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ABSTRACT

Objective: The aim of this study was to propose revision of the occupational exposure limit(OEL) for 1-
Bromopropane(1-BP) following a review of the appropriateness of the standard in light of increasing
epidemiological data and handling risk.

Materials and Methods: The results of toxicity and epidemiologic investigations for 1-BP and agencies’ OELs were
compared and reviewed through a literature review. In order to investigate the status of 1-BP handling in South
Korea, data from work environment actual condition survey results and work environment measurement results
were used.

Results: The toxicity of 1-BP, such as central nervous system(CNS) damage, peripheral neuropathy, hematological
adverse effects, and developmental and reproductive toxicity(male and female) has been reported. ACGIH
recommends 0.1 ppm as a TLV-TWA value, but the OEL of South Korea stands at 25 ppm, which is 250 times
higher than the TLV-TWA. Although 1-BP is a specially managed substance under the Industrial Safety and Health
Law, the currently applied OEL cannot be said to be a safe level based on the results of epidemiological studies
to date. In a work environment measurement in 2017, the total number of samples was 626, which were derived
from 78 industries, and the average concentration was 1.173 ppm(standard deviation 2.88).

Conclusions: To protect the health of workers handling 1-BP, estimated to be 780 in South Korea, it is necessary
to strengthen the OEL(TWA) to a level of 0.3 ppm(lower than the 0.34 ppm with known toxic effects), which is
believed to be safe as a result of epidemiological investigation. “Skin” notation should be recommended.

1-BE2w 2231 -bromopropane, n-EZZHEHZulo|=

Key words: 1-bromopropane, occupational exposure limit(OEL), work environment measurement
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1-BPY] AHH At w42 Al(alkenes)oll A7+t
ZS A715H= anti-Markovnikov AFEE dojZch
(NCBI, 2005). A48 AlFol= 1-BPER 5 T
B BSiE 2AAIst] oA A7Hes ARESHAL UTh

1-BP= ¥ A3Al, =, okE, AlE A4t
5ol AF&stReH, dAl= tE AAAE S} gL
(halocarbons)®} o] Hz2HA|, Egtol&dd, 371 &
A, AR E G Z2d ARGOlA LubEQl A= AL
85kl Ut} BA9] AR dl2= AFsAF AR SollA
W 4 FHAS o AREShe Axgol-g H2HA|, &
T AtFollA FH|ES Al ofATE 9 M HRE A
Ab AR 3= 7)) g9 e AA, 55, E2e
g, [Ax} 9 FoF BE AFS 93 7] € MA] €A
(degreasing) 21 52 & 4= UTHNIOSH, 2013). E3
20079 ul= 3FHSH(Environmental Protection
Agency, EPA)2] SNAP(Significant New Alternatives
Policy)oll @} 1-BPE 225 oty E4S A4S &
e SEF HRISHUS. EPA, 2007)°] uwe =etolZ
2ld 8AI2 AR&stal Q)= chlorofluorocarbons¥}
perchloroethylene®] tiA|AZ ARSEHA T ARSSF
o] 375kl JtHTrout et al., 2015; EPA, 2020).

u EPAE EAEZTEH(Toxic Substances
Control Act)oll <Ast 2013EFE 1-BPo] gk
AEAE H7HE =doto] 202040 FHFEIAE LTH
sta=dl, o4, 354, AYdeE 59 45 3740l
U ZA9) 8 EstEst Y (unreasonable risk)2.
2 B7IIYCHU.S. EPA, 2020). EUYIAE 1-BPE
REACH(Registration, Evaluation, Authorisation and
Restriction of Chemicals, 5%, H7}, 317} & Agt
sierEd)o) wet BA=g EEE ERoto], e &
&&= E-(substance of very high concern)’® -
Bsla ITHEU, 2012).

= AFARFPA B A4 (Occupational  Safety and
Health Administration, OSHA)OlA+= 1-BPo] ot
-%7]&(Permissible Exposure Limits, PELs)< #
ek A gou, 201440 wAsfEEteIAA
(North Carolina Department of Labor)olA] “Z&
At AHRL 87 HSE Qo] fAIEAL A grkis
not regulated to protect workers, consumers or
the environment)’#H= &3 AE(Hazard Alert)S
gt vSItHNC Dol, 2014).

1-BPo A og =W AFA7 H7tgdE e
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2 &Y, 5830 T sHAY Fto] Ak Ao
2 At s=AHoNA SFo] D= o] vl 49
A7 38](American Conference of Governmental
Industrial Hygienists, ACGIH)OIA+= A3(ERIH &4
Ar=A)Rl 242 AQHsigion, =27|(Threshold
Limit Value, TLV) & AIZFI5Ew(Time-Weighted
Aaverage, TWA)2ZE 0.1 ppm& Hiskl Ut
(ACGIH, 2020).

U= 1-BPoll tidt =E7E(TWALE
25 ppm, ¥4 2, XS4 1BE Faska ot
(MoEL, 2020). =&7]%& A% & 1-BPo] <J3t Ash
ARIZF 158t Al Ak B v Qlom, AR
W A} 2851 =0 ACGIH Xt oF 2508 & <
A5t HEstarl Qlo], olof gt HE4 o RE nelst
4871 At

olof wzt & AFtofl4= 1-BPol gt
AR E 9] 7|H9 k&7 A &
< &9 AESY, U] g A
gilste] N8 L-FH O E7|so] AETA|E wtot
al

, LE71E WL Albetaat gt

II. 17 aph
1. 26 DHS S5 AoiTAL 2T Y L57|F Tt

T 23S Tt
St7] flsiA = - 9 = 2 BEuAE HESHAU
Y =2 KISSEHSheH), Ashr&etguls,
DBPIAO|A] “1-BE2RIZW “l1-Bromopropane’,
“KOSHA Alert” 52 S401E st HAsH3L
W, 9] =F2 Science Direct, EBSCO Host,
PubMed, Google SF&HM-& o]-85t] Key WordsZ
“1-Bromopropane”, “n-propylbromide” 5= U
stof FAstom =4 2 gl A gt W
23S FHT FEskdnt. E3h A E AT, OSHA,
o] = AP A A+ Y(National  Institute for
Occupational Safety and Health, NIOSH), 9=
HSE(Health and Safety Executive) 52 SHo|R&
HIESlo] HAo)2 “1-BEE RO 2, “1-Bromopropane”
o7 FHMstol I g AIE FAHCE FQ Adf A
F 52 7I&stt

1-BPoll ti5f ofg] 7]&o] HAIst e E7|ES
motsly] YA ul= ACGIHS] TLVs, OSHA PEL,

x> R
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NIOSH REL(Recommended Exposure Limit), &
AA R ASHS](The Japan Society for Occupational
Health, JSOH)®] OELs(JSOH, 2018), U4t
(German Research Foundation, DFG)9] Maximum
concentrations at the workplace(MAXs, DFG,
2018) 59 A=E AESIY 1-BPo| Wigh =&7|&
(TWA®} STEL §)¥ IR, Skin HA| off 55 @
ofelelct. fEjubete] A 18EFolA dilskal
A= R 9 294 A E2TE(d 8k sl
JA] A|2020-48%5)S AESIIL;

2. 1-BPQ| .. AE{ Mt

1-BP9] Fgoll t&} kEsHe =24 = AAdE
=E TE 9% 4 9 =& HHE o] s
A AFDESA 2ot A dHRA 23 A=
€ ZEsioit. AEESY Ame AR
A252FAE S0l Tt il 2GS 71l A
MRS s S48 T F 28Tl A
25 AEsto] PAEAT oA EEstal Sl HlolE
Hlol~(DB)o|H, 2AASFUE e AAAMAETH
Al Al1432(F3dAe] el ) meEt 5EE
F7|2 PARATTA ARSI HHSH= A &
sAeItt. #deES7 DBY 49 1-BP ¥ I+
AE, 374, AR 59 F FES Tos] Hste
rE 752 2EIE0E Wre AE S HE 28
Sto] 23T

3. XAI=Q| SAEAM

A= 0] EAEAL Microsoft Excel 2016, SigmaPlot
(ver. 10.0 for window, Sysstat Software, Inc.,
USA), SPSS(ver. 23.0.0.0)% o] &3sl9ioH, 5= X
=784 4 19 522 yepjoy, dF 4 34
9] 5k £X o] 5= FAISII

A e F4 E4(LDso 2,000 mg/kg °14)E UEFHA]
Ik vkE & 2] AAEA(Ichihara et al., 2000), 7+

www. kiha.kr

=A(ClinTrials, 1997), A4 2 ®g(Huntingdon,
2001) =542 Uetli= ZACos deflt AEE iy
o =23t W AollA 7 =40 Higt RSl et
£Z(no-observed-adverse effect level, NOAEL)2
200 ppmO]ATtHClinTrials, 1997).

Ichihara et al.(2002)2 H2HA| Axgo] Zdoz
1-BPoll k=&H 3759 AdAelA Ut 4173 AollE
Bugith A B Z2A= ZAR}; d-S(staggering
gait), AZoldeg QIgt FZZHnumbness with
paresthesia/ dyesthesia), THe|9] s 72 A, A
(incontinence), AAl &, HIAAA Wl 59 SAE
Both & 7] Aol 7idE Sol= A 571
% 1-BP9 & 5= (TWA)= 60-261 ppme]itt.
TAEL 1-BP7L ¥, 341744 € A& AAAC}
S)ONA A7 BofE ittt 22X

2004800 559 1-BP A4+ FolA Lshs of
g 2EAQ3EE 2ARl] BF 3P 9F A
233 vEse daas ge) 1-BPY| w3E 2
24 F 1592 o) A% o] g & ¥

1

A= B9 s A Eds] dgle o
22+9] 1-BPO] tigt =& HE(TWA)= 1.10 ppmO]
Atk 1-BP kE SEASS HRxaETY A7 A% A
g &7t =3ion, 719y 9 71E HAKmemory
and mood tests)ANAE A7t Foktt 5 AlFE A
FH712 £33 1-BP =& 5E=(TWA)= 0.34~49.19
ppm(ZYA 1.61ppm, 7IoFEd 2.92ppm)°] ATt
1-BP k3 A AFES] B 72 A, &5 A, 35
AABA 7} etgFS w=ttal B §cK(Ichihara et al.,
2004a).

lichihara et al.(2004b) E o2 A+ollA 1-BP
TAoIA dot= 2479 o433} 139 G SEA
o2t 1-BP =& #3 A7 AHE Bt =55
TEA = 5o B EEet A, S A2 B
J5FATE. 170 ppm oloto] kEH ZL2A] 41758y
430 Uit 55 W AF= ¢tk 8 5 1-BP &
=1 b2 2T 9T AEEATE QoEE
29 A7t 2 & Utk o] AFEAH{E HXS},
1-BP &9 f-83t A A 22 8 F BESIEY 3
HAAFER] N-acetyl-S-(n-propyl)-L-cysteine= Al
oI5kt Hanley et al., 2006). 18y ACGIHO|A =
1-BPo] thgt A A #E Afesta QIR YTHACGIH,
2020).

—_
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Perrone et al.(2008) 1-BPo] A HAOE -ZF]
of Uehd 4A7FA A 2742 Esich AXAEGA 0
Al 1-BPE AIY 8AIE ARESE ZEANAA E37t,
T= Foll, @715, A oI, =5 59 S48 &
A AAZ 7] & 1-BPY 5=+ 178 ppme|JAtt
Basielnh ® o A= 7IIES T glo] 52 =
CtalolZaEly 71Ao 50~60Z2#2] 1-BPE FZok=
AJ4x7E FE, @715, WAAE, B
Aokl H skl

E F4A J2 42 T off Ango] JAAE ARESHA
He=dl ojnff 1-BPo| LEHe= S2AE Bl AH=4
9] chokst A7} Bie HtiMajersik et al., 2007). &
o] ojgtH LEAEZ M4 55, B ojE, HA
A&, Fo o= 24tk @ HESE sk
44-170 ng/dI(715= 0-40 mg/d)oIRL, B4 Fsl=E 5
105-139 mmol/dI(7]& 98-107 mmol/d)¥S o =}
A4 EZ(hyperchloremia)o] Yebdth HzF 2 &
At 571 5 1-BP B+t 91~176 ppmo|oH,
AAEGo] &, HIAAE, 99 T AAE BRI of
248 A A A3 B0l Aoty AEAUTE

Li et al.(2010)2 1-BPE FHFol= 5= 34 4
oA 224 86%(94 607, B4 269) A, A
H A9S st W 3 3 AH 34, HE
2%, B 3 AFAE xR AXste] gt
XALE ol 1-BP k& ZE2ARR) izl dis A
EXRAR} 3 Ak, AAeH, A1 P, @
oA AAF 5= AABIALE 1-BPY A9 R 5 5
= FF 71A F9olA 3.3~5.5 ppm, 7+ AlE 5
Ao A= 16.5~58.3 ppmol ALt oA ZLZZHn=60)
A AJAZ S E(TWA)E 0.07~106.4ppm(FHE; 6.6
ppm)°|ALL, B FEAS] A 0.06~114.8 ppm(F
Ugk 4.6 ppm)°IATt. 1-BP =& Z2AO||AA -
ol2A-otd 8K dose-dependent adverse effects)®]
sRIFeH, s A7t A E HBF A = 740

o‘(r)l
for
%

Table 1. Occupational disasters related to 1-BP in South Korea

st HATERavrE(Lowest-Observed Adverse-
Bffect Level, LOAEL) 1.28 ppm°|°o4, 1-BP
Lo oE AT gFol gk NOAELS &RIE|A]
Ak

Samukawa et al.(2012)= A&gF 7QIE 2 glo]
1-BPE AIFAZ AMEsH= P SEAIAIA Urehd
AAEZE Bt =E2H] AGA A 28 o)
5, T, By o 5o YEon, A48 A
AR Bl AR 5 A AlZ9 Amgh 4 &4
(axonal damage)¥t THE T &5 AFYITOZ
SRRI= At

LUt A= 20074, 20084, 20110 1-BP2}
T A o] WA st QPR AT HolA A &
A A HE(KOSHA Alert)7h HEgH o] et o=
o] AHHIQ} FAFSHAl Table 13 Zo] 201149 7 A
230N FH FY JFAYS FPotd L=EAH
el ofx] Relo] 55| A, A2 o HEEAHO]
st om, 20089 AErAolA EgtolEed &
EZ HEZ2 oA 1-BP7t 95% T-FE AER
DrySolv® WAg & Mg 9 A|&2S +Hotd
EAOA FE, HIAAR, oAHS, A4l 59 S0l
e om, 20079 AAARE ARFANA AERY
< ot ZLEANA LA, ojXEF, A ZolA,
+5ARZe EAE EASIIT ol AFFAel tigh
A 5 1-BPY k2 52 HAX] LU

¢

rd

5 7804 628, o1 152%)elH, & HIHS
1904ERFIELS 1~10000I90e. HF ZeAG7t
N B QB AAT B e a7 AZAG

R

IRZAAET FE(KSIC code) : 22501)2.2 267

L o

Year Industry/Employee

Work history

Symptom

Furniture manufacturing/

Pain in the spine and legs,

2011 Female worker 5 years/spray gun adhesion lameness, etc.
. Headache, nausea, dizziness,
2008 Laundry/male Unknown/dry cleaning fainting, etc.
2007 Electronic _product 8 years/circuit board cleaning Dysphonia, d|22|'ness, paresthesia,
manufacturing/Male ataxia, etc.
Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(3): 270-279 www.kiha.kr
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Table 2. Summary of No. of business and employees exposed to 1-Bromopropane in 2014 work environment survey results
data base by purpose of use

No. of employee

Purpose of use No. of Business

Total Male Female

Adhesive, binding agents 1 2 1 1
Cleaning/washing agents and disinfectants 51 293 182 111
Coating agent 1 1 1 0
Degreaser 32 199 168 31
Experiment 1 1 1 0
Lubricants and additives 22 201 200 1
Pigment, paint, ink/additives 5 8 8 0
Processing 1 3 3 0
Raw materials 5 18 18 0
Softners 1 14 6 8
Surface treatment 1 0
Welding and soldering agents 1 2 2 0
Other 4 37 37 0

Total 126 780 628 152

Table 3. Summary statistics(ppm) of exposure assessment data base for airborne 1-Bromopropane concentration(TWA) in 2017

geometric standard

No. of samples range arithmetic mean standard deviation geometric mean deviati
eviation
626" LOD™ ~ 19.63 1.17 2.88 0.01 49.13
"It can be marked by year overlap, because employee exposure assessment for 1-Bromopropane is usually conducted
semiannually.

" LOD: Limit of Detection

/\}_?-ljxc}oﬂ 289%% ﬁiﬂ _ir]—g- .ELE;(]. %_ 37%0ﬂ .c:)_H%
FEHKOSHA, 2018). 1-BP9] §==2+= Table 29+ 2

< 1971(3.03%), 10 ppm °lst= 15971(25.4%), 10
ppm 3= 1971(3.04%) Al=7}F SigsHATHKOSHA,

o] MA/adt 2 A=A, A, =4, J2A, +2+=
AR, H7HAD, S84, AsHAI(FSIERIA) 502 YEr
ytt o] F AA/AE 2 AEAT FHEIAAR 512
(40%), <24 2938(37.6%) & 7 Btow, 88
2 H7HA(25%), BAA(17%) <02 Yerdtt o<
2219 Aew A/ AT 2 ASAR ARSs= 3
71 B2 11198(73%)°1 4Lt

2) 20174 MASA=Y At

201749 &g J 23} DBE HIPCo=E 1-BP
3 @3S gost A7k= Table 30 HAISH vle} Zth
AA A7 FE 6267190H, s HAEZ HreS
o] A&SH(limit of detection, LOD) 2] A&
FE 40770(65.02%) %2, vl= ACGIH TLV-TWA
71221 0.1 ppm "9 2270(3.51%), 0.3 ppm H|gt

oM,

A
20

it

www. kiha.kr

2018). 7F& 2 32 19.63 ppmol|oH, HFS
1.173 ppm(E=HA} 2.88), 7|5tE+ 0.01 ppm(7]5t
HZHA 49.13)22 UEY 5 He7F Wi WA
LERSITY

Figure 12 20179 1-BPY] ZAH=SHS Bl
Uehd AlEEC] tiof FHSgEEEEE YEhd Aot
(LOD oJst gt A<)). dgtxAt At 1AL o
AA A& F 28.34% SFsh= 0.3 ppm o139 5%
o =25 Z2x= 1-BP7 A7de] ke v
T e FRolg F & 9t

1-BPol| thgt #sbgEy 2iks gdFEs
A= Table 49 2ot -2uat AA A& 5= 1,145
N & AEY 5 78719 AF6.8%)°14 1-BPE FHF

L
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Figure 1. Cumulative probability plot of airborne 1-Bromopropane concentration from exposure assessment DB of 2017

Table 4. Summary of occupational exposure concentrations of 1-Bromopropane by major industry according to number of

samples
KSIC Industries No. of Concentration, ppm
code samples  Min Max AM SD
41999 Other construction of civil engineering projects 110 - - - -
26421 Manufacture of broadcasting apparatuses 66 - 19.63 2.49 4.4
42209 Construction of installing other building equipment 61 - 5.22 0.12 0.71
26299 I\/Ianufac_ture of electronic tubes, interface cards and other 51 ~ 1622 265 417
electronic components
42202  Installation of machinery equipment for building 35 - 0.52 0.02 0.1
26519 Manufacture of video and other visual equipment 21 - 3.99 0.53 1.03
26221 Manufacture of laminated plates for printed circuit boards 17 - 9.51 1.65 2.78
25200 Manufacture of weapons and ammunition 16 - 1222 1.8 3.18
28909 Manufacture of other electrical equipment n.e.c. 12 - 6.82 1.62 2.32
70129 Research and experimental development on other engineering 12 - 2.25 0.21 0.62
26329 Manufacture of other peripheral apparatuses 11 0.97 6.56 2.45 1.74
27199 Manufac’;ure oflother medical and surgical equipment and 1 _ 6.68 137 234
orthopedic appliances n.e.c.
30320 Manufacture of parts and accessories for motor vehicle body 1 ~ 12929 231 354
(new products)
29199 Manufacture of other general-purpose machinery n.e.c. 10 - - - -
29294 Manufacture of mould and metallic patterns 10 - 1181 1.56 3.46
20129 Manufacture of other basic inorganic chemicals 8 - - - -
26129 l\/langfacture of othgr diodes, transistors and similar 8 _ 319 056 108
semi-conductor devices
29141  Manufacture of ball and roller bearings 8 - - - -
20202 Manufacture of synthetic resin and other plastic materials 6 - 2.39 0.6 0.91
31322 Manufacture of aircraft parts and accessories 6 - 16.36 3.91 5.67
35119 Other power generation 6 - - - -
20111 Manufacture of basic organic petrochemicals 5 - - - -
Others(lower and equal 4 than 4) 125 - 1.7 1.79 0.8
Total 626 - 19.63 1.17 2.88
" - ¢ Lower than LOD
Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(3): 270-279 www.kiha.kr
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2 A RAKSIC 26421)°0F 6670 AlE7F
A=A, FSHA RGN 7HY =2 T a5
%l 19.63 ppm°] 7ISEH A} BH4ol 7P w2 5
2 1 9 3% FFAE ARAKSIC 25914) A
11.17 ppm 71E=%oH, & HAZ= A A=
2 714 AZAJKSIC 29271)’CF 8.44 ppme]Utt.
Table 29] 20149 AT A=Al Aol o
SHEEHZAFAERZ(KSIC code) AA7F =0 &Y
HSA dyels Hlwshy] of# ARl SIS
Ut 18559 LE7|ER 25 ppme 22
= A2 glglou ul= ACGIHY TLV(0.1 ppm)
5t Y= AR F= 1977M31.47% = el
A L 27|EE A5t 23t A7 9FE 1A
k= =Zo|u ACGIH TLV-TWA $&0 & 73ls}
Aol AA A= F st B Aokl 9l
ABEC] sfgoh= ZrFeHgol gk & o AAZH
Eo} 3 AHS] AT F3Fol it AEE o]Fo]
of g Aojt},

0

X G ©
=

59

7

o)

Ir

2 oaYr

3. 1-BPL| &7|& H|
1) 2= 7|8 &E7|E

ACGIHIA= 1-BPol|l "3l 20030l TLV-TWAR
10 ppm< FHZE ARISIITH2004d Z{=). o] A}
|5 2 I8k A= 710l Wt 2011991 0.1 ppmo=
1008} 73sk= W73 IA|(notice of intended changes)
£ 3 3, 201499 0.1 ppm= AESIH oW, 20204
AA7HA] olF FAISkAL At ™ IAZF =S| A%
FFoR FFAAEACNS) &4, = 4144, HsHy
oodet, WY ¢ s 52 =3 UTHACGIH,
2017). ACGIH®}= 27 w5 OSHA, NIOSH, =%
DFG(Deutsche Forschungsgemeinschaft), B]=AF]
AA5Fs](American Industrial Hygiene Association,
AIHA)OIA = &7 AAlskaL A ot ot =
2 DFGOARE ¥ (Group 2)3 TjF &< & “H
(Perc abs : danger of percutaneous absorption)”
HAE AASIE UATHDFG, 2020). YEoOl He:
2012¢9%H 1-BPoll digt L&7]&(TWALZ 0.5
ppm, YIHZ 2B, BAFAEL 282 AHsilon
(JSOH, 2012), 2020" @A7}A] o]& FAIstaL Ut
7| 3o} ARIQPHR A%Y(The California Occupational
Safety and Health Administration)< 2010d°f =
£7]2(PEL, permissible exposure limit)2.& 5

www. kiha.kr

ppm= AlQtskal JATHNIOSH, 2013).

o2 ACGIHOAE 5EAY Axs &4
2 QA TEAL LEAA goy FE WUdo] &
1" 47 “A3"E AAIskaL THACGIH, 2020).
A9 MAKOME 5F 2(QAAINN g dod
T 18EE E2)' 8, NTPIAME 55 “REAA QA
=4 (reasonably anticipated human carcinogen,
RAHC)"S =5t QItHNIOSH, 2013).

FE(125, 250, 500 ppm)y PFEA(62.5, 125,
250 ppm)E 29 B2t SHF 6AIRE F 597t 1-BPO
LE3A7IH AT A AE] tigofA Qto], A wt
S04 B FFo] ABAEO(NTP, 2011), ACGIHO
A 1-BP9] #QMg3t faste] “QIAeke] Hago] &
HAA] k2 FRlE FEA TAEA A3E Hirst
£ ZA7F H9th ACGIHOIAE THo] tigt LDso=
2 g/kg o[/Fo = 1-BPof| thgt Skin ZEA] = ZA7L
Row ZEEHESolY TLV-STELS A|AsH= Ags=

Aok ¥5]31 ITHACGIH, 2017).

%0, it

2) RE|Lt =&V 1E 2 e

SHuetol| A= 1-BPol et &7 |=(TWA) 25
ppmC.& "= ACGIHS] 7]%<%1 0.1 ppme] H]is}H
oF 2508 Fx =A(E AZsHA) AG=o] it 1 <9
Herdog Aoy sE2olA Ak SA7F AUAl
o FE1E BERs|de 347 S8 &2 E2)
59, BAEE2E "IBRIA 838715, BAleE
oL} A5 APTFE = AR YL Y9 5=
Ad SA7 = B4)" 552 AAlskL JIthMoEL,
2020).

H|& OSHA, NIOSH, 5% DFG MAKs, AIHA 59
A 27182 AASEL YA o, ehs]l 53
o] w&t vl= ACGIH7F 9exAr 298 SA=R 18
L5Ro E27|EEY 5 JA% TLVE Algksta 9l
o eEd 9 94 A e (8 s Rl
Al A2020-482)9] Al1X(EZ)NA HATAH7I}
SEAS] B4 fofokA] ofldt 7S BT EH
FORIAIERE 2R A% HSok=t| 7]ofgto]
2ol YA oA, dAY =&71E2 A7HA Y
B strAb A3 ZEAS 7o) g £
U= Floz gokEct 3t 20208 2HEH EPAS 9
A B7F 2oE 2AE SEUEIAE 780 E
FAEE 1-BPE Ik 22X AFHSE Sl
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m
—lo

A 27]1E A3t 285t & & gt} 9]
gt ZFeolA 712k ZiRIE S+ njzkgo = <l
stof AT Al Aol As LAY AEIE 1Pt =&
71l digk AAet W81 A EASE dEEjto] Al
Al=]ofof & ZHolrt.

1-BPol| digh 44 g2 dHb o=z FRioly ¥
5 HES 3o EAstH, fEE S5 @UcE 4
S5EEE, NIOSHOlA= 1-BPo A3 =23 Al
ofst7] fIsiAl o]F Eolu ofAlE 7IRE HRA=E A
Sk Ao HA| o]Fojxof 5, A, &7} A2 &
st ofd, P44 dF, ag7]et i HoE 93 7
9l¥ 5 Hpersonal protective equipment) 5= H
MyoZ AHQtokal O]TJ'(NIOSH 2013). =9 DFG%}
EPASIM = 3RS B3 F7F 7Fesithal Eiska
2101(DFG, 2020; EPA, 2020), T& &=of tist 32

o

¢

r
I\t

Table 5. Summary of revisional OEL basis for 1-Bromopropane

£ dxg 987} vt 1-BP= HiRE9 A2 A%
g = QA Z2] v)d dFZo|u Fudo]ER TH=
Aol AT 4 Qitt. 20080 ul= AR
E(U.S. Centers for Disease Control, CDC)= HZF
Zzogdel AR = 1—BPE ARgstEH AgH] A,
317 X149 &4}, PPE 52 HSFATHCDC, 2008).

4. = E7|1Z M2t

AotxAl FEAY, ofF 7|89 kEIE 2 A=
£ AEs Aded #EE fE 1-BPY =&7I%
A@dAo] dist AESH 23} Table 59 At} =278
AR 2A7 HUE SN e S, T =
4, A 9 g £40] gRIFglon, 7 £49) A%
= 19979¥9] NOAEL 2.2 200 ppm= AAISHAT
olA| delxAR} AHATS Edlo] thb AAHZe

[tem Basis

Reference

* TLV-TWA 0.1 ppm
Japan OEL-M(mean) 0.5ppm
« PEL(TWA) 5 ppm

animal Study
— neurotoxicity
- hepatotoxicity, NOAEL 200 ppm
- reproductive toxic
OEL - developmental toxic
* human study

ACGIH, 2014
JSOH, 2012

The California Occupational Safety and
Health Administration, 2012

Ichihara et al., 2000
ClinTrials, 1997
WIL, 2001
Huntingdon, 2001

- polyneuropathy Sclar, 1999
- neurotoxicity Ichihara et al., 2002, 2004a, b;
Li et al., 2010; Samukawa et al., 2012
- diminished vibration sensation and lower scores in Ichihara et al., 2004a
memory and mood tests(TWA 0.34 ~ 49.19)
- dose—dependent neurological and hematologic effects Li et al., 2010
- Lowest observed adverse effect level : 1.28 ppm
* large intestine in both sexes of rats NTP, 2011
* lung tumors in female mice
* “likely to be carcinogenic to humans” EPA, 2020

Carcinogenicity ~ * A3(confirmed animal carcinogens with unknown relevance ACGIH, 2014

to humans)

2B(possibly carcinogenic to humans)

JSOH, 2012

» 2(Substances that are considered to be carcinogenic for man) DFG, 2020

» dermal exposure may occur through skin contact with liquids EPA, 2020

Skin Notation

* H(Perc abs : danger of percutaneous absorption) DFG, 2020
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A173E/go] ERIEom, F= 1-BP A4t T2
e B e | B P S R Rrd A g d i d o4 S b
Ag &7t 44, 7199 9 7|8 AAtoA Jerh @
RO LT F£FO (034~49.19 ppm(E3YF 1.61
ppm, 715} Bt 2.92 ppm)°|3Utt. 1-BP =&} 4173
=42 &F-9&4-ddFo] Ao, LOAEL 2
1.28 ppm= ©|HLi et al., 2010).

1-BPE= ARRQPHEAHA Ed#eEd Yoz &
ot @4 HEEH Sl= 25 ppm9 =272
ACGIH 71 of®] 2k 250¢He] sigstH, Table 504

AAgE QA AH 2 IstRAF ATE AHESGS
AT pFoletal WS = Qitk. weEkA] AR =&
7191 25 ppme SHHESH SFolEty wHEE
ACGIHS] TLV-TWA(Q.1 ppm)@} L JSOHS] OFL
(0.5ppm)9] S+ =21 0.3 ppm(FHRAL A3} 54
B7F 4#7 0.34 ppmE RA)CE W op o I
87} ot ot 20179 APEE4 23 0.3 ppm
2 2IAA AE F 28.34%)51 A= 2] gt
Hoh Aldst AR 3 oA B2 AL 2 25
MHOoR Qg AL AA AR FaFol st HES} lE
ojzof & Zo|t}. MRE T3 TVt o] FoX=
2 BHIET QQoHg “Skin” HA|E AAS %&ﬂ 21
o}, BRMI(HSHA 2, BAEA 1B dAet Zol §A
EE g

ot

v.8d =2
1-BPo] tjgt daxA} AH7 £}, FFo= Q% 9
A 7l et 27129 430 Hig AEE &
o M= 27152 AAlstA gt 28 13E &
SiA 1-BPoll it =4 9 detxAb Ael ACGIH
S o9 71#9] =&7|E T ARSI AESIIC
o fFuatoA 1-BP HF IS metslr] Kot
ey AeRAF A=t AFSEESY 2 A=E
EE5tA. 1-BP= 534144 &4, 9= 4449, @
oﬂt‘ﬂ—;G oPOﬂ ocl: H‘Hﬂ- u_] /\g/_qg/ké .‘6:-__,] %Aalo] H_]__E]C}i
ot 1-BP+ ARPEA EHAEER o= E+sta
A ALEY = YU &7 25 ppm
ACGIHS] 71&Ht}t 2508 =omg 27t L4HA
AotRAl At Ao} Bl A] PASE ot %}
& ok 20179 APSAEEH 2 AA AR =
6267, 7871 AFolA ARESkaL Slglew, uﬂv‘#——

www. kiha.kr

1.173 ppm(FEHA} 2.88)0|9ict. -yt A 780
gor FY=EE 1-BPE FEtke 2=AY] AdES
£ oA =E271E(TWA)IS Jt2AF dat Qe
W3 e S 03 ppmoE s Bt Qi
HE Fof tiek FolE A “Skin” BAE S E
27} 9k

dael 2

o] =F2 2019~2020¥% Hvistn A-LATFT}
A A7H] AYPor $yE ATAT.
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