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Recommendation of an Occupational Exposure Limit and Legal Control
Following an Acute Hepatotoxicity Incident from HCFC-123

Kwon Seob Lee' - Ji hoon Jo - Bo Kyung Choi - Hye Lim Lee? - Sang Hoon Byeon?

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

ABSTRACT

Objectives: This study was performed to propose a domestic occupational exposure limit(OEL) following a health hazard
assessment, calculation of a non-carcinogenicity reference concentration worker(RfCyoner) value, and examination of
international agencies' exposure limits. It also recommends legal management within the Occupational Safety and Health Act for
HCFC-123, which caused an acute hepatotoxicity incident.

Methods: An acute hepatotoxicity incident due to the fire extinguishing agent HCFC-123 was investigated. Toxicological hazard
and health hazard classifications were examined and a non-carcinogenicity RfCyoner value was calculated for HCFC-123. An
OEL and the necessity of legal management were recommended as well.

Results and Conclusions: An OEL for HCFC-123 of 10 ppm(62.5 mg/m’), which considered the RfCyorer value, 5.56 ppm, produced
in dose-response assessment and the exposure level of 19.1-20.9 ppm measured as an eight-hour TWA(time-weighted average) in
the incident place, is recommended. HCFC-123 is urged to be included as a chemical requiring legal management in the
Occupational Safety and Health Regulations. In addition, it is recommended that a peak exposure of ACGIH be adopted in the
Notice of the Ministry of Employment and Labor.

Key words: HCFC-123, liver disease, no observed adverse effect level(NOAEL), occupational exposure limits(OELs), RfCyorer,
risk assessment, time-weighted average(TWA)
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Table 1. Analysis on the incident of acute toxic hepatitis due to a fire extinguishing agent, HCFC-123

Accident

. . Survey item
classification y

Investigatied

Age, etc.

Age 23, male

Service year and job

13 days(2017.7.26~8.11), Fire extinguishing agent, HCFC-123, charge and inject

Initial symptoms

Fever initialized on 2017. 8.11

Dead Medical treatment

Transferred to Seoul national uni. hospital in Bundang via Good morning hospital

emergency roomACGIH, 2017high level of liver somatic index) in Pyungtack on 2017.

8.13. Deceased on 8.24

- Opinions on the blood test : Aspartate aminotransferaseACGIH, 2017AST) 16.152
IU/LACGIH, 2017Reference : 0-40 IU/L), Alanine aminotransferasesACGIH, 2017ALT)
8.245 TU/LACGIH, 2017Reference : 0-40 IU/L), GammaACGIH, 2017y)-glutamyl
transferaseACGIH, 2017GGT) 138 IU/LACGIH, 2017Reference : 11-63 IU/L), Total
bilirubin 3.12 mg/dLACGIH, 2017Reference : 0.2-1.2 mg/dL)

Diagnosis

Fulminant hepatic failure

Exposed to

HCFC-123

Monitoring results

HCFC-123 : TWA® - 19.1~20.9 ppm, STEL" - 114.6~193.4 ppm

Age, etc.

Age 23, male

Service year and job

14 days(2017.7.25~8.11), Fire extinguishing agent, HCFC-123, charge and inject

Initial symptoms

Fever, chill, muscle pain, stomachache, dizziness, headache initialized on 2017. 8.12

Addict Medical treatment

Transferred to Seoul national uni. hospital in Bundang via Good morning hospital

emergency room(high level of liver somatic index) in Pyungtack on 2017. 8.13. Improved

following the treatment

- Opinions on the blood test : Aspartate aminotransferase(AST) 3,108 IU/L(Reference
: 0-40 TU/L), Alanine aminotransferase(ALT) 3,265 IU/L(Reference : 0-40 IU/L),
Alkaline phosphatase(ALP) 125 TU/L(Reference : 30-115 IU/L), Gamma(y)-glutamyl
transferase(GGT) 102 IU/L(Reference : 11-63 IU/L), Total bilirubin 3.4 mg/dL(Reference
1 0.2-1.2 mg/dL)

Diagnosis

Un classified toxic liver disease accompanying hepatitis

Exposed to

HCFC-123

Monitoring results

HCFC-123 : TWA - 19.1~20.9 ppm, STEL - 114.6~193.4 ppm

" A time-weighted average(TWA) is the average exposure within the workplace to any hazardous contaminant or agent using
the baseline of an 8 hour per day or 40 hours per week work schedule. The TWA reflects the maximum average exposure
to such hazardous contaminants to which workers may be exposed without experiencing significant adverse health effects

over the standardized work period.

" Short-term exposure limit(STEL) is the acceptable average exposure over a short period of time, usually 15 minutes as long
as the time-weighted average is not exceeded.
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A
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ECETOC®] JACC H.114] No. 472] H7M-ECETOC,
2005)°]l 2}k HCFC-1239] =-d3H4] falj4d Al Axt
L Table 33} Zth

ECETOC ¥.14)(ECETOC, 2005)0] ©]&} HCFC-123
of E45td A4S FAEA AT LDuS o
9,000 mg/kgbw/male rats(Henry, 1975), A=A 72T
LDs5p-2 2000 mg/kgbw/rabbits ©]AK Trochimowicz, 1989),
S5 T LCso 4A7F &9t =& H Sprague-
Dawley F|of|A] 32,000ppm .2 H7}=|Qlcl Male guinea
pigsoll A TR A=oluh g SRIE ] gkarom
(Trochimowicz, 1989), Rabbito]| 4] 7|3t =9 Auf
A=) = Aol Sl A 0= ERRIE| itk Trochimowicz,
1989). HCFC-1232] Mouse 3 (micronucleus), Rat &
ARF| o] AK(chromosome aberration) 5-2] A3 W (in vivo)
GHEA(genotoxic) S 2402 Tl E 3 thKennelly,
1993).

ECETOC R ILA|(ECETOC, 2005)9] @of 4 A&
(summary and conclusions)o| A= FEAE A0 A
AE|R] oF2 Aol A 7F FRkell ZA%H LOAELE
30 ppm(188 mg/m’), WEH| AL} FFAEA Fok
2 NOAEL2 100 ppm(625 mg/m")Z} 300 ppm(1,880
mg/m)© 2 77k Ak

UN GHS 7]Z(UN, 2017)°] olgt stated ga)4
-9 ERAEE AE 7139l KOSHA(KOSHA,

Table 2. Results of the work environment measurement of HCFC-123 at the site of acute poisoning accidents

TWA" assessment

STEL' assessment

Workers - -
(Personal Exposur§ Sarpplmg TWA calcu!ated Exposurg Samplmg OFLf -TWA
sampling) concentration time concentration concentration time
(ppm) (min) (ppm) (ppm) (min)
Range 69.5~115.6 - 19.1~20.9 114.6~193.4 -
A 91.6 89 20.1 149.3 15 AIHA : 50 ppm
B 115.6 87 20.9 193.4 15 JapanH : 10 ppm
: T .
C 71.8 131 19.6 114.6 15 Finland' : 10 ppm
D 69.5 132 19.1 114.9 15

* Time-weighted average(TWA) : Based on the measured concentration value by operator, it is assumed that there is no
exposure other than the work(measurement) time.

Short-term exposure limit(STEL).

¥ Recommendation of Occupational Exposure Limits.

S ATHA(American Industrial Hygiene Association) WEELs(Workplace Environmental Exposure Levels) 2011.

! JSOH(The Japan Society for Occupational Health) ROEL 2017.

9| Finland MoSH(Ministry of Social and Health). HTP Values 2016.

+
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Table 3. Results of toxicological hazard assessment for HCFC-123 in ECETOC
Items of toxicity test Results of Health Hazard Assessment references

Oral lethal dose(LDsg) 9,000 mg/kgbw for male rats Henry(1975)"
Acute toxicity Skin lethal dose(LDsp) > 2,000 mg/kgbw for rabbits Trochimowicz(l989)T

Inhalation(LCsg) 32,000 ppm in Sprague-Dawley rats exposed for 4 hours Hall(1975)
Skin irritation and sensitisation No skin irritation or sensitisation Trochimowicz(1989)
Eye irritation Mild to moderate conjunctival irritation Trochimowicz(1989)
Mutagenicity and cell transformation Not genotoxic in vivo Kennelly(1993)°
?E’O(:’éir)v ed adverse effect level 300 gs;(igé?igﬁ fi?oerll)i:clgfnzes ert{lfii:Ts) a?lrzldCNS ECETOC(2005)"

effects

Low observed adverse offect level (LOAEL) ¢ LOAEL based on liver effects was 30 ppm(I88  ppp09005)

mg/m’)"”

* Henry(1975) : Henry JE. Acute oral test on FC-123. Unpublished report 638-75. Haskell Laboratory for Toxicology and Industrial
Medicine. Du Pont de Nemours, Newark, Delaware, USA. 1975.

' Trochimowicz(1989) : Trochimowicz HJ. The toxicology of HCFC-123. Presented at the 1989 European Meeting of the Toxicology
Forum held September 19-22 at Toulouse, France, pp 182-190. Société Frangaise de Toxicologie, Institut National de la Recherche
Agronomique, Conseil Régional Midi-Pyrénées et Ecole Nationale Vétérinaire, Toulouse, France. 1989.

¥ Hall(1975) : Hall GT. Acute inhalation toxicity of Freon 123. Unpublished report HLR 426-75. Haskell Laboratory for Toxicology
and Industrial Medicine. Du Pont de Nemours, Newark, Delaware, USA. 1975.

¥ Kennelly(1993) : Kennelly JC. Assessment for the induction of
Unpublished report CTUP/3807. Zeneca Central Toxicology Lal

unscheduled DNA synthesis in rat liver after inhalation exposure.
boratory, Alderley Park, Macclesfield, Cheshire, UK. Programme

for Alternative Fluorocarbon Toxicity Testing, RAND Environmental Science and Policy Center, Arlington, Virginia, USA. 1993.
" ECETOC(2005) : ECETOC(European Centre for Ecotoxicology and Toxicology of Chemicals). Joint Assessment of Commodity
Chemicals(JACC) Report No. 47(1,1-Dichloro-2,2,2-trifluoroethane) (ISSN-0773-6339-47)(Third Edition). 2005.
™ The result of the report summary and conclusions. Not an experimental animal study.

Table 4. The comparison of classification results of the GHS health hazard for HCFC-123

Substance name

Result of GHS chemical classification

. apan-
(CAS No.) KOSHA" Japan-NITE' EU ECHA'

2,2-Dichloro-1,1,1-trifluoroethane

(306-83-2)

(Synonyms) Serious eye damage/ Serious eye damage/ It does not provide
HCFC 123 eye irritation : 2 eye irritation : 2 classified information of
Freon-123 STOT§(Single exposure) : 1 STOT(Single exposure) : 1' the GHS health hazard
1,1,1-Trifluoro-2,2-dichloroethane ~ STOT(Repeated exposure) : 17 STOT(Repeated exposure) : 17 for HCFC-123
Chlorofluorocarbon 123
Dichloro(trifluoromethyl)methane
* KOSHA : Korea Occupational Safety and Health Agency,
" NITE : National Institute of Technology and Evaluation,
¥ ECHA : European Chemicals Agency,
¥ STOT : Specific target organ toxicity,
! Specific target organ : Central nervous system & Liver
T Specific target organ : Liver
2017), & NITE(NITE, 2017), 9 EU ECHA(ECHA, 4, SR B4 Wi, EFRAY7] 54
2017)°| A AlF-star = HCFC-1239] GHS 773 Tl s 5 37 FEoldleon, fRdite e
X ERARE A= ATH: Table 49t Lk, o $zoz ERuo] AFHD Yotk 5 oF

KOSHA, ¢} &-& NITE|A] A|&3kal 3= HCFC-123 7oA = SERAR7] 24018 =5) 9 SH%H
o GHS AZ5314 HF B5S A% = £43 = 4 A7) BHEE m2)olA] 54 SR AR BEsk
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22tk EU ECHAOJl+= HCFC-1239] tjgt GHS A% AAE ZA HCFC-1239] v]¥AAEA RfCyomer it
4 ERAEE AAZA AFsta A FUTH 3472 mg/m'(5.56 ppm) O 2 A& Q).
(ECHA, 2017).

4. HCFC-1232| H1 &E7|& NA| 2 & 2| &

3. HCFC- 123°I HII:”-IO= -I% ! Rwaorkerl:lA I‘E RLH% X'“AI
I‘?’i}%}/%]%ze] Rwaorker%}]: ﬂ—%‘% ‘I’]?j_‘ NOAEL %)K—'OJ 1) E[’-Q]7]i]— —l-f-%7]'zr' H]:ﬁ’- 745
PODE= HCFC-123¢f tfjst =< DFG2] MAXs 7|&%) u|=t AIHA WEELS(AIHA, 2011), AHE A3 H AR

HAE(DFG, 2017)A] &85t PAFT(1990)°11AH AEETE ©] HTP-Arvot 2016(Finland MoSH, 2016), 2* JSOHS]
ArE Bl 1 7 eHolE Yo SRS AT ROELs(JSOH, 2017) ¥ =32 th(German Research
Aol o] AFoA= Rats o83 45719] S=4 Foundation, DFG)©] Maximum concentrations at the
AlFAZ 3} 1000 ml/m'(ppm, 6,250 mg/m’)o]| 4] €] Alanine workplace(MAXs)(DEG, 2017) 5-2] =9|7]Zof|A] A

aminotransferase(ALT) Y Aspartate aminotransferase &F1l )= HCFC-1230f gt ==7|&2 Table 63} 7T}
(AST) 57F % ZbAl2 Bidf, 2+ AR F2wA HCFC-123¢] tfgt =¢|7|#e] =27 44 3%
(vaculation) S-o] Z-l1=|ith. HCFC-1232] vl E of thak ZA} Ayt H2te AL HE AR o] HTP-Arvot
A RfCyonertt AFE9| A¥= Table 59F £t} 2016 % YL JSOHS] ROELse|| A= sl o}st=4of

NS Bk YA WA BAUY BAY  ojg 34 7 <4 BAS S8 8T /1% TWAS

Table 5. The calculation of RfCyoxer Value for HCFC-123

Item Step of progress Correction factors Calculation of RfCyomer
NOAEL = 1,000 ppm
POD NOAEL (6,250 mg/m’)
(Point of deparute) (inhalation) ) (Rat, inhalation, liver effects,

6hr, 5day, 4week)

exposure time / 8 hrs

Step 1: Adjustment” x day of week exposure / 0.5
Quantitative 5 days x 0.83 / 1.25
correction EquivalentT 1 1
Total correction - 0.5
UF1 3
(Interspecies uncer.)
UF2 5
(Intraspecies uncer.)
>4 week : 6
Step 2: b UF3 >13 week : 2 6
Uncerta.lnty (Duration uncer.) ~6 month - 1
correction
UF4 NOAEL : 1 |
(Severity uncer.) LOAEL : 10
MF ) |
(Modifying factor)
Total uncertainty - 90
Total uncertainty(UFs x MF) / Total correction(Adj x Equ) 180

6,250 mg/m’ / 180
= 3472 mg/m'(5.55 ppm)

" Adjustment : Dosimetric adjustment factors for gases having high activity and high water solubility.
" Equivalent : Adverse effects exhibits in the extrathoracic region(Eth), tracheobronchial region(TB), or pulmonary region(PU).
¥ RfCyoner means reference or safety concentration in workplace.

Reference value(RfCorker, mg/m) *
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Table 6. The status of occupational exposure limits(OELs) establishment by foreign organizations for HCFC-123(CAS No.

306-83-2)
TWA” STEL'
Name of Organization Year of proposal
ppm mg/m’ ppm mg/m’

AIHA' 50 - - - -
MoSH? 10 63" - - 2005
JSOH' 10 62" - - 2000

DFG' - - - - 1994
ACGIH™ - - - - -

* 8 hrs, Time-weighted average(TWA).
5~15 min, Short-term exposure limit(STEL).

American Industrial Hygiene Association(AIHA), Workplace environmental exposure levels(WEELSs).

% Finland. Ministry of Social Affairs and Health(MoSH). HTP Values 2016.
! Japan Society for Occupational Health, JSOH), Recommendation of occupational exposure iimits(OELSs).
 German Research Foundation(DFG), Maximum concentrations at the workplace(MAXs).

* 10ppm = 62.5 mg/m.

™ American Conference of Governmental Industrial Hygienist(ACGIH).

10 ppm(62.5 mg/m)C. 2 As}a Qglon, ul= ATHA
WEELsol| A= 50 ppm< 84]7F 7]& TWAR 43}
I 9J]lth =2 DFG ¥ ACGIHO| A= HCFC-1239]
Est} 8/\]7]' 7] TWAS H;Go].ﬂ ol;q 01—01—0111 =S
ARRE 57) 713 B STEL 7] A7gshal QA &

oret.

2) i =E7|E9Y AA

Table 59| 2]3F HCFC-1232] H]FFA]E-2 RICyorker
e 3472 mg/m'(5.56 ppm)O. 2 ArEEITE 83
Table 60 &g AHE A HARE 2 U2 JSOH
ROELs 59] =9l7|oj|A A3 %% HCFC-123
of thet =7 10 ppm(62.5 mgm’) o2 EHQlE] ¢k
T3 201749 89 oA FA8F= ZH SfAraL7E 1Y
H Al 23poFA| AFHsE2 2kele]l thgk HCFC-123
o] Agetd &4 At Table 22} o] TWA 7|0
2 19.1~20.9 ppm, STEL 7133& 114.6~193.4 ppm2]
FEo k=EH Aoe=m FAHEIU

weba] & Aol A= HCFC-1239] =&7]53 4t
S5 RfCyokerdk 5.56 ppm(34.72 mgm)¥ H/d5= A
AL wAE @] 8AI7F V) TWA 2447
©] 19.1~20.9 ppm?] =EF%= HY 5 11835t 10
ppm(62.5 mgm)S. =2 FGusich FNSH =E&7|ES 9
2E A}3) H 75 (Finland MoSH, 2016) 2 X JSOH
©] ROELs(JSOH, 2017)7} 72 4=Zo|th

A

Journal of Korean Society of Occupational and Environmental Hygiene, 2018: 28(1): 80-90

3) HCFC-1239] ¥ #&] " a A A<t

w54 1hEgol] ot AFgARALZE WA -3l s)
=4 HCFC-123¢f thsto] s sfetadE Fast
= AMAY] g B E T3 s A
HAE 3 AR AR A7z ek 3]

HCFC-1232} =X a7F F
(STEL)Z} 2|i1=E7 ]—.—(Celhng) A% 4= gl=
shEdo] gt Aged W @A Lk k=E
o Wgto g N eFHRIA FostEd 9 &2
2] &7 A2 o)) 8ol ACGIH)ol A
Blsto] A&kl Sl “F| =% 7](Peak exposure)”
o W&s FUiete] AT Zavh UTHACGIH,
2016). LG gRIAl 7N Al HEEE W82
et “F =2 7] &(Peak exposure)’o|t TA| e E
7|HSTEL) Y 2 11k27]2(C)0] fle =4
e = A WA = Qs A7 AslE AW
st7] 9%t 7 EWehd, A BdkETIE
(TWA) 38} o]A}e] sZ= TAZH=Z7|F(STEL)Y
= o2 e Eofokstr, oA 30& ol =%
HolA= ofy Hal, AXFEEAEETIE(TWA) 5
o ool Fmoll= 1Y 8AIRMY A& Ve m &
ARt EEE o= ol EH&= 7|EE Uit

2o ol
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HCFC-123:= ot %)
2 Ut % 9l EARA%Y) 5420t HCFC-
1230]] o3t 7k 2w AR W], Y, 35
of| ] 2FAIE 37A(Hoet et al., 1997; Takebayashi et al.,
1998; Kan et al., 2014)¢] 3§2] AH#|2} 2010 2} 20174
=Ujof| A B 2749 AHH|(Chung et al., 2010; MoEL,
2017b)7}F 9t} B3| 20179 8 A= o A7)
S ax3b7] Al ARl A A AstoRAQl A
%7‘(_] 7(1—04 :Liz]. ztﬂ(]tg_‘% Z_]_—H X—]Q‘i /\]-U]— ]‘4—5 111].9_
7rae Surst EA7ASe 2 Aho] FAEE WAL
= 20173 7€ 26202 2017 8 1147hA] °F 17
Aro] g2 717F B 5 LEARAA A E Ak
o]tMoEL, 2017b).

HCFC-1232] QIAJof thet FaF T Sl A
9] =A8kA AR = ufQ AgHAo|th Marit et al.(1994)2
HCFC-123 1000 ppm< 4A]7FE9t 13] =235 A3g
Aol Algh 1HsAdE Bl ARIZE 91810, Aspartate
aminotransferase(AST)2} Alanine aminotransferase(ALT)
7} &= BlaL o] A= TR AAte]l ofdt 4= Qlrkar
3}tk HCFC-1239] 7H=4 7149 2= 1-Bromo-1-
chloro-2,2,2-trifluoroethane(Halothane) 2] 7] &3} -§-AFgh
Ao 7 FAEH, Halothane®] 735 S7HA| = Trifluroacetyl
halideE & AJ5ta, E3} W3-8l A Trifluoroacetyl hapten
= A5k 1hs4dS dol= AoR SIEA Qlrk
(Harris et al., 1991).

HCFC-1239} 2o 22 wla]2d
%lxk—r_g_ I:}OﬂxH oqxl = 7:12E1H
Aol E AT, WET), AST), A
Au7)7] 5), £3HE(Ls] 9 14
B2 ARdEA A FHASHA A 3}
o] THMOoE, 2017b). 2=3}eFA| 9] 79 AxtrhZof
A eEE 7HeAE W AR, @717 & HA
= oA 43lr] W ng s it 4=
E= AR A AAskE ATl
SRR FAHQ eETHsAdol A WA
oh A 2017 8 o] gk AAeHA of| A ABkeFA|
Aesx AL AAstd 227 TWA 19.1~20.9
ppm, STEL 114.6~193.4 ppm?] =& E-H A 7+ &
Aol ogt FAFE ZUhASI7E 2 5HCHMOEL,
2017b). 1L} FUjofjAl= &A|7HA] HCFC-123¢] T
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gk Agehd #el7lEel wE7|Eol v A
]UT](MOEL 2016), AFAtA R A H o
Ab eEEd Sog HEjEla 9 &ar @
2017a) A1<&3E 7 Ao] HQshich

VG FHA A= QA faligh 7k, S, vl
£ Folt £4 W 42 5o st 9 Beld Q)
Aol e sgABske 2uae w4 et
A ohyg 7Ee Ao zn galado sy 2
Aol 278 mashed JlofEe SHoz sjoted
W gelEene) wE/Ee Aokl AWsn ot
(MoEL, 2016; MoEL, 2017¢). A 185X g
i gl BhEEd] fat mE7EE 645500
(Lee et al., 2015; MoEL, 2016), 1)<t ACGIHo| A=
73652 shetEdle] ojE 5 85Es A4skn ol
2 w371E A4 SRt 4t HET AHo
TH(Lee et al., 2015; ACGIH, 2016).

g -EHoAE 1986 ACGIHS] TLVE &85}
o 37359 sk Uit wE57|Es 7R AT
oF wB7|ES AR AT AHe] Az A
19959 A FAFe] LG AAREENA 2279
FRAL Qe Aol og 1]lgo) AR A
AL A7z Yol sEHo|9E 2-Bromopropane
(75-26-3)0] T}, TEL-EHojA]l 1998 19 Ta}ate
A 9 =54 AR k=E7]E, A97-695,9] o=
TWA 1 ppm& 43190} o] F Suflola] Aoz
w27)28 ATk AR ARl 20079 62 9%0] sha}
E3, 2008 69 11%£9] a2 w&7|&2 Al
AAsH A7 A A THLee et al., 2015; MoEL, 2016).

AFAREA R A AlgtE ABIRO2(=E7EY
AR Dol =E71F 44 A FeldAY ==
7eg Adte Afolle O g falidate] wE A
ZA7sfjoll et A+t - Aej2Are] A @ s f3l
A 3 - 1R B A © s el
A0 kE7)E Ago Wt 7ed B3 5= ALY
3lod Hesle 2 5kl Qth(Lee et al, 2015; MoEL,
20172). Eat TLL-EHTA] A2016-41 5(3FsHEA
W 24 QRe] wdv|E)e] AU L) A2

o A AbelRbARANEC, 9, 1 @ AR AT
o] Ago] lol FolalAel w0l FAHA
ohjstgich g sigE WAl A4l e
Hgo] wjAEA] ofstu, olof 2L fajlae b
Z7|%2 ACGIHO| A mid Aes}= TLVsE &85}

E

=)
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=2 sa gk
2 Aol A= At R AlsFE] A81x9]
2(MoEL, 2017a) 2 Lee et al.(2015)0] A|A|3t 3}8HE
A =579 Al AR H =9 AmE ol&%t
= &7 AR AAE <IdA> g4 setEE
A =E57E AR 28 AEREH <6dA> A
DAY AFE A - AAA 7HA] 9 AR Y] FEHA - 7]
2 g0 g HE 9 AR HAS] A
st o, ZAgE We2 O Aoy 9 =,
HCFC-1239] #il =&7|F AA 9 ¥ #e] de
ARk, W Al &7 AAe 7]t 2
Y - eFog FstEde s =E7]E AF
7N74& 918l NOAEL, LOAEL 59| =/4J3+4 A%
g B7F AE o]&3 &N B7HF RfCyorker
e AbEste O AE di 2270 E AAS)
He A7F wol AFEHIL QItKLim et al, 2012;
Lee et al, 2015). o33t {4 H7l= Hl=A] 25
3t B o= HAE ook, FUSE 7|E AF
A BT B tig B AP QT
LE271E ANt A o SeEEY AS FHaed
of tigt AAeHSH A1t Awr7F HE e A
oty 1HERE FEH 4% HelE & &
9hg B71e} RfCuonerdh AMFE AHE &-8510] &7
=9 AAstt et A&Hor gl ek 2t

Jo y2 rHoox & 2

ol

deE S5 23E LUEHYS B EHAL Qe =F
7|0l BERA ARVt A&HoR HEY et

olet.

B ATl AE F4 SAaste] wAE s
22 HCFC-1230] that AZ-5314 B7h waers
zeloﬂ EH“:‘_]_' Rwaorker%}]: /1\_% E‘l %9’]7]1 1%71%
E 59 AR5 2AA =Y =E7]Ee dasiiia
2Jebz
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HCFC-1230] j3t U w=27]%o2 10 ppm(62.5
ng/m)& Airgtch a3t =E7|E2 IetEd 89
vk fald B 7HE Soll AFEE RfCyonedt 5.56 ppm
T FA4EE Atz e @Y 8AZE Y%
TWA 24 ZA7112] 19.1~20.9 ppmo] &%= WY &
2 13 gch st =&7])E 10 ppm(62.5 mg/m’)S
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