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Exposure Assessment of Airborne 1,2-Dichloropropane from Industries Handling
Cleaning Agents and Matching Rate of Ingredients on MSDS

Hee-jin Yang * Young Gyu Phee'

Dept. of Occupational & Environmental Medicine, Keimyung University Dongsan Medical Center
"Faculty of Health Science, Daegu Haany University

ABSTRACT

Objectives: The purpose of this study was to identify the exposure level of airborne 1,2-Dichloropropane
(1,2-DCP) in 45 industries where cleaning agents are handled and the matching rate of ingredients on the MSDS.

Methods: A total 105 samples were collected from cleaning—agent—handling industries. The 1,2-DCP samples
were collected using a high-volume pump equipped with a charcoal tube. The analysis was performed by gas
chromatography. In addition, the MSDS for the cleaning agent was obtained to confirm the ingredients.

Results: The geometric mean of 1,2-DCP concentration was 0.11 ppm, and it was found that there were no
samples in which detected airborne 1,2-DCP exceeded the Korean occupational exposure limit. However, the rate
of exceeding the Japanese control limit (1 ppm) was 25%. The matching rate between 1,2-DCP detection of
airborne sample and MSDS ingredient notating was 81.0%.

Conclusions: The South Korean exposure limit for 1,2-DCP needs to be strengthened due to significant
differences in exceedance rates between domestic and Japanese occupational exposure limits. It is necessary
to establish a periodic reliability verification system for MSDS ingredients for cleaning agents.

Key words: concentration, 1,2-dichloropropane, matching rate, MSDS
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1,2-DCP= &Y A5 4=E 3 Az &
), O& 9 5570 A=40]1 4 F7|= 1t} 4l
ol Aqt FFAAFACNE FFE & 5 UTHIARC,
1986; ILO & WHO, 2021). 1,2-DCP9] &2 $3
A7AA AA|(Imberti et al., 1987; Lucantoni et al.,
1992), FA&A <9E=27] mEIBaruffini et al.,
19893+ SEuet= F4% 5ol EaE 8 o
(Kwak et al, 2018). €3] Kumagai et al.(2013)
UE QAHAoA 1,2-DCP7} -2 F718AE AR
3 AR 519 5 1159 J3 IS Hils
Qa1 1 o]F tE A QIAofA 1,2-DCP, HE=
ZH|go] =55 2959 HEY EAE SR EHSIA
HKumagai et al., 2014). o|& o4& LS &
A 4 1,2-DCPE EETHEZL A2RE &+
SFHA] ZHAtE 54 9 AR thEdy A7
T3 1R dEEE A #E71EE 1 ppm2
2 7JSIAcHMHLW, 2016; 2025). 11 o]% =AY
A1A(International Agency for Research on
Cancer, JARC)E TA=F49] Q4 AFAAoA 2
T GO Rl IRt AEID HIAME AR
20179 1,2-DCPE ¥4 Group 1= LIS
(MHLW, 2013; IARC, 2016).

UEO] ot WA ARAS AZIE 201990 -2y
2t 1,2-DCPE E¥¥E2EE A5, 5871
Edo] F71staA A= 10 ppmlE
AASHATHMOEL, 2019). E3F 2021d5H 2HieHd
33 EA73AE i 40 ZIAFHA &7
Z2 75 ppmolA 10 ppml& Fslshal, AAAS
1AR FESIHTHMoEL, 2020). ¢, 18L-FH+=
20229 29 AFAC] 93t 7184 248 T4
B T AAAZRG A3 AF F4a8A 297 9] A
T EAMARAXE(Material Safety Data Sheet,
MSDS)oll AIZA] YQIEE Ad&o] HAEA] 2 A
gRlstatt. 11 & AFA AxGANA 1,2-DCP 52
AJEo] d AMFAC] MSDS #4 &g 4 55
Adstiokal HHtHMoEL, 2022). =W AAFS47]
o A= AFFAS] MSDS 84882 7IHto g 2Higt
AERS Fsr] w2 AFA ] 1,2-DCP7F 3
Eo] et MSDSOll H7]%|A] groH AJeHE &4
SolA AQl=ls AgoltHKim et al., 2020). o|E%
1,2-DCP7} =3+ A&Ale] gt =&B7F D MSDS
9] FAE dAES FRIg A= 4ol FE5oh,
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F 45NAE R sl ARlERe 35784,
ARG FE AR, = H =AY, VIR 949,
7R § = Az 9= FEEHAL, 7
= AH, 7k, = 3 gu - AAE, = 859,
H, 29 5 7IEHZ £7F & A+t
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2. G171 et
AIFA HFAAE] e MSDS AR
1,2-DCP #7] o5, 47t A 52 RAIH &
3 E2EE0] TS E 5 U= AERY 2n9t A
F, FAE7IR] AR o 58 Tttt

1) AN=22| ZF

571 % 1,2-DCP9] A= FARAZTH 71&AH]
(A-188-2021)% #&3FATHKOSHA, 2021). EHAet
e FH7E AZ" EHo] AFotu 18T HI
(Gilian LFS-113DC, SENSIDYNE, USA)oll Z2ts1ict.
Hu Q=0 AXSZHAA(Flow Detective, Casella,
USA)E ARgste] 27 A 0.01~0.2 L/minZ 2% &
3605 ot ZrPAte] 3571 FGollA AHH skt Al
2 AH & S4ERS Eote] vpi= dEota d%
AR A ¥ BEsiilct. 4 Folk 5YgH
AXFFRAYAR RS ERIote] Fghs 8ot

2) N29| B

1,2-DCP9] s&= &Ql2 NIOSH ZHAIEH 1003
7} KOSHA GUIDE(A-188-2021)2] EA=lHof ulah
RA&Y5FATHNIOSH, 2003; KOSHA, 2021). Ag7}
Az AR} EREAL 7tATZutE T2 Z(Trace
GC Ultra, AS3000 Auto Sampler, Thermo, USA)-
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3) M=o &Y

ZARAIE = MS Excel 2019(Microsoft, USA)oll
ok, EARML SPSS(Version 29.0 K, USA) X
2IHE AHESFAT). Sapiro-WilksS] A+ 4748 2
B 2R E Hol 7|stEt 7St ESHALE &
Astlal 2o o|siE fIsto] AsHd Y BEHANE
z3oto] AAotAT. EHE 2= A& (limit of
detection, LOD)E V2 & Uo] ARESIAL 1,2-
DCP9 37| % =& H|I+= Kruskal-Wallis test= 3
J51313L, Bonferroni B & At 7+ Zo|& Eelst
At MSDSell 1,2-DCP #7] ¥ 37| & AF %+
Fisher?] g4 A& P51, 371 5 &5
of J3F 8219l ERIZ tFIAREAS EE5Hut

Table 1. General characteristics of samples

n.z2 i

1. Ut Sy

1) M A=z EY

ARA HFAEE 45704004 HHSE AR BF
105702 AFAA; e 5~4991 AFIAo] 50.5%(53 74
AR 7P WOk, AJEF = A BE Ax]
35.2%(377M % AAISFAHTable 1). 4L 71504
AFHEE AE 57} 24.8%(267), A7 NHA] AR
50 kg mIgto] 61.9%(657N= 717 okt 3 MSDS
FAAR 1,2-DCP7F E718 A= 7.6%(871)°1
I, F2j7|AA] v dREL 75.2%(7970)01R e, &
58 Ho 1 ZREL 8.6%9/ME SHlE it

2) MMM FaAtgde t71ed s 54

AIZA FHEArEe] Bt AW 2== 25.2C, A

Classification Number of samples Percentage(%)
No. of workers 5 9 8.6
5~49 53 50.5
50~299 28 26.7
>300 15 14.3
Industrial classification Metal processing 21 20.0
Automobile parts manufacturing 37 35.2
Plating & painting 22 21.0
Printing 12 1.4
Others 13 12.4
Process Cleaning 18 17.1
Machining 26 24.8
Plating, coating & oxidation 16 15.2
Painting 13 12.4
Metal molding 16 15.2
Printing 10 9.5
Others 6 5.7
Monthly usage(kg) (50 65 61.9
50~99 10 9.5
100~499 19 18.1
»500 1 10.5
MSDS notation Yes 97 92.4
No 8 7.6
Installation of LEVS' Yes 26 24.8
No 79 75.2
Wearing of respirator Yes 9 8.6
No 96 91.4
Total 105 100.0
"LEVS : Local exhaust ventilation system
Journal of Korean Society of Occupational and Environmental Hygiene, 2025: 35(1): 111-118 www.kiha.kr



114 237 - LiFy

Table 2. General characteristics of indoor environmental conditions

Classification Mean+S.D’ Minimum Maximum
Temperature(C) 25.17+ 3.22 19.00 32.05
Relative humidity(%) 37.83+15.65 13.20 80.40
"S.D. : Standard deviation
HEt Hat 37.8%% FRIFUHTable 2). Bonferroni B4 23 & $Folqith E3 3HE

2. UHEN EMO|| 2 1,2-DCPe| LE4+F
1) 1,2-DCPe &=

AEA HFAFREARS 371 & 1,2-DCPe] 7|s 8+
FE= 0.113 ppmlE ERIEUcHTable 3). AFA%
T2 &3 5= fogt Alo|7t 9J%1al, Bonferroni
B4 A3}t 50~300%1 9|9t AR =Esko] Hs|
5~50%1 mITt A =EEErt RSHAl =UTH
AFEFE 1,2-DCPY &5tk FoJ3t Aol B
Rl AsA BE ARA v =g @ =ARI0]

e 53 0 Ao - ARl us) o] 4o
S ket

2) EEE 7 U LEVIE 20 5iE

AR BRI Azt 1057h0] A2 % 77.1%
(817M)7} 1,2-DCP EAZR IRIEUT, & AR &
T ofEdet =E71E(10 ppm)2 23S gsdth
(Table 4). ®¢F 1,2-DCP7t A=&d A& 5 240 &
AEO] Hosr E AAH A1 =&7|&(1 ppm) %
= 25%(67M = ZARE AT

Table 3. Airborne exposure levels of 1,2-DCP by general characteristics (Unit : ppm)
Classification N° GM"(GSDY) Mean#S.D. T Range P-value
No. of 5 9  0.172(5.148) 0.688t1.190  0.064~2.886
workers 5~49 53 0.104(2.995)  0.400°#1.278  0.064~7.274  0.007
50~299 28 0.117(2.280)  0.184°+0.244  0.064~0.990
>300 15 0.110(2.207) 0.197£0.398 0.059~1.631
Industrial Metal processing 21 0.112(3.077) 0.458£1.566  0.064~7.274
classification Automobile parts manufacturing 37 0.119(2.398) 0.206°+0.324  0.059~1.631
Plating & painting 22 0.104(3.659)  0.482°41.284  0.064~4.871 0.066
Printing 12 0.144(4.059) 0.53241.052 0.064~2.886
Others 13 0.088(1.424) 0.095£0.048  0.064~0.246
Process Cleaning 18 0.203(3.827)  0.665°+1.674  0.064~7.274
Machining 26 0.090(1.550) 0.106£0.084  0.059~0.493
Plating, coating & oxidation 16 0.077(1.752) 0.099°+0.124  0.064~0.560 0.025
Painting 13 0.141(4.796) 0.75041.637 0.064~4.871
Metal molding 16 0.094(2.160) 0.175£0.388  0.064~1.631
Printing 10 0.161(4.582) 0.622+1.140 0.064~2.886
Others 6  0.080(1.123) 0.808+0.008  0.064~0.083
Monthly (50 65 0.091(2.052) 0.173%0.472 0.059~2.886
usage(kg) 50~99 10 0.134(2.83b) 0.279+0.492 0.083~1.631
100~499 19 0.163(5.050) 0.937£2.055  0.064~7.274  0.517
»500 11 0.177(3.334) 0.330£0.350  0.064~0.990
Total 106 0.113(2.831) 0.338+0.992 0.059~7.274

"N : Number of samples

TGSD : Geometric standard deviation S.D.

“GM : Geometric mean
. Standard deviation

a, b: the different letters are significantly different between groups by Bonferroni correction

www.kiha.kr

Journal of Korean Society of Occupational and Environmental Hygiene, 2025: 35(1):

111-118



NZH FSAHHA 1,2-0E=2Z2M0] gt L2H7/t & SEAEANE UXIE 115

Table 4. Non detection rate & exceeding rates of occupational exposure limit for airborne 1,2-DCP concentrations
No. of exceeding OELs(%)

N’ ND™ gLt ACGIH  OSHA  NIOSH EU DFG JSOH e FIN
° TLVT PEL' REL" OEL™  MAKT RoEL® LV"

106 81(77.1) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 6(5.7) 6(5.7) 0(0.0)

N : Number of samples “ND : Non detection

TKOEL : Ministry of Labor. Korean Occupational Exposure Limit

TACGIH TLV : American Conference of Governmental Industrial Hygienists, Threshold Limit Value

IOSHA PEL : Occupational Safety & Health Administration, Permissible Exposure Limit

TNIOSH REL : National Institute for Occupational Safety and Health, Recommended Exposure Limit

EU : European Occupational Exposure Limit

TDFG MAK : Deutsche Forschungsgemeinschaft, Maximal Arbeitsplatz Konzentration

$JSOH : Japan Society for Occupational Health, Recommended Occupational Exposure Limit

"JCL : Ministry of Health, Labour and Welfare, Japan Control Limit

“FIN LV: Finland Occupational Limit Value

3. 37| & 1,2-DCP A2 &1} MSDS 7| x| 2A o =42 2507871 W= (ung et al., 2018).

AFA HFAGNA AFHS A= F 1,2-DCPY T3 1,2-DCP F3 &A= 555 2AH T 29,767
AE 95 MSDS FAAE #7] 915 RIS A3} g, AZAA| A RA A= 2,292 02 B skt
MSDSO 1,2-DCP §-3-& #7115 87 A5 & 37 & (Kim et al., 2015). 2234 AlE F780A 1,2-DCP
AEE ABE 75.0%67NClAHTable 5). ®Hd 9] ZJetAEA AL 20149 9 20159 zHzF 23
MSDSe]l 1,2-DCP7} &G=R gke Aoz ®7|H 97 A, 20169 194 4Fo]tiJung et al., 2018). 2013
N AR ZF AE AEE 18.6%(187)E ZAFEQILE & | YE2 1,2-DCPE A3t Y Aol ALgjHoz
7] % 1,2-DCP AZ Al&E 24700192 °] & 25%(6 o|fralHo] wet T2 of AJEAST|oA Al&T] o
7hE MSDSOl #71E AT 75%(187)= vjE7|2 80l &7|E= 1 ppmlE 3ot ety & 1, &
=JtHP<0.01). MSDS FAARE ®79 37 & A2 5 22 ARFSITHJSOH, 2022). 20199 £

1,2-DCP #HZ& 79 A& 80.95%°1Urt. Ugk= 1,2-DCPY] s1&71e =278 V= B

AAAPHAEZES(ACGIH), W7o, 7y, A

4. 8715 1,2-DCP =0 Fgk= 0|x|= 2 t, 2HQ 53 YA 10 ppmlE Z3lsieit
A=A $-5 1,2-DCPY] B0 9d3ke mx= @  (ACGIH, 2019; MoEL, 2020).

0l oI5}y 9J5lo] thE3|ABAS 235t ATt 1 E B oA 37| F 1,2-DCP2] 7|18 # 0.113

° gojsldon] AL 31.9%0]irKTable 6). 1,2-  ppmE AAFUeh. TL2itt Cha(2021)& B4 A
DCPY] 9% 8912 A7t Agapo] Ax, ARRRE = 3404 871 F 1.2-DCPY 7IoPE«= 5.05 ppm
2 4 ARMe] SESS 5t 2 A0R wolEoly. 0% WESHI, Kim(2014)2 AHARIe] ZlshE e

2.19 ppml & & Ao H|s| wA Hilsi3int. ol

V.3 E 3 FJole B A0 A9 2A2H AR(77.1%E 5
o] Wi, B8] AT 3 o] TRLERo|
oyt AHA AEG FRE 6007 oldols Al SUZE WX Sow g AdRoIN FAnAne

Table 5. Matching rate between airborne 1,2-DCP sample detection & MSDS notation

Airborne sample

Ingredient of MSDS Detection No detection Total p—value
Notated 6 (75.0%) 2 (25.0%) 8 (100.0%) 0.002
Not notated 18 (18.6%) 79 (81.4%) 97 (100.0%)

Total 24 (22.9%) 81 (77.1%) 105 (100.0%)

Journal of Korean Society of Occupational and Environmental Hygiene, 2025: 35(1): 111-118 www.kiha.kr
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Table 6. Factors affecting the concentrations of 1,2-DCP in cleaning agent handling industries

Dependent variable Independent variable B t-value p—value REAS(()Z]?J?I’G
Temperature(C) -0.011 -0.099 0.922
Relative humidity(%) -0.140 -1.144 0.256
No. of workers 0.002 0.013 0.990
Monthly usage(kg) -0.589 -3.528 €.001"
Installation of LEVS
Yes -0.070 -0.539 0.591
No Reference group
Industrial classification
Metal processing 0.069 0.500 0.619
Airborne 1,2-DCP Automobile parts manufacturing 0.032 0.172 0.863
concentration Plating & painting 0.391 2.292 0.024™ 0.319
(ppm) Printing ~0.056 -0.212 0.833
Others Reference group
Process
Cleaning 0.014 0.065 0.949
Machining -0.052 -0.231 0.818
Plating, coating & oxidation -0.223 -1.039 0.302
Painting 0.191 1.010 0.315
Metal molding -0.021 -0.105 0.917
Printing 0.204 0.989 0.325
Others Reference group
"P{0.01 "P{0.05
AF3 LY B2 229 E AY 2N B L BYYURS S5t w2 o= Hlse] &
GA ] HFAH ABI, A AP B BAS TR ARGl £F R =AY, A B g
ot Qe 5 AHA =BT 4] BEoR ¥ Adz YEAe Pelx a7HEch
dEth @8, 371 5 12-DCP7 438 AR AEA AIALY TR AL 24.8%
v

1A QEFTHMOoEL, 2020). 184 1,2-DCPo| ot
AR ZPA HY =E7]F(Recommendation of
Occupational Exposure Limit, ROEL)¥} =5<9HA
AR T HEls=(1 ppm)E 285t 25%2] =
&E By 3 7.4 Aok AREE AT
(JSOH, 2022). ¥ytd EAo| ©& 1,2-DCPY k=&
SEO] T BAA A FE7t 59l Hge] 4
271 7V =RATE Bonferroni EAZA3 50~300%]
njgh AMFAe] kS w=o] H|s 5~50%1 BIRE AR
9 LE5Trt FosHA B3It AQEEE e 9
EAAY 382 AlFo] FosHA =2 oIt &
St 1,2-DCP =9 93 810z ¥ ARgso] A1

www.kiha.kr

2 It o] AFolA FEO] Alo] £ E 1t
o}51A] B3t obe-2 A Shin(1999)2] ko] wh
29 AIF ZA) edu|7t A=) A AU &
£o] u|g3st A9 38VE 23 Fo] "Hohal gt
w2bA AlZFAe] 1,2-DCP7F 0.1% oA $had 3%
AAFE FAGRAE HIEA] AA|stofof gt E
St 558 Ho79 ZEEL 8.6%= AT AlF
A HAF A BF 558 518 28T "a+s
UA T MSDS 44480l 1,2-DCP7F Zg=o] A
U AT AF=H 23 wEo] A A st 55
& 2549 g3 8= Fasirt,

SHH, Lee et al.(2000)2 AIZA| HJEEA Ao}
AZAY] MSDS A& 7)ol A3st ztol7t glow,
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MSDS W Al&A] g 9 AgEo] JFu|UE =] ojQlo]

32 30| PisTE B8 AT o Ik w0
Lee(023)% 18%2] A4 that 744

MSDE 435 Zakel MSDS %L*é*é 2S vw3t Ay
AA LS 50%(90)F HsFITh ESH AIFA Q] F4
& 9*01 A3} MSDSell n7| A2 AEE =
AFARPAR Ao A FAISE Q= T f oﬁgﬂ
AAAFEY 4 EFAFAT dFEZ0] “%EM A
oy HHSHYTE & AolA 7] F 1,2-DCP 4

o] 2ol MSDS T84E 17| YAE&LS 81%= UrEP*
on E3] MSDS #4420 1,2-DCP u|®E7] 9774
A& % 187] AE(18.6%)01A &7 202 A" H
2 Tt U2 sjAd 4= ot E9] AlFA 3FY
A= 4482 e 1,2-DCPol| Histe] e+
ot 18 FHO] {AE Hold = U= e =¥
ST 4 i, 5o AqsistEdS E3st 2
AFA iR F/g0] HHAA] 2 B4 AFA=
o] =29 L2 oMo =T & Utk= Aotk tf
Tk 2022 28 AFEAC] Qg F718A 348 S5AL
7} Rlo] =of AHFg H{AARC] QHEN sl
A H=o0F MSDS RS dA&S thh S
3t Aog FZETHMoEL, 2022). WEHA] Ailxhﬂ
GAe] MSDS A1E4d S ot +AAHES "71
Hoz AFEolof & Ho|tt

2 Q7o) gL - ARXeor gEo] 4
se Azow sfsie] sl tha w7t 9l

o E3 AEHA AR Bole BANRE TR
o] GC-MSDE HHEAS UA|stolo} S5t §7] &
AR A% ol Weste] MSDS Ao it o
HE ARES 7R

V.2 E

2 A= AIEA HAFAEE 457148 R F
7] % 1,2-DCP9] k&% 9 U9 ==7]% fiH]
2T FRISIAY, o ITF 90 FARFATH
1,2-DCPY 7]318+ s%+ 0.11 ppmoloH, A
A A= Fa, g 2 B AlF FHo i
258 57t 22 20l 371 5 1,2-DCP7
AEE A8 25 v i%ﬂé% 2SR = &
UATE EO] s IS 25%= SRIE I
E3 37 & A79 1,2-DCP #AE 9%} MSDS ++
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AA(—)LE_ 79 9XL2 81.0%°|c}.
o] 1,2-DCPE QIgh ek P Wagel uet

Ta‘%‘“/]'l:-_ EdyEER 9 ZAsg=H q{x}gﬂ =
o8 A45] FASAAL wETIEL ves}x

| %
o webd 1,2-DCP HF AUt e Al
W 2712 Zoieh ogo] MR E/E B4
AoE etk EE TEFRY AHA AZA
ol dhat spelRA BUgEoR WA AHA T4
o] MsDS DALl Hl8) E A At o
Q1% 719he £3] MSDS TG R e 7714
F4 7% AAE FEHoloF T Holch

JZir
% ol O

= of o
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