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TS HARA7IAY BoukE 45k Waloltt. A3t (builder)= AH
LAY AlH BE&S =011, &9 AEE A5, pHE FAI5HL, H<5=ofA
=4 T2 @F7] 9o BE Aol Eol Ardr). &sjE 2 A (hydrotrope)=
TEE9] F7190] = A #718Y S=E S7HA171AL, A (oxidizern) =
FA g7 9] 7)5olv 2, o &9, AtA HES B9 2F AAE 8oloHA
gt SHARE O E AEE SIS ofd A=l o6 AlFEE2 Foid &
Ao, Ax T2 ZojE Fof tigt =7t B gasi.
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o] F83%F E4oltt. o|AL ¢ F7I8AIE AHEStE WAIA S 5ol
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(evaporation rate), %% (heat of vaporization)o|tt. AlZZAoA 9] B-7]
‘A= deE o R F7IHY BF A=20lA 25torr(eF 133Pa) o, TEES
n-5g oME|C|EE 7|0 o|Ht & AE, A WolA 7 eE v
o a9t FUHY Ff= B2 Ao EH. F7IE FJEA|ZEooll A= o]
A Qo G (B, 7H-2] Fete gh), W2 Ax @ xHds, 34
oA, tiAEe] S84, HIEWA ZHHFE(NVR; non-volatile residue)®|
9% AR ol
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o MA =0 F71HQ1 X2|E ofK| ¥7] e | S7IY
g | FH 2F00 et Fef F|Ast - SHEE
(FH g2 Sote 4201 g 23) - SLUE
- « AXHO= et LBS MHsk/| flgt s ol
25H4 .
o o
* KBV
aeoy |0 HY MESS A0 T2t i S0 gk
5TS | mesy) g - O
. Mol= L£=Oft 5| E)k'i 0 orT1
&I_Qg k”x—lol-l_ O A-”I I-”—‘l | I:Iﬂol.xl [EEN . il’é_t&'i &I‘gg
Qusor XI5t 93t
saxg | HIE MRS Selsety gieo= o Hfef=0e] kg AlE
=R = = =
° 215ty HetAZ[X] 7] gt
xza  |PAE = AEEHTUM VR ARSS FYIX |0 NVR AR
S
* Kauri Butanol Value, YHMHO= EtateAad Q0| et dtds Hot
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Exhibit 2. Generic Alternatives Assessment Framework Showing What’s Covered
by this Guidance

"”_ ‘ e B o
l | Research/De Novo Design
T 4
[ Idemafy Avalable Alernatves }
No Alternatives;
l innovation Required
T H sessment ‘ Ex ent ‘

) Alrernatives Not Safer;
'" Innovation Required 4
—

[ Consider Broader Sustainabiity Faciors |

|

Evaluate Periormance, Technical
Feasibiity, and Economic Feasibilty

l No Preferred Alternatives;
‘ Innovation Required
l Select Preferred Akernatives

J >
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Table 2: Relative Hazard Rating Associated with Halogenated Solvents

1,2 trans

Methylene | Perchloro- | N-propyl dichloro- Hydrofluro- | Hydrofluoro-
Category Trichloroethylene | Chloride ethylene bromide ethylene ethers carbons

Aoute o Efects w o0 ¢ I

Chronic Human Effects VH

Ecological Hazards VH

Environmental Fate
& Transport

Atmospheric Hazard

Physical Properties

[ Low [ Medium [7| High [l VeryHigh

[O8 m-2] g2t R7I12H 04 It GIAI(TURI, 2021)

AHAC] SIS B, FaT A 84S Holsks Ao] ehdn A
Zmo] JejArola, A SRl AL 75T} vlg RES Lefstct. TURI
oA BRAS 971840 el The T 7 WRES ANt Yor], A
Aol AFWAT olejat St THS Am 2 4 9tk

34



I gz

(E M-10) MAEHM S=Azt |7IEHQ| RIEZ(TURI, 2021)

7= CHA

- 2 7st R7IEAH| o« XA

- TCE - A A - M= R A

- DCM - g A - HE&A

- PCE - 38 - Ol AEA
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G slstE2y 2019 2020 2021 2022
1 12-C|1222020 30 57 541 2,104
(1,2-DCP) (0.6%) (1.1%) (10.2%) (14.5%)
, Ex=z2HE 67 73 129 2,676
(TCM) (1.3%) (1.5%) (2.4%) (18.4%)
3 1.2-C122=z0122 272 418 491 2,844
(1,2-DCE) (5.2%) (8.4%) (9.2%) (19.6%)
4 |-HE Qo0 208 202 187 167
(1-BP) (4.0%) (4.1%) (3.5%) (1.2%)
! [2220E 2.246 2,157 2,067 3,598
(DCM) (42.9%) (43.5%) (38.9%) (24.8%)
6 EzZzzo 1,991 1,708 1,605 2,808
(TCE) (38.0%) (34.4%) (30.2%) (19.3%)
S |11 2-ERzRR0E 36 27 30 40
(1,1,2-TCE) (0.7%) (0.5%) (0.6%) (0.3%)
. HesEzzns 161 119 100 105
(1,1,1-TCE) (3.1%) (2.4%) (1.9%) (0.7%)
9 HE2220|=2 225 203 163 174
(PCE) (4.3%) (4.1%) (3.1%) (1.2%)
7 5,236 4,964 5,313 14,516
(100.0%) | (100.0%) | (100.0%) | (100.0%)
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=4 349 it 2AAeFS4DBe} vRIZHA R Akt #A|gle] DCMO
St SAA7E 7S Bekth 2Ry O oEe] dit A4k €9 TCE,
2-DCE <=°]%loH 1,2-DCP& 2021AFE 242l Z7g0] AlP= oLt
AHEES g & Al =W AR 1Y

AN

ol A A3 ate HEolct

Aol ALt 7R 2 20219 o8] 202299 57FA] &2(1,2-DCP, TCM,
1,2-DCE, DCM, TCE)Y Al&A&Y &84+ 4 1,2009979A4 2,500
oA A7 F71ekE SISkt ofte A& AY Aol 4 2,50009 714
ol UE I = Qlth. ol AR F84A57F S7RE 202293 2021 R-H
22 £743 1,2-DCPE AlQIstal 2RIt A3}, TCMI 1,2-DCE= A2
o= Z7}F A Koo oo Hks| DCMI} TCE= A4 43RS H ok Aty
oF 2019¢~2021d FE7AT A9 MAZGo gt S5+ =
5,000997 Helg2 FA= o

o)=Y 7t AR A 34 o] AAAEY SA4US vl v At
1,2-DCPe} TCEZ} AA| S5 tiH] AlA & Go] XSk H|&o] 433l
=2 Holqlth 181 MAIF 2= Blw A A2 ARgo| HG) A|lH L9
Aol =2 EZL 1-BPolqt}t. 18I 20214 Eo] TCMO] AHA &=
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(E I-15) =223t X e x| S ChH| MAZRA00 et 2

o1t sfetEny 2019 | 2020 | 2021 2022
o ’ﬁf‘i%f)gﬁ 37.0% | 341% | 33.0% | 39.7%
2 Ealﬁfl\im'% 15% 15% 24% | 21.8%
3 | ] 2_(:";3%%%'%&1' 9.7% 11.4% 11.2% 24.6%
4 1'2(1%_%?)?3 229% | 253% | 237% | 21.9%
5 E':%[iﬁ'% 133% | 126% | 122% | 17.4%
6 EE'%TECEE?'EEJE" 375% | 382% | 40.7% | 41.4%
7 | %fgﬁ%;oﬂ% 143% | 108% | 128% | 21.1%
8 ”1':%?5?&? 7.3% 7.4% 7.2% 8.8%
9 111%(%%21)@&1 146% | 12.0% | 100% | 9.9%

A 16.2% | 144% | 147% | 24.0%
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* ZEX2409
- 3 UYL E - BRI A2 - St

MIEH| et

E212 2 20 2(TCE) KRC-50(TCMDMC)
e L 21 CSSRTSHO 0N, | - 45 CHEFRUOIES60% b A2 EASSRIRIS6%
- UFE 3571 Sef61 1-5% C=2R0IEE30-40% CINE RLI0IE 35-45%
» 232 2712-3.63ppm : 1S el
» HEo| 24H17|210] H57| U HHEI | 2= Yk SHYI Y r BES TL~460L(21) » BHEZ460L
s Ol DE AR/ O O|S » 2D} ZHH| 4 - 25 S2E(TCM)
@ @ @ 4 @ @ @ @ @ *—
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e
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o sfst=2d ArAOrM H 21 ststE 2|
o MUSIAZRTY,
SEEEL Sededd ey |- gsed
5 (75-09-2) s HEHYRN=ZE (1IR3 2019-1-931)
* S8V |E, LEV|IE * B2 BI|E 0.1%
Hy=2
e O X|
- MEHET, (1owis:
oAt Tt (195 97-1-309)
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(79-01-6) sdae=2 (IQHS: 06-5-11)
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(1,1,2-TCE) (79-00-5) o MM RHN=E
s LEVIFMEEE
o MASIAZY,
8 HE2z22H= HESR2XE S+d3H Uy
(1,1,1-TCE) (71-55-6) o HEHMRAHNSE
s LEVIFMEEE
o MASIAZY
EAZZIR|C CHAE
M HE 220 =+UStd e
9 (PCE) = (127_18_4; o | HMRAN=E,
Edue2E
s LEVIFMEEE

g A4 Al A W& 5 PROC 13(F= % ¢ ‘%“421% Xlﬁ i%ﬂ)
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A H, A FEE 52 2Hoilth 18a AgE A
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87M(40%) 1!, A& HAL Yo F8 AEo] DCMOE ZU3k A}
IHG%=E ERA=AT. 11 & AFQR2 B5F 2014W5E 2022W71A] 7]
YT AEZ AHESHAIT

AAHAE 71 Wol BTt AMJolA ERIgh Al-A] &2 552 1-BEEE
Z2W(1-BP)~EZEEEA(TCE)—~1,2-HEEE2 X =W(1,2-DCP)—~
OEE2HEDCM) AU EE AAdgelA 20199 4= X84
HEEEHTHDCM)= 202197H4] AREsH7E tohE A7 AlRAZ HA M=
g, ol ¥l W&t =8 AMES7HE W2 o 3= fal7Ixte] 202149
109714 %7] oz gate) gEz2de(DCM)9] 4] E2& gugr
HE(DBM), HHE7I2EYo]E(DMC), 1,2-HEZ2°|€d#(1,2-DCE) 59
‘gio] ZotE NHARE WA AHAS RIS 5= Sl

)
of
2

-

(B M-18) MAMZIS Eatet A Y& U MAH 42 Hat 52

s TR(ZZA}) - 386H

e ¥E 1 1 2 VIEF ©A EEF M=

APRAZE A | o ARIZA © PROCT9 (MEIZ, mL)

o MIAH M2 B3} 1-E20 D2 I(1-BP)—E2|Z2 202 U(TCE)—
1,2-CIZ22T2I(1,2-DCP)—~LIZZ2HEH(DCM)

« FR(Z2Xt) - 40H

« 9F O 9 J|E WAt EE HEY

Mo B | AAZH : PROCTO (7|EFEZ-DRYCONZIQ!, =SMAMIH-2 X7 (2191,
= DRYCONZQ!)

o MIMK Mg Ha} : OEZ22HE(DCM)—~LH|HE 722 H|0]E(DMC),

C|E 2D HENDBM)
- FREEX) ¢ 599

« AE ! VBt EEtAE HE HIANE MY

MUY C |« HAUSE : PROC19 (Arafetel, HMEIR!, 22|AAZIRI, EZ=8H

o NEH M2 HE} CI222HE(DCM)—LI0|H 27122 40| E(DMC),
C|E2Z D HENDBM)
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* FR(E2A) ¢ 1618

« US : A=8F H JIE oof HEHE MY

« U3 : PROCTO (HDFE(HIOIZ MIA), M2HA(HIO0IZ))

« XA g2 H2t 0 E2ZS220|EU(TCE)~UZ 22 HEH(DCM)—
1,2-02220iZHI(1,2-DCE)

s 12(Z2Xt%) 1209

e ¥E 1 1 2 VIEF ©A EF MY

* X933 1 PROCI3 (HE/M™M/2HZE)

o NEH M2 #3l: [222HE(DCM)—LH0|HE7 22 H|0|E(DMC)

s TR (22X}t : 63H

« U 1 1 9 ASAE AME 2 HEY

o MATXN : PROCI3 (MA)

o MIAK| ME H3}: 2 2-02F22 T 212 2-DCP)—LIZZZH|E(DCM)

¢ FR(2EA) 1 246F

« @5 ASA ANE HE FE Y

« ASH : PROCI3 (MIA(CIZER))

* NEM g2 #st : HEZ2HEDCM)—-HEZZHEDCM)

s AR(Z2X}2) : 63H

o AT . J|E BtEA AKX MY

o BN © PROCI3 (HH/MA, LA

o MHFM M2 H3 : 12-C222L2TH(1,2-DCP)—LIZ2 20| E
(DCM)—LIZE2HEH(DCM)

1K
oz

s tR(E2Xls) - 43Y

o AZ VBt XtBAL AE BEE 2 YHE TOHY

o MHEH : PROC13 (&HX|, 71X/ LEZH)

o JIEK H& Hgt : |EZZHEDCM)—1,2-CIZ220H2(1,2-
DCE)—AtstZts U20jg L 1 SHEE &
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(B M-19) S S2A3} Q7ISH MAEI ArAZ Al XA ChA(track1)

=
(Sl 7H4)

T | W8° | 482 [pom (1200 TCM | TCE | 1-BP | PCE
2020 41 36 2 - - 34 - -
2021 50 30 6 1 3 20 - -
2022 144 103 62 10 7 22 1 1
A 235 169 70 11 10 76 1 1

1) MASAZY MZIMTIF AIY A £ A0} 2101 75t AR

2) Hl Jtset £F 24 & MEAY 27 Ay
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Abstract

Analysis and structuring of determinants for

safe management of industrial cleaning

Objectives: Due to acute poisoning accidents with halogenated organic
solvent cleaning agent, interest in the safe industrial cleaning and
alternative cleaners has increased rapidly. Industrial cleaning has a wide
range and variety of concepts, so safety considerations may vary
depending on the individual type. In this study, in order to fundamentally
prevent similar chemical accidents and suggest alternatives, we need to
expand the thinking from the existing chemical-centered approach to a
process or activity—based approach, while we attempted to find a way
to derive the factors that determine the risk and make it a database

considering the purpose and characteristics of cleaning.

Method: Data on the type of cleaning, factors to be considered during
cleaning, and safe alternative of chemicals were collected and reviewed.
Based on this, a survey form for cleaning based on hazards and exposure
was designed. Additionally, a pilot survey was conducted targeting
workplaces that clean using halogenated organic solvents. The work
environment measurement DB and the agency's technical reports were
used, field surveys were also conducted, and the exposure measurement

results and exposure model estimates were compared and analyzed.
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Abstract W

Results: The survey format (draft) was determined by comprehensively
reviewing the characteristics of each type of cleaning, alternative
methodologies, and matters considered during exposure assessment. The
survey form was divided into categories: general information, process
and activity characteristics, operating conditions, additional risk
management, and alternative considerations. As a result of analyzing the
characteristics of domestic halogenated organic solvent cleaning based
on the work environment measurement DB, the measurement frequency
of dichloromethane and trichloroethylene was the most frequent, but it
gradually decreased, while the frequency of measurement of 1,2-
dichloropropane gradually increased. This seems to be related to the timing
of chemical regulation. As a result of the pilot investigation, the actual
measured exposure amount was relatively higher than the estimated value
in a significant number of cleaning operations. This shows that domestic
cleaning methods using halogenated solvents do not sufficiently reflect
the exposure level within the corresponding PROC in the European

exposure model.

Conclusion: The database to be required for the evaluation and
management of safe cleaning is the type of cleaning agent in terms of
hazard. And in terms of exposure, there are the type of cleaning/cleaning
equipment, amount of cleaning agent handled/working time, physical
condition/working temperature/distance from the source of contamination,
ventilation level including local exhaust, etc. Ultimately, in order to suggest
an alternative or improvement, it is also necessary to establish data on
cleaning requirements (such as cleaning needs and cleaning levels,
including items to be cleaned and decontamination targets, etc.). This

study attempted to lay the foundation for sustainable safety management
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of industrial cleaning by proposing DB items to be established for safe

management of cleaning.

Key words: Industrial cleaning, Halogenated organic solvents,

Alternative assessment, Safe cleaning database
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