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Neurobehavioral Tests in Workers Exposed to Ethylene Oxide

Kang Won Park, Young Gi Kim, Ju Hyun Byun, Jin Ha Kim,
Young Hawn Lee, Kang-Ryune Kim*

Department of Preventive Medicine, Kosin College of Medicine,
Department of Anatomy, Kosin College of Medicine®

Ethylene oxide is widely used to sterilize heat-sensitive materials in hospital. Previous
reports for neurotoxic effects of ethylene oxide have been described in animals and
humans. To assess the exposure level and neurobehavioral effect of ethylenc oxide, a
cross—sectional study was performed to 27 nurses {rom central supply unit at hospital,
exposed to ethylene oxide and 32 nurses as reference,

Ethylene oxide was collected with using a personal air sampler and analyzed by gas
chromatography for the determination of exposure level, and five items among
Neurobehavioral Core Test Battery (NCTB) of World Health Organization, including Digit
Span, Benton visual retention, Santa Ana dexterity, Digit Symbol and Simple reaction
time, were administered to the exposed and reference group.

The mean exposure level was 0.63 ppm in the exposed group and six subjects were
exposed above the level of 1 ppm. which is currently regulated by the Korean Ministry of
Labor. The results of neurobehavioral test in the exposed group showed significantly poorer
performances in Digit Span forward and backward, Benton visual retention and Simple
reaction time, comparing with the reference group. When the exposure level was divided
into below and above the level of 1 ppm, there were significant differences in performance
on Benton visual retentions, Digit Symbol and Simple reaction time. Also, Digit Span for-
ward and backward showed significantly poorer performances below the level of 1 ppm,
compared with reference group. Simple reaction time was still significantly delayed by the
exposure level after controlling the confounding factors with multiple regression analysis.

The results suggest that the periodic measurement of ethylene oxide in hospital and
health carc program is needed.
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Ethylene Oxide(°]3}EtO)+ ethylene glycol,
ZYo 268 59 A2 heat-sensitive materi-
ale) 97, 53] WM AMdste 7179 HAA
BEeiA AH=n dvi(LaDou, 1997: Land-
rigan, 1992). v3el A5 ek 1281389 HY4Z
2471 EtOo] E2¥ 1 glen(Lowenthal.
1994) St M= EtOd] o]8F Hie] Lulsl
geo o] HEA T2A FA] EtOe] ge] T2d
Aoz Qzpdvt,

EtO9] Z22 9§ 2944, Ay, 7184
o digle oln 434 e (Landrigan 7.
1984) FAEZ=A] s, &A@, B2 55 59 F
A el JeEnA Hx(Biro ¥, 1974; Gross
5. 1979) HdRem ZZE e TRAZE,
N4, BAH o)dal qase] ol Wimr}
2713t 2ad vk IvH(Crystal 5. 1988,
Estrin 5, 1987: Finelli %, 1983). z2v 2%
g A EAe BEoR ofd7lx] daEiFe] Bol
ARgEla glo] ol Q1jF 7ol HEHL A4S
3l3 slth. (LaMontagne, 1993). nj 4kgjebd
HAZ(OSHA. Occupational Safety Health
Administration)® THFIGREI A4
(NIOSH, National Institute for Occupational
Safety and Health)2 Z& &4 2AE 48
3 0} YA YEE it et LaDou, 1997).

T3, EtOe o8 7IA] A3s4E8dd shiz
EzAl g4, 98 4, g2EA8, A
£x 9 FARB75 At gL 554474 2
D2NAA A F, wA AAE G fde
Aoz 42 Yoy oIoMy old uiF B2
A3Eo] 8 Yo Brashear ¥, 1996; Cry-
., 1988. Estrin ¥, 1987 Estrin &,
1990: Klees ¥, 1990). 2]\t $2] vatoiMe
EtO¢t @8 Ao Be d7e B4 %o
o 53] AZEA Feld iyt AF= ol FolAA
23lm s AF ot A43=S(1995)¢] Aol ozt
H Sehva 4% oA EtOY 7% Tt &
285 293l Aoz Hang 8 gleng EtO
o 23 M7dskel 7MedT wvin & o vt
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=
ol

HDE AAEAHAEA] A= HI1E S 0
A ST & e AABFAAL &7 E o] 87 4
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19831 WHO(World Health Organization)$}
NIOSHe 28X EF&3¥ Neurobehavioral
Core Test Battery(NCTB)7} %] AMg#1 gt}
(Anger, 1990). 17850 k= drdo g AlgF
71, 79 IFY, 1™ T 22 A JsE
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Table 1. General status of sterilizing process and ethylene oxide sterilizer

No. of Type Amount. Sterilizing Aerating Isolation
Hospital workers of of EtO gas time time of
{Operators) sterilizer (ke/month) (hr) (hr) sterilizer
A 5(1) AMSCO(USA) 1.45 12 yes
B 2(1) 3M(5X-L.USA) 5.45 3 no
C 13(2) AMSCO(USA) 1.45 16 yes
D 7(2) AMSCO(USA) 1.45 12 yes
TRAg, BAY HA A9 AR FARFE AIES ©Eo 01%-?5}9\3!@ HAA iy g5y &
s zw Ade) SRAT $3 A4 R AW BE g A9 24 3 3FIFL SR
& Foto ZAlstod 71 &8 SF 5 Fo AgHden 1907 oF 4080] A8
Heih,
2) Ft0 &3 3 22
) : _ h 3. EARA
71% EtO 718] Z2&e BE yidxle 587
AR Melg A EEAY](Personal Air Sam- A EM 2 SPSS(for release 6.1)& AMg3lod

pler, Gilian MFG)& 2% ztZo g 8A)7HFet 2
3 2Fsted o HEAE FIRG 7‘1"“1 ANae 3
A E@7E 9eete PAYA e a0 F
A3 2 ol9je) RaAURNA MAE ARE
77] (Personal Air Sampler, Gilian MFG) & A}
f3led EF et EFHAME 2ol IFAEY
ZAAAIZIR 8AIZE Tk otk zeln AHH B
AE AFH F g BEsld EA4E olfe F &
Al EAstoh. A2 HR-52 columng Ahgale
FRIE X 200C, HEY &x 230C, BE 2%
3scoA 3 112 1007 S$akd spasa
2rlE 2# ¥ (Shimadzu, GC14A)2 Bl

3) AEYELAL

NCTB+= profile of mood states(POMS), &
FHH2-Al7HSimple reaction time), £~
(Digit Span), Santa Ana dexterity, £x583%
#3171(Digit Symbol), Benton visual reten-
tion, =4 F74(Persuit aiming)el 74 2o
2 FAEe] el (WHOa, 1986) POMSE %o
2 B drAe mEie RAHGgw R, X3
48] Aol AHA Ager sl o] T FE &
WAIAIZ 2] A7 A 2ol tia) AlagEtgT
A 7A7E WHO2 A8 A3 24 (1986b) ol o}
ZhA Algstl e AAbAl g4 EFEEE delg 7
AE AATHE ARSI R 5h) Y8le] 7AlAlE A

Ase] EAo) whe} #-test, t-test, ANOVA, %4
HEHst fodE AR NAYFGA 1)
A GYATE Lopr] Astd DEIARNE
A eksict.

e E
1. oI CHARRIQ) bty =M

AT diabzte] Quta EA.2 Table 29 25k}
Achdate] W AL Za i 29 149
HEgelMs 27.24 2 Z2F9N ev B4 A
o2 F9% Aole glden 7 B5 g%l 20
Ul A7 gtk 5 71k oM e 2T

oA P 2T V7] 523, RFL 4.2¥eR
% zol7) gle™ A¢ DHLe A4 wE 2
T 7120l 53 olielRin}, HE wE 7L E=
oA 14.0d010 e thRFe] 13.9¢e8 §9
A G gl gigeldeldh A At
M FAL A glon FE HFHd YoM =
Ag 34 Feoin Fearct.

2.7l Et0 ER B

Table 3& 2z} Wegda =& ZEAE Rt &
F BE7] ARNN BPD ARe) Fit A Zz
B 5 QY % HEAYANN ZHE A9 A
29 V1% & 24 A%E e Folth A7
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Table 2. General characteristics of study subjects

Exposure(n=27) Reference
Hospital A  Hospital B Hospital C  Hospital D Total (n=32)
Age(yrs)
20 - 29 4(80%) 1(50%) 7(53.8%) 5(71.4%) 17(63.0%) 24(75.0%)
> 29 1(20%) 1(50%) 6(46.2%) 2(28.6%) 10(37,0%) 8(25.0%)
Mean+8.D, 27.6+3.4 27.0+t5.6 30.0+6.7 29.0+8.0 29.1£6.3 27.245.0
Work Duration(yrs)
{5 2(40.0%) 1(50.0%) 9(69.2%) 5(71.4%) 17(63.0%) 24(75.0%)
=5 3(60.0%) 1(50.0%) 4(30.8%) 2(28.6%) 10(37.0%) 8(25.0%)
Mean+£S.D. 5.3+£3.9 4.7+£57 45+4.9 6.7+8.9 5.2+45 4.2+2.9
Education(yrs)
12 1(20%) 1(50%) 4(30.8%) 3(42.9%) 9(33.3%) 11(34.4%)
> 12 4(80%) 1{50%) 9(69. 2%) 4(57.1%) 18(66.7%) 21(65.6%)
Mean=+8S.D. 14,.4+1.3 13.5+2.1 14.0+1.4 13.7+1.6 13.9+1.4

14.0£1.4

Table 3. Eight-hour time weighted average con-
centration of ethylene oxide by personal
and area sampling in each hospital

Personal sampling  Area sampling

Hospital
8hours Main Side
A 1.20£1.21  1.874£0.20 0.51+0.59
B 0.24+0.27 0.07:£0.01 0.05:0.02
C 0.14+0.08 0.20+£0.04 0.07+0.07
D 1.25+0.83  1.54:£0.37 0.44+0.01
Total 0.9210.87

0.6340.82 0.24+0.34

Table 4. Distribution of the subjects by personal
exposure level in each hospital

Exposure Hospital
level(ppm) A B c D

Total

3(60%) 2(100%)13(100%) 3(43%) 21(78%)
2(40%) 000%) 0(0%) 4(57%) 6(22%)

5(100%) 2(100%)13(100%) 7(100%)27(100%)

=1
> 1

] AR F2g] flojA= A% DY A%
1.20 ppm, 1.25 ppme® $viele] =%3(x
8, 1998) ¢ "= A28 3 (ACGIH,
American Conference of Governmental
Industrial Hygienist) (ACGIH, 1995)2] =%7]
TFEN 1 ppmE 23] A4 wede) Ha
Fxe 0.63 ppmeldth. A AR § FAYYY

NNeee EAAN A4 Hee FFsTe 0.92
ppmelR e At D] =3V&S 2asiyn
B9 C 7 BEE 37 E o3t RERagdae)
7% 0.05 ppmolA 0.51 ppmel HHZ 4% HY
RE5oM x=B8VEFE o8kt

Table 4+v= 2} B A EtO gas BTl sl
= ZRAe A F2Fgg A wEEFR
(TLV-TWA) 1 ppm °|dTd oa#ez
of A #ET AT A ¥dAe 290, D Hd
ME 490l E71FELE 2Rsgen A HYd
M= 28 7 FEGA 19e] D HdAe #2349
2 2% BT »g7eE 2095 B9 C Bee
REFAAM =BV EFE ol

3. AEYESHEA 21t

A9l e A4 Benton visual reten-
tion, TewkgAIZteA Z2EH dF2Et feoF
T3 g Ae|E RAFHTable 5). A7)
A Z2F 7.7, 92T 10,1003 D) 3
Z2F 5.3, UR2T 6.28 Z2F0M FodA @
< 3 F¥HE RAFRUCt. Benton visual
retentionol M= Z2+ 8.0, T 8.78 E2¢
oA FTHo] wWskenm foF AelE EHo

ogk2Al7ke] A9 EaF 28]1.6 msec, WET
263.0 msec® EETAN fFolstA =2 Wg 7
2 wo$Qr}l. Santa Ana dexterity @49 %
AR AR e E2o] dawd HE 3
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3 F¥-& Bgen Santa Ana dexterity 77
o] A$- ZREFAN ¥ 5P THSES BTy

T A

FAA FodL Ak
4. 2|1 el 22 kol mE MPYSAA g

Z2 P w&27E25E o|ATH o]dlEzt NAg
224 AR E vlwd Z# Benton visual
retention, =ARFZAAZ], GEEuh-gA|tedA F

Table 5. Results of the neurobehavioral tests in
each group

Exposure(n=27) Reference(n=32)

Digit Span
Forward* 7.1+1.7 10.1+£1.8
Backward* 5.3%12 6.2+0.9
Benton visual retention® 8.0%1.2 8.7+0.8
Santa Ana dexterity
Preferred 43.244.8 42.8+3.8
Nonpreferred 39.2+4.0 41.2+44
Digit Symbol 67.2+9.0 71.1+79
Simple reaction time
Mean® 281.6+35.1 263.0+34.2
1))

94.4£96.4 72.21+26.8

*Statistical significance was tested by t-test

between the exposure and reference group
(p<0.05)

T_a_ble 6. Results of neurobehavioral tests by exposure level

T2 fe ¥ #E e Ale]E RSt Bentor
visual retention® FARIZTAAV|N xBFTET
ol o] oldkyel vlE KelshAd @R FPFHEE
Bgon @eildAtie xEFToldwe]
ElA wmaA vttt =E2/EFE o4y
&2 vwAl A7) Aed 9<¢, Benton
visual retention, £AFEAA7A =EF o
Aol e vlEl festAl 2 PYEHEE E
AL BERksA e Foafd] =elA dh&Ea
. =27)E% s oldhed T HmdAe %
A7) ey oA =EFzelsiee] fol3tAl
2 #Y¥58EE 292 Benton visual reten-
tion. Santa Ana dexterity %79 ¥4, £AR
FEAA, GEAITM e FoR 2le]7t gl
ot w@Frolshro] T v|F HAvAHo
< 788 E Bvk(Table 6).

b. 2t wigee} MFUSHAL Fofetel HphhHA|

ANE Z2 ¥E(r=-0,547. p0.05), 4= (r=-
0.572, p€0.05)7 ZFd<(r=-0.681, p<0.05)]
A Fed Lo HHERAE Byge oEE AR
A7 FoF 9% gt deuheAe %

TLV>1 ppm(n=6)

TLV{=1 ppm(n=21) Reference(n=32)

Digit Span

Forward 6.5+t1.6"

Backward 4.7£1.07
Benton visual retention 7.2+0.9°™
Santa Ana dexterity

Preferred 41,8%7.7

Nonpreferred 38.5+5.0
Digit Symbol 58.3:+9.3"
Simple reaction time

Mean 313.3+19.3™"

8D

74.3+44.3

8.0+1.6" 10.1£1.8
5.5+1.2° 6.2+0.9
8.2+1.1 8.74+0.8
43.6%3.9 42.8+3.8
39.3%£3.8 41.2+4 4
69.8+7.3 71,1£7.9
272.5+£33.5 263.0+34.2
108.7£71.7 72.2+26.8

* Statistical significance was tested by analysis of variance (*pt0.05)
* Below signs were presented when they are significant in multiple comparison

a) : above TLV versus below TLV
b) : above TLV versus reference
¢} below TLV versus reference
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Table 7. Correlation coefficients of exposure level, age and work duration on the results of neurobe-

havioral test

exposure level (TWA)

Age work duration

Digit Span

Forward -0.278 ~0.327 -0.233

Backward -0.259 -0.363 -0.377
Benton visual retention -0.287 -0. 266 -0.277
Santa Ana dexterity

Preferred ~0.003 -0.200 ~0. 282

Nonpreferred -0.048 -0.039 -0.016
Digit Symbol -0.547" -0.572* -0.681*
Simple reaction time

Mean 0.469* 0.026 0.282

SD -0.106 0.003 —-0.055

* Statistical significance was tested by correlation analysis(p{0.05)

2 XA o o ABTA(r=0.469,
p<0.05) & HoAFon thFdARN Fx} thent
SATre] R ske WEE de Ao eyt
(Table 7).
LA

HIEC MASHERA % FFAAA 7T
Aol g 7)o LAY T Us AFPEHA] diF
Hale] EelAlxn ewl o] HAe AAA Ve
ARH oz Wrished 282 vt Hanninen ¥
(1976)2 272 45 sesy] 45 AARE
AAE e viwd &gn @A wE AL
4 qithe Ade] glow UK} Hola AEgAl
o f83tA o] 8% & At Fuch AAPFA
At g Tekdt FRel AAL dEe] glen o
% NCTB7} ®o] Algsn 9t ozt e
HAARE F¥3h=d o B e e dng 3
¥3] sjMstn EAME I mRe B 89S A
3] wjA|gleof el 2 ddAe ATl AT
BEE dAAEE I duga AARys]y

HEF99H (WHOD, 1986)el wzl A3 29418 4o
Ao gy olz|gk &g J1FE A st
st ot

EtOg] AAZA 93] g 2o dpEoe] 4238
Ho] RuHYed o)F J&e iR viga o
SZA BuE Zoln HIEBo AxE 4 22

2 QlF P disiMx W AF S| 3xn
Ak, Schulte 5(1992)& &9 243} EtO
L lppmeolstet Bad vk gl IueA 4
HE EtO2] AMY gkl gt A7 A9 gle
Aelw A438(1995)¢ 3] UH HUA F3)
B A 2ahd ErOg 7% $87t x27|EXE
203 Aow ¥ug v odd

2 d7A 715 EtO ¥ % 54 A7 MAE=
ol 2lol Aet Dol 2% 8A1Z 75 BEA ©
%7} 1.20 ppm, 1.25 ppm2 2 $2dd FR
9 ACGIHY =271235: & 273191 Be C¥
12 0.24 ppm, 0.14 ppmeE ¥Z71T% % o]
32 Jelgeh. £ A7) EtO%E 23 dae A
25:(1995)9) A7 Anld vl HAEoz ge A
PR F BeFgier ol 27 ¥ AEgrol 9%
o AZtHejAnt, B A7 i ey A8
EE HgelA Hd F drpst Hiv]) WA a2
87 F EEE AVe AeR Ho de=d A
742-(1995) 8] FFolA P i MY A9 o
B oMt AEEe AFE Ao, AFH
71el A& Az Hee] 7T v A= B &
2T % ol3tR & Ao Aas vz, ®i @
£ x50 ZA7nE H9l B C F 2] e 39
FEAE AF F o|dEA 1de] A go} AYT
7te] Wao] WRm #ige] WAL A¢ DH
Aol wis] vmA Z o)A ojA o v =g
#7453 44 el Ao2 Bl
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2 Ao vehd AAYFAA A9 Z2te
s+87]%°] Santa Ana dexterity$+%& A3t
TE PARIEAA vlzwel] ds] w@oken] xlek
7} A< 9<% Benton visual retention, @5
REEAIZM M E foR AelE KBt oA B
AT WS viuy B FFASEHT 5.29)
% AeEET E2%L 0.63 ppm)Y 715 Z=2
FE ARE u)Fo] B d EtO EZ3FA] gt
NP7 5ol B AEHQ Fgo] o Ao
2 AZEc

Brashear 5(1996)& 1229 HUITAE iy
o2 3% AAPFHA A3} w2} 97], Benton
visual retention, HEWtSAZISNA $352)
Askg Baugled ol 250 ppm o]4e] wEd
A Y Axgel A AEe HAZ 2] gig
AFER HuH3 gt Crystal 5(1988)2 A
FER 10 Ak F273E 7R 2AA &
g7, JE5HAM s AE Hugod
Estrin ¥(1987)¢ =z A&y 43 #3735
HYIEAE EeFer AAPFAHAANE sg 2
7 A1Z-8-% 2% (visuomotor coordination)S &
A&t Santa Ana dexteritys)d F#im2] Ao
2 Rug bt ol & dFNMNE =EVEFT o
3HtEt R v AY $RLTIN =208
FE olghte] tlzTol vlF o3t rEEYe] 3t
A8 BT olR2 Crystal $(1988)7 &A1 2
#2 AFE F2oAe] AAAFH Fofd it
Va3 & Akl

A 5(1997) & AP FEA At Al Al
Aol et 2 Ao vl o% Y Fog o4F
w4 EZ=e] ez Qla) FAL e¥%e FAE
BEugfled £ A79 2% 3¢ 3 .30 44
BFHALE Agge R M FAD HY2 R G
go] EAE et S M54 wAE <+ glk

AntE o g AAPEHA FFE A HS
dH, A, T8AE So dEHA ded B 4F
e TE AL tEAlE Agtezsy E
27 W2 AAYFHAAL vlwA] ol e 9
& AAstaA st 53] w§FEAe
229 22 G943 Aelg Rolx] gt ol
= HU27A 2 544 71908 Aoz AztE
AR zFolite] gL JAn YE AL A2

A4 43 3o wE Aoy gle Aer ¥1
g b AT F, 1993).

£ a7A F25E 4%, 2Fdrg 47338
84 A AAzte] ARENAD AR FEAY)
v ZESE, d8, RPN /o3 A
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7HE Beol W FArE geA dden Fidler &
(1987 = =ARERAA 77t A#Ez wdeEFd 7t
A 4%S gol B HAlgn Eug vt glevt £
ATl A5 A7 dgal oiFEe] 200e FY @
3o M HAL Aol ¥ g rixx 2
Rog MAYPT

¥ A BtOd E2Hm oy A7lEg) 4%
Hrker AAeA e #e)7l AR olFoix A K3}
I Sl HUTEAE ddes B0y EE3EES
gk o]z AAYFEHY gL Ruzk F
gEed 715 EO2 &3 An dF wedn
&2FE o)deE &= ARG JtedE
BTk E£F wEVEFE oseME gET
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AL 58 A4H20 B9} EtO %2 WY 2%4
o dg A7ges ey Aoz Ay

4 £
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1. 715 EtQ9) el Zgf Bodx = 7)) ¥y
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WA 22} 7] Aem 94, Benton Visual
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Retention, @ent-gAIzte]s Z23e] 3
ol featA RATHp0.05).

3. E2TE 227|855 1 ppm °oj4TH o
ez UyolA daed AZREEE
Atd et v wdlHS o =&V EFE olAT
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SAZA &V EEE o|ATY T
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4, ZEFE, 4Y, e AAPFEA A
Al AFTEE) ABENLH ARz RAY =
Z245(r=0.547, p{0.05), 9= (=0.572,
p<0.05), = (r=-0.681, p<0.05)14
2% A#RAAES Hyew rwr-2Atigs
EZ225(r=0.469, p0.05)01A el 4w
TAE BAFRied deIAEs A9 F2
o] TENHEAIRN iRt ez AR
a3 AT
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ANAHY 1A dad Ao s wkdct
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elees
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