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GC (Agilnet 7890B, U.S.A)

type : split/splitless injector
Injector inj. temp : 250C
column flow : 1 m¢/min
split ratio : splitless
initial temp. : 3H T
hold time 5 min
1% rate : 15 C/min, 60 C
2" rate : 20 C/min
Oven ; .
final temp : 230 T
hold time : 4 min
total time : 19.17 min
carrier gas : He(99.999%)
MS (Agilent G7081B, U.S.A)
Ionization mode : EI (70 eV)
Ion source temp. : 230 C
interface temp. : 200 C
Acquisition type : SIM mode ( 78 m/z)
4) AFHE FERAE T AT T AEEAF E WA =F37)
=



el

b, AEAH vl= Aol

= 5~30L

o
TFO

}

3
pul

s}t
ol

g

s

c. 0.01~0.2 L/minof| 4]

d. AA7t B

=3

[O8 1-3] &% 871 AME

A5 A

<9

7} thg wolke] Witk 42449

7}

Kol
=

No
W
=

No
oA

o)
)
:.Aﬁ
_EH

Bl

o] Hho] ol

T
| .

a7l

B

Jo

1A

N~

b. 7

Tl

T
T

™

A

(2) A]

|



NEE Fg 22X 8l = Ry Bt

=
=

8 AA A

o

TO
~I
el
o

!

o)
il

ol

i
n

b. A& 2 EA

__OL
~

sl

o
io

L

gl

7}

A A gt

ol
No

PF

)
) Xﬂl
.—OWH
ojo
<
il

o

I~

o

il

o

—

N

) ﬁO
o

o

vPAE oo} Wy

2 o
2438

m

d.

2%

;OL
oj

_MOL

wr

gl
1o

o)

p

<
ojn

]

& (Desorption Efficiency, DE) =

__OL

= AeA7)a

= 7]7]

T
T

3t

- ZtxaEntE gy AZ3AF 4o

E
g
0
£l o
= 8
m [@\]
NI
-l E
EHOC/OC
Mﬂa%n@%
2m2
)
Wl |7
5! m
S 5
&)
O
<
o o N |
o o i
MR
Mqu
N
ok
g b
o}

Mg FYYHLS flush injection

.

o

o

i

technique®} A}



[ppm]

24.45

MW

X

VXDE

=9 F(ug)

=

AR

,Wb:

=9 F(ug)

=

CEAE
D a7l AFF L)

- B,

v

_Mon#
._Al

gyl

84

A E (25T 171900l A 9] & 7]

- 2445

o

il

B/

o

N

i
X

W

(Wb> W1/10), A& o}

3t

20ml A% 3071 A3

o) wpojere] o}

o
T

[e)
A%

5o

EER

2ol

kol 242+ 30 A

2ol

He

FE

S

g

S

2 F

Zeo

=7

A
A



10 MR ®ME MEH Fg 22X 81 = o 87t

I. d+23

1. 3% Uz=E S A7 NS MEH ALSAEIZAL

- o=

A AF AAA L Ao

A olgh StARAFTE AR A Bof AL (http://www.kosha.orkr) oAl Al
APk, washing, cleaning)¥} 593t go]l& Eolu} A& Zo7 7]4La
= g9, A A4S AANA 2AY F2E =o|7] 3l Pdst= AA

#ole} Aelala itk

X,

BN

speha st okl A= Al (A A)olet 9 A = (substrate)o] F-2E L H@E4
E(soils)= AAstA defe] &5 AABEY FHE 2= A

= Totw AlF e Qo] w38k REH(AHA FF)H E2Y

oz FRsla th AHAY FRE A FA, =&, vFAE TRk

glov] thgvt 2rh(Fa7194, 2009)



o. g+Za .. 11

<H 2-1> MHXN FTF

R FH FAE
ol 27
Al g A
T H] o] 27
#57 =
Eloj a7 R
| AeAp de 2
=& Al
w7 %227 S EF
712 A t el ghZopnl
o] o] vt Aok A4
T A 2 ek 3 2
v =7
Aw g2 IPA
AFLdFA C5-C15

AADAEA AN o AR TR B TACE BFE AH0805)
71ERA 2 (28063), A1 A1 71(28000), A1 <H(&AN)e] Fol whel Akl A (28047),
dZHe] A 2 (28048), =412 (28049), S75A12(25050), wIEH-EA12 (28051), 7|
A M A (28052), TCEAM A (28053) A& ®wiol whe} Z-534A4 2 (28064), “&AFA
2 (28061) A =oll whet 7]3A A (28059), =A% (28060), A 21412 (28062)
So AHAL FF % PUS BAse] Agdtn Aok

A}

-

julss

k] 9] A &l = B (http://oshri.kosha.orkr) ol &= A2 FAHS 7] A2
7184 AFAG e R st dow 771 8A AlH A Al =F Tt
%3H?JX]'% EYFZ29E:(79-00-5), 1,1,1-EEZ=Z|eH(71-55- 6), &
=(67-56-1), oFAIE(67-14-1), AFAEFEA(56-23-5), ¥ FZ =" A (127-18-4)

OIF _BL
=)

K



NEH Fg 22X 8l = QY 87t

jrer
=

12 M3A H|

o

;O‘_

2

A

oz HA AH

Al
axl

%1-
o7 v

=

J

WS
A

]

o
JEd

7] SAlZ hA = AA R

o

T

Afoh AATpzolA A

=

.

ol o
FaL glof,

3T
™

°©

o 2§ A
4% hez A

#el
Aol A “H Al

F#13%-&  petroleum-derived

S|
A

s
products(Williams et al, 2008), petroleum solvents(Hollins et al, 2013),

3

12)

ol

o}

=

F718A AHAS

L

mineral spirits(Kopstein, 2011)

AHA

3T
=1

AT AfA A

=

S=

a

Z_]

a8

petrochemical products(Kopstein et al, 2006)



2) = WA B AT AP

oAibd detzAl TARAl HAFAEH 2 AGFHAE A2
= Ak vigA falda sAe®,) A3 MSDS A yZER g
o WAl shf-Fo] Hu| 2%74A] FEo] AATE T3 MSDS A
2 2 Ao

= F71HJev GC/MS 4 23 0.07~ 0.93%

Z d

ﬂi’i'

“UZEHnaphtha)”= 9F& 57 o LPGe &
Aow dwtxow A4 yxetet T4 YZeE et glon Fuj(GSZE
gl 2) AaE Uazele] MSDSolA wlAlS ghf-askar St
7 A3 AHLight Straight Run Naphtha, LSR): %%%78 o] 100C o]s}
« =AY AHHeavy Straight Run Naphtha, HSR): 100C o]%}
FardE ae=(3sds, 2AasgE, %@ﬂfﬁ%)g AAE7] $l8ko]



14 M870 HE HAH 3 22X WH =3 P W

<E 2-2> MSDS¥ UZE B3 MEHNY WM 23T

L
A 2 A FHEAH CAS No. &
Hl Al 71-43-2 0.8%
=74 108-88-3 2%0] 3}
L S 110-54-3 25%°] 3t
AAH A 4 1330-20-7 2% 0] 3}
of &l Al 100-41-4 1%°] 3}
S A=z 64741-41-9 20%©] s}
73 AL e} 64741-46-4 45%°] s}
78 A e} 64741-46-4 91%
Hl A 71-43-2 2%
BA| 2 7]
=54 108-88-3 5%
AL = 1330-20-7 2%
T-naphtha 64741-46-4 507602
Heavy naphtha 64741-41-9 25730%
N-Hexane 110-54-3 5720%
CAIH A =5 108-88-3 176%
SRl 1330-20-7 176%
o & wil Al 100-41-4 0.271%
Al 71-43-2 0.1%m] =




<E 2-3> UZE &S MEMNA GC/MS

TEEMS To U gy

A Z AL MSDSH /&4 CAS & (%) (AT F(wt %)
74 A e} 64741-46-4 80~90
=54 108-88-3 0.3~10
A 0.93
A=A 1330-20-7 0.3~10
Rl 0~10
7d A}z el 64741-46-4 98
B 0.21
of & wil Al 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
Z<d A 1330-20-7 1~6
ol & il =l 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 U 8%

MSDS
A &8 TAEAE CAS sk B
N7 LA
7 A X e A Y2 e (LIGHT 647414
LSR 9AHLSR STRAIGHT-RUN 97-99.6 2019.
Naphtha 6-4
Naphtha), APHTHA) 06.28
A IR 71-43-2 | 04-3
Light 44 Y2 eHLIGHT 64741-4
Straight Light Straight STRAIGHT-RUN 64 97-99.6 2019.
Run Run Naphtha NAPHTHA) 05.17
Naphtha Al 71-43-2 | 0.4-3
FEE (H),
HSR HSR AHHSR = Uz
(Heavy Naphtha), | A (EXTRACTS(P | 64741-9 % 2019
Straight | $2ZE}, Heavy ETROLEUM), 86 06 zé
Run Straight Run | HEAVY NAPHTHA '
Naphtha) Naphtha SOLVE
|l Al 71-43-2 <05
Z14:D80 (Kixxol
D&0) [AR0015],
(o] ™
TFaxeE 44
Kixxol v = ° Distillates
AR (A 64742-4 2018.
D&0 R - (petroleum), 100
() FaAYgE T hvdrotreated licht 7-8 08.03
A= a4 A ydrotreated lig
AzF ;==
1
4 THE)
Heavy naphtha
64741-9
Techsol 2 solvent extracts >99 2019.
o Techsol 2 3-6
(Tg=) (petroleum) 06.28
Al 71-43-2 | <1




@
M
ot
k1
i
filo
o
e
Y
:(o
i)
N
i
=
Iy
2
Lo
A
Y
=z,
2
kr
TN
o
ot
ox,
o

Cyclohexane 2.8%
‘-,\Xylene 2.8%

Toluene 4.2%

Heptane 4.2%

Solvent 38.0%

<Others>

- Kerosene

Others 8.5%
- Lacquer diluent

- Petroleum benzene
- Alkyd paint

- Ethyl benzene

Hexane 15.5%

- Cutting oil and solvent

Naphtha 18.3%

(n=71)

=2 clAlo] mF FrE AfgstEtAlE HEAY AYA = 34, 77, 2014
WA Sy AFel g =9 Am FF A F 7Y E velE
stttk =9 AFe] A5, SWlE(solvent, 380%), & }(naphtha 18.3%), @4t

=] pul
(hexane, 155%) =22 AL, 7IEH8S%)Y 4% &, WA A, A
]

A, QI AL, AW, A W SE T,

o
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<H 2-5> 329 AT NSO [ME W uF

Product <1980, % 1981~1999, % >2000, % Total, %
rodue N ___WAM? __ Min Max N ___ _WAM Min Max____N___WAM Min Max N ___ WAM Min Max
Cyclohezane 2 2.1 0.01 4.2 0 NR NR 0 NR NR 2 2.1 0.01 4.2
Heptane 2 1.1 0.01 3.1 0 NR NR 1 1.0 1.0 1.0 3 1.1 0.01 3.1
Hexane 2 0.9 0.01 3.5 5 1.1 0.004 2.8 4 1.9 0.1 6.0 11 1.5 0.004 6.0
Jet fuel 0 NR NR 2 0.3 0.02 0.5 2 0.002 0.0002 0.012 4 0.1 0.0002 0.5
Naphtha 7 2.1 0.1 9.3 3 0.7 0.1 1.0 3 0.4 0.1 1.0 13 1.5 0.1 9.3
Others 3 0.8 0.01 3.0 1 0.0029 0.0025 0.0033 2 0.3 0.03 1.0 6 0.4 0.0025 3.0
Solvent 7 0.8 0.01 7.0 13 0.9 0.002 4.2 7 0.3 0.0009 1.0 27 0.7 0.0009 7.0
Toluene 1 0.06 0.01 0.2 0 NR NR 2 0.8 0.1 5.0 3 0.52 0.01 5.0
Xylene 1 0.04 0.01 0.1 0 NR NR 1 0.1 0.1 0.1 2 0.06 0.01 0.1
1) WAM-Weighted Arithmetic Mean
NR : Not Reported
Ref. Alkyd paint : NIH, 2001
Cutting oil and solvent : Rondinelli, 1986
Cyclohexane : Elkins, 1963: Hillman, 1978
Ethyl benzene : Mehlman, 2004
Heptane : Elkins, 1963: Hillman, 1978; OSHA, 2006
Hexane : ASTM, 2002; Elikins, 1956; Hillman, 1978: IPCS, 1991; Mears, 1983; Mehlman, 2004: OSHA, 2005; OSHA. 2006

Jet fuel : King, 2001: Egeghy, 2003: ATSDR, 1995: ATSDR, 1998
Kerosene : Hillman, 1978

Lacquer diluent : Hillman, 1978
Naptha : Carpenter, 1975; Elkins, 1963; IARC, 1989: Pagnotto, 1961: Mehlman, 2004: NOISH. 1977: NOISH, 1989: NOISH. 1997: OSHA, 2005: OSHA, 2006: U.S. Coast Guard, 1993
Petroleum benzene : NOISH, 1977

Solvent : ATSDR, 2002: Carpenter, 1975: Daniels, 1982: Elkins, 1956: Fedoruk, 2003: Hillman, 1978: IARK, 1989: Kasahara, 1987: Madl, 2002: Mehlman, 2004: NOISH, 1977: U.S. Coast Guard, 1993: WHO, 1996
Toluene : Hillman, 1978; Mehlman, 2004
Xylene : Hillman 1978; Mehlman, 2004
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<H 2-6> 349 AT} NSO ME WH BF

Products <1980, % 1981~1999, % >2000, % Total®, %
N WAM?Y Min Max N WAM Min Max N WAM Min Max N WAM Min Max

Adhesive 0 NR NR 1 0.3 0.3 0.3 3 2.1 0.13 5.7 4 2.1 0.13 5.7
Cleaning

ducts 0 NR NR 0 NR NR 2 0.8 0.17 1.5 2 0.8 0.17 1.5
pro
Coating

rorial 0 NR NR 2 0.4 0.01 0.7 14 0.1 0.00018 1.3 16 0.1 0.00018 1.3
marterials
Gasoline 0 NR NR 8 3.3 1.0 5.9 6 2.2 0.44 6.0 15 2.7 0.44 6.0
Hardener 0 NR NR 2 1.9 1.8 2.0 0 NR NR 2 1.9 1.8 2.0

Ink 0 NR NR 2 0.4 0.21 0.5 0 NR NR 2 0.4 0.21 0.5
Others? 0 NR NR 3 0.8 0.303 1.1 9 4.0 0.0026 30.1 12 3.4 0.0026 30.1
Solvent 0 NR NR 10 2.3 0.016 20.5 3 3.6 0.5 9.0 13 2.6 0.016 20.5
Thinner 14 12.6 4.0 26.8 8 3.5 0.01 56.7 23 0.3 0.00018 2.1 52 5.8 0.00018 56.7
Toluene 0 NR NR 1 0.0001 0.0001 0.0001 1 0.09 0.09 0.09 2 0.05 0.0001 0.09

1) WAM-Weighted Arithmetic Mean
1) comprehensive of Base oil, Inhabited oil, Benzene - Toluene mixed, Ethyl benzene, Fuel, Release agent, Printing material, Catalyst, Coating, Flux, Mix plasic, Diluent

1) including data set which has no information on the time of the year
NR : Not Reported
Ref. Adhesive : OSHRI, 1999: OSHRI, 2002: OSHRI, 2007

=7

Cleaning products : OSHRI, 2009: OSHRI, 2010

Coating materials : OSHRI, 1998; OSHRI, 1999: OSHRI, 2002: OSHRI, 2004: OSHRI, 2007: OSHRI, 2012

Gasoline : Shin, 1995: OSHRI, 2000: OSHRI, 2005: OSHRI, 2011: OSHRI, 2012: OSHRI, 2003: Song, 2000: Kang, 2005

Hardener : OSHRI, 1998; OSHRI, 1999

Ink : OSHRI, 1999

Others : OSHRI, 1997: OSHRI, 1998: OSHRI, 2002: OSHRI, 2005: OSHRI, 2010: OSHRI, 2011: OSHRI, 2012

Solvent : Jeong, 2003: OSHRI, 1997: OSHRI, 1998: OSHRI, 2002: OSHRI, 2005; OSHRI, 2011: Roh, 2001

Thinner : Ro, 1975: Zoh, 1997: Lee, 2003: Paik, 1998:; OSHRI, 1999: OSHRI, 2000: OSHRI, 2002: OSHRI, 2004: OSHRI, 2005: OSHRI, 2007: OSHRI, 2009: OSHRI, 2011: OSHRI, 2012: Kim, 2006

Aol vk e qFsteAlE AFAe] AYgH =F FAGETA, 2014)
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<E 2-7> [UoA MIUAMHE U HM HoFil FHE 22X 871 T =5 0| @M 218 Xz
Bulk content(10%) Airborne concentration of benzene(ppm)
S GM
USE Product Notation N AM NN  MAX Work P/A Gepy  AM MINMAX Reference
Thinner
Dilution or handling A 3 30 185 51
" Thinner V/V 14 126 40 268 i Ro, 1975
washing 4 8 10 78 132
handling B
OSHRI,
- Solvent v/V 2 0.36 0.32 0.4 Extrude P 14 055  0.31 0.84
Tire 1997
manufacturing o 1 0.3 Extrude A 0.42 0.09 0.74
Release agent v/vV Stir A 1 916
Coating Leather OSHRI,
. NR 1 0.7 . P 7 0.02 0.05
materials coating 1998
Leather Solvent NR 1 1.0
manufacturing Catalyst NR 1 09
Hardener NR 1 2.0
OSHRI,
Parts of an Gasoline V/V 1 40 Cluster DT P 2 509 35 668
automobile 2000
cluster DT A 3.34 2.67 4.00
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<H 2-7> J[UOIM MIUYNE W WH 2Tl FHE 22X B21 T £E 0| 8 218 X=E(A=XN)

Bulk content(10%) Airborne concentration of benzene(ppm)
SE GM
USE Product Notation N AM NIN MAX Work P/A N Gepy  AM MIN - MAX Reference
. P 7 0.080 0.003 __ 0.200 Song, 2000
WA ! 39 Gas station A A 7 0.023 0004 0068
. P 3 0.075 0070 0.080
WA ! 29 Gas station B A 4 0.012 0006 0022
. A P 6 0.180 0140 0190
W/W 1 3.9 Gas station C A 10 0.190 0.084 0570
P 1 0.160
Fuel Gasoline W/W 1 5.9 Gas station D A 5 0.190 0.140 0310
. e P 5 0.120 0100 0.140
W/W 1 2.1 Gas station E A 5 0.097 0,085 0.120
. p 5 0.130 0070 0.190
WA ! 44 Gas station F A 7 0.070 0035 0150
- . . P 3 0.150 0110 0190
W ! 25 Gas station G A 6 0.065 003 0110
143
V/V 1 1.28 Laundry P 17 Roh, 2001
(2.63)
, 038
Washing Solvent A 18
(2.94)
148
A 20

(3.09)



<H 2-7> J[UOIM MIUYNE W WH 2Tl FHE 22X B21 T £E 0| 8 218 X=E(A=XN)

Bulk content(10%) Airborne concentration of benzene(ppm)
GM
USE Product Notation N AM NN  MAX Work PALON o, AMMIN G MAX Reference
A/A 2 2.9 0.13 5.66 P 1 0.05 OSHRL,
Adhesive Adhesive ' ’ ' Adhesive ' 2002
4 2 0.06 0.05 0.06
. o OSHRI,
Thinner A/A 1 0.01 Painting P 5 1.53 0.01 6.55 2002
Painting ..
Coating
. 1 0.05
materials
. OSHRI,
L. Flux A/A 1 0.25 Flux coating A 1 0.02
Printing 2005
Thinner A/A 1 0.7
. . . OSHRI,
Lubricant Base oil V/V 1 1.1 Filling P 2 0.37 0.31 0.43 92006
. Car OSHRI,
e Thinner NR 1 1.66 . P 1 0.05
Painting maintenance 2009
A 1 0.02
Cleaning Injector OSHRI,
Washing A/A 1 0.17 A 1 0.39
products cleaner 2009
Z Aol mEF e AFEEAE AwAe] A9 = F4FTA, 2014)
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2) 2] 47A SAE o163 w5 2 AH Al §7] T WA =F FE(Hollins et al, 2013)

<H 2-8> MEEY Al §7] T &8 5

Study space

Composition of solvent Application technique o Airborne benzene concentrations(ppm)® [benzene vapor/liquid ratio(ppm/%)]
E characteristics
Surface
v Type of Benzene Method of Solvent . .
L area ACH Personal samples Area sample locations(distance from table center)
solvent content(%) application Volume(ml) .
cleaned(m?)
n Right Left
t L A front B front C front D back E front F back
fapel - dapel ©Mean™ g 08m) 09m) A2m) (5m)  (L&m)
.3m .3m .9m .2m .5m .8m
(0.1m) (0.1m)
Paint 0.01 0.009 0.01 0.003 0.004 0.003 0.005 0.002 0.005
1 . 0.003 Rag 50 0.09 4 ~ .
thinner [3.95] [2.93] [3.44] [1.06] [1.26] [0.97] [1.79] [0.82] [1.63]
5 Paint 0,008 R 50 0,09 4 0.06 0.03 0.05 0.01 0.01 0.009 0.019 0.009 0.01
X a 5 .0¢
thinner e [7.29] [4.11] [5.70] [1.39] [1.44] [1.08] [2.36] [1.09] [1.82]
5 Paint 0.071 R - 0.09 4 0.31 0.14 0.22 0.07 0.07 0.07 0.09 0.05 0.06
thinner ' 8 7 ' [4371 (193]  [315]  [097) [0.98] 093] [1.28] [0.72] [0.91]
Paint 1.36%¢ 0.73¢ 0.96 0.50 0.36 0.21 0.31 0.20 0.30°
4 14 Rag 50 0.09 4

thinner [0.97] [0.52] [0.69] [0.35] [0.26] [0.15] [0.22] [0.14] [0.21]




<H 2-8> MHZEY A 37| T HWH FT(A=X)

Study space

Composition of solvent Application technique o Airborne benzene concentrations(ppm)® [benzene vapor/liquid ratio(ppm/%)]
E characteristics
Surface
v Type of Benzene Method of Solvent . .
. area ACH Personal samples Area sample locations(distance from table center)
e solvent content(%) application Volume(ml) y
cleaned(m?)
n Right Left
t . A front B front C front D back E front F back
fapel - lapel Mt o) 08m) 09m)  2m) (sm) (L8
.3m .3m .9m .2m .5m 8m
(0.1m) (0.1m)
Paint 0,071 Re 50 0.84 4 0.17 0.17 0.17 0.09 0.10 0.08 0.12 0.06 N/A
thinner ' a8 ’ [2.38] [2.33] [2.35] [1.31] [1.43] [1.10] [1.76] [0.90] -
Paint 0,071 R 100 0.09 4 0.47 0.40 0.43 0.15 0.19 0.12 0.15 0.10 0.15
. a .0
thinner e [6.59] [5.58] [6.06] [2.05] [2.73] [1.69] [2.18] [1.38] [2.07]
Paint 0.071 R 150 0.09 4 0.67%f 0.63%¢ 0.58 0.19 0.17 0.15 0.17 0.15 0.14
thinner ' . 7 ‘ [944] 887  [817)  [261] [2.45] [2.08] [2.38] [2.09] [1.96]
Paint 0.071 Spatul 50 0.09 4 0.3 0.25 0.28 0.06 0.07 0.06 0.05 0.06 0.05
. Spatula .0¢
thinner P [4.23] [3.50] [3.94] [0.84] [0.93] [0.86] [0.77] [0.80] [0.70]
Engine 0.38 0.23 0.31 0.09 0.09 0.08 0.09 0.08 0.10
0.072 Rag 50 0.09 4 _
degreaser [5.26] [3.23] [4.31] [1.29] [1.26] [1.05] [1.19] [1.14] [1.40]
Engine 0.68d,h 0.18 0.39 0.12 0.13 0.14 0.13 0.14 0.15

degreaser 0072 Rag 100 0.09 ! [944]  [2511  [5401  [1.72] [1.84] [1.90] [1.83] [1.95] [2.06]
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<H 2-8> MHEZEY Al §7] T HWH FT(A=X)

Composition of solvent

Study space

Application technique

Airborne benzene concentrations(ppm)* [benzene vapor/liquid ratio(ppm/%)]
pp D q pp

E characteristics
Surface
v Type of Benzene Method of Solvent . .
. area ACH Personal samples Area sample locations(distance from table center)
e solvent content(%)  application Volume(ml) 5
cleaned(m?)
n Right Left
t . A front B front C front D back E front F back
fapel - lapel O Meant o) 08m) 09m)  A2m) (sm) (L8
.3m .3m .9m .2m .5m .8m
(0.1m) (0.1m)
Engine 0.25 0.22 0.23 0.10 0.09 0.10 0.08 0.10 0.09
11 0.072 Rag 50 0.84 4
degreaser [3.50] [2.99] [3.24] [1.41] [1.19] [1.38] [1.13] [1.32] [1.27]
Paint 0.53° 0.15 0.34 0.05 0.07 0.03 0.05 0.04 0.05
12 . 0.071 Rag 50 0.09 10 . .
thinner [7.50] [2.04] [4.77] [0.66] [0.97] [0.48] [0.65] [0.63] [0.65]

ACH, air changes per hour; N/A, not available;

-, not calculated; see Fig. 1 for locations of area samples A through F.

# Benzene concentrations were quantified by mass spectrometric detection using the m/z 63 ion results.

b Average of worker's right and left lapel samples as indicated in Fig. 1.

¢ The mass of benzene was between 3840 and 4224 ng/sample tube, approaching the upper limit of linear detector response; these benzene concentrations may be slightly
underestimated (<10% negative deviation) but no data adjustments were made (see Supplemental material).

9 The mass of benzene was above the upper limit for linear detector response of approximately 4224 ng/sample tube; these benzene concentrations may be moderately underestimated
(10 - 20%) and linear regression was used to estimate a corrected value for 4 samples (see Supplemental material).

¢ Estimated value shown exceeds the measured concentration of 1.2 ppm by 13% (see Supplemental material).

! Estimated value shown exceeds the measured concentration of 0.59 ppm by 13% (see Supplemental material).

¢ Estimated value shown exceeds the measured concentration of 0.56 ppm by 13% (see Supplemental material).

" Estimated value shown exceeds the measured concentration of 0.60 ppm by 13% (see Supplemental material).

=3 : Airborne benzene exposures from cleaning metal surfaces with small volumes of petroleum solvents(Hollins et al., 2013)



0.003, 0.008, 0.07, 1.4%¢]

o

T

2-8>

VA
3t

<

j#ﬁ ﬂﬂﬁm ﬂﬂmmut
O T =
e h T EZa g P iy
= T o AU = ~ %
o wE S L w3 R
< = Hd o §EE T o=
o He o R EE Ry
Y I R NG
ﬁﬂmm.dmﬂdro.ﬂﬂsu_zgﬂ'
oy 2 W/w K W R o TR I AN
TR o= < K o BN PRI
ﬂao15ﬂﬁ_é25wﬂo_ﬂmwo_a
ﬂm B 7M 5 TR ﬂr HTE gy o B m
CU I B> S 3 o=
LrEET U AT EPT SR
ol Xz ST I
" = = B e = O —
XY = — = i) B folm N X _
T L e
g oK X do g o X F o ® @
By r Ho oW o = X X WH S m om T~
o o o mﬂ pENYS 3 IR
o g M e S o oo .3
MW - X == H X o B = m”w ™ o B
" of H ~ = W O, Wm %, pf B WL'F G
@%%%%%ﬂm%w%o_azﬂdm
. m o ~ ., o !
PRl w2 R Ay
N E S e o F S
Ho ‘W ‘L.Fﬁ ol M Ho _ = =+ = mJ ) ~
TN R m R LT Mok R, X
o ok 1 7w e T o wws N @ °
3 Bom e B Hoo o oo
= Moo ond o= B g 1o guse
wose U™ N & Mo & % L o
op of W W T o MU o =ab e
o H 5% Ko G o ® =

ol A 1978 o] % wl=e]

o

—a-

A AR Al



NEH Fg 22X 8l = QY 87t

jrer
=

28 A3A H|

(Williams, 2008)

il

ze]
uE
X

)

=

alyl
<
Ty

o

o)
o

=K

T

7114 WiAdle] (TWA) &7] <

it 0.01ppm "RHlAl 0.3 ppmelth. Al WAl &Fe] 0.1% v/v ¥

g gz A7A,

|

1:11_]_—0

T
T

715 lppm)Et SAtH<2dE 2-4>

1=
=

05ppm, &]-&

=
R

|

=7

=77 (o

ol

3744 7F

e

2] 8] 3

2}
A AR AU 2014 0.00270.4ppm B e 8417 TWA =718 th7)

Monte Carlo 7|HE& AFE3H =& Ed% vy

o %

A}

1978\ o] - ml=ell A Az

-
T

A

o] vtk 0.1v% vl

3L
™

A

234347

Ao 2] TWAZ} 0.5ppm

4
UEPITH< 1| 2-3, 2-4> 3%),

3ol A



(A} N = 7 Data Sets {B} N = 16 Data Sets
10004, ~ : ogooooogEEanR 100% -
o | Q’Ggae_&g&%ﬂ@, i"‘J.
) o 2 f A
- @’ & i
o o [ £
. ] @ L
B0 - Rl oy a |
) 'l
[ @ fe :
T% o [ 4 |
!/ I| i ! |
By - # ! /
fiod | ! | 2
] : o ll? ? F
2som ¢ W | 2
o o lis I} =
i =
S 40 o ho 4 |
[-= /' h /
R g J' ! l
ity § tl',‘.l II" i |
-] o
200 F ' ‘{ |
1084 = ,-*. ! ;{' ILV: 05 pam | ULL T ppin 3 / FEL: | parn
4as oy i
o " g z
0 h—u—u—n—:r.ﬂ’é—l—‘—l——
(h.0H0H01 0.001 (LI .1 1
0008 EEL i i 1 —e—Panis (1]  —— FimigH  —%— JetFue 111)
—&— Pt (11 —e—Frintinz (31 Coneenlration (ppm})
9 Taing 041 (1 ¢ JetTud (2} ® : Reqresents sempling dorarion o anly 60 nieres
Cotisiii (me] # & ¢ Represeots volenowaw snnpling dorstian
FIGURE 1. Distribution of measured airbome concentrations of benzene where benzene content of patroleum-derived product is (A) confirmed

[Od2 2-3] WHO| 0.1% v/VELH ¥2 (AL J20 =2
JE((B)e & B

Z3] : Occupational Exposures Associated with Petroleum-Derived Products

Containing Trace Levels of Benzene(Williams et al., 2008)
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<1980, % 1981~1999, % =>2000, % Total, %
Products N WAMP Min Max N WAM Min Max N WAM Min Max N WAM Min Max
Adhesive 1 0.3 0.3 0.3 3 2.1 0.13 5.7 4 1.6 0.13 5.7
Cleaning
2 0.8 0.17 1.5 2 0.8 0.17 1.5
products
Coating
. 2 0.4 0.01 0.7 21 0.16 0.00018 1.3 23 0.18 0.00018 1.3
materials
Diluent 8 0.04 0.0026 0.3 8 0.04 0.0026 0.3
Gasoline 8 3.3 1 5.9 7 2.1 0.03 6 15 2.8 0.03 6
Hardener 2 1.9 1.8 2 2 1.9 1.8 2
Ink 2 0.4 0.2 0.5 2 0.4 0.21 0.5
Printing
2 15.2 0.25 30.1 2 15.2 0.25 30.1
agent
Raw material 2 5.6 1.1 10 2 5.6 1.1 10
Solvent 9 0.3 0.016 1.0 3 3.6 0.5 9 12 1.14 0.016 9
Thinner 14 12.6 4 26.8 12 8.4 0.01 56.7 25 0.34 0.00018 2.1 51 5.7 0.00018 56.7
Others® 3 0.76 0.3 1.1 5 2.7 0.05 10.8 8 1.88 0.05 10.8
Total 14 12.6 4 26.8 40 3.2 0.01 56.7 78 1.53 0.00018 30.1 131 3.46 0.00018 56.7

@ Accelerant, anti-rusting oil, ethylbenzene, fuel, release agent, toluene, waste.
b Weighted Arithmetic Mean.

=2 : Potential Risk of Benzene in Petroleum-Derived Products Used from 1974 to 2012 in Korea(Choi et al, 2018)
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Bulk content, %

Airborne concentration of benzene, ppm

Use Product - — ion N AM___ MIN __MAX Work P/A’ N GM(GSD)  AM _ MIN __ MAX Referance
L . X . Thnner handling
Dilution or Washing Thinner v/vV 14 12.6 4 26.8 P 8 30 185 51 Ro, 1975
at workplace A
P 8 10 78 13.2
Fuel Gasoline W/W 1 39 Gas station A P 7 0.089 0.003 0.2 Song et al, 2000

A 7 0.023 0.004 0.068

W/W 1 2.9 Gas station B P 3 0.075 0.07 0.08
A 4 0.012 0.006 0.022

W/W 1 39 Gas station C P 6 0.18 0.14 0.19
A 10 0.19 0.084 0.57

W/W 1 5.9 Gas station D P 1 0.16
A 5 0.19 0.14 0.31

W/W 1 2.1 Gas station E P 5 0.12 0.1 0.14
A 5 0.097 0.085 0.12

W/W 1 4.4 Gas station F P 5 0.13 0.07 0.19
A 7 0.07 0.035 0.15

W/W 1 25 Gas station G P 3 0.15 0.11 0.19
A 6 0.065 0.036 0.11

Washing Solvent v/ vV 1 1.28 Laundry P 17 1.43(2.63) Roh et al, 2001

A 18 1.19(2.83)
Ad 20 1.48(3.09)
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Bulk content, %

Airborne concentration of benzene, ppm

U Product - Refera
s¢ rocue Notation' N AM___ MIN __ MAX Work P/A” N GM(GSD)  AM _ MIN __ MAX elerance
Tire manufacturing Solvent /v 2 0.36 0.32 0.40 Extrude P 14 0.55 0.31 0.84 OSHRI, 2013
Release
v/v 1 0.3 Extrude A 2 0.42 0.09 0.74
agent
Mixing A 1 2.16°
Leather Coating . _ .
. K NR 1 0.7 Leather coating P 7 0.02 0.05 OSHRI, 2013
manufacturing materials
Solvent NR 1 1
Catalyst NR 1 0.9
Hardener NR 1 2
Parts of an . .
. Gasoline v/vV 1 4 Testing 2 5.09 3.5 6.68 OSHRI, 2013
automobile
cluster
. A 2 3.34 2.67 4
development testing
Adhesive Adhesive A/A 2 2.9 0.13 5.66 Adhesive P 1 0.05 OSHRI, 2013
A 2 0.06 0.05 0.06
Painting Thinner A/A 1 0.01 Painting P 5 1.53 0.01 6.55 OSHRI, 2013
Coating
A 1 0.05
materials
Lubricant Base oil v/V 1 1.1 Filling P 2 0.37 0.31 0.43 OSHRI, 2013

N, number of samples; GM, geometric mean; GSD, geometric standard deviation; AM, arithmetic mean; Min, minimum; Max, maximum.
4 A/A-area ratio, V/V-volumetric ratio, W/W-weight ratio, NR-not reported, ® P-Personal, A-Area

¢ Air sampling around work table. ¢ Air sampling around dry cleaner.

¢ Short-term area sampling

=2 : Potential Risk of Benzene in Petroleum-Derived Products Used from 1974 to 2012 in Korea(Choi et al., 2018)
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<E 2-11> {J18H $2 24 &l

6. 771 8A 4 =4 2a(H] HEd 22 ZYSHA] g2 AS)

Al A78A| 7| &}
9718A N M N M M
(10~90% (10~90% (10~90%
(%) (%) (%)
range) range) range)

il -(-) - 2(1) 98.5 -(-) -
%ff—_?ﬂ 180(56) 45.1(4~68) 12(8) 48.3(3~99) 10(18) 59.7(6~99)
Apd a1 105(33)  17.9(1~41) 10(7) 45'2%%7 2(4) 41.0

of & HIA 102(32)  16.3(1~38) 10(7) 24.3(9~47) 2(4) 11.0
A 2(1) 99.0 -(-) - ~(-) -

% : A NATIONWIDE SURVEY ON THE USE OF ORGANIC SOLVENTS IN JAPAN
I F et al, 1984)



7bs ARvEIV RS o83 W] Ao 4 (Hikarui et al,

a=

1

12~43709) 7] ZdEol ER1= AU ﬂéﬁ% HE F5d Wde ‘*éif K3
: <1

0%, oHAH o] E
7% , AT 1%, & ]C 0.3%= HEH A
7&%% T UE T8 ARY B vee FFA0™%), T ALA012%), A

(%), EdjE 229 :(6%), F-2LFE(nisec. tert.)(5%), HEZZFZE 2|
%%(40) e el o] EQ%) & e AR &4 W AEH
Ao T Ha(48%) 2 YER
F 56719 AEE B4 das ® <2-12~14>3 2ok
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<HE 2-12> 2%, 4%, 108 AIZ(AH AL 24 2
NE=R-; ke No.10 Al S No.2 NE=R-; k= N-4
Peak Peak Peak Peak
Name % Name % Name % Name %
No. No. No. No.
methyl
1 [-pentane | 0.05 1 pentene-1 0.50 1 pentene-1 0.82 22 3.30
acrylate
22-di Me tetracarbonc
2 pentane-2 | 0.20 2 pentene-2 0.50 2 0.70 23 ] 1.21
butane hloride
2-Me 23- di Me o
3 hexane-1 1.10 3 0.20 3 0.60 24 acrylnitrile 2.21
pentane butane
2-Me
4 n-hexane 1.70 4 0.20 4 n-pentene 0.55 25 benzene 1.45
hexane
cyclo-pent
5 hexane-2 1.01 5 1.00 5 pentene-2 0.20 26 allyl alcohol 1.55
ane
cyclo-pent 2
6 1.08 6 n-heptane | 0.50 6 0.43 27 2 Me-octane | 1.70
ane Me-pentane
3 trichloroethyl
7 n-neptane | 2.30 7 acetone 0.90 7 0.41 28 4.03
Me-pentane ene




o asgdd .41
<E 2-12> 2%, 4, 108 AIZ(H AL 24 2IHAS)
Alg¥s No.10 AR S No.2 AlB¥H s N-4
Peak Peak Peak Peak
Name % Name % Name % Name %
No. No. No. No.
cycro-hex ethyl [-butyl
8 1.41 8 0.73 8 hexene-1 0.20 29 2.20
ane alcohol alcohol
vinyl-acet
9 ; 16.40 9 n-octane 4.50 9 n-hexane 0.30 30 n-nonane 3.00
ate
methyl Me-cyclo-pe
10 n-octane 0.16 10 4.63 10 1.15 31 toluene 9.13
acrylate ntane
methyl
11 3.90 11 benzene 30.18 11 2 Me-hexane | 0.65 32 ? ?
acrylate
ethyl trichloroet cyclo-pentan n-butyl
12 2.51 12 4.52 12 0.88 33 3.90
acetate hylene e alcohol
methyl
tetrachloroet
13 benzene 3.07 13 methacryla | 1.00 13 n-hepatane 0.65 34 3.60
hylene
te
2
14 1.00 14 toluene 16.08 14 acetone 2.70 35 n-decane 1.00
Me-octane
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7t...

<H 2-12> 2, 481 108 AIZ(2H AL 24 ZAH(AHS)
Algds No.10 AlgdHs No.2 AlgdHs N-4
Peak Peak Peak Peak
Name % Name % Name % Name %
No. No. No. No.
methyl 112
acryl )
15 methacryl | 2.35 15 itrl 2.43 15 cyclo-hexane | 0.75 36 trichloroetha | 1.06
nitrile
ate ne
[-butyl ethyl
16 1.26 16 1.60 16 ethyl alcohol | 1.50 37 [-amylalcohol | 0.30
alcohol acrylate
2 Me
17 toluene 9.83 17 p-xXylene 6.43 17 1.10 38 p-xXylene 6.50
heptane
111
n-butyl .
18 2.10 18 m-xylene 4.20 18 trichloroetha | 0.46 39 ethylbenzene | 2.00
alcohol
ne
19 p-xylene 9.45 19 o-xylene 2.44 19 ethyl acetate | 1.85 40 m-xylene 5.27
20 m-xylene 8.90 20 n-octane 2.18 41 o-xylene 4.35
[-propyl
21 | o-xylene | 4.10 21 propy 2.00
alcohol

2] : The gas chrimatographic analysis of lacquer thinner(Hikarui et al., 1966)




=

=

<E 2-13> 33 AlU, AAST(AM), SBATHEH, AKIIMBHS 2YSH LY

Algd aliphatic | aromatic alcohol acrylate acetate chloride | aldehyde ketone SHA|
A A 40.50 60.37 47.44 38.23 24.28 33.99 4.16 8.89 93.86
7
i}: j 47 2ty 0.00 1.12 0.00 0.00 0.00 0.00 0.00 0.00 73.88
=
o 10.43 37.96 10.23 6.17 8.82 9.60 0.20 0.94 84.31
/‘\_}%j 2 A 17.77 33.46 18.40 39.66 40.55 40.21 2.20 2.44 91.44
—g-/‘{ﬂ 3 g3l 4.20 10.10 0.00 0.00 0.00 0.00 0.00 0.00 72.80
(?_]5\—]1 ot 9.95 21.60 6.48 13.22 13.52 13.78 1.20 1.20 80.94
?‘:_‘—/\} EI N 22.98 51.46 4.33 0.00 0.00 36.45 2.14 1.95 80.63
EXO]' 2 3] 6.43 28.40 3.33 0.00 0.00 0.00 1.06 0.80 78.70
%Kﬂ o 14.71 39.93 3.88 0.00 0.00 18.23 1.60 1.38 79.70
}\]-ﬁ R A 31.28 46.86 27.57 8.51 21.39 20.63 0.00 2.70 93.12
?_]iﬂ 5 3] 10.60 15.03 4.13 0.00 1.85 0.00 0.00 0.00 77.84
A o 16.42 31.78 12.66 5.48 8.05 11.82 0.00 1.08 87.29
=
© 56 11.06 36.61 10.02 6.44 8.69 10.33 0.28 0.98 84.40
B

] : The gas chrimatographic analysis of lacquer thinner(Hikarui et al., 1966)
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<H 2-14> F2 ¥E9 BT 72 79 HIE

Al

TF2 0.9% 1.0~ 5.0~ 10.0~ 15.0~ 20.0~ 30.0~ 40.0~ A7 B0 | B TU
e ols} 4.9% 9.9% 14.9% 19.9% 29.9% 39.9% 49.9% AR % %
aliphatic n-hexane 66.1 28.6 5.4 0.0 7.40 0.90
n-heptane 50.0 48.2 0.0 1.8 0.0 13.53 1.29
n-octane 26.8 55.4 14.3 3.6 0.0 13.44 2.66
aromatic benzene 8.9 46.4 21.4 14.3 3.6 0.0 3.6 1.8 48.46 6.97
toluene 1.8 10.7 23.2 14.3 8.9 23.2 14.3 3.6 40.58 17.33
total xylene 23.2 14.3 10.7 25.0 8.9 10.7 1.8 5.4 44 .51 11.52
alcohol ethylalcohol 76.8 17.8 0.0 1.8 3.6 0.0 19.33 1.33
propylalcohcl 80.4 16.1 1.8 0.0 1.8 0.0 16.40 1.07
butylalcohol 50.0 16.1 16.1 7.1 5.4 1.8 3.6 0.0 35.40 5.40
chloride trichloroethylene 46.4 25.0 7.1 7.1 1.8 7.1 5.4 0.0 34.05 5.64
tetrachloroethylene 51.8 23.2 12.5 5.4 5.4 1.8 0.0 20.63 3.55
acetate vinylacetate 67.9 21.4 5.4 1.8 1.8 0.0 0.0 1.8 40.55 2.22
ethylacetate 51.8 32.1 7.1 5.4 1.8 1.8 0.0 20.41 2.75
butylacetate 58.9 17.8 10.7 8.9 3.6 0.0 16.30 3.08
acrylate acrylnitrile 80.4 10.7 8.9 0.0 9.88 0.77
methylacrylate 47.7 41.1 7.1 1.8 0.0 1.8 3.6 0.0 33.66 3.45
ethylacrylate 85.7 10.7 0.0 3.6 0.0 14.00 0.61
methylmetacryate 37.5 57.2 1.8 1.8 0.0 1.8 0.0 21.12 1.76
ketone acetone 66.1 32.1 1.8 0.0 8.89 1.00

%% : The gas chrimatographic analysis of lacquer thinner(Hikarui et al., 1966)
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91314 (Fishbein, 2011)

AUARE A8 AFC) A Bl APelA AN mEA wEE F 9
W, E AE, BejA S, ﬁﬂok@ iEaﬁi AA Eelef A S
59 AFA WAlS 10~100% & ek = Ak wlde] ghrE Al

7hrdE da7)ek ves 3 %"Oﬂﬁolﬁr.

(8) 2l7boll thal wrelA Q)3 Hrtbo] #3 JARC AHEE(Pearce et al,

o Iz

pLASL y [e] 5 a-
grolglom], Hael A Lhe Fel Aiolth. 1056-2006d Fob EHolA #gl
E2 ALgHE AN A wE S 2zelo] A8l A9 439my/m(A )

3212mg/m’), HeAl Hel' el A9 582mg/m' () 33735mg/m') Atk <1 Ak
QoA WA 1930dTIRE 1960 E7AK wolA &AH L]
(rotogravure) & AoA AREHATE HuE Hit =FFS 1o AF¢
0.58ppm(2003)¢] 31, k=9] 749~ 0.017ppm(2005) ] A ¥k, =

ol A 194995 H 20008 o] F74A] Hetk Ak 7et T Mlng/m L 82mg/
m'(GSD, 13.0)o.2 HFAT}.

SE % dlolg 4
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& oA AxSAT. oHR AE] ABolAS At B WA g
=

AollM 4= A

o,

o Ho FH

oH

17HA AlE ARS Al 2ol M Ao 200709 = 793 4o +
7] Aol FHHENY Hit g7 T WAl == 168 iR AR
0.2 - 9.9mg/m3(0.08 - 3.8ppm), 1417+ ¢ 0.1 - 8mg/m3(0.04 - 3ppm), 14|
o A& A5 01-51mg/m3(0.04 - 2ppm) oAtk 1A 7H%] Al
Al 154 AFE2 30 e 2 FHolA 5TI09E ool A 3= A
= TAEA

210

—~

X
e
1

o

(11) #Ae 37 =% A (Job-Exposure Matrices, JEM) 752
5, 2013)

1930 el A 1960 d el Z=717kA] Al QAAFG A Ao FAEIA L,
AN E} H2HA| 7' I HOAE Al &X] 9} A F Al (degreasing and cleaning
agents), f71EdE &vl=Z AFEHAT WAL AL AF T TF A+ A
3 (mineral spirits, paint thinners, cleaning agent, degreasers)ol Z+F A& &

= g SewE 5ol
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UBE I8
HA == Z
A% A% 4% i Bt
AR, 38 T | (%)
Metal product plating Metal plating and )
] ] A 2] Al 1
services cleaning
FoA AEeE Azpa whe
A Z<¢] (Manufacture of table TAY N
, , Al A A 1
and kitchen ware of base (Production Related
metal) Elementary)
Manufacture of work trucks,
lifting and Metal cleaners A 2] Al 2
handling equipment
Manufacture of optical )
, cleaner A= Al 1
instruments
Sale of motor vehicles and )
] cleaner A 2] A 1
warehousing
Wireless .. .
o Electrician A A 1
telecommunications

=4 WA 3A w=F FH(Job-Exposure Matrices, JEM) & (Park et al., 2013)



<H 2-16> X 2¥S Fao=
OoH

q= A % Hl Al
A 7+ Manufacture of basic

steel, 24112)

i
i

A 7 (Pipe makers, 74210) A =2 A

e R & e R — I =
e 32 25E77

Z 3% (Plating and anodizing of

Z A (Metal platin d A2 A
metals, 25922) b g and spray | 2 A

operators, 8422)

54 4F 137 o

Azdd g
Z A4 (Production related A= A

elementary workers, 9300)-A] %]

A 294 (Manufacture of
hand-operated kitchen

appliances and metal ware,
25993)

23 WA

B

7 =% F4(Job-Exposure Matrices, JEM) ¢7-(8H%2 5. 2013)

<E 2-17> = Q70N MEF O HAD FY WM =

e
=Z(ppm)
= 2 = P %_{a_ = >
AEF A4 By As SAZNEST == EFHA
EETT
A 2= 1 6 0.22 A=
=7 9 F58557]

3l tke) o
2719 3 3 0.01 23S

AzddE g A 5 24 9.23 7.70
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<H 2-18> 32| Mo 9o HESH WM 9 FH(%)

-]]Drl <1980 1981~1999 >2000 Total
A= )
= 2 3% A% % eI B 2% A 3% =1 X Q3%
ZHIE 0.01 7 0.002 4.2 0.0009 1 0.0009 7
AL 0.1 9.3 0.1 1 0.1 1 0.1 9.3
SNAF 0.01 3.5 0.004 2.81 0.1 6 0.004 6
SIS
1 - - 0.02 0.5 0.0002 0.012  0.0002 0.5
S h=
et 0.01 3.1 - - 1 1 0.01 3.1
£=29 0.01 0.2 - - 0.1 5 0.01 5
AZ2
N 0.01 4.15 - - - - 0.01 4.15
AL
A= 0.01 0.1 - - 0.1 0.1 0.01 0.1
e - - - - 0.0002 0.012 0.0002 0.012
=7 0.01 0.11 0.01 0.11
GIECE I ' i ) ) ) ' '
AR
3 3 - - - - 3 3
il
ARG
a - - 0.0025 0.0033 - - 0.0025 0.0033
|0f
Rigd)
- - - - -0.1 1 0.1 1
ilksl
=
- - - - 0.03 0.0887 0.03 0.0887
ilkall
=2 WA A =% A (Job-Exposure Matrices, JEM) 7+(3H5<L 5. 2013)

<E 2-19>¢ ydd B4 T &WEY ddste EZ2% 140 flash
aliphatic solvent, 32 Naphtha solvents, 8 Naphtha solvents, Printing solvent,
Rubber solvent, Shell rubber solvent, stoddard solvent’} it} AL

commercial hexane, Hexane, Highly purified n—hexane, n-Hexanes 333t}



. ol

<E 2-19> AMEIUANE HiE 2e Foll oSt
39| =2 i 2o

A& WAl 3 (%) A7
140 flash aliphatic solvent 0.07 1977
8 Naphtha solvents 0.677.0 1956
Alkyld paint 0.171.0 2001
Commercial hexane 2.81 1983
Commercial hexanes 0.1 o3} 2002
Cutting oil and solvent 0.002570.0033 1986
Cyclohexane 4.15 1963
Cyclohexane 0.01 °]s} 1978
Ethyl benzene 0.0370.887 2004
Hexane 3.7 2004
Hexane 15 1956
Highly purified n-hexane 0.05 1991
Jet fuel ND™0.0004 2001
Jet fuel 0.000270.012 2003
Jet fuel 0.5 1995
Jet fuel 0.02 1998
Kerosene 0.01 1978
Lacquer diluent 0.0170.11 1978
Mineral spirits 0.170.2 2004
Mineral spirits 0.001 °]3} 2002
Mineral spirits 0.0009 2003
Mineral spirits 0.0170.03 1978
Naphtha 174 1956
Naphtha 1.579.3 1961
Naphtha 3 1963
Naphtha 35 1963
n-Heptane 3.1 1963
n-Heptane 1 o]3t 2006
n-Heptane 0.0170.4 1978
n-Hexane 176 2006
n-Hexane 0.373.7 2004
n-Hexane 0.01735 1978
n-Hexane 176 2005
n-hexane 2.81 1983
n-hexane 0.004 1983
n-hexane 0.01 1983
Petroleum benzene 3 1977
Petroleum naphtha 1 o] 1993
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Printing solvent 0.1 °]3} 1982
Printing solvent 0.09 2002
Rubber solvent 1.5 1977
Rubber solvent 1 o] 1993
Rubber solvent 1.5 1989
Shell rubber solvent 1 2004
Spot remover 4.2 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 o] 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
Stoddard solvent 0.1 o]3} 1996
Stoddard solvent 0.02 o] 3} 1997
Stoddard solvent 0.002 ©] 3} 1996
Toluene 0.0170.2 1978
Toluene 0171 2004
Toluene 0175 2004
Varsol 1 1 o] 1993
Varsol 18 1 ol 1993
Varsol 3 1 ol 1993
VM&P naphtha 0.1 1975
VM&P naphtha 0.1 1989
VM&P naphtha 1 o] 1993
VM&P naphtha 0.1 1977
VM&P naphtha 0.1 1989
VM&P naphtha 1 o] 1993
VM&P naphtha 0.1 1997
VM&P naphtha 0.1 1989
VM&P naphtha 0.1 1975
VM&P naphtha 1 °]3} 2005
VM&P naphtha 0.1 1977
VM&P naphtha 0.1 2004
VM&P naphtha 0.1 °]3} 2006
Xylene 0.0170.1 1978
Xylene 0.1 2004

i
_>JL|4
=z
2
1o
o

7 =% FA4(Job-Exposure Matrices, JEM) 7252 5. 2013)
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<H 2-20> 3 MSUIY HEZ WM 2O (%)
<19804 1981~19994 2000~2002¢1 >20034 Total
A=4
H£ Hd B Hd H&% Hd H£ Hd H£ A
3 & #* 3t % 3k Edy 3 #* 3
0.000 0.000
AlH= 4 26.8 0.01 56.66 18 2.12  0.001 1.66 18 56.7
7tea
- - - 1 24 4 o 0.03 0.96 0.03 24
=
LN | 0.000 0.000
- - 0.01 0.7 0.05 0.003 1.25 1.25
= 18 18
LHIE - - 0.016 20.51 1.28 1.28 0.5 11 0.016 20.51
A3}A| - - 1.77 99 - - - - 1.77 99
RRHA| - - 0.3 0.3 - - 0.4 0.4 0.3 0.4
AIRA - - - - - - 0.17 1.5 0.17 15
AR =) - - - - 0.13 5.66 - - 0.13 5.66
A3 - - 0.21 0.5 - - - - 0.21 0.5
0.000 0.000 0.000
E=20 - - I ! - - 0.09 0.09 ) 0.09
0.002 30.09 0.002 30.09
7] Epx - - 0.303 1.09 9.5 10.8
¢ 6 6 6
+ 719, WAS, WAl . E2q B3 oAl A=, o|FAl AMME, EXA|, FHA, =
A sAZotAE BMA 23
s WEJ} BI|EA] G AE & 23

= WA 34 =F FH(Job-Exposure Matrices, JEM) ¢7(

=13
=

=

[e)
%“T .,

2013)
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(12) 71z A7) @ Aol RE HA = Hlxz

2l L= AT =
(Stoddard &m1)¢] &7] ¥ F%(Madl et al, 2002)

H

Mineral Spirits(Stoddard solvent)S ¥3}FAo} WekE ZolE g
T =7 Sulolth = HRIE, €4 E A
o

T [¢) L
&5 ATHIARC, 1989). 1980w Zubo] 2291 of g &3l oA 1|

A
of xZd IEANA FFAAA T, WdHo] Aste] WAl gkl
sk AZE A71E e 19873 OSHAYA Al Wl WS %7} 01%E =3
A A= FFS A

B EdAE 34 EGA BEO A4 BAA WAl 3V F FEE
FAA &7 T vulE 2959 FE= 107ppmel L, 71l 231 A&
AZEE WA FEE 0.002~0.006ppm ©IAtE L A HwlAle]l == A=
10ppme] 7] wiitoll Aztsttiar o 71| ket wid 2417 &<t wul2 3]

3 g Ao

(13) &7 =< wAlel W3t ANG SARe] AN dA7AA S =F

T+ 4 Novick et al, 2013)

A atdol A WAL JA, HHE 93 EMER ARSHAT Q0 E A A A
aHPS W, 7] T WA s 1930 iel A 1950 th7bA] 3~
35ppm ©] 31tk 1960~1970d o= 1.3~16 ppm, 1980 thell+= 0.013~1 ppm ©] 3}



(14) =3 77184 A= A4 sA4=

=(¥AY 5, 2000)

Ho
N
ofo
x
4
oX,

2,
M

he)
%
i
off

AARYZY71 B ToALR dmel AN F7184 AT AT A
S35 ARAME ZAINY SR St 871 s Aol wlAle] AEH At
<E 2-21> 878N S AlET HHUISY 2N
Brush Printi Adhes Washi Mixin Dryin Other
Workplace Spray . . Total
ing ng on ng g g S
Total No of
3,463 949 1,932 1,865 1,364 1,123 119 746 11,561
samples

Solvents N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%) N(%)
Aromatics

hydrocarbon 8284 1,886 3,221 2637 1962 1,760 240 1,333 21,323
S

946 144 624 145 243 120 30 175 2,427
Benzene
(273) (15.2) (32.3) (7.8) (17.8) (10.7) (25.2) (235) (21.0)
Ethyl 920 125 167 137 149 120 22 77 1,717
benzene (26.6) (13.2) (8.6) (7.3) (1090 (10.7) (185) (10.3) (14.9)
Trimethyl 312 115 99 40 29 59 2017) 38 69
benzene (9.0) (12.1) (5.1) (2.1) (2.1) (5.3) ' (b.1)  4(6.0)
Monochlorob 11 11 40
4(0.4)  2(0.1) 7(0.4) 3(0.3) - 2(0.3)
enzene (0.3) (0.8) (0.4)
- 213 181 41 72 28 92 2LT) 2 711
ren .
EE 62 oD 2D B9 @D (82 (110)  (62)
Tol 3,224 780 1,622 1,676 1,048  927(8 112 633 10,022
oluene
(93.1) (822) (84.0) (899 (76.8) 2.6) (94.1) (84,9 (86.7)
2,658 537 666 560 454 439 72 326 5,712
Xylene

(76.8)  (56.6) (345 (30.00 (333) (39.1) (605 (43.7) (494)
Alcohols 927 250 308 752 601 597 27 225 4187
n-Butyl 127 21 25 35 43 21 10 286

4(3.4)
alcohol (3.7 (2.2) (1.3) (1.9) (3.2) (1.9) (1.3) (2.5)

=

b

=74 0 S #18A AEAEE e 5184 AL 2

2000)

= TEEAEY 5,
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15 TAEA BGBAe] wFA-20 AR WIAE FF, F BA

T Ak A A ARSE= stehed o] Aok B A (AT, 2010)

53], e Wy 2
A4 o)

e AR HAoA el rE ¢ e 1759 YZEE ERlsdl
. F2 AgEE Uzl SWEUZEN64742-95-6)9F AEUEEWE
(80652-41-3), FaAH T4 ZEN64742-48-9) ATt



<E 2-22> H# go

s EAl TF

25 £33 Al EFO0)
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
064741-41-9 Naphtha (Petroleum), Heavy Straight-Run; Low Boiling Point 6

Naphtha;
064741464 Naphtha (Petroleum), Light Straight-Run; Low Boiling Point 1
Naphtha;
064T41-65-7 Nap}}t.ha (Petroleum), Heavy Alkylate;, Low Boiling Point 9
Modified Naphtha;
Naphtha (Petroleum), Light Alkylate;, Low Boiling Point
064741-66-8 . 6
Modified Naphtha;
Naphtha (Petroleum), Solvent-Refined Light; Low Boiling Point
064741-84-0 . 4
Modified Naphtha;
Naphtha (Petroleum), Solvent-Refined Heavy; Low Boiling Point
064741-92-0 . 5
Modified Naphtha;
Naphtha (Petroleum), Hydrotreated Heavy; Low Boiling Point
064742-48-9 | P v v & 107
Hydrogen Treated Naphtha;
Naphtha (Petroleum), Hydrotreated Light; Low Boiling Point
064742-49-0 5
Hydrogen Treated Naphtha;
064747891 Na.phtha (Petroleum), Hydrodesulfurized Heavy; Low Boiling 51
Point Hydrogen Treated Naphtha;
Solvent Naphtha (Petroleum), Light Aliph.,; Low Boiling Point
064742-89-8 P A 8 17
Naphtha;
Solvent Naphtha (Petroleum), Light Arom.; Low Boiling Point
064742-95-6 phtha £ g 843
Naphtha - Unspecified;
068606-11-1 Gasoline, Straight-Run, Topping-Plant; Low Boiling Point 1
Naphtha;
Naphtha (Petroleum), Hydrodesulfurized Light, Dearomatized;
092045-53-9 . . . 1
Low Boiling Point Naphtha - Unspecified,
=4 0 A A A ANA AL EHE el EA9 ol #(Kim, 2010)



58 M

A HME MEA FE

TEXO| HH L QY EL..

<H 2-23> HiHo| A=E NE JE
a4 £= AEH A Z AL A2 3(%)
a2 u
1 444 ol A4 kA W) 2 0.83
o] & A KMOREX-X2C ow-9 Awz 0.75
71 e WI-UR-7000 AR F3HE A (F) 0.59
o] A HAhE EWE A3 A F) 0.56
T8 g i o
5 8417 o bl 3] & A A oj gt 5} 8} 0.43
g 4
=2 0] o _
6 5494 A (A=) 0.36
7 o] A olgA EWE - 0.31
T 2
8 494 slol - w2 %1 (SC-2000) FA (5)d g o}o] 0.10
9 A 2 A S-300 SK(5) 0.07
T 2 = .
10 5494 of| Z Al Al (] A A]) ok A w2 0.04
=5 ¥ ¢-dEt SgaEg (573)-73 BA
11 ) B ° e (F)7A o WA 0.03
3] A A & UT578(A)-I-XDB(NP)
T 2
12 ] of| A Al (3] A Al) AR T RN 0.03
BEK
g g
= o] o o
13 5494 A (A E R S) AR S 0.03
=8 8 $eg EPagg (1)
14 Fel Eean g ()71 0] W K 0.02
3] 434 -$3% US578(A)-SLS(2)
w8 9 Sue Eage (1)
15 ] Fee g B ()71 A A 0.02
3] A1 A -3 US578(A)-ZLB(2 %)
16 32 A thinner No.(HZ X € 3) - 0.01
17 A 2 A EFq - 0.006
RUSTOP P-SV(H)
18 w2 A H $-3} 8} 0.006
g9 (2F 3]-o =2Ho](d0]A)) e
T 2
19 i o i Al (SKT-301) FuolEl=E mxH 0.005
3] 2] 4]
g g
20 1A KHP A4 A4 (F)J o]l A 0.005
g g
21 414 K-223 A4 YAl el El Al o] 0.005
=A 1 AEa AL A NA AL EE sEER Y Aot di (419, 2010)
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(1) EAAI A 2] ol AEE A AR Sf

(AHhd A > d9Ad $)

T

Aol 24

BT §24 > §39

d.
A
jul

e

b BAkARAARE 23} 1A

Abdot B A §41 —> §110, §111, §114

3w §329] 2 —> §86

a2 §929] 2, 3,4, 5, 6,7, 8 9 —> §156, §157, §159, §164

At AR A §42 F §429] 2 > §125, §127
g2 §93 H §93x9] 2, 3, 4 —> §186, §187, §188, §189, §194, §202

Al §98, §989] 2, 3, §99, §999] 2, 4, §100 —> §195, §196, §197, §200,
§201, §202, §203, §205, §206, §209, §221, §222, §223
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2) AAA Aol e ®a+ 5 A= 2= AH=9])

(1) "= 34 ® 71 - Control Techniques Guidelines: Industrial

Cleaning Solvents

CTGE= #H2A 68kg/day(15lb/day)®l Fd F7|stste=s WEshe €% &
(=), Aol R RE ARG 2 AH GAFH $E2 A7) 84
2 ALgalof sl Abele] AgHn)

AAS) A% AH BElE W), B4, 2zZdolst 2L F4

43
(&5)o] X3t
TS AY ARVIEe 296t AHehs $49 VOC dds Aldes
A S AAEAY VOC iEds HAaryle As 5482 3t
L3 mARE ) EREYY F AR F ddely oA AR 40
Al Al EE, 29

of F FHol= VOC &3] A7t avEA gt

(2) m= #AAwolyol BFARIZE - BUREAU OF AIR
QUALITY CONTROL

o] 7182 VOCs(3EAdw713td=) &g &°17] ds &4 A4 717
Z5E VOCs(3HA b 5AR e Aska A 8

[e)
T 9,
A EF e A 1S dAS
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b. Wipe cleaning

c. Tl w2 VOCs 5% olstE &3t &2l& AHE3tt
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D 4B 24 % 5RAPA 4%
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3. M = &M It =

D =AM A2 A A7

Aom Y Ao A n-hexane®} Toluene®] 99% oA+ ]/\1 WAool AEd A
HFol 100%% AMAAE A G2 A8kt
- =8 A5 F AWAS 1% ol 3 AfrAFol+ naphtha, n-hexane,

Toluene 5 °|AtHWilliams et al, 2008).



Stoddard sohvent
32 Naphthasolvents 19—
8 Naphtha solvents - 4 |

__n-Hexane
|~ Petroleum naphtha

" Stoddard solvent

. VMEP naphtha

. _\ Rubber sohlent

V1 .'.- | Warsol 1
|

7 Varsol 3

> Varsol 18

" Stoddard sohvent

" Alkyd paint

n-Hexane
Spot remover =7
Hexane | LY .
Petroleum benzine || | | ‘
| | | ﬂ:‘- =
|
| | 4 ¥
Commercial hexane | i
Rubber solvent . _
Hexane - i .
32 Naphthasohrents" | 1§
Rubhers&h&nt i | — Toluene
YIMEP naphtha Shellruhhfrscril.rent
[O& 2-8] WH 1%018 &L

<H 2-24> Y {TEH=E M T

MIHE

HE B TA 224

AEY | N “‘zlv’?vi? AZIE

Al E 2 34k 1 0.003 2013

of &l vl Al 2 0.142 ~ 0.146 2010, 2013
ksl AL 1 0.004 2013
A4 3 0.006 ~ 0.009 2004,2011
TCE 1 0.166 2004
=54 5 0.004 ~ 0.064 2004, 2012, 2013
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Al A=, 2018 A Aol A naphtha 3 AlFolA Wldle] HEH A
71% naphtha $o] 50% ©]’H2018%d A7-#Aol A naphtha &l 50%

ol Fol:)el AHAE o= s
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AEHog, ZAE AHA HAF AH9F H= o= 20

- MSDS & @A) 1% w7t 3#d AFS FAFste AE%F

- MSDS & #j4to] 100% e AFE HAFshe ALR

- MSDS & &Fdlo] 100% o8 AFS AFd= AR

- MSDS & 42 4Ze7t 50% o8 e AFS AFske AER
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Abstract

Assessment of benzene exposure risk for workers handling

petroleum products cleaning agents

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 samples. Three of personal samples were found to contain
benzene. Most of the small businesses did not have ventilation

systems installed.

Conclusion: It appears that workers using petroleum-based cleaning

agents are able to be exposed to benzene. In addition, for most small
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businesses, engineering improvements such as process change,
1solation 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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