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ABSTRACT

Objectives: This study described work characteristics and self-reported occupational hygiene practices among
ethylene oxide sterilization workers in hospitals and clinics, and assessed their reported knowledge of relevant
controls.

Methods: This descriptive cross—sectional study analyzed questionnaire data from 54 workers at 39 facilities in
Seoul between August and December 2024. The four primary indicators were ventilation equipment, respirator
type, practical training, and discordance between workers’ subjective ventilation ratings and their reported
equipment status. Reported lack of information on mechanical ventilation served as an auxiliary indicator. Wilson
score 95% confidence intervals (Cls) were calculated.

Results: Forty—nine workers (90.7%) directly operated sterilizers. Mechanical ventilation equipment was reported
as absent or unknown by 29.6% (95% Cl, 19.1-42.8%) of workers, and 35.2% (95% Cl, 23.8-48.5%) reported wearing
only a general mask or no respirator. Practical training was not explicitly reported by 77.8% (95% Cl, 65.1-86.8%);
among the 48 workers reporting some form of safety training, 12 (25.0%) reported practical training. Although 87.0%
rated ventilation as good, 24.1% (95% Cl, 14.6-36.9%) did so while also reporting that equipment was absent or
unknown. Overall, 15 workers (27.8%) were unaware of either the equipment status or its operating details.

Conclusions: Across all three domains, workers reported the presence or completion of controls more often than
they reported knowing how those controls were implemented. Workplace assessments should verify not only
whether controls exist, but also how they operate and what workers know about them. These findings do not
establish control performance or regulatory compliance, and voluntary participation limits generalizability.
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Potential ethylene oxide release points during hospital sterilization

Shaded steps are those at which EO may be released into the workroom air

Item preparation
and packaging

Loading and
door closing

Sterilization cycle
(gas exposure)

Evacuation
and purge

Door opening
and unloading

Storage of
processed items

A4
A4

Aeration

Insufficient aration leaves
residual EO in porous items

Exhaust and drain lines may
leak or back-flow into the room

Highest short-term concentrations
reported near the worker's face

Residual EO off-gasses from items
held in unventilated storage areas

Controls that act on these release points

Engineering Work practice

Training Respiratory protection

dedicated exhaust, local exhaust at the door, standard operating procedures,

adequate aeration, negative pressure leak checks and maintenance

concentration-based selection,
fit testing, cartridge change-out

safe handling instruction,
hands-on practical training

Release points and controls are drawn from the published literature; they were not measured in this study.

Figure 1. Potential ethylene oxide release points during hospital sterilization and corresponding control measures. Shaded
steps are those at which EO may be released into the workroom air. Release points and control measures are drawn
from the published literature (NIOSH, 1989; Koda et al., 1999; Chien et al., 2007) and were not measured in the

present study.
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Table 1. General and ethylene oxide work characteristics among the participating facilities and workers

Characteristic Category Valid N n (%) Mean (SD) or median (IQR)

Participating facilities (n = 39)
Facility type Hospital-level 39 27 (69.2)

Clinic-level 39 12 (30.8)
Location of the sterilization area Above ground 39 26 (66.7)

Basement 39 13 (33.3)
Facility type and location Hospital-level, above ground 39 14 (35.9)

Hospital-level, basement 39 13 (33.3)

Clinic-level, above ground 39 12 (30.8)
Participating workers (n = 54)
Facility type of the workplace Hospital-level 54 36 (66.7)

Clinic-level 54 18 (33.3)
Sex Male 54 8 (14.8)

Female 54 46 (85.2)
Age, years 54 45.3 (9.3)
Worksite location Above ground 54 36 (66.7)

Basement 54 18 (33.3)
Current EO work pathway Direct sterilizer operation 54 49 (90.7)

Sterilization-room entry only 54 4 (7.4)

Unclear pathway 54 1(1.9
Current-job duration, months 54 65.5 (26.3-130.0)
Current=job EO duration, months 54 425 (21.0-87.5)
Past EO work experience Yes 54 12 (22.2)

No b4 42 (77.8)
Past EO duration, months 12 60.0 (42.8-60.8)
Total EO duration, months 54 63.5 (27.0-119.5)
Weekly working hours 53 40.0 (40.0-44.0)
Current weekly EO handling time, min 51 50.0 (19.4-60.0)

Note. Values are n (%), mean (standard deviation), or median (interquartile range). EQ, ethylene oxide. The upper panel
describes the 39 participating facilities and the lower panel the 54 participating workers; percentages use the
corresponding panel denominator. Facility type was ascertained from the research team’s site-visit records, whereas all
other variables were worker—reported. The primary analysis of weekly EO handling time excluded one record with a
missing—coded daily time, one with a missing—coded weekly frequency, and one daily-time entry that exceeded the

reported daily working time.

oS A 519olA UL 50.08(19.4-60.0
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Table 2. Key self-reported occupational hygiene management practices

Domain Category n/N %

Natural ventilation Yes 22/54  40.7
No 29/54  B3.7

Unknown 3/54 5.6

Reported mechanical ventilation equipment Yes 38/54 704
No 10/54 185

Unknown 6/54 1.1

Reported operation of mechanical ventilation equipmentt Continuous (24 h) operation reported 23/38 60.5
Other specified operating schedules 6/38 15.8

Operating frequency or duration unknown  9/38 23.7

Subjective assessment of ventilation Good 47/54 87.0
Poor 6/54 11.1

Unknown 1/54 1.9

Respiratory protective equipment use Reported use 52/54 96.3
Reported respirator type T Gas—mask type or both 35/54 64.8
General mask only 17/54 315

Other PPE Gloves 45/54  83.3
Cap 25/54  46.3

Gown 18/54 33.3

Goggles 28/54 519

Safety training Any training 48/54  88.9
Training host* Workplace 38/48  79.2
OSH professional organization 8/48 16.7

Medical-device vendor 5/48 10.4

Private training institute 1/48 2.1

Training method* Oral instruction 34/48  70.8
Handout 27/48 56.3

Practical training 12/48  25.0

Self-rated skill Score 29 40/54 741

Note. *Multiple responses were allowed. All variables were based on worker self-reports and were not verified through
workplace observation, equipment inspection, or record review. Mechanical ventilation equipment included local exhaust
ventilation systems, blowers, or similar equipment as described in the questionnaire. PPE, personal protective
equipment; OSH, occupational safety and health. TAmong the 38 workers who reported that mechanical ventilation
equipment was present, 23 reported 24-h operation, six reported other specified operating schedules, and nine did not
know the operating frequency or duration. The six other specified schedules consisted of one or two reported operating
episodes per day, with reported durations of 1-12 h per episode. T Reported respirator type used all 54 workers as the
denominator, including the two workers who reported no respiratory protective equipment. Self-rated skill was 10.0
(interquartile range 8.6-10.0) on a 1-10 scale. Practical training was reported by 10 of 38 workers trained at the
workplace, 4 of 5 trained by a medical-device vendor, and 1 of 8 trained by an occupational safety and health
professional organization; the worker trained by a private training institute did not report practical training. Because
training host was a multiple-response item, these counts sum to 15 and do not equal the 12 workers who reported
practical training.
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Table 3. Proportions of key self-reported occupational hygiene management indicators with Wilson 95% confidence intervals

Key self-reported
occupational hygiene Operational definition n/N
management indicator

Reported mechanical
ventilation equipment
absent or unknown

% Wilson 95% Hospital-level  Clinic—level
> Cl (n = 36) (h = 18)

Reported absence or

unknown status 16/54 296 19.1-42.8 7 (19.4) 9 (50.0)

General mask only or no No respiratory protection 19/54 352 23.8-48.5 11 (30.6) 8 (44.4)

respirator reported or general mask only
Practical training not Practical training not B
explicitly reported explicitly reported 42/%4 778 65.1-86.8 26 (72.2) 16 (88.9)
Ventilation rated good Ventilation rated good
despite equipment reported  while equipment reported  13/54  24.1 14.6-36.9 6 (16.7) 7 (38.9)
absent or unknown absent or unknown

Note. The indicators are based on worker reports and do not establish actual exposure levels, control performance,
respirator adequacy, or regulatory compliance. The n/N, %, and confidence interval columns refer to all 54 workers. The
two right-hand columns show n (%) within each facility-type stratum, using 36 hospital-level and 18 clinic-level
workers as denominators; confidence intervals for these strata were wide and are reported in the text. The fourth
indicator is by definition a subset of the indicator for mechanical ventilation equipment reported absent or unknown; the
four indicators were therefore not summed. Rating ventilation as good while reporting the equipment absent or
unknown is not in itself a contradiction, but the indicator is used to identify workers for whom the ventilation
arrangement warrants on-site verification. Practical training was assessed against all 54 workers; among the 48 workers
reporting any safety training, 25.0% reported practical training, and none of the six workers without any training reported
practical training.

(23.7%)2 7FERS T EAZMS okx] B3tk S 7|AS] Au|7) 9ok S99 389 2 49(10.5%)
golichTable 2). 7IA%] dEh Qetn SE® 2 WUh A =X gerkn Wbk ol A4
38 F 34H(89.5%) 2|7t & Hrial HIIoHY S| 4ss 22z} olalo] Zfo|E ol=at Ausp ot
o Ze A1AR) Quvk e 89E 109 B ¢ F 8ol keiHon 43%e U ok
Az 89(80.0%°] W7k & Erkn BAHOn, /|t chu Aulo] £ ojRsl Tusp ekt 2]
A dule] 24 oipg medy gud 0¥ 3

5%(83.3%)% 8717t & "ot ®AsAch wgg 7

—_—

N

F2oHA Bretal o], FHE &It g

Agr) dulel B3 9 HE JHE 24T 5 @

Equipment reported present ‘ 34 (89.5%)
N =38

Equipment reported absent ‘ 8 (80.0%) 2 (20.0%)
N=10
Equipment status unknown ‘ 5 (83.3%) ‘ 1(16.7%) ‘
N=6
f T T T T |
0 20 40 60 80 100

Row percentage of workers (%)

l:| Ventilation rated good - Ventilation rated poor l:| Unknown

Figure 2. Subjective assessment of ventilation according to reported mechanical ventilation equipment status. Percentages
are calculated within each reported mechanical ventilation equipment category. Mechanical ventilation equipment
included local exhaust ventilation systems, blowers, or similar equipment as described in the questionnaire. Both
variables are worker—reported. The two responses are not logically contradictory; the figure shows that subjective
assessment was generally favorable regardless of the reported equipment status.
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Appendix

Appendix 1. Source variables, operational definitions, sensitivity analyses, and interpretation limits for key self-reported
occupational hygiene management indicators

Source
Indicator questionnaire  Main operational definition Main result ~ Sensitivity analysis Interpretation limit
item(s)
Reported WORK3_06; Equipment reported as  16/54, 29.6% Absent only: 10/54,  Does not distinguish
mechanical equipment absent or status reported (Wilson 18.5% (Wilson 95% local from general
ventilation described as local as unknown 95% ClI Cl 10.4-30.8%) ventilation or verify
equipment absent exhaust ventilation, 19.1-42.8%) equipment performance
or unknown ventilation fans,
or similar
equipment
General mask only WORK3_11-WORK No respiratory protective 19/54, 35.2% No alternative Cartridge type, fit
or no respirator 312 equipment or general (23.8-48.5%) classification applied  testing, replacement
reported mask only schedule, and program
adequacy were not
assessed
Practical training ~ WORK3_18 and Practical training not  42/54, 77.8%  Reclassifying one Training content,
not explicitly ~ WORKS3_26-WORK explicitly selected, (65.1-86.8%)  “on-site training” competence
reported 3.29 regardless of whether any free—text response assessment, and
safety training was as practical training: effectiveness were not
reported 41/54, 75.9% evaluated
(63.1-85.4%)
Ventilation rated ~ WORK3_06 and Ventilation rated good  13/54, 24.1%  Excluding workers Compares two
good despite WORKS_10 while equipment reported (14.6-36.9%) with unknown self-reported measures;
equipment absent or unknown equipment status  the two responses are
reported absent or (N=48): 8/48, 16.7% not logically
unknown (8.7-29.6%) contradictory and the
indicator does not
demonstrate a
discrepancy with
objectively measured
performance
Mechanical-ventilat WORK3_06; Equipment status reported 15/54, 27.8% Not applicable Reflects “unknown”
ion information ~ WORK3_08-WORK as unknown, or equipment (Wilson responses to the
reported as 3_09 reported present with 95% ClI specified items; does
unknown operating frequency or  17.6-40.9%) not directly demonstrate
duration reported as equipment management
unknown; the two status or a failure of
conditions were applied as hazard communication

mutually exclusive

Notes. All indicators were derived from worker self-reports. Sensitivity analyses examined plausible alternative coding rules
and did not convert the indicators into validated risk scores. Weekly EO handling time was also examined by retaining
one 720-minute daily-time entry, for which the reported weekly frequency was 0.5 day (weekly handling time 360 minutes);
the mean changed from 64.4£82.1 to 70.1£91.0 min/week, whereas the median remained 50.0 min/week. Wilson 95%
confidence intervals are also presented for the sensitivity analyses. Because the sample was a voluntary convenience
sample, the confidence intervals are descriptive precision estimates for the observed sample and are not population inferences.



Appendix 2. Questionnaire items used to derive the self-reported occupational hygiene management indicators

Response options /

Variable(dataset) Item no. Iltem wording(Korean, verbatim) Use in this study

coding used
WORK1_04 2 & ZZOM ofF T 2RARIR AZHPIEE) A FZARZIQ LM HEHY
TI/0F22 HLEIGHH O (Y Z22AIZE =0t 6
TRILITIR
WORK1_06 4 HR = E.O 7IAZ ASI0f QM 1)0HQ 2)0 JEE / TX HAAZ 2R X
V| AEols 9RE FE2 A= 1=0], 2=0iL12, 3=E&
SIAILIQ?
WORK1_07 4-1 B HSSlE APE AHGIK| QU 1)0HIQ 200 / KR A HAR BR(HFTM £¢)
UMt YR B0 BFAN E2 1=0, 2=0{L|L, 8=H|oHT
SIAILIQ?
WORK1_08, 09, 4-2 S AN 2RI F Aol _08 &, _09 7, 10 & Si&| EO YRt
10 AZALE S TR THA(BHAR])
WORK1_11, _12  4-3 AMSEH Fg T ofR0 ()8, & L(@E453). 999 ¥ =g EO F2ARE =
1o () 9=Z=7Cc WORK1_11 x WORK1_12
WORK2_01, _02 5, 5-1 O ZF AfE™0IAMCl E.O EH7|  1=0f, 2=0{L|2, 3=2&, 1 EO FZ Ed
XS o o TRM EY ofR 8=Hstz
WORK2_08, _09, 9 O 2z ZR717t & M2 A, e, & JHE(EMX]). 88, A Y E EO PRIt
10 FEEFE okl 71zt 888=H|s{i
WORK3_01 10 ofid A2 & =0 KR 1=X14, 2=X|ot AR X
WORK3_02 10-1 B7| AABIKIA &) &2 QM NYE 29U / K& XAz | 28 o2
1T Y 5 RF 1=8, 2=818, =&
WORK3_03, _04, 10-1 NHET| I, 19T S 7h, &, AZKEEE). 9, Afge| JtEs HH
05 1315 27|A1Z 09=2Z, 8, 88=HlallE
WORK3_06 10-1 27| AABIGZ A 27 O NYIS S / KR XE 10 2 E= 90| FHESiH
IZAH|IHR|, BET| 8) RF 1=US, 2=0918, =5 '"JHEY| MH| g = BE'
WORK3_07, _08, 10-1  7Z[A&Y| 7li&, 199 7t Sl 7, &, AZKeIEE). 9,  TAED| Tt HEQ AX(ZE)
_09 13819 71sAIZ 99=2Z, 8, 88=H|alE Hig A&
WORK3_10 10-2 o Zigaol evp & =iy QUM )02 2)0f / At=:  X|E 4: WORK3_10=1 O|FHA]
MZFSHAILITIR 1=0{, 2=0tL|Q, 9=  WORK3_060| 2 F= 92| &L
=UX|
WORK3_11 1 iy & A e EHSHE QIA: 7)ot 2)0f / Xt=: SEHST A8 O
AESIAILLR? 1=04|, 2=0{|2
WORK3_12 11-1 ZF2 OH SEHSTE QM NS0T XE 2: 1 E= 30| OfH
A2SAILLR? 2)UutnAs / Xz 'YEOATY HET 02T
1==0tAS, 2=gui0tAS
3== L, 8=H[5{T
WORK3_13 ~ 17 11-2 SEEST 9 g HS(EE 2F Ha =21, 2=0|38. J|Ef 7HoIHS T MEE
SE): &Y, BXL 72, EoH, JIEF 172 XYM, 8=HlaHY
WORK3_18 12 ASIEHS 0|23 20| CHotd  QUM: 1)0H1HQ 2)0f / Xtz QWS Ol O
SHIZ Asue 22 HIFoHuss 1=04, 2=0t|Q
e & oL
WORK3_19 ~ 23 12-1 WO =x= oOFEUIR RN =2 24 e =3(z= 24), =34
O|xIHx2 KA 19 22X AEus H1 o8

XHuws, 20 =717\,
21 LURHH 2 BRI |H,
_22 NEus71#, 23
7 [EHRER7 1), 1=31g,
2=H[s, 8=1w= Oj0|%



WORK324, 25 12-2 ISS WLIM Q0P 27|12 R AR 24 97t 3%, 25 DS YIE U ARKIESH)
Sot SONLIP O ()8 / (OARE  ARKGISH). 99-22,

88=H|aid
WORK3_26 ~ 29 12-3 US2 oM gMoZ 26 75, 27 {91, 28 X|HE 3: WORK3_280| 10|
HONSLIN(EE Mel): IEWe, AL 29 J[EKXIR7IX). O™ "HAM MEue 02"
QU2 HiE, AL we, JEf 1=od, 2=H|oid, 8=u<
IES
WORK3_30 13 =919 g & &HEE 1~10H 1~108(T&) 7 1H7 2 B
AO|2 HSlol FMAL.
WORK3_31 14 E.O 7IAE 0|28 ZY Al QIM: 1oL 20 / XfE: XY & SHSA Ho o
MHHOZ SHSH ARBIO| 1=0{, 2=0t2
US|
WORK3_32 14-1 o A2 o SHRUIL?(KIR XR7IK. 8=HlaiZ 24 IEEY ERE, I8 5)
712)
WORK3_33 14-2  A7| ZH0| 22 Al At/ ALL SA] QIMf: 1)0tLL 2)0 / Xt=: Tt pEy o

Al stz Fa0] QOAZEQ?  1=0f, 2=0lL|2, 8=H[3iT

Note. Item numbers refer to the printed Korean questionnaire. Item wording is reproduced as presented in the original
Korean questionnaire because the operational definitions depend on the exact phrasing. For several binary items, the
printed questionnaire used 1=No and 2=Yes, whereas the dataset used 1=Yes/present and 2=No/absent; all analyses
followed the dataset coding. Codes 8, 88, 888, and 8888 denoted not applicable, whereas 9, 99, 999, and 9999
denoted unknown or missing, except when these values represented valid responses. ltem 12-1 was stored in the
dataset as multiple binary variables plus a free—text variable; consequently, dataset variable numbering from item 12-2
onward differs by four positions from the printed questionnaire.

Appendix 3. Agreement of key responses between two workers from the same facility (15 facilities)

Questionnaire item ch;igriir:? Agreement(%) Wilson 95% Cl
Safety training received (WORK3_18) 14/15 93.3 70.2-98.8
Respirator use (WORK3_11) 14/15 93.3 70.2-98.8
Worksite location, above ground or basement (WORK3_01) 13/15 86.7 62.1-96.3
Subjective assessment of ventilation (WORK3_10) 13/15 86.7 62.1-96.3
Natural ventilation present (WORK3_02) 12/15 80.0 54.8-93.0
Mechanical ventilation equipment present (WORK3_06) 11/15 73.3 48.0-89.1
Type of respirator reported (WORK3_12) 11/15 73.3 48.0-89.1
Practical training reported (WORK3_28) 11/15 73.3 48.0-89.1

Notes. Fifteen of the 39 participating facilities contributed two workers each. Agreement denotes that both workers
selected the same response category for the item.

Among the four facilities in which responses on mechanical ventilation equipment did not agree, three involved one
worker reporting the equipment status as unknown.

Intraclass correlation coefficients were 0.688 for mechanical ventilation equipment reported absent or unknown, 0.423
for subjective assessment of ventilation and 0.435 for practical training, corresponding to design effects of 1.27, 1.16
and 1.17, respectively.

Restricting the analysis to one randomly selected worker per facility (n=39) over 1,000 replications gave median
proportions of 28.2% (range 25.6-30.8) for mechanical ventilation equipment reported absent or unknown, 38.5% (35.9
-41.0) for general mask only or no respirator, 82.1% (76.9-84.6) for practical training not explicitly reported, and 23.1%
(17.9-25.6) for ventilation rated good despite equipment reported absent or unknown.
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