Korean Supplementary Text

An analysis of a humidifier disinfectant case from a toxicological
perspective

A BPolN AWML S| SRFAN

Kawangsik Park
College of Pharmacy, Dongduk Women's University, Seoul, Korea

x5

Polyhexamethylene guanidine (PHMQ)9 &% AFYA} 2 gxjol ofst #4943}
PHMG &= #4735t & dAd8s dovje Joez dexon
TATHE HAS HFE YEve AoE 4 A Ut
SAZAWORE of B4 DR
et op ole gk
1ol ok SAdE o F-
=o7F H a8t ]3 913 5
gy Zeve SA4 ‘% ¥ PHMG & Aol A &o]3t

Kl

il
N
o
N
—
A,
=2,
=)
At
oX,
o
(E)
el
ol
ol

Fﬂ::,

S ] 03?7}
of tgh A= 3 ofoF 3t

L \__
blow Aga & ol et U @7 BA0® FUsloll ah Ajae
%

= R

Wdo st A, A w=F o F ol eal Alzke] AT A AFAN HYH
71 &gols B2 @Al e g e st Wi By 2 FAts
&3 Bast ok

Keywords: Humidifier disinfectant, polyhexamethylene guanidine, systemic
toxicity

A&

2016 FRl=e] Ao olgr= ThET At Al AbgALaLel] ok 13
THEI A “% FE8ALe HA Aol tigh =d Aot JhgT] AdAle T8
A2 2 polyhexamethylene guanidine (PHMG), oligo-[2-(2-ethoxy)ethoxyethyl)
guanidine (PGH), methylchloroisothiazolinone (CMIT)%} methylisothiazolinone (MIT)
ol deA e I JtRHAME THE B2 AAEAE #Ed =2 =4 PHMG 7t
A2EH I QU 7hE7] Al SRS 18] 9k ARl mEW AL
22%7} 7vE71AAAIE AFES Aol QoL 1 7R 21%7F FAHE S SA4E v vkl
S}, o5 TAR HAMH A E HAT 200 vhg o] FAH s gL EAE Aol
FAstAL ATt (1), ofxd] Ao SATAS wAZI#A] TeRe W Ao v Bt
70| L5 X3 dA 5714 A8 S A, ¥ T8 EFete] =AME
Ae FASE = 39 Aot (2). wEkA, 7h57] Aol o3t d &7t
SE7IAAARE A E o] v Aol gk B 7] A4S FA35HE widol A A el



Environmental Health and Toxicology

PHMG ¢ =24 =24 w& A 22X =433
2006 1/:1 8 oJ‘tﬂE1 2007 1/21 5-?:;_,-]_ /\]‘O] Ea}\]ol‘ 44 7H ]O:]Oﬂ}\‘] meﬂi PJEE %%%

z (RE7he 583 & A48 E 248k 12,500 B9 fA7F fedsgion o
7hEHl 9.4% (1,175 "ol z‘sH D) 7} AFEEE AbAe]l BaE ) (3). olw] mhaAl Bl
WM amg AR Axd asd e AAE st vl Aew

de e, 150 vl RET= A XEeo]E (DEP)9F A A=A PHMG 7}
HrE Zlo® wEgch fJdsa) gREe g3 5 S g den dAFaes
@Ae] 4] 5 $A4F Az Aedelo] PHMG ol o2 FEeA A (@S, A

{1

= fis
wADEEe ek FSth BY R AE WEAE kAl 717E ol £71Y 4R

O

Ae A4S o o= PHMG 7} =Fx=sel o3 A Bk ofye A4 os »ad
drole 545 dod ¢ dees ol s Ay A4dy. 33, 344754
AlE A3 PHMG o] whEAAES 600 mg/kg =2 WE Aol o]27] dh+=
SO A= v A 2 WO UBY (4)

FAATEAAR e T B o] 42 Haug SAo] W2 2Eo gyt
AT EE VIEdE A gevh 2Hu Y =l sk 90 ¢
BNk R SAAAI A= 0.06 mg/kg o Wi G ERFAIAM R AGEA B
EAdel AFE Hole Ao®E UBEt o3 Hils2 PHMG 52 =57 =
wel B ole ] v FrleA SAS TEd ¢ deS BoFe SR addy
Feuere] fald AAE S8R HASA 2 gow dAsteE Al2dS
o Mz AsAnod Adstet S5l dd stetE ol o7 deiE e =
AA FXE7 B Lt

7hE 71 A 2

A 2 A AABA S5
IR =29

T, v O,

AnEA o]
HMG 7t A9 58] e 12
o

1-10

al FE =7l weEt
Pe| T de AoR Eu JtsTlddAe A =24 27 FYel2® PHMG =
2] of -4 =FHAS Aol 71HA R H A FEREoIA F2E Aol AFgh
= &3t Aoz AzZLATh PHMG &= 31tz o s Zgjnjo|ns #HIZE X3
| 3 2 FTEE Ao o] Y& FHo=E

| Baew (GFA]) == A Ak Hl§)] o8
o] 8& (bioavailability)&d oA HxH, PHMG 7}

ox
off ntt 1B [o et NN gt ox T o
ox, O oy o oo do it rr

o o fo

uJiy

ox.

il

i)

o

ox

2

B 2 FHo 7 240 =gehA] %= 3 PHMG 71 & o]9]e] 7] 54&
o T AutalE AZEA gt 28y PHMG 5] 945k oo =

AEA R =2HAS A5 7HHatd #AE st & dAY F747]0l
LSS 7hsAdol wa o] Aol 1 A, AlA, AT Sl 540 idd
b5l wrha do,

1% @I AL FHET A 2 U SAFHHE AFRR
Aaro]l "ottt B2 EAZHE Hrer] Yaide 4 Z89 dg el PHMG,
gat AAzGFoIA e A4S 0 BA % Aol S Sus|olol bsd dolth, 1
e Fhe7)AEA Aol A Baste] B grld mdske]l H4% vl 4
AT AE FrFeto]of gtrt, ol AWMFAL & I A EES AN Fo 1T
A, TFNE 5 B Aol dAHEsEE TSt & F H o9l AR HAS



Environmental Health and Toxicology

steA oAH-E Hrheke AlE7F ook gttt ol ek Al ANE (HEE 5
golelo] s Tadte Aol i AdFBA Y FAAER FLE F IJS
2 7l e} 7hsetthd PHMG 5o 9

AT A3E vago g (5) ¥ o]9o] A7|dAME FUd A3yt YeER=A
st Favt o &, AAO]EES T Yt wEH2E v o2 PHMG ©
HHE R o)Al 8 S F3islo]of 3l ZARE 5 AT 2RI} by ojof

eV T .- A 1
oo #O ox |0 N ek
N

7VE7] AdA 3R] 77T FLE 5 e FH4YH 7Y
FAFE= 2013d 7E95H 2013 119 Sk Al 12 7h57] A FaiAt

NBAFE AR O F WA 4 7o) A FHAT 2R AT gor] 20169
So At AR A} Foz Q8 AhuuAe] fE F43 F4Y Aoz
B, BT ARAAA0E TR A AnAe] et AzEA o
AAEFS BAsn dEd 7 Aol WM oA ofA8 =vto] A
Atk 1 FANE MaAe] QA me Age] A9l0] A7) Al wFel o@
Aolebs Aol $41 FHuojof sty @AM o of Bio] /4 ofelg Fiole &
% qle,

ol & s dsly] 9 WHozA g 7Eel AAARE (biomarker) s &83h=

Weto] 744 AAstta @ 4 Ak Telut A w=EAA] ov 59 o)
Aoksted s, vloke vl ge] A% olnl Husel o ol MAFHS WAY
= PR Atk old@ Ae HolontAE BgItel SHNA W ol
FA e ob4 BA%E EE AR UF A7t A v glons HyE
BHS o] o 2aRAW S AFA FEA0] B Baolahs W s
AgAel we Tane g YA DFEE F457] el Ao wawn

= —1- —
A" 7tsAe F3) wota Az, welbs, =A% (exposure biomarker)E
7
N

PHMG &°] #AA73 5& Fadthe 54471 dAF7E dad v levm=z (5)
effective biomarker)&
= AAxAS FEskd
4 O FEAETE ol
FA]o] e A= ofitolth. wgk HAl3tet daE
5 A]

o o
o2
g{;
D
4 12
LFF‘(A

)

o of XN of gt
2

Nood T o oo o
=2 o
Pﬂﬁjé
-3
o
-
rzzto
© Lo
oft
N
—ﬁl.mr

H7) AFA SR S FARSE E BHEA



Environmental Health and Toxicology

e AE FoH AR UR =S
d A ko] el o] QT dell sl AT
o] whghAsieh, Zhs7) Al o3 g E FAete T A H A 5

[

o ox

2 o
44
M
QL
2
5
i)
riet
10,
o
o
o
=)
A
=

o O ¥ ol
fu
r>~
Ip
ol
=
%
-
2
il
>
>
_O‘L
rir
P
s
glo
o

IR t= A=)

ol
i

o

g
O
S,
S N
ofN ot

J

>R |
2 O

N o

re >

g
off 2 oft rob mx wlo
tlo tllo !
o 4 1 T

ox

r)«

_OL

2

0]

9

i)

O i o B Hl ox i X T fof Y
it
ox.
N
o)

M 2 oo Jo X 2 Ho o Y o B
L

>
=
i)
to

28
BEE AASAAT T FADY Pk
7] Al flelw F FEHE A 53 Fnde] A8 BAS
AFel FHE AWEAL 52D B Ao GAAY) ARBAR

=

ammonium chloride 79 4% nh-¢-2= A4 3 HAHFIE doZd F Utk Fo|
B ¥ vp gl o Didecyldimethylammonium chloride ¢ 2% #Hd#3& f¥sl=
7t ASAREC] FFE T sl Edd v vk (6,7,8) webA], AbtA|, A=A,
WA, BEA, lFHA, oA & ALAFA FrEo] dAlo AH =E=E 7 U+
A5 s dg ol FedFs AdFxAste] I AMEE%, FAE 9 &% 59
Frafl7bs el ek AAE dotd davt vk e sEEE e fEA R
el Ats 2AE AR SRR gle Eokdd dsiAe JAA=EEEE 18
SAA DS AAstolof gty gk Al | ek AHES HAAstoof 5t
A TEol =E:A R WA A A AAHE VEUAE Tpetstoior gk 1
Az fsle 87t A& A BHoh 948 7ES AAstojof g} o] A9 A A
TES ALgAEFT Aalgo] dA=GAY Felld AT FEskA] e AFES
NG ZRY AdAoR HEE 5 S Aoty “UFsE A% e AWEAL
dHete ey M-S FERRSAA A FETE Solv A F o] st
1 Al b o] W] StRE AERES A fFEAl 7 o R volrtop &
ot}

sietEd e el 2 el S Hrbehe AeddEs drdo= s A
Acto] g3ttt frgolyt v=re] getEd weE| Alaglo] HaET] e -kt
Aol 10 vl o] ge] o]l o mjzlstar glojA] 7hsgk dolrt. f-2uhete]
Ay 2 FaldAEe JdZete fFHoly vx3 FASE FEoR FAEA e o
e gEd AL Haido] gle AeRE dAddr



Environmental Health and Toxicology

£l
o
a2

o

WA S b AR AN, BAVAAT 5 H o SRl
& AAE AT/ FBAAE ¥ GLP AG dlel = S4714, SAEH 5
A g 5ol BAE AT e FeAACE Bt
A 2w Aol AauE
sl
=

Conflict of Interest
The author has no conflicts of interest

References

1. Asian Citizen’s Center for Environment and Health. Population survey of
humidifier disinfectant use. 2016. [cited 2016 Feb 25]. Available from: http://eco-
health.org/bbs/board.php?bo_table=sub02_04&wr_id=160(Korean).

2. Choi Y, Paek D. Humidifier disinfectants, unfinished stories. Environ Health
Toxicol. 2016 ; 28;e2016004

3. Ostapenko YN, Brusin KM, Zobnin YV, Shchupak AY, Vishnevetskiy MK,
Sentsov VG, Novikova OV, Alekseenko SA, Lebed'ko OA, Puchkov YB. Acute
cholestatic liver injury caused by polyhexamethyleneguanidine hydrochloride
admixed to ethyl alcohol. Clin Toxicol (Phila). 2011;49(6);471-477.

4. Asiedu—Gyekye 1J, Mahmood SA, Awortwe C, Nyarko AK. A preliminary safety
evaluation of polyhexamethylene guanidine hydrochloride. Int J Toxicol.
2014;33(6);523-531.

5. Kim HR, Lee K, Park CW, Song JA, Shin da Y, Park YJ, Chung KH.
Polyhexamethylene guanidine phosphate aerosol particles induce pulmonary
inflammatory and fibrotic responses. Arch Toxicol. 2016;90(3);617-632

6. Kwon do Y, Kim HM, Kim E, Lim YM, Kim P, Choi K, Kwon JT. Acute pulmonary
toxicity and inflammation induced by combined exposure to
didecyldimethylammonium chloride and ethylene glycol in rats. J Toxicol Sci.
2016;41(1);17-24.

7. Ohnuma-Koyama A, Yoshida T, Tajima—-Horiuchi H, Takahashi N, Yamaguchi S,
Ohtsuka R, Takeuchi-Kashimoto Y, Kuwahara M, Takeda M, Nakashima N, Harada T.
Didecyldimethylammonium chloride induces pulmonary fibrosis in association with
TGF-8 signaling in mice. Exp Toxicol Pathol. 2013;65(7-8);1003-1009.

8. Ohnuma A, Yoshida T, Tajima H, Fukuyama T, Hayashi K, Yamaguchi S, Ohtsuka
R, Sasaki J, Fukumori J, Tomita M, Kojima S, Takahashi N, Takeuchi Y, Kuwahara M,
Takeda M, Kosaka T, Nakashima N, Harada T. Didecyldimethylammonium chloride
induces pulmonary inflammation and fibrosis in mice. Exp Toxicol Pathol.
2010;62(6):643-651



