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Sister Chromatid Exchanges in Workers Occupationally
Exposed to Ethylene Oxide

Soung-Hoon Chang', Won-Jin Lee', Cheong-Sik Kim', Cheon-Hyun Hwang',
Jong-Tae Park’, Dae-Seong Kim’ Young-Whan Kim’

Department of Preventive Medicine, College of Medicine, KonKuk Universityl
Department of Social Medicine, College of Medicine, Hallym University2
Junior College of Public Health and Medical Technology, Korea University3

Operators of hospital sterilizers who use ethylene oxide(EtO) were studied to determine
the exposure of EtO level and the frequency of sister chromatid exchanges(SCEs) from
June 12 to July 20, 1997. To evaluate SCEs in the peripheral blood cells, we selected 22
workers at the central supply room of 4 university hospitals and 22 unexposed workers at
the same hospitals according to match sex, age, and smoking habit and also did question-
naires.

The mean air concentrations(8-hr TWA) of EtO at 4 university hospitals were less than
1 ppm. The SCE frequencies in exposed workers to EtO and controls were normally dis-
tributed. The SCE frequencies in exposed workers to EtO and controls were 6.42+0.63,
5.86+0.69, respectively and their differences were statistically significant(p=0.0093). But
there were no statistically significant differences in smoking, alcohol intake, coffee drink-
ing. Especially smokers who exposed to EtO were increased SCE statistically significant
than the exposed group who did not smoke.
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M B

Ethylene Oxide(]13} EtO8 )& A3+ 3
el BAYEA 2ol Ak 19959 BAA g3
S2luzle] EtO AHEHE 309 2UEH did AL
f3o] Fretm Qe FAolH(EEA, 1996).
EtO9] ti-o] B, FeloXE resin, Hlol&
EAEAA 2 B4 859 {784 Yag 9%
gty ZarEE AMEHY 1 % vl 4% 5
AR, 0.2 %7t Bl 7kx AFEoR 20
HelolA nghad 25 A RIte EFEL
EtOE Apgsled Aa5s8la glch &, a%43, %
AT FE2)F, AZIZIF, WAA, B2, A4
o} Hh F Aol % R E&FL] Y HAHLE A}
451 Jew (xS F, 1993) BE7|ANAN EF
£ 7Ad o %59 EtOd ERsE Ao o
slth, ®iZgiA e g FtOd] E2se 8% 992
guls} FFA7IZA gl § 7iEle) 5 el EtOF
43tz AoH(Torngvist, 1989).

EtOe 4204 FAe rideln HyZdAe
FHol\, 700 ppm FxoiME ozl ze
Aq7b dek, EtOe ZEVIE B3 AWE Eoj9A
deoz HA F4EH & Fog A& Exd
t}, EtO¥ ethylene glycol® glutathione con-
jugates® thAlslo] Ao 2 waA Wdsed
Aolxe] wz7lE 40-55% FEo|th(Zenz ¥,
1994). EtO& % whg3<Ql Bxl2 M=Ee A
Z+ (macromolecules) ol A JAA F4 (nucle-
ophilic center) & &+ FZ %, EtOv A w
43 Wol9 (mutagen) &8 thAM] Ao "8
812 g}, woleA Ade & gElA dovt Azt
oMol fA el &bl g bede A
T2 31t} (Rhomberg %, 1990). &, EtO &2
228 ez o A7 dFoA dAEESG H4d
(Hogstedt %, 1986}, #¥H4H(Hemminki ¥,
1983), AwGAEA 2 (Stolley ¥, 1984;
Sarto &, 1987), EtO-Hb adduct (Osterman-
Golkar %, 1984; Wraith 5, 1985: Mayer ¥,
1991), 9AA |4 (Richmond ¥, 1985:
Galloway &, 1986), micronuclei(Schulte &,
1992) o] &4 W= F7i7t Bass vt

nj= Aok B4 = (Occupational Safety &
Health Administration, OSHA)#} v]= 4519
B A E 713 2 8 (American Conference of
Governmental Industrial Hygienists,
ACGIH) M & EtOd] dit Z2HEJAAZA 84
2t =27]F (018 8-hr TWA)& 1 ppmo2 A3}
#2™ (LaMontagne %, 1993) OSHAAAM& 3]
BEEAEA] (Excursion Limit) 2 158 715334
FZE 5 ppmoE FsTE. 53] ACGIHAAME
EtOE 333U IPEAQ] A2(suspected car-
cinogen) 2 TA3sln 2len NIOSHw EtOef o
¢ x&7E23 AT /IEHEEEE 0.1 ppm
olgt7} HxE dWnstn Utk (Clayton? Clayton,
1993).

o Et09] #8id-E IAstm FAhH o
RAdol Y (Lefevre &, 1986; Puskar &, 1990;
Tates 5 1991), E49o194E 2AE] 938t
43 A7t @¢d ol (Sarto F, 1984;
Hansen %, 1984; Richmond &, 1985;
Galloway ¥, 1986; Lerda &, 1992; Hallier
8, 1993; Tomkins ¥, 1993; Popp %, 1994;
Schr der %, 1995 %8 Jellide E1OE ¥
e SR ER2%o] driy Hex] F =
23 glen ol& FFdhe 2EAE 53R oY
A AL=Ele) 9loix EtOR g A% E Hot
gz g2am ot £ EtO HF 2R g
EddeldAdoly dehd ZAM] tig At 39
Hop, ayez 2 479 538 58 et TP
49 EtO g T2 dig EtO F2E metst
3, olEs TR ¥ ool AANEN m
% (sister chromatid exchanges, SCE; ©]3}
SCEzt §h) el Hixg &4l EtOZ 1% &
olfye] A E BA&A st

HTCHY X B
1 Ao o 7zt

B AT7E 1997d 69 174 2E 7Y€ 208744 A
€ P F5o 2AF P FHHAANN ELOE ol
slo] FEAaE Ao FARRE 22 234 & £2
Tog, E§H olBd e wWYdA ZFIHH EtO
o ZgEAl opdly TEAEAM A, 9%, 49
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tiste] 1:12 Aulad 239 ¥|EE gz
ARsHh. 2y 1835 dZzart Fggder
SA A EF Qo] o] 18 AAF oz F 2%
< A7 AR 3,

o] E2X¥E SCE ¥Wlkdl 9&& vd 4 Sle 9
Fa0E Hodlr] flste Ar7Igel AEAE A
23t on vpolajx ARY, o] WAHFH, W
AP ZALS B T 28AME, §9, 55, AN §
715% AHg, 19 felgeEd ZRoR 58 24}
Ao} (Butler® Sanger, 1981; Carranost
Moore, 1982). 715 g HIFo= FA9 <&
£ pack yearg, 59 ¢E¥E= gram/month
g, A& cup/dayd 992 AP s

2. ATy

1) Ethylene oxide WOaH Ef=712| AEf=A}

EtO H3#7]9 Az A2AZA EtO "
718] 4, EtO B#71e] &%, EtOS 93t AN,
g FrIAl 219 &, d9aAkl 1A%,
S, ZAN7IAIE ARRF BE AR

EtO 2#33e] dut d3zAEA 273717 9
A% Fhe] AR, d@E AY HAde A
o &, HEF #& 9 o stxvixaAg A3 A4S
R, At FF, dFd BEES 9 Au A%
o], o]lFHka ARl §RA Algle] HFF
A HZ AT AR §& AL

2) Ethylene oxide?| B7|1& & &% ¥ £4

7t Welo FUYFHANY EtOe] S5 xE &
Aatr] Yt vlFAGAAEZD T2 Organic
analytical method 50& ©]&3l%tHCummins
F, 1987). #F718A41& ARFAEEY7] (Ametek
Alpha2, USA)°l| hydrobromic(HBr) acid2 =
B5o) 9l 150 mg charcoal tubeE dAsI #
ZF 0.1 {/mineg Aag AFsgcHKopela =,
1983). 8-hr TWA &3 & #3td FLFFANA
TEse 2EAF 28BS MAHdI ol HEY
AXeA 4A|7 ANEE AHF F HBr-coated
charcoal tube® ¥l 4AZF A28 #H ¢
AR o Ze 2Poz FYFFAHY Y &
oA AFABE AHsA. FHEFEAEA
(Excursion Limit) &8& $sle EA7IEHH

AFEEFE Adn hEE 222 129227 E 9}
AGARZN 7)ol FHe HF7 AdolA ¢
o} 22 2R 158 ANEE AU A8
Y27t B tubers YES 2EF H FFRAT
3 #F4sigict

24& 9% AgAxEle DMF (dimethylfor-
mamide) 1 mE ¥2 vialo] 33T tubed ¥
7 f1&E 42t vialel Y32 5~10%7F A3 &
Eo] 23|17l 5 58 A= wxsdch 1 ml isoo-
ctane® 20 4 HFBI(n-heptafluorobutyryl
imidazole) 7} Sl vialdl 3" A5 XF
EHE A4 10 1 93 E80 f=A3 & H 5%
A% AeoA wAEAt. ko] f=Alst A7
vialdl BAF 1 mE ¥} £50] A& f=a3
Aekg 7HEREAIZ) F isooctane 3 EAAER
At A rlazselE e s (HP5890I1
plus, Hewett Packard, USA) BAZLHZAZ7
(electron capture detector, ECD)& AMH-3t
1, columne HP-20M (50 mx0.2 mmx0.2 um)
capillary column€ AH&3rt. 2=xd L
injection 200 C, oven 100 C, detector 300 T
ol¥, carrier gast ZR&EE N, 7128 Al854
31, column flowe AFUEZAAR (EPC)E ol
£3ta] 25 PSIZ EFUh split ratios 100:12
a5 A EE AFFUEA (HP7673 auto-
injector) & ol &3l 1 ©E FAAAT. Chem-
station software® ol&3ld FFEAI Ag9
#3174 HA (peak area) e T3l isooctaned 3
2 HHo R WA F olF Hwdld =g 4t
&3t

3) UZHM uto| o

Mekr Fulox] AP FHE ool Xeld
AFel ol WAt AGEA AEARE &
" 0.6 mE AELFAo] Eof e vt F
3t A3 TEo] EFACL ol AEH AX
vl k-2 fetal bovine serum (Gibco) ©] 15% &
® RPMI 1640 medium (with L-glutamine) 9.4
ml, 5-bromo-2 -deoxyurdine (BrdU, Sigma, 6.5
ug/ml), penicillin streptomycin (10,000 unit/mi,
10,000 we/mi, Gibco)& 242y Hrbete] A& 10 ml
7t Hx& g3t Ax3%E. phytohemagglu-
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Table 1, Demographic characteristics of study subjects

Group No. Male Female Mean age Mean length of
(yrs) employment (yrs)
Exposed 22 5 17 35.619.1 4.2+4.0
Unexposed 22 5 17 36.0+8.9 5.8+4.4
Total 44 10 34
Table 2, General status of EtQO sterilizing process at 4 university hospitals
No. of Capacity Amount of Sterilizing  Sterilizing .
. . oy . . Aeration Local
Hospital Capacity of sterilizer EtO using temp. time time ventilatio
(1) (kg/month) () (hr) (hr) n
A 1 689 100 55 3.3 9 No
B 1 135 3 38 3 3 No
C 1 135 0.5 45 1 12 No
D 2 135 12 37 1.8 3 No
tinin (Gibeo) 0.3 mi& 71812 5% CO, wig7]o] 5 EAHEAN

Al 72717 wiofsll o, wikER 3A1%F Al col-
cemid (Gibco) 40 #/mE A Ve A&sid 3
AlZb wldRr B MEE harvest SHTh 1,500
RPMeIA 587 94883 & 45d& vjgjz 37
collA E#3F 0.075M KCl £4-& 713l & &%
sttt 208 A= WA F 123 (ethyl alcohol
3: acetic acid 1)& A48 7habaA & E8IA
ot 29 & 33 Iz HES F PAm Jo
A 308 ol wWAlsHTh

4 BFEHE 9 HE

dzZz @we ARY slide glassE FF7] Hd
F3 AZE HAMRE AHletn FLAL ARY F
d4stsct. 942 Hoechst 33258(10 me/200 mi,
pH 6.8 buffer)dll 2087t A3 F B2 83
Atk S rensen buffer pH 8.0& slide glass
of H&lslil cover glass® AT 60 €Y hot
plate ¥l ¥3 black lamp& 2083 &AM ¥
pH 6.82 Z33ch F£2EZ FEI) He ¥
4% GiemsaciA 2087t J43igch

AL 1,000 M&olA £HF7] HME 30718 &
#Fate] NET SCES HHEE AF Tomm HT
SCE g3 =g 73 (Latt 5, 1981).

PC SAS 6.12 BAXZZRE AMRSgey £
273 wE2E0e) SCE PR dig §94
ZH% & paired t-testZ #4381t}

Aot
1. HTChaRle] ety S4

A aabe £ 44908 EO E27, vEZ27
< 42 22794eiled Az &, W 47 10
9, 349elqltt. F2Fe B A% 35.6+9.1
AR 23-604), FTF SHEFE 4.214.08908
A 0.17-14d) 0l e, wERFo HF dAHL
36.0£8.941 (89 22-554) 2 F 27l % 2
o] Holx] gksith(Table 1). W AW, mWAl
AEE a=ln PA 22 gisixe SRt
fuch,

2. EtO ¥@3d M= A s 5H

1) EtO HE3Y =y

ZAME 47ke] e HAVNE 1-2014 7
I Aed, HFFVS &FL 135-689 ! ot
2R @ BREE 37-55 ColUw. BT
€ 1-3. 37130l eH, BIIARE 3-12A3te s
Wz B2 Aolrt UMk Fawir]AlEE 44

— 431 —



Table 3. Safety related activities after EtO sterilization

. No. of Using Using Type Using shelf Using Restrict
Hospital worker mask glove of glove for sterilizer cart other dept.
A 2 no yes cotton yes yves yes
B 1 no yes vinyl no yes no
C 1 no no yes yes ves
D 2 no ves vinyl yes yes no

Table 4, EtO exposure(8-hr TWA) of workers in
central supply room (unit: ppm)

Table 5, EtO exposure (Excursion Limit) of work-
ers in central supply room (unit: ppm)

. . of
Hospital No. of Mean (Range) Hospital No. o Mean (Range)
measurement measurement
A 3 0.724  (0.099 - 1.900) A 4 1.535 (0.206 - 3.587)
B 3 0.002  (0.000 - 0.005) B 2 0.012  (0.004 - 0.020)
C 3 0.020  (0.005 - 0.036) C 2 0.402  (0.370 - 0.433)
D 2 1.022 (0.266 - 1.778) D 4 1.694 (0.480 - 3.444)
Table 6, Comparison of SCE, age, smoking, alcohol, coffee between the two groups
Age Smoking Alcohol Coffee
SCE
Group (Range) (yrs) (pack-yr) (g/month) {cup/day)
Exposed 6.4+0.6 (5.2-7.5) 35.6+9.1 1.4%2.1 90.1+95.4 1.7+0.9
Unexposed 5.7+0.7 4.8-7.1) 36.0£8.9 2,2+3.2 63.61+63.5 2.0%1.1
p-value 0. 0093 0.7253 0.1082 0. 3491 0.4714
W g} E.CO‘)\ ZyZ2o0l2)z] ¢ro T b] X
HH BFoA 2tF0]R]R] ¢Skth(Table 2) 3. arEsiol ojmTe| SCE WaklE

AFAAR FAH U4A Al BE L
Table 3el4 9t Zo] 47} Wl &% HF F 27
o E& @ 9 5579 RIE A% rpavlazE
AL3A] gkt HeAne 370 #dor] &L
s ovt nRAE Festx] gx vgdARtely
HAALE 24slo] obAd] g FA7) gled ey
A Atghe] HEE A @A ke 22 270 HolA
4o} (Table 3).

2) S7IZ E0 &

F71F EtO ¥=% F 1119 8-hr TWA &4}
Z 27904 HE71E 5 1 ppmE ZIEF e
U BEXelMde 4] HY 25 JE ool
(Table 4). #&%%/43x] (Excursion Limit) &
% 124& ZAEIg e % 3E%5%9 5 ppm
n]Bte] Yt} (Table 5).

=

tO Z223 v H2 e 42¥d dut SCE
ANz F EX9 o™ Shapiro-Wilks

FosicH(ZedY HE2F 7zt
W=0.9690, p<{W=0.6771; W=0.9489, p{W-=
0.2994). EtO E2FeAe T2¥e ¢nFo
SCE %W EE 6.42+0,. 637000 o H[ZF2F
Aeof Hx"e dulpe] SCE LHREE 5 86+
0.69712 Z2 A vE2FHRG FostAd =
gt a2iv 9, &5, AddMe f9 3
0|2 Rolx] ¥k} (Table 6).

92 SCE W&o 4 v Aoz gix
oo FAAGRE PRl thA] BEAF A3 v
F42e At BT AAolen TxEY st
T2} SCE #HIEE EtO ZF273 v E2 77k
#93 AolF Holz gskth(Table 7). 23t &
Azte] ZASe 5 dAoldon TN Qduy
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Table 7, Comparison of SCE, age, alcohol, coffee between two nonsmoking groups

Group Zr:::l;li o) SCE  (Rango (/:f;) omont) (ci?)f/i;i?y)
Exposed 0 FQA7) 6.4+0.5 (5.2-7.5)  37.1%10.3 31.1+38.8 1.7+1.0
Unexposed 0 F(17 6.0+0.6 (6.8-7.1)  37.5%10.0 61.5+60.8 2.1%+1.0
p-value 0. 8587 0.6581 0.2614 0. 3152
F: Female
Table 8, Comparison of SCE, age, alcohol, coffee between two smoking groups
Group (aclrs oy SCE Gangd R capny
Exposed 6.2+3.2 M) 6.4+0.5 5.0-7.1 30.8+5.8  279.2+87.8 1.7x0.6
Unexposed 9.2+5,0 M5) 5.3+0.3 4.8-6.0 30.6x3.9 70.2+71.6 1.4+1.3
p-value 0.1057 0.0078 0.9205 0.0386 0.4676
M: Male

o] SCE #8¥l=E E2FdM FAE AA sl A

QAT FE2Fo] B ERFo] |3t FoldtA Bol

Uehde Reg Ueligon SFME #o8 A

o] & EZch(Table 8).
I &

EtOv ¢Zdixz 24 den] DNAC T/
Agske 5ol 3o BE #ES AP £ 3
}(Greenberg 5, 1997). =& ukgAo] 7§
epoxide2 EtOo] Z2g Z2xte] HXqA B
HolE Ftd IztolA it 7heAd & JEhR
™} (Richmond %, 1985). EtO& #7189 ol
327 A ) g oid 2 dAe-E sy 5E)
of datx zAFAE ALt uFEel] FAHR
Z25W 24, IFE, & oplsin =Y FE,
849, BH, A, ZRAEE, HEF Fol
2y e (Raffle 5, 1994). 22y & 87)F0l8t
o Ayke] ZEEo] WAse AAF e B2
o] oAlzAtel] ofdle] Yzl Ho] Heow Haz
B FYFFLANAMY BtO v%+ ¥E 1 ppm
olgtetz B3E v Atk (Schulte ¥, 1992).

Bl EtOF ol &% E#diF e "didr)d
EtOE Fisled dAAHEQ} Fito] ol FojA xS
e A, AFHPIE ol gk HE WY EtOF
AL ARFrIE FYsA BPIAFE #F 2

2 d@rive] kel Wzizkd dizIgE Zolx]
A F#vlel B8 4o ¥Hxe B8R &4 #
# EtOZ AAze R o2 Hof ok oleidt o
deol AFEL HAMANM o|FojAmz EtO7}t
AAAYAEANA ZF2EHA @gAT dHe] Bd F
1-2%9 AgAnt gzt EEES AWl K8l
a7 B 0 iR doldld EtOrt
A2 waEe Z2dEdt. an dA9d EES
Hxo] BrAAER V1A Hxe] FriA4del gl
© Afede Aol o]folAle FItdA A B
A1 Hed ol A BEAHQA E27} o] Fo
A},

ol44d F(1996)°l 2J3tH HYZF VAF] &
Aol Ui wHE e Aol gle At AA
SGAFA 70.1 %120 AR $EAF 35.7%
7t fEiQlialel E2A BE Auig 243 dent
I 3ttt B ZAlAE HEviagel BEA7te]
Zgol FFHo| AW ZAG 47 BHY T B
Irk2aE AHRERA] oster] RIAAE A==
AHEERA] e AAFolich MAgT el (1995)
9] ZAME divlel & o of stanlrzE
gatx] sttty sten REAzie] ASE W
Aztat wdAge Agstn Uk EtO E2 2
22 TE79dE R & BIdy) 9
FAzE, HH HET, H3ohd 9 HEHG A8s
oo} 3t Aoz =9 It (McCummey, 1994).

3 9
‘{':a
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AFE Wdd (1995) & Mg $3de 5714
g ZH3lo] 27 HYo] 8-hr TWA 387139 1
ppm< 2FEATI HR B FAIAE 40 |
45 1/0elA 1 ppme 2T 2IAFT. =3
EtO AME-%3 8-hr TWAZ 4184 vtz &
Fed B ZAMIAE 22 Zast gtk olzle
EtO AHE-3elol 8-hr TWAS] 43S F& Uy
821591 FaviriAlde &5, HIE B
2, FEEFEAL wix A3, AAE7] Fol JIs
7] WEeR #/IHY, FHEFEAATA
(Excursion Limit)®l AE= £ FAleAe Hd
0.012-1.69 ppm2E 2% OSHAS 71&x niuk
oot AFS W (1995) o ZAlNA = HT
0.005-11. 39 ppme.& 57} HYS 37l0A 71F3
5 ppme Z2FHsPTH A4S T @M (1995) °]
NIOSH method 1607 218l EtOZ charcoal
tube (600 mg) ol FAA|A 7t~ 2etEOgN R &
A% 2-bromethanol peak® retention time
158N HEHN oL 2 AFodAe OSHA
method 50& AM8-3le] HBr-acid coated char-
coal tube(150 mg)o] EtOE FHZAA 72z 20}
Enddg BAE retention timed TEWA #

Zo] FHo] BEAAZHY wrZ2anE AL F U
(Fig. 1).
DYl dutgel SCE HEWEE Sarto &

(1984) A 2] 749 o] FHEEIHoH
Shapiro-Wilks AR 22 o|& #lsld}. SCE &
ARIZE EtO FE227} v ZZ A}l vlgta] #-29}31A
Z7tHUed olzae we g8 dF(Latt 5,
1981; Sarto &, 1984; Richmond %, 1985;
Galloway %, 1986; Lerda &, 1992; Hallier
% 1993; Tomkins &, 1993; Popp &, 1994;
Schr der &, 1995)¢A ¢} Z& Aot 18t
P9 AF(Hansen %, 1984; Stolley %, 1984,
Hogstedt &, 1986)olAE #2i% zolE Rolx]
Eted 1 olfre EtO 2o FHxe 2777
o} ztol7} Yo 43l Tia ALEH)
T3P N Axpe] SCE @8 48 vAe A
o2 d8ix e Fhd ot FAARE FES)
o A% A3 v FEARte] B BEV dAode
W 2o ¢ue] SCE LdE¥lEs E279 v
ZZ P folgt zfolE Holx] ggith, oA

el AL Az EtO E2HU7] o
A} Stolley $(1984)9 AT oJsixx
0.5 ppm PIRke] A= EtO £=29 ¢ SCE &
#¥lzol zelzt glich. &, EtO 29 FHwd)
w2t HFE@-hr TWA 0.5 ppm), FEE 5%
8-hr TWA 5-10 ppm),
24zk A A9 AEEd] Z2d ASe TRy
dshtel SCE 3w =rt F7hskx] 2sken &
T oA ¥mol ZzE ALE fEle FAS
SCE &du=rst F7kettn Baskdh, Schulte
5(1992) & EtO Z23& A%L%, £55 2 1%
= £29 TR UFAE 1 EtO 2 ¥t
ot wa} YE ¥ due] SCE #aN%=r}
2718 2usktl. Galloway 5(1986)°) &
H o)dE AT ALAME ZEFFo] B A
A Felg Apol7t glvkm Bmseh wEbd &
F AFNME AHQle EtO E2%E BAEstA A
3] E2Py} SCE waAvl=ote] ARAAE ZA}
g "yl ook B A7 FYTFAC Qs
9t A&t W Me EtO AFE%e] AthHo s o
% Ae FoltH(Table 9). EF Gz} o]
e M YdM e 271 2RE EES AUs &Y
< g GAEe] stz AU B AFelA EtOel
Z2He J49 A% Ao Z2H7] d ol o
Z7¥9] SCE S EE {23 o) & Holz] &
tTha Az

auv Fxte] Afe BF FAolten @
g gubre] SCE #iNEE EtO F223 ¥
ZF) fel3 Aolg Boen SFME fo
g Aol & BTk EtO Z27F Fdxkel 4% SCE
BV sl Bel yUgtou vEETo] o
we FH9L dln glemg SCE waviwo] fols

Aol ol the Aol ohlztn werEn uel

=

Table 9, EtO exposure(8-hr TWA) and study
subjects by sex

Hospital Mean Male Female Total
A 0.724 2 7 9
B 0.002 0 5 5
C 0.020 1 5 6
D 1.022 2 0 2
Total 5 17 22
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A EtO E24 371 283 E Aoz YAH
olFoA E3] EtO 27 HEHH 49yE e
Aoz Algdrh

B A Agdeze ARA, EtO 29
BE Hekd o7 A AREL nEERA RE
oty EtO E&FL L FYIIH oFAe
A% Ztz} & Ageo|ng EtO g &3 9
#4¢ 7 ArIzte) o] ¥esdirt o
frE EtO A dF 2-3ndz2 2%3ka 3l
Rom TFAPE EtO E2r 24 gon =3
24zl T A9 zolZ Qlsld EtO FE7F o2
7] d&oitt. EA, EtO9 MNAE E2F 3Fo]
Z8-31A] 7] W& EtO E=33 SCEe @
ote] ATAE AR E3T)

ﬁ.oziskﬁwl)k

2 £

£ d7e 8 vt F3E4e EtO AF 22
ol e EtO 28 webdla, olEe TEYY
A utpolA] ujdMEA nye HUEE 245
o EtOZ Q1% &dvioleAe] Fx& ¥Astaxt
stk 1997 69 17URE 79 20¥87A ME
‘%1 ""““ 2AE 47] HYeA EtOg ol83te &

5 Aol FAVEE TR 2WE ERFoR,
E?l °] 53 e Wy 2780 EtOd] £

A ok TRARAM A, 4%, A w3t
1112 Aujag 22988 v EE7 o8 dHstd 47
ZAreE T2 Jube) SCES WHRIEE XA}
st o3 2e ARE drh

1. 470 dighdde] Fr15 EtO 3% ACGIH

2] 712x](8-hr TWA)<Q! 1 ppmelslelic},
2. Z2yy v Eare 228 dsel SCE
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