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Recommendation of Occupational Exposure Limit through occupational

hazard assessment of PHMG-Phosphate

Hye Lim Lee' - Sang Hoon Byeon' - Kwon Seob Lee?

'Department of Environmental Health, College of Health Science, Korea University
’Occupational Safety & Health Research Institute, Korea Occupational Safety & Health Agency

ABSTRACT

Objective: This study was performed to propose a domestic occupational exposure limit(OEL) following a health hazard
assessment, calculation of a non-carcinogenicity reference concentration worker(RfCyqner) value, and examination of international
agencies' exposure limits. It also recommends legal management within the Occupational Safety and Health Act for PHMG-
Phosphate(CAS No. 89697-78-9), It is a humidifier disinfectant that generated many lung injuries.
Methods: We have investigated the recommendation or guidelines of foreign OEL for PHMG-Phosphate and the actual state of
legal management in Korea. To examine the procedures and methods for recommendation OEL. Toxicological hazard and health
hazard classifications were examined and a non-carcinogenicity RfCyomer value was calculated for PHMG-Phosphate. An OEL
and the necessity of legal management were recommended as well.
Results and Conclusions: The OEL for PHMG-Phosphate is recommended to be 0.01 mg/m’. The recommended OEL is close to
10 times the RfCworker value of 0.000833 mg/m’ calculated from the chemical dose-response hazard assessment, which is a
2017 study. The CMIT/MIT(3:1) mixture, which was a social issue as a humidifier disinfectant substance, was also exposed to
the same ratio in March 2018, establish the OEL.

It is recommended to establish OEL for PHMG-Phosphate to prevent worker health hazards and for chemical safety
management.

AFRIEZ] (biocide) Q] 7157 AA|(humidifier sterilizer)
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SUollA 7157] detAl YEEEE Eol ANE A
AEFZL 5-F72 2-2-H|E4-0] A E|o}ZT-3-2(5-Chloro-
2-methyl-3(2H)-isothiazolone mixture with 2-methyl-3(2H)-
isothiazolone, CMIT/MIT mixture, 55965-84-9), & 2|3l
A & gl oty ©l-Q14F (Polyhexamethyleneguanidine
phosphate, PHMG-Phosphate, 89697-78-9), 2|3 A}]
g Jtoly d-9 A (Polyhexamethyleneguanidine
hydrochloride, PHMG-Chloride, 57028-96-3), &3}o] &
AlofEl Jrotw(2,2'[1,2-Ethanediylbis(oxy) Jbisethanamine
polymer with guanidine monohydrochloride, PGH, 374572-
91-5), &3}c] g AldH e ol x E(Didecyldimethylammonium
chloride, DDAC, 7173-51-5) o]t} o5 ARYERL
Tz 7HIE FtA|l 59 Sz AREE IetEEol
|E=E HHRo] 7157 At dEEEE AHEE A
ojm, F& 7I57] AtAl ¥EEHLS PHMG, PGH,
CMIT/MIT(3:1) mixture 5©]THMoE, 2017). ©]3of A
7P B2 EAATE gol ARgRE AetAl A& Al
Z9o AR IASHH PHMG(158%, 15.8%), PGH
(249, 2.4%), CMIT/MIT mixture(6%4, 0.6%)0]%]oH,
PHMG-Phosphate+= 1227 (12.2%)E Z}A|s}L A3t
(Lim et al., 2017).

Wl A= 7h57] AwtAl Tsfiabaret Histo] A
O] A2 E st setEd HegA e 2
A R 5= AAstr] Asll Ads] =2]of A= 2016
W 7HRE 108714 T7H57] ARtAl 5824 S S
3,5 FASke] 29319t PHMG, PGH, CMIT/MIT
(3:1) mixture 2] 7}57] AAL} 2 AYEHS
2wk AlEo] A7belE At szt ek o QL
of A= - Aol BAGlo] W7t Fasieh S
= 20129 993} 2013 8¢ o5 7h57] AetAl Y=
=435S TRolEstEAw LY fsER st
a0, A2e) 7k57] AstAl HalizE AEEA] s o)
O] & WA A B 9 55 oF3}, f{afetet
=2 FFAE gt Ala o3}t 5 ALY slehA|E
2 s2del 52 9 W7k 5
of ;3 ME,& AFC13.5Y F32,15.14H A3
THMOoE, 2018).
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Al Eolp Faojme] Agow AT @ 7| Es)e
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H, 2018 3Y 18 -FH A A2016-415(SFSHER]
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@B:Dof] 3t =2=7]F(Occupational Exposure Limits,
OELs)Z 0.1 mgm'e.2 =7} 443} tHMoEL, 2018b).
A 7hE7] AtAl dREE SolA 7R Eol
A& PHMG, PGH 59 A=A o] it =5
of W AZfage] 8L B7Hdose-response
assessment) Z¥E Htgst =&7|% =71 XA =9
229 fFolld FEo Al B FEHAQ AAGHE
A" W #AA AN 5o =271 asi,

uepA 2 Aol Ae 2R WollA AR E= A
A=A 7157 Al deEdl g e 2=3
o 1A e 91 =271 A Heky &
AAAIE 913l PHMG-Phosphate®] =&7]&2 A%k
3312} 31 th. PHMG-Phosphateo]] gt =&7|& A
gol A= HA= Lee et al.(2018)0] AA[% 3Fot=4
37189 AdS HE A3l wet A%eld B
71, Wl E A o] gt 291 2T Reference
concentration worker, RfCyoner) AF% & FTAHOE
Atk T3 AbElA olfate Ths
A2 A e AR AN U w
o avge wastec

1. CHA} %

1. PHMG-PhosphateOf] Cigt = &£7|& A& U | 2
2| AEfZ=AL

PHMG-Phosphateo]] gt 1&L-FHo 3I}stE2
=Z7]&(MoEL, 2018b), 1]=+ A 94 & 3] (American
Industrial Hygiene Association, ATHA)S] ZAEH7 ==
7]1¥(Workplace Environmental Exposure Levels, WEELSs)
(ATHA, 2011), v]=+ AF AP A 714 9] 3] (American
Conference of Governmental Industrial Hygienist, ACGIH)
(ACGIH, 2018)2] Threshold Limit Values for Chemical
Agents(TLVs), dE A ¢AYsts](Japan Society for
Occupational Health, JSOH)2] =<7]&(Recommendation
of Occupational Exposure Limits, ROELs)(JSOH, 2017),
E9d A1 A H(German Research Foundation, DFG)2]
Maximum Concentrations at the Workplace(MAXs)(DFG,
2018) 5] wE(318)71% HHAFS AR

E3F PHMG-Phosphateo]] 3t 118&%%XH AMQI¢H
AR A A(MEL, 2018a), TAN sjtEao 55
W Bo Sol B WE, FEMoE, 2018), UL
FAwEAO] wBASIMMIMHLW, 2018), )5

Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(1): 13-20



PHMG-Phosphate2| XA RojldEHIIE St =&7|& At 3+ 15

$lslE 254 2] H(The Toxic Substances Control Act,
TSCA)(US EPA, 2018) 5ol 2|3t W4 sfA1¢e] A
£ zAshach

M

2. PHMG-Phosphate2| SAMEAN Q&AM L 242UR

M 22N HE

PHMG-Phosphate 2] EAJ8H4 FaflAl2 34 H =5
2173 115+ (National Institute of Environmental Research,
NIER)o| A NCIS 3}et=AAHHAAHS B35 A23}
11 )= PHMG-Phosphateo] tfjdt $=E52 A} =
AW BEAR QF(SEER HE ¢ 2012-1-643)
o P& TSR ZAFSHGITHNIER, 2018). =
AM8-2 7 +(oral), 7 T(skin), S Y(inhalation)of] T
HE FAEA(acute toxicity), A|FEZS A|FEE

Folotals W AlFsEol w3t 5454 % UEhy
A g Ao 7Y Al 8 = s F
J3F-28-2F(No Observed Adverse Effect Level,

NOAEL) 5-o]it}

UN GHS 7]%(UN, 2017)°] 94?‘* obet=d sl -
A BRAEe A% Hee GHS serzd 43
49184 ERAR AT 1Tl F KOSHAS)
MSDS 3224 H(KOSHA, 2018)9}t =g vtst
A NCIS 3sH=2 A 1 A AE(NIER, 2018) ¥ 8- 3}
=2 % (European Chemicals Agency, ECHA)(ECHA,
2018)0)| 4] A &3t 9l PHMG-Phosphate®] 717}
4 ERARE FHo HEster

3. PHMG-Phosphate2| H|2QtM S & RfC, etk AE

KOSHA MSDS 3}3H22 4 5 (KOSHA, 2018), 3
A TlsHY NCIS 3}eHE2 A4 2 A AE(NIER, 2018)2]
GHS A7} 6HH =] Ex%g% H}E} O 2 dFolAg o] 9=
slelE22 W7l PHMG-Phosphate®] 79 w2kt
2209 FAedol e §uhE B} wom A
Astsich B4B7 Ao APOD), #2H4 A
4 AA, RiCyonerd] A W 58 Lee et al.(2018)
o AT WS £

4. PHMG-Phosphate2| & 11

QLI HA|

DAL =E7|E
AFAPAE A Alg+2] |81

FEIIEH Y 2

]}

Z2]2(MoEL, 2018a)
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AA 59] AxS A3 PHMG-Phosphate2] Hil =
71E= AAEAT

)y e oA A
7h57] AtAlel ok #H &4 1HAAd | Ak
o7 t}49] oy dl7} WY (Lim et al., 2017; MoE
2017)%t ¢-3)5}3H=2 PHMG-Phosphateo] tat ’&?Q
FRARAH ] o7t e BaES AL, 1
A S == Hirskirh
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1. PHMG-PhosphateOi| C{St = &7|& M & & 2
2| AlEjZ=AL Z ot

PHMG-Phosphateo]] T3t =&7]3& A4 2 ¥ 2
Ae| A A= Table 13 ).

TELEH ATHA(AIHA, 2011), ACGIH(ACGIH,
2018), JSOH(JSOH, 2017), DFG(DFG, 2018) 59| 1
£ 7)o Al #A7HA] PHMG-Phosphateo]] o3t =2
(3871 AAgstkal A skt

PHMG-Phosphate2] =] - &]2]¢l ¥ ] Az
AL A =l 2R SFERI(MoE, 2018)] 9] A
20128 KB =52 (Toxic substance)® 2|4 3}o]
g3l = AHHE AQala, 1gLEFH AFbH
HAHH(MoEL, 2018a), Y& A=A 0] wobA
AAYHIMHLW, 2018), ©]=+ TSCA(US EPA, 2018)
SolAe AAZA WA A E AASL A
ookt

2. PHMG-Phosphate2| SM&A QM AU HZLUR
3H)c&->| =] E?dj_ll. 7-I§

2Hg 7 NIERS] NCIS 3}eE a4 HA| AR S
AFSE Qe fEEY 43 B4 % BelgE 8
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Table 1. The Results of the survey on the establishment of Occupational exposure limits and the actual state of legal management
for PHMG-Phosphate

Items of chemical managements
MoEL OEL’
ATHA WEELs'
ACGIH TLVs'
JSOH ROELs*
DFG MAXs'
KMoEL OSHA"
KMoE AREC™
JMHLW OSHA™
US EPA TSCA'*
* MoEL OEL : Ministry of Employment and Labor in Korea(KMoEL) Exposure limits for chemical substances and physical

agents(MoEL Public Notice No. 2018-24). 2018b.

" AIHA WEELs : American Industrial Hygiene Association(AIHA) Workplace Environmental Exposure Levels(WEELs) values.
2011.

* ACGIH TLVs : Aerican Conference of Governmental Industrial Hygienist(ACGIH) Threshold limit values(TLVs) for
chemical and physical agents, and biological exposure indices. 2018.

$ JSOH ROELs : Japan Society for Occupational Health(JSOH) Recommendation of occupational exposure limits. 2017.

"' DFG MAXs : German Research Foundation(DFG). MAK collection for occupational health and safety. 2018

T KMoEL OSHA : Ministry of Employment and Labor(MoEL) Enforcement rule of the occupational safety and health
act(OSHA). 2018.

" KMoE AREC : Environmental Protection Agency in KoreaKEPA) The act on registration, evaluation, etc. of chemicals
(AREC). 2018.

“* Ministry of Health, Labour and Welfare in Japan(JMHLW) Occupational safety & health act(OSHA). 2018.

¥ United States Environmental Protection Agency(US EPA) The toxic substances control act(TSCA). 2018.

Enactment and regulatory contents
Not established
Not established
Not established
Not established
Not established
Unregulated

Recommendation of
Occupational Exposure Limits

) Toxic substance
Legal regulations

Unregulated
Unregulated

Table 2. Results of toxicological hazard assessment for PHMG-Phosphate in NIER(summary of toxic material properties and
toxicity and management information)

Items of toxicity test
Oral lethal dose(LDsg)
Skin lethal dose(LDsp)
Inhalation(LCsg)

Skin irritation and sensitisation

Results of health hazard assessment

610 mg/kgbw for rats
> 2,000 mg/kgbw for rats
0.094~0.155 mg/ ¢ in rats exposed for 4 hours

No skin irritation or sensitisation, Rabbits

Acute toxicity

Eye irritation Severe eye irritation, Rabbits

Mutagenicity and cell transformation Not genotoxic in vivo

No observed adverse effect level
(NOAEL)

The NOAEL was 0.15 ug/ ¢ or less
(Lung, Nasal cavity, Larynx, Bronchus)

K OFA(NIER, 2018)2] PHMG-Phosphateo] tjjst =4
*B‘L;H 7—]7P _IQ'_—SHHQ ﬁ*é%/\é 781:'7_ LDsp& 610 mg/
kgbw/rats, G454 73 LDs> 2000 mg/kgbw/rats
o], FAAEA & LCs 4A417F B2F =& ¥ Rats
oA 0.094~0.155 mg ¥ 2.2 H7}=] ¢l Rabbitso] A

T8 ZFo|ut Il ERIER] ke, A3t =
A=FAo] Q= Ao Z FQE¢itt. PHMG-Phosphate
9] Mouse 43 (micronucleus), Ames 52 A4A| j(In

www.kiha.kr

vivo) 454 (genotoxic)> 244 L

2]11 RatsZ ©o]83F 28Y 59=A A@ZAT} H),
35, 7184 5 35714 9 ‘o of ot ¥z 2
7} NOAELE 0.15 pug/ ¢ o|5t=2 A|Alshach

UN GHS 7]Z(UN, 2017)°] oJ3t shah2a g4
- 9P BRARE AF 718el KOSHAS] MSDS 3}
SHEA1 4 W(KOSHA, 2018), =334 115 NCIS 3}
227 W A] AE)(NIER, 2018). ECHA(ECHA, 2018)
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Table 3. The comparison of classification results of the GHS health hazard for PHMG-Phosphate

Substance name

Result of GHS chemical classification

(CAS No.) KOSHA"

NIER' -NCIS EU ECHA'

Acute toxicity(Oral) : 4

Polyhexamethyleneguanidine Acute toxicity

phosphate(PHMG phosphate)

(89697-78-9) eye irritation : 1

STOT¥(Repeated exposure) : 1

(Inhalation, Dust & Mist): 2
Serious eye damage/

Acute toxicity(Oral) : 4
Acute toxicity
(Inhalation, Dust & Mist): 2
Serious eye damage/
eye irritation : 1
STOT(Repeated exposure) : 1 !

It does not provide
classified information
of the GHS health
hazard for

I PHMG-Phosphate

" KOSHA : Korea Occupational Safety and Health Agency.
" NIER : National Institute of Environmental Research.

¥ ECHA : European Chemicals Agency.

¥ STOT : Specific target organ toxicity.

! Specific target organ : Lung, Nasal cavity, Larynx, Bronchus.

Oﬂ H A&t
FAE
OSHA

% PHMG-Phosphate 2] ZA7}-7-314
St A3} Table 33} Ztt
ROM A&} 9= PHMG-Phosphate

;O

jg et
wqozmti

GHS AZ5314 57 32 FHATEH, 24T
PEAEA D nlAE), A3 = £ A3, 5
REART) B4 WE=d 5 47 FBolglon], &
RAT}E BE 2L £E0R BRE 43T 99
T 53] ol YTl Al EAEAAY] B
2)ol A o, W7, FF 18K S 25714 Aok
= 3lE U ECHA9=

[e)
SHEAE EFsta %t E
PHMG-Phosphate©]| st GHS A7l EFRARE
HAAY7HA] Agstal QA LQITHECHA, 2018).

3:

3. PHMG-Phosphate2| H| 2t M E & RfC,onadt A

S GHS 27r8ely BRYRE vgom )
JAHER 2 E2% PHMG-Phosphate 2] RfCyomerdk
22 93t NOAEL 39| POD:= 7 NIER9 &%
4 A4 54 9 B E QoFA(NIER, 2018)9]
RatsE 0|3t 28Y EZU=EA AlFZ79 0.15 mym’
o3l ArE 0]&35t¥tt. PHMG-Phosphate2] H]2HQF
d=4 RfCyonardh AFE9] A= Table 49} 2t}
gukg Wolel U wRw By Bl A
£ A4 PHMG-Phosphate®] H|U¢FAJ-E2 RICyoer
2 0.000833 mg/m' o2 AtEE Qch

(o]
rz = 1

X o ox

+

B L

FEIEHHY

B

4. PHMG-Phosphate2| & 11 2| g
LLIE Al
AT =572

Table 4¢f 93t PHMG-Phosphate ] -&7F-1+-2- H7}
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o] AeFx HAT BIAAH HAO AE AR A
v ER RfChokerdt 0.000833 mg/m'o] i Th.
Byeon et al.2017)& U =&7|&F AA A A&EdH
RfCyonerdt®] oF 108]0] G == 3t =W =7+
or AAY AL @IS oH, LEEFHRAN=
ol & "ty sle] & L-EH ] A2018-245 (3=
9 E2ARIAHe] =719 el vEESFSIEHMOEL,
2018b).

H o3Lo| A= PHMG-Phosphateo] that 237
L2750 2 AEE RfCuomedt 0.000833 mg/m'e] oF
108 o] sigst= 0.008 mg/m'e] EARX| QI
= g

0.01 mg/m'

2) ¥ B e At
7157] ArA] PHMG-Phosphate= Lim et al.(2017)
o Aol A 43t 494 AT SO oo
Qa7 WA, ) AR 7 gl g
@ SR el o DELEE S
A »-Z7])F0] u] AA % PHMG-Phosphateo] tfjgt =
=71 AlEs] 7 Asta, s sstEde] of
Sty fEHE AEHE 20199 ASAZGA 2
AL AFG O] AL i) SlehEE 2 HEY st
AR A7 ol et 2] o we
A Feled o= W Ae dasith B3 2

E9>
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N2E FE 2 25 HASI ARY ¢ s 4t
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Table 4. The calculation of RfCyker Value for PHMG-Phosphate

Item Step of progress Correction factors Calculation of RfCyorker
POD NOAEL’ i NOAEL = 0.15 ng/m
(Point of deparute) (inhalation) (Rat, inhalation, 6hr, Sday, 4week)

exposure time / 0.5
. + .
Step 1: Adjustment 8 hrs x day of week exposure / 6/8%5/5 %083 /125
Quantitative 5 days x 0.83 / 1.25
correction Equivalent* 1 1
Total correction - 0.5
UF1 3
(Interspecies uncer.)
UF2 5
(Intraspecies uncer.)
>4 week : 6
Step 2: b t.UF3 >13 week : 2 6
Uncerta.mty (Duration uncer.) ~6 month - 1
correction
UF4 NOAEL : 1 |
(Severity uncer.) LOAEL : 10
MF ) |
(Modifying factor)
Total uncertainty - 90
Total uncertainty(UFs x MF) / Total correction(Adj *x Equ) 180
Reference value (RfCyorer, mg/m)® 0.15 mg/m' / 180 = 0.00083 mg/m’

"NOAEL : No Observed Adverse Effect Level.

TAdjustment : Dosimetric adjustment factors for gases having high activity and high water solubility.

i Equivalent : Adverse effects exhibits in the extrathoracic region(Eth), tracheobronchial region(TB), or pulmonary region(PU).
$ RfCyorker means reference or safety concentration in workplace.

ARYEAL Fal4 - AP 7RSI Bl £ =&Vl BdFoR ZAsE S FAlskeE W Y]
8-S Bk w2k WA 24 5. S AFUE ZOR ASEYIE drkLee et al, 2018)

ZAL ARA A8 9 7144 B 97 52 Z & FyQlF oz sletEdo| gt E7|E AA

gr1Ho AAstel W TelBUR BYY 4S ¥ 9 442 913 NOAEL, LOAEL 59| S4sh% 717

I3}, FelA B A0S o] 83 SkS B HeF RECyoner

W= AbEste] O A3 di =E27|E0 2 AAEHY

v.o & L o7} wol AW 1 QItHLim et al,, 2012; Lee et

al., 2015; Lee et al., 2018). o] &3t G334 H7l= &

L2782 2EAL FoliddAte g A 1 3t B o2 HAEojopstal, FYUsE 7|59 AREH
o|gl A= AL BHE IERAA AFY U BA EH ol et B Xt Hasicta o
gEFS u|xA ofldt= 71ES  WITHACGIH, I tH(Lee et al., 2018). Lee et al.(2018)2 | =37

=
2017; MoEL, 2018b). <24} A} HTE HAHo=2 A = ARE AAE O gy getEd A 2 =&27]|F
e 27|82 A W 371 & FeEd v A oy HAE @ =43t A4 Bk E
SHAAEHN B A A A= AT GHS ARl EFdnte 3l @ wetd 9
2] 7|0 th(Lee et al., 2015; Lee et al., 2018). -2 A EZL Y et RiCyonerdh A @ +2]7|T =E(3]
Ughes AR E Ao 887]% o3t FAIUA By71E HE © A1 =27])F AA © AFAAIY] ALE]
Edo] =R A Eo] Qlo] o]= B} FAHo g & 2 - BAA 712 9 dAe] FEHA - 7|eH 8o B
dEHEE FAISHE FAS 7|50 ATHMOEL, 2018a), I HE 59 6HAR AJSIALE &7 E2] 27t
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bl A}E}. 7}7:,— 1 g—&xﬂ YEEAS PHMG, PGH,
CMIT/MIT(3:1) mixture S©]tHMoE, 2017). o]0 A]
7 w2 EARE AR AAEA= PHMG-
Phosphate©]th(Lim et al., 2017). PHMG-Phosphateh
AA =W 75| s H(MoE, 2018)° 2A
=4 A - w9 AHEE AlYstal, 1LgkeER *}
Aot R AHH(MoEL, 2018a), Y& SAL-=EA9]
ZobH O H(IMHLW, 2018), 1= TSCA(US EPA,
2018) SolAL WA FABL7 o 2ol A3 QA
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Sol4 - SR 2AE ANEA RS olf Fom
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BREE 20 S0l4 We)w 5% 287)e] Ae
2\ = ofe}l Z A A}A|(isothiazolinones) 2 -
Ho] 7}53ltHLim et al, 2017). PHMGY: Eof ojjth
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