT dps  gmiw Cildg il i
American Conference of Govermental Industrial

(TLV: Thershold Limit Value) jlwe 4l J> (Hygienists

03 905 4o § Ogabae )3 3w VO 1, Ol glo g 51 5 O, gkl (sl

1TV o s ,laid o oy 50 NPV Sl (olotislo (St psle oSl ccblogs oaSitily cnals o ciodlew cliidns dlao


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.6.5
https://jhc.mazums.ac.ir/article-1-350-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.6.5]

oo s 53 OlsBdl b i wealse /04

53153 31 (813,18 305 (150 Ll 80 35 L s s 15
Ol Sde wlal 55 (613 pigas Oloj Sk s a3 5 L
Sl g (Gl Hlez STTa) 5 llal Egy s eddalyl
(Fao b gille) Js Jes ) o gl 2N Sl gl sa o
915 8 pan S T Ol ) e Sl edeT st Sledb 55
Jos Oboj Sds (1 Jor g @ a5 L 05k o 5l (A see
03 25 e diBs BV oy S AS e e Hlen Condy
oK 31 Joe GBI by 5 bos iowiw shites asllls oyl
Sd S 3 el Towsa Sledb| 5 Ui eslizal TES-1366

u\f}f@@«}ybd&f‘k}}bd|6‘j4§

W gai 36T 29,
L 55 (6515 1 503 Sadl P )5 (6l i gad OLL ST ey
135 T 5 i Sl o St s
oBaslosT & 0T LT 5 lawiges L5k skte Ly
Gols paisas A D9y O3l gl Cand g3 LU osls Jlaz
Al eV sl ey g 2 Ao ¥ sladl s 0555 e ) ot
Lol g 5303 ¢ 03 8 LI 0T & 0 87 el gunis> Pl
3 okil il ladisas LT ks 0313 OIS 5 0s 4l S
O gl 352 5 5555 4 e 1S s 556 2, Jleb o S
ssbted g sas JIUT 1 i .25 8 &) g0 GC-FID (glalass
Skl Jgbe oaws Ol WIS omie 035T w4
A O 5 E3u #0900 OFr O el ble )5 0,455
bl Sy b plas e 135 o5 oKiws 4 5 i
CLle 5 s 35 o 4 ladals 5 sl il (lad sas
Slsp g 3l eslizal b 5 3 S oad aipes 3 Ol slis !
OLLs .8 aculowe @905 ,a (5l o dd(g,l5 i gad 3 Ikl
JoLs OUSHIS 1y asdllan (gl 55 gy s 3590 dralr oS ol 73
St eSS e BU) iSS l t s e BB s

Sl b Jos BT 55 Camdge gz 55 &S Jos U1 Hlw

OT=TV ¥ o Lot of 6,50 NNV Sl Sloutisle (S a ple oS50

A Pl WY JLe Sl 55
J8 Sy

13 a3 P
i) Oda b Sl abie - (o - o 5wl
Oysbsnl bsew & L Jos BB QLSS Jas ol
o0 4 OLSLI ad lad Ol Ragsy opl 5o d el
55 Sy BN Jiles adST 05 503 Bl b (63,5 (5515 54 500
2l 6 o s lis s e (e plel Ok sley
S Sl ys s 8 ey Sigline Jes GBI
S s oKl g3 1 els & Jee U1 53 (5,8 oK
Olaws 5 7l &gy Candgo 4 K035 4 b) (ol 50
aaiia Combsn 53 53 4m) OT s o&awl 55 s
YF ¢ gema 53 5 A el 0 (Jus GBI Sk 5 (obsge
S ol Ol bl bl 58 S e 3pse o]
Jos GBI 53 s 3131 i ailate 3 agg S o3Il ales
I S0l b OME5L) ley sk gt 0L Sl
OLsn) b Oddanw) (Soem W OLL U (0155
o 3 eslizal b SE ol w5 ()l e A el
AP35 oy pl 53 [10] <8 5 &) s OSHA 103 5|kl
5 (0udKISKC oS 5 <5 L cAnasorb 747 Tubes) bl
sl MP-2N Jute SIBATA &S ,Le) (63 5 13 5 g onsy
3 ki Slacas 38 eslimul (I3 phigas 5l (ol
> I3 Sl B o IS Dl Ol el Lo g (633
ol o3 S eslimal Sl pu e sl 3l (6,15 54 gas e ol
A Sl (oS adaie S5 ()1 i gad 095 2 55 bl
Slaads jo fJ /00 o653 415 4 sed oy Lo g OLST IS
ez 2 3l a4 5508 Ol e b i o 03l e O3l )
Aals Ol greas Jlab S 4 8 0SS 06, 0 51T 533 0SS 55 6 s

condlags 0uSiily cdrola o crodew lEdaT das


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.6.5
https://jhc.mazums.ac.ir/article-1-350-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.6.5 ]

‘\’/ u/‘)[Sa.dJuél.J.m J gano

58055 4l 53 5,5 A s 8 i oS ailaie (s1pn
3 g 0 ()15 pigad (ST Sl 593 4l )3 3550 VA
G138 503 SO 43 Jus SLGL Sl e s 5L
FAIF5 O (o S sby Kk 5515 i a3 Y+ /Y0 Uislaa
Syl Chls wi;l..a cji.:: S .u\.isjf 3591 5 Lo s
YINFES/AY Jslas oldr sy sladigas 5 ool Ol 4li5 5]
Olyly ois S o3Il Chale oy 2S5 3 Ogde 43 idu
VOF Jslae ey Obisley 4 by e e GBI 5 Ol ks3]
e 4 el S5 4 05Y 03 8 o Opds 53 iSu
03 i YEYO Uslae Oliwyles Olea oo GUI s Cble
Qb}léb'_ﬁ;;!)\&r_gc,ﬁl.&«W}SJLJ@E}..L«TC,M:QCU:&A
A SLokesls Jos LG SSE 4 oSl
Ll ol &5 Y Jod- 53 (gl
L o s Ol ) GUI &7 iohs 0LsS bl adlllas il
203313 (S O gk 53 3w \WAV-YVIYA o Gl o

Asls JS_:J WL axlge BUI 5 odd Jaxte Ol 505 5l (5 54

@bl 56T o)

615 505 51 Jool gl (gLl o 5 452 ) shten,
ol s Sla0kaley hoe Sladbl s Oy 51 Sy
Kolmogorov— (g LT & 5T . e3lizl SPSS 20 1 j3le 5 |
Sl s 5 LT a0 se3T 5 (2l (o) 2 g Smirnov
O OO el S (0l o g L35 8 4 baesls (oo s
o u.{...us = Sl s Mann-Whitney 0 yo3T 51 b S5k
L3 5 o3lizul Spearman _ Scees O ga5T 3 Laosls
ladly

Shioslog 4w Jas GBGU! OLS IS agagn anlllan o5l s

Slediadls y 4503 Y7 Ly ol 40 Glid 5 ey ool

Sl s S oluw)lon Joe s EU1 SUSE5 4 (Spearman cuws> ) Olgldg jul Ol)w Cbile Jbuogi ST ) Jsa=

S las Jolas Q2 (Q3-Q1) 0,540 CI alw OsSOlet ) lae 31zl slass Joe 3Ll
</50 </YY JEA (/Y- /YY) AYERYAS4 AT ARESVAVN f raLo|/\
Y/vy AR </AY (Y/YO--/Y0) </YY-Y/f5 </4Y VAR EAVAnd f plal 4
Y&/YO \0/-Y 14/¥4 (YF/0F-15/10) \Y/EY-YY/YA 14/v4 Y./ YEF/5Y f Seg )
AZAR -/F1 /YA QV/YO--/- %) AREA VAR FAR - /YEN f See ¥
Y/%- AR VN (Y/Ys--/F]) </YY=Y/YA V) \/YoE-/4% f Seg ¥
/oY Y/fY F/0¥ (5/-A-Y/5Y) Y/sY-5/A0 f/ov F/VEEN/TN f las )
Y/\- </YY V- (V/AS=-/AY) AREAVAR /Y- \/Y&E-/04 f s v
Y/q) \/F) Y/YY (¥/50-1/FY) </EY-F/¥ Y/YY \PASZAVAYA f las ¥
\/0A AYS VYA (V/05-\/-Y) </AY=\/YA \/YA \/YYE/YA f las 0
Y&/YO </ ¥ \/¥s (Y/¥Y--/04) \/&F-0/AY \/Y& Y/VY£5/\Y Y5 Js

20,3 VO 5:Klee Q3 10u0,5 0+ :K5ke Q2 1305 YO 5k Q132

1TV o s ,laid o oy 50 NPV Sl (olotislo (St psle oSl ccblogs oaSitily cnals o ciodlew cliidns dlao


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.6.5
https://jhc.mazums.ac.ir/article-1-350-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.6.5 ]

oo 5 53 OlsBdl b dad <ealse /1Y

30
i(4
25—
ﬁ 207 !
= 2
==,
4,
= 15— «
3,
3
=
= 10
=N
o
o
N [—

=

T
o g

Ol jlesa & 94

Ol lowr o 93 1w Ogalao 0> S s o Gl gl Jlagei 1) Jloges

2adplol sl >z (6 S 51351 0Ltk | CarB g0 SuSis b (U guduo 13 S > ) Olysldg I OhLw il bwogi loT suli :F Jgss
el s == 5 5| CumBgo SuSE U (Ogalao )3 Jhd > 2 9 : o9 e 9
Sl b Saobu low Jos GUI >

Sl Sl 20,040 CI Sl jlae O3yl &gos Slaes S5 051351 olKsans|
YS/YO /-¥\ -/08-V/5Y F/ANNEY/ 5 Vs e 4 Koy
V4/vv -/YY -/Y)-0/44 ¥/YOL£0/Y V5 S JECIES I PR

sl S ploly ¥ sl 3 edadl)l mb

OT 5553 5 (ol 50 4 88555 Zand s 93 55 (55 o510
Codstl L Oy g ) Oyl ke Kl 457 ias o OLS
ColBal 53 Ogbs 43 idu FNEV/F Olje 4 WS
FIBED/T s Jsle OT Kle & o | o i 0 s 5
Sy L35G 590 i se 53 Ok o 3w
(s 53 idw /0 F) Jol ,islie asdlle cpl 55 il s
ol 53 Chle (Oahe 53 idw Y9/Y0) STus
Chle Sle awlin Lol tleT Consay ol w5 4 s 5
o] Lo g0 SKSE 4y Jus GUI 3 01y 5 51 Syl
sy 0T L& Mann-Whitney O a7 Lwy (5,805l

oSl Cambge 53 Olyslisnl Ol Chle o oS

OT=TV ¥ o Lot of 6,50 NNV Sl Sloutisle (S a ple oS50

Sy il a6l e Ol slos w55 o S G3
Ol 1y Ogabon y3 (230 Y/FP 51 1S bl BT Ll oS7 Col
5 (LL3) poses Olwjles G ¥ @ am g L ioman Lsls
SOle (il ok asiia ) s ged 534S (e 5 ol s
I3 Lok ley Jos GLGU! 5o Ol 4hy nl Ol Shle
5o chle (Sl 51 i Osdee )3 s FVOEA/TA Ol jae 4
93 i YIROEV/FA Ol &) o s Ol sl Joe (LG
Oyl cble Kl anslin K3 (g Sl oConl 035 O koo
F92 5 e Sboku)lay Jos GL) o 055 5]
& sl Ol Mann-Whitney O ge3T 51 eslizal b (g le g8
5 55 Sadkalen 53 Ol shys 5l Sk Clile 5 Sbe e

(P=2/0AY) 5,10 5 52 5 (5 lslae CDst| oo s

condlags 0uSiily cdrola o crodew lEdaT das


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.6.5
https://jhc.mazums.ac.ir/article-1-350-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.6.5 ]

S e SOk Lot Joe U113 Jlows S94 §95 SuSE 4 (Ogabao 13 Gy oz 1) Olyslg jul OBy e inogs JloT gl ¥ Jga

priyres Jilas> 40,540 CI OS5t ) lre 31yl diged Slaes S E9
YS/YO /-f -/AV-A/O¥F F/YOEA/ - A Y- asl,s dy)
£/0V /YY \/EA-Y/RY Y/AYE) /YA \Y Salo
\V/OA -/85 - /AY=\/YA V/YYE-/YA f asl s dg) - Sule
204 R? Linear =0.368
257 °
:3 200 o
=
5
2 15 ©
=
g_ 107
=1
57 =)
0 8 g 8

T T T
292.0 2930 294.0

T T T
296.0 297.0 298.0

PO U 1R o (2olS 4200 cans ) Joe @U1 slsa lod b QUSIS pwiis dibis > Olysldg jul Ol)lw Chile huwgio dul) ¥ Jloges
(31,8 ol 42,5

3,00 5 g (Solsliae Ol b gg Sl an 53 Ol 4l 5!
(P=+/V¥)

Ol 2 lams Jolso 130 s 1y ool g3y 53

Stron 03031 1 0L 51 Sl b LS, sl
sdalie Y Hl3ee5 3 &S ,sboles . eslasl Spearman
oS aibie 53 Olygo gl Oyl CLlE bu e o 0 4h o
G154 503 ¢l§u 53 BU1 lsm glos b fas GUI OLS
O9a)T il pe e (P=2/FP) 5,15 5 o 5 (5 laline alal
dafy & el OT GLS ¥ lsgas > Spearman  Keowes
53 OLlgpl Sl Chle b g oy golslas 5 e sSan
Jos GBI 55 ol Jas Oy oo b OUSIS ks ailaie
Jos Ol Sl L oaS Laspds ((P=2/000)) 3505 54

QT )‘ BEE] Lsha\i:;«i‘ 9 k5>‘J> CS LY g‘.iﬂ)j 6)‘)_,{45}.«5
AP=V) 5,1 5 5 (g ylalime oM
el Jes BU1 3 Ol sl Sl b (5,8 051! =k
6“"6‘ Olis (Ll ‘G\)\\‘ J).l> BE) 4§)Lq.:.: LS":‘M Cy
b st @ Do 05k nl Sk Chl G5Le o i
Cp S 5039 Osdan 55 i3w FIVOEA/ LA Ol e 4 a2l 5 ol )
VY /YA Ol e 4 (a3 5 ) 5 &Sule) ol 5 (g 4 OT
0F) Pl slie copoman syl ol Osde 5y Sie
5 Bl (Oskn 53 23 YP/TO) ST 5 (Oskn 55 Siny
Chle S0 g lie Ll 02 o 215 L g b e
bug hsem py SSE 4 Jos GBI 53 Oyl nl Syl
Sl SB oS 5 0T 51 S Mann-Whitney & 4037

1TV o s ,laid o oy 50 NPV Sl (olotislo (St psle oSl ccblogs oaSitily cnals o ciodlew cliidns dlao


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.6.5
https://jhc.mazums.ac.ir/article-1-350-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.6.5 ]

oo st 53 Osldel b i galse /Y

R Linear =0.226
207
o
257
ﬁ 20 o
=
E
A, 157 =
3
—
£ 107
=
=
o
En e o ¥=9.42-0.05"%
o o o o
(=]
] o D@ o
o o 3 a8 e s &
T T T T T
[a] 50 100 150 200

4883 fole y

Jos GU1 2 43 Olslig jul Sl 6,801l Oloj 3o b lsa 43 Olyslig jul &l b Clile buwgio daly ¥ 13905

Olysldg ol Ol Mol 9 (o (i jlome 393> b Olygldg jul Ol Cbile (5:S0ke dunlio :F Jga

Oga3T olal  (golslies mhs  6305T 4z ps  ouiSepgni Oljle  (Ogalee 43 i) (Jid Sl S9a> sS5let ) lure Bl ysl &g05 Slaes
_sq/vY ey ACGIH Yo
_FE/qY /e ks 9 0l ol OEL o TSV
¥o vs
\/SA A Cal/OSHA Y
AR ey NIOSH /0

sl _id e do 1Ll €345 20 Bl y 5 01, ACGIH
F Jsdr 53 b ol s YL cal-OSHA 5 NIOSH L 5

.-U‘ouub a.)\: QL&.:
Z . .
&S dnii g Cou

L Jos Wbl 55 Jols 331 eles Oljee anlllan ool s

OSHA 103 55, 3l aslizal b Olyslig 5l 5 g 03le oyl
LS Jolo g l55 [ VO] ks gy 2 (5l e Oy 4 )3
Lok les ol oo GLaGU! 0SS Jas agelse 457 Lsls

(OEL) L;*‘:' aglse jlms 39> (d}:l:f‘ BERgSY Y/VY)

o5 dibte slgn 3 Olynl Oyl bl (o
Al o Sl Jee GBI OLS I8
S O O PO G- E . < W
slacble (Sl sblane Ol & das o Ol
sy Mol 5 e s Sl s b sdigs S5l
BIE RN B P WS P O TN E T P S
California Division of Occupational) cal-OSHA  _Jx&
slacble u.i:L.e L gylslias oDt ((Safety and Health
SOl (gl (Sln 1.3 45 god oalia o s ;oI Dl sl
Joe GG 53 edig , Sojlll Ol snl Sl chle

Lo oddailyl Jad e 35de Sl sole e Ok les

OT=TV ¥ o Lot of 6,50 NNV Sl Slouisle (S a ple oS8l ctlugy 0uSiils cdaols 4o crodlew liniag also


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.6.5
https://jhc.mazums.ac.ir/article-1-350-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.6.5]

Slor 53 OT Jldds 4l 93 9= Jae U1 Laoes slsn o
+/0) NIOSH jlme 354> 31 5 o055 OUS S cwis adbats
ok s baly cpl 5 PP AsL o SYL (Osdee 53 23e
Sobe g Olsley 3 0L g L g sddeln]
3 e e ages Sl o FrUp S s 8 518 sy
Su Cble b e Ol e . d s NIOSH Law 5 (g5lgiiy >
andllae 53 ol (g S ojlul Chle bw e do 3 53 Ol sl )
s wlie Malow s o Sldlas ¢ blis 53 [VV] 35 ol
SLBL! sl 55 Ol 5o s 5l Ol CLhle &S Wles 4ol Ol 5
ka5 Slows 35> S OUSLIS wds dilaie 55 Loy Jes
33 byl ol 53 b e 28 NIOSH 5 OSHA L g
Ol 03 o&ails 5> AL-Ghanem L 5 odiplnil anllas
Ol S Ol sl Ol Cble bw g 0w & Al esls
S [V ] il e ol anlllas 5 odds S ol Ol e
Sems 55 Uyl 43 0K 5 Hobbhah L s ol lon!
S 1o Lol 65505 A B 1y Jae GBI 5 0l 4l s 51 Slbw sl
Lo gta jlie Canai 13 3 aalllan 51 55 ok g S oIt ldi
DA} AL o ol andllas 55 Ol 4l s | Sl b hale
adllae -yl Tl s OOl gl Ol e 1) (sl K
4565 e 035l ala I 635 Oy ol lae Dl b
o9y 03 pslite (ele 3 lgn o 88 Slads 5 Jes BUI
2O s 915 3l eslanal Ol 55 SoslE (6,15 54 ses
s Coanl 5l a0 b 5 g o SloSTL
Sl s Slalllas 53 5 g g0 SN 51 (6l &7 ol OT
ool Slalllas 5 L G Il aay 5 sl 1 5L
s Martins 5 % 51 ;5 Hobbhah (OWIT ,5 Hoerauf L
oslizul (5 ;S o0 Sl paiee 313 B35 5l o5 55 Braz
8 O35l L;,«.A,J&,ﬂ\wjt oo ol 03 48 Sl eds
& Os e 5 Loty shy S 33,8 o ealinel oSz ST 5 b

(B e a5 2V oo Sl e 53 s o p 4w

dm 555 Olpl O b el S e b g eldao g
sy 1 bl ¢l 208 ACGIH Lw 5 odil)) jlows ailinT
NIOSH 5 (5 5k 53 ide ¥) OSHA Low 5 et 5 jlans
a5 L [PV b o 22 NLO L Osde y3 23w +/0)
23 Sl 5 Oksles 4w )3 Jes laGUl Sosline Ll 5 4
ol 3 siles G lale b sl s ol Olej b 5 s
o6 ,S oIl LBl o iy oS (6 sboay tbls agarl ge Sl
Ly ol g Slme do Wi O gl ) Db
33 O delle 53l pede g (Mallin Sbaolsle 51 (&
2 bl (Sl (5l ,ed (55 5 o et Objlen I
e e Olwyley S 2o (Jos ok les fos lSL
23 e Gl e i sli s 4 Llg e el pl & 5
> b es Sl ok (paman ASL (s g0k )l
4 &S dighpe bl LEILS) bawy (o glaokaley 5o
el Gl e Ol ST Solge 5 e s
shge Chle 5131 3 Wlg el pl S 338 o oy
ST i 5T e S16sl fsa Jae GUI 53 oS b s
1 (g lsbiae alal y SBMat] ) &S s OT sL S
5 Olyss 3l Sl chle LUl @l plie Sl
oks plnil Olgr 5 01l 53 esle cpl Sl b QLSS 4l e
5558 Olwylew 55 457 lardlas 3 O1,Ken 5 Braz .l
Chle b ge oS dl Cows e ) 4 bl plasdl L
53 Olshsnl dler 51 il GlrodiS b ggn odile L
olgiiny d Sl rhe ST pten 05 Jos SLGU
adlas b gean [VY] Wil o (O5dee s 23w ¥) NIOSH
L5503 Ol e o550 SAagn oo o1, aa 9 Martins ol
GG 53 it GlaodiS iggm ¢l chle o Sle &
2 VY] Lk o NIOSH syl do i ¥/0 ¢ fus
23 Shesles 53 0L 5 (¢ i buy okiplril andllas

()bjlé)ﬁlg;ﬁl.‘cbﬂf&bﬁbTﬁMbow‘kj@)J\*ﬁ

1TV o s ,laid o oy 50 NPV Sl (olotislo (St psle oSl ccblogs oaSitily cnals o ciodlew cliidns dlao


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.6.5
https://jhc.mazums.ac.ir/article-1-350-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.6.5]

ol 5t 53 Osldl b i galse /N0

ol oS 05 5 n plail 5 GV 5b gla ol 0T )3 &8 as
Sl 5Ll Yzl ol (bas) 5 jie fos GBI 50
oS 0T )3 odd jhzie laodiS g CLle cam 53
ol iags slaasl bl 53 [NYAFOA-Y ] sy dal
Gl >l ys o a8 Ll Ol 0, gl 4l
K LIS Wl ek s, S eI B Ol e LSS
(st S MAC Olj Jod 51 ola) 56 5 il Doslie
S5 5 Oljee (o 5 o st ESKle (581 B 0o ¢ s £ 5
DIV] aly S i il o) ghns L5 0 sl 2330 5 p3

53 01y Syl ke 55 a5l Sl L b3, s
383 Camb e b (g3b 5 CoDstl b g S 4 S0 55 Cand g
Chle (Kibe 8 Wsls DL ol anlllan b ksl ls O
053 5 ol SIS a0 5 Camd g 55 53 Oyl gl b
Oyl gyl Olbe Chle 55,0 g ylslas LT Sl o 5
3 e 08 Sl M b g S5 4 035m0
S e ol anlllan 53 Al e (ol S5 e ol e
adllae 53 cpioman [V ] T Cnas glin ] O,
O an gyl Ol slog 3 O 5 (5 inr Law g oldpln]
Chle  Jes G153 Jols 5l 3l 6 oau! o 457 A 03l
355 S oobme (55T Dol ks adlain 13 Ol sl s 5l Sl ylon
53 0L, 5 Braz Lug sddplel Jtagn o3 [VF] 3l
35 edig S oIl Chle s ¢ b3, 03 biseT Ol slen
ali:.wj o OT R 3 35 Dglate (Calies (5, Lgualf:.w“\
ol andlan 53 VY] bl Loluamstl b sgm ows 4 ¢SKs
S5 153 Lamd a3 OLS IS (6, slaolansl 1 (sl 35
Il |l ol a8 izl ) 3 5 g oiws 4 6S5s 5 ¢ |
Ans o il bl ul s Oyl e 2l 31

2 bl (Sl o o wlles 5 s s
53 bl 80le b iy Sl b en o Sl r

a..\.&(l:ult-\.«”v‘j d;j&k)‘ksékbu-l-)bg&u@‘f-

OT=TV ¥ o Lot of 6,50 NNV Sl Sloutisle (S a ple oS50

Al-Ghanem L & aurbﬁ;\ Sladlas 5 ol 2ags 5o bl
352 (P el Ol jloy 53 (G s £ 005 2 oKl
Ly ()12 paisas oy S ams)l 5o Shusles 53 (ke
oslizul O3l 8 5lag S 58 abwy 4 SIUT 5 Jlad I3 slad
S b S35 bl il o OIS 5 SCdy by, S ol ol
Sl s s a By onl oo [V a0l s gy 4 o
033 g e lale rL«S (> sl bl jode Y b
Gy &S olalp BT 5 (ol psad s 5 0ks 8 5
[30] sl 05 plonil OSHA N PSPV W
SRl L A sy Ol sl addlls s s (5
Sololine Hobas Oy 55l Dby Che ¢ 1 Olj D
238 Sl pl a0 &S5 o SEalST fes BUI o
3015 535 5k candllan ol 53 S Ol L sl
45,84 (Minimum Alveolar Capacity) MAC % s
355 el 03g SYsb sl 53 MAC 51 i Y sens
sl B Y 5y i€ 5 g Y sams SV b sla o >
Sl JoSa slasls 51 5 4Bl [2alST 01y 5555 MAC ¢
Sl ) Ko gr Wl 355 0 03linal b s SIS
23 P fas 3l Jes GUY 5 O sknt (sa)ls OAS sy
4565 (e Gk Sl s D) goa &S SUT g L0 sk
Cobd b il Jos GUI 53 ) Ko Oliatas 3 5L 5 Jos S
GG 3l posde 35,8 o0l dsb 4o 0T chle 2als
sl 0355 o plandl LOT 53 28 Olej L gl 1> 57 s
Jla| ol gl bl o a3l (6,8 it S b 53 ba ol
dalg i AT ol s Olyslsnl Ol clile il
5 S 5 OLKes s Braz waallas ol i b slas s sy
Oyl g 51 Syl Chale o Al S 4D pl 4 O
oRIB e Jos Ol Rl 3L Jolh 13 i adlata 5
Gl ) ol andlan 53 Kos a5 3 50 4SS [\ F] L 0

LGl s o, cad e s s liplnil (gla 1 o sl &S

condlags 0uSiily cdrola o crodew lEdaT das


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.6.5
https://jhc.mazums.ac.ir/article-1-350-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.6.5]

530S O SG lan o5 ¢ 3 50 cpl oy 0T AL g5
AL r ole el g
Scaveaging) (gjlueSl (s 395 Ogpen (Sl
sg;@wajﬁwgo,,;w)ﬁcblf@}@Ws(System
J S S i Jlei| b Opke o g sl 5 oslizal
L5 g0 OUS IS 55 58T 5 (o g Sy bws onbile 3L Lokl g1t

J.:L.u_).:‘};\b@‘)uadgﬁmd‘bwwdélﬁ)bu
@‘J}-\é

agrlge oy Ol b glasbobl 3l as 8, Sl anlllas
"oksley Joe GBI L3 Olnl b L OLSLET i
S p ke o8l cha s sl pB 3 YAVY US L oS sl e
Cole b g ol o goas O3k gloys — 2ilig Oleds
SoSon I sy ol sk plonil 4 o505 ol e
Jos SUI OS5 cnly o&ails ool hash Cosles
S8 5 S ol glid 5 o g plel (sladlk ey
338

IRMAZUMS.REC.96-3036 : 3| xS US

References

1. Hajighasemkhan a. General sampling and
decomposition of air pollutants in the work
environment. 1% ed. Tehran: Baraye Farda; 2010
(Persian).

2. Checkai MJ. Risk assessment for occupational
exposure to isoflurane in pharmaceutical research
and venterinary facilities in San Diego, California.
Graduate School of Public Health. San Diego, CA:
San Diego State University; 2014.

3. Reichle FM, Conzen PF. Halogenated inhalational
anaesthetics. Best Pract Res Clin Anaesthesiol 2003;
17(1):29-46.

4. Use of anesthetic gas isoflurane within a BSC.

s a4 Ll o ol ol &8 CBIL 5 2 5 (6 )lslae Ml 05 5
Jazsl sl 5 L (o s 55 3l Sl b (5 5 o5 315
;‘5-9;*-“-‘)°-’ﬁp5)‘~:“~1 Slo Olas 51 (LB s s a)ls S
Els i it Y gans (Sale b 8 s 5o Ll 3L o
213 gy Sale slao,lST 5 el slen b 5 e
Stslen 53 01SKes 5 Hoerauf L g oksplonil anlllas )
Gimdb):w&)zgﬁéﬁfw&aéwTja
oSl 3 bl aslboss chle (Sl 5 ails d 5 b
[N asl o asl 5 d 51 2l g ololine 5 sba

3lem 53 Ol sls sl Sl Chale Lo e o andllas ol s
&S i odalive (gylslas gyl T M Joe BB slsa sles
S5 35 5 WG o oS oles B s & TS e el
.Mpw)xaijdb\dd\f'dhsébo:brf

Sl F Ko e tash o adlas cpl 45 & 5ol
> Lo Glgn s K1) e 8 o (ot
F1p Slme sgde 1 (Fp 5l Llg e Opde Jes SLABUT o
pslde Hsba foe GBI OLSHIS oS ol Lnins ol nl 235,
Hs a5 il e 8 Chle QLG L s )

Q\J}"jhowuﬁ&md\bcﬂdﬁjv.{x_au.atwfww

NuAire. Available at: URL: http://www.nuaire.
com/protected/bulletins-general//biological-
safetycabinets.pdf; 2006.

5. Stoling RD, Miller R. Basics of anesthesia. 5th ed.
London: Churchill Livingstone; 2007.

6. National Institute for Occupational Safety and
Health. Control of nitrous oxide in dental operatories.
Washington, D.C: Department of Health and Human
Services; 1994.

7. Wronska-Nofer T, Nofer JR, Jajte J, Dziubattowska
E, Szymczak W, Krajewski W, et al. Oxidative
DNA damage and oxidative stress in subjects
occupationally exposed to nitrous oxide (N2O).

1TV o s ,laid o oy 50 NPV Sl (olotislo (St psle oSl ccblogs oaSitily cnals o ciodlew cliidns dlao


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.6.5
https://jhc.mazums.ac.ir/article-1-350-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.6.5 ]

oo 5t 53 OsBdl b il agalse TV

Mutat Res Fundam Mol Mechan Mutag 2012;
731(1):58-63.

8. Occupational Health and Safety Administration.

Waste anesthetic gases. United States Department
of Labor. New York: United States Department of
Labor; 2000.

9. Health and Environment Center. Occupational

exposure limits. 4th ed. Hamedan: Daneshjo; 2015
(Persian).

10. Al-Ghanem S, Battah AH, Salhab AS. Monitoring
of volatile anesthetics in operating room personnel
using GC-MS. J Med J 2008; 42:13-9.

11. Zare Sakhvidi M, Barkhordari A, Salehi M, Behdad
S, Fallahzade M. The assessment of occupational
exposure of operation room personnel to isoflurane
anesthetic gas. Occup Med Quart J 2012; 4(3):1-9.

12.Chaoul MM, Braz JR, Lucio LM, Golim MA, Braz
LG, Braz MG. Does occupational exposure to
anesthetic gases lead to increase of pro-inflammatory
cytokines? Inflamm Res 2015; 64(12):939-42.

13.Braz LG, Braz JR, Cavalcante GA, Souza KM, Lucio
LM, Braz MG. Comparison of waste anesthetic gases
in operating rooms with or without an scavenging
system in a Brazilian University Hospital. Braz J
Anesthesiol 2017; 67(5):516-20.

14.Jafari A, Bargeshadi R, Jafari F, Mohebbi I,
Hajaghazadeh M. Environmental and biological
measurements of isoflurane and sevoflurane in
operating room personnel. Int Arch Occup Environ
Health 2018; 91(3):349-59.

15.Occupational Health and Safety Administration.

OT=TV ¥ o Lot of 6,50 NNV Sl Sloutisle (S a ple oS50

Related information: chemical sampling - enflurane,
halothane, isoflurane. Available at: URL: https://
www.osha.gov/dts/sltc/method/organic/org103/
org103.html; 2010.

16.Occupational Health and Safety Administration.
Regulations (Standards- 29 CFR 1910.1000.Z.) toxic
and hazardous substances. Available at: URL: https://
www.osha.gov/SLTC/hazardoustoxicsubstances;
2006.

17.National Institute for Occupational Safety and
Health. Criteria for a recommended standard:
occupational exposure to waste anesthetic gases
and vapors. Available at: URL: http://www.cdc.gov/
niosh/docs/1970/77-140.html; 1977.

18. Hobhahn J, Hoerauf K, Wiesner G, Schrégendorfer
K, Taeger K. Waste gas exposure during desflurane
and isoflurane anaesthesia. Acta Anaesthesiol Scand
1998; 42(7):864-7.

19.Hoerauf K, Hosemann W, Wild K, Hobbhahn J.
Exposure of operating room personnel to anesthetic
gases during ENT interventions. HNO 1996;
44(10):567-71.

20.Hoerauf K, Lierz M, Wiesner G, Schroegendorfer K,
Lierz P, Spacek A, et al. Genetic damage in operating
room personnel exposed to isoflurane and nitrous
oxide. Occup Environ Med 1999; 56(7):433-7.

21.Hoerauf K, Harth M, Wild K, Hobbhahn 1.
Occupational exposure to desflurane and isoflurane
during cardiopulmonary bypass: is the gas outlet
of the membrane oxygenator an operating theatre
pollution hazard? Br J Anaesth 1997; 78(4):378-80.

condlags 0uSiily cdrola o crodew lEdaT das


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.6.5
https://jhc.mazums.ac.ir/article-1-350-en.html
http://www.tcpdf.org

