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<E 1-1> 83A= E4717] =A
GC (Agilnet 7890B, U.S.A)
type : split/splitless injector
. inj. temp : 250°C
Injector
column flow : 1 mg/min
split ratio : splitless
initial temp. : 35 °C
hold time 5 min
1 rate : 15 °C/min, 60 °C
Oven 2" rate : 20 °C/min
final temp : 230 °C
hold time : 4 min
total time : 19.17 min
carrier gas : He(99.999%)
MS (Agilent G7081B, U.S.A)
lonization mode : El (70 eV)
lon source temp. : 230 °C
interface temp. : 200 °C

Acquisition type :

SIM mode ( 78 m/z)

4 A FEZAE 53 A48 5 HHRA 2 AAd =&}
I3y
(1) F7INE AFH P
Aol that 4 Al AR AFEe] WA i a4 =A, B
7144 A (KOSHA GUIDE A-69-2019)[26]°] +38te] =433 tH(Table 3.2). Al
T XF AR A SA7E 6A7E oo R Stk ¥ AR AS
A2 357 "4 30cmell Al AlEef b @ol wEd g S FoE F
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e A 7 A AAAM AG ARR et 242 30744 SA4 st
Atk SA Al ARREE AlE= NIOSHS] £ dH Q! 'NIOSH 1500l <=3t

AT A(100mg/H0mg, SKC, USA)S AFEsdth Als AH3F A, % Bio
Drycal Defender 510-H(MesaLabs, USA)E o]-&3}o] 7ioIA &A1& A=
H Z(Gilian, USA)9] F#S BA k(2 1-2] =),

(2) T7IMN = 4 T

Almsl e dqedrazEe WA 0T AeAS, 4 18

chromatography—Flame Ionization Detector, GC-FID)E A}-&3}5] &
218 ol o] ARG AMEElY] FEE AEdIg e, V7)o BAxAL <F
1-2>9} )

- O o) oste] BAEAS] FEE Foth
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(W,+W,—B,—B,) o
o=—1 V;Dé - 2]%3 [ppm]

- ¢ TAEAY FE(ppm)
- Wi AR S 39 Fue)
- W AR F S FHue)
- B AR % F Fue)
- B AR FH T Fuw)
- Vg7l AAZFL)
- pp BREE
- 2445 AAAE(25T 1719DlA o) &7 &4
- MW A}

« Wl 5 SOl HEH do] o FelA HEE L9 10%E xHshd

(W, > w;/10), A& 337k dojd Aolmg o] Ame AT + gl

<EH 1-2> gIINE E47|7] =4

=4717| SHIMADZU GC-2010 Plus
zd HP-INNOWAX
Carrier Gas EA(N2)
Injection Temperature 200°C
Split Ratio 100:1
Detector Temperature 250°C

37°C for 3min

Oven

20°C at 80°C/min

60°C at 200°C/min, for 2min

Total Run Time 9.15min
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318k 8t Lokl Ao Al (A F)ol 7k 3 AA = (substrate)ol] F-2E L dEZ
E(soils)S AAsH defo] et AP ES] JHE 2 AT, 2004
= Topr AlF e Qo] we} 38k vhEH(AHA TR £
o7 FE3ta Ytk AFAY FRE A FA, =&, HFAR RSk
slom <& 2-1>3 ZrHTA7]9A, 2009).
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=l AL v WA =S UM AfAES petroleum-derived
products(Williams et al, 2008), petroleum solvents(Hollins et al, 2013),
petrochemical products(Kopstein et al, 20060 mineral spirits(Kopstein, 2011)
TOoR AFAFE T AFEA, ARA AHA, 77184 AHAE BT w9

.
ojuz HFaoF & Aow v,

A8How 2 dAFdAM HfA AE AAAE 77184 AHAE 2

(]
=
X
N
1o
=
2,
s
Ho
e
o,
B
=
SN
BN
N
)
ot
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[
°
%0,
32
=
/\
=

sk MSDS AF #Al
0.07~0.93% &-r=lo] ATHEE 2-3> =),
“UiZEl(naphtha)’= ¢#& 7 u LPGS &
Ao dwryog A4 yixeel F4
gl 2) AJAE Uazele] MSDSoll A wlal-S ghrshal JTH(<aE 2-4> 3

E

« 329 AHLight Straight Run Naphtha, LSR): #&=%0] 100C )&}

OEN

A3 AHHeavy Straight Run Naphtha, HSR): 100C ©]%

dH: see@ide, Adadtds, a5de)= AR 96k
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<H 2-2> MSDS ¥4 LUZE & MEXNS HE 2T
HZ=A gREEY CAS No. e
£l 71-43-2 0.8%
=5 108-88-3 2% 0|3}
= g 110-54-3 25% 0|3}
A MAEH ERNE 1330-20-7 2% O[5}
Of| & & 7l 100-41-4 1% 0|5}
SELtZE} 64741-41-9 20% 0|3}
dELIZE} 64741-46-4 45% 0|5}
AELZE} 64741-46-4 91%
CIRAl 71-43-2 2%
B MAH|
=F 108-88-3 5%
N 1330-20-7 2%
T-naphtha 64741-46-4 50~60%
Heavy naphtha 64741-41-9 25~30%
N-Hexane 110-54-3 5~20%
C MAEH =5 108-88-3 1~6%
IAH 1330-20-7 1~6%
Of| & & 7l 100-41-4 0.2~1%
Gl 71-43-2 0.1% 0|2t




H| = A MSDS% stqE%H CAS ¥z S (%) I St wt %)
ZELIZEt 64741-46-4 80~90
=F4 108-88-3 0.3~10
A 0.93
A 1330-20-7 0.3~10
IH A 0~10
dELIZE} 64741-46-4 98
B 0.21
of Z &l 111-76-2 2
T-naphtha 64741-46-4 50~60
Heavy naphtha 64741-41-9 25~30
N-Hexane 110-54-3 5~20
C 0.17
=5 108-88-3 1~6
A 1330-20-7 1~6
Off & Il 100-41-4 1~3
T-naphtha 64741-46-4 50~60
Heavy naphtha 64741-41-9 25~30
n-Hexane 110-54-3 5~20
D 0.07
Toluene 108-88-3 1~6
Xylene 1330-20-7 1~6
Ethyl benzene 100-41-4 1~3
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<H 2-4> Z} NSE Hayy

MSDS
x|=
JEL : P48 cas s | ww | 3T
Uzt
AZRLZE} A LIZEHLIGHT
Nabhth LSR ‘ZhAt STRAIGHT-RUN 64741-46-4 | 97-99.6 | 2019.
aPhtha 1| SR Naphtha) APHTHA) 06.28
SL=E I 71-43-2 | 04-3
Light A LFZENLIGHT
Straight Light Straight STRAIGHT-RUN 64741-46-4 | 97-99.6 | 20109.
Run Run Naphtha NAPHTHA) 05.17
Naphtha AL 71-43-2 | 04-3
XD (MO
=== (8™,
HSR HSR EfAt = LpmE}
(Heavy (Hsii\'f_fgtha)' S H|(EXTRACTS(PETRO | 64741-98-6 | 99 | 2019,
Stralght S |'— Ij, LEUM), HEAVY 06.28
Run Heavy Straight NAPHTHA SOLVE
Naphtha) Run Naphtha
e 71-43-2 <0.5
Z]£D80 (Kixxol
D80) [AR0015],
(Ol :
Kixxol | =aX2|& d& | . .
D80 | HHR (Mg | Do PO s 478 100 | 00
(HEE) | 2AKEE E9 ydrotreated light 08.03
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- Petroleum benzene
- Alkyd paint
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(7) mFe] wiAlS gHretal v A fFd AE3 Add A

AF =2 (Williams, 2008)

WA A Ao Qe EF A A vF EeE e R AR
Sw AT & Aok FA A dubHo® 01%(v/v) mvke] WAl e
3T < o - —
A, AAE S, A &rf 2 dA, A 5 Avk, HAA, vu" 298
2 ags AAA, 35 79 2 FH 7 WA (TWA) 371 F §k
T 37 00lppm "|RFell A 0.3 ppmelth AEe] WAl ghaFe] 0.1% v/v w¥Hel
Aow FAEA e ATE Addsh, 37 F WA wRE AP 494 =
Z7)F (o ==7]5 05ppm, 318 ==7]5 lppmEU k(29 2-3]) #

x).
(A) N =7 Data Sets {B} N =15 Data Sets
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FIGURE 1. Distribution of measured airbome concentrations of benzene where benzene content of petroleum-derived product is (A) confirmed
=0.1% viv or (B) not confirmed =0.1% wiv
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Z 4 : Occupational Exposures Associated with Petroleum-Derived Products Containing Trace Levels of

Benzene(Williams et al, 2008)
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FIGURE 2. Estimated (A) near field and (B) far field airborne concentrations of benzene over 8 hr during use of a mineral spirits based solvent
containing an average of 0.0058% (w/w) benzene under three scenarios
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(14) AHA @A dF AFEZ A& HdddE WA &7 F
& %= (Williams et al, 2007)

o -
AR WA AFS vk 2uA L A BHA Doz AgHE o
$E AFA D GBI AFE 19608014 1978 Abole] ALgH wlof o]

2E A A AGF FAREE =95k SRS RS o Xﬂ%«l A%
193 AlFe] AlgdoldS Wdshe Fet WA 7|E

Bl &7 T wEE T =N SAE A

117HA Al ARE Alve]LellA A 200719 55 <3 4
7] AFo] FEIAT. Hd w7 T WA sE== 1559
0.2 - 9.9mg/m3(0.08 - 3.8ppm), 1A|7F A% 0.1 - 8mg/m3(0.04 - 3ppm), 1+
g Ag 45 01-51mg/m3(0.04 - 2ppm) ©IAT 1A17HRE] 7R A&
Mol 1584 AlF 302 &<t 2 el 5109 E ojujel] A = AL
= T EA
AE A e

o
i
>
2
BN
ol
o
2
o

o

o,

o H
D)

b _IR
of

ro,
>
lo
-
o
1L

v}

F[‘

—n

oH
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3093 Avl 7] W s AFow A eped, AE A8 AL
AR o AlH ol ek 20 gebdA gtk ve A9y seed
SECIYHA, BFA, F AA, A FZAN, el B FEE e

&
o, Av= AFAE Wl setede] g 3 ek dAEth

(15) Hﬂl?ﬁjs‘q H}A == FA(Job-Exposure Matrices, JEM) (8}

= 5, 2013)
1930 T o] A] 1960LﬂEH Z717MA AL 1] Abdol A el FAEIN
o, AWESE HAA IHI FHRAE AY, @x]9 AlF Al(degreasing and

2
cleaning agents), fr7|&Ed8 &MZ AREHATE WAL A& AF T =%
A5 A3 (mineral spirits, paint thinners, cleaning agent, degreasers)ol 7+

AE e FY EeER 5019

<R 2-22>, <HE 2-23>, <3 2-24>¢ ¥4, A% AT 4 A WA &
d A4 Al oigk Arelth T <E 2-25>% 1980 o] MR
2000 e o] F7hA o] =] Afrstet AlEd WA S WEkT

ruE



II.
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Zn .

. 55

<H 2-22> WH WE AP U UF T MHMY
U 3%
MM = X2 | Mk}
H=T X2 pa = == =T ==
n::o-l-l' =T =T _g_;g % _J'g_(%)
. . Metal plating and
Metal product plating services plating MIE | 1
cleaning
=54 AMEEE MEY MZ=gE e SAHAY
(Manufacture of table and (Production Related ME | 1
kitchen ware of base metal) Elementary)
Manufacture of work trucks,
lifting and Metal cleaners MIAH| 2
handling equipment
Manufacture of optical
) P cleaner MIA | 1
Instruments
Sale of motor vehicles and
ven cleaner NIESKS| 1
warehousing
Wireless ..
Electrician S| 1

telecommunications

A3

7 =E 4

(Job-Exposure Matrices, JEM) 944 (Park et al., 2013)
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<H 2-23> X 2¥E THOE E 2oL WH [P FO

2F1 [T
Uz iE HIH e =
P (RAg .
. Mzl P kers, 7421 MK %
(Manufacture of basic steel, 24112) L (Pipe makers 0 =
=3¢ £3 9 3HED7| TR (Metal
(Plating and anodizing of metals, : . - ME
plating and spray operators, 8422)
25922)
T4 AE f*7|7| el
FEFTHET| M= M=t Che ZAR!(Production
(Manufacture of hand—operated related elementary workers, ESPAT
kitchen appliances and metal ware, 9300)-M| A
25993)
ZA4 WA AA & 4 (Job-Exposure Matrices, JEM) A7-(¥H5< 5., 2013)
<H 2-24> 2 AJ0A MEFC ZHE TS UM LS
=E(ppm)
=3}
NZ& =Y L-Bris EdAMEs S EEHEAL
LsE
M 22l 1 6 0.22 e Ble
Eg d 35277 =&E 3 3 0.01 He Sl
Mz=atd the SA 5 24 9.23 7.70

e
2
z
2
lo
o
X
b
i
B

7 (Job-Exposure Matrices, JEM) 97 (3H%$ 5., 2013)



<H 2-25> 32| MQUIol H=EE MM S H(%)

<1980 1981~1999 >2000 Total
HEY
AA | HCH | XA | XCf | XA | Aoy | AHA | A|Ch
SHE 0.01 7 0.002 | 42 |00009| 1 [00009| 7
AL 0.1 93 0.1 1 0.1 1 0.1 9.3
ol At 0.01 3.5 | 0004 | 281 0.1 6 0.004 6
HE o= - . 0.02 0.5 |0.0002 | 0.012 |0.0002| 0.5
S 0.01 3.1 - - 1 1 0.01 3.1
=F4 0.01 0.2 - - 0.1 5 0.01 5
e 0.01 | 415 - - - - 0.01 | 415
A 0.01 0.1 - - 0.1 0.1 0.01 0.1
s - - - - 10,0002 | 0.012 | 0.0002 | 0.012
=7 2 AA| 0.01 0.11 - - - - 0.01 0.11
Me A 3 3 - - - - 3 3
HAaR 8 8o - - 0.0025 | 0.0033 - - 0.0025 | 0.0033
2 Z1 Bl - - - - -0.1 1 0.1 1
Of| = &Il - - - - 0.03 |0.0887 | 0.03 |0.0887

22 WA F7A = F4(Job-Exposure Matrices, JEM) QF+(ES = 2013)

<E 22609 ydd =22 T EWlE9 st 22425 140 flash
aliphatic solvent, 32 Naphtha solvents, 8 Naphtha solvents, Printing solvent,
Rubber solvent, Shell rubber solvent, stoddard solvent’} Uth &4k
commercial hexane, Hexane, Highly purified n—hexane, n-HexaneS 33t}

<GE 2-27>2 19309 oA NFE 20039 o] $7kA| o] wd] Mf3tet AlEH
WA FH52H%) S Lheb,
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Qe ot

<H 2-26> MIUARHE X A|7|E WA B3 To| Ot
32 =2 EMEWN 2%
HEZB HH 2R (%) Al7|
140 flash aliphatic solvent 0.07 1977
8 Naphtha solvents 0.6~7.0 1956
Alkyld paint 0.1~1.0 2001
Commercial hexane 2.81 1983
Commercial hexanes 0.1 0|5} 2002
Cutting oil and solvent 0.0025~0.0033 1986
Cyclohexane 4.15 1963
Cyclohexane 0.01 O[5} 1978
Ethyl benzene 0.03~0.887 2004
Hexane 3.7 2004
Hexane 1.5 1956
Highly purified n-hexane 0.05 1991
Jet fuel ND~0.0004 2001
Jet fuel 0.0002~0.012 2003
Jet fuel 0.5 1995
Jet fuel 0.02 1998
Kerosene 0.01 1978
Lacquer diluent 0.01~0.11 1978
Mineral spirits 0.1~0.2 2004
Mineral spirits 0.001 O[3t 2002
Mineral spirits 0.0009 2003
Mineral spirits 0.01~0.03 1978
Naphtha 1~4 1956
Naphtha 1.5~9.3 1961
Naphtha 3 1963
Naphtha 35 1963
n-Heptane 3.1 1963
n-Heptane 1 O[5t 2006
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<E 2-26> MQUSHE X AJ|E WH 2P| (Y
=e| =2 BATL 20K(HH)

HNEZ HIH e E(%) Al7]
n-Heptane 0.01~0.4 1978
n-Hexane 1~6 2006
n-Hexane 0.3~37 2004
n-Hexane 0.01~3.5 1978
n-Hexane 1~6 2005
n-hexane 2.81 1983
n-hexane 0.004 1983
n-hexane 0.01 1983
Petroleum benzene 3 1977
Petroleum naphtha 1 Ol 1993
Printing solvent 0.1 0|5} 1982
Printing solvent 0.09 2002
Rubber solvent 1.5 1977
Rubber solvent 1 Ol 1993
Rubber solvent 1.5 1989
Shell rubber solvent 1 2004
Spot remover 42 1987
stoddard solvent 1 2000
stoddard solvent 0.1 1989
stoddard solvent 0.1 1975
stoddard solvent 0.1 1996
Stoddard solvent 0.1 1975
Stoddard solvent 1 Ol 4 1993
Stoddard solvent 0.1 1977
Stoddard solvent 0.1 1989
Stoddard solvent 0.07 1975
Stoddard solvent 0.1 1977
Stoddard solvent 0.1 2004
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<H 2-26> AQUUNHE W AJ|E WM 2o (g
=9 =2 EMFL 224(HD)

HEZB HH 2R (%) Al7|
Stoddard solvent 0.1 O[3t 1996
Stoddard solvent 0.02 O[3} 1997
Stoddard solvent 0.002 0|5} 1996

Toluene 0.01~0.2 1978

Toluene 0.1~1 2004

Toluene 0.1~5 2004

Varsol 1 1 04 1993

Varsol 18 1 0|4 1993

Varsol 3 1 01y 1993
VM&P naphtha 0.1 1975
VM&P naphtha 0.1 1989
VM&P naphtha 1 0|4 1993
VM&P naphtha 0.1 1977
VM&P naphtha 0.1 1989
VM&P naphtha 1 04 1993
VM&P naphtha 0.1 1997
VM&P naphtha 0.1 1989
VM&P naphtha 0.1 1975
VM&P naphtha 1 0|5t 2005
VM&P naphtha 0.1 1977
VM&P naphtha 0.1 2004
VM&P naphtha 0.1 O[5} 2006

Xylene 0.01~0.1 1978

Xylene 0.1 2004

ZA WA A =% =4 (Job-Exposure Matrices, JEM) AF(9HES = 2013)



<H 2-27> IU MUY MSE A BIF(%)

<1980 1981~1999'4 | 2000~2002' >2003 Total
HE3B
EA | X | XA | XcH | XA | XcH | XA | X | XA | Z|CH
AR 4 26.8 | 0.01 | 56.66 |0.00018| 2.12 | 0.001 | 1.66 |0.00018| 56.7
MEEF| - - 1 24 4 6 003 | 096 | 003 24
SR - - 0.01 0.7 |0.00018| 0.05 | 0.003 | 1.25 |0.00018| 1.25
SHE - - 0.016 | 20.51 | 1.28 | 1.28 0.5 11 | 0.016 | 20.51
BaHH| - - 1.77 99 - - - - 1.77 99
SRS - - 03 0.3 - - 0.4 0.4 03 0.4
M= A - - - - - - 0.17 1.5 0.17 1.5
== - - - - 0.13 | 5.66 - - 0.13 | 5.66
¥3 - - 0.21 0.5 - - - - 0.21 0.5
=5 - - 10.0001{0.0001 - - 0.09 | 0.09 |0.0001| 0.09
7| Ep* - - 0.303 | 1.09 9.5 10.8 |0.0026|30.096|0.0026|30.096

CETA B, 9NA, AR, oA, ANAE, FAA, TYA, T EGED2Y, 944 £F
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(16) 7132 &x7] 2 Al 2H HA 5 WA 9@ vy d A3y
(Stoddard &m)e] &7] T+ HX=(Madl et al, 2002)

Mineral Spirits(Stoddard solvent) &sl5Aof Wk S3a=2 7449 A
fr = Sujolth F= HJE, @A B A& AAA, 7HEdAE FEFE S
o AFEETHIARC, 1989). 1980 Zwutol] 229l o8] F-3oA & ~udl
o wEH TEAPNA FFAAA T4, WP o] dASte] WAl Oﬂ o
St A7 A 71E At 1987d OSHAOI A A o] WlAle] 527} 01%E ==
4] ETE BTs 43t

2 =idAe 3 EYA BEY HA4 HAoA WA ¥ T wEE
FASA 7] T vE 23989 s 107ppmol L, 7Hel 271 Ao
AZE WA FEE 0.002~0.006ppm ©1Ath L FA WA w=F IAE
10ppme] 7] wizel Aztsitiar of 712 gsteh mjd 2A17F &<t m|E 49

g 3o

P
o
b
au!
4
KOS
k)
)
~N,
My d
o
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gy
ry
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(17) &7] T WA gt A FAAY FAANA A 7kA] £
= I+ 24 (Novick et al, 2013)

A Aol A WAl Ja, AFHE 213 EHERZ AFEFHAT 79 2 A
2 25 ud3e o, ¥ T A sk 1930d el 1950d i 7kA] 3~
35ppmo] AT} 1960~1970d ol = 1.3~16ppm, 1980 dthell+= 0.013~1ppme] AT}

5719 98 Eel| AAs G744 HF ARG 2
g 73?%*1% ZAF oz a1 & 87 A Mol AZHr}
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<H 2-28> {I18M HE AMIHET HYUJISY 2N

Workplace Spray |Brushing | Printing | Adhesion| Washing| Mixing| Drying | Others| Total

Total No of |5 01 949 | 1032 | 1865 | 1364 | 1123 | 119 | 746 |11,561
samples

Solvents N6 | N©) | N©) | N | N@%) | N%) | N©) | N | N%)

Aromatics 8284| 1,886 | 3221 | 2,637 | 1962 |1760| 240 |1,333 (21,323
hydrocarbons

Serzenc 946 | 144 | 624 145 243 | 120 | 30 | 175 | 2,427

@73)| (52) | 323) | 7.8 | (17.8) | (107) | (252) | @35) | 21.0)

ctl bermene | 920 | 125 | 167 137 149 | 120 | 22 | 77 1717

y 266)| (132) | 86) | (73) | (109 | 107)|(185) | (103) | (149)

. 312 | 115 99 40 29 59 38 | 69

Trimethyl benzene | o 1 50 | sy | e | oen | 63 207 61 | 460

Monochlorobenzene 1 4(04) | 2(0.1) 7(0.4) . 3(0.3) - 2(0.3) 40

(0.3) ' : ' (0.8) ' 21 0.4)

213 | 181 1 72 28 92 82 | 711

Styrene 62| o | en | 69 | ey | 62 2" 00| 62

Toluene 3204 780 | 1622 | 1676 | 1,048 | 927 | 112 | 633 |10,022

©3.1)| (822) | (840) | (899) | (76.8) | 82:6) | (94.1) | (84,9) | (86.7)

vlene 2658| 537 | 666 560 454 | 439 | 72 | 326 | 5712

y (76.8)| (56.6) | (345) | (30.0) | (33.3) | 39.1) | (60.5) | (43.7) | (49.4)

Alcohols 927 | 250 | 808 | 752 601 | 597 | 27 | 225 | 4187

127 | 21 25 35 3 21 10 | 286

n-Butyl alcohol | 3o ooy | a3y | 9 | 62 | a9 || a3 | @5

A TS A4 HEAGE 38E FU18A AR 3 = sR(EAEY S 2000)

(19) ‘AFAe] wF2do] wEa-2ua-BAd HAE JF
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clg AF oA Aol EE 4 e 1759 YZEE g1t
2 AR EHE UIElE SHE UIZel64742-%5-6)9F AETFESHIE(8052-41-3),
2 A F4 UZEN64742-48-9) FTH< E 2-29> %),

=]
CAs HZz =23 gHEH)
008006-61-9 Gasoline, Natural; Low Boiling Point Naphtha 9
008030-30-6 Naphtha; Low Boiling Point Naphtha; 4
008032-32-4 Ligroine; Low Boiling Point Naphtha; 9
008052-41-3 Stoddard Solvent; Low Boiling Point Naphtha - Unspecified; 343
Naphtha (Petroleum), Heavy Straight-Run;
064741-41-9 Low Boiling Point Naphtha; 6
064741-46-4 Naphtha (Petrg!eum), .nght Straight-Run; 1
Low Boiling Point Naphtha;
Naphtha (Petroleum), Heavy Alkylate;
064741-65-7 Low Boiling Point Modified Naphtha; 2
Naphtha (Petroleum), Light Alkylate;
064741-66-8 Low Boiling Point Modified Naphtha; 6
Naphtha (Petroleum), Solvent-Refined Light;
064741-84-0 Low Boiling Point Modified Naphtha; 4
Naphtha (Petroleum), Solvent-Refined Heavy;
064741-92-0 Low Boiling Point Modified Naphtha; >
Naphtha (Petroleum), Hydrotreated Heavy;
4742-48- 107
06 89 Low Boiling PointHydrogen Treated Naphtha; 0
Naphtha (Petroleum), Hydrotreated Light;
064742-49-0 . . 5
Low Boiling Point Hydrogen Treated Naphtha;
Naphtha (Petroleum), Hydrodesulfurized Heavy;

4742-82-1 1
06 8 Low Boiling Point Hydrogen Treated Naphtha; >
064742-89-8 Solvent Naphtlja? (PetrQIeum), Light Aliph.; 17

Low Boiling Point Naphtha;
Solvent Naphtha (Petroleum), Light Arom,

4742-95- 4
06 9>-6 Low Boiling Point Naphtha - Unspecified; 843
068606-11-1 | Gasoline, Straight-Run, Topping-Plant; Low Boiling Point Naphtha; 1

Naphtha (Petroleum), Hydrodesulfurized Light,
092045-53-9 ) " . e 1
Dearomatized; Low Boiling Point Naphtha - Unspecified;

A 0 ATA A Bl M AR EE stekE e A9 o3 (Kim, 2010)
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AEe] NES A5

g CF 9N AR F
TN AFES WA i NS o 5 UATHE 2-30>
H% &

Fx).

K

& e <& 2-31>3% #

<H 2-30> #Ho| HEH ME Y=

A
k-3 = =
HH Gl H=d HIZ=AL Z3H%)
1 |22 % M Of L Al A OE 0.83
2 O|HHA| KMOREX-X2C oftf-& AH0O[Z | 0.75
3 7|Et WI-UR-7000 X FELF)| 059
4 O Hag &HE X FBFHF)| 056
5 |EE 9 AR OLIS| MK AlL Ci ot=tst 0.43
6 |E=2 Y MK NIETo =258 - 0.36
7 Ol H| O8N &HE - 0.31
8 |22 Y9 MK Sl0| 7 HHEF F(SC-2000) FA| (3Ll oto| 0.10
9 M&H| $-300 SK(ZF) 0.07
10 |22 % 34| OIZ Al Al (3] AA) YA 0/Z 0.04
. ZLAEE (HH)-fE HA €8
L& 9 3% Z<)7{| O M| M 4
11 ol S| M| UT578(A)-1-XDB(NP) FH O M 0.03
12 |22 9 34K OIZ Al Al (B[ AH) AT [otAA 0.03
13 |22 9 34K ANHKIE S S HEQlS 0.03
N Qo E ESAEE (/)
14 |E2 G 3|AMx T Z)7{| O| \| W 02
S| 93 US578(A)-SLSQ) EHOIMM 0.0
N Qo E ESAEE (/)
1 2 49 3MR T = 7| O| M| M 02
° * <A -§Z US578(A)-ZLB(2I T EACIUHN 00
16 S| M| thinner No.(HZX|¢&) - 0.01
17 MAE A E24 - 0.006
RUSTOP P-SV(H) i
18 HER & it H 515t 0.006
an (B A m-0f A E0|(00]X])) T
O LIO|EIE
19 |28 X SMA O LI AlL(SKT-301) ‘T:f AlEll 0.005
20 |8 S A KHP MIE Al (F)LH=O0| MM | 0.005
21 |28 9 FAMK K-223 AlL (EZ0IC|IA 0| | 0.005

-

D AREAR AR e A AR EE stekEE e A9 oA (A1, 2010)
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(Choi et al,
2018)

2005)
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(Williams,

2008)
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Stoddard solvent

32 Naphtha solvents
2 Maphtha solvents ~ 4

n-Hexane

Spot remover
Hexane [/
Petroleum benzine —(— [ | |

- .-'I'--
Commercial hexane [

Rubber solent

Hexane

32 Naphtha sohents .
Rubber solvent

VM&P naphtha

[O8 2-9] sz 1% O]y &S

10—

_n-Hexane
. Petroleum naphtha

Stoddard solvent

.. WMEP naphtha

Rubber sohent

11 | 4t varsel 1

v Varsol 18

" Stoddard sohlvent

~ Alkyd paint

| Toluene
Shell rubber solvent

MINS

<E 2-39> Ui STEE Al T HTHZT XA
HEY N HIHSEF (v/v%) HEEe
NEEE R 1 0.003 2013
Of| & Hl 2 0.142 ~ 0.146 2010, 2013
= QS AL 1 0.004 2013
SR 3 0.006 ~ 0.009 2004,2011
TCE 1 0.166 2004
=& 5 0.004 ~ 0.064 2004, 2012, 2013
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<H 2-41> E3ANE U A3 ZeT X I T HAUST
11X} 5% 2t

x| HIBEHE % HIANE X HA = JHAA = SR
(W/W) LOD (ppb) (ppm) (ppm) LoD
0.01834
0.0264
0.0016 620.4 N.D 0.0026
0.0110
0.0170
=5 0.0046 620.4 N.D N.D 0.0026
0.1379 4158 N.D N.D 0.0136
0.0064 4158 N.D N.D 0.0136
0.0060 482.8 N.D N.D 0.0136
0.0046 482.8 N.D N.D 0.0136
Ean 0.0034 482.8 N.D N.D 0.0136
0.5569 482.8 N.D N.D 0.0016
=52 0.0046 482.8 N.D N.D 0.0016
0.0035 482.8 N.D N.D 0.0016
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<HE 2-42> E3AE WY HE BT X 7 T HNFT
2X 5% 2

x| HIHEE % HIANE X HA = THQIN & 3718
(W/W) LOD (ppb) (ppm) (ppm) LoD
0.0309 482.8 N.D N.D 0.0016
0.0356 482.8 N.D N.D 0.0016
0.0037 4828 N.D N.D 0.0016
0.1340 4828 N.D N.D 0.0016
0.0053 482.8 N.D N.D 0.0016
0.0239 482.8 N.D N.D 0.0016
0.0034 4828 N.D N.D 0.0016
0.0067 518.0 N.D N.D 0.0022
0.0071 518.0 N.D N.D 0.0022

oy 0.0068 518.0 N.D N.D 0.0022
0.0066 518.0 N.D N.D 0.0022
0.0076 518.0 N.D N.D 0.0022
0.2719 518.0 0.0173 N.D 0.0022
0.0077 518.0 N.D N.D 0.0022
0.0072 518.0 N.D N.D 0.0022
0.0578 518.0 0.0474 N.D 0.0022
0.0070 518.0 N.D N.D 0.0022
0.0070 518.0 N.D N.D 0.0022
0.0069 518.0 N.D N.D 0.0022
0.0239 4158 N.D N.D 0.0022
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<H 2-44> WMO| E3 vperx =4
T= e
QEh(EE[H HE, M & TR MO A L BhA ol
A =50 d2d "ME X E
HA G K] 4.68ppm
==8/0ed 5.5°C
X7 B=dHo F=F 2 80°C
Rl -11°C

?l2| otot/ast 12% / 8.0%

S71% 94.8mmHg (25°C)
= 1790mg/t (25°C)
5712 2.8 (37]=1)
H|= 0.88 (2=1)
n-SEZ2/8 A+ (Kow) 2.13
NSl el o 498°C
e -3267.6°C(KJ/mo)
HE 604000 P(g/cm-s) (25°C, dynamic)

=S 78.11
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<HE 2-45> Al

X AX
rErE

(?I= 0.5ppm)

7318
(1A, 1B)

N.D
N.D
N.D
N.D
N.D
0.0173

N.D
N.D
0.0474

N.D
N.D
N.D
N.D
N.D
N.D
N.D

14
15
16
17
18
19
20
21

22
23

24
25

26
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<H 2-46> A%y UUSEE YYE Tt 2t

(HHUBTET 2209t E BL
ApOIR A | ot FSE | 7] | =EFE | FOld o8l St I
2k L ad| | @tsd) | EH8) FHaE (mD)

1 25.2 15 X 2 4 8 0.24
2 25.7 0.8 o) 1 4 4 0.0368
&£ 3 26 80 X 2 4 8 110.32
4 243 200 X 2 4 8 4.8

5 26.8 15 0 1 4 4 0.9

2 1 2322 60 0 1 4 4 2.04
6 20.5 120 X 2 4 8 7.68

7 19.8 400 X 2 4 8 123.6

8 216 160 X 2 4 8 56.96

9 22.4 20 0 1 4 4 0.74

10 22.8 10 0 1 4 4 134

11 217 30 X 2 4 8 1.59

S8 12 26.6 20 O 1 4 4 478
13 22.4 30 X 2 4 8 1.02
14 23.8 1.5 X 2 4 8 0.1005

15 25.4 30 0 1 4 4 2.13

16 26.1 4 X 2 4 8 0.272

17 216 80 0 1 4 4 5.28

18 20.8 15 0 1 4 4 1.14
19 22.6 5 X 2 4 8 13.595

20 24.1 10 0 1 4 4 0.77

21 235 40 0 1 4 4 2.88

G| 22 24.5 25 X 2 4 8 14.45
23 26.9 30 X 2 4 8 2.1
24 27.1 1 o) 1 4 4 0.07

25 24.2 70 0 1 4 4 483

26 26.3 200 X 2 4 8 47.8
1 30.7 0.5 X 2 4 8 2.7845

g8 2 313 0.5 o) 1 4 4 0.552
26.3 12 0 1 4 4 0.0175
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<H 3-3> gFE =¥ FaH(Ax)

o xHod x|od gl A} 2 WA ] 1PN X%
=| e AP EE sto 2 xl AT | BE% e A=
° ° © = L (w/w) (ppm)
_/'\_E
Aﬂ,‘; HE-2 Al 15 | 0.0046 | N.D N.D
S
12fH|0
oHr g5-3 =5 240 | 00035 | ND N.D
Ol_l —
24 g55-17 =50 1600 | 0.0066 N.D N.D
A
214 e sot=3
xtof £5£-19 (LIZEfs £ 201) 120 0.2719 N.D | 0.0173
sSotE3
H Hd —
£5-20 (LFZER+ S 200 40 0.0077 N.D N.D
1
]
63
X - F£-5 Lok sl 120 0.0060 N.D N.D
=
A
[=]
LED
& @ BH
,ﬂ JTEe S5-1 | 520 0.0034 N.D N.D
-+ =
A
=]
=
Xt
3
7
SRR o
A JTEe Fe-1 2=z 20 | 05569 | ND N.D
A -
=
A
H
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A100%) 2 e ZolA wAle] HEHArH[2d 3-5] F=x). webd 47

AHA AFE T B2 A8} FHHshe
=9 =74 I AHAE 19 8T
E3ME HI
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[O8 3-1] MEXN SEHE 23 AME U
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Abstract

Assessment of hazardous factors in cleaners handling work -
focusing on benzene exposure of petroleum products cleaners

Objectives:

Various washing agents are used in many industries. Recently, petroleum
-based cleaning agents have been found to contain benzene. This study
identified the type and use of cleaning agents of petroleum products used
in Korea and conducted a risk assessment of benzene exposure of petroleum

-based cleaning agents.

Methods:

The targeted cleaning agents were selected based on the literature review
regarding benzene exposure in work environment. The test method of
KOSHA was referred to for measuring benzene. Bulk samples were collected
to check the benzene content and the exposure assessment of benzene

was conducted with personal and area samples

Results:
As a result of bulk sample analysis, benzene was detected in all the
samples. Three of personal air samples were found to contain benzene.

Most of the small businesses did not have ventilation systems installed for
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preventing benzene exposure.

Conclusion:

It appears that workers using petroleum-based cleaning agents may be
exposed to benzene. In addition, for most small businesses, engineering
improvements such as process change, isolation and local ventilation system

in work environment are needed to reduce workers' exposure to benzene,

Key words:
Petroleum-based product, Cleaning agent, Benzene exposure, Risk

assessment, Work environment
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