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ABSTRACT

Objective: The objective of this study was to describe the characteristics of exposure to humidifier disinfectants
(HDs) and their association with the presence of a person who experienced the adverse health effects in general
households in Korea.

Methods: During the month of December 2016, a nationwide online survey was conducted on adults over 20
years of age who had experience of using HDs. It provided information on exposure characteristics and the
experience of health effects. The final survey respondents consisted of 1,555 people who provided information
on themselves and their household members during the use of HD. Exposure characteristics at the household
level included average days of HD use per week, average hours of HD use per day, the duration within which
one bottle of HD was emptied, average input frequency of HD, amount of HD (cc) per one time used, and active
ingredients of HD products (PHMG, CMIT/MIT, PGH, or others). The risk of the presence of a person who
experienced adverse health effects in the household was evaluated by estimating odds ratios (ORs) and 95%
confidence intervals (Cls) adjusted for monthly income and region using a multiple logistic regression model.
Subgroup analyses were conducted for households with a child (<7 years) and households with a newborn infant
during HD use.

Results: The level of exposure to HD tended to be higher for households with a child or newborn infant for
several variables including average days of HD use per week (P<0.0001) and average hours of HD use per day
(P<0.0001). The proportion of households in which there was at least one person who experienced adverse
health effects such as rhinitis, asthma, pneumonia, atopy/skin disease, etc. was 20.6% for all households, 25.3%
for households with children, and 29.9% for households with newborn infants. The presence of a person who
experienced adverse health effects in the household was significantly associated with average hours of HD use
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per day (Pueng<0.001), duration within which one bottle of HD was emptied (Py,s<0.001), average input
frequency of HD (Pyen¢<0.001), amount of HD per one use (Pi.,c=0.01), and use of HDs containing PHMG
(OR=2.23, 95% CI=1.45-3.43). Similar results were observed in subgroup analyses.

Conclusion: Our results suggest that level of exposure to HD tended to be higher for households with a child
or newborn infant and that exposure to HD is significantly associated with the presence of a person who

experienced adverse health effects in the household.

Key words: Humidifier disinfectant, exposure, health effects
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Table 1. Characteristics of online survey participants

Variable Category N* %
19~29 335 215
30~39 330 212
Age 40~49 377 242
50~59 351 226
>60 162 104
Seoul 306 197
Busan 110 7.1
Daegu 75 4.8
Incheon 92 5.9
Gwangju 47 3.0
Daejeon 52 33
Ulsan 42 2.7
Sejong 8 0.5
Region Gyeonggi 372 239
Gangwon 47 3.0
Chungbuk 44 2.8
Chungnam 58 3.7
Jeonbuk 52 33
Jeonnam 53 34
Gyeongbuk 79 5.1
Gyeongnam 99 6.4
Jeju 19 1.2
Male 1,211 489
Sex
Female 1,264  51.1
1 481 309
2 265 17.0
Number of hf)usehold 3 355 228
members during
HD® use 4 368 237
5 71 4.6
6 15 1.0
<199 113 7.3
Monthly household 200-399 451 29.0
income 400-599 537 345
(unit: ¥¥10,000)" 600-699 204 13.1
>700 250  16.1
Presence of Cl.lild No 1,093 703
(£7 years old) in the
household during HD use YeS 462 29.7
Presen?e of newborn 1324 85.1
infant in the household
during HD use Yes 231 149

*Total number of respondents was 1,555.
Phumidifier disinfectant
‘Korean won (KRW)
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Table 2. Characteristics of humidifier disinfectant (HD) use in the household

Variable Ne % Mean+SD®

Oxy Ssakssak [PH] 790 64.3

Gaseupgi Mate [CM]° 448 36.5

E-Mart [CM] 334 27.2

Homeplus [PH] 286 233

WiseLect (Lotte-Mart) [PH] 164 134

Hambak Usum (GS-Mart) [CM] 120 9.8

Sandokkebi (AsungDaiso) [CM] 105 8.6

LG 119 102 8.3

Homekeeper (Henkel) [CM] 70 5.7

Brand or company Cefu [PG]' 49 4.0
name of HD Malgunnara 38 3.1
(multiple choice up to 3)° Atosafe 31 25
Homewash 28 23

N-with 25 2.0

Bejiteobeulhom [PH] 23 1.9

Gaseupgi Mukyun (Bio Piton) 18 1.5

Hygieia, filter type (Anci) 17 1.4

Atoorganic [PG] 16 1.3

Anti-Allergen (Craine) 10 0.8

Hygieia, liquid type (Anci) 9 0.7

Air Guard Liquid (Wellvers) 7 0.6

Number of HD 1 355 28.9
prlcl)lzllucirs Zsed“ 2 284 231
>3 589 48.0

PHMG No 210 17.1

Yes 1,018 82.9

CMIT/MIT No 444 36.2

Main ingredient of Yes 784 63.8
HD products™ PGH No 1,164 94.8
Yes 64 52

Other No 1,006 81.9

Yes 222 18.1

Cumulative use of Successive use 1,391 89.5
HD (yearly) Intermittent use 164 10.6
Supermarket (large) 1,346 86.6

Corner market (small) 109 7.0

Place of purchase Online market 41 2.6
Others (present etc.) 2 0.1

Do not know 57 3.7

http://www.kseh.org/ J Environ Health Sci 2020; 46(3): 285-296
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Table 2. Contined

Variable N % Mean+SD®
Bedroom 803 51.6
Location of humidifier ~ Livingroom 698 44.9
in household Study room 49 3.2
Others 5 0.3
Office 639 59.7
Hospital 225 21.0
Location of HD other =~ Nursing home 31 29
than household Postnatal care center 51 4.8
School 118 11.0
Others 6 0.6
Average days of HD use per week 1,555 4.6+1.8
Average total use hours per day 1,375 7.3+4.3
Sometimes used 466 355
Duration for which <1 per 3 months 288 22.0
a bottle of HD is 1 per 2 months 309 235
used up 1 per month 210 16.0
>2 per month 39 3.0
<3 times per week 815 65.0
Average input 3-6 times per week 270 21.5
frequency of
HD used once per day 149 11.9
>once per day 20 1.6
Amount per one time use of HD (cc) 703 20.8£21.0

*Total number of respondents was 1,555.
®standard deviation

“Total 1,228 respondents provided the information on HD in terms of brand or company name.

Y[PH]=PHMG: polyhexamethylene guanidine

[CM]=CMIT/MIT: mixture of 5-chloro-2-methylisothiazol-3(2H)-one (CMIT) and 2-methylisothiazol-3(2H)-one (MIT)

TPG]=PGH: oligo(2-(2-ethoxy)ethoxyethyl guanidine chloride
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Table 4. Proportion of households with at least one member who experienced adverse health effects

Overall Household with child Household with newborn infant
(n=1,555)  Yes (n=462) No (n=1,093) Yes (n=231) No (n=1,434)
Presence of at least one member P p
who experienced adverse health n % n % n % n % n %
effects
No 1,234 794 345 747 889 813 <0.01° 162 70.1 1,072 81.0 <0.001°
Yes® 321 206 117 253 204 187 69 299 252 19.0

“Proportion of the household in which there was at least one person who experienced adverse health effects such as rhinitis,

asthma, pneumonia, atopy/skin disease etc.
"calculated from chi-square test
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Table 5. Association between exposure characteristics of humidifier disinfectat use and presence of at least one member
who experienced adverse health effects

households with
newborn infant

aOR*  95% CI° P

overall households with child

aOR*  95% CI° P aOR* 95% CI’ P

Average days of HD use per week

1-2 1 (reference) 1 (reference) 1 (reference)
3-4 1.19 0.79-1.80 041 0.87 0.38-1.97 0.74 1.19 0.30-4.82 0.8l
5-6 129 0.85-195 023 1.03 048222 094 1.00 0.28-3.60 1.00
7 1.46 0.96-224 0.08 1.16 054-249 0.70 145 041-5.14 0.57
Prend 0.08 0.55 0.56
Average total use hours per day
0-3 1 (reference) 1 (reference) 1 (reference)
4-7 1.20 0.82-1.75 036 135 0.64-2.84 044 297 091-9.68 0.07
8-11 1.25 0.87-1.78 023 140 0.73-2.68 031 1.80 0.63-5.12 0.27
=12 2.18 1.47-322 <0.001 2.51 1.25-5.04 0.009 3.36 1.10-10.29 0.03
Pirena <0.001 0.02 0.06
Duration for which a bottle of HD is used up
Sometimes used 1 (reference) 1 (reference) 1 (reference)
<1 per 3 months 1.76 1.19-2.60 0.004 1.63 0.81-3.29 0.17 131 0.45-3.80 0.62
1 per 2 months 222 1.53-322 <0.001 1.58 0.84-299 0.16 149 0.60-3.68 0.39
1 per month 3.14 2.11-4.67 <0.001 2.60 1.33-5.10 0.005 2.09 0.84-5.17 0.11
=2 per month 497 2.49-9.94 <0.001 6.00 1.54-23.35 0.009 3.64 0.67-1991 0.14
Piena <0.001 0.002 0.06
Average input frequency of HD
<3 times per week 1 (reference) 1 (reference) 1 (reference)
3-6 times per week 246 1.79-3.38 <0.001 1.98 1.09-3.62 0.03 1.25 0.55-2.85 0.59
once per day 277 1.88-4.09 <0.001 2.00 1.01-3.95 0.04 1.88 0.82-427 0.14
>once per day 6.38 2.56-15.87 <0.001 4.20 0.89-19.84 0.07 7.48 0.68-81.82 0.10
Pend <0.001 0.004 0.05
Amount per one time use of HD (cc)
0<9cc (<1 cup) 1 (reference) 1 (reference) 1 (reference)
10-19cc (1~2 cups) 092 049-1.71 078 1.55 0.45-533 049 0.68 0.13-3.46 0.64
20-29cc (2~3 cups) 0.84 042-1.69 062 123 033461 0.76 0.64 0.11-3.66 0.62
>30cc (>3 cups) 1.89 0.97-3.69 0.06 259 0.67-999 0.17 492 0.67-36.44 0.12
Piena 0.01 0.28 0.21
Main ingredient of HD products
PHMG No 1 (reference) 1 (reference) 1 (reference)
Yes 223 1.45-343 <0.001 1.13 0.57-225 0.73 1.77 0.60-522 0.30
CMIT/MIT No 1 (reference) 1 (reference) 1 (reference)
Yes 1.00 0.76-133 099 097 059-1.58 0.90 0.77 039-1.51 0.44
PHG or Other No 1 (reference) 1 (reference) 1 (reference)
Yes 1.24 0.90-1.70  0.18 092 049-1.69 0.78 1.38 0.58-3.28 0.47
®odds ratio adjusted for monthly income and region (reference category in dummy variable: monthly income-‘<199’; region-

‘Seoul’)
bconfidence interval

‘PHMG: polyhexamethylene guanidine; CMIT/MIT: mixture of 5-chloro-2-methylisothiazol-3(2H)-one (CMIT) and 2-
methylisothiazol-3(2H)-one (MIT); PGH: oligo(2-(2-ethoxy)ethoxyethyl guanidine chloride
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