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i=1
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bias = %Z (log Modelled — log Measured)
b=}
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precision= /)
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1008 o]4 7to wet Rikel Hl& (%)= RAFSHAT.
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17] 95) Deltary® FEUSE S1T wBWSE SYHSE Sho] ofgf Ao

o) 5% 99

2
oo
_Or“.
)
N
ot
+
Mr
L/
o |
i)
>
_°r|‘.
o)
o)
N
N
X,
3
1o
i)
)
rlo
Nk
(e

el 712gko] diHRt gholoh
DeltaTRA = a0 + alproc + a2fugacity + a3vent + a4dur + a5conc

+ aGlev

9l A4 PROC(EFHHEF), T719 FEAHE(fugacity), 714l (vent),
wZ2A7Hdur), 382K (conc), Z4H|7] AX7Hs odX(lev) S W0 ulat
Deltarza®l2] 7101 EE AHFA oz BA5c

3) LE3WSet AA E24F0 g sAEA

ECETOC TRA =EE99| 7} 9o &8 =Wt 44 =342
o] g3to] ool Ao Wt AY thF IARAS HET2EHN EAY =&
ndls AGsHH. B =X do] o= AA HolEL 75% =+
HlolE & o] &35ty on, ECETOC TRA &L Ho] &S F 0]§ 753
H4=2l PROC(ZFHF), 5719 AP (fugacity), 71841, =&2A17E o
7% & 5 BeE 5H¥sE 48550

log8A 7t =E&53A%r = a0 + alproc + a2fugacity + a3vent + addur

a5conc + aGlev



AOE A7l = AGAHA 71E, area_moel), AFAR TFE(worker_count_g)

S 270 ®E T35t ofgo] Ao weh 2712 EASIIT AR R E

AEF WA AMRAS ZSEASTE 5021 B[R, 5091 o4 30091 H]EE,

30021 ol o] ¥ HaE W] 2-8s5i8itt Hx JFANUT 71 EIF

St SHHTEY 28-S Estloy, AQREHA 7)), ZEAS

Hoko] A7 i w2 tsaAlde] st AlQskit
log8AIZF &34k = a0 + alproc + a2fugacity + a3vent + addur

+ a5conc + allev

+ a7area_moel + a8(worker_count_g)

0% AR 20 2 HANY s BAHE ARE (HHHe] F1=

Aol 288 SARAT A4Sk R 2 (A 4.3.1)F ol&st3ien,
A5 dolg9] AHEl nfo]Z 2 AT EALY] Excel(WA 2016)S o]851t}.

H

4
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(1) ARUY =5 E7 MY

H A319 wE37F 2d Hrio Z7to] HE AaE APIFEAHE0=
5t Qo Y Argle w257} ndoA Qs Aas ;gsh—,_
(H8 Al st=dl A33] At olnt. wEhA ofu] ZidtE of ARG A
w37t B F AAdedEgan AR B8 7ot o}— ECETOC
TRA 99| Al HAB.2)S ATt =587 Ldz AAski

ECETOC TRA R4 ¥ 224 =4 % A& S4AE(European
Centre for Ecotoxicology and Toxicology of Chemical, ECETOC)]A]
Mgt SksHE2 Y= H7F = (Targeted Risk Assessment, TRA)O|H,
FH385EAH(Furopean CHemical Agency, ©]5F ECHA)OA 713 7ho|=
guidance on information requirements and chemical safety assessment
Chapter R.14: Occupational exposure assessment(version 3.0, 2016)2}+
THeF e It SehEAL] flsidol B/ Am AAAIR(2021) SO
e 34 2d=E AAEI ok ECETOC TRA Xd2 713t g JH=Z
L& F40] 7Fe tierl Edon, & 7|¥ke] 7] WAD 2 20094
HZA25 = Excel FHE AlTEo] AMAPF R E Hof ARG 7Stk
A 5ol B 24 o8] A7) A5e AdeE 54 41e] &8l 3o -&olsith.

ECETOC TRA 9] tier] E@o]= EKMG-Expo-Toolo] 9loH, g A
g =2 tier? X Q(tier 1.5 : Stoffenmanager, tier 2.0 : Advanced REACH

21



Tool, ©]3} ART)S] A}go] ErEa Qich
ECETOC TRAE= ZAAt ks H7Ee} oA AH|R:
7FsohH, ZAAe] e Hrloks 4% 8AIRF Y
gk A E 47 &9 Ut 7|5k AFotn
=AM J7bsst AARE 7RISt 8A7E
st
ECETOC TRA(bHXq 3.2090A4 ZFA &Y =& FHUlel=d 2t 4

! o] ot Bt
7] Z9% ozt mxo]
ok £ ATelAE 2
Ueuhe Wi

39, m ye

II,lOll

(E II-1) ECETOC TRA(HH 3.2)0flM XX} Y &S TWolsh=0l 2 Ui

TEEE e
O sfet=d9l ==t &4
» S| M liquid/solid
» Z7|9] g EE = A9 SE™E(fugacity) very low / low / medium / high
O ZAXZ(Operational Condition, OC)
» Xo15tA Q8(Type of setting © AIE/TZIIR) ind/prof
» 2™HZ(Process Category, PROC) proc1~28
» = A|ZKduration) {15min / 15min=1hr / 1-4hr / Yahr
» HEY 3tstE29l sk (concentration) (1% / 1-5% / 5-25% / )25%
O %ol 22|tz (Risk Management Measures, RMM)
» A7 IEX] GX| 6F yes/no
outdoors
QESIEIN indqors - no or basic vlentlilation
indoors - good ventilation
indoors - enhanced ventilation
» SEE HSH A R LU &= no PPE / PPESO% / PPEA0% / PPE9S%
X 0|2 stet=d9E, CAS Bz, A, =&7|& E= DNEL & &H7| g, 3¢ &8 o8
2 88, 0T 23 7|50 Y= IFAH7|IHX| 62 5 AT oL, stetEHE, CAS
Mo, BAEE 5T MEEN0 ek XA ¥eH, =£7|& k= DNEL s &H7| &1
o2 flofiz Z2F A ERoit = ME0s 222 AY A8 0f ¥ &8, IF
232 7150 U= IAHV|IEX| 62 2 I2 T2 Y¢S =,
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(2) ECETOC TRA 22| 241 3! 0]af

7h ECETOC TRA =7| =& FFuoll gt 3HEN

ECETOC TRA Excel ¥4 Z3}, ECETOC TRAS &Y =& Y2
PROC(EHHF), &4 A8, Iau|7|A] HA7Fs o7, 5719 L=
= A9 F¥PZ(fugacity), ZLeE FF(type of setting : 4
AE7HE) G 5719 ®pol et 7] =& 442 4AFEst, oo 2 7HA|
4

Wz 24319 AR g FRT DA

u)
oz,
o
L
Y
2ol
ol
ol
s
Sis
>
o

871 A% 5 Wt 27 = RS

¢ AT (B -2 2. B ¥es 459 ¥z 24 S5 e

=
L
X,
>
N
2
oy
i)
32,
£
N
o2
ot
fr
o
(e
o0y
0
J:N
>4
rE
i, _b‘
o
1o
o
of
rid
X,
3
)
e,

log%71%t = a0 + alproc + a2state + a3lev + adfugacity +
aStype_of_setting

o] Aoj|A] ZF AS(a)7} (I MM-2)9} Zo] Ar=E| Q). 7t Wi
w3 273 EANCE SoR Aol g Aoz 2
556) = 118.3, p < 0.001). =3 AgH 3|A49 24H
0.861% EA=|ct.

oA AFEE Ao IEH, offiel &2 20N e dAT =&
=, 240 "t o8 #AVF =EHH

- PROC : PROCI13

- =94 A A
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= logR7|eE38% =252 +0-0.03-06+0

ST 53 AG(VIFS 25 10 v|gto] gt

74 o,
A= BA, 1A9 S84 AEjo] meEk <9 -1, <O M-2>2F 2

EXAQ AL VA HH= AF o) gt 7] k& o] o, HET}
fo] AFLHT AA|FOZ 27| & FHZo] =4 FAHTH= ot St
A7) 3AAY AgoA &l 7S AAH PROC, 5719 3ILAHE E=
IAY FHAH E(fugacity), 8% AElo] W2 27| =& g Holo
v 23k 30 e 27 & FAFY Hol: 3] 4o, A4
714 2] A 7Hs oFo 2 27| =& 30 Afol= E9] A2 A
RISk 4 Ut
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(E IM-2) ECETOC TRA =7|3i0| Tist CrEME S|HEM| A+ Q%
gaps | g A [ ERomE | @ PrOltl)
(Intercept) | -0.59465 | 0.09692 | -6.135 | 1.61e-09 ***
PROC2 1.87099 | 0.12116 | 15.442 | ( 2e-16 ***
PROC3 212501 | 0.12116 | 17.538 | ( 2e-16 ***
PROC4 266362 | 0.12116 | 21.984 | ( 2e-16 ***
PROC5 276348 | 0.12116 | 22.808 | ( 2e-16 ***
PROC6 271355 | 0.12116 | 22396 | ( 2e-16 ***
PROC7 3.78577 | 0.14967 | 25294 | ( 2e-16 ***
PROCSa 283491 | 0.12116 | 23397 | ( 2e-16 ***
PROCSb 256177 | 012116 | 21.143 | ( 2e-16 ***
PROCY 262828 | 0.12116 | 21.692 | ( 2e-16 ***
PROC10 291362 | 012116 | 24.047 | { 2e-16 ***
PROC11 3.50080 | 0.14967 | 24.051 | ( 2e-16 ***
PROC12 292739 | 0.14312 | 20454 | { 2e-16 ***
PROC PROC13 252077 | 0.12116 | 20.805 | { 2e-16 ***
PROC14 263520 | 0.12116 | 21.749 | ( 2e-16 ***
PROC15 211370 | 0.12116 | 17.445 | ( 2e-16 ***
PROC16 237099 | 0.12116 | 19.568 | ( 2e-16 ***
PROC17 3.47850 | 0.12116 | 28.709 | ( 2e-16 ***
PROC18 345700 | 0.12116 | 28532 | ( 2e-16 ***
PROC19 294897 | 0.12116 | 24339 | ( 2e-16 ***
PROC20 1.89936 | 014967 | 12.69 | ( 2e-16 ***
PROC21 285619 | 0.1581 | 18.065 | ( 2e-16 ***
PROC22 284702 | 020617 | 13.809 | ( 2e-16 ***
PROC23 285619 | 0.1581 | 18.065 | ( 2e-16 ***
PROC24 285619 | 0.1581 | 18.065 | ( 2e-16 ***
PROC25 3.04664 | 0.1581 19.27 | { 2e-16 ***
Physical solid ~1.06780 | 0.04289 | -24.895 | ( 2¢-16 ***
State
LEV yes -0.02992 | 0.03739 | -0.800 0.424
low -1.42184 | 0.04917 | -28.915 | ( 2e-16 ***
Fugacity medium -0.60987 0.04917 -12.402 ( 2e-16 ***
very low | -2.56837 | 0.06572 | -39.08 | ( 2e-16 ***
Ty o orof 031498 | 0.03902 | 8.073 | 4.28e-15 ***
Setting
% Signif. codes: 0 *** 0.001 ** 0.01 * 0.06 *’
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SAIZF &
$A 7l tiZ ECETOC TRAE= €+ ¥z 27| =& S A=
otal, ofof] & 7HA] Mg 25t AT k& FAUY I =5 4

2E A&d A7 & 333 ECETOC TRAC YEsh= 2E H49to]
g 7Fsdt BE 2UE 23HF 139,77679]
7359 = 1 PROC 26; #AdeE 79 2, 294 4H 2 5719 I35 =
YA = (fugacity) QA 4L 4, T4 4L 3; IV 4;
9F 4 1A 2; 358 BS T 3)to] dolgE A
£ HolHE (E I-3)9] ARfol wzt A&t H, &
of disl ot A9 ASE Fole EAE FAES
AABIATE 74, gAY e, S8 HST S HSeE 2
A% AtEoll= o]85A koA ol

log8AI7t=&FA 7k = a0 + alproc + a2state + a3lev + a4fugacity +

M o

aStype_of setting + abvent + a7dur + a8conc

+ a9rpe
371 o7 Wt HF kEghe R teAY IAEHS T Ade
(E I-HeF 0. B Hes ¥y HeR 7 Sy /iE gt
A7t AAEEIT 7S SREeet S50 o) At e =4
Mg Aeg S0 4 SHRe7 S5 A Vdsks ks

AR o Gy & k. ol
g AR AR MY £
o3 geA onE HE k2 el Wol 109 AERIE #Est]

A=t

SAEAAT 7 Aot 2AsE HF 1 FAGS BACE S

ol
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I gz

ATgo] Qe Ao Z BARYTHA42, 91589) = 2427, » < 0.001). E3!
A3tE 3749 23" 2GATR2)+= 0.9182 EAFH AL

=YW 0EFZAAVIFS 2% 10 =|wo|glc),
Al B H 71491 olgfE F7] {o =aHEH S =&

2A7He 3 %02 513 PROCS ThE =02 3o} AzZslslgon, 1
A= A 17A9 EA Ao wet (1Y [M-3), (1Y M-4)9F 7t}

ECETOC TRA 5% 3% Excel TUoA A|Fdl= /E}QQE—‘: 8A| 7k

T &Y 24 A, B/ whet ofel't 0.7, AY-EL = 0.7,
A B 032 27] wE ZW*OH B e, w2Ao] UE
Ap7ho] A9 158 HlRF W& A 0.1, ‘152014 1A k& A 0.2, ‘1417

NA 4A7F =& A 0.6& %7] % FAgkol Foto] A& SeAlE
ol s s M 1% Ulr, ‘19014 5%, ‘504 25% o] wet 0.1,
0.2, 0.6% 171 & gkl 47 58l ARttt & Al WAARE 358
Hoo] 283 I G8&0) O L&Y AL HEEe, 132 BS54 88
90%, 95%° wt 0.1, 0.055 Z}Z Z-g3ict

(& m-3) ECETOC TRA % L& $M0| Mzl ¥ xg

v A0 CHaH ‘very low’

29y YT SIZER @S
v EDIMA B 0[S BATIY

A9 ZE2 SI8EA| HE
v TEIE AHYEE RYNM HU - SR E B9 =AY IEAY R 85X
e
v 'PROC1T" & 'PROC2T2 HE7t8 AYetd R0 MEEZX 3
v ‘PROC22" ~ PROC25': A JEHO MEEX| HF

29



Of et CHESMY =IHEMS Al 2%

O HA

S e A | BEROR | PrOIt)
(Intercept) | -2.259724 | 0.009209 | -245.39 | {(2e-16 ***
PROC2 1529371 | 0.009766 | 156.59 | (2e-16 ***
PROC3 1790008 | 0.009766 | 183.28 | (2e-16 ***
PROC4 2.326969 | 0.009766 | 238.26 | (2e-16 ***
PROC5 2.427887 | 0.009766 | 248.59 | (2e-16 ***
PROC6 2.374120 | 0.009766 | 243.09 | (2e-16 ***
PROC7 3.442418 | 0.011764 | 292.63 | (2e-16 ***
PROC8a 2.500437 | 0.009766 | 256.02 | (2e-16 ***
PROCSb 2.220587 | 0.009766 | 227.37 | (2e-16 ***
PROC9 2.293277 | 0.009766 | 234.81 | (2e-16 ***
PROC10 2.617057 | 0.009766 | 267.96 | (2e-16 ***
PROC11 3.264933 | 0.012406 | 263.17 | (2e-16 ***
PROC12 2.568917 | 0.011536 | 222.68 | (2e-16 ***
PROC PROC13 2.184112 | 0.009766 | 223.63 | (2e-16 ***
PROC14 2.289742 | 0.009766 | 234.45 | (2e-16 ***
PROC15 1.786378 | 0.009766 | 182.91 | (2e-16 ***
PROC16 2.023876 | 0.009766 | 207.23 | (2e-16 ***
PROC17 3.128668 | 0.009766 | 320.35 | (2e-16 ***
PROC18 3.108820 | 0.009766 | 318.31 | (2e-16 ***
PROC19 2.650749 | 0.009766 | 271.41 | (2e-16 ***
PROC20 1.564492 | 0.012406 | 126.11 | (2e-16 ***
PROC21 2.521750 | 0.012744 | 197.87 | (2e-16 ***
PROC22 2.509365 | 0.016122 | 155.65 | (2e-16 ***
PROC23 2521750 | 0.012744 | 197.87 | (2e-16 ***
PROC24 2.606128 | 0.012744 | 204.49 | (2e-16 ***
PROC25 2.713437 | 0.012744 | 212.91 | (2e-16 ***
Physical solid ~1.688541 | 0.003461 | -487.89 | (2e-16 **

State

LEV yes -0.855109 | 0.003354 | -254.99 | (2e-16 ***
low -1.420855 | 0.003965 | -358.31 | (2e-16 ***
Fugacity medium -0.607039 | 0.003965 | -153.08 | (2e-16 ***
very_low | -2.531026 | 0.005302 | -477.35 | {(2e-16 ***
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(B M-4) (%)

g T A= H&E 0l &l PrOtl)
Type of prof 0.416929 | 0.003203 | 130.15 | (2e-16 ***
Setting
indoors -
good 0.401377 0.004234 94.81 (2e-16 ***
ventilation
Ventilation
indoors - no
or basic 0.556278 | 0.004234 | 131.40 (2e-16 ***
ventilation
outdoors 0.390244 | 0.005100 76.52 (2e-16 ***
Yahr 0.999998 | 0.004265 | 234.48 (2e-16 ***
Duration 1~4hr 0.778150 | 0.004265 | 182.46 (2e-16 ***
15min~Thr 0.301028 0.004265 70.59 (2e-16 ***
>25% 0.999998 | 0.004265 | 234.48 (2e-16 ***
Concentrat | g, 0.301028 | 0.004265 | 7059 | (2e-16 ***
o 5~25% 0.778150 | 0.004265 | 182.46 (2e-16 ***
RPE RPE90% -1.000000 | 0.003693 | -270.76 | {(2e-16 ***
RPE95% -1.301029 | 0.003693 | -352.27 | (2e-16 ***
% Signif. codes: 0 *** 0.001 ** 0.01 * 0.06 *’
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8AIZE = AT vEIVIAR GAZE =& 24T ECETOC TRAC|
ol BE Wt FFH BAE gRlstuat 7+ W4Tt 7hsd BE
2& 23HF 139,77679] 79| & : PROC 26; HAE 73 2; =4
A 2; 5719 ARAE B 1A FEHE(fugacity) HAS] HS
A B 3 IR 4 BT 4 TR 4 AR 20 558
HB S 3)ste] dlolHE A5t

IR 2 AGE HolEE B3l of 9 AL Fohe teAd 2
A4S HAskSIT

logFAIZH &34 %k = a0 + alproc + a2state + a3lev + adfugacity

)

+ aStype_of_setting + abGvent + a7dur +

a8conc + a9rpe
47) o7 et HF DAk 2RYS o OF
¢ A= < -5 20 B Haes B Her 4

7}
Aot A7t AAEE. 7P SEEset S5 19

o

all
tol
-
e
>
flo

IAEAZL ZF et 2OHSHE HF & UL BARCE fo3t
3 = ATHA42, 91589) = 1987, p € 0.001). EZF

AAFR2)= 0.9012 B4 =t

SYHPT 3 AR(VIDE 25 10 H]Rho|ict

JFAQ EAo Haf F714Ql olsiE w71 Yd 2ARAE T =&

A3ke g £07 513 PROCE T2 %0 sto] Alztglet Ak A4,



I gz

aA 9] 94 AdEol wet (O™ MM-5), (¥ MM-6)<+ Zr.

ECETOC TRA =%% 37 Excel TrUoA AlFdl= AHXog2= A7t
Y E5F F4 Al 8AI S A% =94 AH, PROCE
1Esto] 1 B 49 S5 Fotal Ao EAIZe et 15% wRE
LE A 0.1, 158004 1AZF =& A] 0.2, ‘TAIZOIA 44178 =& A] 0.6
247y Yol A AbESit

(E T-5) ECETOC TRA HHAIZ S 0N et CISNY SHEAMO| A 29

EEhiny = H= H&E 0l taf PrO1tl)

(Intercept) -0.673 0.0102 -65.96 | (2e-16 ***
PROC2 1.53 0.0108 141.44 | (2e-16 ***
PROC3 1.79 0.0108 165.55 | (2e-16 ***
PROC4 2.33 0.0108 21521 | {(2e-16 ***
PROCH 2.43 0.0108 22454 | (2e-16 ***
PROC6 2.37 0.0108 219.57 | {(2e-16 ***
PROC7 3.53 0.013 270.95 | (2e-16 ***
PROC8a 2.5 0.0108 231.25 | {2e-16 ***
PROC8b 2.22 0.0108 205.37 | (2e-16 ***
PROC9 2.29 0.0108 212.09 | (2e-16 ***
PROC10 2.67 0.0108 246.93 | (2e-16 ***
PROC PROC11 3.5 0.0137 243.94 | (2e-16 ***
PROC12 2.55 0.0128 199.97 | (2e-16 ***
PROC13 2.18 0.0108 202 (2e-16 ***
PROC14 2.29 0.0108 211.76 | {(2e-16 ***
PROC15 1.79 0.0108 165.21 | (2e-16 ***
PROC16 2.02 0.0108 187.18 | (2e-16 ***
PROC17 3.22 0.0108 297.31 | {(2e-16 ***
PROC18 3.2 0.0108 295.47 | {(2e-16 ***
PROC19 2.7 0.0108 250.05 | {2e-16 ***
PROC20 1.56 0.0137 113.87 | (2e-16 ***
PROC21 2.54 0.0141 180.12 | (2e-16 ***
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(B M-5) (%)

> = A= HZE 02 &l PrO1tl)
PROC22 253 0.0179 | 141.71 | (2e-16 ***
PROC23 2.54 0.0141 | 180.12 | (2e-16 ***
PROC
PROC24 2.63 0.0141 186.1 | (2e-16 ***
PROC25 2.73 0.0141 | 193.71 | (2e-16 ***
Py cal solid 0417 | 000355 | 117.58 | (26-16 ***
LEV yes -1.69 0.00383 | -441.14 | (2e-16 ***
low -1.42 0.00439 | -323.64 | (2e-16 ***
Fugacity medium -0.607 0.00439 | -138.27 | (2e-16 ***
very_low -3.00 0.00587 | -511.43 | (2e-16 ***
Tsyeafmj prof 04014 | 0.004687 | 85.64 | (2e-16 ***
indoors = good | g gres | 0004687 | 118.69 | (2e-16 ***
ventilation
Ventilation | indoors = no or | 4 343 | 00566 | 69.12 | (2e-16 ***
basic ventilation
outdoors -2.81e-14 | 0.004722 0.00 1
Yahr -2.811e-14 | 0.004722 | 0.00 1
Duration 1~4hr -2.768e-14 | 0.004722 0.00 1
15min~1hr 1 0.004722 | 211.79 | (2e-16 ***
Y25% 0.301 0.004722 | 63.76 | (2e-16 ***
Conicoen””at 1~5% 0.7782 | 0004722 | 164.81 | (2e-16 ***
5~25% -0.8633 | 0.003713 | -232.53 | (26-16 ***
. RPE90% = 0.004089 | -244.56 | (2e-16 ***
RPE95% -1.301 | 0.004089 | -318.18 | (26-16 ***
% Signif. codes: 0 ***¥ (0.001 ** 0.01 * 0.05 ‘’
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(B II-6) |7|steE SEHISE 3 6W(18~221) EHAES: X SHEE(%)

siei=d A A= =d=E(%)
CHEZEFA 447 98.66%
N,N-C{HZOtHEOIT| = 19,565 90.92%
CHEES0t0|= 48,342 86.93%
1,2-03=2=20E 6,834 95.83%
1,2-02=2=20=0 7,195 78.76%
2-0ISA0E=E 12,021 97.00%
2-HISAGZOMHIOIE 2,461 91.02%
gLkl 46,215 94.25%
1,3-FEtC 17,279 93.77%
1-H2o=0 4,271 68.81%
2-B=RO=T 414 99.28%
ArESEA 2,093 98.71%
AEODIESHE 4,448 80.53%
OIFE=LEE 13,696 96.78%
O 2010 = 12,844 96.49%
2-UEAE= 33,412 91.46%
2-0|SA|GIZOMHIOIE 45,739 92.55%
UIEEY 4 100.00%
2,3-0FA-1-E2T= 188 100.00%
1,2-0IZA 2= T 3,222 93.92%
O|IZ2==50|=E2 5,108 97.63%
EfIZ==0Ed 25,234 61.44%
1,2,3-E2|Z2202T 286 100.00%
HE==0Ed 7,993 88.92%
= 56,298 94.98%
ZEYHol= 130,122 31.23%
SO E 1,177 100.00%
of0| =2} 3,159 97.31%

_I.

XMOLt, S|X MEHZt 7|HZA HFOA =ETI}
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st

X BEUHB|S L3t AlB47} 21 22
QoI ECETOC TRAQ| Hg0| Cia
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=
=
-
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(8 II-7) E2Z220|2/30] f3 ECETOC TRA YXE

» SAH . E2|ZZ 202 (Trichloroethylene)

» CAS #is @ 79-01-6

» 22X 1 131.4 g/mol (X : ICSC)
» 37| : 7,800 Pa (EX : ICSC)

O L&7|&
» SAIZE TWA 10 ppm (IS
» STEL : 25 ppm (LS8 1A|)

A

-IE

% TERCM M2 572 Clausius—Clapeyron S48 ALZ5t0] Albkoto] &2 AE Al MK

3) AU A=

AAE ATRY fARAAA Eﬁl%ﬂoﬂ%ﬂi 1 ﬂ%oPOﬂ 2018L=15TE1
202267149 57d FATAEA 2
A52E A5

g 7170 249 AATAZ A2 @
TF2 26727149 ARIgNA 21,7194
ol BEHoZ A7 1226714004 4 :
st 2o 240 o] 4 AUgel FY 24L st 2z Auee

(exposure scenario, ES)E A4Sttt
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(@91 - 21, %)
= N
MAAR #E EEE =asE o s
2 21,719 7,723 13,996 64.44% 167 0.77%
=2 1,888 1,377 511 27.07% 10 0.53%
1 2 7|Ef MAt EE MY 1,783 994 789 44.25% 19 1.07%
ASAt £ 2| 1,002 327 675 67.37% 0 0.00%
A QfE MR 984 14 970 98.58% 0 0.00%
1 2 NSk AE 22 HIAY 725 304 421 58.07% 5 0.69%
S 2 Ve Oef M2 0604 352 252 A41.72% 13 2.15%
e MMM S hhhH 8 547 98.56% 0 0.00%
7 9| Jlet Za| 2EEx| g
HE xS 372 119 253 68.01% 2 0.54%
CIM3|=7|HE M=T HEY 323 217 106 32.82% 0 0.00%
2 Vg 25 78y 318 152 166 52.20% 4 1.26%
X UE9| MMEF 712 AlE = A2 1070 BEEE BA|
X LEVIE R 2 SE7 ERlZR20/ZR BAZ LEVIES Zut A9
(2 [-10) 2018~20224 57} E2|SZR0|a CHAZH LE4S X33
(& A, %)
HANE 22 =27 =21z "= zie
21
Kl 3,616 2,006 1,509 42.93% 41 1.17%
=4 1,027 838 189 18.40% 2 0.19%
AsAt £ 2| 319 76 243  76.18% 0 0.00%
T3 2 7|EF o2 M2 196 145 51 26.02% 9 4.59%
1 2 7|Ef MAt EE MY 161 101 60 37.27% 2 1.24%
Sx M2 ZAL Y 2 118 9 109 92.37% 0 0.00%
2 7|E 2& JEY 8b 48 37 43.53% 4 4.71%
1 2 XskE AME BE HExY 77 24 b3 68.83% 5 6.49%
QM2 HE M= XX 63 36 27 42.86% 0 0.00%
7 9| J|Et 2B 225K g
HE HEY 57 41 16 28.07% 0 0.00%
71 2| 7| 2 EXME 7P| MES 56 27 29 51.79% 0 0.00%
X YEO| MMES 7| A= £ A 1074 EE0E TA|
% L27|E Fl= 2t BNz EoZ2a02E STELS A1 240
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¥iso] B A= Psteick. 1 A%k HE 21,719 zu EEEELLERES:

EREEERT 3587H of el wEWsvl JAFYE 4402719 tlolels)
357719] =2 A2 (92 AEA. B A Al Agse] wel
A, wEA70] T2 A% 5 EelZuzgds fE nExdow
AgHe A HEol Auees PR

AASGSHENHE %OEF%E% Feld dlolEHE =& AlUER 3571 B2
1Ed & A AFEAES), 22A%F, PROCEEEF), 5719 =
(fugacity), 7134, =& *l 7r, FAH|ZIAR] AR OB 5858 HE L 59
Ao whet LAl BAE oto] (& M-13)3 <29 -9y Yehf it

AFoz2e 1 9 78 AR Fim Axd ol 12.9%, =ad’e] 10.6%,
AER FG 0] 10.4% 5 37 AFol g &L vlgw Uehit

LRAS 712 A F71% 5091 olste] ARl 7} o 79% vl
Sto] Y=oz Wttt PROC(EAHHEF 35 AldA 8=z F=
= EzlgRzode] 54 4 G3RY(PROCI3)Y vlgo] o 58%2
3] wWolowm B AFAl ;5}04(10 1%) Eav e %]EH(27 2%)§ tAF

A}A]
=
A
SEAe Fota AUk 5719 ALY E(fugacity)E HHE, B B97t

A
A0
o)

zi&l'r"

oAl FHFste] <F 76% HlE&°] S Fx(medium)d] HEAHS HoH,
=3 A ZNA 9 F7IEA] T 7S St BFE A6 24% M =2
T(high)q] FL48E HetdAtt. S719419] F-9= AUaA Y 71242l
7](indoors - no or basic ventilation)7} 2F 66%, AUjojAe £& 37|

ol ox BN
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(indoors - good ventilation)7} &F 29%9] H|&Z F 37|4l4lo] ditk+E
AAetR o, AR Ao Q] &AFH E7](indoors — enhanced ventilation,
4.2%)2}t oFR(outdoor, 1.7%)7F UATE. eEAZFoA = 15804 1AZF 2
158 mRF Y] Ad=gto] 24+ 63%, 28%= oy, tiFE2] AlF&o] AlH
Seko e} Wo|7F 33 7+ A9l ZJE o] 9o sfjAlo] 9]} 3?—15111},
271 GA = AR 7Hs(yes)Q] A7 oF 76%=2, I¥A] g2 F
Hl& oF 24% Hot =4 UeEt 287 B9 48 44 i%é@%ﬂﬁrﬂq
AARE S A=A B7HET oA Eeo] aed o9 2
el

o 2 2o AAS HE1E x| Fsl zHY] = oF _9_01-7]] 285l Aoa

NAEE 49 SEE HIT A& 95%S A83T 13X e AL z‘z%%

B37% 483514 %L Ao At 1 A3, $FE RIS FEI

TS A(66%7t A BB TE 283 A(B4% Tt 20 71 A ehiA

= oict
(B MM-13) B0 M2 FEXES YN £

B gk &H|E(%)
719 Jler HA BE MY 12.9
=Y 10.6
AsAt e 2y 10.4
1 9 AsAE AME 2F MY 4.2
PIMe|27|HE HET HZEY 3.6
=d 2 =29 HMzY 3.6
SES 9 Ve E A 7|A A 2.2

2H| QofE MY 2.2
719 Jet | #REHA| M2 HE MEY 2.0
1 9 7t 2% 7I5Y 2.0
MRV 28, A & 24 717 MEY 2.0
7|EF BIEX| AKX HZAY 1.7
XHE 7171 MEY 1.7
CF & 7B IS X2 1.7
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(E M-13) (A%)

Ha gt ~HHIE(%)
1 2 3% ItAal 32 HAKNE MY 1.4
|22 JiH, 25 HX| HEY 1.4
YEHH MY 1.4
7 9 Vet 27 ot 35 JVISHE MEY 1.4
o 24 FxAY 1.4
oc 7|E XQnkel ALY 1.1
B IS U QA MY 1.1
7|E} M7| HSHEX] A 1.1
FM SAEH MEY 1.1
X 7|EF FMgHIE 1% 02 EF 27.7
PROC7 3.9
PROC8a 0.3
PROC PROC8b 0.8
(SEEF) PROC13 57.7
PROC15 10.1
PROC19 27.2
=719 3¢™E  high 23.8
(fugacity) medium 76.2
outdoors 1.7
517 4Al ?ndoors - no or basilc Yentilation 65.5
indoors — good ventilation 28.6
indoors — enhanced ventilation 4.2
{15min 28.0
LEAZ 15min—=1hr 63.0
1-4hr 5.9
Yahr 3.1
ZAHY7|RER| Ax| HX|7tS(yes) 75.9
& 0|4 X|(no) 241
no RPE 66.1
358 B354 RPE9O% 0.0
RPE9S% 33.9

* AR FHHIE0| 2 Y52 HAl M=
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PROCT PROCSa PROC
3.9% 0.3%
PROC8D
PROC19 o 0.3%
27.2%
PROC15S PROC13
10.1% 57.7%
Fugacity
high
medium
76%
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enhanced outdoors Vent
ventilation : 29
indoors - 4% T
good
ventilation '

indoors - no

or basic
ventilation
65%

>ahr Duration
1-4hr 3%
6% -
<15min

15min-1hr
63%

LEV

no
24%

76%

51



| BeEUNS BRY RIS RS e W WIE 6

RPE

RPES5%
34%

RPES0%
0%

[23 mM-9] £EX29 LESHLH EN

3. EWI 2™

nz

oYL

Wy
1
o2

N
o]~
N

D =297 29 A5 99 2 =3 F47 42

)

e

elE Atm o] kEHS ECETOC TRA 23‘94 24l MA(3.2) Gdutdof
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oA AFSH tl2, ECETOC TRA &R 499 Hrh= %o W49} 3
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(B -14) M L2300 & FYUS ML 372 A R 28Ax

2H 71871 =3 284+ (Adjusted R?)
M| HlolH 0.76 0.34 0.12
P75 H|0JEf 0.56 0.51 0.12

94 wEREO T Eb T 299 AL Gns] ), ZIUE
. e d U4 &S Hol2 FYEE Deltaru® A2
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-H
e

S

o o A

/\(-)1 g
T P T S
7159 A9 qYA) g ASuT Yo Wl AH gor ozt
= giiHoR o Rtk

75% £91% doHE o83 AL fARE AI(IY M-15)F Btk

)
Ay}

o, % 1 od oX

o9k
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DeltaTra per PROC

4
) i
i i
&
L]
i
PROCT PROCEa PROCED PROC13 PROC15
PROC
X =
DeltaTra per Ventilation
4
]
2 &
dg .

indoors - enhanced ventlation  indoors - good ventiation _indoors - no or basic ventiation
Ventilation

C=71HA )

DeltaTra per Concentration in mixture

4

Mra

5-25%
Concentration

(2ges W s&)

o

DeltaTra per Fugacity

4
H
i
y : :
i s
: &
0
i
PROC19 medium high
Fugacity
S1=19s >
( 2EE=
DeltaTra per Task duration
4
2 i
: s | |
I i
0 ' ‘
' i
outdoors <15min 15min-1hr 1-4hr >4hr
Duration
=
( =BARE)
DeltaTra per Local exhaust ventilation
4
H
i 5
2 i :
s l |
0
i
' '
>25% ne yes
LEV

( RAH7IEX] EX|7S )

MM-14] =SH4Y Deltara
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DeltaTra per PROC

PROCT PROCBa

( 38E=(PROC )

DeltaTra per Ventilation

DeltaTra per Fugacity

Mea

PROCBb PROC13 PROC15 PROC19 medium
PROC

Fugacity

( 3EZE)

DeltaTra per Task duration

' i 1 !
' t i
2 i g E 4}
E i i El v ]
1 i |
0 i 0
i
: | ;
i
: 4 t
'
indoors - enhanced ventilation  indoors - good ventilation indoors - no or basic ventilation outdoors. <15min 15min-1hr 1-4hr
Ventilation Duration
214 ) ( =2AIZE)
( 27144 LEEAZE
DeltaTra per Concentration in mixture DeltaTra per Local exhaust ventilation
2 2
1 i 1 i
i
I
g g :
& i 4
0 0 i
-1 -1
1-5% >25% no
Concentration LEV

( 8=

[13 [M-15] L&WH4Y Deltarra(75%
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W s= )

HO|A
=TT

Ef| O] EY)

high

yes

( RAH7IEX| EX|7tS



7 W%o] o) w2 A Te/Ae 24

7] (0) 5H DeltaTRA—;f—. %—./_:_:_Eﬂi_/l\_i 3}5’_ EE%EHZ,\—

AT ES

o
=
=

I5to] At (& M-16)3 <HE M-17)° 8oFste] AAISHAT.

- PROC(Z&#AHZ) : PROC8b, PROC13, PROC15, PROC19
- =&H|7] A2|7Hs odF(yes/no) : =487 AA]-7Ha(yes)
- =EA7F 0 158004 1A7E

29 2] A4E Mk AL olE 9
99 BaEot 5] Aok 2 oJuje

(E [M-16) Deltatralll CHEH CIHEME

ERdes

JEsto] =S4 F7Y5H

[HE2M9| Al Qo(HA TIO|H)

=Ea T A= HZ 0 t2k PrQ1tl)

(Intercept) -0.26021 | 0.19648 | -1.324 0.185512
PROCSa ~1.17543 | 0.16036 | -7.33 | 3.18E-13 ***

PROCSb ~0.73011 | 0.28237 | -2.586 | 0.009782 **
PROC PROC13 ~0.53391 | 0.04504 | -11.854 |(2.00E-16 ***
PROC15 ~1.43488 | 0.15232 | -9.42 |(2.00E-16 ***
PROC19 -0.42161 | 0.05068 | -8.318 |(2.00E-16 ***
LEV yes ~0.65521 | 0.0303 | -21.621 |(2.00E-16 ***
Fugacity high 0.34478 | 0.02649 | 13.017 |{2.00E-16 ***
indoors - good | () seses | 006603 | 8.884 |(2.00E-16 ***

ventilation
Ventilation | indoors = o or| g 54595 | 05289 | 3462 | 0.000545 ***
basic ventilation

outdoors 0.72717 | 0.22213 | 3.274 | 0.001078 **
15min~1hr | —0.29687 | 0.04188 | —7.089 | 1.79E-12 ***

Duration 1~4hr ~0.04611 | 0.05571 | -0.828 | 0.407947

Y4hr 0.08768 | 0.06775 | 1.294 | 0.195788

Concontration 5~25% 1.08784 | 0.54619 | 1.992 | 0.046524 *
)25% 128224 | 017478 | 7.336 | 3.03E-13 ***

% Signif. codes: 0 ***¥ (0.001 ** 0.01 * 0.05 ‘’
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4.2 75% £91% doleE o] §3tel AN

ZF RO A BAALE FofstEA &9 o] AleE 7

A= <3 M-17>

Ggke A HolElS ol gstel AT A FUT PP HArh

(B M-17) Deltara0ll thet CHESME S|HEAQ A+ 22%(75% 221+ HIOIE)
AHH = A= HZE 02 tak PrOlt])
(Intercept) -0.34151 | 0.42909 | -0.796 0.426869
PROC8a -1.2338 | 0.40159 | -3.072 0.002366**
PROCS8b -1.21588 | 0.47851 | —2.541 0.011678*
PROC PROC13 -0.51987 | 0.11089 | -4.688 | 4.59E-06***
PROC15 -1.03225 | 0.22672 | -4.553 | 8.37E-06***
PROC19 -0.3169 | 0.12396 | —2.556 0.011182*%
LEV yes -0.87657 | 0.0598 | -14.657 | <2.00E-16***
Fugacity high 0.44 0.05741 | 7.664 4.30E-13***
indoors = good | 3604 | 013262 | 2.717 | 0.007053*
ventilation
Ventilation indoors ~hoor
basic 0.34785 | 0.12453 | 2.793 0.005633**
ventilation
outdoors 0.95821 | 0.30253 | 3.167 0.001736**
15min~Thr | -0.29896 | 0.0796 | -3.756 | 0.000216***
Duration 1~4hr 0.11066 | 0.11467 | 0.965 0.33549
Yahr 0.10275 | 0.13599 | 0.756 | 0.450631
Concentration 225% 1.20522 | 0.38506 3.13 0.001962**
% Signif. codes: 0 *** 0.001 ** 0.01 * 0.06 °’
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Q) 2o LEY FHYIY MHS I8 UF HEA
7h T H|O|E{0f ECETOC TRA i X2

A dlelElo] ECETOC TRAY] =&¥4E SHHSE 283 AR
T (G M-18)°] 8oFste] AAston, IR A4 =57k =3
P AR T = (O™ M-16)3 2ok AA dolHE ol&st ts 34
A7 274 AAALR)E 0322 AL E dlolH HE9 32%
Arg sl

=

mh&
l

¢

Ny
ol 1 ox
o ok E\‘

olr

(B M-18) &M S0 et CHSMY 229 Al 22K(HA| GIOIE, ECETOC TRA

H)
QU -2 A== HE 0l % PrO|tl)
(Intercept) 1.1461 | 0.1887 | 6.0730 | 1.46e-09***
PROCSa 0.3758 | 0.1540 | 2.4400 | 0.014753*
PROCSb ~0.0621 | 0.2712 | -0.2290 | 0.8189%4
PROC PROC13 ~0.0378 | 0.0433 | -0.8740 | 0.382443
PROC15 0.2152 | 0.1463 | 1.4710 | 0.141423
PROC19 ~0.1196 | 0.0487 | -2.4570 | 0.014068*
Fugacity high 0.3284 | 0.0254 | 12.9080 | (2e-16***
indoors = good | o695 | 00634 | -3.3040 | 0.000969***
ventilation

Ventilation indoors — no or

. _ 0.3064 0.0604 5.0730 | 4.23e-07***
basic ventilation

outdoors -0.4352 | 0.2133 | -2.0400 0.041489*

15min-Thr | 0.37156 | 0.0402 | 9.2380 | (2e-16***

Duration 1-4hr 0.6053 0.0535 11.3120 (2e-16***

Yahr 0.6772 | 0.0651 | 10.4060 | (2e-16***

| 5-26% ~0.6151 | 05246 | -1.1720 | 0.241126
Concentration Y25% ~0.5787 | 0.1679 | -3.4480 | 0.000576***

LEV ves 03400 | 0.0291 | -11.6820 | (2e-16***

% Signif. codes: 0 ***¥ (0.001 ** 0.01 * 0.05 ’
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logModalied, mgim3
L]
| ]
L]

logMeasuned, mg/m3

(33 m-16] & =23 = FEU MR R SR ZF : HEHZE 95%)

L) XX SO0 ECETOC TRA B I FItHs Mg

A flolg & o0]&3slo] ECETOC TRA =219 L EH2 = o]&
7Fs8F ®<=2l PROC(ZAHP), 5719 LA L(fugacity), 271494, =&

AlZE, S, 2AZIAAR] AR 75 (ves/no) & 67F ®Hol tlg] A
AJT FEE 7 SHHSE ol tF FAENS 2AaE (F - 19>°ﬂ
aoFsto] At o, 2RSS AA| &Y =& FPF AxrE
(O™ M-17)7 Zrh 24 2HASRY 0.362 PROCEHEHHF), 5719
g = (fugacity), 37184, =E2AZE 7% & o/ W4T H83
Ao 24 AAASEGE A &SI

_IR

(

0|



I gz

(B mM-19) &H S0l st CHEME 12N QOKTA| HI0JE|, ECETOC TRA ¥ F7}
M=)
AHH = A= BEZ 0 taf PrO[t])
(Intercept) 1.0042 0.1924 5.2200 1.96e-07***
PROC8a 0.1314 0.1601 0.8210 0.411897
PROC8b -0.1668 0.2749 -0.6070 0.544041
PROC PROC13 -0.0104 0.0488 -0.2130 0.831229
PROC15 0.3339 0.1459 2.2880 0.022257*
PROC19 -0.0472 0.0540 -0.8750 0.381518
Fugacity high 0.3744 0.0272 13.7420 (2e-16***
indoors = 9ood | _g 5561 | 00632 | -4.2120 | 2.636-05%**
ventilation
Ventilation indoors - no or
basic 0.1970 0.0602 3.2730 0.001079**
ventilation
outdoors -0.4461 0.2069 -2.1560 0.031209*
15min-Thr 0.3703 0.0428 8.6480 (2e-16%**
Duration 1-4hr 0.5802 0.0551 10.5280 (2e-16%**
Yahr 0.6231 0.0689 9.0380 (2e-16%**
Concentrati 5-25% -0.4653 0.5190 -0.8970 0.370031
on >25% -0.3947 0.1652 -2.3890 0.016960*
LEV yes -0.3154 0.0303 -10.4180 | <{2e-16%**
il -0.0971 0.1013 -0.9590 0.337806
a3 0.9986 0.2526 3.9540 7.93e-05***
=0 0.1933 0.0576 3.3580 0.000798***
LM 2 0.1029 0.1200 0.8580 0.391105
CH=d 0.2721 0.1887 1.4420 0.149429
Area CHEy 0.0330 0.0572 0.5760 0.564627
(MOEL) BMUSE 0.2293 0.0828 2.7690 0.005668**
2iEE -0.2899 0.0960 -3.0210 | 0.002548**
LS 0.0635 0.0954 0.6660 0.505371
2 0.1722 0.0520 3.3090 0.000952***
At 0.2826 0.4794 0.5890 0.555667
MS et 0.0255 0.1146 0.2220 0.824006
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(B M-19) (A%)

Rl T A [ BROE | @t PrOIt)
NEge 0.2373 | 0.1675 1.4160 0.156861

MNEsH 0.0997 | 0.1987 0.5020 0.615842

NEME 0.5013 | 0.3433 1.4600 0.144398

AEH 0.1886 | 0.1987 0.9490 0.342706
M -0.3180 | 0.0922 | -3.4500 | 0.000571%**

ObAt -0.0055 | 0.0557 | -0.0990 | 0.921268
ik -0.1745 | 0.0446 | -3.9130 | 9.37e-05***

Qb 0.0464 | 0.0629 0.7380 0.460629

St 0.1532 | 0.2239 0.6840 0.493925

(,\fl\ée&) HES ~0.2138 | 02024 | -1.0560 | 0.29092
Of| = 0.2890 | 0.0684 4.2280 | 2.46e-05***

eSS -0.1086 | 0.0462 | -2.3510 | 0.018816*

ES -0.2343 | 0.1988 | -1.1790 | 0.238716

S8 0.0013 | 0.0586 0.0210 0.982928

A 0.0765 | 0.1179 0.6490 0.516372

ot -0.0841 | 0.0805 | -1.0440 | 0.296432

ESES 0.0040 | 0.0811 0.0490 0.960994

=5 0.5369 | 0.2805 1.9140 0.055740.

e -0.0724 | 0.1084 | -0.6680 | 0.504335

Wo;ikfelace 35000% Otllii -0.0019 | 0.0332 | -0.0570 0.95476

(no of
workers) 30091 01 | -0.2947 | 0.0746 | -3.9500 | 8.07e-05***
% Signif. codes: 0 *** 0.001 ** 0.01 * 0.06 °’
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loghtodelied, mg/m3

logMeasured, mgim3

[23 M-17] &N S0t =F FHU0 MR U 3|F2(HatE 3 - M2 95%,
M 1)

o

Ch 75% === CIO[E/0 ECETOC TRA =

ot

75% 294 dloJgo] ECETOC TRAS L=EH4E EdHsZ FHE
SAEAS Aite <FE M-200°1 895t AAIIA o™, 21HESTE HA
EET 2 FAYRY AxEEs (O9 M-18)3 2ok 27 ZFASR)=
0.34%tt.

~

=
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( &= _?T:_I‘IHPAI% ieig_

(E -20) &M =20 st Cs

o Rl QIR FEH

ooll

4 S7EA0| A% 20K75% o

HlO|&, ECETOC

TRA #%)
U T= A= BE ol ok PrOO[t])
(Intercept) 1.3109 0.3852 3.4030 | 0.000779%***
PROC8a 0.3503 0.3605 0.9720 0.332115
PROC8b 0.4693 0.4296 1.0920 0.275716
PROC PROC13 -0.0705 0.0995 -0.7080 | 0.479658
PROC15 -0.2437 0.2035 -1.1970 | 0.232279
PROC19 -0.1912 0.1113 -1.7190 0.086973.
Fugacity high 0.2386 0.0515 4.6290 | 6.00e-06***
i“dvoe?:f”;tig?d 0.0150 | 0.1191 | 0.1260 | 0.899926
Ventilation oo _noor
basic 0.1872 0.1118 1.6740 0.095347.
ventilation
outdoors -0.7074 0.2716 -2.6050 | 0.009758**
15min="Thr 0.3105 0.0715 4.3450 | 2.05e-05%**
Duration 1-4hr 0.3630 0.1029 3.5260 | 0.000504***
Yahr 0.5954 0.1221 4.8770 | 1.95e-06%***
Concentration »25% -0.5264 0.3457 -1.5230 0.12909
LEV yes -0.1044 0.0537 -1.9450 | 0.052921
% Signif. codes: 0 ***¥ (0.001 ** 0.01 * 0.05 *’
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loghodelled, mgim3
\

logMeasured, mgim3

[ M-18] &H &3t & FHUC| MIT U S A(L2 SY : M7t 95%,
75% =2I+ HIO0[E)

2}) 75% 222 H0|E{0| ECETOC TRA W4 2 =JiHA XM

75% 2915 Hlol8E ©|&3to] ECETOC TRA &R 4o LEHs F
o1 7K el PROCERBF), 3719 A ugaciny). 7134
wBARE, B9, A7 X 7H5(ves/no) 5 674 W] Ha) A%,

AAY FEE 7 SHHESE ofo] o FFARAST 23S (& -2
qoFsto] AAStPoH, 2aHES AX L&7T =& 23] Anrs
(O™ M-19% Zth. 24 ZFASRY 0.332 PROCEAHHF), 5719
U = (fugacity), 7194, 23A7, TFHF & 671 HETHS H-83
Ao 27 AAAS FARFA
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0x

| B8 EUS BEY SAUK RN e B Is 6

(E I-21) &M =St et iS4 21249 Al 224(75% =291 CI0IE, ECETOC
TRA & F7} )

U T= A== HZE 02 tak PrO|t])

(Intercept) 1.1162 0.4078 | 2.7350 | 0.006765**

PROCS8a 0.1670 0.3885 | 0.4300 0.667706

PROCS8b 0.3978 0.4715 | 0.8440 0.399802

PROC PROC13 -0.0692 0.1119 | -0.6180 | 0.537012

PROC15 -0.1318 0.2222 | -0.5930 0.55365

PROC19 -0.1379 0.1253 | -1.1000 | 0.272469
Fugacity high 0.2591 0.0576 | 4.4990 | 1.12e-05***

indoors — good

L -0.0085 0.1224 | -0.0700 0.944509
ventilation

" indoors — no
Ventilation

or basic 0.1385 0.1153 1.2020 0.230779
ventilation
outdoors -0.6440 0.2770 | -2.3250 | 0.021026*
15min=1hr 0.3450 0.0798 4.3260 | 2.33e-05***
Duration 1-4hr 0.4192 0.1125 3.7260 | 0.000249***
Yahr 0.5729 0.1392 4.1150 | 5.53e-05***
Concentration 225% -0.3370 | 0.3568 | -0.9450 0.34587
LEV yes -0.0805 0.0576 | -1.3970 0.163799
% -0.0917 0.1914 | -0.4790 0.632239
0] 0.0765 0.1694 0.4510 0.652113
LM 2 -0.0628 0.2113 -0.297
CH=H 0.2520 0.3574 0.7050 0.481527
Aer CHE 0.0235 | 0.1232 | 0.1910 | 0.84891
(MOEL) SAZE 0.0546 | 0.1742 | 0.3130 | 0.754354
HMEE 0.0240 0.1850 0.1300 0.896703
RS -0.0202 0.1865 | -0.1090 0.913684

r2

0.1833 0.1071 1.7120 0.088380.
0.1947 0.2099 | 0.9280 0.354577

>
mo Ho
et
19
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(B mM-21) (A2)

I gz

YA 7= A= HZE 0f2 tak PrO1t])
NELECH 0.0889 | 0.2695 | 0.3300 | 0.741754
NEEC ~0.0114 | 0.3506 | -0.0330 | 0.974011
NEES 0.1272 | 03506 | 0.3630 | 0.717032
A ~0.1725 | 0.1767 | -0.9760 | 0.32993
OfAl 0.0555 | 0.1116 | 0.4970 | 0.619552
otof ~0.1276 | 0.0836 | -1.5260 | 0.128498
QFA -0.1084 | 0.1293 | -0.8390 | 0.402526
SAt 0.0231 | 03682 | 0.0630 | 0.94997
Area SIES ~0.1183 | 0.3584 | -0.3300 | 0.741726
(MOEL) ojye 01524 | 01415 | 1.0770 | 0.282684
SIESEED -0.1514 | 0.0862 | -1.7570 | 0.080368.
PSES -0.0382 | 0.3503 | -0.1090 | 0.91328
ZEH ~0.0378 | 0.1056 | -0.3580 | 0.72048
S ~0.0999 | 0.2273 | -0.4390 | 0.660934
Ot 0.0020 | 0.1873 | 0.0110 | 0.991548
ZSES 01116 | 0.1735 | 0.6430 | 0.520845
== 0.3812 | 0.3542 | 1.0760 | 0.283056
el ~0.0020 | 0.1682 | -0.0120 | 0.990594
Wog'ffe'ace 35000% OD'% 0.0620 | 0.0768 | 0.8080 | 0.420261
(no of
workers) 30001 O[4 | -0.1923 | 0.1796 | -1.0710 | 0.28553
% Signif. codes: 0 *** 0.001 ** 0.01 * 0.05 °’
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logModelled, mg/m3

legMeasured. mgim3

22 mM-19] &N &340 = FHAU| MEX U SIHA|(H2fM ZF : LE[FZE 95%,
75% === HIO[E, Ha F71)

AA eEgtol tigt 2t Ao ERE FFE & FHEY wieE A3t
72 o] B4 Ads (F [M-22)00 AAISEL o] o, 95 dlolH
Agof| W2 A9 Bl A FRlst] fI5te] 95%2F 99% 914
tlolE| 2 3|AAet A} AA| eEgE Bt A9E &7 MO# Xﬂ 1oP°ﬂEP.
FAZ 75%, 95%, 99% £ HolHE o]&sto] AA
dof, Zt =EAIUGH e HE HolErt BE5te] ZF E9l4 HolHE *@@
T fle A7 A= 2,295%0] ofd 2,246719] HO|EZL H]aLE .

1) A "glolgo] ECETOC TRA BlIE A-83t A=, 47.2%7F HoiE7t
Eolom, 87.2% =& Fgko] AA &3 1/5 ~ 58 —H&%}Oﬂt}
2) AA| "lol¥lof] ECETOC TRA W ¥ F7HH4E A-835t B9+, 46.0%7}
g7 Hon, 88.8%2 =& Aol AA =&Y 1/5 ~ 5]

_l
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l‘ll‘

Exatrt 3) 75% 94 dlolglo] ECETOC TRA ®HE #8483t 4%
65.0%7F IHE7F Eom, 79.7%2] =& FAZo] AA| ig«&o 1/5 ~
5ufoll BT 4) 75% w914 dlolgo] ECETOC TRA Bl ¥ &7}
N 283 A9, 66.4%7F AHB7F =oH, 79.4%9] & F7g%o]
AR =&F] 1/5 ~ 5SHjo] EEsF9ch

712 BATE 95%, 99% =914 dlolHE o83t A%, 5) 95% £
tlo]Elo] ECETOC TRA Bl4& 83t 49+, 92.1%7F T 7 =9lom,
58. 9%91 g Fgo] AA =39 1/5 ~ 580l EEZ5Tt 6) 95%
94 dloJgo] ECETOC TRA W4 ¥ F7HH4E H&3t H9+= 93.1%7}
34\‘411137} Hom, 57.2%9 =& FAgto] AA =&Y 1/5 ~ 54
EEZSIRT. 7) 99% w91 HelE ol ECETOC TRA H4-E 7
98.1%7t B 7}t H9oH, 35.3%9] g F3To] AA &350 1/5
~ 5Hfjof l"%é‘tﬁ}"ﬂﬁ} 8) 99% E9|4 dolEjo] ECETOC TRA ¥4 4 F7}
HEE 283 A9 98.2%7F L7t =191, 34.8%9] =& F7gkTto
A L:%%A 1/5 ~ 5ujo] Exs}3Tt,

_

Zh 29] 4 H|O| {8 by H 7L A S

=

—O—ECETOC TRA H
B
[

m ECETOC TRA

'E.Iﬂ [.IIO'E_I P75 P95 P93

(33 m-20] Z} 2¢is= CIOEE aHLI} BE
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(B M-22) MM =537 UH] =& FHU i
AM &7 tH| =& F™UQ| Hi
1/1008f  1/100~  1/10~ 10~ 1008
~1H ~BH ~10H
met 1100 i/eey /o7 1-SHE510Mag o
- X 106 1.004 907 121 25 X
- 05%  46% 47.7%  395%  53% 2%  0.5%
M o
Glo|Ef - 16 88 1.34 905 % 47 8
- 0.7%  3.8%  494%  39.4%  4.2% 2%  03%
27}
= []
- 7 30 751 1040 227 175 19
- 02%  13%  334%  463% 101%  7.8%  0.8%
o o -
P75
Hlo|Ef - 3 30 721 1063 242 167 20
- 01%  13%  321%  473%  108%  7.4%  0.9%
27}
A
o o -
m 2 2 73 1149 203 477 23
- 01%  01%  7.7%  512%  17.9%  211%  1.9%
P95 - -
Blo|E| - 1 3 150 1134 399 515 42
- 00%  01%  67% 505%  17.8%  22.9%  2.0%
=h
B
- - 2 R 755 561 805 )
- - 02%  17%  336%  250%  358%  3.7%
P99 T _
Blo|Ef . . 3 37 725 505 858 98
) - - 01%  1.6%  332%  225%  382%  4.4%
27}
B
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LEFE FH0e B9 A I AR oAEta Qo] AR =&
goleE B3 HEol 835, AAE B2 A+ (Kupczewska-Dobecka
et al.,, 2011; Mc Donnell et al., 2011; Ishii et al., 2017; Savic et al.,
2017, 2019, 2023; van Tongeren et al., 2017; Lee et al., 2019)°]A]
AA 23y T " EWHSERY FHE RS54 HIGoEH
rErde A5ty 9ty ®3 Fransman(2017)3 van Tongeren S
(2017)2 A4, A, =710l e Aded 9] wEE54S 1Esto] tdtt
39| eE AU 04 f2 HolHERE RS H55h= Zo] Wasittal
Stttk oo ol¥l Ao =9 AAeFSAHEH HolHE ©]-8&5t
ECETOC TRA &R dE H7lstoitt.

A1LZ3} ECETOC TRA Edof gt AA =237 =& =439 44
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Abstract

Study on the technical basis for quantitative
risk assessment of hazardous substances

using exposure estimation methods:
Evaluation of ECETOC TRA with TCE

workplace measurement results

Objectives

Currently, the main form of exposure assessment in Korea is
workplace measurement, but this has limitations in assessing a wide
range of chemical agents due to restrictions in measuring and/or
analysing techniques. Accordingly, to support the principle of assessing
all hazardous agents in line with the government’s occupational health
geared toward risk assessment, exposure assessment through exposure
estimation is required. However, existing exposure assessment tools
have been developed and evaluated based on data from limited regions,
necessitating adjustments to suit national and regional exposure
environments. To this end, this study aims to establish a foundation for
applying the already developed exposure assessment tools to Korean

work environments by verifying them based on the accumulated
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workplace measurement results database. Furthermore, the study
intends to identify factors influencing exposure using this data, and by
combining these variables, confirms the relationship between exposure
variables and exposure levels, thereby establishing a basis that can be

extensively utilized for quantitative risk assessment of workplace chemicals.
Method

The selected hazardous substance, trichloroethylene, was analyzed
using workplace environmental measurement results. Information
related to input variables required by the ECETOC TRA model was
extracted, collected, and organized in Excel. Data from workplace
measurement results and reliability assessment results by the Korea
Occupational Safety and Health Agency (KOSHA) were encoded to
match the format required by the model. When necessary due to lack
of data, other information from measurement results, which later
helped to infer necessary information, and separate literature were
referenced for encoding. The validity of the ECETOC TRA model was
evaluated using multiple indicators by comparing estimated exposure
levels with actual exposure levels. The indicators used for evaluation
were: Explanatory power of the model by analysing correlation between
estimated and actual exposure levels (regression analysis and performance
evaluation of regression equation); Conservatism evaluation through
difference analysis, mean absolute error (MAE) calculation, and examination
on the multiples of estimated exposure levels over actual ones;
Analysis of under— or overestimation trends of the model estimation;
Identification of the relationship between exposure variables and actual

exposure levels through regression analysis. Analysis used non-zero
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exposure data since TCE is assumed not to be used everyday at
workplace. Additionally, the 75th percentile data for each exposure
scenario is applied, considering ECETOC TRA's development based on

the 75th percentile of exposure data.
Results

After processing data from workplace measurement result sheets into
exposure scenarios, a general analysis based on variables such as
number of workers, PROC, fugacity, ventilation method, exposure time,
presence of local exhaust ventilation, and respiratory protective equipment
revealed that workplaces with 50 or fewer employees accounted for
about 79% of the total. For PROC, due to the characteristics of
trichloroethylene mainly used as a cleaning agent, dipping operations
(PROC13) accounted for about 58%. Regarding fugacity, about 76%
showed medium volatility due to handling at room temperature, while
about 24% showed high volatility due to heating in ultrasonic cleaning
tanks for vapor degreasing. For ventilation methods, basic indoor
ventilation accounted for about 66%, and good indoor ventilation for
about 29%. Exposure duration of 15 minutes to 1 hour' and 'less than
15 minutes’ were most common at 63% and 28% respectively, but
caution is needed in interpretation due to the variable and intermittent
nature of cleaning work. Local exhaust ventilation was installed and

operating in about 76% of cases.

Analysis of the relationship between log—transformed actual exposure
values and estimated exposure values showed a low degree of
agreement, with an adjusted R-squared of 0.12 for both the entire

dataset and the 75th percentile values.
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Evaluation of the model's conservatism revealed a overestimation
tendency for low actual exposure values and underestimation for high
actual exposure values, regardless of the data. For the entire dataset,
58.3% of the data was overestimated, mostly within 1-5 times the actual
exposure value. Similar results were found using the 75th percentile

data, with 48.8% overestimated, mostly within 1-5 times the actual value.

Analysis of the contribution of exposure variables to estimation trends
showed that PROC8b, PROC13, PROC15, PROC19, 'local exhaust
installed and operating (yes)’, and exposure duration 15 minutes to 1

hour' were prone to underestimation.

Multiple linear regression analysis using workplace measurement
results under four conditions yielded adjusted R-squared values of
0.32-0.36, insufficient to explain exposure level variations with given
variables. The proportion of overestimated exposure estimates was
46-48% for the entire dataset and increased to 65-67% for the 75th
percentile data. 87-89% and about 79% of estimates were within 1/5
to b times the actual exposure values for the entire and 75th percentile
datasets, respectively. Additional analysis using 95th and 99th
percentile data showed overestimation rates of 92-94% and 98-99%,
with 57-59% and 34-36% of estimates falling within 1/5 to b5 times the

actual values, respectively.
Conclusion

The study evaluated the ECETOC TRA exposure model using
domestic workplace measurement data. Log—transformed linear regression

analysis showed low correlation with an adjusted R-squared of 0.12.
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The model tended to overestimate at low actual exposure levels and
underestimate at high levels. Estimated exposure levels were higher
than actual levels in 58.3% of cases using all data and 48.8% using
75th percentile data, with most estimates falling between 1/5 to 5
times the actual values. Analysis of variables' contribution to
over/underestimation revealed that PROC8a, PROC8b, PROC13,
PROC15, PROC19, local exhaust ventilation (yes), and exposure
duration of "15 minutes to 1 hour” were prone to underestimation.
Multiple linear regression analysis using workplace measurement
results vyielded adjusted R-squared values of 0.32-0.36, indicating
insufficient explanation of exposure level variation. Given these
reasons, ECETOC TRA is more suitable as a screening tool in a tiered
approach to exposure assessment rather than for accurate prediction of
workplace exposure levels. To improve its effectiveness, it should be
adjusted to show moderately high correlation and considerably high

conservative estimation tendency for domestic work environments.

Key words: Exposure estimation, ECETOC TRA, TCE, Work

environment monitoring data
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(4) SEHSO| Xp|dd 4Y: OE3dy
e GVIF Df GVIF*(1/(2*Df))
proc 2.671807 5 1.103267
fugacity 1.276172 1 1.129678
vent 1.860024 3 1.10897
dur 1.670038 3 1.089234
conc 1.029071 1 1.014431
lev 1.173684 1 1.083367
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B GVIF Df GVIFN(1/(2*Df))
proc 6.063179 5 1.197485
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vent 2.209034 3 1.141214
dur 2.902623 3 1.19435
conc 1.083766 1 1.041041
lev 1.336469 1 1.156057
area_moel 10.42096 28 1.042742
worker_count_g 2.044509 2 1.195769
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Ha GVIF Df GVIFN1/(2*Df))
proc 2.671807 5 1.103267
fugacity 1.276172 1 1.129678
vent 1.860024 3 1.10897
dur 1.670038 3 1.089234
conc 1.029071 1 1.014431
lev 1.173684 1 1.083367
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Residuals vs Leverage
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(3) TRtQ| Xp7|4# #H. Durbin-Watson &A%Y

- DW = 1.8881
- p = 0.06962

(4) SYEAo XIIMT AY: CEIHY

Ha GVIF Df GVIF\1/(2*Df))
proc 6.063179 5 1.197485
fugacity 1.57588 1 1.25534
vent 2.209034 3 1.141214
dur 2.902623 3 1.19435
conc 1.083766 1 1.041041
lev 1.336469 1 1.156057
area_moel 10.42096 28 1.042742
worker_count_g 2.044509 2 1.195769
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