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: )

Gas Chromatography (Hew-
lett Packard, 5890 Series  )/Mass Sdlective
Detector(Hemett Packard, 5971 Series)

(GCIMSD)
1 .
( : )
cx Syringe filter
(Pore 9z 045 , Millex-SR 25MM Milli-
pore Co)
02 1 GC
Gas Chrometography
MSDS
Mass Detector totdl
abundance (%)
3
iy
(Nationd Ingtitute
for Occupationd Safety and Hedth,
NIOSH)
(Gilian,
U.SA) 001 02Lpm
20/40mesh
(100mgy/'50mg)
3) (dry painting)
4 (wet painting)
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Table 1. Systems and operating conditions for qualitative analysis of organic solvents by GC/MSD
Vaiade Condition

Systems
Gas Chromatography Hewlett Packard 5890 Series  /MSD, HP 5971 Saries
Detector MSD(Mass Selective Detector)
Cepillary Column HP-1(50mx 02 x 0.50 )
Operaing Conditions
Injection Mode Slit(100:1)
Injector Temperature 300
Detector Temperature 320
Oven Temperature Progranming 70 to 200
Carier gas He 0712 /min
Electron energy 70eV

Database for searching mass spectrum Wiley 138 Library

Plus) 2
(15 30)
001 02
Lpm ethoxy ethanal butoxy
ethanol (0.01 (octane)
0.05 Lpm) 21
TH-KIT(dud holder) ethoxy ethanol butoxy ethanol
5%
(NIOSH Method No.
1403, 1994 : , 1997).
(IKAR -WERKE, Germary)
0
3 5
2)
(FID) Gas

Chromatography(Hewlett Packard HP-6890

Table 2. Systems and operating conditions for quantitative analysis of organic solvents by GC

Variable Condition
Systems
Gas Chromatography Hewlett Packard 6890 Plus
Detector FID(Hame lonization Detector)
Capillary Colummn HP-INNOWax(30mx 0.32 x 050 )
Operating Conditions
Injection Mode Slit(20:2)
Injector Temperaure 250
Detector Temperaure 300

Oven Temperature Programming 40 to 200
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GC/MSD

toluene, xylene, ethyl benzene, ethyl methyl
benzene, trimethyl benzene, ethyl acdtate,
butyl acetate, methyl isobutyl  ketone
(MIBK), 2-ethoxy ethanol, 2-ethoxy ethyl
acetate, toluene-24-diisocianate(2,4 TDI)

2-butoxy ethandl, 2-heptanone

2-ethoxy ethanol, 2-ethoxy ethyl acetate
(ACGIH,
1997; Edens and Grossmen, 1995; OSHA,
1993).
24 TDI

(Berngtein, 1996; Musk e d., 1983).
4
(MSDS) 3

GC-MSD

lot

GCMSD

(Rlat test)

Table 3. The result of qualitative analysis of organic solvents by GC/MSD

Composition(%) Solvent-based water-basad
mpos K Color base Surfacer Hardener  Color base  Surfacer
2-ethoxy ethanol 0.25
2-butoxy ethanol 984 4315
2-Heptanone 4500
2-gthoxy ethyl acetate 11.18
toluene 1394 5732 4392
MIBK 04
nbutyl acetate 254
ethyl benzene 714 301 235
ethyl acetate 24.99 19.38 5.06
xylene 36.62 1863 1607
trimethyl benzene 3.06
ethyl methyl  benzene 2.07
24 TDI
021 067 1007 146 1185
Table 4. Composition of solvent-based painting materials by MSDSI
Compasition Solvent-based(%)
mpos Color base Surfacer Hardener
2-ethoxy ethyl acetate 10-20 1020
toluene 515 1020 21-30
butyl aoetate 10-20 1-10
ethyl acetate 110
xylene 10-20
Diisocianate polymer 41-50
Titanium dioxide 515
Tdc 10-20
Acayl resin 21-30
S(confidential) 1-10 1-10
5 52 8
12
2-ethoxy
ethanol, 2-ethoxy ethyl acetate, toluene, 8

methyl isobutyl ketone butyl acetate, ethyl
benzene, mxyleng, o-xylene, p-xylene, 123-
trimethyl benzene, 124-trimethyl benzene,
135-trimethyl benzene ,
butoxy ethanol  toluene
(LOD, Limit Of Detection)
GC/MSD
toluene

(Threshold  Limit  Vaue-Time Weighted
Average, TLV-TWA)

butyl

acetate
( 5.33 ppm, 20
1 1350 ppm), toluene, m-xylene

2-butoxy ethanol
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Table 5. Comparison of airborne concentrations of organic solvent in painting with colorbase

Composition Solvent-based paint (N*=§) Water-based paint (N*=6)

GMt (ppm) GSD# Range(ppm) GMt (ppm) GSDi Range(ppm)
2-gthoxy ethanad 100 118 079 129 - - -
2-butoxy ethanol - - - 333 112 274 379
2-ethoxy ethyl acetate 0.74 2.22 021 210 - - -
toluene 220 171 116 542 0.06 154 003 010
methyl isobutyl ketone 017 195 009 04 - - -
butyl acetete 533 196 201 13%0
ethyl benzene 0.72 190 031 197
m-xylene 223 184 097 569
o-xylene 0.86 198 034 24
p-xylene 070 2.78 010 253
123-trimethyl benzene 0.01 - 0.01
124-trimethyl benzene 0.09 258 002 032
135-trimethyl benzene 0.05 150 004 007

* . Number of samples, t : Geometric Mean, 1 : Geometric Standard Deviation

3.33 ppm, 274 379 ppm (dde door 2 , fender 4 )
2-butoxy ethanol
toluene (
)
, ( , (thinner)

), , ( 17
) )1 1 ( 1

) 1) (Colorbase)

21 29
, 53 55% . 6

Table 6. Comparison of airbormne concentrations of organic solvents in painting with colorbase

» Solvent-based paint (N *=8) Water-based paint (N*=8)
Composition
GMT (ppm) GSDf Range(ppm) GMT (ppm) GSDf Range(ppm)
2-ethoxy ethanal 2.26 120 166 2.65 - - -
2-butoxy ethanal - - - 4.72 220 110 1157
2-ethoxy ethyl acetate 303 1.76 117 437 - - -
toluene 14.88 150 748 1912
methyl isobutyl ketone 184 158 0.85 250
butyl acetate 24.54 157 1156 3259
ethyl benzene 7.56 158 35 1010
mxylene 17.86 156 850 2373
o-xylene 6.26 160 2.88 843
p-xylene 8.05 158 377 1077
123-trimethyl benzene 001 - 001
124-trimethyl benzene 023 2.25 0.06 039
135-trimethyl benzene 0.10 112 0.00 012

* : Number of samples, t : Geometric Mean, 1 : Geometric Standard Deviation
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2-ethoxy ethanol, 2-ethoxy ethyl acetate,
toluene, methyl isobutyl ketong  butyl
actate ehyl benzene, xylengm, o, p),
trimethyl benzene(123, 124, 135)
2-butoxy ethanal
. butyl
acetate( 11.56
32.59 ppm)

2454 ppm,

, M-xyleng( 17.86
850 23.73 ppm), tolueng(
14.88 ppm, 748 19.12 ppm)

ppm,

2-butoxy ethanal

472 ppm, 110 1157 ppm

(15 )

(TLV-STEL, short-term expo-
sure limit)

toluene(150 ppm), xyleng(150 ppm),

methyl isobutyl ketone(75  ppm),  butyl

acetate(200 ppm), ethyl benzeng(125 ppm)
( , 1998 ; ACGIH, 1999).

) (Surfacer)

2-e¢hoxy ethyl acetate toluene, methyl
isobutyl ketone, butyl acetate, ethyl acetate,
ethyl benzene, xylene(m, o, p)
2-butoxy  ethanol
toluene
GC/MSD
toluene

2-heptanone,

tol ueng(

27.76 ppm, 1579 35.36 ppm)

, butyl acetate(
1171 28.83ppm)

10.96 ppm,

21.82 ppm,

m-xyleng(
59 14.34 ppm)

2-butoxy ethanol

691 ppm, 573 7.9

ppm
(TLV-STEL)

2-ethoxy ethanol

2-heptanone

Wies ander
(1997)

TDI

Table 7. Comparison of airbormne concentrations of organic solvents in painting with surfacer

Solvent-based peirt (N*=8)

Water-based paint (N*=7)

Composition

GMT (ppm) GSDf Range(ppm) GMT (ppm) GSDi Range(ppm)
2-butoxy ethanol - - - 6.91 113 573 TR
2-gthoxy ethyl aoetate 0.14 1.70 006 021 - - -
toluene 21.76 140 1579 3536 001 203 000 002
methyl isobutyl ketone 166 143 091 219 - - -
butyl acetate 21.82 145 1171 2883
ethyl acetate 027 2.76 0.00 050
ethyl benzene 424 1.47 225 558 - - -
2-heptanone - - - 189 147 100 245
mexylene 10.9%6 145 5% 143 - - -
o-xylene 360 148 190 480
p-xylene 4.9 1.46 2.64 6.53

* . Number of samples, t

. Geometric Mean, T : Geometric Sandard Deviation
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20% ()
, 1999).
9
(Thinner) (@)
, 1999)
(
(TDI) (), 1999).
(Wiedander e d., 1994, 3 '
Burgess, 1995).
2-ethoxy  ethanol 2-ethoxy ethyl
aceldte (
2-butoxy ethanal . )
2-butoxy ethanol( 25 ppm)
2-ethoxy ethanol  2-ethoxy ethyl acetate
( 5 ppm)
4)
( , 1998). 2-gthoxy ethanal, '
2-ethoxy ethyl acetate, 2-butoxy ethanol
(Volatile Organic Compounds, VOC)
1) (Richard ¢
d., 1998, Wiedander e d., 1997; ( )
, 1999)
8
( ( ), 199). Table 8. The percentage of production by the type of painting materials in the world
The type of painting meteridg(%)
2) Water-based Solvent-based The others
North America 43 51 6
Latin America 25 71 4
West Europe A 52 14
Japan 17 80 2

China 15 80.5 45
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Table 9. The present conditions of the use of water- based painting materials by Motors company in Germany

Motors company Factory Baseooat Solid color Surfacer Top coa clear
BMW REGESBURG WB B B 2K
MUENCHEN WB 8B SB B
DINGOLANG B 8B B SB(PD)
BENZ BREMEN WB WB B 2K
SINDELANGEN WB WB B 2K
RASTATT WB B WB 2K(WB)
OPEL BOCHUM WB WB WB B
RUESSELSHEIM WB WB WB B
EISENACH WB WB (RWB) SB(WB)
VW WOLFSBURB WB WB WB 2K
EMDEN WB WB WB 2K
HANNOVER WB 8B B B
ZWICHAU WB 8B B B
AUDI NECKARSULM WB B WB B
INGOLSTADA WB B WB B
FORD KOELN WB 8B B B
PORSCHE STUTTGART WB 8B SB B
* SB : Middle solid or solid solventborn
t 2K : two component urethane
1 WB: waer-based sysem(RWB: recycling water-based system)
§ PD : powder dry paint system
472 ppm, 110 1157 ppm
2-ethoxy ethanol, 2-ethoxy 3

1. GCIMSD
toluene,
xylene, ethyl benzene, ethyl methyl benzere,
trimethyl benzene, ethyl acetate, butyl
acetate methyl isobutyl ketone,  2-ethoxy
ghanol, 2-ethoxyethyl acdtae, toluene
2 4-diisocianate(2,4 TDI)

butoxyethanol, 2-heptanone

ethyl acetate

24 TDI

2-ethoxy ethanol, 2-ethoxy ethyl
acdtate, toluene, methyl isobutyl ketone,
butyl acetate, ethyl benzene, xylene(m, o, p),

trimethyl benzeng(123, 124, 135) ,
2-butoxy ethanol

. butyl
aoetate( 24.54 ppm, 1156
32.59 ppm)

, mexyleng( 17.86

ppm, 850 23.73 ppm), tolueng(

14.88 ppm, 748 19.12 ppm)

2-butoxy ethanol

2-ethoxy ethyl acetate, toluene, methyl
isobutyl ketone, butyl acetate, ethyl acetate,
ethyl benzene, xylene(m, o, p)

2-butoxy ethanol  2-heptanone

tolueng( 27.76 ppm, 1579
35.36 ppm)

, butyl acetate
2182 ppm, 1171 28.83ppm)
m-xyleng( 10.96 ppm, 59
6 14.34 ppm)
2-butoxy ethanol
6.91 ppm, 573 7.9 ppm
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