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Fatal Misuse of Humidifier Disinfectants in Korea: Importance of

Screening Risk Assessment and Implications for Management of e
Chemicals in Consumer Products ‘ OH
Jong-Hyeon Lee,+ Yong-Hwa ij,‘lF and Jung-Hwan Kwon®#

"Institute of Environmental Safety and Protection, NeoEnBiz Co., #A-1306, Bucheon Daewoo Technopark, Dodangdong, Wonmigu,
Bucheon 420-806, Republic of Korea

*Korea Institute of Toxicology, 19 Sinseongro (P.O. Box 123), Yuseong, Daejeon 305-343, Republic of Korea

§Depa:tment of Environmental Engineering, Ajou University, Woncheondong, Yeongtonggu, Suwon 443-742, Republic of Korea

Table 1. Screening-Level Risk Assessment for Humidifier Disinfectants Added to Humidifier Water i

Active ingredient PHMG CMIT/MIT PGH
Chemical structure H H RN R
"\[/\/NTNM\%:X(HJ’OA) N /F H)j HZN\/\O/\\/O\/’\NHZ
" 0 © I
RN NH,
fi
Subchronic inhalation NOEC* - 034 gL’
Subacute inhalation NOEC" 0.024 pg L - 0.024 pg L'
Reference concentration” 0.00004 ug L 0.0017 pg L™ 0.00004 pg L
Content of active ingredient in product 0.125% 0.019% 0.5%
Emission rate 25mgd’ 38mgd! 100 mg d”
Steady-state concentration in a bedroom’ 0.10pgL” 0.016 pg L 042pg L’
Risk quotient 2,500 9.41 10,500

" Abbreviations: PHMG = polyhexamethyleneguanidine (CAS RN 89697-78-9), CMIT = S-chloro-2-methylisothiazol-3(2H)-one (CAS RN 26172-
§5-4), MIT = 2-methylisothiazol-3(2H)-one (CAS RN 2682-20-4), PGH = oligo(2-(2-ethoxy)ethoxyethyl guanidinium chloride (CAS RN 374572-
91-5). *Value taken from ref 5. "Value taken from polyhexamethylene biguanide hydrochlon'dt33 (CAS RN 32289-58-0) because of structural
analogy. Reference concentration calculated using an assessment factor of 600 for PHMG and PHG and 200 for CMIT/MIT. dISIeady-state
concentration calculated assuming an air change rate of 0.2 h™! and bedroom volume of 50 m’.
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A =0l R ('Precautionary Principle’)2|
o A
:

1980 IUCN World Conservation Strategy
1982 World Charter for Nature (adopted by UN General Assembly)

The 1992 UN Framework Convention on Climate Change

IPPC Directive, the Best Available Techniques (BAT) when issuing pe
rmits to an installation.

The Water Framework Directive (WFD) (notably where the identifica
tion of priority hazardous substances is concerned), decisions regar
ding phthalates

BPR Article 1a: “... ensuring a high level of protection of both hum
an and animal health and the environment. The provisions of this
Regulation are underpinned by the precautionary principle, the ai
m of which is to safeguard the health of humans, animals and the
environment.”
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USEPAC| Safer Choice Label: CHA| S & T 77| &

Changes to the Standard to Implement the Safer Choice Label
2/10/15

Implementation of a New Label for the DfE Safer Product Labeling Program and Supporting
Modifications to the DfE Standard for Safer Products, now to be known as the “Safer Choice
Standard,” including the Designation of a Fragrance-Free Label

Alternatives to Certain Phthalates For consumer products (primary mark):

)

[}

7
SAFER

BPA in Thermal Paper

Meets U.S. EPA
Flame Retardant Alternatives to e -
epa.gov/saferchoice

DecaBDE

For institutional and industrial products:

Flame Retardant Alternatives to HBCD

Flame Retardants in Flexible

Polyurethane Foam

For fragrance-free products:
Flame Retardants in Printed Circuit

Boards

Qg Nonylphenol Ethoxylates

epa.gov/saferchoice

https://www.epa.gov/saferchoice/design-environment-alternatives-assessments
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- WHAECIN 2R EES2 QRE2 EHHFRE 5 AHANSFAIM &3 (~60%)

- A4 HF A AHANSE TE 152 {18 DB(CPcat-DB)2t =(SHEDS-HT) HE

Uncertainty/Variability of NHANES Biomonitoring
R R R R R R G R S e e R S e e R e e L R O e e R S R R T

IR LAk

=

|

~10% Far field ~60% Indoor /
(Industrial) Releases Consumer Use
é——’/—, \“ﬁ

Indirect Exposure

9
Ys |h5 as=Kyys
ceiling T ---------

Direct Exposure

| S‘—Wiimmmms * Consolidated Human
Boom Pamﬂ'{;ﬂ. Activities Database (CHAD)
i R ! el » ACToR UseDB, CPCPdb, and
Uit s \‘@ | oy [P CPcatDB
Sorption onio particles . _
TB%—- | T T - SHEDS-HT
VinylFlooring e
Cy
Emission

Image from Little et al. (2012), see also Nazaroff et al. (2012),
Bennett et al. (2012), Wenger and Jolliet (2012




AtMICH ?/oi-dE7tS 2l¢

- SHEDs-HT(High-Throughput)
ol oi2k KI-E gII-E

« AHA RIF CI3WE, B& AUNEE S5 I YT

- AURAFOK F LEFT %F, AHA KE, SA2 oSt =595 B WY
5
Consumer Product RiEas Consumer
Category. Pr;)duct Use
atterns

Chemical Merge by
Properties ) Chemical Composition

Chemical-specific list
Structured “Scenarios File”

of all parameterized

exposure scenarios/
Updated as more information

routes
J becomes available

Chemical Concentrations
in Food and Drinking
Water

e
! 25 Exposure Census Data
SHEDS—HT Concentration Modules Human Activities
Probabilistic Midate Exposure Factors
Exposu re Indirect Dietary
Exposure Exposure
Module Food and
Water Intake

Model ol
_ - - Data

g Distributions of predicted
v exposures and intake doses for
( chemicals by pathway, scenario,
route, cohort, or consumer
product category




AHMNE & 952

Apparel

Auto and Tires

Baby

Beauty

Craft and Party Supply
Electronics

Grocery

Health

Home

Home Improvement
Patio and Garden
Pets

Sports and Outdoors
Toys

AHMICH o8 87t=

2|8t DB(CPcat-DB)

Chemicals

v

E.ypetmelnh

TopoNur

l 1.2-Dichlorobenzene
1 .3-Dichlorobenzene

DeRamethrin

] E‘h‘gm??ﬁs
- NN-
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"Eﬂﬂ'n he: cetic acid

4 rophenaxyacetic a

Carbaryl K ¥

= Tetrachlorvinphos
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| | | tyrene
| | | | | | richioroethylene

utyl benzyl phthalate

Inorganic Mercury

A um
Dichioromethane
3mre thalate
Recimithrin

Triclosan

Dimethyl phthalate
Dabutyl phthalate
Haphthalene
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Goldsmith et al., 2014

Consumer Products



Next Generation RA S| THist 2MAZHYNEE M2

Next Generation Risk Assessment:

|8t Tiered Approach

-0

Incorporation of Recent Advances in Molecular, Computational, and Systems Biology

TIER 1

10,000s of chemicals

TIER 2

1,000s of chemicals

TIER 3

100s of chemicals

High Throughput
Assays —

High Content/Med
Throughput Assays —

High Content, Med/Low
Throughput Studies -

Adds Most Realistic
Scenarios

Focused on Molecular
Mechanisms of Action

Adds Tissue/Organism
Level Integration

* Molecular Epidemiology &
Clinical Studies

« In vitro only bioassay
batteries (~73-500 assays)

- Network/disease pattern

« Short-term in vivo exposures
with in vitro assays

- Mammalian species - Molecular Biology +

recognition — Alternative species Traditional Animal Bioassay
- Metabolism or — Primary tissue culture » Environmental exposures
surrogates — In silico virtual tissues -
_ QSAR Upstream & phenotypic

= Bioinformatic Data outcomes

— Anchored to in vivo data Integration

o : » Knowledge Integration
+» Bioinformatic Data

Integration

Increasing Weight of Evidence -
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Alternative Assessment Approach

- Lowel Center for sustainable production
- USEPA Safer Choice Label

- NAS, A Framework to Guide Selection of
Chemical Alternatives



Alternatives Assessmen

Version 1.0 | July 2006

Framework

Figure 1 Alternatives Fra

ork: Detailed Summary

Goals and Guiding Principles Decisionmaking Rules
of the Lowell Center for Sustainable Production Méasurabie Objoctives For example: Forexample: |
For example: = Prevention +  Prefer solutions that
1 + Achieve non-toxic = Precaution eliminate the function of
environment by 2020 = Substitution problematic chemcials
Figure 2 Nested Relationship Among Chemicals, Alternatives +  Use materials that can be - Life cycle perspective - Prefer methods that
Materials, and Products closed loop recycled or present disaggregated
Assessment composted into healthy data
Foundation nutrients
+  Userenewable feed-
Products | stocks and energy
Materials l l
Comparative Assessment Design Assessment
of existing chemicals materials, for new chemicals, materials,
or products or products
IR EEEEEEREEEET = IdentifyTarget(s) Deﬁne_Desired o< »
. for action Attributes .
2 N including environmental .
: and human health :
Alternatives . l attributes, and social .
. justice concerns .
Assessment : Characterize End Uses .
Processes . and Functions l .
L L]
: l Identify Alternatives :
- L ]
. Identify Alternatives .
Revm_w to targeted end uses Revi
Selection and function ewe.w
continuous Selection
improvement l continuous
. improvement
. .
° Evaluate and Compare Alternatives :
3 : e.g. chemicals, materials, or products .
L] L ]
atio Human .
Evalu il : Health and Social Economic Technical .
Modules . the Justice Feasibility  Performance .
. Environment .
. L]
Sl | l o
. L ]
. L]
L [ ]
L] L ]
. [ ]
. Select .
D P and Implement |

Preferred
Alternative(s)




r United States
7 Environmental Protection
\’ Agency

Furniture Flame Retardancy Partnership:

Environmental Profiles of Chemical Flame-Retardant
Alternatives for Low-Density Polyurethane Foam

Chemical
Manufacturing

—— Material Stream
e Recycle Stream

------- » Chemical Stream

bl
E
| ; v
) Foam W i Off-Spec and Scrap Foam Carpet Cushion
Industnal. Manufacturing : " Manufacturing
Manufacturing == ‘:
and Use H 1 :
< E_ ______________________________________________ [ _._Occupational
] Exposure
Fumiture !
. [}
Manufacturing J._ i Scrap Foam
e e ] Anfuidatded bbb b L b Ll Ll b L DL L bl bbbl rrrsssrssslers smw k]
1 [ 1 '
A 4 H h 4 H h i H ¥ 1 tﬂ* ﬁ d
. olatilization an
Consumer Use Re51df:nt1al ‘ Mattresses Carpet Cushion Deposition onto
Furniture .
Dust in Homes
| | (Consumer
Exposure)
et e e l ................................. ;’.._.._.._‘._..1._.._.._.._.._.._.._.._.._,._..1 ....... s -
Post Consumer Use . . .
(Product End-of-Life) L Landfill ’ L Incineration ’ Recycling
L v . v . ./ :
Migration to Surfacewater and Groundwater Combustion Byproduct Formation and Release Additional Occupational
(Environmental and General Population Exposure) (Environmental and General Population Exposure) Exposures

Figure 3-1

Simplified Life Cycle for a Flame-Retardant Chemical



n United States
- Environmental Protection
\Y4 Agency

Furniture Flame Retardancy Partnership:

Environmental Profiles of Chemical Flame-Retardant
Alternatives for Low-Density Polyurethane Foam

Table 4-1 Screening Level Toxicology and Exposure Summary

L = Low hazard concern N =No *Ongoing studies may result in a change in this endpoint
M' = Moderate hazard concern Y =Yes “Persistent degradation products expected2
H = High hazard concern P = Yes for pure chemical
L M',orH = Endpoint assigned using estimated values and professional judgment (Structure Activity Relationships)
Human Health Effects Ecotoxicity | Environmental Potential Routes of Exposure
e c General
2 PG ™ 2 Worker Population
= gl N| 2 IE |5 2 © L]
2 8 %| 8 E ] S o E c c
E = 2/3/58/%¢ % o | 5| § |8 5| § § | o
o s el 8Blo|lglElS8 = = 7] Tl e |l s]| ¥ ® | & | & | Reactive
- 1] Sls|8|lgle| & 5 p %] n w | | v | &
£ gl el al8|5 % g 3 =4 g P B E o | = E g |3 or
Company Chemical = |83|8812a8| 8 5| & | & £/ 8|2 £ |82 Aauitve
Albemarle |ANTIBLAZE 180 and
ANTIBLAZE 195
Tris(1,3-dichloro-2-propyl)Phosphate Additive
CAS # 13674-87-8 %5% M|LIM|IM|LIM(M| M M M L N|Y |Y N Y |Y|Y
Albemarle |ANTIBLAZE 182 and
ANTIBLAZE 205
Proprietary A Chloroalkyl phosphate (1) MILIM(IMILIMM| M M M L N|Y |Y N Y | Y | Y| Additve
Proprietary B Aryl phosphate L|L |M*M*MM*L|H H L M N|Y|Y/| N Y | N | N | Additive
Triphenyl Phosphate Additive
CAS # 115-86-6 L|LI{L|L|L|M H| H L L Y| Y Y Y | Y |Y
Albemarle |ANTIBLAZE V500
Proprietary C Chloroalkyl phosphate (2) MIMIMIMILIMILI M M M L N Y Y N Y Y | Y | Additive
Proprietary B Aryl phosphate L | L |[M*M* M* H H L M N Y N Y N Additive
Triphenyl Phosphate Additive
CAS # 115-86-6 LiLjLjL|LMmLiH 7| L LYY ypy yjpyjpy
Albemarle [SAYTEX RX-8500
Proprietary D Reactive brominated A Reactive
flame retardant L|M|L|L|M\M|L M L L N|Y |Y]| N N | Y |Y
Proprietary B Aryl phosphate L|L | M*M=|MIM* L H H L M N Y Y N Y N | N | Additive
Triphenyl Phosphate Additive
CAS # 115-86-6 LiLjLjLiLMmLiH 7| L LYY |y y yjpyjpy




TABLE 2-1 Comparison of Selected Artributes Found in Selected Frameworks

Includes
Comparison
Exposure at Other Life- of Materials
the Use Cost & Cycle Social and/or
Framework Phase Availability  Impacts Impacts Processes
BizNGO As needed Yes As needed ::tione q Yes
(Rossi et al. 2012)
CA SCP Yes Yes Yes Yes Yes
(CA DTSC 2013a)
DfE As needed As needed As needed As needed ;adneze
(EPA 2014c)
German Guide Yes Yes Yes Yes No
(Reihlen et al. 201 1)
IC2 Yes Yes As needed As needed As needed
(1C2 2013)
Lowell Center :::tic-ne d Yes E:;tione d Yes Yes
(Rossi et al. 2006)
UMNEP Yes Yes As needed Yes As needed
(UNEP 2009)
Yes (but in
REACH the Socio-
(EC 2011) Yes Yes As needed Economic Yes
Analysis)

TURI Yes Yes Yes Yes Yes
(TURI 2006a)
UCLA MCDA Yes Yes Yes Not Can be
(Malloy et al. 2011) mentioned2  added

2 MCDA tools should be able to accommodate this impact, even if not mentioned in the UCLA application of them.

SOURCE: Adapted from OECD, 201 3a.
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