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Background: The Korea Centers for Disease Control and Prevention (KCDC) has identified cases of people Accepted June 27, 2023

suspected of suffering lung disease potentially caused by chloromethylisothiazolinone/methylisothiazolinone
(CMIT/MIT) used in humidifier disinfectants (HDs). The Korean Ministry of Environment (MoE)

epidemiological investigation and toxicity test study found that HDs caused health damage such as asthma
Highlights:

and lung disease.
- Accurate evaluation is needed to

Objectives: The main purposes of this study were to classify the HD exposure rating and to analyze the ) .

L identify the relevance of the health
exposure characteristics that affect exposure to CMIT/MIT HDs. o .
effects on humidifier disinfectant

participants from CMIT/MIT HDs.
- In order to reduce the uncertainty

Methods: The exposure characteristics and socio-demographic characteristics of victim participants using
CMIT/MIT HDs were investigated through questionnaires. An inhalation no observed adverse effect level

(NOAEL) for CMIT/MIT was produced based on inhalation toxicity values. Exposure ratings (class 1~class e i e e avl dhe

2) were cross-tabulated with clinical ratings (acceptable~unacceptable). A correlation analysis was conducted . L
clinical rating, it is necessary to analyze

with the main exposure characteristics that affect the exposure concentration of CMIT/MIT HDs. . .
the underestimated or overestimated

group.
- New classification criteria such as

Results: The concentration in indoor air of CMIT/MIT was 8.75+25.40 pg/m’, and the exposure
concentration was 2.30+6.29 pg/m’. The CMIT/MIT exposure rating of 67 participants with high exposures of

not more than MOE 100 were evaluated as 14.5%, while the damage participants who matched the clinical unsupervised clustering and exposure

rating made up 4.5%. The exposure concentration of CMIT/MIT showed a positive correlation with the daily pattern analysis should be established.

usage amount and usage frequency, and a negative correlation with volume of the indoor environment.

Conclusions: A new exposure rating could be suggested and calculated based on the MOE, and the factors
affecting the exposure concentration could be identified.

Key words: Humidifier disinfectant, margin of exposure, chloromethylisothiazolinone/methylisothiazolinone,

exposure rating
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712 FEg S Yok ngE WD & o B8-S ois]
A Trget AAESFHAlE A Ao si7F lar Qb
dE AES ZdEste] 7H57] RS Eofl sk 771
A (humidifier disinfectant) AF8-2 FA s} >

2011 =7gdo] ¥&R|7] A7HA| 199495 ¥ oF 25F ol
o] 7h571A A AlEo] T E|det” SN g o]
A 7h57 1A BFeb R w4 A3t ol & AlEolA Aol
AR, 20129 29 7HE71AFAIQ HEAA9] Q1A
7t 3AH oz Y 715714HA AE F 202049 5
4 71E 7hs7 VA B A H<e 4 (humidifier disin-
fectant-asssociated lung injury, HDLI)S] 9 &4 JH (active
substance)< polyhexamethylene guanidine (PHMG, CAS No.
89697-78-9) Oligo(2-) ethoxyethoxyethyl guanidine chloride
(PGH, CAS No. 374572-91-5), chloromethylisothiazolinone
(CMIT, CAS No. 26172-55-4)2} methylisothiazolinone (MIT,
CAS No. 2682-20-4)9] &g JE(CMIT/MIT)o|tt? 71571
ATAY F8 4 ARES ARY dxAle 54T
T Ay ¥ &4, A4, 1A HES 59 AR HstE WA
7le Aoz greiAc

7hE7 1A AR QIRE Tt o] A7t sl 7t g6t
o, A A% F AH7E 202349 59 7102 7,8437
of o]231 9tk o] F 7h57|A At W] A BAIE
TS| oA S, AW, I At 5 28T
Holo] A g W AIE EYE gAY Ys]e] AoE
AA /B z WA Sk 7hg714aA| g 1
Sl AFAZ A =Z (past exposure)©]7]| w20l ZHRIAIE 2 A3
S HYE P2 E7155te] A4 07 grtst= Wie] &
7Hssieh ! mhebd A 22 B71s] Q8] g2 Al
AEE HAEAY] AR =E FAEES 0]&8 HEY
(modeling)& ©]-83}0] &g B7}5H= Zlo] st

sf7Al AAEol 7 ol ARERE 7HE7 1Al AR
?l PHMGS] A7 93 A7+ wol 2= = vt & #
A2 ol ARR3H AR CMIT/MITS] ARYTF A= 79
Eof QIA] gtk wEhA|, CMIT/MITE AHESE JsfLA4] 4173
A9 eE2 Hrh AESIA #EE a7t Stk oo & <

= =E3H|(margin of exposure, MOE)S 7]$9.2 CMIT/
MITE AHESE WA AHAE 2 & eE 5H3HE Al
woha, ABA] ATE o183} b 50| AP FL
2 =3 E42 B Ak s
Il M= 3 U

1. 757 |142H S8 S XAt

o] At9] A= 20234 5€ 7L = HIAHE A Qls}
a1 7,618%(1AF 3599, 22t 1699, 32t 66778, 42 5,462, 5
2} 961%)0|ttE? 11 % CMIT/MITE =0 2 A1-831917
U tE 547 B4R ARSI, ke ST wEE £
o] $Eot] LEFEE AET ¢ U= 46382 I E A
Yottt 7F5714=HA B e S 2 AL AEA oA oA 4l
A A%, A, 98 59 AR 4T 7HET]
A AF A5 AR AA, AREARN 2 = E B4
o2 FHE A3E Fsto] 8oty 2 Attt
EYistw o] A+-&EA191Q1 Y3 (Institutional Review Board,
IRB)9] 5<1(No. CUIRB-2022-0046) 53t & 59l w}
= 52 70 Het At

2. 7HE7 |4 2EEE0 et 54 HE

CMIT/MIT®] 3}stEd AE= SHeFAsHoA AlE
St SMEEAEAIAS ol &sto] fEEd A4 =
4 R BE] JE QM (FrEEE W 2012-1-644)F L
St 75182 72 Y (European Chemical Agency.
ECHA), 1]=r 24X 5 (Environment Protection Agency,
EPA), SH=rAFAQPH E A5 (Korea Occupational Safety and
Health agency, KOSHA)Q] =& Fst9 1L, 757 4+A|
AFEO F CMIT/MITY| =54 4 & =Z 7 Z(exposure
pathway)E 112{5to] 59 =& Al =4 I A 9FS A
'8]—9&1:]—,17'19)

3. & 5 U E531} HDLI YMSE 25
Table 12 4639 2] T4 A2} AH-&-5F CMIT/MITS]

Table 1. Disinfectant concentration of CMIT/MIT in the products abstracted from the report by the Special Committee for Examining the

Cause of Tragedy caused by Humidifier Disinfectant (SCECTHD)®”

Biocidal product categories Active substance

Brand name Concentration (ug/mL)

Disinfectants CMIT/MIT

GS hambakwusson gaseupgi sejongje 52.9
Daiso sandokkaebi gaseupgi punisher 53.4
SK yugong gaseupgi mate 82.8
E-mart eplus gaseupgi salgyunje 84.9
Aekyung homecleanic gaseupgi mate 150.0
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AEE FEE GS 2 7HE7 1418 AI(52.9 pg/mL), Tl
& AFE7RH] 7HE7] UM (53.4 pg/ml), 45 7H57] HlolE
(82.8 pg/mL), OJFIE 7}5714+A|(84.9 pg/mL), o8 &=
ZY 7k57190] E(150 pg/mL)°I%TE* CMIT/MITS] 371
T AHA T AEAY kE EAQ AMEE AAIE A
&3 31 A F o2 AEshlth AR (ug/hr) 13] At
Al AHEF(mL)ol| DY AHEAIZHB) S Yie F Al W A=A
2 HEY 5= (ug/mL)E Fote] A4tstley. AdjolA 7}
57 A Al AZFS 3] 1% 315 Park 5(2019)79] A+
£ Faste] 0.71 A17FE 571 28k 814 (air change per hour,
ACH)E A-&513lar, o] AUg7]2oA 34 el (steady-
state) & 7Y T S (completely mixed condition)® &
ko2 7Hgsto] &84 Al(mass-balance) BH-2 2-85F3It
A2/d2r(hr ) oflo]2E (aerosol) Y0l SJsf A= 7h5
71E B9l 371 52 & e AvAlE 21AIY A ultrafine
particle)o]l SG=e] 0.33 hr'S 2-8-3}9 e} >

G

CA:W )

0]7]A], CA=concentration in air (ug/ms), G=generation rate
(ug/ hr), V=volume of indoor environment (m?®), I=air change

per hour (hr?), and K=deposition constant (hr)

CMIT/MITO] th3t =& BEL 7] % b3 B (ug/m’)x
EFEXSHE T E3ATHhr/day) x e E R T (day/year) X \eF
Zt(year)oll Bt=EA7H)S Uiro] A&, S4&
A4 = A2 7} glo} 100% S4=Hckal 7HY5t9ich?

i

N

rlo

CAXABSXETXEFXED

o]7]A, EC=exposure concentration (ug/mS), CA= concentration

in air (pg/ms), ABS=absorption rate (fraction), ET=exposure
time (hr/day), EF=exposure frequency (day/ year), ED=exposure
duration (year), and AT=averaging time (hr)

POD

MOE=——7~— (3

o]7]4, MOE=margin of exposure, POD=point of departure
g p p p
(ug/m?), EC=exposure concentration (ug/m’)

= Z&3%H(margin of exposure, MOE)+= {J|=& Ao}
= Ao R SR EAYO 984 B7F Aol whek MOE
7} 100 olstol¥ 7} el wesilet. =& 53 R
MOEE 7]&0.2 533}st9] 100 2= A2 (class 1) 100
ojstE TiZ(class 2)F =ES5HE 2R BFSchY
CMIT/MITO] &4 - ECHA®} EPA A= E #1510 Rats
2 0188 909 EYSH APAL FIFETF(no observed
effect level, NOEL)Z/Z} KOSHA EILAo|A A|gdl= FI9F
H2-83F(no observed adverse effect level, NOAEL)S A|ZH4
(point of departure, POD)2. 2 #-8-5}0] 340 pg/m’E 475}
A 2 S 2 BR 5FS 283519 Class 1 (eE7|&9)
1% m[9h), Class 2 ((=Z7129] 1% °o|D)E FE5HAT 3
ma AN H0)E A AHH HDLIS| JHEFE %
Q174(Class 1), 17 (Class 2) 0.2 &5}t

T, k2533 HDLI Y59 AL gotker] 95 7t
O] A& (chi-square) 7S AAISIAT}. CMIT/MITE AR&-3H
Ssh7A 43R AsiFebd @ g B4 22537
HDLI Y522 28 A 1t 2pol& vjushy] #ist
o] Fisher®] %23 7g(Fisher’s exact test)= AAISIH L, 72

Table 2. Exposure factors for calculating the concentration of the using CMIT/MIT (N=463)

Percentile
Variable Mean+SD

25th 50th 75th 95th
Volume of indoor environment (m”?) 39.54+95.34 23.31 30.23 3791 67.46
Exposure time (hr) 12.86+ 5.94 9.00 11.00 15.00 24.00
Daily usage amount (use/day) 17.79+27.89 10.00 10.00 20.00 30.25
Exposure frequency (day/year) 297.41+74.19 312.00 336.00 336.00 336.00
Exposure duration (year) 1.96+2.39 0.67 1.25 242 5.75
Averaging time (hr) 13,482.09+13,721.35 4,368.00 9,744.00 17,808.00 45,964.80
Concnetration in indoor air (pg/ms) 8.75+25.40 2.96 4.79 8.43 23.08
Exposure concentration (jg/m’) 2.30+6.29 0.66 1.31 2.26 6.32
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°] 0.05 "] H-(p<0.05) BAKOZE F-olotrtal ek
todth npx|ato @ 77| A kS kol RS & 4
& 54T 7H7 1A AR EA 719 A= Eelst
7] 913} Pearson A}IHE4](Pearson correlation analysis)2 AJA|
Stoic. AR AL A3 R AT A7) $AH AL PSS ver.
19 (IBM Company, USA)E AF-&-o}%ct
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Table 2= AEAE 0]-85}0o] CMIT/MITE AF2-3F 46352
LE3ASE ARERE SR A, =E2ARE 4Y A = E
HE, =277k BHAEE e, 37 F skt =&
e bE gaeEo] H8sto] AESelth AR 3%t
AAL 395449534 m’, =EAIZH 12.86+5.94 hrZ e}
ok 9 AdA] AR 17.79427.89 use/day= 7H57]0]
1~38 Hr Wi ARE5HR L, A7t e HlEE= 297.41474.19
day/year©]QItl. CMIT/MITO]| &5 % 7|7+ 1.96+2.39
year= 24 o]4Follal, HHAIRRE 13,482.09+13,721.35
hr2 Yetsth CMIT/MITY 37| & X 8.75£25.40
pg/m’, =& BT 2.30+6.29 ug/m’ 2 UYERGTH

2. 5 S0 M2 =555

CMIT/MIT®] tgt POD %<l 340 pg/m*S k&7|E0
2 Aot 553+ X5ttt MOEZL 100 23+d 3%
Class 1, MOEZ} 100 ©]5}Y 732 Class 22 £33} TH(Table
3). Class 1°] SjF=]= Hof+A4] AHAH= 396 2.2 85.5%=
eI, =& 555 1.25+0.79 pg/m’0J3Ith Class 20f &
SHel DA A= 7THOR 145%2 E FEE 853

Table 3. Criteria for classifying exposure concentration of CMIT/MIT

+15.06 pg/m’Z Class 11T} oF 78) =9kt

3. L E5Z 259 HDLI YMSF H|w T7}

CMIT/MIT7} S-5-8 7H57 1844 AHEAHE 27150
et VeE/ArEZ E53 & 53 T 7AYYs]]
A9 AA A H 94/ ERIF o 2 WY HDLI YA5F2
2x2 WAEE AAISFATH(Table 4). Aol A7F ATl &
AHE ma7A] AgAHE 3807, AleEol AR FFe] Q1
H oA AR 39gololth AR FIFE AT A%
Fo] AAFH oA AHAE 169, LieER BH7HEAA
T A7 EFo] EUHo 2 ek Hof A AAE 6450
2 Uetgth o2 AT SAIEA g2 T wakao]| 9l
o] BAIA Fo/d2 TEEA] FUTH(p=0.746).

CMIT/MITE AH&8t Tof 4] A3 F Aol 173
ol 1gH 11YTF Hh(high impact group)2] FoiLA] A%
A} 169, 1ol A73FTFe] EQH A9FEF At(low im-
pact group)?] WA AR = 647, Azl AFFF
o] BRI, AkeEof AFFFo] Q18H 1 9 HTH(the other
group) T e7A] A1%A= 383780]Q1T}. Table 52} Table 62>
1P A, AT At 1 9] ek ARl | e
Z 54| el Fisher?] B2 HAISE 23t B9
g FEE nSHO 2 Qlsto] BAAI 42> T
A & THp>0.05).

o

4. L EXA ST HEUEM

CMIT/MIT “d&°] T4 A& AH&5to] HDLI 9435
2 92 46394 F 7F57] AHE B4 9 =& 54T IRE
FE -SH 4387 ol ko sxt o] A= )
9] Pearson AJHHEAZ AA|SH] Table 70 YA ==

Exposure concentration (ug/ms)

Exp({sure Exposure3 MOE N Percentile
rating  level (ug/m’) Mean+SD
25th 50th 75th 95th
Class 1 <34 >100 396 1.25+0.79 0.57 1.16 1.89 2.72
Class 2 >34 <100 67 8.53+15.06 4.39 5.00 746 16.78
Table 4. Cross-tabulation of exposure and clinical rating of CMIT/MIT
Clinical rating
Total p-value
Class 1 Class 2
Exposure rating Class 1 380 16 396 0.746
Class 2 64 3 67
Total 444 19 463

https://doi.org/10.5668/JEHS.2023.49.3.169
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Table 5. Socio-demographic characteristics of the CMIT/MIT affected victims

Lowimpcatgroup High impact group Others Total
Variable p-value
N (%)
Sex 1.000
Male 33 (51.6) 7 (43.7) 195 (50.9) 235 (100.0)
Female 31 (48.4) 9 (56.3) 187 (48.8) 227 (100.0)
Unknown 0(0.0) 0(0.0) 1(0.3) 1(100.0)
Affected age 1.000
<10s 18 (28.1) 9(56.2) 119 (31.2) 146 (100.0)
10s 3(4.7) 1(6.3) 12 (3.1) 16 (100.0)
20s 8(12.5) 2(12.3) 30 (7.8) 40 (100.0)
30s 7 (10.9) 1(6.3) 65 (17.0) 73 (100.0)
40s 6(9.4) 0(0.0) 40 (10.4) 46 (100.0)
50s 6(9.4) 1(6.3) 45 (11.7) 52 (100.0)
60s 10 (15.6) 1(6.3) 36 (9.4) 47 (100.0)
>70s 2(3.0) 0(0.0) 18 (4.7) 20 (100.0)
Unknown 4(6.3) 1(6.3) 18 (4.7) 23 (100.0)
Smoking status 1.000
Never smoking 48 (75.0) 15 (93.8) 291 (76.0) 354 (100.0)
Before smoking 14 (21.9) 1(6.2) 78 (20.3) 93 (100.0)
Current smoking 2(3.1) 0(0.0) 13(3.4) 15 (100.0)
Unknown 0(0.0) 0(0.0) 1(0.3) 1(100.0)
Pollution source around the house 1.000
Yes 0(0.0) 0(0.0) 14 3.7) 14 (100.0)
No 64 (100.0) 16 (100.0) 368 (96.0) 448 (100.0)
Unknown 0(0.0) 0(0.0) 1(0.3) 1 (100.0)
Maternal exposure 1.000
Yes 3(4.7) 0(0.0) 22 (5.7) 25 (100.0)
No 61 (95.3) 16 (100.0) 361 (94.3) 438 (100.0)
Fetal exposure 0.415
Yes 7(10.9) 2(12.5) 30 (7.8) 39 (100.0)
No 57 (89.1) 14 (87.5) 353 (92.2) 424 (100.0)
Academic background 1.000
<Middle school 33 (51.6) 9(56.2) 145 (37.9) 187 (100.0)
High school 11 (17.2) 2(12.5) 98 (25.6) 111 (100.0)
>College 20 (31.2) 2(12.5) 120 (31.3) 142 (100.0)
Unknown 0(0.0) 3(18.8) 20(5.2) 23 (100.0)
Job status 1.000
Unemployed 44 (68.7) 7 (43.8) 220 (57.4) 271 (100.0)
Employed 17 (26.6) 2(12.4) 142 (37.1) 161 (100.0)
Unknown 3(4.7) 7 (43.8) 21 (5.5) 31 (100.0)
Total 64 (13.8) 16 (3.5) 383 (82.7) 463 (100.0)

e 4Y AREET o G E YERECH(p<0.01), < 71571 S50 e g AL 2 YER2H(p<0.05),
ARG Rl S QFo] A 0 2 YERGtH(p<0.05). k& B 53719} 7H57] Atole] Aglo] upet So] Al o & Vet
oF S AA 2 29 YL = HERETH(p<0.05). 53t A4 tHp<0.01). ¥ AHEFS 7H57] S8 49 dde
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Table 6. Exposure characteristics of the CMIT/MIT affected victims
Low impcat High impact Others Total
Variable group group p-value
N (%)
Daily usage amount 1.000
<10cc 0(0.0) 0(0.0) 15 (3.9) 15 (100.0)
>10 cc 64 (100.0) 16 (100.0) 368 (96.1) 448 (100.0)
Daily usage time 1.000
<8 hr 5(7.8) 0(0.0) 50 (13.0) 55 (100.0)
8~16 hr 34 (53.1) 12 (75.0) 258 (67.4) 304 (100.0)
>16 hr 25(39.1) 4(25.0) 75 (19.6) 104 (100.0)
Usage frequency 1.000
3 days 0(0.0) 2(12.5) 20 (5.2) 22 (100.0)
3~7 days 11 (17.2) 4(25.0) 79 (20.6) 94 (100.0)
>7 days 53 (82.8) 10 (62.5) 284 (74.2) 347 (100.0)
Hours of use during sleep 1.000
<4hr 6(9.4) 0(0.0) 26 (6.8) 32 (100.0)
4~8 hr 11 (17.2) 6 (37.5) 76 (19.8) 93 (100.0)
>8 hr 46 (71.9) 10 (62.5) 265 (69.2) 321 (100.0)
Unknown 1(1.5) 0(0.0) 16 (4.2) 17 (100.0)
Distance between humidifier and respiratory system 1.000
>2m 2(3.0) 2(12.4) 38(9.9) 42 (100.)0
1~2m 11 (17.2) 11 3L.3) 104 (27.2) 126 (100.0)
0.5~1 m 27 (42.2) 27 (25.0) 135 (35.2) 189 (100.0)
<0.5m 24 (37.5) 24 (31.3) 106 (27.7) 154 (100.0)
Spraying direction 1.000
Opposite 8 (12.5) 0(0.0) 29 (7.6) 37 (100.0)
Body 7(10.9) 5(3L3) 93 (24.2) 105 (100.0)
Breathing zone 48 (75.0) 10 (62.5) 255 (66.6) 313 (100.0)
Unknwon 1(1.5) 1(6.2) 6 (1.6) 8 (100.0)
Type of humidifier 0.408
Combined 21 (32.8) 7 (43.8) 126 (32.9) 154 (100.0)
Ultrasonic 21(32.8) 6(37.4) 139 (36.3) 166 (100.0)
Others 22 (34.4) 3(18.8) 118 (30.7) 143 (100.0)
Brand of humidifier disinfectant 1.000
GS 1(1.6) 0(0.0) 5(1.3) 6 (100.0)
Asung 0(0.0) 0(0.0) 1(0.3) 1 (100.0)
SK 1(1.6) 0(0.0) 27 (7.0) 28 (100.0)
Emart 5(7.8) 2(12.5) 58 (15.1) 65 (100.0)
Aekyung 57 (89.0) 14 (87.5) 292 (76.3) 363 (100.0)
Total 64 (13.8) 16 (3.5) 383 (82.7) 463 (100.0)

Z YEREOm(p<0.05), BL AREAIREZ A HIE, HA &
7ta71 ARGAIRE, 7HE7] 2R Ol o2 UER
THp<0.0D). AHE Wl - F 7H57] ARSARE} 2] A
TL = YL (p<0.01), FH Al 7H571 ARSAIZEE 7H5
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Table 7. The Pearson correlation coefficient between exposure concentration and exposure characteristics

Parameter (1 ()] 3 @ (5 (6) (7) ® ©)
) 1
) ~0.148"** 1
3) 0.923*  -0.061 1
@ 0.047 0.079 0.020 1
(5) 0.105* 0.003 0.055 0.231%* 1
6) 0.015 -0.010 0.033 0.391%* 0.177* 1
@) 0.111 -0.050 0.101* 0.126™* 0.065 0.141** 1
8) 0.040 ~0.121* 0.037 -0.001 -0.026 0.068 0.321** 1
©) -0.011 0.096* 0.000 -0.058 -0.003 0.024 -0.103* ~0.031 1

*p<0.05, **p<0.01, (1) Exposure concentration, (2) Volume of indoor environment, (3) Daily usage amount, (4) Daily usage time, (5) Usage
frequency, (6) Hours of use during sleep, (7) Spraying direction, (8) Distance between humidifier and respiratory system, (9) Type of humidifier.

v.on

£ A7E A A FoTA AR F CMIT/MITES
A 717 L RAE AL G, =25 FI HOLL S
0% THY 5 UL 463HE PARSEAEES T N0 R

= 71E 2 E MOEE ©]&5to] 2HA R & 552 &t
RIL, CMIT/MITE AHERE WA AAHE th o 2 AH]
A1 kwE BT IHE FEEN A-1dF Ik, 1 9
S vlwsto] JFAIS 4 4 & 5= JdFS &
T Ue HAEFES AActo] 4HEAE HAISHT

CMIT/MITE AH&3t fofl7A4] AHAte] k& F%E 2.30
+6.29 pg/m’S. 2 POD #Ql 340 pg/m*S =&7|F0 2 A
oto] 5Fstel¥S o 679°] MOE 100 °©Jstz2 =& ot
2 2733 754 eIt HDLI 9463Q1Y, &
I E2SF(ALE AP A4 2 AxEZ ¥
7V QAN Ao AAH e Al ARt 16, 1L
22 GUEYAN APl BN wkd Hof+
Al A2 = 648 o2 WALl gt A2 FolokA] gkorTh
(p=0.746). =E5 33 HDLI YG5HFO =2 FEoto] 1JF
A, AG9F Aet, 1 9] Jeko 2 FESo] ARS|QIEsH
< E/90| tiell Fishero] HeA847} SAX R FookA] &
ATHp>0.05). BEAE o835t 74 =EB7HHA A
79T BE ARl SEATE £R19] omet A glo] A
Al AFA T ZfolE Kol A ARl tig-Z oF4] 92 A
O 2 dayst 4= Itk o] wEhHSRo] Fko & 9I5| TS|
A T3S 7FHs/do] Slom, CMIT/MIT k&4t 71 Aol &
AHo R on| Qli= BAo] | ¢4 7H5Ado] k> Eel,
PHMG 29| 1793 E47= 29 CMIT/MITY 739
T2 o] il W39 Hto] ofd thA thE o] ¥g
g7 AE QU

A S 7H571 AHARE 7HE7) R 28719 71571 A
ole] A=A Fol JuBAR YEHAL, 7He7] SFAE &

ol X 5 7571 ARSAIRE, 7hT] EERE 58719 7t
57] Atol9] Aot e & EAL = 5o TFE A
£ 38 WS g 5 9lok? E3E Min 5(2022)79) A
PYATo A PHMGE AH&-8t dof| 4] 414219 HAg 4T
821 EAAE 2 AtolA] Aot FARH & EAT
e W5o] BAZ 07 8oJ3t Ao & epyth

2 AFolA s A7 0S5 FAINS HA 2 RAR AES
Boto] & 2ARo] DA APARe} A tiHohe &
A (face-to-face interview)2 AFR-5ta] ZAY51H L, 719
S B2 5 Qe AR E 716t &4 27 (measure-
ment error) & #4362 519l 7H57] 84 =& 5k A
APHE o]-85k] CMIT/MITZ} 3h-8 7H57 14 Al AlE<S
MOEE 7|¥t0. & 5}of =&-5H3} & HDLI Y458 vl
4 9 bE 5o JFE F+= 820 ot g =&
sttt 757 1ATA =F oo AR A o (past expo-
sure) = AJ Q1 Bt B71se Agdo] EAgtth 1=y
QENAZEo] Ao whet B2 AJA A E(biomarker) 7} EA 5k
A kot AEAE 0] 83t wE3W/PF fLT Heto 2 Ay
o QIo ERE WS AEsto] AlEE =4 g uielo] "
T Ao R AZtE 5 Ao 235 2 =& oY &
A3 22 L E3Q] 7|Ed AR R 7S uElela, &
0| 715kt 7|04 2717 FEE BHGS Al
&S olRsto] 7h57 ) 4wA w2 W7HE 1SR 19

l_.

https://e-jehs.org

175



ra
N
ofoh

rx
o2
rek
M
rlo
o
o
>
)
rx
R
oN
ojn
b
4o
=
r2
B
o
ogh
o9
rie
ol

ok

S JEZAE 3 CMIT/MITE A
MOEE 7|Zo =2 =

Bt} 7|12 AL E oA CMIT/MIT Lr;gA E"é 7?3 3
o] AA=| Sl o] OJFL oA TEER] gt o= A
Al 7Hs7d0] AeollE, A2 WE Ato] =9 7hsh BARA
o 2= WA %S 7}%*35 HjAIe 4= gick. B EA
A3t ¥420] E/4do] CMIT/MITY] k&< A9ste= o=
SHA7E Qlol, 7129] PHMGO] 7H5718=A] =& & QIeh 117
I AFETH= HE == Y (paradigm) O &2 FH2o]
8% Ao & ¥tk k& B4 F Y Tl A= AREE
12He, 32 Wef f1xjof] w2t 7i7HR19] ks Aot vt
O¥d £ 0B E N & E4S H83 FAHSL A
UAHE 1T 4= Sl WS A AESEoof gt

o [

O

AL =

o] =

o

{n
rlo

FFVALLIE DO FEGEA A TA
AR BB RAF ARE o] 8sto] B a%qu}. gol
B 2] 9 gAle] 2254 Ak, A8 Aol 24k
e At

Conflict of Interest

No potential conflict of interest relevant to this article was

reported.

References

1. Hwang JH. Humidifier design study that does not require germi-
cide - mainly with a structure and design. J Digit Des. 2013; 13(4):
569-578.

2. Kim EC. Analysis of affecting factors of lung disease according to
exposure and socio-demographic characteristics in the affected vic-
tims by usage of humidifier disinfectants [dissertation]. [Gyeong-
san]: Daegu Catholic University; 2021.

3. U.S. Environmental Protection Agency (EPA). Indoor air facts No. 8.
Use and care of home humidifiers. Washington, D.C.: EPA; 1991.

4. Bae NR. The effect of education and providing of environmental
parameter on residents' management of indoor environment [dis-
sertation]. [Seoul]: Yonsei University; 2006.

5. Ryu H, Jo EK, Choi YH, Lee S, Yoon J, Kwak JH, et al. Analysis of

https://doi.org/10.5668/JEHS.2023.49.3.169

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

affecting factors on exposure assessment errors and characteristics
of applicants for damage by usage of humidifier disinfectants. J En-
viron Health Sci. 2019; 45(1): 71-81.

. Lee HL, Byeon SH, Lee KS. Recommendation of occupational ex-

posure limit through occupational hazard assessment of PHMG-
phosphate. J Korean Soc Occup Environ Hyg. 2019; 29(1): 13-20.
Yoon J, Kang M, Jung J, Ju MJ, Jeong SH, Yang W, et al. Humidifier
disinfectant consumption and humidifier disinfectant-associated
lung injury in South Korea: a nationwide population-based
study. Int J Environ Res Public Health. 2021; 18(11): 6136.

. Kim P, Choi YH, Park YC, Park TH, Leem JH. It was possible to

reduce the pain of the victims of humidifier disinfectant. J Environ
Health Sci. 2022; 48(1): 1-8.

. Park DU, Kim J, Ryu SH, Park ], Kwon JH, Lee SY, et al. Review of

health effects caused by chloromethylisothiazolinone (CMIT) and
methylisothiazolinone (MIT) - focusing on humidifier disinfec-
tant-associated lung injury (HDLI) -. J Environ Health Sci. 2020
46(3): 312-323.

Korean Society of Environmental Health and Toxicology. Estab-
lishing disease identification and standards criteria to expand
the range of health hazards caused by the humidifier sterilizer.
Incheon: National Institute of Environmental Research; 2017 Apr.
Report No.: NIER-SP2016-429.

Ministry of Environment. 2017 White paper of environment. Se-
jong: Ministry of Environment; 2017.

Korea Environmental Industry & Technology Institute (KEITI).
Statistical data. Available: https://www.healthrelief.or.kr/home/
content/stats01/view.do [accessed 6 June 2023].

Lee S, Yoon J, Ock ], Jo EK, Ryu H, Yang W, et al. Individual expo-
sure characteristics to humidifier disinfectant according to expo-
sure classification groups - focusing on 4-1 and 4-2 applicants -. J
Environ Health Sci. 2019; 45(4): 370-380.

Min G, Shin ], Jo EK, Jeong D, Ryu J, Kim D, et al. Affecting factors
of lung disease and classification of exposure rating of applicants
for injuries from humidifier disinfectants. J Environ Health Sci.
2022; 48(6): 324-330.

Kim S, Woo KH, Yoon SY, Lim HS, Yu SD, Kim GB, et al. Exposure
assessment on sub-populations of the local community following a
hydrofluoric acid accident. J Environ Health Sci. 2015; 41(1): 1-10.
National Institute of Environmental Research. Toxic substance
characterization and summary of toxicity and control information.
Available: https://ncis.nier.go.kr/mttr/mttrList.do [accessed 6 June
2023].

European Chemicals Agency. Reaction mass of 5-chloro-2-methyl-
4-isothiazolin-3-one and 2-methyl-2H -isothiazol-3-one. Available:
https://echa.europa.eu/brief-profile/-/briefprofile/100.136.387 [ac-
cessed 6 June 2023].

U.S. Environmental Protection Agency. Reregistration eligibil-
ity decision (RED) methylisothiazolinone. EPA738-R-98-012.
Available: https://archive.epa.gov/pesticides/reregistration/web/
pdf/3092.pdf [accessed 20 June 2023].

Occupational Safety and Health Research Institute. Research on
hazard and risk assessment and technical feasibility assessment of
chemical substances with additional establishment of exposure cri-


https://doi.org/10.17280/jdd.2013.13.4.056
https://doi.org/10.17280/jdd.2013.13.4.056
https://doi.org/10.17280/jdd.2013.13.4.056
https://lib.cu.ac.kr/search/detail/CATTOT000000924262?mainLink=/search/tot&briefLink=/search/tot/result?commandType=advanced_A_q=%EA%B0%80%EC%8A%B5%EA%B8%B0_A_bk_0=jttjtjttj_A_st=KWRD_A_si=TOTAL
https://lib.cu.ac.kr/search/detail/CATTOT000000924262?mainLink=/search/tot&briefLink=/search/tot/result?commandType=advanced_A_q=%EA%B0%80%EC%8A%B5%EA%B8%B0_A_bk_0=jttjtjttj_A_st=KWRD_A_si=TOTAL
https://lib.cu.ac.kr/search/detail/CATTOT000000924262?mainLink=/search/tot&briefLink=/search/tot/result?commandType=advanced_A_q=%EA%B0%80%EC%8A%B5%EA%B8%B0_A_bk_0=jttjtjttj_A_st=KWRD_A_si=TOTAL
https://lib.cu.ac.kr/search/detail/CATTOT000000924262?mainLink=/search/tot&briefLink=/search/tot/result?commandType=advanced_A_q=%EA%B0%80%EC%8A%B5%EA%B8%B0_A_bk_0=jttjtjttj_A_st=KWRD_A_si=TOTAL
https://www.epa.gov/sites/default/files/2014-08/documents/humidifier_factsheet.pdf
https://www.epa.gov/sites/default/files/2014-08/documents/humidifier_factsheet.pdf
http://www.riss.or.kr/search/detail/DetailView.do?p_mat_type=be54d9b8bc7cdb09&control_no=7bd16b0dcd90b0e4ffe0bdc3ef48d419&keyword=%EA%B5%90%EC%9C%A1 %ED%99%98%EA%B2%BD
http://www.riss.or.kr/search/detail/DetailView.do?p_mat_type=be54d9b8bc7cdb09&control_no=7bd16b0dcd90b0e4ffe0bdc3ef48d419&keyword=%EA%B5%90%EC%9C%A1 %ED%99%98%EA%B2%BD
http://www.riss.or.kr/search/detail/DetailView.do?p_mat_type=be54d9b8bc7cdb09&control_no=7bd16b0dcd90b0e4ffe0bdc3ef48d419&keyword=%EA%B5%90%EC%9C%A1 %ED%99%98%EA%B2%BD
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1881&vmd=Full&TG=vol&sm=&s_v=45&s_n=1&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1881&vmd=Full&TG=vol&sm=&s_v=45&s_n=1&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1881&vmd=Full&TG=vol&sm=&s_v=45&s_n=1&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1881&vmd=Full&TG=vol&sm=&s_v=45&s_n=1&year=&
https://doi.org/10.15269/JKSOEH.2019.29.1.13
https://doi.org/10.15269/JKSOEH.2019.29.1.13
https://doi.org/10.15269/JKSOEH.2019.29.1.13
https://www.e-jehs.org/journal/view.html?pn=vol&uid=2095&vmd=Full&TG=vol&sm=&s_v=48&s_n=1&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=2095&vmd=Full&TG=vol&sm=&s_v=48&s_n=1&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=2095&vmd=Full&TG=vol&sm=&s_v=48&s_n=1&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1976&vmd=Full&TG=vol&sm=&s_v=46&s_n=3&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1976&vmd=Full&TG=vol&sm=&s_v=46&s_n=3&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1976&vmd=Full&TG=vol&sm=&s_v=46&s_n=3&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1976&vmd=Full&TG=vol&sm=&s_v=46&s_n=3&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1976&vmd=Full&TG=vol&sm=&s_v=46&s_n=3&year=&
https://ecolibrary.me.go.kr/nier/#/search/detail/5638910
https://ecolibrary.me.go.kr/nier/#/search/detail/5638910
https://ecolibrary.me.go.kr/nier/#/search/detail/5638910
https://ecolibrary.me.go.kr/nier/#/search/detail/5638910
https://ecolibrary.me.go.kr/nier/#/search/detail/5638910
http://www.me.go.kr/home/web/policy_data/read.do?pagerOffset=0&maxPageItems=10&maxIndexPages=10&searchKey=&searchValue=&menuId=10261&orgCd=&condition.toInpYmd=null&condition.fromInpYmd=null&condition.orderSeqId=7662&condition.rnSeq=113&condition.deleteYn=N&condition.deptNm=null&seq=7848
http://www.me.go.kr/home/web/policy_data/read.do?pagerOffset=0&maxPageItems=10&maxIndexPages=10&searchKey=&searchValue=&menuId=10261&orgCd=&condition.toInpYmd=null&condition.fromInpYmd=null&condition.orderSeqId=7662&condition.rnSeq=113&condition.deleteYn=N&condition.deptNm=null&seq=7848
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1911&vmd=Full&TG=vol&sm=&s_v=45&s_n=4&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1911&vmd=Full&TG=vol&sm=&s_v=45&s_n=4&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1911&vmd=Full&TG=vol&sm=&s_v=45&s_n=4&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1911&vmd=Full&TG=vol&sm=&s_v=45&s_n=4&year=&
https://doi.org/10.5668/JEHS.2022.48.6.324
https://doi.org/10.5668/JEHS.2022.48.6.324
https://doi.org/10.5668/JEHS.2022.48.6.324
https://doi.org/10.5668/JEHS.2022.48.6.324
https://www.e-jehs.org/journal/view.html?pn=search&uid=1663&vmd=Full&all_k=Exposure Assessment on Sub-Populations of the Local Community following a Hydrofluoric Acid Accident&
https://www.e-jehs.org/journal/view.html?pn=search&uid=1663&vmd=Full&all_k=Exposure Assessment on Sub-Populations of the Local Community following a Hydrofluoric Acid Accident&
https://www.e-jehs.org/journal/view.html?pn=search&uid=1663&vmd=Full&all_k=Exposure Assessment on Sub-Populations of the Local Community following a Hydrofluoric Acid Accident&
https://books.google.co.kr/books/about/%EB%85%B8%EC%B6%9C%EA%B8%B0%EC%A4%80_%EC%B6%94%EA%B0%80_%EC%A0%9C%EC%A0%95_%ED%99%94%ED%95%99%EB%AC%BC%EC%A7%88.html?id=m0fmwQEACAAJ&redir_esc=y
https://books.google.co.kr/books/about/%EB%85%B8%EC%B6%9C%EA%B8%B0%EC%A4%80_%EC%B6%94%EA%B0%80_%EC%A0%9C%EC%A0%95_%ED%99%94%ED%95%99%EB%AC%BC%EC%A7%88.html?id=m0fmwQEACAAJ&redir_esc=y
https://books.google.co.kr/books/about/%EB%85%B8%EC%B6%9C%EA%B8%B0%EC%A4%80_%EC%B6%94%EA%B0%80_%EC%A0%9C%EC%A0%95_%ED%99%94%ED%95%99%EB%AC%BC%EC%A7%88.html?id=m0fmwQEACAAJ&redir_esc=y

CMIT/MIT Zt& 7| 42| Aol M2 D5 TH YAt &5

Ij

177

20.

21.

22.

23.

teria. Incheon: OSHRI; 2017.

Special Committee for Examining the Cause of Tragedy caused by
Humidifier Disinfectant (SCECTHD). Analysis of components of
disinfectant contained in humidifier disinfectant products. Seoul:
SCECTHD; 2020.

Park ], Ryu H, Heo J, Cho M, Yang W. Estimation of ventilation
rates in Korean homes using time-activity patterns and carbon di-
oxide (CO,) concentration. J Environ Health Sci. 2019; 45(1): 1-8.
Diapouli E, Chaloulakou A, Koutrakis P. Estimating the concen-
tration of indoor particles of outdoor origin: a review. J Air Waste
Manag Assoc. 2013; 63(10): 1113-1129.

U.S. Environmental Protection Agency. Risk assessment guidance
for superfund volume I: human health evaluation manual. (Part
F, supplemental guidance for inhalation risk assessment). EPA-
540-R-070-002. Available: https://archive.epa.gov/pesticides/rereg-

istration/web/pdf/3092.pdf [accessed 20 June 2023].

24. Min GH. Exposure and health risk assessment of active substance
for disinfection workers and general public according to spraying
COVID-19 disinfecting biocides [dissertation]. [Gyeongsan]: Daegu
Catholic University; 2023.

25. Lee S, Kim JH, Choi YH, Kim S, Lee K, Park JB. A review of the
literature using the Korean National Environmental Health Survey
(cycle 1-3). J Environ Health Sci. 2021; 47(3): 227-244.

(RXFYL)

718 7-9), AR+,
olgoHATY), AAZ(IT-9),
FARNR@T), AFF@p), F

o

re

T4,
T9),

Z2273(
7

152

To
(&

AT

o
of
_l

https://e-jehs.org


https://books.google.co.kr/books/about/%EB%85%B8%EC%B6%9C%EA%B8%B0%EC%A4%80_%EC%B6%94%EA%B0%80_%EC%A0%9C%EC%A0%95_%ED%99%94%ED%95%99%EB%AC%BC%EC%A7%88.html?id=m0fmwQEACAAJ&redir_esc=y
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1874&vmd=Full&TG=vol&sm=&s_v=45&s_n=1&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1874&vmd=Full&TG=vol&sm=&s_v=45&s_n=1&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=1874&vmd=Full&TG=vol&sm=&s_v=45&s_n=1&year=&
http://www.riss.or.kr/search/detail/DetailView.do?p_mat_type=be54d9b8bc7cdb09&control_no=3041a07d6ca382b7ffe0bdc3ef48d419&keyword=Exposure and health risk assessment of active substance for disinfection workers and general public according to spraying COVID-19 disinfecting biocides
http://www.riss.or.kr/search/detail/DetailView.do?p_mat_type=be54d9b8bc7cdb09&control_no=3041a07d6ca382b7ffe0bdc3ef48d419&keyword=Exposure and health risk assessment of active substance for disinfection workers and general public according to spraying COVID-19 disinfecting biocides
http://www.riss.or.kr/search/detail/DetailView.do?p_mat_type=be54d9b8bc7cdb09&control_no=3041a07d6ca382b7ffe0bdc3ef48d419&keyword=Exposure and health risk assessment of active substance for disinfection workers and general public according to spraying COVID-19 disinfecting biocides
http://www.riss.or.kr/search/detail/DetailView.do?p_mat_type=be54d9b8bc7cdb09&control_no=3041a07d6ca382b7ffe0bdc3ef48d419&keyword=Exposure and health risk assessment of active substance for disinfection workers and general public according to spraying COVID-19 disinfecting biocides
https://www.e-jehs.org/journal/view.html?pn=vol&uid=2051&vmd=Full&TG=vol&sm=&s_v=47&s_n=3&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=2051&vmd=Full&TG=vol&sm=&s_v=47&s_n=3&year=&
https://www.e-jehs.org/journal/view.html?pn=vol&uid=2051&vmd=Full&TG=vol&sm=&s_v=47&s_n=3&year=&



