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AES WHoR AW HERAE ANGAT ARAH W BAYYE
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OSHACIA #iish= QAN 7ol Fato] A8t

AFA}: 12-UFRREZRIH FHF TERAEY
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rlo
N
ol
oF,
By

219243656 ppmeola FAHAEEE tdE AR S e ZEAE]
16.656+£1.225 ppmo. & 7} =gkth 1 the-e ] 2.947+1.547 ppm, A H
A 2428+6.996 ppm, Z=ZdolAMZ 214848329 ppm, ZF&IAFH
1.446+1.847 ppm, A= 1.218+1.975 ppm, 71 AIA& M2 1.140+1.281 ppmst©]
Aot AYGA R FEE ZISHHET 1.793£7.047 ppme= QT H FE=7}

5.743+3.047 ppmo.2 7} =i THAH R SAHEA A= AN BT A FA

BET =doy AR FolaA = %o (p<0.676), T Gl
ek Aot SAHeR 743 232 YERAH(p<0.003). =E7]E 2SS

=W 7] 5=(75 ppm) thH] 4.2 %, ACGIH ¥ FA w54 7510 ppm) 4] 125
%, JSOH71=(1 ppm) thH] 625%°| At wam7]= 253 AxdA
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(1,2-dichloropropane, Propylene dichloride) =22

=
I A EEd WAE de A e AR 12-HERezedas

_p

AAY A AZE, &84 N H Ed, Axd A T
o] FAE WAANTI= ez dHA At (Amoore et al., 1983; Perbellini et
al., 1985). 20119 A& QAMF wAJAM{AA S = sl A 2 Al Al
HAR AFESE 12-TEFEE2ZERH O Qlsto] 17HA Fedo] LAY
UH(Shinji et al, 2014; A=A, 2011). ol& <L2AELS 12-HEZ22 23
o] X3H AAAE 1¢ 300~8003 & Ab&atlon, Adae] 2= =
9 12-yFEEz2E99 HF FEE 100~670 ppml 2 FAE A tH(Shinji
et al, 2013).

= A 9 A (International Agency for Research on Cancer, IARC)E= 1,2-
Ezzxzas 7]E9 29 Group 3 (not classifiable as to
carcinogenicity to humans)ol 4] Group 1 (Carcinogenic to humans)S 2 W7
< 9783t ATHIARC, 2014).

") = ACGIH(American Conferenceof Goverrnmental Industrial Hygienists)oll A &=
12-9&=2=2x23% TLV-TWA 10 ppm¥ A4, DSEN(Dermal sensitizer)<
AuFAow AAS ATHACGIH, 2014). 2014 109 19 HEH+= 12-9F
mrrzedo]l FAREAHY AASASAH dd=dd FrhER e =&V E
°] 10 ppme = 7HA ¥ AeH(F A =&, 2011).

wZ7]% 10 ppme TLV-TWAE 135 2¢F 5902 15 ppm o]l =549 3]



FAEAMAAM AT Aok 57 (53] W7 A5 Aol RaHdves Agd <7
3k Zlo]th(Nitschke et al., 1983). JSOH(The Japan Society for Occupational
Health)ol| A= 2013 5¥€5-E 1 ppm, 2A, S29 =E7]+S AAst 9l
Ul =F7|59 A9 "=l ACGIHO A 1948l AlQtstar 20051 744 A}
&3 TWA 75 ppm3} 1978l Atslar 20051 7k AFE-3F STEL 110 ppm
= W= A8t AR g =F5, 2013).
TEAYS BT 12-HERRIERS A7 AARE A¥Ed 34 549
T = A=, 71EAF0] YEFG T (Torkelson
and Rowe, 1981). B3t P42 FA g Ao F7F= vehvbar F3oA A

st 8 Ao EE 94 =4, TYAE )tk (Sidorenko et al., 1976; Drew

A7 S] AF F 12-fgEFEREZ v JiaFd s &S Ayr

HoeEE TFoA o3 AFE dod=AeR Ruyo 9ow(USITC,

1981), 12 T E22Zg 50mE whal Aol dAe ASels @ Az
F A4 A e H &3, A% BE A4 oo WA AT Abge] o2 797}

S5 F5F Al mad, T 12-tF2Rred A TS 200249
/L:‘lo

Jollo, 20061 348%/d, 2010 928E/Ho = AR o] FUleke



FAS Hola JuHESHAHE 2003; 2007; 2010). oA H 12-UEFE2E2ZLZHLS
H B disk falAde] glyal glow HaEo] FUkska o] #E
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2. AREXF 2 24EH

12-HERRI2dS FAFshs 549 75 A8 £33 £42 v
A3 oA B A A (Occupational Safety and Health Administration, OSHA)®] &
AAIFHA "OSHA 077 o] &3te] A A8+t

12-tZ22223% X3 vx &= Chacoal tube(100mg/50mg, SKC, USA)

Ll

o] &3 2 (OSHA, 2000), A& %3 #X 23+ Personal air sampler®

5t £5F2 Pocket pump(SKC, USA)E Alg3stdth Als AF A, T2 FF

Al(Bios, Defender 510)5 Ab&ste] Hzo] #F&5 EASHAUH0.15 L/min  +

5% o).
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b 12-U Rz dS HFshe FEundue §71S Area sampling dh=
HHoz AREE AFSINLH oF 1Y 8AZF FAYPE VFLoERE =
TWA(Time Weighted Average)E 483t H7lstAHa & =55, 2013).
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AZ37 (Limit of detection, LOD) W] %t
A gato] FAIA A o] &8t

Table 1. GC condition for analysis

o]

-

Descriptions Condition
Instrument Gas chromatograph
Detector

Split ratio
Injector
Injection volume

Flow rate
Column

Carrier gas

Temperature

Flame ionization detector
2511
Auto liquid sampler (HP 6890 series, U.S.A)
10

0.15 m¢/min
DB-FFAP, 50m x 0.320mm ID, 05 micron Film,
Polyethylene glycol coating
Ny

Injector : 150 C
Detector : 220 T
Column : 40 C( 2.8 min) — 45 C(2 min) —
50C (2 min)
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Az ol BASA HEAL SAS 92 (SAS Institute Inc., cary, NC, USA)=
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Table 2. Characteristics of exposure group

Number of Local
Quantity Total time Duration Years of Average . . .
Process Company samples Content : ventilation Protective equipment
(L)/day of work(h) time(h) work age
Personal Area system
A 1 8 >05% 10 10 05 146 45 X omproof sk, Fubber:
Direct cleaning B 1 7 >059% 0.64 7 3 15 51 X Rubber glove
C 3 3 >95% 1.09 8 2 12 41 X Rubber glove
D 4 14 >90% 6.45 10 3 13 52 ) (ras masks, Tubber glove,
Chemical apron
UltrasF)nlc E 1 9 90% 95 10 25 96 47 o (‘jas @ask, Rubber glove,
cleaning Chemical apron
F 2 8 >05% 15 8 15 22 20 0 Dustproof mask, Rubber-
29 gloves, Chemical apron
Auto ma?hinery G 9 7 S65% 177 10 9 12 43 X Dustproof mask, Cotton
cleaning work- gloves
H 1 9 >90% 0.5 8 0.5 5 34 X Cotton work- gloves
Spray cleaning I 1 9 >95% 5 8 0.5 6 33 X Gas mask, Rubber glove
J 1 6 >95% 8.22 8 1 10 42 X Cotton work gloves
Printing work K 3 7 >95% 16 10 9 16 45 X Coating cotton work gloves
Production L 2 8 >95% 1369 8 7 10 41 O Rubber glove
Drum packing M 2 7 >95% 17.26 8 4 8 39 X Cotton work gloves
Total 13 24 102 8.69 3.35 9.36 41.00

_10_



2. AR ZILYP g SAZZH

T 24 e rAet 10230 AN EE F4 sielen AfJSAdSH A
MAANE L] 7]8FH 32 2.192+3.656 ppm(TWA 75 ppm), A
T 1.793£7.047 ppm(TWA 75 ppm) ©|Ath 7HeIA g o] w=E4Fo] A Y
AlgrT Egtorn ol A4S sk HAd 9o 12-HEER

Aol A HYe APHEE B FEd wED b5yl Utk =UER
=

(o]
18
>,
il
lo
~
ol
o
o,
EY

S 3t T LEAEQ 7|ekE o] 16.656+1.225 ppmo 2 7HY
S/NAMAE st T4 M wEF7Fo] 1.14041.281 ppmo & 7HF wrotrt.

AgA gz A 10270 T F THY ARV EHE 23E Btk U9

gt A Hdes s AR t-test A3 p-value #

067602 F FA e wEo] ME FAHORE [odA] ¢SS YEdl

tH(Table 3). LOD %< 2.3 ug/sample® YERST]

Table 3. Concentrations of working environment measurement (Unit, ppm)

Classification No of Samples GM GSD Range p-value
Personal 24 2.192 3.656 0.1858 - 76.023
0.676
Area 102 1.793 7.047 N.D - 56.817
Total 126 1.99 5.35 -

GM; geometric mean, GSD; geometric standard deviation. ND; not-detection , p-value by

t-test, p<0.05

_11_
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Figure 1. Exposure distributions of process.



Table 4. Concentrations of 1,2-dichloropropane in personal samples

Airborne 1,2- Dichloropropane, (ppm)

Process n
AM SD GM GSD Median Min. Max.
biect deaning 5 16061 33522 2428 6996 099 0792  76.023
. 1749 1392 1446 1847 1406 0754 4785
MO 20 1188 0284 LMO 1281 LI5S 0957 L3584
soray clening 3 4932 4118 2148 8329 7064  0.186 7547
pining wok 3 3034 1209 2947 1571 3638 1755  4.001
podcion 2 1362 0861 1218 1975 1362 0753 1971
bmpeckng 2 16828 3386 16656 1225 16828 14433  19.222
Total 24 646 640 400  3.32 4.64 280 1642
AM; arithmetic mean, SD; standard deviation
Table 5. Concentrations of 1,2-dichloropropane in area samples
Process . Airborne 1,2- Dichloropropane, (ppm)
AM SD GM GSD Median Min. Max.
birect ceaning 18 11699 17048  1.8%0 21202 6045  ND 56817
Ufg 31 3731 4008 1214 10575 2379  ND  13.466
MM 70 1256 0375 1207 1365 1256 0722 18%
soay clanng 24 2076 2120 1352 2547 1457 0393 7.874
pinng wok 7 8809 7646 5743 3047 6583 0865  22.601
odeion 8 3545 1907 3194 1600 3148 1725  7.764
brampeking 7 5940 1834 5646 1442 6000 2763 8159
Total 102 529 500 289 597 3.84 092 1693

_14_
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&

N
P

4. =7

da =] 128 %F5(MoEL; Ministry of Employment and Labor) =% 7]

=21 75 ppmE VIl E SI¥E W =EVTS 2Yste 3 F 24719

N

1A E 5 AHAHETA 1320 en, 50~100% 07, 10~50% 37, 10%5]
75 ppm P ¥ro] 22702 A Aol 8333%E X FTtHTable 6). 10271<]
Z 3}
10%mvE 82A 0 & AA Aol 80.39%Z A dtHTable 7). A A&, A<

A9 ANg F =F7]

rr

1A% glem 50~100% 271, 10~50% 1811,

M

AlE B 10% "Rl 75 ppm oldt T wE:ae] s wokth ol e
EF ST HEY Y] AR wFd did BAE A ¥ AH =&
FogM AN R Agor FraES] A LS TR
gle & e FEelgtn #dstdnh aEstel £ o 949 =& 71Ed
ACGIH ¢ JSOH®| :=27]%& 7HA3 2388 dolugith ACGIHS =%
71521 10 ppms 7= o 2 stls w JHQIAIE Y] 2HES 125 % o A
AANge 2HEL 135 % Fom JSOHS =%7]#9 1 ppm (JSOH, 2013)

S JFo R S wW AR &S 625 % AGARY 23E

rlo

71.4 % S H(Table 8).
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Table 6. Average excess rate of 1,2-dichloropropane in personal samples

Exposure limit

Exposure limit

Exposure limit

Exposure limit

Process n

<10% 10~50% 50 ~100% 100%6<
Direct 5 A(80%) 0(0%) 0(0%) 1(20%)
cleaning
Ultrasonic 7 7(100%) 0(0%) 0(0%) 0(0%)
cleaning
machinery 2 2(100%) 0(0%) 0(0%) 0(0%)
cleaning
Spray 3 2(66.6%) 1(33.3%) 0(0%) 0(0%)
cleaning
Printi 3 3(100%) 0(0%) 0(0%) 0(0%)

rinting ~ work
Production 2 2(100%6) 0(0%) 0(0%) 0(0%)
Drum 2 0(0%) 2(100%) 0(0%) 0(0%)
packing
Total 24 20(83.33%) 3(12.5%) 0(0%) 1(4.17%)

Table 7. Average excess rate of 1,2-dichloropropane in area samples

Process

Exposure limit

Exposure limit

Exposure limit Exposure limit

<10% 10~50% 50 ~100% 100%<
Direct 18 11(61.11%) 5(27.77%) 2(11.11%) 0
cleaning
Ultrasonic 31 25(80.65%) 6(19.35%) 0 0
cleaning
machinery 7 7(100%2%) 0 0 0
cleaning
Spray 24 23(95.83%) 1(4.17%) 0 0
cleaning
Printi 7 4(57.14%) 3(42.86%) 0 0
rinting ~ work

Production 8 7(87.5%) 1(12.5%) 0 0
Drum 7 5(71.4%) 2(28.6%) 0 0
packing

Total 102 82(80.39%) 18(17.65%) 2(1.96%) 0

_17_



Table 8 Average excess rate of organizations

(unit, %)

Direct Ultrasonic Auto machinery Spray Printing Drum
Production
. cleanin cleanin cleanin cleanin work ackin
Exposure g € = & p g
Organization Total Personal Area
limit
Personal Area Personal Area  Personal Area  Personal Area Personal Area  Personal Area Personal Area
MOoEL 75ppm 0.8 4.167 1 20 0 0 0 0 0 0 0 0 0 0 0 0 0
ACGIH 10ppm 135 12.5 135 20 33.333 0 16.129 0 0 0 0 0 42.857 0 0 100 0
JSOH 1ppm 714 62.5 714 40 72.222 57.143 67.742 50 85.714 66.667 58.333 100 85.714 50 100 100 100

MOoEL; Ministry of Employment and Labor

_18_
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= ABSTRACT =

The study of exposure level by process using

1,2-dichloropropane

Jihun Kim
Graduate School of Public Health

Yonsei University

(Directed by Professor Jachoon Roh, M.D., Ph.D.)

Objective: The purpose of this study is to find actual use and exposure
level by handling process for 1,2-Dichloropropane, which causes symptoms
like the inhibition of the functions of liver and kidney and central nervous
system and is recently known as a suspected cholangiocarcinoma causing

substance, and provide basic materials for a change in legal control limits.
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Subject and Method: 24 personal samples and 102 district samples from
14 workplaces handling 1,2-Dichloropropane in the country were taken,
depending on process, with employees interviewed and surveyed. Samples
were collected and analyzed under the process test method 7 recommended
by OSHA.

Results of the Study: Personal exposure level of workers handling
1,2-Dichloropropane was a geometric mean of 2.192 + 3.656 ppm, and those
working in drum packing lines had the highest exposure level at 16.656 *
1.225 ppm, followed by printing business at 2.947 + 1547 ppm, direct
cleaning at 2428 * 699 ppm, spray cleaning at 2.148 + 8.329 ppm,
ultrasonic cleaning at 1.446 £ 1.847 ppm, manufacturing at 1.218+1.975 ppm,
and automatic mechanical cleaning at 1.140 = 1.281 ppm, in turn. District
samples had a geometric mean of 1.793 £ 7.047 ppm in concentration with
printing process at the highest concentration 5.743 = 3.047 ppm. Overall,
the results of measurement showed that personal samples had higher
exposure level than district samples with no statistical significance
(p<0.676). Exposure limits excess rate was 4.2 % against local limits (75
ppm), 125 % against the exposure limits of ACGIH and the Ministry of
Health, Labour, and Welfare (10 ppm), and 625 % against JSOH's limits
(1 ppm). Local ventilation system was installed only for ultrasonic cleaning
and manufacturing process, and only two companies with ultrasonic

process used personal protective equipment suitable for its purpose.
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Conclusion: The measurement of 1,2-Dichloropropane showed that one
case exceeded the local exposure limits. However, it was high in excess
rate compared with the recently revised foreign exposure limits. As most
of those companies handling 1,2-Dichloropropane do not control chemical
substances, it 1S necessary to revise local exposure limits and enhance

control level on the Industrial Safety and Health Act.

Key words: 1,2-Dichloropropane, Propylene dichloride, Exposure limits, Actual use,

Handling process
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