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HAor ‘mR BAY/ASA O sEett. AAe dehkEde] uR
AE A dojd 4= Y= WY ¥hgo g ‘mi mulA o st} o]t
AEAEL] FEES AHA 7 FFA AFA 2 NS Qo=
ME 2= I A% FFe] FRASHA T 7Hesit

O W% k2 Fd §34 7%l /1EX 44 oy U why 24

& Zo) o3t TS f-Eloto] AFEA JHoA okaL = HHEAHQ
ZA & g speFEA ] gt ‘Skin” FEA]OITh FUoAE o] |
st} FAgAQl 71E =T AAstar ok eHE sfYjoA= “Skin’
A gt FAFQ 71EE SEeurta glen, o] Qo= mE
L2 #AEE my Ao oigt 27] B3 HE 2 Algota o
= U= ACGIH TLV A% E4o| st i A=A
ol BERete 4B vug A3, oR 9 7] AR GHS
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Aol o] SR el e £ %S §Y, WEES B4 olwolxn,
245 o) gke HAS Bo W% itk AEA oz SR
Solel et ez FY AR FHCE B¥A gk §Y =&
A9, ARA AAVASA FL A YA BUS B oF
SES AT 5 9o, o AR T Il B NEgoR
w2715 BEAAY A% Vel FRA 5L HER e FY
2ol e SIAE 7K 4 Slck. olo] Wil Aol o) 3R g
A9 A0 FAY =F ARl BHF WHYOR dte] FY
wgo] Hls) AT AEsE WeskA e Holth

S5 w20 ofd AAR(EY B, AAL et APA FA, AL
2 34 w54 $olA Fashd s, 59

Am7F @2 "otk o] &Jof i, APEAl, ARAlER UR, 57
NFAl AT, EEE 9 EAIF, LrlstolE, S43, 24544 o
50] AdA o F dehg dov|= Zom dHA Stk ofFet wE kER
AT AT FTF2 =4 T2 A JFez 8 o o, ARdezs
R A S0t o2 FE0] dojue A4 IF, IF dE5S
ot dofjub= =44 wF F(RS) F2 "o feor F2d
T A ol sperEd e ER-EA o B3 AA RS ARI(GHS; Globally

Harmonized System of Classification and Labelling of Chemicals)
oMol A% Sl ERol tEw FEAWEA, R DAY,
S% g Sow 7EY 4 otk

e AR WR o] doluhs HhAle JHA B, HUAG T, o

)

w



FHIO 7HEA HE, 2FY9 TV 5 #HZ 5o]l9, Schneider et
al.(1999) o|& HiEo g 1E & Hrlof tisle] QFU(=EY), 37,
LHE RS, oEHST) WH, nF 5 6719 FE(compartment) 2 &
o|FZojA Mg wdE A oteltt. 18l T{ =& A Zdof &
TE IR & (e 32 A3, g8 & 14, =& 7|7H Hlx
Soltt.
oje} L IF LE& FFPFOoT A Yriol= IAXOCRE BEIHEH
U o ol o} [SO/TR 14294:2011904 Aukd 1 #HARFS AAlsk
om, EX sIstEA B2 EX Ao daf dEZQl WAoo g s

Aot iFEA 02 AH(interception method), AA(removal method),

AA X ZF5Hin situ visualization method) 59 ZFZAQl IXH =
=2 wdo| 9Jt}. A, bt HHAL HAL thato 2 zHolE Il A7he

3L, AR AA] GO A AEIL 2Pt B, AA P
AE B A B2 KOl WA A 102 sohe i Bso

o A

=] it | {)]E'akxq?_ ‘ﬂ]’”-/] DREAM(Dermal Exposure Assessment
Method)2 #& 4= mE L= A dis) AsslstAqt, EU
REACHOIAS] 1A1ZQ1 H2oz #-gakA] ¢k=th. DERM(Dermal
Exposure Ranking Method), PHED(Pesticide Handlers Exposure
Database) 5= SFIFA QI A 49 fi & H7F ot} Eg
olHth HFFAQ nd2= AYEA 2 o]85= BEAT(Bayesian
Exposure Assessment Tool)2} 29 @2 H7I5k= RISKOFDERM(Risk



e

Assessment of Occupational Dermal Exposure to Chemicals) 5©]
Qlow, £35|] ECETOC TRA(European Centre for Ecotoxicology
and Toxicology Of Chemicals Targeted Risk Assessment)4
ART(Advanced Reach Tool)= 7|9 &¢ =& LY U E0] mH
rE HES FUISHAY &4sto] EE ]l

o|e} Zo] A W ¥ 7 L& Bt foi A ks 99
JEsfol & Waprt @ot SAM R kel dr, 54 ¥ Uy

S °l& B7Fe7] Se ®iRbol dis) A&KFHCoR =97 8 Folu,
THollA= ofdfl thigt A7 Wi FE3Sit) Al S0 2T 244049
o T3 ge was 22 As A A 1 SEAe B
AAZ HEEo] Qi Aol okge] Tl @A) BAFHA
W3 RAL AR BT o] tet e 2A9) w2710
S’ ) o 4% 2l o) Yo Tefska A Gk
olof] 2 AFoHE HgolAle] MH A2E E3 f4 UL wBL o
S BT 4 A A BRED AN SIS 28 B0
94, 17 94 B2 2ASRL, P8 A% AelA 1 84S B
oM Y W oF Y4 WA W B LS BASTA T

2. A41=H
HE wZ AR g A% AT =2 Wb PHE AES
£51o] = FggolAe] MR wE fu4 8o @ B Wt A

st} st












1. A1LE
= OF LZof o3t AY G FE 9 Eal
- GHsoﬂ 0= OE = A3H foiA, B Ae A
= OH 2 Y o 7IHEe] V)EA] A of B 'l HH AL

- dermal DNEL(Derived No Effect Level), Skin notation & H|aL
ZAFoNAY OF & S FH 2A
- & =& 4 Y 4dEEs X
- A4 B YoM kg FVHEA 2 ZE)ol tit IF 48
7Fsd BA
= OR kE Y 2 YA ke ®
- ABA] Z2 A A9 gt 1F =& g7 2 4E

- I SR W i o5 AFA Wb

D "% kg ot AT 73

el
oX,
-
Sh
N,
Jok
r (@]

(1) L% =& &3 12 |

0%

UN(United Nations)?] 3}eH&2 B X o] B3F GHS XA A(Globally
Harmonized System of Classification and Labelling of Chemicals),
ECHA(European Chemicals Agency)?] SISt 55 A] AR QARG

SFEA QA 7ol st Al X &(Guidance on information requirements
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and chemical safety assessment Chapter R.7a Endpoint specific guidance
=) 9 o]& 7|EOo R 3= Y FerEd ERHA] 3 fAH@EsR 9
ZYPIAA T TA)S FAo7 WR =& B AF G4 EFE A
shct.

(2 L & &3 Y &

i

=+ HSE(Health and Safety Executive)®] 244 TH A%t A X Z A
(Medical aspects of occupational skin disease) ¥ &H0]X|(Skin at
work; www.hse.gov.uk/skin), U= NIOSH(National Institute for Occupational
Safety and Health)9] T¥ =& 9 g #A FHo|X|(Skin Exposures
and Effects; www.cdc.gov/niosh/topics/skin) 5 =2 A4 i 23t
w4 VAR, 4% 22, SHoIA ARE SHLE AR

2) W% wg F S AN AEH 44 oy @ Wy 24
(1) Skin notation S

)= AR AIHE7TE SI(ACGIH; American Conference of Governmental
Industrial Hygienists)olA &Ydl= =E7]F(TLVs and BEls) 4 Skin
notation?] 7@ % TF A3}t AL TLV basis, =W k&7, 121 0|}
GHS &F(EU CLP &4 VI9 ZSHEF)E v|wstqict.

(2) Dermal DNEL S

FHAF] A =271& T 7t 9JY3)(SCOEL; Scientific Committee
on Occupational Exposure Limits)?} ECHAS] 9si4d BH7 HUSI(RAC;
ECHA Committee for Risk Assessment)olA] =02 ZAst L E7|F
A4 WHE IE EiA, ECHAS A =&7]E @4 HE BEA F
i #d =57|¢ ¥ /AR #9E U8 SH2E AESIIH

10



3) AGgolAY ME s 24 W 2A}

At (interception method), AlA(removal method), @% A]Z38Kin
situ visualization method) 59 I& = =% ¥ dis] SO 7|&XE 1A
(ISO/TR 14294:2011), WHO IPCS9 X311 X(Environmental Health
Criteria 24: Dermal exposure), I5 =& H7} #d L =8 52 ST

oz 7wt

H W% =2 #4 2l YlAe =3 W5 24

HE w2 24 ud e, 39 W4 O F84 9 AAES Folsh] st
WHO IPCSQ] AR A7ZE 5< vleto 2 A& 7 A] 38 7hs3t &
mdE FESI

5 =4l skl wi ko ot AdA FrhEE Ut AA

ZA LT} o] EATEL vig o7 AR} AL £Hsto] FuY I}t
49 g7 =Fo] o3t ¥ B7F- e PekE AAISIT
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M. d+Z2%

niEs 8 B3 oF 3 Alolo] ALt ZotA L Ao R RH
AAE HEok= 9 st mi= 7|EF 07 Hi(epidermis), 2T|(dermis)
4 35Hsubcutis)®] Al F2&E FAE] UATHIH II-1).

Epidermis {

Dermis { Connective tissue
(collagen, elastin,

Subcutis { ground substance)

Sweat gland “

Hair follicle
Fat

Sensory nerve ending

(23 m-1] m&el 7|12 FEXE(Julander et al., 2018)

AIAEE THE ENFS P 2o 4433 ol 08 THY 4
oIk, B3] 5L HE 10~20me] TR &dhieto] BE oF 108 H=

A =
o Tt odd 2AEL TR S WL o]£1 Yo, TE duds

15



QAR 49 Azt B HBAZE A= Qloh 183 MEZE
12 Alghtol| &, & R o5y AR A= it wEbA ZHE A et
A o] o] AA| FHO| BfukE FAggiet. Iy o3t Rujet 4AS
AAel= w79 7taA 9L ot Eo| LA sk gty I
Atoll w2 o] =gt ghitofl s A oF 0.58/E 9] o] TE EHOA]
St e Qloh

e ] 3o HisiA=E FHOoEA AR KT TS gt

ot
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ax
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i)
rlo
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BE 2o SR A3, 2 59 o 2
wd ER DS de3 mR AH &40l e A9 seEd
Fikgo] 7I%i

eEde] fi &3 WA SetEdat w71t JeRtgo] doju=
FAL A Al 7R FES 5 ok A, FehEde] niE Fasto
o8 FFEo dH 5& B HHFVE olsste] ZHgsh= WAoot
=4, SerEdd] =59 F42Q ni BE FAHLE JFE 4o

jug

F4o]m, o] % 74x] WpAlo] R AYHY|E Bt AR shehRAo
A% A Dol 5= Q= w9 ¥Hgoltt o] A 74X WAL FekEd
Ao B 34 712GH)O AT S A% S
FH BAG), R BAR/ATE, W B o 28T 4 Yk
28 W¥ehs bE Az wel YdHE A7 4% SUlAE o] Yo
2

i=3
wE oz e -

il
X,
10
jn:
il

o T2 /e T UL 4 Atk TG R o] 22F Uo] Hi
A% 4FS FHoR AME A 919 A 7HK 4ol sgE
GHS® w2 7} $3)4o] Aol

L thewt gtk 34 ANEHS HRE Sstol
18], 2447 EI(=2)H AL o et {313
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TR MR RAY/AIHL W] uteld /A o] AYE AL
Wojo], w7t d £A7L HRo] AFEHo] 4475t wBHE v Hro]

A7 o A8 Ksd WA A7) Aolw, st £4S B Az

=43 959 J55 5 ¢H =TI WS TYTE -1, g7 =&Y

P
EH
=
N
N
=
40
H—
s
i
r
[
oy
40
_Qé
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HI

Z(UN GHS, 2021)

Ho | LIRS So101 18], 24A17F EH(E)=AS T LEE Rollget

o [7121] LD50(ZL]) < 50
* [7122] 50 ¢ LD50(AL) < 200
TE |« [7+23] 200 < LD50(AL)) < 1,000

2 71& |« [7+24] 1,000 ¢ LD50(AL|) < 2,000
AHIE N * [7*&5] 2,000 ¢ LD50(ZL) < 5,000
B * H2 mg/kg MBS

o [721,2] H310 IR M=

os stel x|z
° = —
S | " [7ES] H31 mmet MEsiE Q=g
T8 . [124] H312 mEQp MESIH Qafst
T | . [725] H313 MOl MESIH Q6 & Qe
« IS SALOfR IR0 HIZIOIXOl £AS €OTls %2 ofn)

olr

S %, IS0 4ARISO A2 TS XK EL0A TIX]
20102 A JHSE IAIS U0, HAY UrS2 Maxoz
me | HOl| MY B, WM UEILD, M8 14U 5 HUXIR0| o3
oYy SMOZ WSHHO| LR AFHKR0| 42
x4 « IS XITAT0IR AIBSTS IR0 4AIZH SOt HEAZIS 1Y
[e]]

LEfL= =25 /tset DREds g7l As oily

=
AZ! & 4AJ7H Otof Hojx B Ofajate

Tz | [F21] dEE=EE 2
1 | LRY INeY, & BILE XL TZK] 7R DAE €2
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LITE1B] ARIOIAIN £7 E= Z2 HIZZ YMEIL S2AF
OflA AROf|A ﬂr'alg% HEMAZ JHSAM0| B2t E=
| FXHEE= S22 029 ZEL 13HE £ QS
Q3
23 |« [T21(1A,1B)] H317 Ly27|H I 8122 2ozl 4 9l
[
23

ojzfet FoliA . A 5442 25 Aol drHeE "t AH=
A I Am(AE =0 dAEL} FH), sEA”IY I AFAE(n
vivo), H['ZEA|doly TH AR} (in vitro, in silico, in chemico S°|t}.
184l o]FolA 7P Hol EF5hal o] EE ARe =AY AEEolH.
71 olf= BFAola, EESHE o s &F-whg WA Aol &olst]
Zolth. =W =4 sl B7EE A% AR AN B E e,
20210 g 97 =& B9 ofd 59 o8 B7F ES B8 ==
e ZH(E 1I-2).

g "ot 2ot Xz(FEAFnstd, 2021)

o
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ACGIH TLVs & BEIs(2021)= 0~7709%9 249 &7+ 5=

oF 6

A&otal At IFSF Hold= %é% 1%—2 st 678%0]H, o 719
CAS No.& Zgsl= 4% 775502 a5 o= o}, & HA(775%F 715)
o2 Skin E7]E oF1 Qe EFL 254F,

= DSEN H7]+= 73%5°|H 1 3%
4 FEZH0E HV|E AFotr & 24 E52 o233 gt

ACGIH TLV 4 EZ(2021)

775

Skin n_ota'tion
If/" _\-‘.

."RSEN notation
222 ‘32 41 ‘

[J8 1m-2] ACGIH TLV - Ojf &3 H7| g

(® IM-6) ACGIH TLV d¥=H

= Skin 2! DSEN notation &

Skin + DSEN notation (ACGIH)

Acrylamide [79-06-1] (2020)

Azinphos—-methyl [86-50-0] (2014)

Beryllium [7440-41-7] and compounds, as Be (2014)
Soluble compounds

n-Butyl glycidyl ether [2426-08-6] (2014)

Captafol [2425-06-1] (2017)

Chromium, [7440-47-3] and inorganic compounds (2018)
Hexavalent chromium compounds, as Cr(VI)
Water—soluble compounds

Chromyl chloride [14977-61-8], as Cr(VI)

30



Citral [5392-40-5] (2014)
Demeton-S-methyl [919-86-8] (2014)
Dichlorvos [62-73-7] (2014)
Ethyl isocyanate [109-90-0] (2014)
2-Hydroxypropy! acrylate [999-61-1] (2014)
Methy! acrylate [96-33-3] (2014)
Methy!l isocyanate [624-83-9] (2014)
Methyltetrahydrophthalic anhydride isomers
[3425-89-6;5333-84-6;11070-44-3;19438-63-2;
19438-64-3;26590-20-5;42498-58-8](2019)
Naled [300-76-5] (2014)
Natural rubber latex [9006-04-6],
as inhalable allergenic proteins (2014)
Phenyl glycidyl ether [122-60-1] (2014)
Phenyl isocyanate [103-71-9] (2015)
o-Phthalaldehyde [643-79-8] (2019)
Phthalic anhydride [85-44-9] (2017)
Styrene oxide [96-09-3] (2020)
Thioglycolic acid [68-11-1] and salts (2018)
Toluene diisocyanate, 2,4~ or 2,6- (or as a mixture)
[584-84-9; 91-08-7] (2016)
Trimellitic anhydride [552-30-7] (2014)

g8y oE I e fE &5 2 s SET UEA O
A=/FAdLE AQsta ok AA kE7]ee] A438EH A F A=A
719b5t= 749-7F Eol Slof o] ERIstA TLV 24 A4 5 mFet #ed
A=/E4, o A4, 0789 52 S 23, & 9759 &40l ol
SiFElon B A2 v £k =E7|E A3 Al 4R1YS 8 AR
o= =42 Diesel fuel as total hydrocarbons, Picric acid, Starch 5©]
Qar, i NS FQ AR 5= 542 Hexamethylenetetramine©|

Qlom mECRS FQ I/ Sl= B Benz[ ]anthracene, B-Propiolactone®]
At o] 919 T2 EAGBOFH)E L&7]E A0 HE, & A7 € =
TS A= okl 9}5} E53] Captan®|4 Persulfatess=

N
J
)

I
£
b~
02
u°l'
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( sfeigao| Mg =

Est
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0x
E
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o
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Mk

i

W3 AR 2R eBvle0] AHER. oked MR W i A2ATS
F2 AR kE7|F0] A" EZL2 Acetylsalicylic acid (Aspirin),
Cyanamide, Dimethyl sulfate, Ethanolamine, Isobutanol, Methacrylic
acid, 4-Methoxyphenol, Methyl n-amyl ketone, Quinone, Resorcinol,

Triethanolamine &°] Ath.

o 23 ACGIH TLV #-EE (2021)

e x3/ay e
e T Eea
[ 77 \
i
|
osd
o g
j |75
7 | 2

[28 m-3] ACGIH TLV - o5 &2l MX a1 S g

5 I 37] AFgo] GHS 2579 ol Fx d3/do] Q=4 FRIsH]
95le] ACGIH TLV A% E43 EU CLP %3} EHZ v|wstdth. Skin
#7] B4 GHS 57 4 H310/H3119) digols 34 FusA
DSEN #7] 42 H317°| sigst= o& vl +&1S 242 v wskelt.
AA =271 4 E4(775%) S04 EU CLP 23 BE7FE& A&t =
B F 512%0|%oH, Oy I ®7] EH(295%) Fo)A Z3t BRE

Pl Q= &482 229%0In. °ol& Bl A= ot 2T

ol
msd

A&
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(B IM-7) g g3 ACGIH TLVE EU CLP =3t &% Hlw Zu}

25 | H310/H311 | H312/H313 | H317 71E}
nostzit?on 825 35% 38% 61%
(198%) (41%) (18%) (19%) (31%)
nggg&(;n (27%) (9%) (70%) (9%)

* Skin 2! DSEN notation2 &£ 7158t

*5d dU=sd # IR Y 2Rs &5 7tsot,

24 4o=N 22(H310/H311/H312/H313) LHOIME SELX| 42

ACGIH TLV 4 1% I 7] B4 3§ 52 34 4154 £75 dolst
Q& Skin ¥7]19] 3% EU CLP 235} 7 A4 44 A9 +E1~TFE39
fFote B 41%FOoH, TEA~FTESAA 185 5 B2 9l2)0

Fot= B2 18%3AH. 13y 54 Bu=sAdoly mi Rl £/
IR Y= A= 31%E AAISHAT

DSEN 7| ¥ Helidat @3] 3lew, EU CLP 23 &7 A IF
Hg FE1O et 822 70%E AASHAH "RPIRE 4
Au=Adoly wF Auly ERol sidshA Y= A9E SRt A3 9%E
Skin #7] Ht} Zol= A2 Ho|th

Y A=E GHS &7 SHoA A& 23, ACGIHY Skin #7] 7]
fFot= H4 Bosd =23 oUWy ER7ol sidsts 40918 5 Skin
B71E AlTotar UA F2 EZL Dimethylphenol, Formaldehyde,
Propylene oxide©|™, °o|& SEN Z7|9t A5t AT I Z=ofA
Formaldehyde¥t m& #9l4d EFE st JAth f7F A9 FEI=
75+ 8240668 % DSEN #7|E oHA %2 42 Acrylonitrile,

Aniline, 3,3'-Dichlorobenzidine, 1,3-Dichloropropene, Diethylenetriamine,

o rlo
o)

Dimethyl disulfide, Dimethyl sulfate, Dinitro-o-cresol, Diquat,
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Epichlorohydrin, Ethylenediamine, Hydrazine, Malathion, Methylacrylonitrile,
4,4'-Methylenedianiline, Phenylhydrazine, p-Toluidine®]|™, o]&<& Skin
#7]= AlEStL ASlH
A Aoz ZGA FI<s o o & 7] ARG GHS 5771 43
oF 60~70% BEom, UMA F A4
o1t A% 92 329 BT 70 o

[¢)

2) Dermal DNEL & (%29 54

THAYNA Y =E7E AA #e dF+= SCOELAA &Al RACE
#E AT SCOELAA= 20174 Sfeh=E3e] A4 av|E =20l et
THES FA3lste A0l ECHA RACS 3 &d7dolA 9] slehad =&t
oeE Fobd By gHEC dis) dsAdE AAISHAT SCOELY

HedAe =271E 44 Al AIRE(PoD), B, o 3 2244 8ddsS
o]-& 7Fe’t A=l ZAst FEH R AT Hp AATE ALBAIG2
2021 AEIA TAJF sieked A9 B7F Al A w2
3t Ao H2E 5 Ao

SCOELOIA &= ACGIHS®F wAtHA mRet 22 54 kd &2 734
7|l mE7]Eel A44E & fe 9Pl Wl HolFr] fj5) Ek 27
52 2870, &=l

(notation) AHg3tH, o] ol 3%, Fulg(lR 5 &
otk ﬂ@ﬂoﬂﬁ sfetE o] et A A4 I ATHoR Bes
289 ok} ¥E 2% o} Ak 1 olF
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oje} Zro] A AlA Heo it I S 7|ert AT 5 S Hal
o}7] 9ot skin notations TZ9tct. ACGIHS} vRE7HAIZ skin H7|+&=
g BAA A=A, er‘?l"éi} 22 A H ARl g3Fo| otz 1 <}
HHo] ot FeHEAo] i S JLE AA o= 8902 o

5 %
My
iv)

(B II-8) sisiE2&e o S+ MTE A™ol= QQI(SCOEL, 2017)

.
=

Hop XY MESH CIIPNY 53]
« SEI2TO| 2155 SH(RIQN, BAR, 3lUN)
- RESS =0l WK B2 7|6 HES0| HE 24H0l L5
- E7(71
- ss12 Mol B2ix At
c ERUE, E4) =59 SA| LM

o]

i}
Ir
A

o] A< Wo] s WE FHE 1 A B Wolth B
A RS BA0) AS MR AE Ao|E 343 SUEo] HR FLEL
9 Aol 12} 484 B4 8% oolr o @® ®rlo] o5 wzo]
L Rdol 29 exEET BAY 37I%%0] W 1A S AR
Aol 24 AEu ohgt ooz 50| 50| AR Fo] sttt
AU A SYT ol VI & A, A % 5o 0] Y g
371 % 1do| Ahsolet. ek ol Aege ARj0] Tjnole] He wwy
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E M-9) stsiEo| ojf S+ &l YH(SCOEL, 2017)
e sro=t o= | ¢ IR & Al T4 F0f oet Al 20

. o o2 5tR6t O] e 1 oo !
IN Vivo 2 In vitro EE 225t QUK . OAfBE 29) LEA0IMO| BI0|QBLIER

50 == 1| A =X
=22 s=0M2 40 5+ =4 fEMOHkI LIEFLH= AfCtStH

« AT, X, =2 D50 % BT 10l

PN
« IRODt oE 5 RPN Ly Sy

A t

*Pe 22 Am =EIL 2Tkt 49 ey, - £

=~

0x
il

=02

ol

o Xtz F=x

ol
Am

on

Julander et al.(2018)9] A&7} 715 (Nordic Expert Group) 7]& £A419]
oot TF S 4 JEE RIT 4 9= W2 in vivo, in vitro, +2-E4
719t 220l Ut In vivo S4 WHol IFE AHE IdE e
ooz A F&ottt. ST 7T LRt o E ARREHA|NE, g 0]
ol-&d & Sl Y¥HH o & OECD ARAoNA AAst= ti= Fsidl mi
T 10af)ol A=E =E3AX &, &4 At fAH. ol &9
HidEs NEdeE s, s 77 S5 %9
FHA AAR . 5&9 AAF o]F IEF, A, HidE %01]/‘1 el gL
AR S ERlsto] 7‘%7\] A 249 F I5ed 4T & Utk Aojd
T mFo] dolgls AAEES Agto] Ado] wet gF o= SR AL

A

SeEjEAY, A% FE T AHEAY A &2 g 5 o A
T &Y IS o] AsiAe A8 R0 i sAF 3=

AGsAL HAE 85 ArdoR wEE HEst "ol 3
"art ek APRAY WE FHE A7, Ol W wdy ghwos

_ﬁ
g

AL o AtHug/ar/h). o] ol Aok AtgolA AFAAF HHE St AdE
VAR 5= AT o PAEY =579 H|, RAEA, Holx AEHHY
—)OE o] FoiA|H ol Xﬂ“‘&% o] tt. Il In vitro WYL 2= AldS=E

52 AFOAIA A&t 7E R A| 0 Aot AldEdS =3
T AEAY Be :r“‘éﬁﬁ\_oﬂ disiA AldEde 24, 3 BlErds
A& g7¥sk= Aolth. 2 OECD Guideline Test No. 427, 4282 3x2g
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HEBe-g RS, B

|

7IHto 2 BEaAE 245k 2 AHA(logK, = a + b X logKew + ¢ X MW)O]
AJME7 = sHH. olE HigoER wEoldl Ed@E+= NIOSH(National
Institute for Occupational Safety and Health)®] Skin Permeation
Calculator7} RloH, EAF} S8/ FHlAS 2o 2749 w2t 7193t
TS F71E 118oR= AIHA(American Industrial Hygiene Association)
oA 7= IH SkinPerm 29% Qich

det o2 HE FH5g&(flux)S IF EHOAY IF&Ed 5&(3eH4
87, 2%, =AM v F FI(K)T B E] deH, o ek

< =& WA 7|7t dEEe] ok R FgL 4 EA4T
&1 EJGEA, 2%, L, £44of)o] met gt

A

A % g4 ks BA 8] B e WS sHe AL AA B
| 3l _;‘ra_

% 9k o o] WE goet wEw
3

T 71A] dA 2 dojdtt. AOP(Adverse Outcome Pathway) 7HdolA+= Y]
7FAl 8 oHlE(KE: Key Event)7} ¥o{¥ o] glow KE1-2 17 T dof o]
S8 2%, KE2+= 744 AMl29] vhg, KE3-Z A4 Al29] E43}, KE4=
T AIZ SAe®, 1 4% <4AY HS widg9 AJFHAO: Adverse
Outcome)= €27 & ek HF Il 7Fs/dol it B7F Alofl= B&E3H
ol-& 7ty (M)&AES P s, A AEY 5& &2 Hle=
Alg 2 B35 &9lst 4~ th. =4 HRIPT(Human Repeated Insult
Patch Test)E 59 =& lslAY, +4& HEFE Ad(Local Lymph
Node Assay; LLNA), 7|U3 1 23} A]¥(Guinea Pig Maximization
Test;GPMT) Buehler Assay 59 SEA|Y Ag5E 13} o] ok H[S &
Al W 5ol AEEL 1oy, ojATte® Hrstrlols &St Eet
T Az EEF a7t Aok
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99t &2 SCOELOIAM 9] W& A2t &7 +=9% ECHA RAC2] &5
ZAoA S 2 AA F St dermal DNELT skin notation©] gt
Aot FA= ECHASF SCOELAIACS mi &, m¥ #7|, dermal
DNELY] tigt W& u|w BH7}2, SCOELY skin #7], dermal DNELZ

742} FQIska o] B 7k9) SAPEH Holdel G Hejsks Aolgir. WA

=
& =5 A AFAelA dEE=s A3 99, U &5, o7 55 9,
Eo3letd EAZ 1Eet 183 =57]E0A Y =0l o't AA
&l 10% ol 7194e o sid #71E St

Dermal DNELZ REACHOIA 984 &8 A& AlRtstr] Asl 871
4 AREE= Ao =, o] ZIEd Y] £4E 17 =& 55 B7l6ke Ao|th
&7 =592 B7Ioke Bdoll= ofg] effo] 1o, GAZHAl= RISKOFDERM
dlo] & ®o|xte FAHAE AlEste A= &5t 7 JAH
ndlg grisiit.

RAC®} SCOEL2 ¥& =& B7h= o8] £A7F @il A4 =52 5743t
A=7F A9l glojA &2 £017] gt T RA=
At 42 7HAoF etk Aol 593 E59d
skin ¥7]2} REACHOA9] dermal DNELS] W Eo| A5 H4AHoH &
o AEs Iy 2AE U9 & =0 AR B3 oF 5 242
7Fs st Hio| R U B o] F B710] 8 Q4] F2J3itE. REACHO|42]
S17F ARt Al oig =2 LRt ARE@E &, S5 9 gA 5)d
719ksto] dermal DNELO|] =&5 7%= gttt 12y o2t A=7t Q= 4F
dermal DNELZ 24T woll= EE4A Aol gt 7] 4342 &
50 A 10%2 st

A T 7 o] et A% 9T Bk S 194 571 ARkl
A3} A 922 gt a4 AP A(RIsA) B ol ERI-B7HE

[e] R =
S 7IEHE A0k, ' HUE B9 =EEE A%

sto] 71Egk Hivl

5]
.
=)
B
N,
19
&
2
[
U]
S,

o4
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FE5H

b wioll A=t

AR

2 o9 a9 84 9

T

=

AL, opge i

Zo|tt,
of T3t o
2k, dermal DNEL

Al

i

A& 9FA notationd Zo] 39

Jofl =

=
=

-

TG FgolAe] IR wE T Ag Hgo] A HE L

O
=

=
QLN

] 7]

o0
L

olH, & oA

s ECETOCY]

AR el o

Jumos o

ﬁo

5

of Al ZHAel o

O
=

FE.

I

Higo=s HAE

=
=

7le HilA

R
B
—_
o

i
o)

,._Xlo

(Z M-10) o5 &4 A 20 ™O(ECETOC, 2013)
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AT 7IEEE =] A AL o] fRE7IRIAM = 7EEol
21-1511 M%) 8015t Ao|t} o]u] o] g+l 7|Ei} thojof S-olsfof 5}H,
Aol ol AT ATES ASWEA Ak, BHUY A7 4]
O*hzle golsfof e}, qteF o]t 71Egko] Qirk 7h8%t B4 ARSg

grisith BE FAEA, vHEEA, A d ggd= Ho|¥A, ok =0

o1 X 227

AN JFe Wrieled) 44T ARSS Fsith 1oL wE HEE nRs
AT, FY ARE FAok: o) Fasit A

S 59 YRE sushet] GG W kE JEYS EE5]0

H‘s}:q e M zc% Aol I vld

A

o

BN 13 B T
o, USE
o]

i)

LDSO/LCSO NOAEL, LOAEL, BMDQ} 7*01 OE 739 $E3er =Y,
T4 P2 Aoyt Al vk Z2 A0 ' A=49 Be= &Y 44
TAlS oot 18T a7t Ak ol#e 54494 AErt ik A
E20] st QSAR, read-across A& x 37} 29l

=50l o YIithH A&7 FJL9 4oz ‘& Vvt HA HAE v
7 ok QA 9 wF LZo| HiAlE & UAtH #o] BUHE AL et
7] fEZoltt. I8y & o E SHAN= =& FHIG(MoE; Margin of
exposure)°|U 5448 FX|(TTC; Toxicological threshold of concern)
Med= 482 B0 tis F4st7| = gt whef Az 7&4s ==ot=
ol-& 75 Am7E fitd =4 AdE Y s jlon, FUt =&
BAE7F 957} ofd F AoHEth= AT AlES AT 28 AIE Alddl=
AFE& T 4= 9% o8 23o] 9 A AEEo|oF 2ttt o=t &
HAEZ AA HASHE 7P vt 1A dFol wiek = VEwE 2%
floF gttt o7 A= W4 &3] = 7|t vl =] =0l ng/kg/day2t
22 A9E =E5fof gttt o] R V&4 v o] k=& AR E Y
Hof| e} bd, E84/4d2 18t DNEL A4 WAl et & F 29
42 2ol & wtdst] {sl NOAELS EAstal, st &34/ digt
B7HA+E 483

=N}
=
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Rout Endvoint o DNEL — NOAFL,,,, B NOAFEL,,,,
oute and Endpoint — specific = AFl*AFQ*...*AF;,_ Overall AF

[ [M-4] Ojf == DNEL A4t WA(ECHA, 2011)

=2 = R
1 GRS Yorlt A §FS WAT & AUtk B o B9 ng/kg/dayolh
124 DNELS Alibshet] 593t 24 845 285t 97 =55 U4
8oz Aol Wrhe SPsy] fio] of £ Bes| LEH= o]

ZQoltt. 2= dermal DNELS ng/ar D912 HHSH| = Sht o] AL =4
FFS UEtll= Aolth. 1k B+ Q4o 93t dermal DNEL2 && 59
Ao &= Qlsto] HpAd ke itk

DNELZ tVdde, 2717, =248, A39T<s 186iA =5 4= it
dEA ] HE "2 population-DNEL duration-exposure route-local/
systemic effect®|t}. dermal DNELS T8 -Zo] &Y+ 45 oA
TES Fart qlh M-4-3 9ol Dermal DNEL =& W4 28}
71 A, i =& ¥4 B7HE 3T AlEE T & A

(F 1-23).
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3. YoMl O & = WY ZAL

D o g digh dubEd Ad

Biologically
Exposure  Potential ___, Applied intemal  ffective dose

™ dose dose \‘| / dose l
Chemical > @—» Effect
| Metabolism

Skin

L4

Uptake
[O8 m-5] of d2 == 7H2(US EPA, 1992)

A w5 g Alue]eo] gt A Ed-8A 92 Schneider

et al.(1999)°] &Jsf Atd Aoz FA/A o &0 HiFt 7|& RFPor

AREEIL I
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Stratum cornaum barrier
Pa

[13 [m-6] o & 23 LE22-+2H| /HE 23(Schneider et al., 1999)

43 @



i
mjo
ofm
L
o
iC]
0x
08
N
1Rl
rH
o
)

.

0!
r

Schneider et al.(1999)9] RElL X =3} #HE {33} AZE o}y
Zo| FEsk et

(B IM-11) O £ 23AH 0| X(Schneider et al., 1999)

=1 e Hol
emission . SBI2X0| LEUYORHH TJ| £ HH O N5z WEg
(E) L 7
de‘;gs';'on . SISI2X0| 7| 0N BB, o=, m=2 &L= 24
P

resuspension or
evaporation

(L)

tansfer |« SIAISTO| EOL, U=, Oi=o] o g 2ie] M HE
(M Oloff MAKXI|AH =2 O|sot= A
redistribution PR 1 o= L
Fo) « SIBIZH0| SYSH ROl MR P& 2t KHEs X
removal « IS, O|5, HH 7t XHAN H=0| ool AUAZEE HAHL
(R) = A

decontamination Cros

D)

penetration and
permeation

(P)

ror
oy
HIJ
k=)
o
o
ol
Lot
1o
to
of
o
>
N
ﬂ
>\J

oot Mg H¥olo o Azo| et 4HH HF 2 3%
S0z 7EY & otk A AFS Lol AL gk Ao,
S

N

]

R s it = =

shetE R kY A|ZS £07 HIFJAY Fs= Aotk 7HHA9 HEo
stetEdol FAY, 371 $o= AR slekEdo] ufo] AEAY,
LFE HHY HESh= Aot of&Y =& 7| HF 294 k& Ta
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durzQl Ad HH2 diEe 6 A4 ATE SAske AT HA
AEDS &9 A= diddte + 7IH=E F=28 & Utk

A AgE SAske d9ole Al =21 38 ol 799 20|
E2AE 0T 4 Qe JE HES € 5 A 39 Ao wE Al
AYE 22 5 FT 28 & 3o, HeEy &, 1] k&2 A FEY
o] EA AR, T 52 AT ¢ Ao A4l FARAES] F9 1070
ol el FA(FTHEY F& V1€ fl/oHN, FEY EEA V& fA/oH, w

=

ol/5) 5)o8 s 4 otk BE olgdt Aslg AT gLhe 3 K

|
B3 ZTollaE &3t Eold 5= o]Ro|A Sl ofe AL oY 4T
g feo] dog, 8 47 Ak 55 458 et v Eet
OE A= 26k gro] Ad=EY e sk Aoz 54t
A 2ol wet 4oy kg RS ARt AF wiAS] Al AHH
AE 27 art ok A ol A 2 WAIE flste] o S8R
AF WAE FARE. A BS A AT SAHY dFY dElor &
&2 Frloked ARET AdEE W, UYE, 71 S0l AREEL
2] BELS AF S B 3UFY A F FoE FEHTY k&
o) Fapstal 2 5o AAdh AF 5o A2 g AEEL, 100% H,
Edo2E W &7, B44" A Sof diEHY, o AES o] SAck=
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AZ 1T = ot 2y 4 oY EZT olof] Hget AFH wiA Ao
et B35 HIQEE gloH, A& 50 E& X A4A9] PAH| ik w7
L2 37tE dd Hd oA 1Y SE@s - EYmEgd, S -
Ede & C-18 1A & "3, WS - @4 A 5= 144
= T AT Stk ol#e tFEL EESHE oHA st=
8Rlo] H7|= it w29 A Lo% mjx]9] AR 4 EFE 67HolA
13702 ggsiH, et gordaes §42 =Y A& Aad
orZz] MY YA = T =E FIE HESIES thFFH 29 2|45kl
Qo kFo| AT YX|of F7eHES Shch. AlA|ofAl9] B2k §1A] Qo=
&9 HZEZFAY mE =& SR IHAEA ¥
gebd & oot ol9t T2 miA] 4

| HE &
ol AlArgith A2 BHAS Ao Q4doh

5 s

ol
0,

gugeh 23 A Bee 24 By 229 S35 A A0l et
2ot siolo] Wasit (1E PHHOE FHL 2P YU BEIIE
Shet. olefst Xuk WAL R 48] ¥1 AAL0] RS PeY w2

ZAsted g,

(2) M7(removal method)

A7 EE B4 1w 712k olF FoA Ao okl ¥ ZAhe
Aol & =& WA FUHAY, DoAY, FHE Fe A
OFeth ojuj: F3, 23 F47ke] BYol ASIHOR Wbt gl Aeolct
R 24 i B AAN 95 95 @ T &8 A2 59

22 ohAl7lE WE, Hohh I3t ‘Gl B, & AF, B, dolx

etolg 2 wFo A +92 |, TH, AW, dEH £2 22 A
A= Gotfl= Aotk ol EAlEE IF A=) A2 &5 & dIS



5ol ol-&HH. o gt AFolM S WFEd, 2%, =29H, 2old
Ad H EA, 2ol S, A, ARl mrEt 2 54~104%=
"t A3l 2 #old. o|HT Aole EEUE o Atz
Z-gohH, S0l A2 <ol A HAZE A-E Aol ofet o= A 7hssitt.
7|k Q.

o Hoqlr

294 9% 47 g A BFoE TEAL, 43 FFo| %R
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9F FAS & QAT SAST 95 9L AgHA e Wielth
Ugel g% 3z Aol AgHglon, WEn st WAoE X9
AAE A= A Frol QY AZHOF 28) g2 F B4 Zolth o
280] AL oFd AFHA g Pl

ol AEY WHe 7P uhpEel 4u5NE FUHoz ¥F BYL
AABHE WAo] 7]ukEith, o] g ExEo] wEs] 2gste] Aol & gl
29 222 AAste] 4T 4 e, TEARC] §71219] Ho|x AEYC]
AL e ) A8so] 2853 A4 AU P, AEUL
wold o Ex o] 5530l AAH. o] WS wHe] o7 Holgls BA(HAe|
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(3) &% A|ZSHin situ visualization method)

In situ @A o], YPE]C] AL oln|) v L L& 7]7} 0] Jol9l=
¥ E4ck= Aoty F7IE &9 AR g&/4g0] Higt &Rlo] 7hsstt.
9]

o] W i 229 B EA4S ARdolo] AR AHERO] FelAy UV
Alolof| A T35 &45H= Aol v|YQ o|u]x] 7]<, ATR-FTIR(Attenuated

Total Reflectance-Fourier Transform Infrared Spectroscopy), ZAlA

A gAe] gl HYe olux] & ¥e Wl 2ol Hsshi,

Yol 4L gelo] AgET. o7AE 24 2R $E 5L HoM
E)°] S8sith. 24 £4o] ¥4 £4Z d4lsts Ao|lEE 9t HES
Yotof stal, kE I LASoF etk 4 E4o] &4 dA =4
fAtehE 2AE oldl BUE 2] oj=ig o] Wit Wasit ¥ se
A 242 A Z2 AA PHEHS A AREE £ e, o] W
AzhE g3t S ke 2L 4 Al A2} ] 1 2 3RS odlgle
At B BHE PN, 0F MU wold AR WEH AL
ool B% Al R8eTGE AolTt
(B M-13) M =& - =F 55 WA
T Al
st o o0l Bl ARl REE Ug e
, -y o I|2-THX|=Z(surrogate layenz ulA|
(interception | . xyzoy: 1) &2 Hus
method) 1. s oiygd 2 FHsH
2171 +E8 L8712 015 S BH01 BORE 98 A%
romoa T oy |+ 2791 B EE 57 N2 0jgsiol gXAS SEAl: B
o HEALL QIO A& MK, HZ, HO|E AEZ|T =S¢
_ _ ° = Zt S LIQOIL= O =X
s Azps | |5 IE T ERE 28 S8
. . — = 3 o
vis(tjgliiggon " FAS Y s, Mol ==
USSON | 2. HICID OIDIR] Tl ATR-FTIR, ZHA 2] A
FCI2 WAL 28 AR Jts
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05 oz gt 919 2 AW 24 W 9] A8 & Ak WA
JEEN AT AS ZHS B WE -2UL HHHOR FFSAY,
shsheo) A4 R HAE 45k vlolemyUEPo] ek AAte] B
AelE Ew, B9 EE 9 HsAo] Y AEole) w3 m2g 24sHeT)
AgHTE FAL MRS XA RE wF AR T ST H 8L
S4sts Zor SASY 9 45t g oyt wasit 8
7M5at Bo] ATt ol Ae, A4l EE B 9%k HHo| woltt.

WA TR wEe S BESE U QAT oo ar
A7 24 E40] uet A8 7Hse WAL chewt 2t

(2 M-14) I% =& 25 B Y4 M8 (EHC, 2014)
20l Og L& 5F WY My
EECE
« TS - IR,
- A32]d - TAE
- ES 2Y Y I
- o5t B2 ZAA o7 - Hio|2 2L e
- 5% 22 ¥ - Hi0|2BLERY
- HE - AT - 53 5%
- o= s - o= Ljele =
. & FHH 3 - & HE
2B = - ©3
- 18, TEFZ Ol L W, ZA - HIOR 0j0)y I
[2Esy]
- 54 23 - R
- X542 - WA W Y 7
- DES/FLE - AT Y T O
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4, O = FE 23 LML & W

D IR =g 34 22 8

X

W3 % Bl Qo] ST RePe 4% RSl Aol Ze(model)Tt
E (oo} B3] 2o]7l ST FES AW REL 3L ey
S8 A ZAe] Zjutstel et o2 2EsHe A

o,

AHFE AZEQo] 7|Hte® 55t k& 4L &olstA st= Aolth
L& Jrt Bdoly EFE Hdtie B2 AA =& TGS HIRoE o&
LE29-F8A9 o] A3ttt & &3} voket A | o =
NARA 5o FAYPEZAQ $5Hy ndS wEY, AA AL 9 AT £

TE T EAEY 32 FEEY FD) T HE 1E2 HEAg
& 7|&0fof gt}

& =55 4517 95 2d/=7 = Tttt DREAM, DERM, EASE,
MEASE, ECETOC TRA, RISKOFDERM, CB tool-RISKOFDERM, BEAT,
ConsExpo, SprayExpo 5°] Ut}. o|#et 77+ rd=2 H7he] H44
FRGIE S AAE g oH, 1 542 g AF&o|AY A4 549 Ad4
Bt &2 A E Ytolth 53] A4 549 94 Bk 2AE JAEHES
ol g5, Bl AIE UehE v Ql, dFo] FA4AQ HrtoA
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T A

AlZbeto] Hop Judt FHXNE AFHe=E &
Ao wet ST o UTH

o8] i =55 Brlcke Bd FolA W2 BA Y] B8411, &2 WA
AIE =E5k= A2 COSHH Essentials, DERM, DREAM, Stoffenmanager
5o°] 2tk COSHH(Control of Substances Hazardous to Health) Essentials«=
20029 F=ollA AR ARG A1 B FACE e ot
A% Fld= 7IHte g2 A Al =& 55 F7iote] HE FEHE d9E
A 7 &5 29 FS mF & A4 152 SHeE
H7lskal Qlty. DERM(Dermal Exposure Ranking Method)2 20084
Yrtetate] Ao MEd=oAe] &oF AREol Hig 919 B7HE
s A=At ool TE DREAM(2003), Schneider et al.(1999)9]
HPZ 7|22E 51811, olF, M HeEs i =& AEE BUishl Qlth
i & 3H%, fRE9 % 1Y, HoH (s Ha 8207 B7HY
F9 94o0]tt, DREAM(DeRmal Exposure Assessment Method)2 2003
HgetsoA AdA &3 B7I6H7] fs wEolXl 29&, Schneider et
al.(1999)9] @3} Cherrie et al.(1996)9] 7] ¥ 55 7|HIO= 51%0m,
olF, M2 HES TAHCE SIoltt £ B ) AFolA9 24 =S (4IA
o oi & FAE9 7t 9 Ak, BT AR, A 2 29),
SAEYIH A - o, B4 A, E2A A, AY, #4048, #48d
), AAEAAITE, AR, AFHAIRIE S5, AR, T8 &E A 0lA
TAgst= ofer 9 AESH QAL AAEE)E 8% HEE Sto] DREAM
unit®] FA2A A5 =F, MFE W] "zl Al 87t 7Sttt
Stoffenmanager®= 2003 UYEHEZOA THEojR FEE HiY T2 A
7122 FY =5 B7F Zdo|y mF HES] A& HHEHE AR #Y
Z2]°] izt g AAst7] gk RISKOFDERM toolkit(RISKOFDERM¥H=
AME TZ27F B8-S 285t Qlo] 11 Al 8-S WdCHEFEhsto] AAlstaL
At o] o]l FFA HEAE 1994 F=ollA AleterE4d Aol Higk A1EA
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7S 9ol 7§Est EASE(Estimation and Assessment of Substance
Exposure)7} 1tk 184 EASEE ECETOC TRAQF MEASEQ] oA Helo]ojA]
Zr ndlox thE Aot} thulk EASEAA TR} &g A4t 8 34F
=98 AH, AHE wiE, 32 diE, 49 JF sFolth

2 dolA= @A FHolA setEd kAl B Al AR B R =&
Z7lof B8-S U3 H= FF2{9l ol ECETOC TRA, MEASE, RISKOFDERMZ
SHCE ZF o Jje 9 A& HY, JiE 2 =& FHA =& W4, HS
of 5& Hoh ARZACE AT

ECETOC TRAE @A v3.12 REACH °|&<S &7] Yol 7/Hd=qdct. Xt
AFARQl B7E7 48% =4 g1 At 4FY A9 =& &8It
ZrPR}E, AH|RE @ E BUF GER ALEEY, AR iR &9 F&
EASE &g 7|9kstal ot =59 442 PROCE A¥st= Aoltt. &
Z7ov ] 2A7F 2EAS] TS gt AREHQl 28 Hel= U o
52 A9 HFE, A4 2oy doEE, & E 52
Aot mF &3} TS AR o] HE2 PROCO| wet AehE &
SH71= SHAIRE 7|24 0 R &0 ERE A3tk ol )
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[28 1M-7] ECETOC TRA v3.1 QIE{H|0]A

DMRS = f(DI—Rs default, Askin, mys, texp, I:LEV, I:cloth pen)

* DMRs : Dermal exposure, DLRs defeurt : EASE value(initial dermal exposure
estimate), Asin © Exposed skin surface, ms : Concentration modifiers, tex -
Duration modifiers, Fiey @ LEV, Feotn pen : Dermal PPE/gloves

[13 IM-8] ECETOC TRA XA} IR L& UN2|E

5 g2 TH(PROC) 718t i FHA= A|A|=H, o] PROCZ EASE
&9 O% F 2d@ga>d )T AZ=] gtk = #
ool W 54 oF 2HAS dFet At k=E 7400
< St =2H7|dH|(LEV)Y] aeoltt. 249 5=
5 2EAARA 717 Fee S LAY dAt
@ LA A&, o]HT FEo] HF keE o]Fo|= HollSA
got7] WiZoltt. ol o] 7|} S/ 3te] dugow Qg
Ao S7193 2 29t wdo] ot ok&E He AHk kE
o d&= vt olHT 295 st AHRHOR WF LI 2
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P4 ERAE FL, 100% TS 7H45te] A4l &3FH(mg(kg bw) d oz
AghEck. ECETOC TRAS 98 Wi5e} % =3 Bl 29 e ohoat 2o,

(E II-15) ECETOC TRAS| 2 H=sop OR & #H =3

e g
SN MY 2Ry
S2lsi3tN S« 37IYU(Pa, hP)

« 38 g=(PROC)
Y AB(MUE/HZRIHS)
« =2 FEH(X|, HA)
o (HAI/71A) 2Y 2E=0M2 ST
(A =xEd

—

o
JH

« B7| RAHSL, L 27|, 487 5)

o M1 I8 & FX™Z(mg/kg/day)
o A IE L= ¥’8%(ug/0m)
- 3N ZHH| - W IR =E, BA LR L5

M
1

ECETOC TRAS] &% kEof #oflx= o8] 534 5ol A
o7 BpAQl S Yetlth shARE oi =& 4] tisiA= oFF] B7t
Oo|FofX|A] ASkAITE, WA HE T ZALE LA Ut

MEASEE= Metals' EASEZ 2007?1011 24 2 F7Edo g =&
FA517] sl g 7€ 771 3 S4191 ECETOC TRAS] Al
-&ot7] ftoldtt. MEASEQ] diE]E2 FAHoRE FH=XA] gttt
o =Zof ti5te] MEASEE =& W= A|Ao] 7|dtetal gloy, A==
L FPAE 22 S50, |, ¢EHE, UE )0l g 54 A=



ZAstal lt}. o]+= HERAG project(Health Risk Assessment Guidance
for Metals project)olA19] A=olH, HEo]| I 4= = 29 HYY
gt tist AA2E A&k Aok GEbAQl A& M= 25 2 I F7)

shZold, 1A 3 40| B9 JHssitt. BE 120 thaket Yefo] we

AAL % ek MEASES] W% -2 A4S % QEuo]se
gEEe e 2t

© 2009, 2010 EBRC Consulting GmbH

D. Vetter
#NIA Hannover, Germany
ZNA Model parameters 2 ZNA
Molecular weight (g/maol) —
Melting point (*C) —
Vapour pressure (Pa) —
Physical form Massive cbject i Very low fugacity (dustiness based)
Content in preparation (including alloys) = 25% = 100%
ZNA Model parameters fiicd ENA
Process category |“ - Use in closed process, no likelihcod of exposure - I =28
Process temperature (°C) —
Scale of operation Industrial use ¥ Industrial use
Duration of exposure (minutes) = 240 minutes - . 100%
#MA Model parameters = #NA
Pattern of use Wide dispersive use | High dermal exposure potential
Pattern of exposure control Direct handling i High dermal exposure potential
Contact level Extensive = High dermal exposure potential
#MIA Model parameters = #NA
Implemented RMMs Mo RMMs = —
RMM efficiency based on Lower confidence limit = I —
Respiratory protective equipment (RPE) Mo RPE ¥ 100%
Use of gloves Mo gloves - 100%
#A #NA
Dermal exposure estimate 500 pglcm?/day
Exposed skin area 240 cm?
Total dermal loading 120 mg/day
Inhalation exposure estimate 0.001 mgim?®
developed by = on behalf of ZMA

Report bugs to author

L ]
LI S— #hIA
e“ Ul ON lallX Download most recent MEASE Version

[38 1m-9] MEASE 1.02.01 QIE{H|O]A
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DMRS = DLRS default * Askin
DLRS default = f(Fs char, Fuse pat, I:con’c pat, Nappl, Mf, texp, I:cloth pen)

* DMRs : total dermal loading, DLRs gefaurt - dermal exposure estimate, Asin -
Exposed skin area, Fs crar © physical form, Fuse pat © Pattern of use, Feont pat :
Pattern of exposure control, nsp : contanc level, m; : Content in preparation,
texp - Duration of exposure, Footn pen © Risk management measures

[12 m-10] MEASE Og & ¥ %

05 w2 99U 53 WA gy 0% wiFoz ANH, 27 =3
B g Hhos AukEr) oft Ae] 24, AMg T,
A% 57, e 2X), 49 710 W e 2k MEASES] 4 Wo

& W2
» 2XZ(g/mol)

s ==X(T)

=42 EH * 57|2(Pa)

- 225 S
- FE L 22K

+ 3% ¥R(PROC)

Xt x74 « 38 2£(C)
B 2 HE(MLE/HETE)
- CE R
o A2 IHE(CIE =X} EM T, HIE L &
RO R -II|ES A = YE AASH LN AAH)
M= 2F(LE HE)
oa| xx| o M3l ZO| PaE| XX|(YLt B )
o U2 XX| B8
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55 H5 XH|(EEH2)
e HS U AME 0B
o X717t MY & XK ug/crf/day)
£ o OE L& HX(er)
. _;g ]1||:| I—Iz?sar(

MEASE= 2 7H9] &5 ¢ 11 3=E2] H7F Ao 7|wksto] g0 F AL,
L BYHY ARme A4S AEVF o]FoX 1, AW HH EI =X F o] BAY
sh=d] &8o] FHQoy, AT =4 Aw7te] AAZQ HFL o]FojA|X|

il

RISKOFDERME ZA o] 7]uksto] 7jtsl TFolc} o] TRAEL Qo]
570l oF 10d7E Bt AFdolA Y] 5007171 He & =& A=k 600717k
Y= A4 =& ARE vEro g ok o] RS 2o 7|Hlsio] mji o]
QA & A 7HEFH 1 Ad &9 6719 w7 =F AY(DEO; Dermal
Exposure Operation) @& #4539, DEO= O LIEL HIF/E, 5
A, A, @ 2oy, @ FTFE o83 i, @ Axndo], ® Fa, ® 7|A
FHEo= F/dHH. 2 DEOE Z274QAte} QlEH oA v}t 2o

[23 1-11] RISKOFDERM QIE{HIO|A 3 DEO unit 4 OA|
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(E M-17) RISKOFDERM DEOY ZZMQIX}
P AHQIXt T AHQIX
e HIZO| S| AlE
- HZO| 22X Al S AIES =R
L xio] 2
DEO . Xt=3} o Xt01 317
i _ < o 3t7
Ur;t=.1x| . 517| DEO 2._4 |
A= |, me ME =2 unit 4 e A2
MR |, mz we [ATgo]] |« IR XE oY
=X XX =7 = o NIR2
S, T H] .Al'g‘% . HII:;)FE
° 7I_ o o
DEO |+ I}® HZ BIX peo | &7
- ez . - IR HE Y
unit 2 | * AIBE unit 5 = o106
I CEI -t
o — Oood
- 7|zt
pEo || HS
) B TETE SE ks ol malxi Ar
unit 3 as DEO * ME2l SN AH
Ana= *AEE it 6 o« M= H|T
ToLS |- wEaAne e s o
o)gst | o= 1A 23] | - 712
;FAI_ [eNe]

RISKOFDERMZ =& H|o|HE AR&sto 2
4o FHIE sl Hlo|EHE HE%

w2} A9

A& &0]

A g9

=

0]

pas
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910w, okl Z71%0] & Bo] Holeldlolxd] glo] FT 20| mEEA
Qporeh. TIgH Z71%0] 500 Paol Wi Aol Mg WA g 4
Z

AR
ATt el 2d2 A9 T 29 A4 Lde ARSI, olFolA
1

o

DMR =
f(Fs char, Fop cond, Femission, I:LEV, I:cont pats MRS apply Ncontact, Ffractiona texp)

* DMR : Exposure loading per shift, Fs char : physical state, Fop cond
Automation, Femisson - Significant amounts of aerosols or splashes, Fiey
Quality of ventilation, Feont pat - Intensity of skin contact, MRs sp - Use rate,

Neontact - Frequency of skin contact, Feacton - Exposure rate distribution, tey
Exposure duration

[22 1M-12] RISKOFDERM DEO 1 If L& X =l
RISKOFDERM2 A A m8 &g Hrlcl=s 08 nis 91 Qe
%, A& =0 98 2 HAH|E 1EohA] Y=th E}EW o3t

Hlo9] g3t= 24 HhojA IEsto] AA HF LSS ALt &
DNEL®} 72 7]&%ta} v]wsfoF gl RISKOFDERMO] & #4:9}
& ¥ &9 e o2 2ok
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T
H3oAF
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£j9

(B I1-18) RISKOFDERM2| i Mo MR LE & S HE

—
= W2
e L= X RI(DEO unit)
 IE HE A
o IE H= Yk
Iz HE &Y
U s HEZ9 M:
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=
c MZe 24
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o] 9J9o] AFA9l mdlE BEAT, dART 5°] %t} BEAT(Bayesian Exposure
Assessment Tool)= 20028 F=oA 7dtd Foz2 AyEALL I E o
A= H7F ZFtolty. BEATY] ¥ ¥Het i & I &9 Je+= o=
Fdgs g

(E IM-19) BEATY| 43 Ha9 O L5 23 S8 JEY

e S2X HE(AA, 1A
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s L= U7t

o 20 oSt AN I8 ==(mass rate)
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dART(dermal Advanced REACH Tool)E 71& &¢ & ¥/l ZEQl
ARTY AAE v = F/d5 Tier 29| oF =5 B7} Bdo|t). o|= v
At AA W 1A SR AFol Wt & &2 S5 A6 Y S
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=11 og & 4ot Ay
e B L= =Xz (2) 27.8 u0/min
(HAD) 145 w/min
o 12 XAAIZE = OB L& X2 (D) 6,680 )
(M4 34,800 w0

* 50 percentile0i| CHet =Xzt

Potential dermal exposure estimates
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Y
& =9 42 50%IHK|T 7ts #AY — (&) 6680 ul
A =50| ZL 80%MA| 7ts HAY — (F4l) 34,800 ~ 157,000 ul
Og 2 F8 (&) 27.1 w/min

(KAl 36.2 ul/min
« 1Y ZRAAZH F IR & FF2H () 6,490 ul

(™A 8,690 w0

s

w

* 50 percentile0i| CHet =Xk

Potential dermal exposure estimates
Dispersion hand held tools
10000000

1000000
——Hands rate (uL/min)

—=—Hands loading (mg)
—+—Body rate (uL/min)
= Body loading (mg)

kel
e 1T

10000

10000 3

value

1000

100

b s
10\ P

R
Q= percentile REQ| AS HIE HolE £ YS
& =E9 ER 50%IX[ZE 7} )
HA 59| AR 95%MX| 7Hs A

— —

— Ql

68



e
=
o o

L
l
T

GA 2AF HAAM(FH o)) § 47 =& 7] digt Fants
U E =g grolA 9 AljbdS aEsh] Yol o] i

g IF ke AAAT BE F uE e FET

E Y= 2E HiojlA 371

2o 99%71A] #-8-2

:(_‘l:l
rot
ol

fo
ol
—_

s 8oy
>

32 0
o

QY
o Wt 2o Ales

)
il
=oé‘

(e}
)
ol
O,
i)
=)
=2
i)
5=}
)
olr

4 Rlox o ng

®)

— %0
N
J E )
U
o
ro
4
%0
rr
2
3
rlo
2
A
Jo
of
e}
=)
a

_\:‘_1‘

,4
= 2
o
of
i)

)
&

v H
)
K
e
4o
i)
=2
§:)
o gl
.
2 ot
%0 I
09.. _>;1_', 1
_§
M
o
o T
o Ay

i)
ro

L
N
o

2 N
rid

o
o,
ol
-

ool 3O
o,
on, |
-
i

ol
jell
.

fo
o2 oox fr
ol my i

K1 rlo

d
=)
rzﬂ
N
)
)
9,
L
g <1
> 9
i
Nofd N g

ol [U[O
W
0
=
4o 8 ox
2 1o
b
[
fd
)
_c‘)_lg
£
ot
ofo
7\14
_‘L
O

2
S IR ORTS

HN
O

19

S,
(0]
o,
H1 ot
LN
I
El
gk
%9,
rr
N

o
Ef}i
19

]

H“

oM, L

o, Ho w
2

R\
i)

¥t Aol 1w ofo
metricg OJujshs A0 S So 71Ee Y %%tw g
e EEte] 48AY, 2L 944 8% 4ot 9oL Hw
AE ST T 25 Ao TNk B A8
re 2o Golsiof gt xAAclAe] Mg W Aeto] 4

o R BYoE, F W Y =E AEE NRYS

E‘ 1
[ m_])l
N
ﬂ

L S o)
F[FEO%.I?&F{&J
V[;o]aoﬁ
2
E

Jo
[ ol
ox,

SpA @A) W% BNYS BRI A AF Z1F, W, T Ao JFE
Ro19 7Iue) Z1EG(=ET Gulsh] DS o] ofeke Hat ohjet
By AL FES SR BAS ANWA GXE WA A

r_';l
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2 A9 =435k JA(TTO) 7Hgol 719kt o= l/d JX] 7HE(DST) ==t
skeF SHAlE AAE 4 Q17| = 5k, QRA(quantitative risk assessment)2h=
i grlgdo] Hgste] /9 B7HE € 4 e Ex9 YHE AN
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obd AN MR oZ AR W ey P FA0) BHow
Fgal7lol olg SwolN AustA Yrky Bk ol ¥R Thulyo]

S AU WAl A e Aol
5 %Ol WA} S QR AR 9 340 a0 9
(] o

o_>.i
ol
I
)
oy, 2
e
ol
B=)
_l
1_1_4
Ty
Q%
lN'
O_n.,

73%*4 %AéﬁH(ECETOC)% Lﬂ‘ﬂa}t
TYUHASH ATLARIVM)OIA TPt 7]& BiA o 25 2 7[x] AEE

FHOE UF w3 WA W Y WAL TGD Ew o et
2ol AEs e

» Foliid Hot
- (dermal OEL) MDAS| ZQF Hirl A5k
T 4/1,0002 7|EC=2 s ¢
27| Het 2 1.28mg)
e L& HUt
- (=2 ALER) REMF SHOIA HIZAl X BSHHI(12%
MDA &) F=a

4.4~MDA =d 42 T-I*Oﬂﬁ =4 Eié / Fg N B3 73%_/
(4.4 -methylenedia AE, 2=, M SE0IM St XJEfOIlII Al +&0[ Eot
niline)? 0, OIZ MHot/| TlOH HE F9IS TXIE/H FHOrd - . 0]
Y & 8F 27H G0F / 299 AUE|RE 7HY 32

2

o 2tk 20| Cf i"5“1f CH2F 2,000cm B =5 7ts
- (2 Y & AE AR HLS ALZsH WA
A LY F0 D8 &5 4ng, HIO|QELIHE (2447t
AH ME XF) 20 210 sE= 0.25ng
° _‘?_I%IA'I 7411
- (EY/HXVIEL) &Y 4ng/16mg = 0.25 — (1
HFO|R 2L EZ] 0.25mg/1.28mg = 0.2 — { 1
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2-BE
(2-butoxyethanol)"

- NOAEL ) 150mg/kg(&L|, E7|, 13F BI=)
AF HZ: 5B Td) — 30mg/kg

‘5 Wt

- (== AU22)ZY 2 HILAS St HIE HE
- (== %) 42~420mg/day(EASE model)
3,300~11,000mg/day(RISKOFDERM model)
- (2 %) FASHO|L FUHo| dUi¥ez X2
DEGBE2| HR0{|A 555mg(RHR71), 217mg
(2Y), 98mg(E2{4)

- ey 28>

- (=&2/AX7|ZZ) EASE =X 0.6~6mg/kg* / 30mg/kg

= 0.02~0.2 — (1
RISKOFDERM FH 47~157mg/kg* / 30mg/kg
= 1.6~6.2 — ) 1
SQA=EZE =H 1.4~7.9ng/kg* / 30mg/kg
= 0.05~0.3 = {1

L e L= pdg] An 25| 0| H2|X ¢

« Y AH(2RL, g%‘
- (=& &%) 2-BE= 40| IR0 51 HI0|RELH
20| 7hs8t CHARXI(2-butoxyacetic acid)Zt YL EZ Ht
O|ELHY = — z[11 ZHX|2} PBPK 7|8t E4+&
30% XM& Al, 278mg/day
- (=EY/HZTIEL) 4ng/kg* / 30mg/kg = 0.13 — (1
* 70kg 718

L 225| L£0| 2= /U

» RISKOFDERMOfIA =Fot =E&2| Xi0[7} 2 0|F= ol
o ZHO 32 2-BEEL 3|YH0| ¥2 =22 DEGBE
of et At 24 7|"(read-across)E 7|ELE AS
7| Mz

L 5 £ DOl Mg Hel| RO T8y TRt Y

gjo

colorant”

o Qofld It
- NOEL 500mg/kg(A+, 42 50%)
AF M&: 1037t T¥4H), 10(7|EH — 2.5mg/kg/day
o = WU}
- (=& ANUZ|R)D|SALS] S =1 Al 31T 50g(1% SARK|
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AR A8 / 3T = GMA AFEE 0.5g/5~10min /
60kg2 71SIAS M SIF 8.3mg/kg / LY 53] HE Al
42mg/kg/day / ExE2 100%2 7HY

- (=& &%) 42ng/kg/day

» g Z2F(1RD
- (=BZ/HXRTIELY 42ng/kg/day / 2.5mg/kg/day
=168 — ) 1
L & 9 21}, £25| 20| =X %3
» ey 2FE@RL FY)

- (& FY) gMNQ S2lalety 48 ToIe T =7
7140l E+2 100%= XUz £
500g/mol, logKsy —1.52! §82 TEE TS 7ts540|
11, RE XRS MEoI M2 E+8 10% HE — 4.2ng
/kg/day

- (=EY/AXIIEZ 4.2mg/kg/day / 2.5mg/kg/day

=168 — )1

L & =X A0, £26| 50| H2|TX| ¢S

Hr
o
$0
0
<
=

- (== FY) GM XY Al M S EES HE7te=
! | HOIUS =0t OfL|2t HE AlPt=

11 22 MO0 slMEE= g Deotig I =

=2 oF 10%Q! 3|E 5bg ME — 0.42mg/kg/day

- (=SY/EXIIZEZDH 0.42mg/kg/day / 2.5mg/kg/day

= 0.168 — (1

L =B R AW, 58 Tk A3 HAY

= To 2L ] = TIO
» HR 7|E(metricy2 HESHA 12E HQIt U, |
L2 JE0 Helotes HAF ot &5 FHotL
= HAS HEE =0l Jtso o ERIt US

NMP

(N-methyl

pyrrolidone

?

» Foliid Tot

- (OEL 1&) 37|85 L&7|E2 40ng/m*0|H, Of2He| LML
LEV|IECE Qo= SAES ME(ZEYO tHet At
AR SEE 1.20n°, SAIZH AR, &Y &2 100%,
oe &2 68%, 574 70kg) — 8.4mg/kg/day

absorptlonmhalatinn 1

> OEIL, OFEL XV, . XTx

ermal — inhalation rate

absorption,, ... ‘BW
- (dermal DNEL) {8 sls2& S2 Xt& 19.8mg/kg/day
- (dermal TTC) Cramer class Il 0.0015mg/kg/day

o -5 Tt
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- (= ANLEIR)HRIE HAHESZ NMP ZE8H50~100%)
[ AL0] I Hef &/ 2 AYE XY AIZH| THE
mE =52 et

» SCBEHN EYENY, SEHE-E 2, +E8dh)S
1els I FAEG F0| ofiFoHA| =

- (=& #%) 33.5mg/kg/day(RISKOFDERM model)

* 90 percentile Mg, 70kg H&
e 2Ed 2%
- (=ESE/EXVIED
dermal OEL & 33.5mg/kg/day / 8.4mg/kg/day
=4 =1
dermal DNEL M& 33.5mg/kg/day / 19.8mg/kg/day
=17 = )1
dermal TTC & 33.5mg/kg/day / 0.0015mg/kg/day
= 22333 = ) 1
=0] #2|=X| 43
g2 BIH &&

mH

1) ECETOC
2) RIVM

5. =W =fel=Eo IR =0 2fgt el Tokdd Wet XA



g

| I =22 S5 93y W T2 wot

Vot 54 AL HHE Eo 93t JFFol| gt Aol Wt whebA 719
40 w2t fYAE EBSHA AAst] i B7HE S6 A sk
FHE TE2F 371 9 Aot ol Fx 7S Aok B4 &2

TR F5o gt A4 JF FHE LA ok AR FES £ o
EA, g H7t dA0A 7 & EAEL ofd s fE kg 55
o] =R Aofrhs Holrh &9 k29 A9 35 A HE Bt SEe
£ & oA D7 &9 A9 LEof tiet 17 WZo] FRlfIsty,
B7F A =49 ols A4 HdfoF & 347t tpefsith. oo whEt

i
()
A|m
o,

o wet A

24 PR w30 Ujg Wolrh A1, A7EAolt
‘ =ik, SHAgt

wpajo] chzth §h 2 S 24sHe B4 E8 CFsH

e

o
-

flo =

d

HolA At o2 Al =-ARA HSol CIFOAA &2 FF7F tiF2olH,
7F 7 o] tigh SRt olsl7t H a5,

B 4G Wet ARaoln s

.lhij

ig
24 WAL 98 LEFL sk

Aolch. Lot §Y A9uct 5ol A9 §5e9 Aol Ack. werd
WA el 1150] 2 4 vl WR] FEo Hx

wrhs A 5o weh 48 Wet Aol
AR, 84 2 SACIAL a4 B wET V5% o] w3

B olA EET Bere] B 71%o0] FHHEAS sk Ro] Fastth
= w2 AR /%, SHAA/WE) 5 FEI] FU pEoR HuY
ksi|
=

27F A
A, A9 #F 24 AN E HF =F A 2o Ui 2&9]
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2EEE 497 At olo] wat Wi wEo] g 93 Hwo] we} 9
A7 2A9) Ao tfa Acto] Rzt

_ e R s o oE Rf2E 2910 st
2E 012 Tkt IE = 5H B - A4S X HE U Mgt P &20| EEHsH A
=M 22 X2 /7 W E4g D o 0E ( IS E 92 HE) 02
| CEHSH RS A AM 2R N SIE M2 ER M At
\ 8
~ VL - = —_— ( D —
Voo L= W7} / I N
= = exposure = e =
QaHy 2ol | Jpaeum N SEEE-N - oIz w2
(hazard — (risk " (risk
identification) [ _Qdd - characterization) J\ management)
| (hazard \ / \
b B |/ assessment, ) 7
= Ii
L7} AL QS0 3 O[3 B Fole HI7I0IM =S8t 7 [Ear |
L% SAN/RSH vs. T 421 L& T7j0H E53 L0
vs., FAl SKE] H7)) ¥ 71E 2% 0% AT ER
- W7t SH0 o2 FEE Y5 HA 22 LeEde VR 8E E AT

LR 7IEY MY 2 IR LE B B 2

[O3 m-13] of =0 23t sstEx ™Y Y7t 248 M

5 g0 o)g 994 BAHe ofe] 4
Aol o GANN AEAH Weto] Wasi 1R H
2 o] st Byl kel MER Bag Jelxs 2Rl I
Soph A e & 4 . QetAQl SiEEd 984 W)

chet 2o
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Folid It
(hazard
assessment)
&/ B
wolid =l N fled 83 fldd e
(hazard — — (risk — (risk
identification) = Tt characterization) management)
(exposure
assessment)
S/ 5
Syt

[22 MM-14] stEH2E Qe 7t 7|12 fZl(Lee et al., 2021)

'E;‘Q B&9] shotEd ka2 tFE o9t &2 I wEr fdS Bt
w5, o]& 7Heet AEO o) weh 2 A el A2 gk
olth, 2¥Y mE & ¥yt doAy AA] #stE z|ASFo|A 9] thorst
ARt 3401' = o, J& 2o ot fai7t S EHE B Ee =
o ‘:}% oA Ae19] FAT} Zo] viE I A= AAE 5 Utk
O]Eﬁl O] HIZ ‘skin notation’©|Tth.

>l"j

O,

I

r

h

UM = eted 3 ST A kE7]Ed] det L8R LA
Sl R dd B ARGl ot Z‘]EE Hdgstar Qltk. d¥¥s 7]
731&(FE 13hH9] L&7|F0] A 4 % ‘Skin' FAl= 20150] sid=,.
T A o WA BAL A6 b aeln AvE Sesel A4 A%

ol

Hr rﬂ
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o7 2 9k B Wi F2AHL Eaks Zlo] olde HAET glo

900,
ol ACGIHOIASl Adst FLAsteh. thak S 7129 A ‘Skin' EAI]
o U o] YR, AL 0] A IHNA Skin' TS

(@)
o

Aé".:

Al
gotal 3lom, 1 Ad2 FARI. sHAIRE ol & A8 wo 7]EoA 4
Zpol7F U= B97F Aot 38U A2 A3 1R Fole] S, @
g 470 A A4l =4 9T A= SAE 7Ivez shal glew
A eg7IEolM Y 07 5 Hrt S2571% sict. 7] wet g4 ER]
A7 7120lA Hep AFER] A 7152 AR I 2018 EFolA=
ojz|gt ‘Skin" ®7|E WHils= 7|W=(ACGIH, ECETOC, DFG, SCOEL,
NIOSH)9| A4 7I&s AR v7F ok 2 23 AAE “skin’ 7] A%
7182 = 2

(Z II-24) Skin notation X|H 7|& HIHEZ, 2018)

Skin notation X|™® 7|&

o Al AH SO DR &35 S i g

* Dermal LD50 < 1,000 mg/kg
* Dermal LD50 / inhalation LD50* ¢ 10
LG (mg/m') x T55 (m'/h) X f(F QA F58) x =&713¢(h)
A% (kg)
* Dermal repeat-dose NOAEL < 200 mg/kg
* In vivo dermal absorption factor ) 10% (OEL based on systemic effect)
* Estimated dermal exposure at the workplace exposure standard ) 10%

ok

O] B11

*

inhalation LDy, =

» 2+ 7|&Z9 2H9 7I=0| mEt X|™ ZAIK(skin notation ®1/skin notation® X|H5I7|0| E525t
H&/skin notation H1l 2EQ) 7t EEHE

Aol A WE w5 BT A4 Gl UjF AL A= A A AR
AFoR HY H/1E AT & Atk of do] R s ArE 54

5 2
T w3 Foo] ot FRAY AR S AROIAY WE F4 A7, WE
5 %l

ot GHS AA =9 o|&FHe o2 &k

7

~N



( sjsiexlol Mg i

b
mjo
ofm
ro
10
ook
0x
ol
N
1Rl
rH
o
fe

5 A AAmS0| A= Foi8 ERE 2

854 Al AAEA ZAF Gl Fo7t FLAoIH mFE =E9]
54 59 LDsox @717 gF =5 A A4 o] vEd 5 3
olmgitt. dRkdo=® ofy 7oA S = GHS 7|€22 &
=4 -8 3(Dermal LDsp < 1,000 mg/kg) ©]ot= ZAA 5L

a4 A1 =49 sig & olstoll &5t A% ‘Skin’ #7] HR/0|

Q4=
% oI} 3P o] gheko s ‘skin' 37] WS WA 4= gick /M wake
A % e W% g40) AEst 39 wEo) us) Agstn A4 4%

Uetll= BFolth ol 9 HAA 7Zl&stiixel &Y =4 29E ﬂl%,
2EFE o= AMESte] 5Y £ d9E HEToEN HAHdos H

g Stk 283 11 B Z3h 108) oA Ae)7t Ues B--(Dermal LDsg
/ inhalation LDsg < 10) ‘Skin’ 7] ZQAJo] QAE 4 Ut} HiE =A]
A LDsot o] ©7|7F ZAF gaFato] ofyet A7I7E ¥ k=0 2%t
H|ZA}F AAl GRS 918k 4= Ut ‘Skin” H7]1E 185k A% GHS 7|&0 &
EARAG7] SAHGHE, FH) L& 2 O]ﬁ}oﬂ SHFETh. A7 7| T A= 53]

El
sk

dutzoz 28 &F iy
HAER HAHY, dFet E7|9 mi= A9 mRHEG JAFAHo] 2
Aoz IdHA Sloh. WA FEOIAY HE &5 HolH= o E4ASl
FAAE ATE & AUth o7 7]HAA 10% o= 4Ett g7 =
7551 Q9T 55 AE 9of HIAIE A& (in vitro, in silico)E EZR A
SAZ & 5 Utk ATy PHS dubdo s mF X]E% o7 A%
A, 22 &5 39 HAER 2dE 4 ) o] 9o AFEHE & 4
A2 gteE4o) E23ey EAEAN, &k —.‘1‘:}%-% 2HiAls, pH
) ol 71QIgtch
& &5 SETeE Skin' 37|15 275k 718= BATE A7 7|HelA=
AT 27|24 Y g7 kEo] JAA AdgFE dod 5 UsAE



A Rt 37 F w7 ¥ A5 DA AA B S uE F5
7lo] =7t o w2 AR dHA 0“‘% olo] wat Al Gl 7|Hst]
EE7|Ee] 44d Aol st Alitel Hl&o] 10% o411 3-+(Dermal

dose/inhalation dose at OEL » 0.1) ‘Skin’ E7]& &3t} o]&3t X4
712 549 71soll 7IHtstel A4Sk, e Ayk= ‘Skin® 7] EaL, A
3835 JH, ‘Skin’ ¥7] @1 E¥eg FESH £ Qi)
olzfgt 11 ARl wet Ul k=E7]EolA 9 w5 379 AFH4dE ERlst]
fste] B7F diA 712 152 AR5k, =Wl #7] AR ERlskith. HA
OECD eChemPortald|lAl &4 43 =4 F& 1~29] sfdste 8=
o112, ACGIHOIA9] Skin notation &4 FHE FE5t9 & 552
3.]’*35]'93\5}. OECD eChemPortalolA 9] {34 &7 A= AGRITOX,
AICIS assessments, ChemInfo, ECHA Biocides, ECHA C&L inventory,
ECHA REACH, GHS-J, HSNO CCID, ICSC, IGS, INCHEM°|t}t. 34
Ao 54 & 1, 28 553 23 202F°|%en, tjFEo] ECHA C&L
inventory®} GHS-Jol|49] &5l siF= At E3t =] leE7]Eo] &85kl
%= ACGIHO| A9 Skin notation 38 HAHE FEol] AA ST A5 =
392%0lUth. &% TH EHEA I =E7|EE EAStY
207F0°] siFEUH, o|FoA ‘Skin' 7|7} EHof UA ¢
24%0] AFERH & FUH =E7|E HEA JF =22 I
27} Slol= “Skin” 3717} Elof QA g2 E3o] 24F 2=, 1,1'-Dimethyl-
4,4'-bipyridinium salts (except paraquat dichloride), 2-hydroxy-

Ir

11‘.
F
¢

A
=

A
o fr

>, Wi o

A

f

[ Fl
& o rlo

=
I

2-methylpropionitrile, chloroacetaldehyde, Chloroacetic  acid
[monochloroacetic acidl], cyhexatin, Iron carbonyl, osmium tetraoxide,
Phosphorus (yellow), Rotenone, Sodium azide, strychnine,
Tetramethylammonium hydroxide, Zinc chloride, reaction mass of
5-chloro-2-methyl-2H-isothiazol-3-one and 2-methyl-2H-isothiazol-3-one

(3:1), Water-soluble hexavalent chromium compounds, Chromyl
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chloride as Cr(VI), Ethylene oxide , Hexachloroethane, Isopropylamine,
Methomyl, Methyl formate , Pentachloronaphthalene, 2,4- or 2,6-
Toluene diisocyanate®]t}. o]o] Higt S48, HHE E3sHd EA,

=4 ARel o] kZ JF5AS S ARt et g
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(B -25) 2 =&71F 4% 2% 5 Skin notation X% & 2%
=4 . Uses at | Uses by
o =
. g3 CAS No. | zm | Phvsical | yp Logkow | /2 | Apsorption | industrial | professiore
H state solubility X
=4 sites workers
1,1'-Dimethyl-4,
4'-bipyridinium 1.00E-07
1 salts (except 4685-14-7 | 7= 2 solid mmHg -4.22 6'3T?E/Jr|_05 - - -
paraquat @ 25 °C 9
dichloride)
The
substance
B o hydrolyses proc0/1/
g | 2OV A e | J5ghs | m2 1| liguid | 30Pa @20T | to acetone - - 2/3/8b/9 | -
YIprop and HCN /15
within
minutes
3 | chloroacetaldehyde | 107-20-0 | +& 2 | liquid 20 - 140 hPa | 0.62 @ 25 °C - - g;g(;}f/ﬂg -
Y = g @20 - 50 °C | and pH 5.8 o/15
proc0/1/
, _ proc1/2/
Chloroacetic acid ) 2/3/4/5/
: . o . 2.14 Pa o 1,000 g/L Oral: 100 % 3/4/5/8a
4 [monochlproacetlc 79-11-8 | 22 solid @ 20 °C 049 @ 20 °C @ 20 °C Derel:90% | /8b/9/14 8a/8b/9/
acid] /15/28 11/14/1
5/28
8.64E-09 8.24E-03
5 cyhexatin 13121-70-5 | & 2 solid mmHg 6.63 mg/L - - -
@ 25 °C @ 25 °C
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slelEde| I 52 S5 ey It ©2 4ot
=4 . Uses at | Uses by
q Ho
i =3y CAS No. | Zm s VP LogKow Wat_e g Absorption | industrial | professiondl
H state solubility X
=M sites workers
34.9 - 875.8 44 mg/L
6 lron carbonyl 13463406 | 7= 2 liquid hPa 3@25°C @ 20g°C - proc -
@20 -100 °C
7 osmium 20816-12-0 | 72 solid - - - - - -
tetraoxide
proc0/1/ oroc0/2/
2181415/ | 54 15/6
6/7/8a/8 7/8a/8b/
Oral: 100 % b/9/10/1
8 Ph(OZﬁgjvr)”S 12185103 | 7= 1| solid @3;'4270 = - - Dermel:50% | 3/14/15/ 91/ , /01/51 /3;/
y Inhalation:100% | 19/21/2
9/21/22/
2/23/24/ 23/24/2
25/26/2 5/26/28
7a/28
o o . _ 0.2 mg/L _ B B
9 Rotenone 83-794 = 2 solid 4.1 @ 20 °C
proc1/2/ | proc0/1/
10 | Sodium azide | 26628-22-8 | 72 1| solid | 0Pa@ 20 °C - - - %éﬁ’ﬁg ég %ﬁgj
/28 15/28
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o =4 hvsical Water Uses at | Uses by
- =xy CAS No. | Zm | PV VP LogKow e Absorption | industrial | professiondl
H state solubility X
=M sites workers
2.93E-09
11 strychnine 57-24-9 | &1 solid mmHg 1.93 1(202?%/CL - - -
@ 25 °C
proc1/2/
Tetramethyl B 14 @ 20 Oral: 100 % | 3/4/5/6/
12 ammonium 7559-2 13 solid |OPa@25°C ec - Dermal:100% | 8a/8b/9/ | proc1b
hydroxide Inhalation:100% | 10/13/1
4/15/21
proc1/2/ | proc1/2/
3/4/5/6/ | 3/4/5/6/
7/8a/8b/ | 7/8a/8b/
1 - 100,000
13 | Zinc chloride | 7646857 | 7= 2 | solid Pa - 851 g/l - N0/ 9M10/11/
@36 - 726 C @ 20 °C 13/14/1 13/14/1
5/19/20/ | 5/17/19/
21/22/2 | 21/25/2
4/25/26 6
reaction mass of
5-chloro-2-meth proc0/1/
yl=2H-isothiazol- 99 Pa 3.000 g/L Oral: 50 % 4/5/8a/8
14 3-one and 55965849 | 7= 2 liquid @'20 °C 0.75 @ 20 goC Dermal:50% proc15 | b/10/11/
2-methyl-2H-iso Inhalation:100% 13/15/2
thiazol-3-one 8

3:1)
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2ol M2 52 S5 A3l Hut M2 ot
=4 . Uses at | Uses by
q Ho
" =3y CAS No. | ¥4m ST VP LogKow Wat_e g Absorption | industrial | professional
il state solubility
= £4 sites workers
Water-soluble
Hexavalent
15 chromium - * - - - - - - -
compounds, as
Cr(VI)
Chromyl chloride, ~ N - _ _ B _ B _
16 as Cr(Vl) 14977-61-8 liquid
g;gj%;j proc0/1/
145.6 kPa 03 Qal: 100% | 5 )5, sgp, | 2/3/4/5/
17 Ethylene oxide 75-21-8 * gas @ '20 °C @ 25’ °C - Derrmal:1.3% 9/10/13/ 8a/8b/9/
Inhalation:100% 10/11/1
14/15/2 3/15/19
1/26/28
27.998 - 437 - 4.39 50 may/L
18 | Hexachloroethane 67-72-1 * solid 106.658 Pa | @ 25 °C and @ 2239 °C - - procO
@20-30°C| pHb5-7 :
_ proc1/2/
19 Isopropylamine 75-31-0 * liquid 6@3.;OI<OPS @ 2%5°C 228;09{% - 3/4/5/8a | procl5
/8b/9/15
S . . 0.11 54.92 g/L | Oral: 80 % B B
20 Methomyl 16752-77-5 solid OPa@ 20 °C @ 252 °C @ 20 °C Dermral-45%
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o =4 hvsical Water Uses at | Uses by
= 23y CAS No. | Zm | P VP LogKow ht Absorption | industrial | professionel
il state solubility .
= sites workers
proc1/2/
o . . 78.09 kPa -0.21 240 g/L ) 3/4/5/7/
21 Methyl formate 107-31-3 liquid @ 25 °C @ 25 °C @ 20 °C 8a/8b/9/ proc1b
12/15
1.49E-05
22 Pe”taCT";ro Phth | 41 pag | solid mmHg 6.88 0'5452)5”1%& - - -
alene @ 25 °C
proc1/2/
B _ 3/4/5/7/ | proc2/3/
23 | 24-Toluene 534-84-9 | ¢ solid/ | "4 21 Palam@onc|3m @2 c - 8b/9/10/ | 4/5/8a/1
diisocyanate @ 20 °C 13/14/1 0/14
5/21
proc1/2/
2,6-Toluene g * - 2.78 Pa B B 3/4/8a/8 B
241 giisocyanate N-08-7 liquid 1 @ 25 °¢ 3.74 b/9/10/1
5

* ACGIH Skin notation
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Abstract

Approaches to risk assessment for dermal

exposure of chemicals

Objectives: The global burden of skin-related diseases is increasing.
And in Korea, there was a social issue about the health effects of skin
exposure to chemicals, such as the occurrence of collective skin diseases
in shipyards. As such, the skin is an important part of the chemical
exposure route. However, there is a lack of systematic methodology to
assess the risk of dermal exposure. Therefore, this study aimed to
present the ways to assess and manage dermal exposure in domestic

workplaces.

Method: Health hazards caused by skin exposure were classified, and
conceptual differences from skin-related diseases were summarized.
And the method of hazard assessment related to skin exposure was
reviewed in consideration of subsequent assessment. In addition, the
exposure assessment method in the workplace (direct measurement,
indirect modelling) was investigated, and particularly the main determinants
in the skin exposure estimation model were investigated. Lastly, based
on these, how to assess and manage dermal risk in domestic workplaces

was discussed.

Results: Representative health hazards by the dermal route of exposure
include acute dermal toxicity, skin corrosion or irritation, and skin

sensitization. In general, dermal risk assessment mainly focuses on
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dermal toxicity (acute or repeated) that is absorbed through the skin and
has systemic effects. Based on this hazard information, it is possible to
set a reference value for health effects or directly notify concerns about
skin exposure. Among the substances that provide skin notation in ACGIH
TLV, the consistency with the skin-related hazard classification was
compared, and it was about 60% to 70%. Dermal exposure can be
measured directly (interception, removal, in situ visualization method) or
estimated indirectly through models (ECETOC TRA, MEASE, RISKOFDERM,
etc.) based on exposure scenarios. It may be accessible for workplaces
to use the model, but the applicability domain and the target of
comparison must be clarified to derive significant results. In addition,

limitations in each dermal risk assessment element were also presented.

Conclusion: Considering the domestic situation, two routes of dermal
risk assessment were suggested. First, if there is a concern about
hazards caused by skin exposure, it may be directly linked to management
measures without a separate exposure assessment. The target
substances can be determined according to the hazard assessment result
in workplaces, and at this time, the skin notation designated by the
national agency can be referred to. The second follows the general risk
assessment process but includes component-specific considerations for
skin exposure. Meanwhile, improvement of occupational safety and
health regulations related to skin exposure was proposed. From this, it
is necessary to share the need for management of the risk of skin
exposure and to lay the foundation for systematically evaluating and

managing the dermal risk of chemicals in the workplace.

Key words: dermal exposure, chemical risk assessment, dermal OEL,

dermal exposure route, skin notation

116



74)

&
__o_|

Loyl

b

of

¥

- <4

et&7| (thel,

&

__I_I.

|2t

2022.

30.

~ 2022. 11.

1.

1.



HO[tH,

[s)

| HHQIx 7

2 AL

ZHO
S|

TEIHO| g ¢7

.

=
[

-696)

2|

oFl
8l

AV

o172

L]

1

&4
od
&l
<l

k

b

(2022-

4 Ofof

=
[

o

rISfSIITAl o)

120224 11E 30¢

A

X}

e

o7

Al &7 B7t2 400

ar

Sy

<
Ok

: (44429)

ES

Kk

- 042-869-0352

: 042-863-9001

: http://oshri.kosha.or.kr
S B N :979-11-92782-12-6

}

A

5
Homepage

et=REHI2|9|, KopubHtEH/ =S

e By a1 |
Eaa,

k-



