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ABSTRACT

Objectives: The Korean Ministry of Environment has identified cases of people suspected of suffering lung
disease potentially caused by polyhexamethylene guanidine (PHMG) used in humidifier disinfectants (HDs).
Exposure assessment for the HDs was conducted using a questionnaire during face-to-face interview. The main
purposes of this study were to develop a methodology to effectively classify levels of exposure to HDs based
on a questionnaire.

Methods: We first identified the overall participants’ exposure characteristics by HD exposure levels; Second,
we selected misclassified subjects and investigated characteristics of overestimated and underestimated subjects,
focusing on exposure cases to PHMG-containing HDs. An inhalation reference concentration (RfC) for PHMG
was produced on the basis of inhalation toxicity values. We made a cross-tabulation of the exposure classes
(Exposure classes 1-to-4) by clinical classes based on the RfC. When the value of the exposure class minus the
clinical class was 0 or 1, we assumed these were true values. When the value was >2 and < -2, we assigned these
cases to the overestimation group and underestimation group, respectively.

Results: The overestimated group may have already recovered and responded excessively due to psychological
anxiety or in order to receive compensation. On the other hand, relatively high mortality rates and surrogate
responses for those under 10 years of age may have resulted in inaccurate exposure assessment for
underestimated groups. For the characteristics of exposure, it was shown that for the underestimated group, the
exposure was relatively weaker than the overestimated group, even though a high overall clinical rating was
determined.

Conclusions: This study may suggest ways to reduce bias and overcome the limitations of current HD exposure
assessment.
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CA=concentration in air (ug/m®),
={product concentration of disinfectant (ug/
mL)x average daily use (mL)/24 hr}+{volume
of use space (m’)xventilation rate (m*/hr)}

ET=exposure time (hr/day)

EF=exposure frequency (days/year)

ED=exposure duration (years)

AT=averaging time (period ever which exposure
is averaged—days)
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Table 1. Inhalation reference concentration value for PHMG on the basis of toxicity and assessment factors

Correction factors

Calculation of RfC

Process
US EPA EU ECHA
POD NOAEL NOAEL=150 pg/m?
(Point of . . NOAEL, LOAEL NOAEL, LOAEL . . K
departure) (inhalation) (Rat, inhalation, 6 hr, 5 day, 4 week)
Adjustment (hr)/24%(day)/7 (hr)/24%(day)/7 0.179 (6/12x5/7)
Eth=0.14 Eth=0.14
Step 1: TB=1.4 TB=1.4
Quan‘t’itaﬁve Equivalent PU=1.6 PU=1.6 1.6
correction Whole body=1 Whole body=1
Particle=1 Particle=1
Total . .
correction Adj. x Equ. Adj. x Equ. 0.286
UF1 3 )5 US EPA: 3
(Interspecies) ’ EU ECHA: 2.5
UF2
(Interspecies) 10 10 10
UF3 >4 week: 10 >4 week: 10
Step 2: . >13 week: 3 213 week: 3 10
. (Duration)
Uncertainty >6 week: 1 26 week: 1
correction UF4 NOAEL: 1 NOAEL: 1 )
(Severity) LOAEL: 10 LOAEL: 5
Modifying
factor ! ! !
Total US EPA: 300
uncertainty UFs<MF UFs<MF EU ECHA: 250

Total uncertainty/total correction

US EPA: 1,048.95
EU ECHA: 874.13

US EPA: 0.143

Reference concentration (RfC, pg/m?) EU ECHA: 0.172

*NOAEL: No observed adverse effect level, LOAEL: Lowest observed adverse effect level, UF: Uncertainty factor, Adjustment:
Dosimetric adjustment factors for gases having high activity and high water solubility, Equivalent: Adverse effects exhibits in

the extrathoracic region (Eth), tracheobronchial region (TB), pulmonary region (PU)

A RCE 98] AN FrHISE st 22
# 0.143 ug/me] ZAS 0.15 ug/m'2 A4aisich.

2. EST0 2 L E5F 27

PHMGO] & NOAEL %2l A& (Point of
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Table 2. Classification and distribution of exposure rating according to exposure concentration
. Exposure concentration (Ug/m?)
Exposure rating N
Mean SD GM

Class 1 <15 pg/m’ 1,972 6.95 4.15 5.05

15 pg/m’® <Class 2<75 ug/m’ 1,288 30.75 14.66 27.84

75 ug/m’ <Class 3<150 pg/m’ 138 101.34 21.01 99.33
Class 4>150 pg/m’ 47 259.31 137.65 23435
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Table 3. Cross tabulation between exposure and clinical classes

Clinical Rating

Total p-value
Class 1 Class 2 Class 3 Class 4
Class 1 1,646 125 94 107 1,972
Exposure Class 2 1,067 69 59 93 1,288 026
Rating Class 3 117 11 2 8 138
Class 4 40 4 2 1 47
Total 2,870 209 157 209 3,445
* — Overestimated group, — Underestimated group
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Table 4. Comparison of demographic characteristics and usage of humidifier disinfectants in underestimated and

overestimated groups

Overestimated Underestimated Others
Variables group group (true-assumed group)
N % N % N %
Male 77 47.8 131 44.6 1,547 51.7
Sex Female 84 522 163 55.4 1,441 48.2
Unknown 0 0 0 0 2 0.1
<10 57 354 160 54.4 859 28.7
10s 3 1.9 4 1.4 79 2.6
20s 18 11.2 12 4.1 210 7.0
30s 22 13.7 75 25.5 555 18.6
é;gr‘fa; 40s 12 7.5 11 3.7 306 10.2
50s 19 11.8 10 34 325 10.9
60s 13 8.1 10 34 292 9.8
>70 5.0 2 0.7 174 5.8
Unknown 5.6 10 34 190 6.4
Current smoker 3.7 0 0 120 4.0
Smoking Former smoker 29 18.0 15 5.1 571 19.1
status Never smoker 125 77.6 275 93.5 2,284 76.4
Unknown 1 0.6 4 1.4 15 0.5
Survival Survival 119 73.9 172 58.5 2,483 83.0
status Death 42 26.1 122 41.5 507 17.0
Employed 56 34.8 67 22.8 1,260 42.1
Job status Unemployed 99 61.5 145 493 1,575 52.7
Unknown 6 3.7 82 279 155 52
Least 3 1.9 17 5.8 35 1.2
Slightly 2 1.2 32 10.9 215 7.2
Sprayed
amount Moderate 62 38.5 158 53.7 1,585 53.0
Strong 88 54.7 79 26.9 1,095 36.6
Unknown 6 3.7 8 2.7 60 2.0
<0.5 m 63 39.1 41 13.9 829 27.7
Distance between 0.5 m~I m 53 329 99 337 1,168 39.1
h“r‘:lsls;rf;gr‘;nd 1 m~2m 39 242 106 36.1 762 25.5
system >2m 3 1.9 47 16.0 224 7.5
Unknown 3 1.9 1 0.3 7 0.2
) To breathing zone 116 72.0 141 48.0 2,035 68.1
if’r?cytigﬁ To others 43 26.7 136 46.3 905 30.3
Unknown 2 1.2 17 5.8 50 1.7
Zste] =278 AlQEstaL 7hE714EAl 9slalA < YERR 7] wiiel] A oSl Hs) e
2] =&25Fol Uld 2R Uols EA3ITh o] Agte] dd ol AL ATk ThE71A
7VE7 VAt =2 Ao 1A AR A= WHHES EF97] flE AEAE &
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