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ABSTRACT

Objective: This study was performed to estimate the number of those who used humidifier disinfectants (HDs)
and experienced health effects from exposure to HDs in Korea between 1994 and 2011.

Methods: A nationwide interview survey was conducted for the representative sample to identify the proportion
of those who used HDs among the general population (n=3,001). Another online survey was conducted for those
exposed to HDs to find the proportion of those who experienced health effects among those who were exposed
to HDs (n=3,993). Statistics for population size by region and year (1994-2011) were used to estimate the
cumulative number of those exposed to HDs and those who experienced health effects. In terms of the proportion
of those exposed to HDs, those less than 30 years of age were excluded due to an issue related to information
bias. Various approaches for estimation included the capture-recapture method for estimation of those who
experienced health effects.

Results: The cumulative proportion of those exposed to HDs was 6.7% among the general population, and the
proportion of those who experienced health effects among those who were exposed to HDs was 13.9%. Based
on these factors, it was estimated that 3.5 to 4.0 million people were exposed to HDs and 350 to 400 thousand
experienced health effects at least requiring visiting a hospital.

Conclusion: It is suggested that a nationwide representative sample may be essential for population size
estimation of those exposed to environmental risk factors and of those who experienced health effects.

Key words: Humidifier disinfectant, populational size estimation, exposure, health effects
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Table 1. Characteristics of the participants of the nationwide surveys

Survey 1* (n=2,475)

Survey 2° (n=1,555)

N % N %
male 1211 48.9 853 54.9

Sex female 1264 51.1 702 45.1
Seoul 494 19.9 306 19.7

Busan 173 7.0 110 7.1

Taegu 120 4.9 75 4.8

Incheon 150 6.1 92 5.9

Kwangju 60 2.4 47 3.0

Taejun 57 23 52 33

Ulsan 46 1.9 42 2.7

Sejong 8 0.5
Region Kyunggi 583 23.6 372 23.9
Kangwaon 78 3.1 47 3.0
Chungchungbukdo 75 3.0 44 2.8
Chungchungnamdo 130 52 58 3.7

Chullabukdo 104 42 52 33

Chullanamdo 92 3.7 53 34
Kyungsangbukdo 138 5.6 79 5.1
Kyungsangnamdo 176 7.1 99 6.4

Cheju 19 1.2

19~29 - - 335 21.5

30~39 541 219 330 21.2

Age 40~49 629 254 377 242
50~59 597 241 351 22.6

>60 708 28.6 162 10.4

Elementary school 103 42 3 0.2

. Middle school 251 10.2 14 0.9

Education .

High school 1236 49.9 337 21.7

>College 883 35.7 1201 77.2

a nationwide interview survey conducted for representative sample to get the proportion of those who used humidifier
disinfectants among general population; "an online survey conducted for those exposed to humidifier disinfectants to get the
proportion of those who experienced health effects among the exposed; “Those who were less than 30 were excluded due to an
issue related to information bias.
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Table 2. Estimation of the proportion of humidifier use and humidifier disinfectants use

Proportion of humidifier use Proportion of humidifier disinfectants
N (1994~2011) use (1994~2011)
P (%) 95% LL  95% UL P (%) 95% LL  95% UL
Total 2475 25.8 24.1 27.6 6.7 5.7 7.7
Region
Seoul 494 26.7 22.7 30.7 8.5 6.0 11.0
Busan 173 25.0 18.5 314 8.0 3.9 12.1
Taegu 120 23.0 15.5 304 52 1.4 9.0
Incheon 150 25.1 17.5 32.8 11.6 6.0 17.2
Kwangju 60 12.6 4.0 21.1 1.4 0 43
Taejun 57 21.9 114 324 6.5 0.2 12.8
Ulsan 46 245 11.8 373 9.4 12 17.6
Kyunggi 583 31.1 27.0 352 7.2 49 9.4
Kangwaon 78 314 20.9 41.9 73 1.5 13.1
Chungchungbukdo 75 235 14.2 327 3.6 0 7.6
Chungchungnamdo 130 22.5 15.7 29.4 39 0.8 6.9
Chullabukdo 104 21.6 14.0 29.1 7.4 2.6 122
Chullanamdo 92 28.3 19.3 374 35 0.03 7.1
Kyungsangbukdo 138 14.2 8.6 19.7 29 0.3 54
Kyungsangnamdo 176 26.8 20.2 334 42 13 7.1
Year
1994 2441 45 3.7 54 0.6 0.3 0.9
1995 2441 5.0 42 59 0.8 0.5 12
1996 2441 5.4 45 6.3 0.9 0.5 1.3
1997 2441 53 44 6.2 1.0 0.6 1.5
1998 2441 54 44 6.3 1.0 0.6 1.4
1999 2441 5.8 4.8 6.7 1.1 0.7 1.5
2000 2441 6.7 5.7 7.1 12 0.7 1.6
2001 2441 6.5 5.5 7.5 1.3 0.8 1.7
2002 2441 6.2 52 7.2 1.2 0.7 1.6
2003 2441 6.3 53 7.3 1.1 0.7 1.6
2004 2441 5.7 4.8 6.7 12 0.7 1.6
2005 2441 5.6 4.6 6.5 1.5 1.0 2.0
2006 2441 5.0 4.1 5.9 1.3 0.9 1.8
2007 2441 54 45 6.3 12 0.8 1.7
2008 2441 5.8 49 6.8 12 0.8 1.7
2009 2441 6.5 5.5 7.5 1.3 0.9 1.8
2010 2441 7.2 6.2 82 1.3 0.8 1.7
2011 2441 7.0 6.0 8.0 12 0.8 1.7
Pregnant women in the household (1994-2001)
Yes 718 51.6 479 553 16.5 13.8 193
No 1757 153 13.6 17.0 2.7 1.9 34
Child (<7 years old) in the house hold (1994-2001)
Yes 917 45.6 423 48.6 13.9 11.6 16.2
No 1558 14.2 12.4 16.0 2.4 1.7 32

J Environ Health Sci 2019; 45(3): 273-284 http://www.kseh.org/
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Table 3. Estimation of the population size for those exposed to humidifier disinfectants

Factors and assumption for
estimation

population size
(unit: million)

Estimated
Additional analysis

Estimation 1 ¢ Cumulative proportion of humidifier use: 3.46 * When 95% LL and 95% UL of the
6.7% cumulative proportion of humidifier use
* Resident population as of Dec, 2016: were appled: 2.95 million and 3.98 million,
51,696,216 respectively
* When stratified by the presence of pregnant
women between 1994-2011: 3.43 million
(71% from the household with pregnant
women)
* When stratified by the presence of child
(£7) between 1994-2011: 4.02 million (84%
from the household with child (7))
Estimation 2 ¢« Cumulative proportion of humidifier use: 3.44
6.7%
* Resident population by region as of Dec,
2016: 51,696,216
» Cumulative proportion of humidifier use for
Cheju: assumed to be 1/2 for the total
Estimation 3 ¢ Proportion of humidifier use by year 3.76 * When the proportion of humidifier use only
* Central Population Resisters by year for one winter season was assumed to be
* Proportion of humidifier use only for one 0.22 and 0.46: 2.65 million and 4.87
winter season: 0.34 million, respectively
Estimation 4 * Proportion of humidifier use by year 3.72 * When the proportion of humidifier use only
* Central Population Resisters by year and for one winter season was assumed to be
region 0.22 and 0.46: 2.63 and 4.82, respectively
* Proportion of humidifier use only for one
winter season: assumed to be 0.34
» Regional distribution of proportion of
humidifier use: assumed to be the same as
that of cumulative proportion of humidifier
use all over the year, 1994-2011
O PP, HEEA 1o FAQEL A § UGS AAH ) 7 wiEe) Yt
8ok HlE2 0220014 04602 FHT 5 A=, et 7Pg etk Bl AErE ARSSle HleS
0222 7H98 W= 2657 04602 7T wie 0222 7H3 & we 263”&, 04607 7148 W&
487 o2 A= 4829 o 7 &=}
sgsk e vl 7 FHL SR 7K B
4 3 4 A = Qe oF 3508 EelA 4007t Hw=rt 2

T 7157] AEA AR H1ES 7
04%‘ ATl wate] FbetAe As 37299
o] A=EAtH(Table 3). ©, B AL AFR-F]
€5 034, AFEY 757 A AR8HES A
A 12, 283, BE AxoA 7I57] AtAl AF

b T
z
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Table 4. Direct estimation of the population size for those who experienced health effects by the exposure to humidifier
disinfectants using proportions obtained from the Survey 2

all humidifier

Proportion among Direct estimation of those who experienced

health effects (unit: thousand)

disinfectants users, [f exposed population If exposed population

n=3,993 (%) are 3.5 million are 4.0 million

Health effect experienced® 555 13.9 490 560
New symptoms or diseases (A) 286 72 250 290
Aggravation of the existing diseases (B) 231 5.8 200 230
Both A & B 38 1.0 33 38
Medical treatment 403 10.1 350 400
Treatment for new symptoms or diseases 263 6.6 230 260
thinitis® 78 2.0 68 78

asthma® 57 1.4 50 57

pneumonia® 23 0.6 20 23

atopy/skin disease® 53 1.3 46 53

severe lung disease® 2 0.05 1.8 2
Treatment for aggravation of the existing diseases 175 44 150 180
rhinitis® 53 1.3 46 53

asthma® 12 0.3 11 12

pneumonia® 6 0.2 5 6

atopy/skin disease® 19 0.5 17 19

*Total 298 out of 555 who experienced health effects provided disease name diagnosed.; "Those experienced both new symptoms

and diseases and aggravation of the existing diseases were excluded.;

diagnosed.
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Tanue=[(m+ny+1)(m+ny+1)/(m+1)]-1

Var(Tyyg) =[(m+n; +1)(m+nz+1)nyn5l/[(M+1)(m+2)]

95% Cl=Tyyet 1.96Var(Tyys)/2

Reporters as a victim
(n=5,060 as of Oct 31, 2016)
may have come from 49,268
people who experienced
health effects
(49,268=5,060x555/57).

¥

Capture-recapture method
can be applied to red circle
and red-dotted circle to
estimate Tyye.

Range of common part may
vary: 57~555

A g

Twue - minimum 49 thousands,
maximum 472 thousands
(95% Cl= 358~586 thousands)

Fig. 1. Estimation of the population size for those who experienced health effects by the exposure to humidifier
disinfectants using capture-recapture method: (a) Equation for calculation of total population (Tyyg) and 95% CI.
(b) It was estimated up to 470 thousands (95% CI=358~586 thousands), maximally when size of common part is

57.
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