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ABSTRACT

Objectives: The lung injuries by exposure to the humidifier disinfectants (HDs) were reported in 2011, Korea.
For the HD victims, environmental exposure level and clinical diagnosis were conducted to determine the levels
of damage by HDs.

Methods: The exposure assessment to the HDs from 1st to 4th questionnaire surveys were carried out for 5,245
victims. And the affecting factors of exposure levels were analyzed by characterizing exposure and demographic
information. By using of exposure concentration and cumulative time, exposure levels were classified and
compared by percentage of clinical diagnosis classes. The high exposure and low clinical diagnosis rating
groups, and low exposure and high clinical diagnosis rating groups were analyzed to overcome the limitation of
past exposure assessment such as recall bias.

Results: Among the all applicants damaged by the humidifier disinfectants, survivors were 4,028 and the dead
were 1,217. And male and female were 2,675, and 2,547, respectively. In case of occurrence age of lung disease,
under 10 years was majority age group (1,536) and followed by thirties (917). Pregnant women and fetuses were
339 and 439, respectively. And the damages by exposure to the HDs were concentrated on these susceptible
populations in groups with low exposure and high clinical diagnosis rating. On the other hand, the groups
classified by high exposure and low clinical diagnosis rating were shown different characterization.

Conclusions: The questionnaire survey on past exposure may be uncertain due to recall bias. However, the
relationship between classified exposure levels and clinical diagnosis ratings might be shown positive correlation
if the exposure assessment errors were analyzed and controlled.
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Table 1. Distribution of clinical classification according to demographic characteristics
o Class 1, 2 Class 3, 4 Indetermination
Characteristics p-value
N (%) N (%) N (%) N (%)
Total 468 8.9 4,632 88.3 145 2.8 5,245 100.0
Sex <0.01
Male 207 7.7 2,398 89.6 70 2.6 2,675 100.0
Female 261 10.2 2,231 87.6 55 22 2,547 100.0
Unknown 0 0.0 3 13.0 20 87.0 23 100.0
Survival status <0.01
Survival 261 6.5 3,694 91.7 72 1.8 4,027 100.0
Death 207 17.0 938 77.0 73 6.0 1,218 100.0
Age at damage (years) <0.01
<10 251 16.3 1,230 80.1 55 3.6 1,536 100.0
10s 4 3.1 120 93.8 4 3.1 128 100.0
20s 20 6.0 309 92.0 7 2.1 336 100.0
30s 105 11.5 796 86.8 16 1.7 917 100.0
40s 18 3.5 487 95.1 7 1.4 512 100.0
50s 22 4.0 519 94.5 8 1.5 549 100.0
60s 16 32 477 95.4 7 1.4 500 100.0
70s 1.5 252 97.3 3 1.2 259 100.0
>80 0.0 54 96.4 2 3.6 56 100.0
Unknown 28 6.2 388 85.8 36 8.0 452 100.0
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Table 2. Distribution of clinical classification according to used humidifier disinfectant characteristics
o Class 1, 2 Class 3, 4 Indetermination Total
Characteristics p-value
N (%) N (%) N (%) N (%)
Total 468 8.9 4,632 833 145 2.8 5,245 100.0
Disinfectant products name* <0.01
Oxy Ssakssak New Gaseupgi Dangbun 356 92 3,419 882 101 2.6 3,876  100.0
ekyung Gaseupgi Mate 24 4.8 458 92.3 14 2.8 496 100.0
Oxy Ssakssak New Gaseupgi Dangbun 9 7.4 112 91.8 1 0.8 122 100.0
WiseLect Gaseupgi Salgyunje 26 25.0 77 74.0 1 1.0 104 100.0
Homeplus Gaseupgi Chungjungje 12 10.2 105 89.0 1 0.8 118 100.0
Bejiteobeulhom Gaseupgi Cleanup 1 22 44 97.8 0 0.0 45 100.0
Cefu Gaseupgi Salgyunje 30 37.0 49 60.5 2 2.5 81 100.0
Others 3 23 116 87.9 13 9.8 132 100.0
Unknown 7 2.6 252 93.0 12 44 271 100.0
Chemical Type* <0.01
PHMG 395 9.5 3,642 88.0 103 2.5 4,140  100.0
CMIT/MIT 35 52 611 91.6 21 3.1 667 100.0
PGH 31 373 50 60.2 2.4 83 100.0
Others 0 0.0 73 91.3 8.8 80 100.0
Unknown 7 25 256 93.1 12 44 275 100.0
*Most frequently used product
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Table 3. Correlation analysis among exposure factors

Pearsonho (1) 2 @) @& G ® @O ® O 10 dAn (12

M 1
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(4)  -064%*F 054%% _030 1

O) -008  -019 -036* -007 1

() 054%%  065%*%  249%%  _018  060%* 1

%) 095%% 008*%* 236** 013 010 A478** |

®) -007 029 .050%** -020 .061** 808** 067 1

) 078** 068** 180** -079*%* 019 .170** 364  .042** 1

(10) -.054*% -.080** -079** -024 -007 -.132%% -107 -.124** -126%* 1

(11) -038* -062*%* -069** -013  .018 -.099** -060 -.099** -061%* 327** 1

(12) 082%* - 142%*  053*%* 005  -.018 .085** 131  .045%* .080** -122%* -123%* 1

*p<0.05, **p<0.01, (1) Concentration (2) Usage amount (3) Usage frequency (4) Volume (5) Ventilation (6) Cumulative exposure
time (7) Daily usage time (8) Period (9) Usage time for sleeping (10) Distance for HD (11) Spraying direction (12) Spraying
strength

Table 4. Cross tabulation between estimated indoor exposure level and clinical diagnosis

Clinical rating

Total p-value
Class 1 Class 2 Class 3 Class 4
Class 1 2,406 172 134 157 2,869
Estimated indoor Class 2 165 12 10 19 206 0.038
concentration level Class 3 137 16 7 13 173 ’
Class 4 169 9 8 22 208
Class 1 2,339 186 144 200 2,869
Exposure cumulative Class 2 188 7 6 5 206 <001
exposure time Class 3 159 6 5 3 173
Class 4 191 10 4 3 208
Class 1 2,357 181 143 188 2,869
Class 2 166 15 12 13 206
Exposure level <0.01
Class 3 162 2 0 9 173
Class 4 192 11 4 1 208
Total 2,877 209 159 211 3,456
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Table 5. Comparison of characteristics by exposure level between clinically underestimated and overestimated groups

High exposure-low Low exposure-high

Variables clinical diagnosis group clinical diagnosis group Others
N % N % N %
Male 193 529 150 56.4 1,416 48.4
Sex Female 172 471 194 43.6 1,329 51.5
Unknown 0 0.0 0 0.0 2 0.1
<10 90 247 195 56.7 790 28.8
10s 12 33 3 0.9 71 2.6
20s 22 6.0 16 4.7 202 7.4
30s 41 11.2 80 233 535 19.5
OccuDr?l;i%eage 40s 45 123 13 3.8 272 9.9
50s 52 14.2 12 3.5 290 10.6
60s 43 11.8 9 2.6 263 9.6
>70 33 9.0 3 0.9 148 5.4
Unknown 27 7.4 13 3.8 176 6.4
Current smoker 17 4.7 0 0 109 4.0
. Former smoker 88 24.1 17 4.9 511 18.6
Smoking status
Never smoker 260 71.2 322 93.6 2,110 76.8
Unknown 0 0 5 1.5 17 0.6
Survival 276 75.6 208 60.5 2,300 83.7
Status
Death 89 244 136 39.5 447 16.3
Employed 147 40.3 74 21.5 1,165 42.4
Job status Unemployed 216 59.2 193 56.1 1,432 52.1
Unknown 2 0.5 77 224 150 55
Ventilated 214 58.6 245 71.2 1,192 72.5
Ventilation status Non-ventilated 147 403 90 26.2 590 21.5
Unknown 4 1.1 9 2.6 165 6.0
Least 2 0.5 18 52 35 1.3
Slightly 10 2.7 38 11.1 203 7.4
Sprayed amount Moderate 169 46.3 180 52.3 1,461 532
Strong 173 474 99 28.8 994 36.2
Unknown 11 3.0 9 2.6 54 2.0
<0.5 m 131 359 51 14.8 752 27.4
Distance between 05m<~<Ilm 156 427 116 33.7 1,052 383
humidifier and Im<~<2m 62 17.0 120 349 728 26.5
respiratory system <m 14 3.8 56 16.3 207 7.5
Unknown 2 0.5 1 0.3 8 0.3
To breathing zone 278 76.2 173 50.3 1,841 67.0
Spraying direction To others 82 224 151 439 857 31.2
Unknown 5 1.4 20 5.8 49 1.8
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Table 6. Comparison of characteristics by humidifier disinfectants usage between clinically underestimated and

overestimated groups

High exposure-low clinical Low exposure-high clinical

Variables diagnosis group diagnosis group Others
Mean SD Mean SD Mean SD
Period (month) 69.8 40.1 15.4 14.3 25.0 21.6
Usage amount (mL) 27.5 322 14.8 8.7 14.6 12.2
Cumulative exposure time (hr) 34,548.6 22,997.0 5,191.7 5,667.3 7,702.4 8,185.3
Exposure concentration (ng/m?) 1,914.1 2,401.2 771.6 665.5 647.0 690.7
Exposure level (ug/m*-hr) 49,483,924 74,191,015 3,552,275 3,657,695 4,473,117 5,260,741
Daily usage time (hr) 18.4 5.8 12.8 5.1 122 5.7
Usage time for sleeping (hr) 9.0 33 7.7 1.7 7.8 32
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