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ABSTRACT

In South Korea, many cases of humidifier disinfectant-associated lung injury (HDLI) have been reported among
people who used humidifier products containing humidifier disinfectant (HD). The objectives of this study are
to estimate both airborne HD concentration in the room where HD was used and the amount of humidifier
disinfectant absorbed into the respiratory system. Information and data on the HDs were collected using a
structured questionnaire and home environmental investigations include the volume of HD (ml) and hours used
per day, concentration of disinfectants contained in the HD brand (ug/ml), volume of the room (m®), assumed
ventilation rate (m*/hr) and breathing rate assumed (m*/hr). We used children aged under five years old as a
sample and estimated both airborne HD concentrations and amount of HD absorbed into the respiratory system.
The estimated airborne concentration of HD in the room ranged from 68 to 369 ug/m® for PHMG
(polyhexamethylene guanidine phosphate) and from 16 to 239 ug/m* for PGH (oligo (2-(2-ethoxy) ethoxyethyl
guanidine). The amount of HD absorbed in the respiratory system per day was estimated to range from 227 to
1,225 pg for PHMG and from 53 to 794 pg for PGH. In conclusion, a great amount of HD was likely absorbed
into respiratory system, likely beyond the level of the capacity of the immune system to remove the HD
absorbed.
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Fig. 1. Framework to estimate both airborne humidifier
disinfectant (HD) concentration (ug/m’) and HD
amounts absorbed into the respiratory system.
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7¥57] Al A el AlFolet ey detAl
FE(ug/mlye RABXEIE 20119 =2 AR A
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Table 1. Disinfectant concentration in humidifier disinfectant products as quantified by the Korea Center for Diseases

Control and Prevention”

AFE ol& T8 A HE 55, ug/ml 7, ug/ml

S Al AR New 7H57] BH PHMG 1260, 1290, 1280 1280
DDAC ND

2y tE olo|Zd 717 AA PHMG 1330, 1320, 1270 1310
DDAC ND

HAEE & 7147 249 PHMG 6730, 7040, 6980 6920

AT 7V7] AbaA PGH 1710, 4970, 5130, 4900, 4690, 4960, 4710, 4820 4490
DDAC 0.015~0.016(n=7) 0.016

O} EQ 7MY 7H57] AdA PGH 300, 290, 310 300
DDAC ND

o} 7 £3FY 7157 HolE CMIT 130, 110, 130 120
MIT 30, 40, 40 37
DDAC 0.016, 0.007, 0.008 0.01

PHMG, polyhexamethylene guanidine phosphate; DDAC, Didecyldimethylammonium chloride; PGH, oligo (2-(2-ethoxy)
ethoxyethyl guanidinium; CMIT, chloromethylisothiazolinone; MIT, methylisothiazolinone; ND, no detection

7Re7) AAIE AR S 3] F EE (ug/m’)
o FalAte] EEEmMIS T A B 5

712 S99 A FHugs FAA Al &
o] BF7] 7 Hjel WAk P A 9
A =7) BT AR} Qo) FHAA 2Tk 37

Z AgA Bxof 38772 39 AgA 9 5
Al 0]3} olo]E AlHE 3 ﬂ%it‘r.
. ¢i7+Zar 3 &
1. 7k57] &8N NMEAM 2N 55 (ug/ml)

2011 AR ee] 2 rh gk 7] AaAl Al
=7F S A

F THAEC] s PHMG Hits
A AFAME 1,280 ug/ml, ZHRIE SlojZ o
1,310 pg/mle]loH, HIXEHE & 7k57] Fd9
& 7P =& 6,920 pg/mle]tt. PGH B 5=+
AFF7F 4,490 ug/ml, oFEQ 7S THE7] A7
300 ug/mle]ATt. CMITSF MITERES AFAIZ AL
3 AFLS oW S22 71571 vl ERAL AF
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FLEE 300 ug/ml ©J3E TR A|F AdA =X
T} @4 SrH(Table 1). o] A SEEL 7157]
AFAE AP 199437E 2011d T FX
A7 BE AZIE dEY 5 QAT Fde B
S8 ARolth AgO7t FEE (B 18~4,340

ug/mheZ E030E 3 AFEZ T4 71571 &

T8, BTl F1%7] AFE 28, S A%
7}_71%4 IAH)e ¥ & ARt F2 AR
& AFELS oI

2. 371 ST (ugm’) =3

1) 371 To=2 BAkE Al 3 Al F(ue)
A7 Eole AlFS AREES AR AL
2 Kt 92 59 PHMG 5% 1,280 ug/mi©]
ol e A AR A Fe] AHAE 20ml &
7l golA s 10/ F AR AlIZE 8AIZH
) Bt AT F7] FoE AR Al
PHMG A& oo} 2t}

OXL el i

o 7157) A AFNA PHMG &% (ug/ml) x
SHF ARS-H(ml)

+1,280 pug/ml x 20 ml/10 hr = 25,600 ug/10 hr =
2,560 pg/hr

AEe] AFA FE(Table 1S g3l 37 5
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Table 2. Airborne humidifier disinfectant concentration
based on room volume and ventilation with an
assumption of 2,560 ug dispersed into the air

per hour
Air W A H(W x L x H), m’
Change « «
per Hour (254 (3X4X25) (354 (5X7X2.5)

(ACH) X2.5) X2.5)

1 102.4 85.3 73.1 29.3

2 512 427 36.6 14.6

3 34.1 284 244 9.8

4 25.6 213 183 7.3

W, width; L, length; H, height

o FEETFEE W2
a4 AN A2 W 9P EEEEES AT

H A3} glo] vl=t #7373 (Environmental Protection
Agency, US EPA)lIX ®argh 54| o]ate] zhzh uf
FEFESQ 031 mhr) thE A7 EEolM EFES
Sl g2 “JEl(sedentary)?] 0.42 m*/hrs &
Pob.P 54 ola} ofold] FF TFVIE FUHE F
F(ugye A FE(68.3 ugm’yt £3E FNE
AT b Bt 2A17F BRF 7PgelA TP
245 W SFES AR okfiel ol FEATH

«8AI7F B A W S5712 S AAl Yug)
7] F X683 ugm’)x031 m/hrx8hr =
169.4 ug

QN7 7 BE 1 33V SYE A
Fug)

27l & F%2(68.3 ug/m’)x 042 m*hrx2 hr =
57.4 ug

P

o

3% 33712 FUHE = PHMGES 2268p_g
o] #r}. Table 32 54| ©]&} olo]& A}Eﬁﬂf: A F
A BE 19 £ FUHE B2 vag
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Table 3. Estimation of humidifier disinfectant amounts absorbed into the respiratory system based on room volume,
volume of humidifier disinfectant used and ventilation rate*

F4

1o A 357 S9F

= O
e ama T EIEEIs____oteme SR
AE o8 gy BF UAE S sA e AL 00T s
ok 5%, ughr pgm’ %]' 28 7h AT, %%"]E—gﬂ mg
pg/ml 042 m'hr 031 m’hr &9 %2, g
S A AA New 71571 B9 PHMG 1,280 2,560 68 57 169 227 6.8
2y ntE slo|Z 8 7l&7) A PHMG 1,310 2,620 70 59 173 232 7.0
HAHE & 7147 299 PHMG 6,920 13,840 369 310 915 1,225 36.8
AFE 7457 A PGH 4486 8972 239 201 593 794 23.8
O} E 9 71 7hr) AEA PGH 300 600 16 13 40 53 1.6
o4 BaFY 71457 HlolE CMIT 120 240 6 5 16 21 0.6
MIT 37 73 2 2 5 6 0.2

#7157 A S AR f& ol =7](37.5 m), 37 20ml AFE, A 7E

o o S S BEOR TEY

3 F71(ACH=1) 7}4

***PHMG polyhexamethylene guanidine phosphate; PGH, oligo(2-(2-ethoxy) ethoxyethyl guanidinium; CMIT, chloromethylisothiazolinone;

MIT, methylisothiazolinone
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