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Abstract

Styrene is extensively used in chemistry industries such as plastic,
resin and paint etc. Styrene oxide (SO), metabolized from a creature the
styrene that exists in the air of the workplace, may cause animal and
human cancer. This study focused on the relationship between
environmental and biological monitoring of airborne styrene and SO in
two reinforced-plastics factories. Moreover, to assess the photochemical
reactions of the exposure to styrene and establish the analytical methods
of thermal desorption and GC/M S for benzene, styrene, benzal dehyde and
styrene oxide. Personal sampling (N=44) and area sampling(N=19) were
conducted at two periods (morning and afternoon) to measure the
concentration of arborne styrene and SO. Biological monitoring was
analyzed for workers urine with work before and work end of shift.
Charcoa tube was desorbed using 1ml of carbon disulfide a room
temperature and then analyzed by GC/FID. Urine samples were
pretreated with adding acid and solvent extraction and then analyzed by
HPLC. Photochemical reaction of styrene was conducted in three
different concentrations of styrene in air bag and then exposed to three
conditions of UV irradiation, NO, exposure and both the UV irradiation
and NO, exposure under six exposure periods. Target compounds
including benzene, styrene and benzaldehyde were monitored afterr
photochemical reaction of styrene.

Results showed that airborne styrene concentration were not exceed
50 ppm (TWA-PEL) in two factories and also found a small quantity of
the styrene oxide that exist in high styrene exposure of area. By
regression model to control the possible confounding factors, the positive
relationship between air concentration of styrene and the phenylglyoxylic
acid in the urine. When styrene in the bag was exposed with UV irradiate,
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the concentration of benzene and benzaldehyde was increased based on
the time of UV irradiate However, when styrene was exposed to NO,, the
concentration of benzal dehyde was kept constantly based on the exposure
time. We concluded that SO was measured under high concentration of
styrene in the reinforced-plastics factory and may be detected under
photochemical reaction of styrene.

key words styrene environmental monitoring biological monitoring
photochemical reaction
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(styrene)
(cross-linking agent)
(poly-styrene PS) ABS (acrylonitrile-butadiene-styrene ABS)
- (styrene-acrylonitrile  SAN) - (styrene
butadiene rubber SBR)

224918 2
34,5
(CGHSCH:CHz)
(tertbutylcatechol)
0.05 ppm®©
7.8
60~75 % Fernandz ~ Caperos
© 70~206 ppm
887 £ 34 %

(side-chain oxidation)
(mutagenic) (carcinogenic)
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(Styrene
glycal)

10 %

(10)

NMHC)

(4)
(PAN)

acid)

oxide) (styrene
(mandélic acid)
(phenylglyoxylic acid)
85 % ( 20/1)
( 250 mg/l)

(Non-methane Hydrocarbon
(Photochemical Reaction)

(Photochemical smog)
(1) 2 3

GC/FID
( 1999)*  HPLC
(Mandelic acid) (Phenylglyoxylic

(GCIMS)
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(styrene) (styrene oxide)

benzene styrene benzaldehyde styrene oxide
GC/IMS

(NO) (UVB)
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(styrene) vinyl benzene phenylethene ethenyl-

benzene cinnamene

100 ppm
0.9059 g/ml @ 20
200
(Keith and Walters 1987)*2 104.14 g/mol
-30.6 145-146 (Budavari et al.1989)"
310mg/L a 25 (Howard 1989)"
(Alcohal) (Ether) (Acetone)

(Carbon disulfide)™

(ethyl benzene)

(dehydrogenation) (patching
agent) polystyrene(SIC 2821) SBR Elastomer and SB Latex(SIC
2822) Unsaturated Polyester(SIC 2821) Miscellaneous

& (acrylonitrile) (butadiene)

(copolymer resin) ABS (Acrylonitrile
Butadiene Styrene)

(synthetic rubber)
(Styrene-butadiene)

225,000
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( 1986)

( 1994)™"
- /
( 1996)"® ABS
( 1996)* i
( 1997)*”
(NIOSH)®@

(styrene monomer SM)
(copolymer resin)
(TWA) 10 ppm
(fiberglass reinforced plastics FRP)
( )

(resin)
(FRP)
(TWA) 40— 100 ppm
(TWA) 150-300 ppm

(5-15 )

10001500 ppm @

1. Air
35 9 (Howard 1989)“9 NO,

Smog chamber
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55 % (U.S. EPA 1984)“

2. Soil
16 95 %
(Howard 1989 U.S. EPA 1984)19%®)
3. Wae
06 13 (U.S EPA1984)®
4. Biota
( goldfish) 135
(Howard 1989)*
(EEG)
(24,25,26,27,28)
L (Pharmacokinetics)
l (Absorption)
3.147 mg o g
66 %

(ATSDR 1992
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1. (Distribution)

2000 ppm 5
10 (ATSDR 1992)® 20 mg/Kg
(U.S. EPA 1984)@
1. (Matabolism)
( styrene oxide)
styrene glycol styrene glycol mandelic acid
benzoic acid hippuric acid mandelic acid
phenylglyoxylic acid(U.S. EPA 1984 ATSDR 1992)%2)
V. (Excretion)
mandelic
acid(MA) phenylglyoxylic acid(PGA)
hippuric acid ~ glucuronide(ATSDR 1992)*° 50
mg/Kg radiolabeled styrene 72 95%
1% 4%

(Acute Effects)

376 ppm 1
800 ppm 4
(U.S. EPA 1984 ATSDR 1992)%2) 212 ppm
8 alanine-aminopeptidase
N-acetyl-glucosaminidase
(ATSDR 1992)®
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g/Kg
EPA 1984)@

(LDso) 5
4 LCs, 2700 ppm(U.S.

(Subchronic/Chronic Effects)

EPA
reference dose (RfD)

beagle dogs
560

chronic RfD 0.

Mutti(1984)

aid MA)

80 mL

0.2 mg/Kg/day

1 ppm 1-36
(ATSDR 1992)®

0 200 400 600 mg/Kg/day

U.S. EPA
2 mg/Kg/day
(30)
50
86 (SD 45 )

10-300 ppm
(mandelic
(phenylglyoxylic acid PGA)
50
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block design(intellectual function)  digit-symbol
(memory) reaction time(viscuo-motor speed)

logical memory embeded figures(impaired visual

perception)
(cerebullar funciton) (Odkvist 1982)¢Y
5 370-591 mg/m’ 80 3

visua suppreson  saccade test

(Polystyrene)

gamma glutamyl transtidase
(32)

16 KHZ
(Muijser  1990)%% 31
( 6-16
4 ) (breathing zone)
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138 mg/ nt 28
61 mg/ m°’ 8.6+6.5 88

(socia-economic status)

(16 KH2)
8-16 KHZ (P 0.012)

Bergamaschi(1995)3% 71
65

T-lymphocyte NK phenotypes  activation marker

Hallier(1994)) (FRP)

(Sister Chromatid Exchange SCE)
(Lamination) (TWA = 40 ppm)
9.59 £ 0.77 SCEYcdll 7.23
1.00SCEs</cell ;
10.25 + 1.08
SCEs/cel  5.98 + 0.60 SCEY/cdl

Lemasters(1985 1989)%="
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1985 (36) 174

449 13
52 ppm
1989 7
819 14
(2-29 ppm) 75 (30-82 ppm)
(82 ppm) (N 50)
4% (P 0.08)
10. (Genotoxicity) (carcinogenicity)
styrene
oxide
Y ager(1993)*

(reinforced plastic industry)
peripheral blood lymphocyte structrual
chromosomal aberration

11. (Carcinogenic Classification)

EPA  Group C possible human carcinogen—

IARC Group 2B possibly carcinogenic to humans—
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L of(1986)¢**)
65 %

(nasal inspiration)

(oral inspiration) (66 %
59 %)
0.03 -12 mg/cmé/hr Sedivec(1984)“
1971 (OSHA Occupationa Safety
and Hedth Administration) (standards 29-
CFR)

(PEL-TWA permissible exposure limit-time weighted average)
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100 ppm ( PEL-C permissible exposure
limit-celling ) 200 ppm
(PEL-STEL permissible exposure limit-short
term exposure limit) 600 ppm
(scandinavian) “1)
(OSHA)
100 ppm S0 ppm
47 ppm 24 ppm 1ppm 1981
PEL-TWA 25ppm PEL-STEL 75 ppm S

)

(42)

(PEL-TWA) 50 ppm
( PEL-STEL ) 625 ppm

4000 nm
50 % 7% 43 %

( ) 280 315nm UV-B
(43)
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1994

(UVI) (DUV
Damaging UV values) DUV B (280 315 nm)
( ) UvB
(MW/M?)
DUV 100
Jm?= 1UVI
(NOp)™

(photo chemical reactions)

(NO,)
NO, NO, hi
(electronically excited molecule)

NO,+ hi (€<420) -~ NO+O-:
O +0,+M( ) - O3+ M
O;+NO - NO,+0,

HO
NO NO,
(45)
RH+OH- - R- +H,0
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R +0,+M - RO, +M
RO,- +NO - RO- +NO,

RO- +0, - HO, + (Aldehyde Ketones)
HO,- + NO - NO,+ OH-

2(NO,+hi - NO+O- )

2(00 +O,+M 5 O3+ M)

RH +40,+hi - 203+ H,O + Aldehyde Ketones
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(3)

(2)



mil/min

41

100 £+ 5
500 mi
C
44 19
(Charcod tube)
83
3



O

jabl

(GC/FID)
HP 5890 GC/FID
(Capillary Column)
DB-WAX fused silic WCOT, (30m *0.53mm ID)

(pump)

SKC AIRCHEK ™ Sampler Modd 224-52

(activated charcoa tuble)

SKC 100 mg /50 mg

6 mm

SK C UltraF10™ Calibrator 224-30

(syringe)
Hamilton 10il 501l 1001 |
(Vid)
1.8ml 4.8 ml
10 mi
pyrex 10ml 20ml 50 ml
100 ml PTFE

31

2501 |

4 mm

5001 |

10001 |
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@mmo

W >’

o

99.99 %

(CSy)
MERCK 99.9 %
(Styrene)
ACROS 99 %
(Styrene oxide)
ALDRICH 97 %
(Toluene)

Riedel-de Haen(RDH)

(GC/FID)
injecter temp 250
detecter temp 250

105

99.7 %

6 min

30 /min

5 3min
12 ml/min
175 Kpa
300 Kpa
1y |
(HPLC)
10 %Acetonitrile 90 %
0.6 mli/min
. detecter UV/VIS
0-10 254 nm( PGA)
10-50 220 nm( MA)
10u |
50

32
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styrene  styrene-oxide CS,
(stock solution)

003 g
HPLC 50 ml
10 ml
(acidification)
15
11
C )
7
0.036 mg/ml  1.818 mg/ml 0.6
bg/m 2.4y g/mi 1il
GC/FID
r 0.995 r
09998 RPD 347 % r 0.999
RPD 513%( ) ( )
5
6.0u g/ml 60.0u g/ml  30.0u g/ml 300y g/ml
HPLC/UV
r (MA)



0.999 (PGA)  0.9994(

1 PEL 90
100 %
21
-20
14 3
110 %
14 (
-30
3 7 14

(%) =

1/2 PEL
24
4
3 7
90 %
0 1
)
x 100 %

(American Chemica Society ACYS)

(The lowest concentration level that
can be determined to be statistically different from a blank)“®

ACS

GC/FID

7 %
3
@) GCIFID



1.864 ng 1.625ng

(limit of detection)
(American Society of Testing
Materiadls ASTM)

3
«( )
l.
(syringe)
O5PEL 1PEL 2PEL 10i |
(parafilm)
Il.
2ml (Vid) Im CS,
60
1il GC/FID

86.7+ 1.91%
88.2 + 1.84 %( )
= x 100 %




HPLC MA
+ 1.58% PGA 99.8 + 5.27 %( )
( %9 x 100 %
10.
PEL 1PEL 2PEL
(CV ) 7%
)
1.
l.
A. (Automatic Therma Desorption)

a Perkin ElImer ATD400
(peltier cooling sorbent trap)

- 30 40 /sec 50
b
PE stainless stedl tube (89 mmx5 mml.D)
1000 mg
B. (GCIMYS)

a PERKIN ELMER Q—-MASS910
lonization mode 70eV
MassRange 10 650 AMU
Scan Rate 2000 amu/sec

b (Capillary Column)

36
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OO0

XKW DB-1(60mx025mmx1im) 122-1063 Serid
NO.7586115

(pump)
SKC AIRCHEK ™ Sampler Modd 224-52

PERKIN ELMER stainless sted tube 89 mmx5 mm |.D
Carbopack B 60/80 Mesh (SUPELCO)
SKC TELDER BAG 1L  Seria NO.232-01

SKC UltraF10™ Calibrator 224-30
UV X Digita radiometer
UV lamp( 302 nm)

(syringe)
Hamilton 1011 501l 1001l 25011 500il 1000i |
(Vid)
18m  4.8ml
10 ml
pyrex 10ml 20ml 50 ml

100 ml PTFE

ELECTRONIC SL-868 TIMER CLOCK
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99.999 %

NO, 400 ppm
V.
A. (CS)
MERCK 99.9 %
B. (Styrene)
ACROS 99 %
C. (Styrene oxide)
ALDRICH 97 %
D. (Toluene)
Riedel-de Haen(RDH) 99.7 %
E. (Benzene)
MERCK 99.7 %
F. (Benzaldehyde)
MERCK 99 %
l. (ATD 400)
1 52 ( )
.
A. 99.9995
B. 1.2 mi/min
C.
240 7min
35 /mi
160 3 min
35 /min/
85 2min



11 (Mass)

A. (lonization mode) El (70eV)
B. (lonization temp.) 185
C. Electron multiplier voltage 1180 volts
D. (Scan massrange) 10 250 amu
E. (Filament delay) 618 sec
V.
A.
Carbopack-B
200 mg
B.
a (Condition)
(ATD 400)
300 100
b
Vv NO,
400 ppm 1 3
100 ppm 1L 600 ml
VI.

(UVX Digitd Radiometer)
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3.91 w/m?

1L 600 ml
ppm 6.22 ppm  12.44 ppm
10 30 1
6
GC/IMS
1.
1L 600 ml
ppm 6.22 ppm  12.44 ppm
10 30
3 4 6
GC/MS
1.
1L 100 ppm
2.07 ppm 6.22ppm  12.44 ppm
3 10 30
4 6
GC/MS
V.
1L 100 ppm
2.07 ppm 6.22ppm 12.44 ppm
3 10
2 3 4 6

30

2.07

2.07

600 ml

600 ml



GC/IMS

V.
uv NO,(100 ppm) NO,
uv benzene benzadehyde
styrene ( )
l.
(benzene) (styrene) (benzaldehyde)
(styrene oxide) CS,
(stock solution)
.
7 (syring)
3u |
4
r 0.995
r 09986 RPD 325 %
r 0999 RPD 4.61% r 0.999
RPD 258 % r 0999 RPD  3.29 %(
) ( )
Carbopack B
benzene styrene benzaldehyde  styrene oxide
V2 PEL 2 PEL 60
100 %

24 21
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4 1
14 3
%
14
7 )
(ACS)
CV ) 7%
3
0.199 ng
0.184 ng
1.147 ng( )
(Syringe)
PEL 1 PEL 2 PEL 3il
(parafilm)

99.95 + 0.04 %

99.97 + 0.02%

99.29 + 0.57 % ( )

42

0% 110

GC/IMS
0.206 ng

05

99.96 + 0.01%



PEL 1 PEL

II. GC/FID

. PE

V.

GC column

2 PEL

(C.V

7
AT

Condition

( )

(signal)

(Condition)

05

20

10

(Cold trap)



V. / (GCIMYS)

GC/IMS
PFTBA (Perfluorotributylamine) (turing)
GC/IMS
(48)
A.
+ 0.06
B. 10 %
C. +
20 %
l.
r 0.995 (R.P.D) 7%
1.
(recovery efficiency) 80%
120 %
1.
CS;
85% 115%
95 %
V.



+ 10 % 10

Excel SAS 6.12

Tukey

(benzene styrene  benzaldehyde)
(styrene uv NO, UV&NO, )



(Styrene) NIOSH

“9) (styrene oxide)
r 0.9999
14 GC/FID 1.864 ng

86.7 + 1.91% r 0.999

14 GC/FID

1.625 ng 88.15 + 1.84%
(10SH) (Charcoal tube)
(styrene oxide)
41
( )
0.6 + 0.84 ppm 2.7+ 1.29 ppm 9.13

+ 5.65 ppm ND ( )
1.46 =+ 1.04 ppm 4.72 £ 3.23 ppm(

)
(TWA-PEL)50 ppm
(2+10 ppb)

(MA) (PGA)
PGA
MA MA
PGA ( ) ANOVA



PGA ( P = 00004 P =

0.0007) Tukey
PGA PGA
(Tukey )
PGA
MA PGA
PGA 16.625
ig/gcreatine  20.3451 g/g creatine
( P =0.007 P =0.001 )

(P=0.0001, R*=0.473)
PGA(u g/g credtine) = 5.847+ 1.332 styrenet+ 7.234 drug

1ppm PGA
1.332 p g/g credtine MA
MA ( P=0.85, R®
=0.009)
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uv NO,

Carbopack B
GC/IMS (benzene)
r 09986 RPD 276% (styrene) r
099 RPD 351% (benzadehyde) r
0999 RPD 218% (styrene- oxide) r
099 RPD 573%
Carbopack B bnezene  styrene
benzaldehyde styrene oxide 4 21
0% 110% benzene styrene
benzaldehyde 14 styrene oxide
14 90 %

(ACYS) Benzene
0.199 ng styrene 0.206 ng
benzaldehyde 0.184 ng styrene oxide
1147 ng
Benzene styrene benzaldehyde  styrene oxide
Carbopack B
GCIMS 99.95 + 0.04%
9996 + 001% 9997 £ 0.02% 9929 =+ 0.57%



uv
(N=3) 2.07 ppm 6.22 ppm 12.44 ppm

10 30 1
2 3 4 (49.22 x 10° male)
411 4922 x 10° mole
(149.62 x 10° mole) 1401 1472 x
10° mole (299.24 x 10° mole)

287.8 297.2 x 10° mole

( )
(N=3) 2.07 ppm 6.22

ppm 1244 ppm (UVv)
3.91 w/n’ 10 30 1 2
3 4 uv
(benzene)
2
2 x 10° mole
benzaldehyde 1
( )
uv

( )
log benzene(10°mole) = -8.129+ 0.123log styrene-in(10°mole)+

5.712 UV + 0.474 time(hr)
log styrene(10°mole) = -0.474+ 1.257log styrene-in(10°mole)-
2.461UV - 0.464 time(hr)
log benzaldehyde (10°mole) = -8.488+ 0.366log styrene-in
(10°mole) + 9.003 UV- 0.207 time(hr)
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NO;
(N=3)2.07 ppm 6.22 ppm

12.44 ppm 100 ppm  NO,
10 30 1 2 3 4
benzene
1
benzaldehyde
( )
NO,

( )
log benzene(10°mole) = -8.129+ 0.123log styrene-in(10°mole)+
2,093 NO, + 0.474 time(hr)
log styrene(10°mole) = -0.474+ 1.257log styrene-in(10°mole)-
10.477 NO, - 0.464 time(hr)

log benzaldehyde(10°mole)= -8.488+ 0.366log styrene-in
(10°mole)+ 9.322 NO,- 0.207 time(hr)

NO, UV

(N=3) 2.07 ppm 6.22 ppm

12.44 ppm 100 ppm NO, (Uv)

10 30 1 2 3
4

NO, uv (benzene)
4

6 x 10° mole 2
benzaldehyde
benzaldehyde



( )
uv

( )
log benzene(10°mole) = -8.129+ 0.123log styrene-in(10°mole)+
4.822 UV&NO, + 0.474 time(hr)
log styrene(10°mole) = -0.474+ 1.257log styrene-in(10°mole)-
3.157 UV&NO, - 0.464 time(hr)
log benzaldehyde(10°mole)= -8.488+ 0.366log styrene-in
(10°mole) + 9.588 UV&NO,- 0.207 time(hr)
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(styrene oxide)

Charcoal tube

CS GC/FID
Carbopack B benzene styrene
benzaldehyde styrene oxide GCIMS
(Charcoal tube) styrene
oxide Carbopack B
CS,
Carbopack B benzene styrene benzaldehyde styrene oxide
GCIMS NIOSH
styrene oxide benzene
styrene benzaldehyde
Carbopack- B
GC/IMS
(benzyl acohol)
100 ppm
(Stewart R 1968)*7
(MA) (PGA)
MA PGA
ANOVA
(PGA) PGA

(spasmolytic-drug)

(analgesic drug)
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(Pezzagno G 1988)*Y

(MA)
1970
(spectrophotometry)
( 1970)%? 1973  Slob. A
N,O-bis (trimethyl silyl)
acetamide
(Slob A 1973)*® 1901
Sollenberg | sotachophoresis(I TP)
(Sollenberg J  1991)>"
Gori-GP
(Gori GP)®
— (HPLC/UV)
hepatic cytochrome P-450 isozymes
(Nakgjima T)* (styrene oxide)
(Csanady 1994 Filser 1993 Korn 1994
Mendrala 1993)("8>90) 71%
(Rappaport SM 1994)(®Y
-GC/MS



(Nylander LA 1999)(%?

@
(2) volatile organic
peroxides ) O;
uv NO, UV NO,
O;
uv NO, UV
NO,
uv Uv
-CH,CH, benzene
aromatic ring -CHO group Benzaldehyde
(Atkinson,1989,1991)(%3%% GCIMS

(styrene oxide)
(benzene,octyl-)

benzene,octyl-
styrene oxide
NO,
(benzene,octyl-) OH radicds
NO;radicdls O;  (Atkinson 1994) c=C
Uv NO,

benzene styrene benzaldehyde
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log uv NO, uv
NO,
log styrene-in(10°mole) UV NO, UV+NO,
time(hr) log benzene(10°mole) log styrene
(10°mole) log benzaldehyde(10°mole)
benzene UV/(P=0.0001)
NO,(P=0.0001) UV+NO,(P=0.0001) time(P=0.0001)
(P=0.54) R?
=0.545 P=0.0001
log benzene(10°mole)= —8.129+0.123log styrene-in(10°mole)+5.712UV
+2.093NO,+ 4.822UV&NO,+ 0.5454 time(hr)
styrene
(P=0.0001) UV(P=0.0001) NO,(P=0.0001) UV+NO,
(P=0.0001) time(P=0.0001) R? =0.754
P=0.0001
log styrene(10°mole)= —0.474+ 1.257log styrene-in(10°mole)— 2.461
UV —10.477NO,— 3.157UV&NO, —0.464 time(hr)

benzaldehyde
(P=0.0074) UV(P=0.0001) NO,(P=0.0001) UV+NO,
(P=0.0001) time(P=0.005) R? =0.887

P=0.0001
log benzaldehyde(10°mole)= —8.488+ 0.366log styrene-in(10°mole)+
9.003 UV + 9.322 NO, + 9.588 UV&NO, — 0.207 time(hr)



1 (styrene oxide)
CS, GC/FID
2. styrene oxide

styrene oxide

3. PGA
PGA(u g/g creating) = 5.847+ 1.332 styrene+ 7.234 drug
4, Carbopack B benzene styrene benzaldehyde
styrene oxide GCIMS
NIOSH
5. uv
(benzene) (benzal dehyde) uv
benzene
6. Uv  NO, benzaldehyde
7. uv NO, benzene styrene
benzaldehyde

log benzene(10°mole)= —8.129+ 0.123log styrene-in(10°mole)+
5,712 UV +2.093NO+ 4.822UV& NO,+ 0.5454 time(hr)

log styrene(10°mole)= —0.474+ 1.257log styrene-in(10°mole)—
2.461 UV — 10.477NO,— 3.157UV&NO, —0.464 time(hr)



log benzal dehyde(10°mole)=—8.488+0.366l0g styrene-in (10°mole)
+9.003 UV + 9.322 NO, + 9.588 UV&NO, — 0.207 time(hr)

NO;
N02 NOZ
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(GCIFID)

0.291mg/ml  2.909mg/ml (%) CV (%)
(N=3) (N=3)
20
0 100 100 100 2.34
1 98.4 98.7 98.6 1.38
3 99.4 98.1 98.7 1.97
7 96.4 97.4 96.9 1.59
14 95.3 94.7 95.0 2.99
4
0 100 100 100 1.68
1 98.5 99.4 99.0 1.13
3 97.8 98.7 98.2 1.87
7 98.3 98.4 98.4 3.58
14 94.8 95.4 95.1 2.86
21
0 100 100 100 2.45
1 99.8 99.3 99.6 294
3 97.3 98.1 97.7 1.61
7 96.8 97.4 97.1 1.30
14 93.8 95.4 94.6 2.17
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0.337mg/ml  3.373mg/ml (%) CV (%)

(N=3) (N=3)
20
100 100 100 4.35
1 95.8 110.1 102.9 0.67
105.9 109.3 107.6 3.37
95.0 103.9 99.5 128
14 93.1 102.5 97.8 2.46
4
0 100 100 100 347
1 102.1 112.0 107.1 2.63
3 106.8 1114 109.1 4.39
7 96.1 1054 100.8 122
14 919 101.9 96.9 2.68
21
0 100 100 100 4.12
1 99.8 1135 106.6 1.16
101.9 105.3 103.6 2.18
7 98.9 105.3 101.7 3.23
14 89.7 1004 95.0 2.89




(MA) HPLC
12081 g/ml 4832 g/l (%) CV (%)
(N=3) (N=3)
20
0 100 100 100 2,63
1 101.1 100.2 100.7 2.96
3 105.4 100.9 103.2 2.56
7 95.4 97.0 96.2 3.48
14 99.9 102.7 101.3 3.24
(PGA) HPLC
12081 gml 48321 g/ml (%) CV (%)
(N=3) (N=3)
20
0 100 100 100 351
1 96.7 102.4 99.6 206
3 108.0 100.2 104.1 4.07
7 86.8 106.4 96.6 4.15
14 98.5 97.9 98.2 357
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GC/FID (N=7)
(ng) CV (%)
Styrene 1.864 3.44
Styrene oxide 1.625 121
HPLC (N=7)
(o) CV (%)
Mandédlic acid 4.3 511
Phenylglycoxylic acid 2.07 3.02
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(Charcoal tube) (N=3)
(mg) (%)
Styrene 0.5 PEL (0.5) 86.36
1 PEL(1.0) 86.3
2 PEL(2.0) 87.52
Mean = SD 86.73+1.91
Styrene-oxide 0.5 PEL(0.264) 88.28
1 PEL(0.527) 87.14
2 PEL(1.054) 89.03
Mean = SD 88.15+1.84




(MA) (PGA) (N=3)
(b g/ml) (%)
Manddlic acid 12.04 103.25
48.16 99.68
60.40 100.19
241.6 101.14
Mean = S.D 101.1 +£1.58
Phenylglycoxylic acid 12.08 92.5
48.32 103.6
60.4 103.71
241.6 99.22
Mean £ S.D 99.8 +5.27




GC/HD (N=7)
styrene styrene oxide
(mg/ml)  0.569 1.137 2.273 0.494 0.988 1.976
Area 0.5 0.5 1.6 04 0.8 0.8
R.T® 0.9 1.8 4.2 1.1 2.6 5.7
a CV (%)
b RT
HPLC (N=7)
Manddlic acid Phenylglycoxylic acid
(igml) 1204 24.08 48.16 12.08 24.16 48.32
Area 3.32° 2.35 3.61 5.46 2.57 3.84
R.T® 0.01 1.23 2.64 0.01 1.56 1.13
a CV (%)
b RT



(ATD 400)

Program parameter Default vaue
Oven temp. 300

Desorb time 5min
Desorb flow 20 ml/min( 10 ml/min )
Vdve temp. 200

Inj / tube 1

Trap fast Yes
Cycletime 20min

Trap low )

Trap high 300

Trap hold 8 min

In split Yes

In split flow 20 ml/min
Out split Yes

Out split flow 30 mi/min
Recycle No

Line temp. 220

Min PSI 25 PS|

STD inj 0




Carbopack B benzene

3.29 ig 13.185 ug (%) CV (%)
(N=3) (N=3)

4

0 100 100 100 2.45
1 99.1 99.3 99.2 2.10
3 98.9 97.7 98.3 3.15
7 95.5 96.3 95.9 4.26
14 93.1 91.9 92.5 5.43
21

0 100 100 100 3.15
1 98.2 99.1 98.7 2.06
3 975 97.3 97.4 3.26
7 95.6 95.0 95.3 2.68
14 92.3 90.6 915 5.79
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Carbopack B styrene
6.818 19 27.27 ug (%) CV (%)
(N=3) (N=3)
4
0 100 100 100 3.65
1 98.7 98.3 98.5 311
3 97.2 96.4 96.8 4.19
7 95.9 94.1 95.0 243
14 91.3 92.5 91.9 4.22
21
0 100 100 100 2.65
1 98.1 97.6 97.9 1.22
3 97.1 95.3 96.2 4.56
7 94.0 92.6 93.3 3.28
14 89.6 91.8 90.7 2.65




Carbopack B benzaldehyde
39ig 15.6 ug (%) CV (%)
(N=3) (N=3)
4

0 100 100 100 2.63
1 98.2 994 98.8 1.25
3 97.8 95.2 96.5 2.67
7 98.5 97.1 97.8 4.16
14 95.3 934 94.4 5.62
21
0 100 100 100 4.61
1 98.6 98.1 98.4 244
3 96.2 97.3 96.8 1.37
7 94.6 96.5 95.6 245
14 93.6 95.7 94.7 6.27
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Carbopack B styrene oxide
395319 15.81 ug (%) CV (%)
(N=3) (N=3)

4

0 100 100 100 3.67
1 90.4 98.5 99.0 2.59
3 97.4 98.6 98.0 3.66
7 92.6 91.9 92.3 1.68
14 88.7 89.4 89.1 4.72
21

0 100 100 100 2.38
1 98.3 98.8 98.6 1.86
3 96.8 97.5 97.2 3.37
7 954 90.5 93.0 4,58
14 90.7 85.3 88.0 351
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GC/IMS (N=7)
(ng) CV (%)
Benzene 0.199 4.58
Styrene 0.206 3.24
Benzaldehyde 0.184 3.69
Styrene oxide 1.147 5.61
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ATD-400 (N=3)
(ig) (%)
Benzene 3.296 99.98
6.593 99.95
13.185 99.91
Mean £ S.D 99.95 + 0.04
Styrene 6.818 99.97
13.635 99.95
27.27 99.96
Mean + S.D 99.96 + 0.01
Benzadehyde 3.90 99.98
7.80 99.98
15.6 99.95
Mean + S.D 99.97 £ 0.02
Styrene oxide 3.953 99.92
7.905 98.82
15.81 99.13
Mean + S.D 99.29 + 0.57
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GCIMS (N=7)

benzene Styrene
(b 9 3.296 6593 13185 6.818 13635 27.27

Area 3.5 4.2 3.3 3.4 3.7 4.8
R.T® 1.2 0.8 2.2 1.1 1.6 2.7
benzaldehyde Styrene oxide
(THe) 3.9 7.8 156 3953 7905 1581
Area 2.5 4.3 3.6 5.4 3.8 4.9
R.T® 0.9 1.1 1.5 1.5 2.6 2.1
a CV (%)

b RT
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(N=41)

N=11(%)  N=16(%)  N=14(%) "
7(63.64) 9(56.25) 5(35.71) 0.335
4(36.36) 7(43.75) 9(64.29)
0(0) 1(6.25) 3(21.43) 0.649
1(9.09) 3(18.75) 2(14.29)
3(27.27) 4(25) 3(21.43)
7(63.64) 7(43.75) 6(42.86)
0(0) 1(6.25) 0(0)
11(31.65.2)* 16(36.1+11.7) 14(32.7410.8)  0.464
11(25+2.1) 16(3.0£2.3) 14(31#2.7)  0.832

a MeanzSD

74



Styrene(ppm) Styrene-oxide(ppb)
o ND
(12) 0.626 = 0.84
(16) 27 £ 1.29 ND
(16) 90.13 + 565 2 +10
(N)
) ND ND
(7) 146 £ 1.04 ND
©) 472 + 3.23 1+3
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MA

PGA (N=44)
Corrdation andyss  styrene  Styrene-oxide MA PGA
Styrene 1 0.276 0.079 0.587
Styrene-oxide 1 0.252° 0.118
MA 1 0.231
PGA 1

*P 0.05
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Styrene  Styrene-oxide MA PGA

(ppm) (ppb)  (mg/gcreat) (mg/g crest)

(N=44)
(12) 052+ 0.79 ND 271+ 425 541+ 6.33
(16) 3.0t 1.19 ND 214+ 251 697+ 539

(16) 1126+ 436 2+ 10 533+ 523 1641+ 912

(N=44)
(12 0.73+ 091 ND 591+ 6.34 9.23+ 697
(16) 2.4+ 1.36 ND 6.06+ 8.98 10.35+ 4.97

(16) 699+ 609 1+ 10 975+ 942 2266+ 1355

I+

*P-vdue 0.05 Tukey
PGA



uv NO,

Substances Benzene’ Styrene’ Benzal dehyde’
I ntercept -8.129(1.041),  -0.474(1.126) -8.488(0.702)
Styrene(Conc.)° 0.123(0.201) 1.257(0.217)  0.366(0.135)
UV® (control=0) 5.712(0.419) -2.461(0.454)  9.003(0.283)
NO,’ (control=0) 2.093(0419) -10.477(0454) 9.322(0.283)

UV&NOS(control=0) 4.822(0.419)  -3.157(0.454)  9.588(0.283)"

Time” (hr) 0.474(0.108)  -0.464(0.117) -0.207(0.073)

R? 0.5454 0.7537 0.8868

P-value 0.0001 0.0001 0.0001

a B (SE)

b (styrene) (benzene, styrene, benzaldehyde)
log

c dummy variadle

d time

*P<0.01

78



UV-A uv-B uv-C

400 315nm 315 280nm 280 230nm
uv uv
98.9 % 1.1%

UVA

9







1mL

v

0.18 gNaCl

v

500 p L 6.0 N HCI

v

5mL

v

3000 rpm
15

1mL

v

1mL
MeOH/DDW (1 1)

v

045 py m
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