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Abstract

A solid-phase microextraction (SPME) device was used as a sampler for airborne
and urinary propylene glycol ethers (PGES), including propylene glycol monomethyl
ether (PGME), propylene glycol monomethyl ether acetate (PGMEA), and dipropylene
glycol monomethyl ether (DPGME). The experimental sampling constants at 30°C and
latm were (6.93+0.12)x10 (4.72+0.03)x18, and (3.29+ 0.20%10* cm® min™ for
PGME, PGMEA and DPGME, which were 46, 38 and 29 times to theoretical values.
The adsorption of chemicals on the stainless steel needle of the SPME fiber, both the
hydrophilic and lipophilic properties and the surface action of adsorb@dad the
biopolar crosslinked SPME fiber, were suspected to be the reasons why significant
differences between theoretical and experimental sampling rates. The correlations
between the results for PGME from both SPME device and OSHA organic method 99
were found to be linear (r=0.9984) and consistent (slope=0.93} Face velocity
(0-0.18 m/s) was also proven to have no effects on the sampler. However, the effects of
temperature and humidity have been observed. Therefore, the adjustments of
experimental sampling constants at different environmental conditions will be a must.

Centrifugal, filteration and salt out the samples had no significant interference of
the sampling results of the urinary samples, but had been effected by stirring. The
SPME fiber-urine solution distribution coefficiengX were 2.0994.043 and 8.080+
0.291 for PGME and PGMEA, respectively. The relative error of the unknown samples
could control within $%.

A tape stripping of the stratum corneum wa@esveloped for the measuring of
dermal exposure to PGEs. Including 12 human volunteers were exposed to an a
priori determined amount of PGEs at different sites on both hands and arms. It

was found that the first tape stripping will removed 54.69% (CV=3.29%) and
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69.25%(CV=1.95%) for PGME and PGMEA, respectively. The results showed
that tape stripping 10min will reach the steady state, the lag time of the back of
hand was 0.32min, the flux at steady state was #X0¥ mgcrithr! and the
permeation coefficient Kp was 0.3940 cm/hr.The 1st strip , the 2nd strip and the

3rd strip samples versus to total recovery were 89.16: 9.34: 1.50 and 90.24: 8.56:
1.19 for PGME and PGMEA ,respectively. Besides, human BMI and skin
oiliness were found to have no correlations with the removal of PGEs from the
first tape stripping. However, significant differences were observed between
females and males dermal sampling, probably due to the differences in surface
temperature and roughness of the skin. The results indicate that this tape
stripping technique influenced by environmental condition and individuals. Tape
stripping was a appropriate technique to to quantify the dermal exposure results

to PGEs.

Keyword : Propylene glycol monomethyl ether, solid-phase mestoaction, tape

stripping, dermal exposure, method evaluation
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R i s 2N ]

AR TF o RAEEERY 8RR e BRI R 2 A

>t 2t i A CAS No.
Ethylene glycol monomethyl etherl-Methoxy-2-ethanol;2-Methoxyethanol EGME 109-86-4
Ethylene glycol methyl ether
Ethylene glycol monomethyl etherl-Methoxy-2-ethanol acetate; EGMEA 110-49-6
acetate 2-Methoxyethyl acetate;
Ethylene glycol methyl ethe acetate
Ethylene glycol monoethyl ether  1-Ethoxy-2-ethanol;2-ethoxyethanol EGEE 110-80-5
Ethylene glycol ethyl ether
Ethylene glycol monoethyl ether 1-Ethoxy-2-ethanol acetate; EGEEA 111-15-9
acetate 2-Ethoxyethyl acetate;
Ethylene glycol ethyl ether acetate
Ethylene glycol monobutyl ether  1-Buthoxy-2-ethanol;2-buthoxyethanol EGBE 111-76-2
Ethylene glycol monobutyl ether 1-Buthoxy-2-ethanol acetate; EGBEA 112-07-2
acetate 2-Buthoxyethyl acetate
Propylene glycol monomethyl ethdrMethoxy-2-propanol; a-PGME 107-98-2
Propylene glycol methyl ether;
Methoxypropanol
2-Methoxy-1-propanol B-PGME 1589-47-5
Propylene glycol monomethyl ethdrMethoxy-2-propyl acetate; a-PGMEA 108-65-6
acetate Propylene glycol methyl ether acetate;
Methoxypropyl acetate
2-Methoxy-1-propyl acetate B-PGMEA 70657-70-4
Propylene glycol monobutyl ether  1-Butoxy-2-propanol; PGBE 1589-49-7
Diethylene glycol monomethyl  Diethylene glycol methyl ether DEGME 111-77-3
ether
Diethylene glycol monoethyl etheDiethylene glycol ethyl ether; DEGEE 111-90-0
2-(2-Methoxyethoxy)ethanol
Dipropylene glycol monomethyl 1-(2-Methoxy-1-methylethoxy)-2 DPGME 88917-22-0
ether -propanol;
Dipropylene glycol methyl ether
Diethylene glycol monobutyl ethemDiethylene glycol butyl ether DEGBE 112-34-5
Diethylene glycol monobutyl etheDiethylene glycol butyl ether acetate DEGBEA 124-17-4

acetate




Ethylene glycol phenyl ether EGPhE 122-99-6
Triethylene glycol n-butyl ether TEGBE 143-22-6
Tripropylene glycol methyl ether TPGME 25498-49-1

L0 A4 4f) de Ketttenis, 2003 ¥ & ¢ ¥ 1 X 2 FA AT P TEX 2 TR EFER

# 12 MRS &L B AR
st AR B Rl v & 42 LA

Wik~ AkE @ % FF - EGBE(A), DEGBE(A), DEGEE, PGME(A),

A% H| DPGME

% EGBE, DEGBE, PGME(A), PGBE, DPGME,
DEGME

Oy - DEGBE, EGPhE, TPGME, DPGME

& A/ g EGEE, DEGEE, PGME

0 DEGBE, TEGBE

Booig 5 EGBE, EGEE, DEGBE, EGME

H S 2 DEGME

£ # Highers¢ + £ #~ %)

3T~ £ %f) de Ketttenisy # £ 12 (de Ketttenis, 2005)

dOLEE SRR CMRERE R - BRUE(E KRR 8 )i A
RBRE FIgReT s 2 AAT B RF T F TGS RFIEr £
Fpt e R BT E koG BRI F RS 4o f o EESE(P A IR RS 8
PORB-tie - BEAAHZEF o R o d MEEGECEFHAMAFZE MR
o0 b P BN TR R BERE FRAEL R ¢ KT G

D F R R AR E RS EF ISR - B AR A
¥ Z G MEMEAM S ST R LR BT (P AREPELIEE R A ER
K)o fBh gd ek LS fon SR R (R, 1999) P BN S b
FHAMETR 2 O BEEAHG EFAEREY 22 EET R L MR E
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o B K4 01993 k£ F 0 1994) Hep+ F umEMSEAHEFRENRS P
SRR RIABE TR DR Y R D[ - T RE
R £ A CE L 4 R e R R 1S C L o B
Weodet - BERA R 2 B-f S RO & 3 fa R 4 (0 T AEB-PGES % 4 ¥ (P
H% 7 & PGME- 4 ¢ 3 3 4 0.2-2%2 B-PGME > @ B-PGME #: 4 &8 ¢ 2} & &
% & 2. 2-Methoxypropionic Acidit 312 ) (Dentan, et al., 2000) 7]t » & * {&
AERFREELFLATRE cFETRPHRY A OBREGEF LT REL
FBEFEHAAEFARLES > a BRFRFA T F R 2P EREREA T 2

BORl R ] Tt A R (DR AR P BRE A
PV RELRBEHLNE 0 (2)F 2 PGEST § TR iRt &2 A HREHE

AR HRTEY RS MR PR GRR TR IR BTR



-8 FEy P
AH 2 A8 P AT
LAFRPNG - BRI £ E8F71 [ NENWTRLBELESEFH -
2. FHREY USPMERITEEZ 2§ 2 JRiR Y R BRI R REAT 2
3.*F B % ¥ 11 Tape Strippingstitris = A K p = s it E 2 iR a 472 2 o
A FEF TF B EER AR ARREY IRSIP OB EFEER
A%

B & I RkBETHL o



¥- % v)l?c:}“

Foo8 [ EpOE &P R Y A

PR AIEVEFRREY LA MR EF o MEYR P - BE
R S o RE RS AP LA S BETR A - RE Y AR,
RN EN LR ﬁ&#v" » @ af) 8 PGME ) ik 95-99%: 34| ;¢ PGME ¥ it 1-5%;
SP-omEIRMZ G e AR 27 1-(2-methoxy-1-methylethoxyl)-2-propanol

Kk 87%- p st e ATET AR EH 0 R PRT L T d

St
4o

£3% OH 2=} (CHy) > B H P PR 4B 2R3 1% W31 - PGME 2 n %/
ZF ~KIZF SRz F 25 ks B 5 12383 212280 ~696 0 H Bkt - Ak
ERAA Y FWAMMBAES L EFFREZFEFIHKEGEFL T EH <A E
M o PGME . %k & 5 10ppm> DPGME % 35ppm(j B 3 = ARfsg it & 4 AL &~ 4
Pded 2-195 7)o < JeF R 7 % 2 £ 5 11 PGME 2 PGMEAP- i EGEE (ethylene
glycol monoethyl ether){- EGEEA(ethylene glycol monoethyl ether acetate) i %
¥ % 2 DPGME% PGMEZ?~ & EGBE (ethylene glycol butyl ether) (Johanson, 1990;
NIOSH, 1990) 7 B RIp ~ “hEEpsgc £ 42 * £ 4 FAl4o4 2-2(Johanson,
1990; 5 &, 2006; g if %, 200677 o &yps 1 & 242 Ay At AR 88 & 23
H(HhE £ %,1994) BN P - FRRAEZA G & T R U F(rR R U E R
FEMEF)E ZEFMEGoL L ARHE) > 2 RP B E LGRS BRA L
FompETmgEF A 95 0.9%-9%(VIVy 45 1981-1983% £ MB L kR 4
(Johanson, 1990) £ M3 329,000% % 1 Bk %> PGME® - 27 10§ * %
L5 973 306,000% % 1 Bk B PGMEAY » #¢ 3685 % 5+ 83
184,000% % 1 #- & # > DPGME® » # ¢ 178 A 5~ oy & 1989# 44
3 A& F w2 v & 51FH 4 (Dentan, etal., 2000) & 7+ &7 & *+ § 4211 & 52

3 PGME-> # £ i¢ * § ¥ 480-58004 ; 7 187# i ¥ 5 7 7 PGMEA-» # & i¢ *



2021 K H P BT S AR

“EF LA FomE A f oo O SN S A
BT g
w2 L Propylene glycol Propylene glycol Dipropylene glycol
Monomethyl ether monomethylether Monomethyl ether
acetate
i A PGME PGMEA DPGME
(£ a,p form) (£ a,p form) (&= AR Hd)
R 90.1 132.1 148.2
gk 119.6C 145.8C 189.6C
% B -96°C <-67°C -80°C
w=F R 11.8mmHg@25C 3.7mmHg 0.38mmHg@26C
A ERF 0.7 0.34 0.02
(n-butylacetate=1)
EFBRE 3.11 4.55 5.14
g 0.917 0.97 0.948
kYA ER R'FT A 19% (wiw) EAE S
AR R 10ppm 35ppm
FEER ACGIH 100ppm, ACGIH 100ppmég ),
STEL 150ppm STEL 150ppm
OSHA  100ppm
% % ¢ 100ppm, MAK 50ppm MAK 100ppm
STEL 125ppm
MAK 100ppm
3 ol 1ppm= 3.68 mg/th 1ppm= 5.40 mg/th 1ppm= 6.06 mg/fh
F LDgg(oral, rat)6.6g/Kg LDsg(oral, mice) LDs(oral, rat) 5.359/Kg
LCsq(inhal, rat)15000ppm/4H 11.7ml/Kg LDsgq(oral, dog) 7.13g/Kg
LDsgg(intraverous, rat)  LDgo(dermal, rabbits)
5.3ml/Kg 9.5¢g/Kg
O AN 1.17mg/crahr
AT kiz ¥ 12280
¥ % F 696
wlzF 12383




%22 Bp ~hA R EPZRYENAEE L
) E > g * g GEIY -3 S

¥ ® 1981-1983 PGME £ % % 33 ¥ 4

PGMEA % % 9 30 § 4

DPGME %k # 4 18.4% +
L 1989 PGME 480-5800+f / &
B-PGME 9-150% / &
PGMEA 280-4500w /
DPGME 240-25004/ &
i+ H 1970 PGME 5008/
2005 PGME 195006k / &
= 1 2006 PGME 25000-30008/ =
2008 PGME 60008/ =
¢ R 2004 PGME 25000F/ =
=3 (& 5 5.65F =/ &)
2010 PGME 710087/ =

i & % %p)(1)Johansson, 1990 (g)4 =, 2006 (3)5 &, 2006 &2

£ £ 280-4500+¢ ; 7 1234 i* 5 5 7 3 DPGME- # & i¢ * § ¥ 240-2500+¢ ; +
mrEG A F 57 5 B-PGME 2 B-PGMEA» # ¢ B-PGME 2 £ ¢ * £ 5 5
9-150% - iz 3 Dentan (Dentan, etal., 2000)* 2 F7 3 A & » 2Fh L #rF Fieci *
2. 150,000f& 1 &3¢ » FIHF 233441 &4 55 PGME» 2 3 B A v 91
1-10%(v/v): # = 5 10%-30% PGME# % % £ # 1 3 & 50%% ° P-4 7| pl A &
ARENHE S REFEI Ao Mg e HY 4 87% # BinE R iE
o ORISR ALF R A R ARG R B AR o
Ben-Brik (Ben-Brik, et al., 2004y_# 7 > 2000-2001# *+ = & % ¥ & ¢ * 2. 75844
CEP 5 152487 7 MREET &5 0 HY E KA &5 91 35% P Lk 7
FRpii & 4 4 ik 60%(H ¢ @ * B % 03 PGME- # = 5 EGBE)- 13#; de Ketttenis
2_ 4 4 (de Ketttenis, 2005)= ®*+ 2005+# 3 M p - A 8 2 & * £ 9 5 195,000
MEIE LR ON B Z FEA 20058 5 - EROE T £ 2 A £ 5 58.35 ¢

- AMEA L RAR2 351% B BES LFAER L L0 B B



Fi A ¥2 46% 235 SRIG3 2007 &3 - MR &4 232 REHE 60T
MR M SR C IERAET A4 5 Wi o B R 78 1990# ¥ 2 § i 3] 2008

EG AL o



§ A BRECEFIEAHBIEE TR

fopRE " R e BN g R ES A S E T AR [ pRE T AR
2_ & = (de Ketttenis, 2005; Spencer, 2005)-PGME 2 B-PGME  #fi2 j= (Miller, et
al., 1986)cH 2-1 ~ F1 2-22 F 2-3477 o 5 - (¥ 7 L § aZ BA BE S 0 5
WA Az B 2B fRE T E2 gL 1 (sulfate)fe fx 4 A& (glucuronic acidy
B-PGME % 1°F% > ¢ AL F it =3 12 % H p4(carboxylic acidy a-PGME % 2°f% >
LRAESTH IS EALE AN 2 F P E(CO) A d e e 7 e ]38 2 PGME 4 B
BB 2 o G AR 2F M 4o B-PGMEAp 3t a-PGME § #® 2 & |4 -
L F 5 8 €255 1°f 2 @ alkoxyacetic acid (Miller, et al., 1983; Miller, eal.,
1986; Miller, et al., 1984) 1245 Miller (Miller, et al., 1986) 2 Corley (Corley, 1996)
F A - k73 B PGMEF 7 % 57 0-PGME 7 600ppmps i & L F| & 4. % 4 78 3 |4
% 3000ppmp* & % & & 4 > 7 = fREaE L M & S 2 (low acute toxicity) > # 4 F %
A8 A E 3000ppmk & FF o fefdont B2 X GHERE E R ool g > e p
s ens KAl € 5 ¢ fRAd STk el ﬁfu‘- T OB E AR o PP iE Y A
a-PGME #| £ i ¥] 3000ppm 12 } £ B-PGME it 550ppm 2 + » & DPGME i
300-400ppmp=p g8 7 L » e Mk A EPFR 7 ¢ 2 24 220 o B-PGMEA &F
Bt b irind PR ind s Pk o d F 4 w4 2710 e
550ppmz_ k& T o fv < B A& 550ppmZ% # + A 145ppmpFia i g 4 s o A Wk
# > 250ppma-PGME p# i P - ~ # & 2 vizeiE 115508 2 (Emmen, et al., 2003) %
£ B-PGMEA 1 X #1525 » 2 1& ¥ i B-PGME+ & 1§ #5014 o B-PGME f-B-PGMEA
BV R &P A 5 2-methoxy-propionic acidf = 2-MPA) » # &4 & £ 4~
3-methoxy-propionic acie ¥ 4 £ EF el it R4 » (Seh72 & F o P R &8
2-methoxy-acetic acid{ PGME> PGMEA ¥ & {4 )#g 2 » B-PGME{-B-PGMEA
203 BT A REPAES > FL ¥ 1 E 9k PGME f- PGMEA % » #3

AN 22 BP0 R EHEHF I AESIRELZIEAR G0 &P PGESEF > &
10



(h,—o UH

CH; — CH — CH;
CH; Major isomera- isomer
2° alcohol
CH,—CH, + R-OH
@)
HF Pz fR 4
CH;—0

(H—CH—CH,—OH
Minor isomerf3- isomer
1° alcohol

B 2-1 7 - fepisg it & 42 & = Fl(de Ketttenis, 2005; Spencer, 2005)

ik
CH,-O-CH-CH,-OH

Microsommal O-Demethylase

PGME-Q -Glucuronide Dealkylated through hepatic
microsomal enzymes
(3-4%)
’ PGME-SQ CHS
HO-CH-COH

Proplene Glycol

Co,
! 5

Urine(10-20%) Expired Air(50-60%)

B 2-2a-PGME > 4 48 2_ i 24 1= B]( Miller, et al., 1986)

~ B %) Miller, 1986 g &
11



il
CH,-O-CH-CH,-OH

Alcohol Dehydrogenase and
Aldehyde Dehydr ogenase

PGME-[3-Glucuronid
14COo, (3-4%) CH,

|
CH,-O-CH-COOH

\/Iethoxypropionic Acid

Expired Air(10-20%) Urine(70-80%)

Bl 2-3B-PGME ** 4 & 2_ i 251:4 1= Bl (Miller, et al., 1986)
A~ B %) Miller, 1986 g %
ke g EUBANNE P RRE ERE o

de Ketttenis(de Ketttenis, 2005), 4} &' #B-PCGME 2 H fi 55 5 4 78 & 14

S

SRS R O T kIp R T6/7932 F e ptEp TN LW K2 )RR 2 F B 0.5%:
J€.1990# 4= OSPA (Oxygenated Solvent Products Associatipii) 4+ = '] 2 7
FRE PP IRASE I ERE ST 0 X R R 2 GH A AT
FEEEY FHR*Y EUREF 12 EERE  FHYYP - BREGECESFS
M3 E (Spencer, 2005) % 22 TAL 3 4o d 2-3 977 o 7R d 4P f’.k;g?}l?’cip'r i
SRR A2 At CWESEET AP S M REHE - RS &P
ARET AT EFIMLZ AT F g FARL F2EF R R - A HRR
FIEEERBRIAREZL ST F 0 8 Y Hit s by MRS 2 R
P AT BE . AV OGERAPM L AR E RRN Rtk A RS

v

I E R Y AR R S

12



22-3 %% A WRUET AP TRET {17 TAL R A

Compond  Aente Dmfation Sensization  Reproductve  Dewelopmentdl  RepestedDose  GCemotomtty Caciogenity  Other

o-POME + + + + + + + + Iletahiolsm

o PCMEE 4+ + + - + f + -

BFEOME 4 + - + + + - Iletabolism

REOMESE  + + - + + . -

DPGUE + + + - + + + - Iletabolism
3L ! + = data are availap] — = no data currently available for industrial products;

however, data within the category provide from strong support for product safety.
Reproduced in part from ECETOC.
a: Limited

~ % 3 kR Spencer, @05
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FZ& FCMAUFL SFEEAH 2

P M- @BEGEC P2 BRI ARSI T

AN AN

=

Bt EAP BRI EE A RREKR S HEF B ERP AT
- EFERELERLSIT

P ¥t f PP - RS AP LRI TS Rk 2249757 0 A & U E R
2 4 4 0 40 NIOSH 2 Anasort? 747(140mg/70mg) 4 & 4 B OSHAz ¥
FATRE R ILE R S R AR > © 1 CHClL/MeOH % %73 &1 2 125mgMgSQ
2 Gi kiR SR A YT o AT R BRI GCIFID 5 4 > 3 dip g 5 0.5-
11lpg/ml -

NESRS R R

Pop BRSPS R ZPI RS F Aok 25975 od AR Z ERAEE T
EPEFREASRZEM ARG 2 AR - BERECEFEBTRREE
LAERod A28 2 F 0 G MP - BRGNS AR EP WY
ZhiEor R iR 2 kR A Y methoxypropionic acidk % - ® 5 iR EPjTA 2
0 4 2 Jones(Jones, et al., 1997)7% -i% 5 B~/ ¥ Free PGME* # 7 it ji74 4 >
Laitinen(Laitinen, 1997; Laitinen, et al., 1997 )% -i% % B~ g2 > ;¢ » 12 GC/MS
ikl PGME Jk ® i 3#F 1,2-propanediol® 7 f& i pifs i * & 4+ 2 474 4 >
Devanthéry(Devanthéry, et al., 20@P¥4p 5 B~ jir» 8 * LC1l8:iE g i 5 P~ F 3%
A3 96%@ >z g BT @ A7 B-PGME P2 5 4em { 2 TEAH7) 5 @ 7 M
PGME® ) § #8 2 & j $k &2 #& B > 170204k B PGME R 54 5 4 o AR b > 02 2 5
i 1 P rL GC/IMS A4 47 pF X 5 0.1mg/b 12 GC/FID & 45 p# % % 1mgl/l 2 GC/ECD

45 pE 5 % 0.05mglle

14



# 2-4PGMEZ § te &8t o 47> 2 A 4

BREPNE bt
NIOSH 2554 OSHA 99 IOSH RM 0144
kA5 4 PGME/PGMEA/DPGME PGME/PGMEA PGME
FEEAR Anasorb@ 747 Charcoal tube Charcoal tube
(240mg/70mg) (100mg/50mg) (200mg/50mg)
£y =il 10-200 ml/min 100 ml/min 100 ml/min
HF AR B 3L 3L
B~ 25L 10L 12 L @ 200 ppm
(@20 ml/min) (24.9 L @ 204 ppm)
TR E GC/FID GC/FID GC/FID
B % AR 1 ml CH,Cl,/MeOH 1 ml CHCI/MeOH 1 ml CHCI,/MeOH
(v/v = 85/15), 30min (v/v=95/5) and (v/iv=95/5) and
in ultrasonic bath 125mg MgSQ 125mg MgSQ
ER G ik 1l 1l (15:1 split) 1ul (1:1 split)
A EE Capillary, fused silica 30 m x0.32 mm 30 m x0.53 mm I.D.
30 m x0.32 mm I.D. I.D. fused silica
fused silica fused silica DB-FFAP
Stabilwax-DA Stabilwax-DA
e £ S F 1.5-369ug/sample 1.8- 7.2 mg/sample 0.011- 7.36
mg/sample
SR 0.5ug/sample 0.731g/sample 1jug/ml
*I(LOD)
AR R 0.013 0.0025 0.01
(Sn)
¥ T 100.6% (RSD=1.6) 100.4% 100.2%
:r 1 *NIOSH, 2003
® OSHA, 1993
°10SH, 1996

15



%25 - BRI P2 P RERIE 2 AT

% E i ¥ i R b5 i I 4 LOD =
il ®E
Jones 1997 Frite kBisF g 2hri Free PGMEZ # & it - 5B GC/MS  1umolll M ¥ B%
- % 3 24hr aleaE TMSD i j7 4 (El+)
wE o E PGME Tenax packed GC/MS —
thermal tube
R G PGME &% 4 » EDTA —
15,30,45,60,90,120
/4;\
Laitinen 1997 Fite TR s 1,2-propanediol -k 5B GC/MS —
PFBBrits=4  (El 70eV)
Laitinen 1997 FRite 1R RERL 2-MPA =ik B~ GC/IMS  0.1mg/l # F ¥ A 45
pH 2 &~ 53z (El 70eV) MAA,EAA
B T ,BAA,OA,
2-EPA
Devanthéry 2000 PR ife &g 2-3hr - =% Free PGME* Hip %P> SPE  GC/FID 1mg/l
P -;;‘— Total PGME / TMSD #74
Devanthéry 2002 it & [g 2-3hr¥ - = PGME and HipE = SPE GC/FID 1 mg/l 6 i+
total PGME D ORE cR X
(free and conjugated) HCl & it -k j# PSS
2 TMSD ###
R PGME w4~ EDTA GC/FID 1 mg/l

Fl4p % P~ S PE

16



o PGME B VA 3R Vg GC/FID  <0.1ppm
CH2C|2/M€OH
(95/5)+* & C8
Devanthéry 2004 it & 15 2-3hrx - =< 2-MPA Hipx P~ SPE GC/MS 0.1 mg/l 6 =
HCI p i -k bR A
1 TMSD j#4
Ben-Brik 2004 Frife TP SR 2-MPA pH:# &~ 537 GC/ECD  0.05mg/l + [ pF A 45
PFBBr /72 MAA,EAA
,PAA, BAA
PhAA
Laitinen 2006 iR 1iFts 1) EYc B PGME F-i% 3B GC/FID 0.72ug/l ¥ I A5
- =% DPGME

X TMSD # 1-trimethylsilyl imidazolee PFBBr % 2,4,5,6-pentafluorobenzoylchloride

17



AR RBER

Johanson (Johanson, 1988)\* #e = fRfsF it & 4+ 2 PGMES & Bofc & ek
Gor 2 AE o B PCGME S A S e 2 $EP-F S fEpug L £ ¢ Wt ZigE @
B o d PP RO AP R SR T B PRt AR e A K kB
FRERTEL  Pw G MP - EBESE @#’ﬂﬁ»?%‘sﬁ%éﬁ%i@lf’%fﬁéiﬁ% 5o
P50 PGME AT R4 A S o ded 2-6957 0 B A G MP Z MRS &4 2
AREBTERLRFAAARRE S AR E Y1 TERFEB TR =
fao HWp 2 F@4eT
IO R B

Dugard#-4 (S48 2 it & $ (EGME, PGMEJf > £ #7137 4 & 4 /f 8 /|
BT fRE TR B g R BT e AT g B4 A 2t glass diffusion
cell it {77% #% B|E ¥ 41 * Radiochemical assay SL30 scintillation spectrometen]
A s d H A%k ekt EGME & 4 % ic s & 2.82mg/crhr » PGME 5 4
B Lo 1.17mglemhr s E e A 3 B A TS 6 # E kIR S A B
FE I o

Filon (Filon, et al., 1999) A & % 3% & J§ i& (7 48 ¢t Pl3#3™ 5 > 3%F7 1 # Franz
method:#-0.2ml 2 ;2 & % >~ & £ + > = [ 30 » 48P~ 2ml dermal bath solutiokt:
FAtT BB 1 4B X BABPRIEA K & o - APIE &4 ¢ 45 I EGME,
PGME, PGMEA, PGBE, EGDME, EGDEE, DEGDME% ip]:# PGME lag time¥) 3
3343 min - Flux at steady statg 0.472mg/crfhr ,>: acetone? 4% & i£ i = Flux at
steady stated % 0.605mg/crfhr i = +* EGDME 2 EGME ; PGMEA lag times
30+3min -~ Flux at steady statg 0.059mg/crfhr ,** acetone? #|;2 & i% i+ T Flux at
steady state: 0.067mg/crihr o 74 Pl EAE i & 2 lag time3s-] ++ 1hrs % 57
C & it G A T s A w5k L @ )Y acetones ;‘ ¥4 (carrier)g i 384 it £

J %S e
18



226 p o mEECEFAR ERBITR 2N 4

f’rv‘g £ ix T 7 H % N E S AT R R
Dugard 1984 B ohp) R A2 prpcis £ 4 (EGME, PGMEYE »t & & A F 8hro 107 2 o % 4 3 4587 4L F 38 (5 2% GCIFID
AREIEIR A AL Yo s 0 B4 4 ¥ >t glass diffusion cellg 7 7% 1% Bl 7 4] * Radiochemical assay SL30
(A+E 1) scintillation spectromete® | % A 4= |+ % it
Filon 1999 R ok p R Franz method #= 3 &_ P 3x3cmAth 2 Ak 0 %>t 81 cell 22 Franz diffusion assembly  GC/FID
AL RA KRB RBEY 0 2EF 6ABRREA KRS - - AR &4 ¢ 5 EGME, PGME,
PGMEA, PGBE, EGDME, EGDEE, DEGDME
Wilkinson 2002 HokiplzR ML 2 B L& 4 & g Scott-Dick diffusion cellt - & #- 5418 & X R 2 3 &zl GC/FID
ARERINA R HAK 24 0P NEBH RS - pl# £ 4 5 EGBE, EGEEX PGME-
Jones 1997 *MpHEBFAT HRIBFATHEE N EZ "% £ A 100ppm PGME 8 hr(with 30min break)ts & % & {6 24| ¥ GC/MS
2o (R B ) AR eI F 2 R A & RS R R (El+)
Brooke 1998 M H Ak BT HRFFIHREN IO R B Aulieim g MF EF N E2 A K kB RGE 2 ARF = Miran IR
B2 > & FplEo L 1TLV )k & 2 PGME, MEK, Xylene, Toluene, THE % & # ~ #7# & (% GC/FID
REs #) s F v dUF 2 AL & R bk R GC/MS
Devanthéry 2002 * #p ik @Ay #6 Fib B 7 LRI F 1 R B F B >Ta-PGMERA 5 15,50, 95ppm #j == 2 @+ GC/FID
FRETLABRRREEZRE 6 FLrReRIE L I F A2 Y 2 free PGMEZ total
PGME
Laitinen 1997 BER B #4123 ¢ & %% PGME, PGEE* H fig s 2 silkscreen printerss — 3 1 %15 2 fiig & {7 i@ GC/ECD
(23 twer i) 1,2-propanediok 7 > R EBELZ GPE 1423V W PIRR 27 GC/MS
A) (E1 70eV)
Laitinen 1997 BE KRB &4 54 ¢ & & PGMEA, PGEEAZ X fip#g 2 silkscreen printerg|2 3 5 ¢ R 2 k&2 % GC/FID

19



(54 zswErfpll ¥ 1-iFa T’E‘@Lﬁf\,,’}@ﬁﬁ;c’ 2-MPA, 2-EPAE & ~ 17

GC/MS
) (EI70eV)
Devanthéry 2000 BE kB 3 LA EIMGFHEDEFT F o BT IFRE i\i FlemApfeapdl 1 ivd  GC/FID

(B e BEIRGFE BES12 AR&2FOAT RERUAMEM  MATF P RUF LR B HY - 2 8

M EFIEFL) 2 KRk k? Free PGMEX Total PGMEK & 4 15 -
Anundi 2000 BE kR Ld BEHFLFLER A RS

HE R RS TG ﬁ@m¥1%%§a’wg; GCINPD
(38 258t B T4 F

PRA 2R BE Y IR & FRGEE NP A 17 o & %% A ¢ 35 NMP, DPGME, PGME  GC/MS
8 b 7 %% 1) DEGEE, Toluene, Xylené % &% 4| -
Ben-Brk 2004 HERZEAE 2B R FHoHE L1090 A 54 HMER BT B AL K0T HFI 288 F% - GC/ECD
(T % 1098 Ll ~ FAZAMEFE ~RIANRI L (79— FPF A5 RBERY 2 8P kBRI,
Z éuﬁ?\.ﬂ%% #% 1) ¥ ¢ 4 PGME, EGBE, EGEE, DEGEE, DEGBE, DEGDME, PGEE

20



Wilkinson (Wilkinson & Williams, 2002/ * §85%3 2% & & & (7 %8 ¢h plid » F 5% &
HAGRAF B4 & 4 4§ Scott-Dick diffusion cellr > & - ffE & K SR 2
BRBEIRIRA R 24 pFo R H 2% PRt £ 4 5 EGBE, EGEEX PGME;
Mo S EERER B4 Flux > PIEA K 2 5 & 3 4 § "% i< Steady
state Flux: & 542 HAp T SOR AR 2 B A A K R F RE HE 52 2 e o
@ =4t 5 PGME Flux at steady staté 486 nmol/cnfhr > Steady state time:
0.6840.09hr > Absorptionf] = 0.154).02 umol »

d P RE T MG A ERRS L BREM P2 A cF 2 g
Flux at steady stater” 7 %> 7 ik i fF R R S0Pl 2T A g jc2
o
2. A KB P RERIEE BTG

Jones (Jones, et al., 199%- 6 ¢ p = FlH B3 % &% & &> 100ppm
PGME 8 | pFo {7 R Bt 24 | prow (o AF o %5) SRR e F 2 R A4 B R
PRER S8 MEGRL2ZAY PGME R4 k& & 110umol/l- = 1) ¥ 48 ¢ PGME
R4k Bk 2. 252nmolll> P Free PGMEZ L %8| % 2.6 /] p% > & ¢ Free
PGME 2z L % # [ %> 1.8/ pF» Hiifc PGME 4 4 iplz R AL 5 &
2 pE o

Brooke (Brook, et al., 199848 % p fE & GBI 7 % 5 1007 & & v
AWEFTFRY EF ISP EEZ AR EBRE 2 AMI IS pHE 2 > Y
% & R3E - 1 1TLV jE B 2. PGME-~ MEK - Xylene~ Toluene~ THF % & &4+ > »
PHE (R ) - F 2L RPN HFRR PSR RERRE
PGME g & wfict 2 &2 F T 355 8% d o 31 1 548 5 PGME g AL i fct 2
P2 FRETIDL 0.6% @ d Rtk Ed s POGME A Sfeit 22 TRt
A.20(5 s i & F AT R HiL 5 PGME g sk et 2 2 TR B 0%
AR GRS L L I R TP LR ﬁﬁ‘ﬁ‘ziﬂ%ﬂj(“{f THF ¢ 5 & >F>e ) £)) - PGME

21



2 MEK Z_ﬁ\—i "fii’ LR L REE 26> PGME X5 A sjcis 2 T a4
PLEXEH i 27 L PGME A K %% a8 3 12.9cm/hr dermal/inhalation
rate~20% ;T 4p PGME S & sz > & f 72 ?‘1;% £ % 5-10% Koziel(Koziel, et
a., 2000) Johanson (Johanson & Boman, 1990 orley (Corley, 19969 fi% i sg 5
RRzii o] RRAAEFEAS TP RRTE -

Devanthéry(Devanthéry, et al., 20028 % % 7 % #-6 it B § (£ H B
k3% kB> a-PGME k& 5 1550 ~95ppm> t} eEex B 2 @ e e i i
ERET A ERGEE 6 R B ERIE L A F RA PR Y 2 free PGME
% total PGME; % % # 3L 15ppm-~ 50ppm- 95ppm a-PGME % & » H /¢ @ total
PGME % free PGMEshE 5k kR 2 H4vm 34 > @ W5 A K a-PGME % %
HARP B E R 321438 LOD (0.5-1mg/l); & @ 2 et diF 489 2 PGME 2k & 5§
FRERZH wq 4 7 TG LK o-PGME k & % 2§ ¥ PGMEE R =24
- LOD(0.1ppm)e 3%#7 § 42 /i ¥ PGME 2 & % # 5 4 3.5hr~ = J1 § ¢ PGME
2 2§94 5 10min ~PGME 7 g 4 mfe st 2 & 2 TR & 4%-8%:

gk v AMPRRREERTR S 50 2 PGMEZE § S A S tit 2
b&ﬁiﬁ%ﬁ&w’ﬁiﬁﬂﬁﬁw@%@&ariwﬁ’iﬁﬁiﬁﬂ%a

2w ® o~ B 2w g Y PGME A R R A4 & B Rt 2 (L R o i%},?

pii s PGMEZ 4 if ]2 B i 3R pF R B o
3F 1 TERFEE B =R

Laitinen(Laitinen, et al., 1997) 23 ¢ & fi| 2. ¥ 1 & (7 33 PGME, PGEE
EHAREBER BTG c AL HEF 1 - 1 FE 2 ki 1,2-propanediol
Ao HBRERES MALEREZ 27T 23V WIRE c RBEE 8 252
* PGMEZ % & k& 5 4.92ppmPGEEA = 0.49 ppm PGMEA % 0.66 ppm PGEE
= 0.3 ppm; % #% 2/ ¢ 1,2-propanediol™ 32k & ¥ 5 2.52mmol/mol creatinine
PR e sk ¢ 1,2-propanedioft 32k & R %) & 1.18mmol/mol creatinine P 2.2 % #
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Fagkp R FES) PGME 7 § % » kR & ¢ 1,2-propanediolk & M
2 it Ap b idic s 0.67: % 12 PGME 8/ ¥ % 3% & % )k & 20 ppmii i /. # PGME
384 2. 1,2-propanediolk & #-4 10 mmol/mol creatinine

Laitinen(Laitinen, 1997)¢- %+ 54 ¢ % & >+ PGMEA, PGEEA* H fiz #F 2. 4 & Ji]
AARIEZFY RGP EREHFSF I - F1 T2 REF R 2-MPA, 2-EPA
kR A1 27 B-PGMEA ¥ 7 2%~PGME 7 § & » )RR & /k @ 2-MPA k& M &
2 SfHp M il 078 H8 [ p s § 2 ¢ PGMEAZ k ik & 5 546 ppm:
? 2-MPA k& 5 1.27mmol/mol creatinine (n=26)8 -] F¥ 3 # 2 * PGEEAZ % %
R % 0.64 ppm sk ¥ 2-EPAjE A& % 1.23mmol/mol creatinine(n=39) 1» PGME 8
| PEF R k& 20 ppmii iz Ak ¢ PGME i 384 2. 2-MPA k& #-% 3 mmol/ mol
creatinine»

Devanthery(Devanthery, et al., 20008 &+ &3 fujrieid & F 7 4% 1 &
THBERB 1571 FREPLEIZRBAREEARER N1 TP
PHFI2Z A FE 2P B2ATRERLEAHEN  PIEZF? AP 2L 5BEHY
1 - TS L SRR P * Free PGME* Total PGMEk & 4~ 7 & § %k %
% Ji &t conjugated PGMES ik 40-60%; 5.5 | Bk &5 vk BIER PH T 1
Fi? Free PGMEE & 2 &tk 4p M Tlics 042348 & % 1 % % % ** 100ppm PGME 8
R PIE P 2 R R R Vo v aE 16ug/iml -

Anundi(Anundi, et al., 2000) 38 £ FH & & TS G E Y2 F 1 0 2 10

AR BLIHBEEERERBITG P EAI BEFELFET AN ED
B EERRYARIREAFEAMELLWERD > nEMEF P RYP 2

FRRBEFEFF LRGBS REFRHF LT o F 12000 F 5 5EET
B AN B E R o LB RR T R L F R LR RS
g RECRF I & BIA A ¢ 35 MP~ DPGME~ PGME-~ DEGEE- Toluene Xylene
5 fEnAeE P B A * oh i AGSS5/FIR/OFF 53054 b 7 NMP~DPGME
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PGME- 3 T4 8 +b1 (75 12 kBB LA b1 (78 12 kB o7 a 5 ¥
TAHED L RPE LT o NTHY 1F¥ 1 PGME 253 £ E LA L 216mg/nt
STEL % 278mg/nf > <A it £ 42 R BIOM A H 3k BB > 7 A 300 i g
R 2 P RO RARRIE DA A F 2 B R B R M STELE - X
Hu g Pz A THR 2 FE o
Ben-Brik(Ben-Brik, et al., 2004} = %% 109 A&7 2B 74 1 (v &
=

A HHR1094 ¢ 54X RERF AP T FEF AT FD 2 mig

)|

FRNRELSFTAZEAAZFE RENBRIITE- X3 E PR R 2
RS kBB TS F ¢ 3 PGME~ EGBE - EGEE~ PGEE- DEGEE~ DEGBE -
DEGDME - # ¢ 2-MPA kK& 0.29- 4.52mmol/L mol creatining & 2-MPA 4¢ 8
5mmol/L mol creatinine # # 2-MPA & - =% ] £k 3a7 PR o B 3tH &

FOX SRR S A S R PR T ARG G RB £ ER

Voo FA1EERF AT F L0 2 PGME B ?‘r-%;gi F‘,:%—
REFEENARBHL IR A RHRIAE S T'fbiﬁ%”'lﬂ’.iﬁ’i?&ﬁfi’g Ui A

«Jf"'ﬁ«?’T%ﬁﬂ FRrRRERY M RERZM G kLR 8 B ITLV 3

*37«}

/

PR
$12 kBHY

d AR E R A2 BRABEARBREZ A P(eBER 2 FRIELE) B

FERBIRART Y SE 2 RIE o 2Ot A ki BEIZRE G R &R

33

»

LT RN A R L FEE T (P A AR 1T FRE S PR RE)

ik

AFEARRZ I FRE2ZARETE  AAAR A PR SAR O T2
BAETF L o F - 35 o PGME @ @ ® £ § Peid g L X ok 2 RSk

-

Ao RA S 1 PGMEZ & B30 IEp 1 ivw H 4 PGME & 34 + 3

[«

BAF
BT R RA FRF ST d A EB A T 0 ER
AR BT 2 R PGME 347 ¢ £ § RGP F 5 o v if PGME 4p B
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AERBS|FL > 23 # IR PGME el Fjep s MEF P A2 £ 17 7

-

£k o gl tb s IR T 3 7 kT (Ben-Brik, et al., 2004; = 4%, 1999)4 - 47 & 7
A FABRA B AN - R ERE T AR SRR £ R R

P2 kG e
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¥ r & B BEE
1990 # d 4c £ < Pawliszyn 2 #73 B 2. BApACE Bopojie » 17 # 75 ¢ R

WHB L F YA 2 Bl Z(de Fatima Alpendurada, 2000; Martos, et al., 1999;

Namignik, et al., 2000y ™ 5 /3 242 P2 5 6| HE i e ¢ h- E#Fp2 3
per 4 i (fused silica fiberk s il » ket 2 5 ¢ 2 5 A4S EFP T i &

20 L% SPME S a8 » 40k 47 k¥ 2 AR A 45 o g 3 2 2 ik gk (Prosen &
Zupancic-Kralj, 1999;3 ¥~ , 2001; ¥ jL #, 2000; F#eft > #F 7, 1999F 45 - (1)
R & Ptk RS AT E BT - PSR S AT s RE T R 1 1E

Bé':F'&T#trsl T ;:-f ’ (2)77.»&7» .:r?_g (EN Pﬁkz‘/ %A '/ﬁ‘ri//\”?‘]‘ﬁ'&ﬁ%%\;iﬁ

i

Zo B EEBHEY S Q)SPMEH S E(E FFEFH) R 2T T EAFR
s FAR G ﬂgﬁsftorﬂjpjﬁfi?&ﬁgﬁ?w%?g’xééﬁﬁ’gg#%#g&év‘g;k?
B RIRELS % (de Fatima , 200Q) & * % ik 40% > 4o @ 325 A H ~ 3

WL WP~ 2§ Ak 2ET - a7k 5 (Page & Lacroix, 1993)
Gk 20%: e F P fES P AL RS o A ER AR 2 & (Snow,
2000) B|7 1% SPMEf R|s e &8 FR e & X280 & 5 #F ok 2o p 5 SPME
*?E%‘i}%-‘%"_l FERBRFHFHEAIT0E Y 2 5 0 ER S (k27 SPMEE * Bhg
FLEERERFFEELIT > 2HFHAREL) P A TR T AT HRTY &7
PN #;Sﬁﬁ k % (Prosen & Zupancic-Kralj, 1999 4% , 2001; J##cit. » #3
%, 1999) Apfit i do N4k 0 SPME ek wif st f N B 1 £674 & B
PR - FIXRAN IR TR FHRFF BT A RBERE C EHER -

PE AR CBIRELER CBFRALEE > N ITERB R L

SPME # - fii &2 55 A h Fengific 2 A A g boBl= o 1



% 2-TSPMEE* "B P22 A B EFF HH R E L

L Bty B BRRER SPME 3R % 2R ik R # ) LOD #iten H
(min) AFHT S L
Koziel Apartment 10-420min 65um GC/FID HCHO 11-90ppb 1ppb N/A NIOSH
/Plant (TWA) PDMS/DVB, TVOCs 0.5-28mg/m NJ/A 2451
100um (Ce-Cr2)
PDMS+PFBHA
In Lab 30-840 min  100um PDMS GC/FID  Acetone  1.76mg/mi  N/A T=27-33C
n-Alkanes  0.01-12.86 N/A RH=N/A
(Cs-C1o) mg/n?’
Chloroform N/A
BTEX 0.60-1.37 N/A
mg/nt
0.12-22.27
mg/nt
In Lab 5-60sec 65um GC/FID BTEX 120-700ppb  N/A T=22-40C
PDMS/DVB, RH=0-75%
75um wind velocity
CAR/PDMS =0.2-83cm/s
Martos Workplace 420 min 65um GC/FID HCHO 57-152ppb  12.5ppb T=23C HCHO/
PDMS/DVB RH=25% PFBHA&
NIOSH
1550
Polymer  75min 100um PDMS  GC/FID n-Alkanes 0.70-878ppb N/A N/A
Lab 10min (Cs/Ce/C12)
/Mail room (TLV-TWA) 65um HCHO 8.3ppb
PDMS/DVB
Khaled House/  120-210min  65um GC/FID n-Alkanes  ND-0.781g/l N/A N/A NIOSH
Garage  (TLV-TWA)  PDMS/DVB (Cr/C1) 1550
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Tsai, et al.

Tsai, et al.

/Classroom/

Attrition

Area

In Lab 10-90min
(TLV-TWA)

In Lab 10-120min
In bag
10-90 min
In chamber
(2/2- 2
TLV-TWA)

In Lab 10-90 min

Yong Chen Factory/Lab15-480 min

MR &

(TWA)

In Lab 5-30 min

65um GC/FID
PDMS/DVB

+PFBHA

CAR/PDMS GCIMS
+HBr

PDMS/DVB+ GC/MS
PFBHA

65um
PDMS/DVB,
10um PDMS,
75um
CAR/PDMS

85um
CAR/PDMS,
85um
polyacrylate

GCI/FID

GC/ECD

n-Valeraldehyl409mg/ni

de

Ethylene
Oxide

Furfural

n-Aalkanes
(Cs-Ci1)
Toluene

CHCI,

27ng/
sample
0.89-14.38 0.31ng/
mg/nt sample
05/1,4,8,1
times
TLV-TWA
N/A N/A
25-100ppm  N/A

T=23C
RH=23%
wind velocity
=0.17m/s
wind velocity
= 0-0.25m/s
RH=80%

no effect

face velocity OSHA 72
0-0.25 m/s
RH 10-80%
Temperature
4,25,35C .
Z=0.3-3.5cm NIOSH
T=5-35C 1501
RH=0-75%
Interference
Os
wind velocity
=0-67.8m/s
T=15-30C
RH=0-80%
Z=3-15mm
Interference :
Toluene




5 MF In Lab 2-25 min 30um PDMS

brae B In Lab 10-120 min CAR/PDMS

¥

Menezes, efParks, 15min in DVB/CAR/
al Avenues, breathing zone PDMS
Lab. and exhaled air
Fuel Resale
Stations

Marquardt, Dental 15min short CAR/DVB
et al. Practice  term TWA

Schipfer In Lab 15-120 min PDMS/CAR

GC/MS

GC/MS

GC/MS

GC/MS

GC/FID

TMB 26-53ppm 0.128ng T=25C
RH=66%
Ethylene 0.5-10ppm  1.68ng T=4-35C OSHA
Oxide Wind velocity 3M-3551
20-50pfm
Benzene 3.41-39.81 LOD 0.24 -
ug/m’ ug/m’
LOQ 0.8
ug/m’
in Gasoline
Stations
4 maximum _ _
Methacrylatesoncentration
‘MMA, 0.4 mg/ni for
HEMA, MMA,
EGDMA,TE 45 pg/m’ for
G-DMA HEMA,
13 pg/m?® for
EGDMA,
45 g/’ for
TEG-DMA
BTEX 100 to 35,0B@nzene  RH=0 or 80%NIOSH
uglm® 0.05t01 (no influence)1501
ug/m® Air flow
0.3-3.0 m/s
>50cm/s no
effect
SPME fibers
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Pacenti, et Endoscope 2-20 min

al. Units in a
Hospital
Pacenti, et Hospital 15sec -8hr
al. TWA
Shonetta 15min-8hr
TWA
Smith, et alIn Lab 15-minute
sample
(TLV-TWA)

654um
PDMS/DVB+
PFBHA
PDMS+MTS
(MEX/SPME)

CAR/PDMS

GC/FID
GC/ECD

GC/MS

GC

GC/NPD

Glutar-aldehyTLV-Ceiling

de

Peracetic
Acid
JP-8,
including
BTEX, PAHs
and VOCs
hydrocarbons
HCN

0.07-3.0
mg/m®

1-50 ppm

LOQ
0.035mg/n
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SPME & {7 5 R 7 Mgl eh i i b > JU% g bt B & T e v B 3l eh
BoHURBEA A H SRR M EERTRBER AR E TR Ut
BRI ST T AT R e o SPME 7 g N $500 8 R EAR S
FEEEORBEFT IFRRATEASY  AREREHERS O BT L ERE
Fagfapr g T30k kP -

Riliarsl

Biriised e Bisijigd
Sl & wlol
e T L,
- T | Flunger Fataiing
i ]
Manguer Rata ing__J. Tk '
Btiw
' ﬂlﬂlﬂ‘jq— (LT ".Himiu
- Winio
_ i | e Color codid Surew Hih
M- g 4 P]_/ -~ \
Windaw i
. 1| Sealing Suplum | Hutniiiing Wi

Aufjustatile Deplh G avge

Fistrils ™

Tamisnlng Sarng
i

I Bapiizin Pigrcing ¢
. X Sealing Saplum HH’JE
G LT
i m"r!ﬂ'-" . "“,_f_r’ : !3 . Nendln Qi Flbonl-unrhn--:m
Fiboat Asvagbmand — i —— :
Mol —— Coated SPME kst Arrochegat - 21
-~

Fubes Sila Fider —_ ?""‘"“"" Fusisd Sitica Fitsa:

®2-4 7 & SPMEZ 3¢ Bl
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- N2 F & SPME Ak f S 5

SPMERL # 5% 45 R $L e 2 A1 A + e BB P4 2 ks B~ a Bkt
EefpicRITRE* § 1 % - L E(Fick’s First Law) 238 (1)> T2 § &£ #§ DER T

dFEP i e
dm/dt=(DA/Z)(Car-Csorver) .o .. ...(1)
# ¢ dm/dt: 4 & @ iLiE 5 (weight/time)
dm: % § & % # # & £ (weight)
dt © & R pF 7 (time)
DA/Z : ## B2 # & (cmftime) D& % 4 & % # #H4z 1% #i(cn/sec)
A FHEEZEC G fen) Z: 3 E2 Bk (cm)
Car: Z § & # § ik & (weight/cn)
Cooent* 8 4 H % 6 2 20 § & # # 2k B (weight/cm)

#* A% - % E(Fick’s First Lawys § = 78 4% 50 BRK

F_*

LB 5 F A KF 2 BRI ER ¢ H9E A Cu= Coor
2*7!;3: /T ’Fﬁ‘%\ i Lz;‘?/%}i ]f:\O » Csorben=0

WREIEABEALT  PRBAEEEIRRI T DR QPE

A:HEEER T 6 A
VAREE ; § TR Wik

21 i @ A B0 SNk B - % 0 SPME™ £ * Fick's First Law $f#c/m 2 » Fp

EFEHPEEREERE AR RARE TR EER CAHER HFERHEE

]
FohE IR BB E TP TS a0 SPMEL R RILT o RS £ 2

B2 K3
HBIcHE R o f iRl T 2 gl SR R ERA TS PP 5 5 MSPME
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T * IR B R TP B T Rt AT
1Bl HEEATFLER

e MR CERENTHERF DTS 0 0 M T 98 SPME # 1k 5 19
FENFTLHMEG RAMG SHERP BRFPEREEPRENTY L2 HHRE
$2REER O FAHA B AR ERE G EAF 0 AR R
LR FEF LR -
2BREY

FHFPERFSPME i F 2 B3 0 » d ¥R RAFUE AT H L
223 o Tt Y dﬁiﬁﬂ 1 %% T aE- k2 @ikh(Koziel, et al., 2000; Chen, 2003;
ML £, 2003; 3% 4, 2002) + F chdhic Gl 4 S N3 E A 17

D. = 0.00143 T*% .
M () (R )

H ¢ Dt AHTH RZF ¢ ehifdciade (onls) T EAR (°K)

Ma~Me: %5 2 A4 2 43 & (g/mol) Mae= 2[(1/Ma)+(1/Me)] ™"

P: &4 (bar) Iv: k3 FHicHA 8

AL ZF B: & 174

SNQR)EE T BT B B R D175 3 S Tk s B F R R R 4 PR AT e
EH 4 AR A FE R FAAR ARG ER e SN FEF RS R

B e s @ R At E AR R R TR 4R k> N R g
6?@%¢%wmﬂ¢%§o@Jﬁpf%%w%,uﬁwE@F#ﬁ%gﬂﬁ

HEE R EREC A3 E L) P E)ESPMER L A2 2 TR

RHEFEERIG2ZI > a G d ik AL HER2ZBE) ENF%RE 2

BT T Ik FHEITD o
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3APEIBR

7 B AP H R R T SPME # #: 5 2 B 8> 6 > Koziel (Koziel, et al., 2000}
PDMS/DVB: SPMER: & 4 2 4-¥BTEX(Benzene Toluene- Ethylbenzené Xylene)
VOCSL A 7 43 - A% RAR R 4 € R EBE IR > FHERETREEr 1A 431
]PE)E AP EHRA MOTATOOR c BRI T AP A AR > 2y AP HIBRET%
M RESPPRELRE B R LR 5§ SPME ST
SE AR R R S HE R S T &P R R g (Mg, 2003) 12 CAR/PDMSE (7
3G F SER B EBTEXH# » § %5 % 7 49 58 & K3080%: T p 4 BTEXH:

HF R R Ea M &(FRLD %, 2003) 2 CAR/PDMSiE (71/2 TLV: 2TLV ik & #

Bl- & 7 =3 I RR M 80% ! T RHERI AP ERE Jd FHEFAL RS
HF I BSPME e T fris Ho ko 3 405 & 4 FenF B R7 P & > dwsg T
oK T IR R AT o SPGB R T R kA S S
AT REEHTEHREH P R B o g TR R W e h BREE S
FNE 0 @ g W R R H R AR RSk S HOSPMER i 2 4p T dRE S8
FEOFIERHEEFATHAPEDFE - H 2 F3 o
A %BRBE

7 MOERHSPME & 52 25> % > Koziel (Koziel, et al., 2000)% =3 4
(3%, 2002)% + 2777 7 F R 155 i 2 54(1)2 2 54(2) » 7 #rif SPMEH i+
RPN 2R ERRERT - 2% a REFRIRETE RV ep
FRHERAZTEREDRREIFRERZPE Ly &4 TR T o
IR AR L > SRR IR SRR e L B -
5.3 4 0

7 B+ S HSPME £ 5 2 282 5 > %&Chen (Chen & Pawliszyn, 2008)
A2 AR I BT S HE - R AP T AT R TR HSPMENR RS T
EPRPR R TERRY 3G P RHFEL RS T ARRPFRRRE R
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NE2 gl E3 TR PR R FINA PP HEHERE I gams 4 md
FEESHEZFEL c mAH I RFRB T RAP TR AT Z2RE ) TP Y
SPMEH #: 2. /3810 § #326 o
C.ICE K R
7 OB IBACEEE R B2 S 2 B % > &.Chen (Chen & Pawliszyn, 2003)# it #
(Mt #, 2003) 2 3 4% (342, 2001) S A P  FRAFHEEH SR
Cair = Giace ™ Csorben=0 35 i 2T > o 2N (2)¥ &v o 35 4 % 4 30 B 2 IFHg e
PR -HFEREFCOAT O OHEBIBLLEREFEERSIE - F VG NPET L B
B FRICREREMTRFERST 3 AN ERHERF DR > RINGFAT - FRG
PEACELIE £ B A 3010mm 2 b opE o BIERER S 3 X FACRS R T g HE
O S I S SR & W AEA S TR TR OHR A o Fpn
Bk P SPMBER TR 2 B8 v g HiEf o
BB
T MREPMFTYT 6 0 &Koziel (Koziel, et al.,, 2000)~ Chen (Chen, 2003)
AP TP B R AREEATAEIR o T BT €2 b # R Ak #10cm/s

AERFCREH en Bo s CARENFTER 0 TFLRHERFRI LR R
o B i

g
W
D

o 7 wSPMER7 4 £ % o & (boundary layey T fi72_ it * B 5387 » 2

A eyt RERRREREYF o RT AT LA R LW

AR

8t fels
% M SPME @2 3 2 RlRAp AT = 6 0 h§ 3 (F 3%, 2003)~ Nardi
(Nardi, 2003) ~ #:%4:(2002)% « = 5 PF# R > SPME G2 72 5 #H % H (4
1,35-TMB> BTEX > EO% ) 4 # {4 # wie 53w £ 2|75% + > F % % ¥ (73
7R RALREPE - SIS K Y v ford T E00% b o @ P v e i SPME R 4R
BRI r I T AETN0% WIS > ¥ 2 R E AT R E P ez 7
FEHEFTEAEE > PEREINE % T HSPMER SR v R R Fae-
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WHIEITE B o
9. vt £ 14

BT 2 )];Je(KozieI, et al., 2000; Namiaik, et al., 2000; Tsai & Chang, 20@’2)
M FEERFEEH SRR g4 0 Ry R T A B AR TR 0 Rl

G EE R S P E SR E TR T
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s Bk &R 2 SPME $#

WRR R L R A SRR SRR > d A PR FARE DA R HR A
KA PR R ML Tt SPME S 58 kg A5 - R R LR T AL A L8
¥tk SPMERHendire 45 0 B B FAPME B2 2 T 3 FARAE B E o H P
A GRS L

1.3 4 F4p #c ¥ B~# (Direct SPME)

ERAMFRZLDEEGRERT 2 R o BERS D RREFE R
FRid Y o FRREG AR R Es T et o L MSPMER SFis gl #
SPMEL » GCit {7 £ it & 47 o E & B4R F B~ R 3L ABGK F iRl 4 47 4 20 e &2

PRt Y A LTt S

Cr : ThrprFplpatgat kR
Cw T Fipld iR ? ek i

§5C= NV P no= ek N b G R ST E R A R ) g R
8RRk B P o

Kaw Vi No
e (5)
Ksw Vi + Vi
No * MRl w/i? i3 8 g
Ny @GR R A S i eE B
My © T Rl 20 f? ehil B i
Vi @ # il f
Vi Bt ot A
FltF i AR Pk PR (Vi 2K V) > 2 A254f 1 5
Kaw Vi No
Nng= i Vi GO i (6)
Vi

Co: RBP4~ 40k R
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§ T R S R R B R o BRI e ke R M ek M
BE o
2.78 7 F4p #c % B~;% (Headspace SPME » HS-SPME)

S LRRAT TR BT A T FARMER S SRR EREA T 2
FEAAI BRI RTR)BR - FPERABR AR DL RTGEEFER T
B LD AR B s A 2 AT HEUHR RN T 0 R £ g

R f oo T BT SR PRI RS BERRp RC EED RS

jac)

P PG RER o g A PON R RE RMY C FRETEFE REE T R 0
FABTHERE - SRHERE 2 FRTRERP LT ERE Ky V- 54
WP f iz BEsgilas Tz T griil K £ .57 25048 5 S ey

B#Hcong:

Kinh Khw ViNg
M= e (9)
(Kt Khw Vi + Kinw Vit V)

£ 2Henrys Law #1 N igde 4

Kiw Vi No
N (10)
(Ksw Vi + Kpy Vit V)

Kiw * BRI 5078 2 - T AR 2 B en i i
K o BRI 8870 7 §F M DT 7Y &
Ch @ FRlF #0705 F 47 kR
Vi TR F A
AR (G)E AN 0)F M FR > AN L B A 2N (10)A R 0~ I
KnwVh » = 3 8d 78 5 B4R 47 Bk R iE o 3457 5 ER A T Kadp 50 Kna © 200
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%ﬁ’fﬁﬁﬁiﬁﬁi@w%ﬁﬁ R RARREFE R o I E KRB FHBPET €
WE R PR AD R R en R T S B E PR AR T 2 R E
EEAPMREPE -
3. A ik th &-SPME# # 82 F 7]+
s R SSPMER R T+ 0 (& 5 e X R R R
ZoupiR R ) NSPMEER (7 R R SHREEN § 5 E TR ET S HRkE R 2
BB HEP 4o
3L Ak e B AR
Tz SPMEE * »t fi e S e 45 > L S IR ARR AT TN
SRR AR A B IR R LR BB R R R A 4R HSPMER R 2 B
FoOHSPMER A T i e Y Bl TR AR P R AT
PERY R ALY A 0 R B R R RS iR R T R F R
PEFTEAT RS LA ERL EEY 2 ERSITAPHEFLZH 0 A FE
HS-SPMBR 7 f. 1 5275 % 24 1% (O 7+ 2 I8k o
32 R AL
Fpld bt AP ek fe i ek SPMER AL B 5 ¢ B BT Poaog T e o F
R R AT B R 0 RIYE 0 4 e ThlicX SPMESR S Ap i 20t TR @i en
PO T G RHRIUE FBow et g SRR $N R R T
SRR B PSR e g PR AR L L e - A L g
TREEREE RS ARTA B B R B AR e r - BT A
ARIMEAZI B FNAFT LELRY ATERSEF 2RI ARTRAH
B0 BESPMER RS % RBRETHE S N a NE T REFRERE 2 &

%m&’!:’] I“:P-’TET ?K%h*;\ l%mq%’lféﬂluf%'ﬁ .
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3-3 ik ® I HP
ERRREY B R R EERS e il A BHTBRY N

£
»RRETEIAFRS AL B s (saltingg A A F B RR gl A BTk

F

.

(saltoud - 47 2 MAF ARk Y RPELLPEFT BB RET > ERARY PAF

SR RA YR HN T § RS RRRRL DFERF Y PR H s SR

A%

CA AR LAY o R ERF AR 8 B E PR

»

~

PR R FIL AR AR GRERE cFRRAAT I DR

T & 4 (NaCl)T 3§ e ®

“;%‘

ag T oom P S €] pH B ®a
@ H 3+ e e plig e R 2 BB o F AR AL TR &

P R R Rk T SRRy e NHGCLy 303 0% Rk W S gl g e

—

NapHPO: » T ¥ @4 i3 i i ® 0k ji o

do b W SPMER ‘B fdsf2 4 ~ R Mf <] AR L e RS RER
Bt B2 LTG0 R RSN R ERARMEEocT TS 0 30) FR R P L
DR R o Aot TR BRI SWR D 2 A R R IS Y R E R LR
R I REEHHE T g ATl i A SR F R A BFLS
FEE A AR T RANLERY PG PRM o mE AR A g AE S

B2 A4y Pﬁﬂ%ﬂﬁfitﬁa* e AA ET I A BERS R SR R

q

A AT F A" SPMER jIFiE (TPGEST f v~ R m L A 472 27 745"
oo K 23D SPMER &5k ~ RiE AT EH - L2 BB WES - BE
R BWAARY 22 gl N FRAFEIFERESRRES B ERHE S

MERKRSZHERE LT -
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AREAREE A By > £ R4 A M€ 010-15% %4 5 #9518 @ 4 &
FREALIEMEISFECAMDLILRIT2Z - c A Kd hapTF RS GELE
(epidermis) £ A & (dermis} £ T ‘= 3 (hyperdermis or subcutaneous tissues) & 7 4
PRl EB R e FIAENE2 R A R (4ol WA 2 2 2 2 & TR
BB~ w516~ 49~ 4002 600um) o A I BEF oAk RPN R A FT A o BAFRpN 4
BEE kR 2B gl T A K RS (skin barrier
functions)e £ 4 & { A e 5 R 2 S B FREBH N DR Y o BEAL K RS i
TR FleE (D) P PN A FREFZ LR D d 07 RNk B e R
Fah R Bt h 2R RS L PEP R BB LB TA DL &

BABVERAFREAGEL QP LEFF  FEEGFTF o 328G ~7 § - 4
R EFEERFAREE P EEGET T AR TR LTk o - 7
PERREAR L RAS BEED LRk s A AR T > F R R S AP $IR
BR7mALEEFE L EFRAFA LA FTHICE BFRETRA DA a B AR
B SEAPSHR R L d e o Q)YRIEAEG T L BIBREES 2 B F]F LA R R
(dermatosisy i > 2 7 24 J§ K (contact dermatitisp i & » F A F L st &K
Telg £ o & F R REF 7 2 ° (4)1 F LAl (vehicleypo iy ¢ 1 B 4 KR
¥ - REF? 2RHMHeT WBBH) P 7 EES R IR FToia AP 25%
P RPHALACEFAFF AL R e s o w7 B E T LR N (I
g,\%gu/‘ i Fr@} SESEER NS & - AT IR A RLE e /A?ﬁ LKz (B)F &
»c s (occlusion effect): B & »c s 2 4g A K FIB R & %2 5 & 2 B & F
(moisture-impenetrable barriefr=+ £ H F ¢ F > URAFFTLF L F o JERT AR
Fetn 214 5‘;%%%%@#&%%% CRFEARFIRES s RAL KA ZEAR L H 0 ER
CEE L L et RITEREY O FA I A FL AF IR BB E

o RFEHARY 2 F 0 RECEFSLAPENBEEPN DT P‘»’?Fﬁ}?‘ﬂ;;??#
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53 dp Ao 5 4 -k 4 4T 4 (Transepidermal Water Loss, TEWR)A % 7 -k £ (skin
hydration) % ; 2 ¥ W TEWL 3 p % g% & L%

DN EIPERWALY EXRCEIL S FFRBBERAGK R ) AR
RS RAREAERL S EFRAREEIFTEL A DE S 0 A 2
FER~FZKESE - FNEERFIRERAF A BTFHF RS DT R (Semple,
2004)c A %% R R FE RN RIS 1o PIgEEE ~ L E R g w L 6
0.83% 0.14(EPA, 1992) % %ri? 2 £ ¥ o Hrfk i > FlPt p T H i3t L £ 5 15

AEH B B e ApEE e L RS B R B 52 T Ao 289 o
328 BPA R fups L AF

-2 g PR EE 2 75

[

RRBEE @ v pEL SRR F 12

iE = \.}ﬁvg% /}\(/ ﬁ*\;ﬁ,}i\"}"]ﬁ:) ‘19‘»[%5

ERAEE E TR FF R L R

CESEE perpm) 3 EF PN R
TR

LE R~ R AR R (A 2R
AEGZKE~2E AR~ DFHF EEF
Fe AN L FATIRS IS LR 2R
B~ B e~ KBS

T VR TR Y
i A4 % Semple (Semple, 2008)% 3% % (%3 %, 2012)

)R 2BEAARHEEFLETFTRE S PULEE P ARR LB L
Uﬁ\ﬁ% £ tg-fﬂf?%%;l—"wf%#ﬂ;vi‘r;' %1% - (D& Rz pand 50 R Tk
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BRECTERTPHARTRBRRRALERBEZA AL - Q22
O FIPEEPERF R TFEL 2 R P ERIRE Pt g AN %
BREF T 2o HRFAMAREBER ~QFARER- 2V EBRILR
&2 miE A R ET A URETG A LR AR % BRIE

BEag Kk BER 2(Makinen, 2003% # &t ()it xR R T HF AR T
BE QAR REE 2 LY L RFLNERETFAFZTELE LIE
@ic LA HEE - @i g r wiEw A FEEIN Q)T ALK L2 H “$H$§E 7 B
2 AR o (B)icF BEITR C M RHERTLE § DR RES o

FANTEREY ARBRBT LEENLT > 082
DEIFEEZF BT EARFRM > S g RYTEFFA R
RQAFELREET 2T R
GAEEEFPRETFFRLITET L8 J25(Y
M- B EErP 5 AFRE LKA

it o IME BB SRR AREG T FARBGE S A2 EHE
World Health Organization (WHQ} Organization for Economic Co-operation and
Development (OECDY #% =#cf8 i & & &= & 2 ;2 (OECD, 2004y %~ %% & 5 A&
FEEE P ARE(A S WR)TRZ - A K R B4 5 (Dermal exposure modeling)
ZHEGE R AFTALRNALRERDZREEFARFER TR P WA LARKR 2
3£ 1 ¥ k2 (UV Fluoresence) #=4 ;2 (Wet wipe)-~ ;£ < ;2 (Hand wash) Bt ;# (Patch)
Z ¥ 5 pki (Tape strippingTS) (Fenske, 1993; Scheni@e2000; Schneid&r; Cherrie, et

[., 2000)° A & 4> F v fadod 2-9977 > HApM P 4o

~ ¥ %2 (UV Fluorescence)

¥ %% (UV Fluorescencey_% #) 4% Schuresko"B # 2 A K R & HF 1 £
(Brouwer, 2000y f* 3 ¥ % & F2 ¥ LBHREF TR E X ANA K B E T

Apoofed WRFHUEIFBFEEECE > X FREFRERS T fWAeY o
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WRH R L T

2 2-9 A FED VR

> E L B i dk BEZLP
¥ k2 Fi* FREEFFAL LaZze g
(UV Fluorescence) & % Btz i £ 17 2@z imadtzr 8
£ 8 37 NI R A 2 ok
A7 B ML R ABREISE BT
ARt

5.% M-8 kAR I~ Wamd oo
B e rT

ek FI% AT ) L3 £ B ABBHITHEE

(Wet wipe) R R A YRR 23 ERAEE R
Fr R BINEE RiE 3#”*“%%%;&’1‘-!’ e gt L
7 ¥ FE P AR LR ST BRI L R

]
1.3 @ % 5 43 & 5 %

PR E S S R *
(Hand wash) 2 T HERTH A 2AMTFRARGT 0 A0 TS FH
Al e 0 BREOBN R A AT 8
BRI L IR * AP L
HENE- &7
R #-patchpb»s 2RI H 4 % LT RIETRIAFINmd 6 2 53
(Patch) VRN TGS 7 2 e 5o g
B 0 A 4F patcht fr 2 F) R PRiE otk 0 B EE T fRAR
IR0 s 5
3.3 R % % patchit B ~ 3 R0 %
patchgr & 2 4+ (¥ % {252 85 48
RSk FER R § R RS
R A g
5.0 14 > P (T H
U EE ) e BRUGF R A LEMAH T BERITEE

(Tape stripping)

=

i
L
Fhie gTrH f 2T BGE S Vo BUR A A A

BT RS TR AR g%akﬁ
% ) Gy SURC NS Sa B

M”éa FEIFrREBTE

4.5 23 a2

DA ® 3 MIE > R A FT R L
2 Fo B m g £ RR w KR 2 Ap B
Fe B

i » 4 %f) Fenske(Fenske, 1993)Schneider(Schneider, et al., 1999% ¥ % (% :# £,
2012)
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~ 3B HE (Wet wipe)

RAIEA PR BRA O ML RBE L R BINETHRE O LRREEE G
F]E B AR ORI 4 a3 S g% 4 B (Wheeler, 1998) @ 47k v e H
EAREERT BN ARB PP FERRHABEFFELTESF I PR
PHERES P ERART VL ERATR > LHILFRALERL R
PERELS .

= ~ %+ ;x(Hand wash)

Motk AR R AR 2P Lo ik (Derk, 2000)0 gt 3 i ARk f 5 E 30
RN T AN B A LA PRI BE N F o SRS R U R RIS
WA CFHHT o A R ARSI AR AT €A ARTESF

fgﬁ ,;g;,gﬁq]«' «_E_E'q’n;g ey ?_‘

R

& % £ (Richard, 1999)
= ~ pt K % (Patch)

PERERBEIFRAET I FREHFLIRGAREA > ERER
B2 AR R BV ORRER Patch /i FARRET 2 R b RIGEINE B T S
B AR AERERATY A LRFRARRE > TRERIFRT R
Fatr s TFEFXPIHIARARBOERE - AL VRENAR AL 2

kB E o F g 2R Foox % (Lennart, 2006; Soutar, 2000)4 & 455 12 2 £
R Rk TRGEA R o
I ~ ¥ ek (Tapestripping ;s TS)

WA EREE T E KL AR B BER A (72 (Bashir, 2001; Beisson, 2001;
Surakka, et al., 2000) % & i pkiz £0 2 RIF Sk @ 2 T 18 0 IR REF ALY
RIF SRRV ARRE RS 2 T ACHAE > AP T Ee TARF LR HFL LT
PoRpEmEINELE AT T EFE LK AR L TR 2 & T (Van,

1997)» g+ % G - b b g 0 B R AR FHETE Y L LB
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K % %3 %4 7 + (Moser, 2001; Touitou 1998)e H 4% 8L % & * 7 f 4 F «pk &
WK o R B RS S REFENE A EaSRL LE > 4 2-104
G2 }’% ¢ § % Tape Stripping® £ %+ 2 57 -

PR R L RE Y R (DEFR SQARRBNEELER
ORI R RS I8 IO S FR IO S EN-D YOV R E T
? (Escobar, 2008) @ 1 %4 #pEiE T & BT F BRIPFR] LA K E T ERE e
T2 £ (flux)ie 730 > &gz Fick's firstlaw £ § 5o £ 2235 8 2 5840

Usic TKpXCXAXE. ..o (11)

B Uy P B H TS A K sfc2 §E(mg)
Kp 5 i% 1% % fic(cm/hr)
C % 4 % p 2 ¥k B (mglem)
A : L F &5 A (o)
t 5 & B (hr)
PRE ARl el 2 ()42 » AR R EZRR T 23S Gk Kp

BN (12) R o

2o Ji g5 TS KRS FE I £ (mg cnihr?)
AC % % A * I 4 4 N E B # & (mg/ent)
d 20 A2) Kp P it BEFR TS RBRE 2 T EARAAE AL BT HFERT

Bl BHAFAE o AP 54 @3 A RN 2 o BB Rk 7 R
FH¥1ARRBLET -
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% 2-10 4p B > k¥ 5 B Tape Stripping® F %]+ £ § %

Number of

Applied

Type of tape Components Stripping Size Applied pressure time reference
Polyacrylate ester 40 25mm 10kPa 2s Bashir, 2001
D-Squame  Super clear 16 25mm  80g/cni 5s Potard , 2000
polymer 20 3.8cm Uniform Pressure 5s Dreher, 1998
40 25mm  10kPa 2s Bashir, 2001
Iso-octyl acrylate ,
] ) ] Benfeldt, et al.,
methyl acrylic acid 20 12.5cmA  Firm pressure
Transpore 1999
copolymer
Benfeldt, et al.,
10 25cn
1999
] Weerheim &
Leukoflex 18-20  7.5crh  Sift pressure
Ponec, 2001
Iso-octyl acrylate ,
Micropore  methyl acrylic acid 40 25mm 10kPa 2s Bashir, 2001
copolymer
Lo Fernandez, et al.,
3M invisibe I controlled 10s
2002
) Mazereeuw-
Adhensive ]
10 20cm 2s  Hautier, et al.,
3M 6204
2000
1kg rubber weight o )
i Wissing & Miller,
Scotch 7 was rolled over it
_ 2002
10times
By rubbing with
) Batlle, etal.,
Scotch 600 2-5 4cnt finger three
2001
movements
Scotch book Polyester By rubbing six _
20 _ Alberti, 2001
tape 845 times
Blenderm Couteau, et
6 4cnf
3M al.,2001
Teasfilm 20 4cnd Fluhr, et al., 2002

i A& % %7 Choi, etal., 2003 ; %3:¥ %2012
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-8 REEHE

- EEE
1.p - ps & 7 @ (Propylene glycol monomethyl ether) & 47 % (298% wiw) >
Sigma-Aldrid -
2.5 = p § 7 pfy pk fia (Ppropylene glycol monomethyl ether acetatd) 17 % (299.5%
w/w) » Sigma-Aldrid -
3.2 p - pr & 7 p(Dipropylene glycol monomethyl etherf 47 % (=298.9% w/w)> Merck -
4. @ fE(Methanol): & 47 .%(299.5% wi/w)> Merck °
5.2 % 7 'z (Dichloromethane) & 47 % (=99% w/w) > Merck
6.8 25 > ¥R 99.995% pm¥h
&F 0 #A 99.995% pEib

5§ ¥R 99.995% makb

1247 &% % tHP 6890 p # /1t 5 48 & 17 &
R N & pFEr ) B & (Flame lonization Detectar FID)

2.4 4744 30 mx 0.25 mm 1.D., 1um film DBFFAP chemically bonded fused-silica

capillary column, J&W Scientifie

e g MFC # AR E 2 € £+ % (MFC readout power supply) Model
PC-540 - PROTEC Instruments

4.5+ & ¥+ %8 > Model 5850E: BROOKS Instrument

5.% ﬁﬁf}iﬁi’f‘?ﬁﬁlﬁ 4 %Lt No. DSM-990M>- 4% -

6.2 48 100 cmx100 cmx80 cmNo. GCT-800-00-S F ¥ &R 1 ¥ % >3 1
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a .

7.5z 7% i & & & 2+(DryCal DC-lite calibratory Model 717-03% Model 717-02 SKC
2 253 18 P 2 (Photoionization DetectionPID) - Phocheck 5000EXION SCIENCE-
9.p # % &+ B (Syringe pump) Model 361 'ORION -
10. 85 @ gig?l AR RAE 2 B ik 2t > TESTO 445 'No.0560 4450 TESTO-
BB R 4RI 0 No.94-42 > TESTO
b i# 35 B+ > No. 94-42 > TESTO
11.4c # 3 (hot wire anemometer) TC-10 - NEWLAR -
12.% # B4 > No. 91> VA-51 > 414 0.5 Hp 0.38 kW £ 5 £ 106 l/min- 4
TR
13.% + A # #k & (Pocket pump} 5-250ml/min » SKC -
142 %A & % & » Model 2223 » 5-250ml/mh » SKC -
154z 3 # £ ® : D200H > DELTA -
16.5%+ &3 > 1~5/min> &g -
17. =+ 3 F#  FR 1DM1> = % (Microlife)
184tk &k @iz (P 7R3 e
19.% #/” & 5g > 500ml> KIMEX -
20.10L # # & » 29.9 cmx45.7 cm Tedlartt 5 » N0.231-08> SKC -
21. 4 %+ & (Molecular sievey MERCK -
22.%) 4p x5 B~ £ # % % (SPME manual holder) No. 57344-U » SUPELCO-
23. ] 4p Hc & B~ % ‘2 (SPME fibers) SUPELCO
75um polydimethylsiloxane-carboxen fiber(CAR/PDMSNo. 57318-
100um polydimethylsiloxane fiber(PDMS) No.57300-U-
65um polydimethylsiloxane/Divinylbenzene fiber(PDMS/BY> No. 57310-U-
65um Carbowax/Divinylbenzene fiber(CW/DVB)No. 57312
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24 3+ % % % (3M Tape): Series 845 3M -
25 % & 1 &+ 4+ (syringe): 10ul > 100ul > Iml> 5ml> 10 ml> SGE-
26.%_& ¥y > 10ml> 100ml-> 200ml> FORTUMA -

27.BIA Skin Analyzer
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F-8 FIEE

AFTALRGHHEANRY AR AP FERE R NEYT R BELE
B B[ C WA S8 g F R LR B E RS 2 R
Kic B M FEY I D BREC A EBER o
- T
SRR RN R R
LBEARM 2 A PPN ~ A - PREERT g R RN R RV R B ORYE
2R HE Y REF D MR SRS 2 g S F A
Rk EFEERA I 2L WT B AP MRS e
A" PP P RLBEEAN 2 EFFERBRABEF S 2L RBEE TR

FRE T A

e

A2 A TR 3l AT L AR FEP 4T
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BCmEA S kBT

\4
\4
I l PoR AR I E S
AP AP
i i
}) \ 4 \ 4 \ 4
; > ES A Fk
r F i i
’ ﬁ # # B
¥ s = & =
R R
-3 -3 | ‘
y A\ 4 \ 4
v TERB RS
SRR T Lo AR
ol 2

FJg]Bl/Eﬂm"’ 4’*{‘?’/” #% 8]

Lig* 2k BoREN 4
AR ERER RS RTR BN R L R R
2 g e
2AFHRA AT H it 2

(D) F %% fEa i e

DEESBEEEF AN kR C BREE L5F R AEE
62 SPMER & 1 7> SRF L 722 2 (PEREG FHHEBEST RS

EERTEARS 2 RF SRR ERBED SHARKIPRERST S 2T R

=

Vq.
T
fw
\rm\\

FREFF 2 FHE TR -
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B.A & & &
AT OR[ S BREOT A R AR S R £ R 1 R R
WA A LR PR R LA BT IBG B A BT AB
FEHAEREHIA R R TS R B R B PSR P RLR R A 172 20
FREMEFTEAPLEFF 2FH "R -
C. it # &
ARG LB PR N Y e C BRUET £ PRI A
e ok AR & SSPMEY TR £ 5 P~(Head Space) sV & 7 Ak ¥ A - %
AR £ R T BT -
Q)IFTE BB RIS 27 FHER
FUEIL2FF EE (e 2 AR REM RS TERB ISR THE S 2
ZIRF G TR AR R FoOBEECEFRL G REBRE LT

R
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GRS PRI
S AR
AL HEEAPELETEH e HERESE ~KR&EFE 2 SPME&SE -
LKESF
PGME/PGMEA/DPGME % 2 0.2ml % 10 mlz &%y > ™M= % 7 = ﬁrﬁi
10 ml% & » fie = PGME % 18.4 mg/ml~ PGMEA % 19.4 mg/ml- DPGME %
19.1 mg/mlshig &% % 7% (stock solution) £ 2 jic € 3 42~ 100pl chig & 7%
ko~ 100mlZ B5Y 0 0 Z & U /0 @ (95/50 VIV)F-E I 100 mi% & -
fe & PGME ik & 5 0.0184 mg/ml PGMEA ik & % 0.0194 mg/ml DPGME ik
A % 0.0191 mg/mb & ¢ &85 7% o

bl

LAY EARY R R T R AL M R E AR

kﬁ‘
gi

"W

A
B RERTAE AW EEL LR RERIPINE X EAEH D
BAVEFREGEGFR T FAAH 3 BRE UERAFEFRBLL RS
EE3 BB L P  BEBIF TR AB R T AR
SR AR L0 S - BERIRERAREFEFRRE B AL LY
- PSR &% T 410 % p oo

2.4 558

ARSI EF LB AL EHOREAKRER TR ESITRLE

EEHF ISP RELFTRFT A8 F2EEF -2 REALNTPM G

r? F i 0.99577 ¢ » 4p 4t £ (RPD)E *2+10 %1 b o

7

2

SPME 54 5 # * — £ 7 %2 B85 319 % L% SPME> » &
SpE s 34 Wkt SPMESRB gl kR A 454 » b &+ SPME A 45 & &

BHG Pk SPMEA f74% (r > W EEF % * SPME L7 § 4747 & =
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R R AT APROT L L 0 SPME 2 it i@ 0 #7F F % * SPME m £
3T wiE 90% b oo
A
.z § #5% SPME & & & 45
AL EF BREHEEA T2 L8 25 NIOSH 25542 # # #¢ RM 014A
SR AR EARRIABZELMGFEAIFLE BN AFL LG
AATEEE G MA C R S 2 RSS2 2 Ao R 320 2P
B P 4T
1-1 A5
1-1-1 GC/FID A 45 5 1
Ar v iR RR TS 250C viad G MR E N B AR €L 255C 0 # ¢
DB-FFAP 30mx 0.25mm - 5 & 0.25um = ' ¢ t10 & § (H2)/w:# 140 ml/min;
ZF ik 450 ml/mire 4 § sniE 2.5 ml/min ¢ splitless4 17 i% it > SPME
B RF 5.0mine A 47 F R R K TiE E AR R 40°C miF 4 4 4
11 10°C/A~ 2 g 32 130°C L a4 2504 K A7 A7 5 1554 45 o
1-1-2 wismpy
AR EHAsbHREM P 23 AR EAKRER RRY 2 N E> PGME-
PGMEA-DPGME & 0.5~1-3ml% 10 ml =& g ¥ > 11 CHZCIZﬁr%,L 10ml
% B el & PGME 46 ~92 2 276 mg/ml- PGMEA 48.5- 97 2 291 mg/ml~
DPGME 47.8-95.5% 286.5 mg/mlsng & 5 ik » & WiERE & 3% ¢ B4 0.5~
0.5~1~2-4-82 10ul > 1 CHClp fr MeOH (v/v=95/5)s i » # & 7|
o pe S+ £ @4 F 23 pg/ml~2.2 mg/mlsh PGME-: 24.3ug/ml ~2.9 mg/ml
1 PGMEA ~ 23.9 ug/ml ~2.9 mg/ml DPGME # £ 4 [ #7 & 17 &2 B % dk

r? @&+ 0.995m + o
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fie B4R 82 % %1 i SPME fibet% #%

v SPMER 5 fum | o —
GCIFIDA 7 i # 1 = yo I | B - SPMEs rit e
: BEAS =
oWy v —] #ij - SPMBR g &
B 7 # ¥ 5 SPME#
Bl R
A
SPMEH f#
L LT
A

RS REEs

1

T 7 RIGE 8 AL :
2 F ik
3 % # i 24| e i3
% o i %

—

—
5

B
5 g (3

7

Bl13-2 f = MR &5 FIREA 13 2E 2 AR
1-1-3 i RlE*T
1-1-3-1 = 3% B 4&2
A E v £ R MR % ¢ (American Society of Testing
Materials,ASTMY. 2 % > "HERE K EREF T L4 R T AT
BEFEIBHEELE > uE 2 RET

LOD=((3xSD)/(Peak Area mean)}i& & <)k & (mg/ml)
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1-1-3-2 ik B W&
N EEEFRTREFR LA EEPE 3R EELEL %

’5'7' o

Yo B A S 2

LOD=(3xSD)/(& & 4 4L )
1-2SPME # # N3k 4 45 3 2 2
1-2-1 3 '+ SPME #2iF &
4% p %S &% & ¢ 100 ym PDMS> 65 pm PDMS/DVB > 75 pm

CAR/PDMS 2 65 um CW/DVB w f& SPME& s+ 5 & 7 Rl3¢ > L #pt o fd
B TR B R AE R 0E 23t 250C T i 17 4 & (condition)1-2 pF > B ORI AL 2
L FHF SPME® 2 E > 7 3 PGME/PGMEA/DPGME: 50ppm:# fy &
BFHWM2ZHERRE? HEEI0LE *FFEEIBHRS R EHERHES
min {12 GC/FID 27~ 47 » Ryp e 2 5 BEH I HEEF - BRET &5
LB R AR
1-2-2 % & & @ L%

ew i ER e e & SPME® 2 ¥ % 7 PGME/PGMEA/DPGME ¢ 100
ppm & AR F Mz KT 38 30440 £ E 6 BHE B LR
B B 3RS BRE L AN G RATEELR@GC)ERT A ulik
FrAredr o B 137914 % gk SR R RRlE A
R R R EEE R 2 wofed o 4 R T R R 2 i
BAE
1-2-3 Boif it %R A

g 1-2-1%2 1-2-24745 I B * SPME® 27 % % % & 1 75um CAR/
PDMS - SPME & & i% 2 5 & 4 5 » f2 # 50 ppm# PGME/PGMEA/DPGME
SRR AN -HERY o FHERNTETE 30 A4 0 # -

SPME%E\Q"Q_%%’,%\ L2488 HGCCL T B R A ‘;—"J;%ﬁ-ﬁ—/ré‘ ZOOOC . 2200(: . 240
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CT~250C "EPH RBELITBER'GER o

1-2-4 Boif 1 B

2 75 pm CAR/PDMS ¢ SPME 4 v 2 5 & A % » fe 8 50 ppm

PGME/PGMEA/DPGME = BR &4+ - HFHR BE? » FHEEREY R T

304481 - @ * p- SPMEM kit 30 » 48 » B3 F 4 &4 B3 GC R '

123456789 1044 > NEHA b R gpEF o

125 % % F#+ 6

" SPMER M ¥ &t § XFIRBER ~ZR R EFFFPFE &

AET BT FHEE R B GRS A% U E % 50 100 200 ppm

EEE R 2 FF 0 2t ®% B (10%RH~ 80%RH)~ i# & (20C ~ 30C -~ 40C)

2 b iE (& B ~0.184mM/S)E # T A i 7R BB BT BT L SR T

1-2-5-1 # f -3 § 0% & T 3k ORI
M lOLHEHERA G E L F AREF I PIEHRBER? T 5 4%
L GE L RER L minig RS F AR 235 R HRER

P23 0& R R E PGMEZ R A LB AL r R R YR

hl;“"‘r
n'ﬂ

EoFRFHEBEE OL PR G kR BRERRS A4 % F 4
£33 > e+ 50 ppm PGMER# 7 # » & BHRFERE SRR ER
21UCehif it T hA S o + 8% - % SPME S 44 ~ 4 8¢ 4wl
15-30-60-~120~240-30 15~ 4k AL B s  F (e » £ BB am
2 GC/FID it {7 £ % % & 47 » v & 7 F &k & (50ppm~ 100ppm~ 200ppm)-~
i B (20C ~ 30°C ~ 40C )% & B (10%RH~ 80%RH)i£ it T SPME 2 # #

ft o 2w PGMEAZ DPGMEY - #fi f MERERHU > 27 F - @

A&

f?:
MEFEE MR AR E - PR R N P LA WER

fie ¥ pF e pF#-i§ £ PGME/PGMEA/DPGME#% #84 » 3k K9 ©
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1-2-5-2 8 f 28 F A 6F & T K ORI
PR SR el RS AY AR ERREEY &
PIERBHER - BR - RERERA > NEFHES ZHERI TR

AP RE R G R L E R AR 32977 o

10+ 0.1 I/minp » §F BEFF LG - 8 B P FEH 4 R2
A BATITF WA V- A A EEER F MRS - B

zo4vgEd o gt syringe pump 0.75 mi/mindg e i &~
CRENEETF

PGME(* PGMEA & DPGME)# i3 % » #- 1 itz 48 %
A B R F M(N A S AR A )R & (F A2 80%RH F B

o}
Py
By
Y
)
-
i
(00]
N
W

2 AL RLF O PIEERFUMA Z G4
BEY ) RIPREFHES 2 REegY LR ERHIL > ZHREFER
FRAErFEEEAT L PEEEEZEM b # A 0.18+0.04 m/sz
B R 45 30,42+ 0.06°C (&t 7 30°C % P ) - FHEEZ AR S
B30~ &T (s » ] B SPMER T R B » ik 27 EFHE
P PIDEMRERR 205 25 KB% Y FHANEEREFED
SRS AP RER o
BB B PEA U iE 7 15 30~ 60 120~ 240 ~30 ~ 15 A 48 sk 5
5 X HHe 3B SPMEZ 3B ELAE S I HBELL L -

B A Fe 41 GCIFID A 47 -

2315 Ay HEEFLEEFH AT ZHRERE  ERA
w24 & 50ppm~ 100ppm% 200ppm™ - 8 & A w243 20°C ~ 30C
2 OAQCfE T o RA A B4 4 4B (10£0.1 % RH): 4 ;& (80+0.2
% RH)® f&if 27 o h @ > & &% 54 4587 5 0.18£0.04 m/s> **

FREF T R DR -
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Wet gas

i

Rotameter

8 Bubbler

2
Heating tape
) Dry gas
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Exposure chamber
Rotameter
Syringe pump

4 Channel mass flow controller

]

Zero air generator

4

Mixing
chamber

Mixing
chamber

In tube
SPME sampling

-

Exposure chamber

velocity sensor

Exposure chamber

lIIf

Poket sampling pump

A

Charcoal sampling

Exhaust pipe

probe

Vent to hood

Air compressor

Thermostated container

60



>

D
@
H

o
5
by
Cl_\_r

W

%
B

LA MAY ART L EERLE 4

G

I

FHAL S EBER B kR [

50ppm  PGME/PGMEA/DPGME
10%RH 100ppm  PGME/PGMEA/DPGME

200ppm PGME/PGMEA
80%RH 100ppm  PGME/PGMEA/DPGME

50ppm  PGME/PGMEA/DPGME
10%RH 100ppm  PGME/PGMEA/DPGME

20°C

FhEEFH 30C

200ppm PGME/PGMEA
80%RH 100ppm PGME/PGMEA/DPGME

50ppm PGME/PGMEA
A0°C 10%RH 100ppm PGME/PGMEA
200ppm PGME/PGMEA
80%RH 100ppm PGME/PGMEA

30°C 10%RH 100ppm PGME/PGMEA/DPGME

& i 1528 F 48 80%RH 100ppm  PGME/PGMEA/DPGME
40°C 10%RH 100ppm PGME/PGMEA
80%RH 100ppm PGME/PGMEA

1-2-6 # & 8 % R T
r4 75um CAR/PDMS % s o SPME# & /i H > R &RifF 22 A4

Afe > & upel 50~100~ 200ppm: PGME § ¥ * & K ¥ » & & 304

&

EHBEOBHRSE  BEAS LM FPEIBHRE BEE L6 FRE
FEGAF MCNEFA Bk ERE X w1l T B3
Tfs s 3T RBE 39X AN 3BHEHFEFTLS T BH v S s

BEEG SRR TR B 2 R E T R TR

AR BEHRELS

AETARBREER LBV R B EXFFAR LR P - ROE
iAo MeAs VR 0L R E B2 s 2 GCIFID A 47 0 R B A T iE
Frfth&E e FRarpEmy R abgit A FHREAITEDS > 3P - R

L EPFARREHERAT D FE20ER 34 BAAMEP 407
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fe B4R 88 R Boif C PR

v Tape Stripping |
GCIFIDA 45 i 3= + > R{%*ji%ﬁ@ < IEE
7y P S
e y —] e |
R Tape Stripping. ¥ # 5
B AT e
A
Tape Stripping
PP S L R
A
A 4 PGESS '% & Rl ™ p
g === - 7= ===,
B R &é T8 A ] A WL RER |
b : A I
R R > : N3 [ e :
/ : |
2y
PR : F RN :
! I
| T T I
| A 4 |
1| % K 7 I
1| & Kk & |
1A = i |
i

B 3-4 4 F # 5 Tape Strippingks # A 45 = j2 1= = in 42 B
2-1 A 45if it >
2-1-1 GCIFID A 455 it

AEH S22 GCArriEitk A8 1-1-1H =~ o
2-1-2 i aMmpe

A& E RPN PGME-PGMEA & 1ml 2 10 ml =z & 5g ¥ >
17 CHClo 48 2 10ml %] & - fie 8l & PGME 92mg/ml- PGMEA 97 mg/mls
EE AR AW EGER BB B 0240205124812+ 16 %

20ul » 12 CHaCly f= MeOH (v/v=95/5): frffik it i L 714 » prfl S £ 4
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# F 18.4u9/ml~1.8 mg/mlsh PGME 2 19.2ug/ml ~1.9mg/mls» PGMEA- # £

B B e R AL B r® EF % 2 0.9950 1 e

2-1-3 1 &2

AT PR BRETLRIE F A & 1-1-3H & o

2-2 A RSB F bR AT 2

AT R AR & T AL AR R R
EEBEFIARERTRLT T AP M 12 L #5520 & 2 ¢ 65
BRI A Aﬁf@\@w\i#ﬂ§ ff@%%\ﬂﬁﬁﬁﬁw
ARG LA T H R LR R R RIH Ok R L R R RN 25
FF LGRS 2L BT o R A RENRENCAR IV G FFELGAGoR

~N

N

-n\
>‘L\

ks i) CRPELHLEE AR ENLREDA ¥ F R LS

LET BRI SR ALY B RN ARV EFFRF 8

TAEFREBERAS R - PR A AR EAE 2R SRR A

FRAERFRAMREL R ¢ F 1R L& 7 - Tape Strippings 1 # 4o §) 3-5 #77F
2-2-1 B HEYFER

AT A bl CHERF T AR EEL s L

\\\Xr

% Tsai% * (Tsai, et
al., 19917 5 % % &% > LE P b b BT 3M 845 & M ¥ LA KA I
Rbi2 2 g B 4 F 0 3M 845 & 5|5} A &1 polyesterz & 2 B o i g
ESE I U -
2-2-2 Boif M B EET
AFERARREBREAROEBE T OHAETIS AL FERFRELET

ET TR c F AR F AR EZE A i 4 0.5u0 ~ Il ~ 2 pl > 4l <
PGME(s* PGMEA) it » i ife i 4o 16 2 T 0 B e 55 4% > & B4 & & 4
LT fr O 304 ~ 1 248 ~3 4485 4410445304418 0 £ B
BAPABF AR LR BRFRFEAELB LR S ARG AR
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fRERRER

Mo F A PR AR A
ZRIR EINE A

|

#-o 3 A 2 5emx4cmen
VR RIS Y L

!

1% 43 A5 AZRF
0 B A A

EA A SFAE
il A BN g

REBHELP

BrgpdF e % ~ 7 bml s
R AEL o RS F P

FP 2004 205 B lml R
7 GC A 47

] 3-5 Tape Strippingsx t # ¢ [
AR BFT, 2012
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2-2-3 B FBER

AR TR L e 7 te 2ul < pl 4 F (1.84mg PGMEzt 1.94mg PGMEA)
R pE s o BB A 8 Y 12mlFg ¢ 2 Bml CHCl/MeOH (v/v=95/5)% ¥
AR FREE B AW E G504 1044820448 30448 - 404 48
BAEHR I BN BESRGEERER -

2-2-4 R &Gy 8 LR

WP I AL A N R e 05120 4pl Bw 57 B R e £ 2 R P (046
0.92-~ 1.84-~ 3.68mg PGME & 0.48~ 0.96~ 1.94~ 3.88 mgs» PGMEA) - &
BERY 0BRSS $HA I BREGFEE(TE - 2HK)E I5BHE & -+
HEHREP > % 1-3-57TpF > AR -ZELP>IBHRFEFTLIT B
ARPRELBEFAERG B GFIEE R FEFRE G RETL
RIZE
2-2-5 Tape Stripping # % # B 7|3 =+ &

Tape Stripping s & xR PF & B 25 LK 2 B ¥ 5 2 %30 i K
EFABT O BYAREIF BRI RRGARLEE PR LT HFTORR
FREOFISM AP REE VA LR - MpUET &P B FRIE TR
ﬁﬁﬁﬁﬁﬂéiﬂﬁﬁ%%%i%§°*Piﬂ*%%éﬁkﬁﬂi
PGME~ PGMEA % % £ i#] 2 - Tape Strippingt & £ 2 # ¥ = ~ + 3 &
1ﬁiﬁiwn\iﬁﬁwa\in$\i%wq~i%mwwm\i%ﬂ
RI(#6) ~ £ AF N RI(HT)E = 30 (4o W) 3-6 4777 )ik (7 RIGE o WX FEH A A A

7 v 1pl~ 2p -~ 4pl 0 PGME(2r PGMEA)E » = T 2 4+ P~ 2.5cm x 4cm 3M

BAS5 WA & FRE B > KA PR L A S A B L IR 104 4 1
BE s g & PGME(R PGMEA)iE 7 st T ff7is » £ 14+ 5% 3 = ) 45°p

Rodfde s Bk G o e P BA > ML RS TS

PP oo R EHEAZ A FE T 2 T2 5ml CHClp/MeOH(v/iv=95/5).%
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ERIGABMEFTLARBESETE > FBEF 20 A4 o L #0055 52 30
AR F B T Iml A A7) i s 2 7 GC/IFID & 47 o

LA TR (M@ R A A 4 £ )x100%

£ £
2R 2R
i }1\
ip] iR

;1 3

Bl 3-6 Tape Strippingg ;é—;f A FEERINE
RRESEELIANKIBFERELH

AT RRESEEERS T E AR SHE S (F 2 &, 2000 ML (A,
1999)7 B2 - MR L s 2 A 4TIER > B AR TPFELITELEAEL
BOAPT2Z Gt AES - F- BRECSFRRBESEE S 226 CHE
CEARERFRAEFERGFALIAEFNFLLEF M - R &
PR e S TE R FAR M B A 4T 2 2 2 G R4 B 3-70 B AR M RP b T
31 AiEiteE
3-1-1 GC/FID 4 45 i% &
itk &2 GCA YTt b & & 1-1-18 = o
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& it 1 SPME fiberz #
e AR 2 i
] i - SPMERHEA |
N 8 7 SPMEtR &% AL
GCIFIDA 47 if 21z = [—» e « | 5.4 - SPMERER |
7'y - e R
XD P
EHEERE v ‘_| b if i* SPMEW g & |
- EL 57% ir ‘ﬁf. o T 5 B T
Bl J\/?B::TZEE;BM | ki SPMBM R |
1 —  BEERRE
5 % SPMER #
PEAF =R
A
I
V' N
B L ® L
it ~ F e
K L] £ 7
2 S s ¥
* T % 7%
%
®
T

B 3-7 i k&8 3 AR MR B 47 2 2 2 AR

31-2 wEsmpe

A% E RS % 5 B 10ul 2 PGME(* PGMEA)2 CH,Cly,/MeOH
(V/v=95/5)R & % % =& 1 10ml =k & 5 0.92mg/mls» PGME(z* 0.96mg/ml
1 PGMEA)E # 73 % 5 A W34 0.2-05-1~2-4~8~15- 20~ 40ul 2 ¢
K3k o #Hip e 3 kG 1Iml 2 CHCl/MeOH (v/v=95/5)5 fit i3 i s/ 47 |
s ¢ o % L kA # B 5 0.1819/ml~35.3819/ml PGME# £ i3 % (& )k & §# F
% 0.1919/mI~36.92ig/ml 7 PGMEA) £ #7372 s i B e RP35 % 4

> 0.995-
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3-1-3 i 4R

PRt th 2o RHRIURIZ P A & 1-1-3H & o
B2 HAWNMIBHERLAF S 22
3-2-1 & * SPME a5 5

Feie e &8 7 SPME Soif @2 =R F 1-2-1 &% § th 55 it
SPME % 2 | 2% # > £ % 75m CAR/PDMS-: 100um PDMS- 65um
PDMS/DVB ~ 65um CW/DVB = #& SPMES ‘@ % >t 5 3 3 = B RS~ & 4 o
10ml A i #% & ¢ (PGME A i kR 14.6~9.2~18.4ug/ml; PGMEA P i kR
4.8~9.6~19.2ug9/ml)> & Ak ¥ PlE 3> F 3 SPME*" J i #% & ¢ e
R A 30 mine SR R A 25C o B R i 10ml AR S 2 25ml
PILR PR E > £ SPMETE 3 2 R RS 0 # SPME & % »t GC/FID
A e T EFREAN D BRERIGER 5 250CH AT A o RipsgE
LS EBNBEPOBRES SRR BN
3-2-2 =R R P

¥ 3-2-1 53§ i SPME& aipli# % % » 12 750m CAR/PDMS % ke SPME
SRR k2R ESER RRRESER A BT 2R
(25C) ~ 30°C ~ 40°C ~50°C ~ 60°C ~ 70°C £ i & » 4z 70°C #4 d kiR
BoORBRECONERIAIRA LY G AR TGk FST A
SRR AR PRSP 304 450 iR R 5 250 )T MR S R
Mo 6B A PR HERY Ryp SPMER B2 $ B E T AL E %R
Gl 5% A TSR EF I BREEC EF 2 AGIERHRER -
3-2-3 PR

i ypa i RE S % 0 12 75um CAR/PDMS % fi ke SPMES. i &k S 41 » - FL i
Bk A 95 1-5-10~20~30~60-~90~ 120~ 180 4 45 % B & 0%
T &@EiEiz 342 %k CAR/PDMS SPMES: M ip| 28 & 47 » w/k® PGME
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kR 5 4.6~9.2-18.4ug/ml> PGMEA )k & 5 4.8~ 9.6~ 19.2ug/ml > = ' g
Boi 3 E(2522C ) iR B 5 250C H 2,7 %4 S #m g 1554 & (2 %
) o 3 QfEA R EE T > dp SPME= G E 2§ EE ¥ Bkdp A I
BERE G E5% 2 FA T H N ED - BEEE & P2 i (YRR
¥ o
3-2-4 % NHE BRI

g iRl % > 11 75um CAR/PDMS At SPMEX ' 4 ‘44 » & ¥
PGMEE & 5 4.6~ 9.2~ 18.4ug/ml > PGMEAE & 5 4.8~ 9.6~ 19.2ug/ml » =%
MR R S 3R (2522 ) ARkt S R S 304 4B 0 kiR R &R R R A
B % 130C ~ 160C ~ 190C ~ 220C ~ 250C % plzFig 2™ » X @i 2 w32 7
F CAR/PDMS SPME# fip2& & 45 » #ff B W 4184 (2 % ) o 5 wF
4. SPME S ahir £33 % » ¥ £ CAR/PDMSH 1k« % L8 & 5 350C~ -
e #250C K 5 B P HRIEA - 30587 kR R 2T > ik SPMER it
R A EATIF MY AT SRR B8N 5% T TS A RER
ZpRERAE T AP 2 Bif Tt MR R o
3-2-5 % v R R

g Rl g % > 11 75um CAR/PDMS: At SPMEX ' 4 ‘a4t » & ¥
PGMEE & % 4.6~ 9.2~ 18.4ug/ml > PGMEAL & % 4.8~ 9.6~ 19.2¢ g/ml > =
HHE R S E R (25:2°C) 0 Al PR SR PR R S 304 A0 AR R &R IR A 250
Co %R Au 5213510151844 SR iEE ™ » & Big 2 123
A % I CAR/PDMS SPME# & ip| 3% 4 17 » #-1f &8 % 't o & 33 SPMBE% ' £ &
CERTF MRS T EE R G N ES% L TS RS @B

WAE (£ Hr 2 R R
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3-2-6 % 5548 TP

A p 5l 2 10p B FRRAT (Y £ FR-E 35 4 26 feh 1000 ml 286X
P g e fur gD 1000 ml% A e s PGMEE AR 5 4.6% 9.2 pg/mi(s
PGME:E B 5 4.8% 9.6 ug/ml)shffii 5 > #-© feds 1000ml 4% 4 % 2 25ml @
FUELY O RRRIBFLF TR Mo IR R TR F WMEY 2 7@ L PGME(RE
PGMEA)E A #: P 7 ¥4k i b K ACHE R 2T o R Sl 2 ideh
BIREE - ERHSEE T 205 Bk E o A5 P % 1-3-5-7-10~14 % B 1)
3B EAY  mYp i 3-2-18 23 3-2-58 ARl % 2 75um CAR/PDMS
AL R E S SPMER B 4 7 > Am iR R 5 3B (25:2C) 0 fuk S
PR S 30 44 AR RSB E R 250C 0 B4R SR & RIS
3 4 7 I CAR/PDMS SPME& ‘@it {7 /il =4k fh A 47 0 %8 v jx F 352 &
e A TR SRR R ;ﬁuﬁ“ TRk g ik 23R w2 P e

3-2-7 % SPME $# ¥ F 73 =5

For# 30 A4 % AR -

B0 RSN R YR T AR 2R AR ATRIARR Y £ F Y 1.010 8
1030 X HFETHA R TH a0 AR &g 2 ZAARNEA TR R M
AP R Ao SR o R A R h-AT kY S R B R R
Z el N5 B dpl Ao B & 5 (PGMER PGMEA)+ » 10ml A%
BN AR R KGR AR AR B 05 1 2ml % 3 1 10ml 2
s oo Eor AR R 2 10ml 2 & o @ Fik? PGME kAR 5 4.6-9.2-
18.4ug/ml(s* PGMEA &k & 4.8~ 9.6~ 19.2ug/ml)» 27 3 ¢ #73 ikt & %
L 2 Ak RGE TR BRRIGE 0 % i 10ml AR B &4 2 25ml ¢ R R gl
AL BRIRIE D VE RS Y RRIRE R B L 25C 0 ET 304 B @
AYFEFEITEL RS LSRR E S SPMER (778 T R ER R 0 R
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SPME # z_® (holder)3 & 3 %/ & 0.9 # SPME % 334 » f5 ¥ g ay ¥ >
25ml ¥ FE A TE Z IV E L B TR BT RET K BB R
T SPME &5 > FAL RS EHFL > REEFALEWARANFES 3.8
s # SPME# 5 % ** GC/FID 1 84 v i& (7 %' A 17> itk &% 'R & 5 250
CHra,™ #mrg e
3271 oA AT+ HFR
% %] A1000rpmE 61.59)2 3000rpmEs 553g)dE & = - #-9.2ug/ml
PGME (& 9.6ug/ml PGMEA)/ % # & 4 %] 4.~ 0~ 10~ 30~ 604 4 >
B i AT+ B e ¥ £0.92-36.919/ml PGMEf % % 5k B & >
VAR B Y s g ag A %] % 1000rpmE 3000rpmT HS-SPMES #: & % Kiy
[CAESE S
3-2-7-2 @ @3 B PER
BB FRRRS TR Rtk SR B - g TR 2
PH B kB EE T > 7 AL 2 FR P 50 2 BFRUE M &2 A NH
2,4 (PGME & PGMEA)» # 5 ¢ it &4 » F]piE# & i 4 (NaCl)
EFERMG T BERIFRRRESAITEEIET T HLDL
9.2ug/ml PGME (¢ 9.6ug/ml PGMEA) i # & 7 4 & ik 7 ‘v 0g~ 19~ 39~
5gNaCl> ¥ B Btk E % %484 o
3-2-7-3 R EJWEL P+
B R R R R RS TR F ML TR F S BRI
R »BEHERGEL FERF > 28 AR ESEFZ10mMb 2 &
EEEH FLFAABEEE R RS ERAARES BT
B ERTFTZSPMER T B FIMELERD FIRZ R o AR R A
0.92-36.319/ml PGME (2 0.96-38.41g/ml PGMEA) 5 i % 5k & T 0 1t &
WAL (4 & 250rpm) A AL R R R S A R IEE T R S B S S 2 4
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L
3-2-7-4 &G EER

B g B U4 A SPMEE < o T £ 1 SPMER (7 A 45
HEBASHEEEFa YER L E  argbR2 KA B - &wm
R ARE R e R AR S 0 U A A L] E R g
EREATGFRE TS HRHFREOEES A LR A% 114.8-9.6-

19.2~ 38.4~ 76.8~ 96~ 288~ 480~ 768~ 960~ 1920~ 3840~ 5760x g/ml

R A RS04 40 BB E R LT e o
B 2 KA

A FT 7 4018 2. i dh 4 Microsoft Excel 20034 4 i (7 18 & &2 v [ » & 12 SPSS
1 %

FAFHY 10.0%KE 7 52 41 0
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Fo8 R IARBEHEDL

APERAFLEERAP AWML T F RAP BB 65T LRSI
FEBFF IR0 D BEAEET GG APMIBI S T A Z BREg E F
P E R RAPM N T bR S TR e 2 05 dfd BN R S PERUR S B2 1
5

A A Y PRN P EER SRk e £2 &Y RE UM E S

=

EFTEERYFMERATESADERMAFHPN PGEsR* £ d R HH

1 ,:‘LT; Bae W Rl TRk IRRP B2 kB % 2 Dentan®
A (Dentan, et al., 200Q) 7 3 4 & » &3 L #735 F i * 2 150,000f& 1 &4 7 > #F IR
H3 2334 £ 75 PGME: 2 2 & 5 4 51k 1-10%(viv); # & & 10%-30%>
PGME 2 &% £ 3 § £ 50%% P IR EFASL T 00 & - R X%
5@%1@%&%*:§6¢EW%‘@?ﬁﬁ%%Aﬁﬁr\¢?m % 2 AR A
FEFR AR R R RS AR PR R D BRI ESL R R

thigr (5d FRE P AR ) EENG 56 g oA f D @ELd v ¥

St

PR T ALIEE DI E . RBF I T 2 AT N AR 88 E2 0 A(H

N

FE%,1994) FP P - R IR R A E(QrT g e e SR E

1>i

F)EXEMEQLEFEHE) A AP RAEFHFRF WA~ R oBET A
fL2 2 R A5 0.9%9%VV) o F MBINFRRUE S 2 Y EN A T
4-1(jp A, 200677 o BN i &2 6 > BESEC AP S EY R PRI o @
BRI S B PERUT T A 5B TS AR G S D SE Y TR A

BB E L ¥ F R A Y (4 Alkyl Ether Sulfates; AESY @ »+ L kT 2 ¥ ¢  fig
fE Y &2 E* 4ok 4-2) PGEsa & * 3tk ek 8 %|(Edge Bead Remover; EBR)Z

%5 B 5 ar2 X -
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2 4-1 p - fppagic S RPN & —gga HE5% 4

¥ * g BN & * R
R E BRE IR E L1 E ik ¢ SRR ERdh o £
e FhE A REBER SHFETPP
AR AL L S
VAR
b B E BRE ks A D E Fiwit1 o ELESFFCT KRR
[N HAESR
T+ 1% CD-ROM/¢: FI/LCD ®r LA
B2 RiE AIVRE CEF R EBMERE B
2 4 x
Kig 1 ¥ F A A B | @it BEMHE

(#547)

Pﬂ%ﬁﬁ@i*ﬁ%/

TEFYMAE
Bl E kAR A 0
M F M

FiEAL ¥

£ PMA 2% PMaa#l # 3
% PMP BALE T Y

L g

EL Tt e 1%

AR TR LF pAAS > 2006

242 LEMAT AL MR L Y
e LB YR
R L SRR EEH Y hd BN IR T A E
=[S RTAL SRIELEIGANLES G G NICE LT A E
S é%Fﬂgﬂaﬁéu$§n]ﬁqi;g;uf;,iEq;,yHC& LT A%

Wi

F SRR AL A

LAY A o ICE KT A E

Pt jed FRBEZF PP - RS P R G EArk 439757 0 d 0P 2 ff
Bop it & 2 40 M- A5 8 A M 5-10 B Tt 3 F ¢ AT
ERFREFEREREL M FP o FEHF AL
T g o Ttk i R AR A R

2R BRERRT o B AR PR R e T HE T - FR g

R e

L2 JRETR B

Flenp = ff plaf

P2 H o AR
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EhplE s M JRMERA T ES B HFL 25

243 BEZFPA B EPERER ERE L

Analyte job activity No. of Average conc. Standard Max. conc. Ref.
samples deviation (Conc. range)
Manufacture
PGME
Paint manufacturing 157 20 ppm 98 ppm 1030 ppm
B-PGME
Paint /Metal/Plastics — 2-3 ppm 14 ppm b

Manufacturing

Use of Products

PGME
Printing 87 10 ppm 18 ppm 80 ppm
Silk screen printing 132 9 ppm 13 ppm 61 ppm a
Apartments painting — 0.5- 7 ppm b
Undercoat varnishing — 35- 39 ppm ¢
Varnishing 2 10- 63 ppm d
Graffiti removal 27 1.40 ppm 1.69 ppm 8.90 ppm ©
(cleaning agents) (0.054- 8.90 ppm)

31(STEL) -~ 10.84 ppm 11.42 ppm 58.69 ppm

(0.049- 58.69 ppm)
Cleaning of Vats 3 30ppm
(20-40ppm)
23 4.92 ppm 4.78 ppm

PGMEA
Silkscreen printing 4 0.66 ppm 0.30 ppm
DPGME
Graffiti removal 26 0.22 ppm 0.32 ppm 1.77 ppm €
(cleaning agents) (0.06- 1.77 ppm)

27(STEL) 1.38 ppm 1.50 ppm 0.13- 6.03 ppm

% Norwegian National Institute of Occupational Health 5500 personal air sample data from1985 t
1988. (Johanson, 1990)

® Apartments painted with water-based alkyl and acrylate paints.

¢ Parquet fitters in Finland.

9 Varnishing with urea-formaldehyde based products.

® Graffiti removers in underground station and 4 train depots. (Pawliszyn, 1997)

"Cleaning of vats in an ink factory. (Devanthéry, et al., 2000; Pendergrass, 2003)
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7 A A
- A EEFE
L RE&F
>~ 3 ™ 0.0184 mg/ml PGME 0.0194 mg/ml PGMEA- 0.0191 mg/ml
DPGMEE A = & F HEZ R EF RBR AT - RFR LI F LR
WAL LI EFREEFRL #2417 3 BHRE TR ESRE

REDEES BRELPD AP FTHR L EG L RE B ko 444

?:"—i-—ﬁ: o
44 RERTERZES
PGME PGMEA DPGME

Standard Conc. 0.0184 mg/ml 0.0194 mg/ml 0.0191 mg/ml
Rt(CV%) 0.38 0.14 0.14

Peak Area(CV%) 5.11 5.8 4.34

3 1 n=60

2. k&5 F

rp g EasfiproR e Ea A RERKESRFR AL S
2SR Glcrit %ok 45977 o
% 4-5 PGEsit £ st & Bl .2 %

PGME PGMEA DPGME

& 2 SR 0.23-90.2Qug/ml  0.24-94.1Rg/ml  0.24-93.68g/ml
YR ﬁﬁ; * #23;%  Y¥=5105.96X+0.62 Y=5563.10X+0.12 Y=5705.04X+1.41
r? 0.9995 0.9996 0.9982

3. SPME ‘& 58
SPME&# 5% - £ 2 429 %P LFF FH ik E SPME % %9 %
o e 3L F % SPMES B4 kR A 474 » #pt X SPMEA 475 % & A
B d % SPMEA &% Pt d» N EHEF &%* 34 SPMELE § =
BE R AN G F %Y SPME s 4 B AP 3t L R SPME2 W i
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I FE90%F oo d AT AT F R&EA SPMEA B VR Y &R
%= 4% Ik A& (90.2~ 176.9+ 340.7ug/ml) ch PGME & # 3 j% » i {7 SPME## #
P M AR &S 5 B4k Head Space SPME# > 34 » &xie = fE7
R (4.6~ 9.2~ 18.4ug/ml) e PGME R 28 -k i3 ik i 778 5 SPME&# B 2o & 48
B> AE=Z 273 F SPMES @i 7 SPMES 2 55 Blid > E Rl TR % 4
% 4-647 o Bom S8R 48P iR SPME 0 2 SPMES & ip 2% %

By 4] i 95%7 1+ oo

%46 SPMER @58 4478 % 4

PGME SPME s 7t § T 31t i
kR #1 #2 #3

90.2ug/ml 97.27+0.02(2.44%) 96.76+0.04(4.09%) 102.81+0.05(4.65%)
176.Qug/ml  100.32+0.02(2.36%) 99.64+0.02(2.05%) 100.42+0.05(4.74%)
340.ug/ml 94.43+0.04(4.56%)  98.63+0.04(3.88%)  98.01+0.04(4.06%)

PGME Head Space SPME i & T it &
kR #4 #5 #6

4.6ug/ml  98.60£0.75(0.76%)  98.9542.97(3.00%)  101.87+4.56(4.47%)
9.2ug/ml 100.15+1.34(1.33%) 101.05+2.78(2.75%) 99.07+2.65(2.67%)
18.41g/ml  98.06+1.25(1.27%)  99.87+2.98(2.98%)  99.97+3.56(3.56%)

2z n=30
4. R

AT RERIINKEEREMEREH AT 7 & 0 T REF 2L Peak
Area> 3+ 5 H T3 2 £ &k L 11 3 3 sRFALA L TEE - R ATRR
PGME- PGMEA 2 DPGME = j i |24 & % 0.181g/ml ~ 0.19ug/ml 2
0.18ug/ml > ¢t & 47 € >t 4p % *> 0.29ppm PGME 0.31ppm PGMEAZ% 0.37ppm
DPGME 7 # kR # #& 240 » 45 > £ 4p % *t 4.71ppm PGME 4.97ppm PGMEA
%2 5.96ppm DPGMEZ # kB # 1k 15 4 482 B % -

AT RBBREIELLZ S RELHF A TR0 TR 2L Peak Area 3
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FH T g kL 3 REELE R ERAF - PGME- PGMEA *
DPGME s1ik B i Bl &' & w] 5 0.03ug/ml ~ 0.03ug/ml 2 0.03ug/ml -
= ~SPME#E AT 2222
1.PGEsGC/FID A 45 i i

AP 2 F S GCIFIDA R L 1~ v g R 250C » L iaagS o p B
Jy v g B 255C » @ * DB-FFAP 30mx 0.25mmx 0.25um » 1um & & = ' ¥ 4 o
& F (H)ors# 1 40 ml/min> 3 % sni& @ 450 ml/min> § § /& 2.5 ml/min>
F splitlessa 47 i * > 247 7 4R R K TLF 2 DAz B R 40°C adx 4 4 4 o 1
10°C/4 2§ 1 130°C & ‘a4% 254 48 » £ k17 A 17 & 5 1554 - 2 5 4
oA 17 Bl 4o B 4-1(G R 15 5 1 50ppm PGES # 60 4 &) 77 » 4% 50
ppm-200ppmik & # Bl 5 # R &#7if * 2 PGEstk & Mg % % 4ok 4-7> 2 ¢

PGME # € R Bl4- B 4-2 #771 -

PGME PGMEA
(w} -
PA g ®
0 [}8
500
400 +
DPGME
5
300 r
200 + @
-
100 -
&
o
o
pehten . L_..l L‘ —_J_L_ L L LT |
— —

T— r P = : T~ — = . i
2 4 8 8 10 12 14 un

Bl 4-1 PGES% # & & A 17 Bl 3
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% 4-7T PGEsik # st ¢ % = F 4

PGME PGMEA DPGME
e £ 4 F 0.046-1.46mg/ml 0.048-1.52mg/ml 0.048-1.52mg/ml
SR 3 3 3
A g ot Y=5.73x10°X+49.32  Y=6.6%10°X+44.30  Y=6.6%10°X+13.37

I

r? 0.9989 0.9988 0.9985

10000 -
9000 - Y=5.73x10°X+4.93x10", R=0.999

Peak Area

0 0.2 04 0.6 0.8 1 1.2 14 1.6
Conc.(mg/ml)

B 4-2 PGME# £ 4 B

2.3 f* SPME % @iF &
AT AP B & &9 100 pm PDMS> 65 pm PDMS/DVB - 75 um
CAR/PDMS 2 65um CW/DVB = #& SPME 4 &+ it (7% » % 0N i 2 £ 48
7k HF SPME4 2% >t § 7 PGME/PGMEA/DPGME% 50ppmi## fi {53 # 48

ZEBEREY SRR3R R SRR GS T BB TS S4B 4-3 577 o
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o
\l
1

0.6 -
205
?
%’: 04 @ CAR/PDMS
5
" 0.3 - B PDMS
0
®©
€ 02+ O CW/DVB

01 - O PDMS/DVB

0 h
PGME PGMEA DPGME
analytes

B 4-3 = #& SPME 4 2% 50ppmPGME- PGMEA 2 DPGME # # 4 45 % % B
4 B 4-3% 77 CAR/PDMS SPMEsk ‘41 %+ PGESH # it crf e 2 % » 2 A+ £
2 B 4o BB R AR B e o
3.1k SR 4 TR
5 FE - #-a i CAR/PDMS SPMES ‘& 11 [r PF iv 7 4F ek & R 48 2 1 > ¥
PR AL S e 46 SPMES & & *> 7 PGME/PGMEA/DPGME% 100 ppmi# i 1%
BIMZ BERY RS04 8 FXEHREO6BHS RE A LA, HE Y
S B E BHEEL AU GFRATEELRAC)ERET » S Bl F2TA o B
13792 14 SRR HRFEE R4 4-859757 > @
AW 14 X pF o L iE 2T 1 CAR/IPDMS# & 2 5w e & 57 i 90% + >
9 5% %% B v CAR/IPDMS % 4t 2 & & PGESH S i2cfg 2 c % » F o » &

P33 M PGES%: §# &3 k35 CAR/PDMS L & 1 T ke 74 M B L7+

31 -
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% 4-8 v f5 SPME & % % PGES#H f# 1 & ik a2 21 R :2 4 % 4

Storage condition Sample storage recovery (%)?
PGME PGMEA DPGME
25°C°  4°C?  25°C  4°C  25°C 4°C
Noné® 100 100 100 100 100 100
3 days test on sample stability
CAR/PDMS 95 95 93 97 88 92
PDMS 85 86 55 102 110 110
CwW/DVB 110 110 71 110 105 107
PDMS/DVB 56 102 70 114 105 105
9 days test on sample stability
CAR/PDMS 88 93 83 95 75 92
PDMS 33 24 26 29 18 30
CwW/DVB 18 30 51 40 30 34
PDMS/DVB 26 29 51 53 30 40
14 days test on sample stability
CAR/PDMS 85 90 81 93 72 90

& . compared with no storage condition; all the tests were performed in triplicate with

CV<10%.

. exposed to 100ppmv PGEs in air bag for 30min and followed by GC/FID analysis

immediately.

¢ : exposed to 100ppmv PGEs in air bag for 30min, then stored at room temperature before
the analysis was performed.

9 exposed to 100ppmv PGEs in air bag for 30min, then stored at 4°C before the analysis
was performed.

b

4.5 g 1 RAHE B

A #1312 75 um CAR/PDMS# SPME % & iF 3 3 & 4 & > fe 4 50 ppmen
PGME/PGMEA/DPGME= i £ # 3t — K¢ » *0 3 T4 30 A &1 4
B PGEsti %> ©# GCH &L » v E R & H&k 5 200°C ~220°C ~240°C ~ 250
T~ i 17 PGESH & # % %4 17 » PGME/PGMEA %t %8 & 200°C ¥ ¥ 7
¥ 99.5%2 ¢ » @ DGME R+ 250°C# & & 4 i 97.9 & 2 § 1 250°C % &

5 GCiL» v 2 MutE R o

81



5. Boif b W
7 75 um CAR/PDMS ¢ SPME 4 % it 5 4 & 4 ¥ » pe €l 50 ppm
PGME/PGMEA/DPGME = i £ 4+t — 4 # ¢ » @34 B 3 8T # 30
SABts 0 %% - SPMES 4k 15 30 A 48 0 #3545 & A B3t GC M 1~ 2
3 4-5.6-7-8-9 1044 UFHBAF R SR ERHER c F RS A
PGME/PGMEA 55 & 1 A 4 % 2 %% > 7 DPGMEff &% " B2t 5 & 4 15 i&
06U i rck B A 4BsE OBUR otk R E R A FH BT - BATH S
SPME 7 £ # % /5 % » %>t DPGME % 5 fif & T & k4 204 > T ry
15.5 4~ 45 1% DPGME 2 2% % ofci® » © % T - X} iz SPME& @4 g £ it
BOR R 0 o
6.4 1 % = 5

" SPMER FHREFT it § XDHRBEER - BR R #FEFFPE &4

bl

P UELTF R RE & LR 5 Mk s u B # 50100 200 ppmik i ik
B2 EF 0 %R R (10%RH~ 80%RH)~ F & (20C ~ 30C ~40C)2 kb i# (&
B~ 0.184m/sfs = T A M 7k BB RA T 2 HEHEFEEER 0 F M E
BIFTREENEDLEERFEFTRFHRTFEE LR Aok 49977 o

573 SPMEG A4 P S5k de 5 5 4 (4o 4-4 #7m ) » 2 p 5E & 5 0.3 om(Z

=0.3 cm) SPME ¢+ 5 # 2z 4 & # (surface areaA) % 0.00086 crfi (Khaled & Pawliszyn,

2000)-
d. 1.3ecm
{ 10.2 em

B T T e = =F = . ;\%l
:._x_‘-‘-:\ll!"!lifl'lilll!!ll!!"l oAl - 7z

c b |+—]

1em
11 em
13.5 cm

Bl 4-4 ) 55 SPME# $° 3 35 1% & )
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PGEs# 2 % 47 i3 8+ = T 7] 2 ;% (3) (Reid, Prausnitz, & Poling, 1988):* & :

o - 0.00143x T
EOPMIZ I )+

# ¢ Dag : binary diffusion coefficient of analyte in air in ém* at T

T : temperature, °K

Ma and Ms; : molecular weights, g mol

Mag = 2[(1/Ma)+(1/Mg)] ™

P : the external pressure, bar

>v : the summation of atomic diffusion volumes, unitless
i ¢ is all the contributing species

A :air

B : the analyte

Ak
ot
-

d 2833+ 30C2 1+ 7 /BT PGME, PGMEA 2 DPGME 32 3% # §¢ %
% 4 w5 0.0874 +0.0720% 0.0663 cris®» @ tip b B £ T 7 d

X (2) R=DA/Z 3¢ % 2 354 # % + PGME - PGMEA 2 DPGME th3® 3 4 # & 4 %] &

1.50 x102 ~ 1.23 x10? % 1.14 x10? cm/min -
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2 4-9 72 P pRRIEET PCESEHHFEHRIEF HRERI S5 ki

Analyted Temp. Diffusion Theoretical Experimental Sampling rate(R) Experimental Sampling rate(R)
(C) Coefficient Sampling rate in Stastic air bag in Dynamic Air Generation System
(Dy) (R)P 10%RH 80%RH 10%RH 80%RH
PGME 20 8.29x10” 1.42X107° (6.4240.12)x10"  (6.2940.12)x10*
30 8.74X10° 1.504.0° (6.934.12x10*  (6.7940.12%x10*  (6.1440.14x10°  (5.824.18)x10™
40 9.25x10 1.5941.07? (7.9840.12)x10*  (7.82#0.12%x10°  (7.6640.03x10"  (7.024.14)x10"
PGMEA 20 6.83x10° 1.17x10? (4.5840.05x10"  (4.5240.03%10"
30 7.20X.0° 1.24X10% (4.7240.03x10"  (4.6640.09%10"  (4.4940.06)x10"  (4.4040.06)10*
40 7.62X107 1.31X10% (5.1340.12)x10"  (4.9940.04%10*  (5.0940.08x10"  (4.3740.05)x10*
DPGME 20 6.29x10° 1.08x10° (3.0040.15x10" = (2.0240.35)%10"
30 6.63x10 1.14x10° (3.3240.11x10"  (2.04#0.16%10°  (3.4840.29x10"  (2.0540.17)x10"
40 7.01x10? 1.21x10? (3.7440.04x10"  (2.0840.29%10"  (3.4340.04x10"  (1.7340.04)x10"

a: The concentration of analyte was 100ppm in stastic air sampling bag.

b: The sampling rate(R) for the analyte uptake when the fiber retracted 0.3 cm, the needle opening area was 9.00086 cm

c: The temperature was 20.3°C.
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6-1 EREFR

MBI AT EHE RS S (TRRXERE &) H - BT P REES 0 B
4-5 % SPME%t 10%RH 100ppm PGME= 20°C ~30°C % 40°C # I % % 8 & T 2 34k
%% 4 4-10% SPME#7 8 & 2 ;&A T 100ppm PGE$: & % % > d B 4-5%
%410 R B 3 FIRART R SF B R D 1 0 & 10%RH 20C 30C
Z2 40°C i T :hPGME-PGMEA %2 DPGME> # 2 kB T ¥ % F L % 1 5
PrPELR A i 80%RHIE 2T HPGME 2 DGMEA 7 4 48 f 1525 o

8.00E-02 . 5
at 20°C, Y=(6.42+0.18) 10°X + (1.46£0.58% 10°, R#=0.9951 .

at 30°C, Y=(6.93+0.12)10"X + (0.96+0.56% 10°, R°=0.9960
at 40°C, Y=(7.98+0.1%) 10X + (0.38£0.49%% 10° ,R*=0.9977

7.00E-02

30C
20C

6.00E-02

5.00E-02

4.00E-02

3.00E-02 -

mass collected(mg)

2.00E-02

1.00E-02 |-

0.00E+00

0.00E+00 1.00E-02 2.00E-02 3.00E-02 4.00E-02 5.00E-02 6.00E-02 7.00E-02 8.00E-02 9.00E-02 1.00E-01

conc.xtime (min.mg/ml)

] 4-5 SPME#+ 10%RH 100ppm PGME: = 7 7 IF i B T e 5 % % B

AT R R R SN (DREF RS F BRSO A R30C2 1+ 5 &
T PGME- PGMEA %2 DPGME ¢ 4 1% 3 4 % 4 6.93x10" ~ 4.7 10" 2 3.32 x
10" cm’/min » % 30°C10%RHi% i » PGME~ PGMEA 2 DPGME 7§ 5% # #¢ 4 dic
5 4.03-2.742 1.93cnis’> § % % % PGME~ PGMEA 2 DPGME thz_ i f & 4 ©|
LI X 46 -38% 298 o

d % 4-92% 4 4-107 v SPMEAR & 3% 35 1% BIRAT R B2 AR F LR R H 4o 7 @
B0 RN (D)2 (27 EEE IR A A4 10°C kRS 97 A4 1058 o d F &%
FEBADRHFRIF R AR B F RIS & 10%RHE #T IR R F
40 10°C F 45 16 5 9 7 H#4e 1.01-1.158 > ¢ 2 2 Q)7 ‘ot h#cw (D)5 B A TV

e e F] R SEIE R A 4 D B H 4e 0 & 80%RHIE & T i A F 4 10°C A %
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# 4-10SPMEH 7 IF 8 & 2 /B & ™ PGEsk# 5 & % w4

Relative Temperature Experimental Adjusted Relative
Humidity Sampling Rate  Experimental Error
(cm® min)? Sampling Rate  (%)°
(cm?® min™)°
PGME  10% 20°C (6.429€.12%10" 6.42 0
30°C (6.938.12)%10* 6.81 1.76
40°C (7.989€.11x10™* 7.21 10.67
80% 20°C (6.29€.12x10" 6.29 0
30°C (6.798.19%10* 6.67 1.79
40°C (7.82€.10%x10" 7.06 10.76
PGMEA 10% 20°C (4.589€.05K10" 4.58 0
30°C (4.729€.03)x10" 4.86 -2.88
40°C (5.139.12)x10* 5.14 -0.19
80% 20°C (4.52€.03%10" 4.52 0
30°C (4.660.09%x10" 4.79 2.71
40°C (4.999€.04%10" 5.07 -1.58
DPGME 10% 20°C (3.008.15x10" 3.00 0
30°C (3.32€.11)10™ 3.18 4.4
40°C (3.749.04)10" 3.37 10.98
80% 20°C (2.02€.35x10" 2.02 0
30°C (2.048.16x10" 2.14 -4.67
40°C (2.089.29)%x10" 2.27 -8.37

8 The experimental sampling rate was determined as the slope of the plot where the Y axis was r
collected (mg), and X axis was the magnitude of exposure (in concentration-time units*mg cm
min)

® The experimental sampling rate at 20°C (293K) was set as the reference. The Equation 2 was |
to calculate the adjusted experimental sampling rate at different temperature. For example, at 1
RH and 30°C (303K), the adjusted constant for PGME equaled (33®@293} "°=6.81

¢ Relative error (%) = (Experimental sampling rate — Adjusted experimental sampling
rate)/(Adjusted experimental sampling rate)0

FHS 97 A4 1.03-1.248 o 51 20°C T R S5 R R R E(40 £ 4-10)
da@)F 2R & 30C2 40CT nfic k e HApHFL 9 & 10h=+ -
Pawliszyn # 7 7 3 D 4ok f1* HEF i A kR F » B9 SRR S € RIZmH
TFEF AR L BEFRRE AT LIPS BFTHREITETH4L
BEEEG M HE OB AT FA TR EFRENE S S FE

3

€ T2 b 0 B - AT M 1803 A #(4e acetone  hexane benzenet toluene)
PGEs ci* 8L35 % »v - Soen 873 &) > & H F § B 45 8% &< 10-201 - 7B
PGESHHI 3 {4~ 4 4573 1< > Fub & B B # 4o e X iRl 4 & » SPMES e

WO RARPHF EF M ERP AR RGBT g A4 0 a MEE R
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SR AIRIAR T AL 4 B FRP PP AR RS o d AE LR RES T
# PGEST sk th 5 § FULBHF T 5 3 -

AP RERT AR EHE BTl FREER S ORI BE O P&
¥ FERT PGEST R ER AT MR G e

6-2 JBR B Fik

B 4-6 % & 20°C SPME#% 10%RH 2 80%RH 100ppm PGMB [+ & & if i+ T 2
FHRES I R462 L 410085 23 FIBRT BRI EBRA e 8]
& 20°C10%RH 2 80%RH # = * PGME i # & A 4 % (6.420.12)x10" 2
(6.2940.12x10" cmmin™ > A 47 H %% & @ Az + £ B (p[D.475) » @ £.307C %
40°C* 10%RH 2 80%RH #i= ™ PGME gk & 7« & f &g %3t + £ B (p[D.430 =
pID.301) o J* /& & &5 7 40 4B A 2 10%RHZ% 80%RH 2™ % PGME # # & & P &¢
B %o @ 4 PGMEA® = » 2.20°C30°C # 40°C*- 10%RH2 80%RHH;= T % PGMEA
BRI APHPE.

it % DPGME @ 2 » & 10%RHZ% 80%RH ;= % DPGME#: 4% & 474 P i §
@ogﬁ@@ﬁ%@mﬂKMmunmzmm?ﬁ{¢A4ﬁPGB@%%SM&@
BE 8 (active site)rde sy o @ ok A F ibdp SPMES RS R ATR o dow ik d
** DPGME 4 & £ + # #4¢ (B L PGESY ik » K & 4 % L Rk A ¥ 224
}7 4 £ e 54 SPME& &% =% p¥ » DPGME % 1.2 PGME 2 PGMEA 7 [ i
LI
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7.00E-02
at 20°C, 10%RH, Y=(6.42+0.12)10"X + (1.4620.58% 10°, R=0.9951

10%RH
6.00E-02 at 20°C, 80%RH, Y=(6.29+0.%2)0°X + (0.01+0.01x 10°, R?=0.9952

80%RH
5.00E-02

4.00E-02 -

3.00E-02

mass collected(mg)

2.00E-02

1.00E-02 |-

#

0.00E+00
0.00E+00 1.00E-02 2.00E-02 3.00E-02 4.00E-02 5.00E-02 6.00E-02 7.00E-02 8.00E-02 9.00E-02 1.00E-01

conc.x time(min.mg/mi)
Bl 4-6 20°C >+ 10%RH 2 80%RH i = T SPME% PGME 3 # & & % 8]
6-3 h i B TR
A AR SRR R) 2 SRR S A 2 as%® SPME # ik
% 30°C 10%RH % 2 7 PGME fad® & 3 7 M3k K)2 & B F 5 WA 2
AR B RS % A U 5 (6.9340.12)x10™ 2 (6.1440.14%10 cm® mint(4c-® 4-7

it

) > KA R S P g A B (pD.87) - @ & PGMEA 2 DPGME 7 % #p I 2 %
S omrihg it PP EAR oA #;E—Z%SF A4 Gk A2 LW AR E o N

BHEEFRMA S e hif 3 0188004 ms @ EEEF o E Y PR @

St

00 pteb o Hois AR i 7 S (wind tunnel experiment)# 3 B % Rt F b oi#
HRB A ERFL RO I PR A AREEREHREFE D (L)<
2.5-3.0 p¥(Harper & Purnell, 1987) ## 5 ¢ - o £ B ##H E 2 2 (Ud) 4
0.33cm/0.033cmf i # 2.5-3.0 5% =+ porid ol B A 2T RT3 €% SPME
FERFEAPE F2y SPMER &V HRE* prE T IIH(TWA) R atp B~ 1 (40
% 2-8477m ) % B7 0 W SPMEF (TARF SRR BEF T §F RETREFL E BT
BRE A S HEFT YT 3 0.5 2TLV R R BT i2(7 15-4804 482 {RplsE - @ 5
#cF #%58  b i (face velocityyt SPME# &V Bk Bk S5 B84 &
P AR o Fpt > 11 SPME 75 pFE Ta(TWA)ME N BpE2 234

=}

He
}“\:

el
TRk

Lﬁéfgﬁ v b2 F F G5 SPME JLst4bEgcnE 2 F o) ool % (Chen & Pawliszyn,
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2003)>

at 30°C, 10%RH, in air bag Y=(6.93+0.£2)0"X + (0.96+0.56x 10°, R°=0.9960

7.00E-02
at 30°C, 10%RH, in dynamic system Y=(6.14+&.14)"X + (0.79+1.30x 10°, R°=0.9999

6.00E-02
5.00E-02 - in dynamic system
4.00E-02 -

3.00E-02

mass collected(mg)

2.00E-02 |-

1.00E-02 -

0.00E+00
0.00E+00 1.00E-02 2.00E-02 3.00E-02 4.00E-02 5.00E-02 6.00E-02 7.00E-02 8.00E-02 9.00E-02 1.00E-01

conc.x time(min.mg/ml)

B 4-7 % 30°CLO%RH*# fi % # fi &% 7 48 7 12 SPME# & PGME 2 # # 5 % % F
6-4 > 2E%BEITR
R¥pd A3 WMETF A CBES LS EARBEREL S5 T 0 PGME
PR EERAET 4P B P o Bt > AT 3 1 PGME i % 4 i 7 SPME#
B2 E i &S 2 OSHA 992 vt i » B B %4 ik 4-11 7 > & faH
S i3 g 3£ 55 <10% - +* 50ppm-~ 100ppm# 200ppmip|:&ik & T » SPME# # %
% e CV A u| % 6.33%- 3.24%2 2.23%: i tui #5810 5 B F 1% 50 OSHA 99
B EHEELEPCV EA Y 5L 8.78% 0.78%% 3.32% ‘oA 5 H %% 4&50ppm-
100ppm% 200ppmipl:#k B T p e 4 B 5 0.8450.125% 0.295& »3- P &g £ B -
F# OSHA 997 i#4p 12t SPME 4 * i & (7 M fLi fF (4- ) 4-8) » # 4 % (slope)
% 0.9740.01 > r= 0.9969 > Bgm 3 A2 R SRy - R o
% 4-11 OSHA 997 SPME#: 4% = i Bl 2 % % &

BIERE R SOppm 100ppm 200ppm

B Rl L% % (ppm)

OSHA 99 56.54.96 99.214.78 192.326.39
(8.78%} (0.78%) (3.32%)

SPME 56.0443.55 97.00:3.14 195.814.37
(6.33%) (3.24%) (2.23%)

toste £ ° -0.88% -2.23% 1.81%

2CV i& » n=6

P tp 4+t OSHA 99 % chjp $4:2 % =((SPME| ¥ & — OSHA 99 ;2 ip| 18 &)
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[( OSHA 99~ ;% jp| ¥ i5))x100%

250.00
Y=(0.9659+0.0133)X + (3.6954+1.7383)0.9969
200.00 -

150.00 r

100.00 r

Conc. of PGQVEE from SPMVE (pf

50.00

0.00
0.00 50.00 100.00 150.00 200.00 250.00

Conc. of PGME from OSHA method 99 (ppm)

) 4-8 OSHA 997 % 4p 42+ SPME# # * i M lLiw 7 & % F]

A 5 12 SPMES $4200ppm PGE%: (75~8% 10| B E R 2 4 > 20 f2

SPMER: #: = 2 2 't 5 £ '] 4o ll4-9%-R F FEHE B $ S 7l fFiF

B > P0.5-10/) FFenk R 4% 7 & 24 MM R HR?=0.97) > & & ESPMEfw
EE R

2.50E-01

Y=2.17x102X+3.04x10°, R*=0.97
2.00E-01 - .

1.50E-01

collected mass(mg)

1.00E-01 -

5.00E-02 -

0.00E+00
0 2 4 6 8 10 12

time(hr)

§14-9 200ppm PGME: £ 10| psx 4 % £ 2 % ]
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FAPACE PR BT B R 5V 0L A A T R0iE 2 TR 7 F B F P g e

FREA A T LR AR R BT e R T e b
*ﬂ%xié\ﬁo”@fﬁ’ﬁ#m—«"f BT OER J: L1 $/?J#}71§—1?}?ﬁjfﬁﬁg&f%;&fiﬂklfffﬁﬁ?
JJ{ Jﬁy\‘(‘:)\ 'TF‘ 14[’), TL» 7 7 —F %*E‘EE;‘:F’“,%LFU— r?é’%%élf}?ﬂ%%’t,\

SR o @ 4-3% frw B R BT P T B 3 WPGMESER R R B R 9
= 80ppme Fpt 0 A ENFIRAFFTE 2 2 T RFF T L FIURRS B EA &
S

Phow i 0 AR e 2 RETE B S A W S 0.18ug 2 0.693 mi/min(s 30
C)» F# & 1/10 TLV(™ 10ppm; 36.9mg/ni) 2 + kA& 4 1% 60 A 48 > H R4 4 %
4158 mb A 2R EF R #aE 1.53uge B A 22 fr MOE B B AT b Ok
Bz R e

4r®) 4-8 OSHA 992 SPME#:tr= 2 2 $RI\ I » F % 3 F2 3 2=k "~ R/ 7
AR 2E%E FHRLAELS BR AT Y A 200C0F 2 T Rk K 100ppm PGME
LRI F Y > A w0 SPME#H 152 304454 6 B3 4 o BIH A58 %40
2412 R F LT RR T B L 25 VPR EL B(p>0.05)

Z""

% 4-12 7 % 3 F SPME# PGMEH k> 2= 25K 4

RH condition 10% 80%
Sampling time 15min 30min 15min 30min
Mass Labl Lab2 Lab1l Lab2 Labl Lab2 Lab1l Lab2

Collected(lg) 397 385 853 828 3.89 345 811  7.99
329 336 832 835 366 399 796 7.65
331 326 762 780 357 321 765 7.35
3.76 418 815 7.12 354 288 845 8.5
420 3.08 797 746 3.00 305 821 7.05
387 337 768 860 3.06 293 7.48 854

Average 3.73 3.57 8.05 7.94 345 325 7.98 7.84
STD 0.37 0.37 0.36 0.57 0.35 042 0.36 0.60
CV(%) 9.79 10.24 4.45 7.22 10.17 12.76 451 7.63
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FOARRN G R E PN D E TR AT RN - L AR B R Rk
FITERBERETR > g * OSHAQ992 SPMES 84 # = /4 & (7 2 8| T
EBBERSEREEST 6 BREOF SR ZERS[ Z BES L5 ERE
PGME> @ SPME 2 OSHA 99 %45 = ;% p| {7 ehs % 4 %] 170.96#7.24 mg/nt 2
175.938.13 mg/nts H A 4752 % @ 5= P AL B (p>0.05) & fdrfh = 2 ¥ 2 1%
YRBEHFEHLLEE - Ko

AP BEE - PRI REFY I LRI 6 FREA G R Hiplal
% 4rd 4-130 H A 45 Bl 4c R 4-10477 > E* AT f 1 2 2 GCIFID A 4715 i » 7
F Pt (7 1T £ IS PGESehdx 4 17 > @ 4 7.8 % 7 SPME4p #> OSHA 9921 #+ 54
B 2 HEApEFA7 5 A210% ) o f AP S ERTES L TERBRHERR
FEUT PRI RF T oAwof e E vV i SPMER AL 255 b w0 R & A3
7 EA KRBTSR -

2 4-13 ZpRERIRY 1 TERBE R RS 4

W R kS B T % Yppm)
gk e ¥ PGME PGMEA
(min) 'SpPME OSHA 99 1% °® SPME OSHA 99 #p 4t °
A E

Al L p & RE 5% 8694 13.906. 345 4.26% 22.67 24.02 -5.6%

A2 L g d B R R 363 193 1.86 3.76% 22.76 23.00 -1.04%
A3 L #RERE R R 361 0.65 0.61 6.55% 63.98 66.66 -4.02%
A4 L g d KB R R 361 36.29 37.83 -4.07%167.78 175.42 -4.36%
AS L p R E R R 364 46.45 47.80 -2.82%118.46 121.36 -2.38%

A6 > p B REIRE R R 362 154 149 3.36% 12.56 13.20 -4.84%
A7 > p B REREFR 362 169 1.66 1.81% 10.84 11.28 -3.90%

B1° L p & mbe i - <0.18 <0.18 <0.19 <0.19

ol
i‘%;

B2° > p # 4 KEr ] % - <018 <0.18 <0.19 <0.19

FES /PJ g 1 23C 755mmHg’ 52%RH
P43t OSHA 997 2 cfp 4432 £ =((SPME:p| ¥ & — OSHA 99 2 jp| ¥ &)/( OSHA
99 = ;£ p| 1% i))x100%
‘B v # &(field blank)
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ECE S
Bo 2 =
PGMEAsez=
BLt QD
PGVIE :i&5%
= ‘lﬁ
R Ry
"4—‘ ) —QR
L 1 1t
T 8 8

¥

B 4-10 ¥ 8555011 ORI 1 4 17 B
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ERBRERERIARKISBRERSIT 2222
1.GCIFID A {rig it rfa § Mpe 8l

PR TR 3 FAR M5 B~ GCIFID A~ 47 i 238 T P 5737% SPME#R 52 ~ {7 ig s - H
Z9 Rt &R BARME B4 1T Bl 4- Bl 4-11 471 0 fk ¥ PGME/PGMEAT 7 %] 4p
P B 47 W o ] 41257 o

]
1
z. 025

1 = . 559

10 125 15 1

Bl 4-11 i 2 6 48 5 17 Bl

pa o
* POMEA
200
m-
PGEME
200 4
e @
{50 =
)
100 4 "
f oo
- E muﬁ N—%mm éammms
o f R e o g §iReriuRegs
’\' ‘\.'ﬂ- Frfﬂwmmg‘fﬂﬂwg
0 £ oermn ﬁ o q mm:nnxj LT O R R R Tl
] - —— ¥ LSEEE s ey -
2 a g 10 12 14 16 min

W 4-12 Fiie PGESH: &4 45 B3
270 7 AARME R ST R IL R B TS
2-1.3.if * SPME % 25 &
kA5 3 i AL CARIPDMS4rl PGES% § # & — #f » 24 5 Rk &k
i “4% & 4 ¥ > % 2 CAR/PDMS- PDMS~ CW/DVB & PDMS/DVB = 47 &
SPME 4 @& {778 2 SPME#&# 4 47 » 4 4] 2 4.6~ 9.2~ 18.4ug/m| PGME #

4.8~9.6~19.200/m PGMEA= &% R R (7= £AF PR PRIE > BlRg %R
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bod it B 4-35% % 0 ¥ P A5 4 75um CAR/PDMS# % f? A FF @B E - #
F® PGME ¢ Jc £ » % > PDMS » PDMS/DVB ~ CW/DVB = ff % & > & %
Pt F &% % > PDMS/DVB 4 % PGMEA 2 % jc % &2 CAR/PDMS
A
PGME 2 PGMEA 17 ii 1% ¢ i3 12 75um CAR/PDMS % 5 A #k o i 1 4% 4

Pt &EH

BECRERE LMEEFREERSE RG] IR AFT SRR

2-2.3 SRk AR TR

PR A REE AL E R SRR T R PRt &EITER Y 232 T
Baed FRERME > FP RE(T PGEs/i ik 14 = 4 & RE B3R 0 PGME 2 PGMEA %
Rk EPRE A A 4-13- 7 R E 5o PGME &% 14 % » PGMEA &% 7 =

¥ T ,T‘u"i 71 90%:z= + » Flpt 2k PGESH R R & T H ke - P 24475 7 >
¥d 3 PGEsz L35 A # o R g te FE R AR B AR L AT 0 @ PGESH g cpF
ER SR

% 4-14 PGESq i 48 T RITR 4 & 4

= BRFEL o

SRy T W Yz F(%)

RS S PGME k& PGMEA
4.6ug/ml 9.2ug/mi 4.81g/ml 9.6ug/ml
0 100.004.87 100.002.92 100.00%.82 100.00%.64
1 102.212.03 99.322.68 98.066.09 101.71%.21
3 98.5341.11 97.772.49 97.132.32 98.746.58
> 96.69:0.42 96.442.37 95.232.01 95.944.47
7 94.764.62 94.382.51 90.228.51 90.162.52
14 91.00+3.00 90.79%.10 81.013.06 84.502.65
3r : PGMEA #cpdg p #ind B (@7d 8, 2012)
2-3 Atk B i v R T

*F 5 1754 m CAR/PDMS; ##: 4 | » &/ ? PGMEE & 5 4.6~ 9.2~
18.44 g/ml» PGMEAk & % 4.8~ 9.6~ 19.2¢ g/ml» s %8 & % 3 8 (25:2°C) -
WAt TE 2R PR A B|3K 5551020~ 30 60~ 90 120 1804 4 > ¢

ER R F (s s R R 250CH & 2R RT B TSR AN 0 B
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% 4r§]4-13% 4 4-15¢

180.00

160.00 -

140.00 -

—

ug

=

mass collected

o2}
o
=
S

40.00

20.00 -

0.00

120.00 -

100.00 -

80.00

18.46ug/ml

100 120

time(min)

Bl4-13 = 87 Ik R PGME/ 3 7 o' B vt £ % % )

#4-15 = 82 F )k A PGMER 2 F S 'f B T s £ 8 % 4

b 3 15
PR (~)

PGME~ 17 7 £ (1)

4.6ug/ml

9.2ug/ml

18.4ug/ml

5
10
20
30
60
90

120

4.4510.38(8.59%)
5.1740.11(2.09%)
8.2840.51(6.12%)
11.0440.46(4.16%)
18.4810.21(1.14%)
26.6940.79(2.96%)
37.5741.44(3.84%)

7.5840.92(12.15%)
10.824.07(9.88%)
16.924.03(6.07%)
21.46.58(2.69%)
39.10£2.03(5.20%)
57.45:9.47(0.82%)
74.1040.39(0.53%)

12.4141.50(12.08%)
17.41€.97(5.59%)
30.0841.18(3.93%)
42.51:6.49(1.14%)
78.44:41.17(1.50%)
128.634.18(3.25%)
167.484.78(1.06%)

4 Bl4-13% % & 7 PGMEs ¢ £ “E HS-SPMEX ' ps ¥ 5 £ @ # 40 > &5

1204 482 et v A E H S < g T gk & > » PGMEA™

R ST

-+
F
SPMEN BB 5 ATl 5T 7 7 1 7 50 0 40 B A KSR

STIEPRERY - SPMER % 27 4 45 5% % CVESB%IE £ T » AT 7 B f8 e 304 4
AERRES o A P HLEPFEANDEBESPMEAE T o B R R

REHTEY Y R R (F %%, 2000)

96



-4 kB g TR R R

" P PGMEE & & 9.2ug/ml > 75 3w s B R 304 48 0 SR R A B K
% £ (25C) ~ 30C ~ 40C ~50C ~ 60C ~ 70C » #4k 5w’ & 250C 2
MHIE T S TR SEE AT BB S o4 4-162 B4-150

#4-16 PGESk % 7 I % & T HS-SPMEx " £ % ¥ 4

NG A 47 F £ (M)
2 E(CC) 9.2ug/ml PGME 9.6ug/ml PGMEA
23C 23.69+1.12(4.74%) 176.543.47(1.96%)
30C 117.1440.11(8.27%) 334.2050.27(15.04%)
40°C 143.3540.51(12.37%) 446.79#45.07(10.09%)
50°C 132.8140.46(2.56%) 953.1987.2(9.15%)
60°C 199.41.21(15.65%) 1504.88£25.79(17.00%)
70C 188.0140.79(10.07%) 2009.89#12.28(20.5%)
3000.00
2500.00 9.2ug/ml
;3 2000.00
% 1500.00 -
g 1000.00 -
500.00 r
0.00
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00
temperature( )

B4-14 PGMER #7372 5 i B 5 £ 5% % B
¥ OF i B BB e PE > HS-SPMEX 't £ ™ M2 H 4c > fe § 4o #4218 300C B
WG PGMER R A BB 5 B4R ie > R R E40C =+ ik & RR Y
A EERE BB AT v G ARY v A EORF MR G ARRAR S R G o R R AR
kAXR G > A 17 Bl PGME: PGMEAL % | 7 4 & (tailing)i % 2 2 » L%
B 4-14% A0TC 12 15 B2 2% ey SR (P B > (e 84 4-167% ¥ IAE R B
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AT EERRA M FTRERY ATREARAPE LY T H P FHS-SPME
ZHEEER CFS O AR RAT RS R AL RY B U EFEFIE LMY

P CVIESB%IE T o Bois 1 3R (925C) % Bt E 2 E o

2-5.F $ B i 1 PR

LRR® PGMEXk & 5 4.6~ 9.2~ 18.4ug/ml > =P & 5 304 45 > = "R B
% %8 (25:2°C) > Mg B 250C > MR A S 135+ 10+ 15+ 184 48
BT AR R R E S o

45.00
4000 | x4
e
35.00 | */""_*— 19.2ug/ml PGMEA
30.00 |
2 2500
=]
& 2000 F " —h 9 .
® n____— e ¢
1500 F v 9.2ug/ml PGME
10.00 -
5.00 |
0.00
0 2 4 6 8 10 12 14 16 18 20
5 % R (min)

F14-15 PGME: PGMEAJ t£ 5+ 7 Ip Bt I B 55 i £ 55 % B

d B4-15% % 7 > 9.2ug/ml PGMEH #4304 48 > S 5 418 ¢ 7 #
SPMER PGME* %t 47 7% » @ 19.2ug/ml PGMEA% % %454 4 15 | 5 § 10%2 +
ARGE TN ETNRGATERE T M3 Eh (T B o3 g e il
PRSP 2WWTERER A % SPMER ¥ Bl X £ 3 LPGMEz
PGMEAsh#A § » 4 # (v £ R B L E 7 it § PGME2 PGMEAFR & 5 &2 125 »
FAF R B fS R 2 M V2 7 A PGMEZ PGMEAK &2 % 5 if 12 o @ gt
WIS AR ALY TR /R B R (2P, 2004, 3F B A4, 2000)-

2-6.Fk e B if 1 MR R

kY PGMEE R & 4.6 g/ml s pe P 2 304 48 0 % g R & 3R (25¢

2 C) > "' P A W 5184 48 > MR R 4 W% 5130 160~ 190~ 220~ 250

CTHEET B FHRFERTERNTS -
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d B4-16% % k7 - PGMEM ' £ E% 'R A4 m B 3 > d £4-177 4
PGME# #f i % ¢hCV i 7 ¢ 1300 p¥ 98.77%" 1 2500 & :10.97% # &= 3 #7 i
# 2 CAR/PDMSg# & & i & & # £ 8 % %8 & 350C » ~#7 § 4 £ DB-FFAP
AL RLIER B GERRW250C FREAT ELRRE D AL
Wl & & 54§ i) (i @ pr, 2003)¢

25.00 r
20.00 F
§ 15.00 + *
3
8
@ 10.00 /;
5.00 - /
0.00
100 120 140 160 180 200 220 240 260
desorption temperaturé&()
B14-16 PGMBER 3t 7 F " i & ' £ 5% % B
% 4-17 PGESj >t 3 B8 B B T % £ 2 % 4
= it A 11§ 2 (HY)
# & CC) 4.6pg/ml PGME 4.8ug/ml PGMEA
130°C 2.6510.23(8.77%) 10.42%.35(3.32%)
160°C 5.9240.17(2.82%) 34.5442.10(6.09%)
190°C 10.6940.34(3.17%) 72.5613.15(4.34%)
220°C 15.4740.25(1.58%) 95.8012.65(2.76%)
250°C 21.6340.21(0.97%) 115.69#4.81(4.15%)

3E L AMKEFHEEL LTS =R
FLgEHATFHFLP

A F 7 #-9.2ug/ml PGME (2 9.6ug/ml PGMEA) # & »t 3. i & 5] 5

1000rpme* 61.59)2 3000rpm s 553g)ndt « % ¢ » Bgis M-tk » & 4.« 0~ 10~

3060448 > AR AITEF LTI P FE-
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#4-18 PGMBf # %0 7 I o fhid 7 4 PFAF T 2 47 5 % 4

B A 2% (1)

oo PR
(rpm) . . : :
0 min 10 min 30 min 60 min
0 24.164.45(1.86%)
1000 24.164.45(1.86%) 27.3842.59(9.47%) 24.61+1.99(8.07%)
3000 24.114.85(7.67%) 24.242.79(11.51%) 24.074.61(6.71%)

d 4 4-18 5 % K7 0 9.2ug/ml PGME fk # 7% % & A < Tl dgp. #id <
T Ee R L EL B % 0.92-36.819/ml PGME ff ikt 53 3o i 4 5
% 1000rpm# 3000rpm™ &t 10 4 45 v fo i HS-SPME# # % % > d B 4-17
% & o7 SPME& -k B a0t 7 i Ky 4 %) 5 4.1940.06 2 4.2540.04 - 2 p

% 0.363% 7 A - PR AR A REART T gl o

180 . Y=(4.25+0.04)X+(2.68+0.85), 09999
3000rpm

160
140 ¢

3120 -
=k
e 100
w/

1000rpm

80 | Y=(4.1940.06)X+(2.49£0.76), 720.9995

60 -

SPMER

40 -
20

0
0 5 10 15 20 25 30 35 40

ot 7 (uglm)
Bl4-17 PGMBER > % I o i ™ & 47 5% % Bl
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2.8+ B F
F % A& 9.2ug/ml PGME (& 9.6ug/ml PGMEA)f i #: &7 4 5 7y 4 0g-
19~ 39~ 5g NaCI@ ¥ Fi tf &if 4 59 NaClpF = i & ok i) » 2 L%k iR 4
REERgLAESR
#4-19 PGMBL 57 e A b B § FH2 2175 % 2

NaCl 7 *¢ £(9) A% T EE(ng) CV(%)
0 38.17+1.26 3.30
1 38.40+1.03 2.69
3 38.64+0.90 2.30
5 39.08+1.09 2.79

d 4 4-19% % B om0 4 3t 9.2ug/ml PGME fkize 5+ & 5 ¢ #Hi3% » o
HS-SPME# % % % 7 % NaCI/?J‘4 vE FE(TRATTR)ZBE . - KA R GpH B
A3 670 50 fRAR Y B~ dg EAT 7§ L PGME fj ik & 4758 % > s s B B-F R
43 e (pH=5)~ ¢ 1 (pH=6.8)% #& [+ (pH=9)ix * T > 11 L% HS-SPME#H # % % ©
PI3t pH5pH 6.8% pHOiE 2 = » # A 45 {5 4 4] 5 43.98H.40ug(CV=3.17%) 44.57+
1.20ug(CV=2.70%) 44.398.11ug(CV =2.50%) B E& ~amig L & » F}t A& 7
* PGES/Rik #h & ¢ 11 7 % SeBE G OITH A LB RERIER
3-3.fit F £

- % SPMEw= '3 £ ¢ £ @il f 2 "4 » A ¢ 25 1 SPME f
BRHEEF DR A BGEE P REE R g ok 0 k¥ 4.6-4710.49/ml PGME
Fiite tr 500 HS-SPME# t: 30 A 4b » B e i £ 2 % 1L o

d ik 4cR 4-18 St o K¢ kR % i 4710.4g/ml > SPME 7 7 # 4 30
48 v A SPMES. « = % £  Laitinen & £ 2 7 % % (Laitinen, 1997 Sakai et
a.,1992; Jones et al., 199%)#& = : % # & 100 ppmPGMEEL & ™ 8] pF » # k¥
PGME & ~ 3t 44 k B 4 5 Sugimle 257 7 “Tiplid2 &% k& 5 5 8ug/ml 5 588
B A it SPME e frk i o
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12000.00

10000.00

SPMERI T % % (ug)

2000.00

* (ug)

dp

»

SPME ¢

8000.00

6000.00

4000.00

Y=(2.092:0.043)X + (1.6882.667x 10", R'= 0.9999

0.00
0.00

9000.00

8000.00
7000.00
6000.00
5000.00
4000.00
3000.00
2000.00

500.00 1000.00 1500.00 2000.00 2500.00 3000.00 3500.00 4000.00 4500.00 5000.00
PR ok & (ug/ml)

Bl 4-18 PGMEJk "% % 3 £ )3 % % B

1000.00

0.00
0.

00  1000.00 2000.00 3000.00 4000.00 5000.00 6000.00  7000.00
Fe ik A (ug/ml)

B 4-19 PGMEAJK 5 it % £ B3 % % Bl

d Bl 4-19 PGMEA itk 7 £ Rl % 1 > Jk? PGMEA k& &

1000ug/ml = - » SPME"E z % # 30 4 s& e i & B 40 ¥ 0 ik PGMEA &

BiE 578Qug/ml BB 248w TR ERFFERM 4 0 ¥ F A E e fofd @
Tk Ry o

34 R O

AEEFE G HLOMIR R R 5 B AT AR Lo X MR 7 SRS i ) o iy

1 £-250 rpmi @ T o 0z £ R OR R S RO A 45 SUAUEE S B R f R SPMER &
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4ot $20.92-36.89/ml PGMER f6 A G842 G2 % J F4-208 % 5 7
RS PCGMER £ P AR 2 07 i A4 i Y PGMELH » @
EREY RS HERABEES P RAAKREEEE A5 8L SPMER
B-Ffe B ehT e Bk 4 %] 5 4.1540.0722.6240.03 » Hpii 5 0.002% 7 §
PP ELP A PGMEA™ § dnfe 2 B %0 AT § E & R i 250 rpm

WA (5 SPMESE #h il 1+ i © ©

180

160 - w#

140 1 Y=(4.15+0.07)X+(2.28+1.47), ®0.9980

120
i‘;‘f 100 -
)

o A
80 -

60 -

SPMER!

40 - Y=(2.62+0.03)X+(2.76£0.50), 0.9987

20 -

0 5 10 15 20 25 30 35 40
Fi % ik & (ug/mi)

Bl 4-20 PGME/; & #3232 % % R

3-5.7 k% ik iR B

AR AR E6 T 1 PR AR K (F 824.520.84K) R 0 T AR R AR
BRsme L KR AT Y 6% é“‘fj\v‘ VURL e A 8] % %0 51.8~103.9
mg/dlg= [ kiR & 8 B AR 35 E 5 81.1 mg/dl & FEILA =X Ttk kiR R
g A 2 PR BN BRI R ORI U fRR KRR T  $HSPMER tk
FR 2R e R RO I FH 3L 4L S BA B 2 R TR (R SRR &
BA R A aberd)s uEL 2w AR kRO 0t 3 ke R ke 19.2p0/ml PGMEG
9.6 ng/mMIPGMEA)f % t & > 1 HS-SPMEE {7 f ik h S5 th > # % % 40 4-19- ¢
v —g NESHE LT AF KRBT o B HS-SPMEX G E » FI 7 LB iy
HS-SPMES 2~ /i PGESH 7 § FlX i f fuk ki a R HE - A il g%
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SENAGE BRI AIRAT TP HELE -

#4-20 7 I £ 32 ¥ Uk kIRHS-SPMBS # 4 45 % % %

e T 350k A (1 g/ml) CV(%)
PGME

A 37.17+1.07 2.88

B 38.53+0.91 2.37

C 38.17+1.26 3.30

D 38.69+0.18 0.47
PGMEA

A 187.90+5.50 2.93

B 187.69+2.05 1.09

C 191.19+1.63 0.85

D 189.23+3.99 2.11

d b d kSRR 0 12 HS-SPME# 5 = 2 & 73 R ¥ » £.7 CAR/PDMS 4
AEEAF RSB0 A 0 1 250C 2 A REREREEFRE T
Vi PIEARE G  BEERTIARIA T UAREHL A ESESE R
7 12 250rpmi i | s FEALEE A A eE R 0 d 30 PGESAR B P 103 R F T gk ik
W A2 BT 1T 0 AFT T & 4.6-4710.400/ml PGME %2 1.92- 48Qug/ml PGMEA ik &
#F T > HS-SPMEr & 4 L 75 4 > pt o5 SPMER|#F £ frig ¥ PGESHF R4k &
R oAdE M R (4o B 4-18 2 B 4-21 %757 ) » PGME 2 PGMEA 4 17 = %+ SPME 4 .-
Frite B en e e Ky 4 %] 5 2,09960.043 2 8.08040.291 - @ *F % % ¢ it (7 Kk
B p iRl Bo1T 8% SRR FPRRERE " F R Ky B8R 2 5% 40
#4-21 BAp A £ 4] A2DUP o 2F L HS-SPMEA thr A 15 7 2 18 # 20 B ¥

1 ? PGESI®R L 7 ik -
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* (ug)

2
F

#

SPMER!

4500.00

4000.00

3500.00

3000.00

2500.00

2000.00

1500.00

1000.00

500.00

0.00

L Y=(8.08Q:0.291)X+(8.1640.336)x 10", RF=0.9974

0.00 100.00 200.00 300.00 400.00 500.00 600.00

Pk kA (ug/mi)

Rl 4-21 SPMER| 18 & fie ¥ PGMEA k& & S4B T ]

% 4-21 7% % PGME itk p thplz# 5 % £

PGME
BERARRIER 2.3Qug/ml 6.44.g/ml 13.8ug/ml
RS
SPME#| & 2.3340.10 6.7040.03 14.174€.18
Ja i Ror ik R (4.42%} (0.46%) (1.25%)
todta g 1.29% 4.01% 2.69%
ACV i& > n=3

Cn B R RR R R AP ¥R A =((SPMERI 7 fik dk B —p B AR IR R)
I(h # Fie & A ))x100%
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=~ A KR53 F 2rpkiE (Tapestripping) sk kA 453 i 232 *
1L.GCIFID A 4% i 1 21 45 € s pe 4l

A J§ H: 5 GCIFID A 49 i 2 2% 2 SPMEH 52 A 451512 > H & 1 =4 5 B3
Yo R) 4-22475% > @ A B 5 %] 5 11 CHaCl/MeOH(vIiv=95/5¥4 ¥4 &l & 7 % % + PGEs
om0 FL gt BT L CHoCl/MeOH ik % - i& (7 PGESA % 54 17 etk £ Sk
sk i 4T

- . PGEMEA
P & PGME  §
o0 ) 4
400 "
'y]
350
300
250
200 -
(=)
150 i
100 ) Tl © o
50 g 2% i R
0 25 5 75 5
min
Bl 4-22 PGESZ & & &4 37 Bl 3%
AR AT

ARG A Rk TA 4 PGESsnE BB SRS T H A 2 8
PR LF T R o A B e 2 83 R 4 £ 50 PGME(S &
% 0.46mg@ 0.92mg- 1.84mgyt £ ¥ 4 K £ K - g TRE A & 4w T §F 0 sec
30sec 1445~ 34~ 455445~ 104 4~ 304 451 %9 F 'k - B 4-23 5
i%%alkﬁﬂiﬁlk%E%@T%%%%’di%F@ME%%%$%%
TR F TRS AT & 104 450 PGME A £ % 3% o i T R 2k
B dts ko 10448 5 il P2 HEMFRF o m PGMEA 2 DPGME ™ &
TAF 2 %% o % PGME < ¥ %5 A K H =& /45 7 £ (mglenf) ¥ 7 F 3
BT IR 4o B 4-24% 5% > 7 @ lagtime s 0.324 & > %+ 7 PGME ™ $-i§ &

el

AR Bt mE  HPGME® = £ 46 A K33 FTRAEH 7 FHEEER 7

2 I B

B o 4o B 4-2547% > ¥ (¥ PGME** steady stater ¢ng & %% €@ £ (Flux) i
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2

= (mg/cmhr)

# l/% B3

35

0.75:0.07 mg crithr! » & ;%1% 2 ¥k Kp & % (3.95£0.10)x10 cm/hr-
20 r
18 1 184 mg/sample
16 +
14
12 -
10 0.92 mg/sample
I
8 ri
\
6 .\
4 \ 046 mg/samp
AN
2 7*~~\R\\
0 \-"t::F\.\V‘-—n_—v—rm? S —— I\
0 5 10 15 20 25 30

2

(mg/cm)

BHFETE

>

A EH

B 4-23+ £ % 5

0.14

0.12

0.1

0.08

BT R (A)

Y=(0.75£0.07)X -(4.181.49%x 10°, R°=0.9986

lag timg,‘/’

0

0.02 0.04 0.06 0.08

0.1

0.14 0.16

g /¥ (hr)

0.12

PGME 7 Pa;‘;‘]:écfé} P RERE PR T RS KB

0.18

WA-24- % %5 PCMEA K E o FAZTERHH T FHRIXPFT S %R
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1.00 1
090
0.80
0.70
0.60
050
040
030
020 r
0.10 r
0.00

Y=(3.95:0.10)x 10" X~(3.01+0.70)x 10°, R°=0.9999

Flux(mg/cr%fhr)

000 020 040 060 080 100 120 140 160 180 200
& & (mglcn?)

Fl4-25< % 45 PGMEA # # 5 F R 2 Q)23 bk & %5 F

3R ERER
SV AR A 4R & 3 1 CHaClLIMeOH(VIV=05/5)3 #l i = 1 &5 % » @ %
wﬁﬁﬁﬁiéﬁﬁ%§%%iiﬁﬁ%iﬁﬂi’%ﬁ%*ﬁ%lﬁ’*ﬁ 54
52 7 PGME 1.84mg #-4 54 B 55 5 4 45 10 2 4520 2 45~ 30 & 452 40 A 4515 -
BB S v ok o B 4-26 3 35 T4 b 1.84mg PGMES " 4 #pkts » 3t 7

ERERF TR ST T SRR B 4-26977 0 BEE T HRSASEER 204
i 7 F B EFPw i o 7 PGMEA 2 DPGME™ j 4pk & % -
80 r 1.84mg PGME
70 {//{//—% ¥ 3
= 60 r
S
o S0 F
T
Y40 F
i
ik 30 -
20 -
10
0
0 5 10 15 20 25 30 35 40 45

EepEm(A)
B 4-26>" % b X BT PGME ) & 7w e F % % B
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44 B RIE Y

AT bz 3M 845 k7 A i E 0.92+1.84 ~3.68 mg= kR 2
PGME t# & - # kA F RS2 HE > #HEF s - BER K &2 5ml
CH,Clo/MeOH ;2 &5 ¥t {8 » A 34 B 33030 3R B A eniE 27 5 2 {8 o P+ 5 X B
M2 B SE TAF RS TLRGE > £ 4-22 5 PGME A JF #5 k8 S g &

% > k7 PGMEA B #5575 % 7 p 2822 M X 96% & #-4f S icdp it

AT N EE TR LRES T s A RS p 849>0050 &t pA L

% 4-22 PGMEA & # b5 5ok 2o fE T 1 piR 2 % 4

R R # 5T v & (%)

0 = 1= 3% 5 % 7% p i
%  100.046.8 101.8#4.7 100.02.0 100.66.4 98.42.2 >0.05

0-92mg £ 3 (4°C) 100.09.1 103.24.7 100.62.6 99.846.4 98.54.9
%7 100.043.6 103.87.6 99.046.3 99.041.0 94.1#6.4 >0.05

1.64mg 48 (4°C) 100.04.2 102.746.7 99.4#2.7 99.2#.3 95.9#4.9
2.68mg 3 1000452 102169 105670 101.64.4 95348 _

4 #(4°C) 100.065.7 101.74#6.3 101.745.1 100.44.1 95.6#1.5

5.Tape Stripping #k & # P F]+ =&
PECEREA R L T 4 AR FE R ERE BT E AL

K iE S G g BF) & (Van Hemmen, 2008 42 A A A A B 2 k82 5%~ 23
i

PoRBINEZAZfE CRBAS A ERFE G R TRR e F 1
FEAS FFRCRRER BERGUKMGL) BB FEF A

AR (R ) s e AN e A R R (F AR GIRERR) B (R k
BoRESR) RBAPUR(R R HTR)E  REHAANG AR ER R K
AR %S F kB3 SN ARt 1T REE > A AT R HRMALE MY
W MAER  BRMERN Ao A mRE AR 5okE A LB R)
FREAFRHH AL L2 FERFF(6F 64)ToE 4L 254430 4 (£ # ¢ F

d

m‘*ﬁ?

21-32) > T3 BMI & 5 22.244.0 kg/nf(BMI & F 5 16.4-32.0 kg/r) -
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51 A K HE I B

RS 12 R R L E s (#3) £ A (#4) £ ek RI(#5)~ £ el
RI(H6)% < 3% B 7 384 Bl 4 0.92 ~1.84 ~3.68mQ= 487 I i 4 £ 57 PGME -
F - MR - PR RS R R IR IR S RIA R e R A

I P E_F 4 Tape strippings % & 4 258 -

# 423 LR~ IR R RIS R # Rk PGME#S S 5 8 % 4

Spiked amount 0.92mg 1.84mg 3.68mg
Average recoveries(%) 1% strip? 1% strip T strip
Upper palm(#3) 60.684.82 54.798.86 52.218.31
Back of the hand(#4) 56.444.14 52.748.20 45.352.40
Low arm(#5) 51.434.99 53.231.82 49.172.11
Upper arm(#6) 50.212.74 52.791.26 48.511.86
Total area recovery(%) 54.694.80 53.448.92 48.812.81
& n=12

P R - =k

i & 423555875 0 £ ?'Uﬁ’”ﬁ_i%’}’“ﬁffﬁ PEE > H B d AL d 4
B BB (9 5 400um)fe s @ 30 5 B (F AR 5 16um s £ 4 9 5 49um) o A &
Fh7> A e DEET ARAFRZ G PR S FRE - pHDA B IR
HuMi=5 g o PGMEA chdi i % m R Ap e 48% > ¥ o Bi=4 2 PGMEA
/?J‘ e g o w i 097194 2 3.88mg RF 0 H L35 “,% F A s 67.73% 68.22%%
60.32% PGMEA & & # 2_# ",’TT FX 5 PGMEe1.22 2+ » ¥ iy £ PGMEA e 4
FRERAPPGMES % 5 BA K 4K %~ LT > ¥ PGMEA#L S 1 PGME i » %]
PR PERE L ROBRERT o AR R T B FHEEIE - TR B
£ PGME# 4 % 3 % dod 42407 + 4% sk 6% 7 B 7 < RN WAL b 2 55 5 et
REohipl 5 B o 0t W A AL AR R R A @ G k(A i R TR f (reservoir)) F] et
ARG TG @ BF 3 4 T ek PGME & PGMEA % S#5 plAz % > 5 i 2 4%
FRERP RS d VAR LA LR ER G EPL R A T AR

o N Y 2,
BoliFE 2 Bk e
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F 4247 RN - bR R B A R PGMES % 30 i

Test No.

Average recoveries of different tape sampling sites

#1 #2 #3 #4 #5 #6 #7
opT 49.28+2.01 53.64+2.74 54.07+5.00 55.35+6.30 55.3+3.81 51.87+4.77 47.55+2.48
Skin (N=6) (N=8) (N=7) (N=5) (N=5) (N=5) (N=6)
temp Below T 56.4+3.15  58.99+5.24 66.71+4.57 60.34+6.21 62.31+6.80 62.98+7.84 57.9+4.50
(N=6) (N=4) (N=5) (N=7) (N=7) (N=7) (N=6)
p-value 0.028 0.067 0.027 0.043 0.043 0.035 0.067
A N=4(BMI>24) 50.71+5.24  53.17+6.25  52.49+4.19 49.34+4.75  51.23+1.72 49.6+4.73 52.33+3.99
N=8(BMI<24) 52.80+3.11  56.43+3.81  55.94+4.22 57.44+4.76  54.15+2.8954.69+5.81 53.76+3.39
p-value 0.27 0.46 0.47 0.14 0.11 0.27 0.72
Females N=6 49.9+3.13 52.65+4.66  52.0643.25 50.48+4.36  51.95+1.85 48.25+2.23 51.44+3.34
Males N=6 54.3+3.31 58.04+43.21  57.5243.67 59.0144.19  54.52+3.19 57.74+3.94 55.12+2.74
p-value 0.17 0.17 0.075 0.027 0.22 0.028 0.12
More 52.26+4.43  5533+4.8  55.3+501 5925t561 57.65+4.36 54.66+6.99 53.51+3.81
Sebum (N=9) (N=6) (N=7) (N=4) (N=2) (N=5) (N=10)
Loss 51.63+1.43  54.74+5.47 = 54.4144.24  52.48+5.14 52.39+1.53 51.81+5.06 52.15+0.5
(N=3) (N=6) (N=5) (N=8) (N=10) (N=7) (N=2)
p-value 0.71 0.49 0.50 0.22 0.28 0.35 0.29
Evenness 5201455  5533t4.80 54.69t514 60.44+4.37 57.65¢4.36 53.95:7.86 54.233.24
Skin (N=10) (N=6) (N=6) (N=4) (N=2) (N=4) (N=9)
type Roughness  20.86:0.69 55364513  54.91393  51.89+4.61 5244153 5252510 50.45:2.96
(N=2) (N=6) (N=6) (N=8) (N=10) (N=8) (N=3)
p-value 0.59 0.92 0.6 0.067 0.11 0.068 0.11
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52 BHAKFELAHI FHRENELPF

AEE AP 12 SR e S BML B A AR R AR AR A e
FOATRER E BHLR AW ERFEE LT B PR T AR SRR
HopliE ik 4ok 424907 -

d % 4-24 2 fichpdion 0 A 88 BMI £ % 7 k%ﬁfj’_ﬁﬂﬂ%%éﬁ;@, S RHA K Ak
PGMEé‘f”ﬁ%‘,ﬁif’f S st WAL B (p>0.05) o 'ﬁ"i‘]“i“ﬂ‘] 3 R 2
L AGE B OF S8LF oz iR R AL AR PGME Shf5'f 5 § 3 S5tk R % 1

BFMMARER G DL REELRICALBROTIOE LR E W
&ﬁ%%&ﬁﬁ@aﬁﬁ@iﬁ@ﬁsm>,»augﬁgééﬁi&1%=PGME%%
oA AT EH2(S AR H#T(F P R A It iR R 4 RIS L & PGME
Bk FimE Rt b £ B (p<0.05 0 #2+ #775 BNz %3t p i@ 0.067¢

Bl MR o BRI e L R RRSE AR R AHA(E
F)HO(E e )M =2 S % E R L8 p s u i 0.027-0.028
ﬁ?ﬁwﬁﬂmﬁ XIH2AMEAAERZEPE - N0 B RHAL I H#T
TR EA PR FH AT AR R T M T R TEL AR s
BRI PR AR n T Al AERLE B RHL I HT H R
e £ B #A w5 1 0.23C (#1)~ 0.15C (#2) ~ 0.12C (#3) ~ 1.70C (#4) ~ 0.57
C#H5)~ 1.52ZC(#6)%2 0.40C(#7)> #d 2 #6 A 3= 9 ~ LA M A AR LB R
X F - RFEV R AMANMEE A LA FFRFT A LA A
Pea PR A mEpidnt L8 e hIHALE PGME%%%S%’

{2 5 L

o

=

BT HIRFFA A SRR 6 BRFT RE LB LA RKRERT A
BARA 1 P ELDE (p>0.05) it a#4 2 #63 30 =L plF £330 K iRl 3
F R A AR g
53 2 FHFAGYFMAEELE R

d @it 5-2 & 4-24 BedpEeRAEor T Lo 44wkl A 4
POME i .4 % & o 53t 1 AT L B o fe 300 ol 7 R F L 2 dm 005 e e
EP ik c REREFEREF PR R - @I ALRTT R B8R &+
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Fr3rhaRAEz 20 WG T - AHAE - 41 FoR) Ay e
873 F kR PGME> & 1094 #pLES LR —‘z\'\i%%",%ﬁﬁéﬁg;,ﬁi o= E w
PRBIFELAGAAHRLTF A AAFAAEY NI DG
DUoDERM EXTRA THIN 1 &+ 3l &6 5 =2 F ¢ Sfedky - d p 7
BERE LG P 2R E - d & 4258t =2 A4 6 PGME 2
PGMEA # “f_. LU AR ITHESAMARE >4 1 4 Nk ity vs,
AREA E S ARA K VS A 1 L B v vs A1 s 2B E pEi PGME
A w5 0.043+0.035+0.017 » 2 PGMEA 4 &] 2 0.047-~ 0.042-~ 0.021» % /] »*
005 Farg A 2ok R L B E- TRAPFTEHREEFERESE SR
fgso

7 4-25 % 41 F # » PGEs# “% Fot ik

g PGME * 54 %4 % (%)

W IB T4 ARA R
0.92mg 66.43+2.61 63.74%1.31 50.67+4.53
1.84mg 57.63+3.54 54.9112.12 51.30+1.65
3.68mg 55.64+3.68 53.54+2.28 49.97+1.47
Fol PGMEA £ 3547 5 (%)

ORI AR o
0.97mg 89.81+3.15 74.94%2.11 54.27+4.43
1.94mg 88.75+2.68 72.28+1.95 51.5+2.16
3.88mg 79.25+4.81 68.69+3.71 48.83+4.96

54 2 FHF420 2 PHREFF L3 B2 FMH B K

PR HRY IR HTARREEREESEI M T A0 o RE R
BR2BE > ar2F g AR EAMARK BT~ A3 &SI ke 1yl on
PGME(0.92mgy* PGMEA(0.97mg - i¢ # & & # 5 % & 4 % T § Osec 30sec:
Imin~ 3min~> 5min~ 10min~ 30min i i& 7@ 4§ = X R R (% 4 RERA £ ©
# 3] PGEs## %) > B % PGME 2 PGMEA A # 4 F H - X pL B “,’TT Fio &
PRAS % S SRR R (0 15 2" 392 5 )l E R A A B dc 4 4-26- 4-27
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% 4-26 PGME* * # 4 £ # % F w4
1% strip 2" strip ‘ 3 strip

Total

Sampling
time average remov. removal average remov: removal average removalremoval _emoval

efficiency(%) ratio(%) efficiency(%) ratio(%) efficiency(%) ratio(%) Eficiency(%)

0 min 74.89 88.74 7.58 8.98 1.93 2.28 84.40
0.5 min 72.59 89.47 6.78 8.35 1.76 2.18 81.13
1 min 69.67 89.13 6.72 8.60 1.77 2.27 78.16
3 min 67.76 90.40 6.08 8.12 1.12 1.49 74.96
5 min 63.29 91.07 5.39 7.76 0.82 1.18 69.50
8 min 45.50 88.40 5.33 10.37 0.63 1.23 51.46
10 min 32.02 87.30 4.15 11.31 0.51 1.39 36.68
30 min 20.49 88.74 2.60 11.26 0 0 23.09
Average 89.16+1.18 9.34+1.43 1.50£0.77

& removal ratio(%)=((average removal efficiency)/(Total removal efficierxdy))

4 PGME H - s Bh ~ = X BLZ = = BLen T o f i XA P ‘F Fehp A

v w5 89.16:9.34: 1500 & PGMEA H - KBk~ = St pEZ = S pEenT 35§

AR A F O A0 4 B 590,241 8561 119> d T LR R R ERF H

F2r 0BT PR ARRiFEET ek - BRELES) A7 FPHERFR

T - K pE o~ &REE Z K phant B HH e B fﬂt“%ﬁﬁ - r’aﬁéﬁ&?‘}ﬂ’* A ik

5&%%“?—7 WelE & ] i‘c#tfé:s%%%"fﬁ:;i’%%%i oL FELE T UPBR TR A1 LR
POl (Trrin e o 0 H B %4k 4-26 -

d 4 4287 40 2 P ABERBFEBFRER LT PREEEE L - pE

CSRE AR EABREF L b - R M A A A A2

S
il

R R L

W T LR RT F m sk o F gt B g dp T o
%am4%1%ﬁ$%i%ﬁﬁ»ﬂﬁ—ﬁ%~:ﬁ%i;i%%ﬁﬁ%$ﬁ

\

OB TR e B - SRR A SO R B R HRS XHRE

SRR SR SO IH
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% 4-27 PGMEA*> A R A % #3785 R i 4

Sampling 1% strip 2" strip 39 strip Total
time Removal
Average efficiency(%)
removal removal average removi removal average removalremoval
efficiency (%) ratio(%) efficiency(%) ratio(%) efficiency(%) ratio(%)
0 min 78.31 89.95 7.58 8.70 1.17 1.34 87.06
0.5 min 75.55 90.05 7.31 8.71 1.04 1.23 83.90
1 min 73.94 90.04 7.19 8.76 0.94 1.15 82.90
3 min 70.62 90.11 6.88 8.78 0.87 1.11 78.37
5 min 65.27 90.36 6.14 8.50 0.82 1.14 72.23
10 min 52.46 90.46 4.82 8.31 0.69 1.19 57.97
30 min 44.25 90.62 3.99 8.17 0.59 1.20 48.83
Average 90.24+0.26 8.56+2.6 1.1945.12
# 4-287 it B - St Bb s 2 K pEZ Z SRRt B G
, WAA R FF A MG
FHRH T : , ,
s — =X RBE = = RE
PGME
ARER R 89.28+1.03 8.364.46 1.886€.81
w3 T 89.28+1.16 8.430.48 1.716.18
A1 A A Epl 70.7913.51 20.772.95 8.496.71
~ PGMEA
ARER R 90.2440.26 8.562.60 1.1956.12
73T 90.0140.56 8.504.08 1.5256.11
A1 A A Bt 66.71+2.60 23.454.80 9.846.24

55 BBRERZEE

AR SR L GEF R A B3 R AR R (20C - 30C 2 40C)T # 4

30 ~ 48 > & AR A AR

BB RS R

BT gl 0 o %

el A

1.94mg(ql) PGMEA & = T i F pLE T 7 10 A 4fs > & (7 = = pb
Ho HEER R dod 429, 8 20C ~ 30°C 2 40°C # #1748 538 (7 4 45 0 B
20°Cv.s.30C ~30 v.5.40C 2 20°CV.s.40C % % p & 4 & 5 0.0470.032% 0.011

BT RBEERHFPCGESTREEHBEE R ¢ 2 N3 PP HERE -
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% 4-29 2 FHRBEER T A A PGMEA?LL% vk &

T 3k &

BB R R T,}ﬁu}%;}
1% strip 29 strip 39 strip
20C 72.28+1.95 7.06t3.74 0.814.12 80.183.27
30C 63.84+3.37 6.022.42 0.7%2.87 70.632.89
40°C 53.61+1.08 5.5%3.36 0.621.79 55.3%2.07

ERE IR ST R A
#

N N RETRE

Bkt 25 - i
WERBEAREBFERL L ovER W
%?w%’% TR FAMBRY G
it = I;Z?Kft',_g,\@o
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A

$IF BHhAER

SPME AL 58 gt & 2 2“7 0 e L = i » A B H AR ™ R 2 W3
B o FILE MR AAZ LSPER PR, FRAHAAEBY T ISR

*F 7 %@ 12 CARIPDMS & # & 41 1 e SPMEH jis 7 4 u| it (7 PGESZ § # 5%
PRI AR S BT o M SPMEAAS: S0 JImE ™ 20 F = BRAUR - & 4 4k 1P PGME
2 PGMEA e 57 £ h @ 2 BARE  LXRARE 7% SEHEF T HRFERS
i
SPME k% it = % (active siteysrs 27304 2 vT4| 87 7 &40 4157 A (05 1V £ T & 2
B R R ERT O Y R A ARD A REAT R RERS R
11 SPME##E * * B35-¥ 1 PGEsk f 3%/ L ¥ (712 11 HS-SPME# # > % i ¥

BTILARRER S 29-46 13 0 T i LY

f%
=

BN N AL B kA S B PGEsAp 3t

Y

N

ORI AR & A TR “$?i@§uﬁdf§££%fr4%ﬂ"%{ﬂ » REFL R ATA AL BB
% PRI AL 0 PGESHY MR 2 G AR i S BT AL
W7 e iR B RE T &S HegE o 59 % PGME 2 PGMEA
A 37 4030 B -SPME S S F et 5 o ie(Kip) 4 %) 5 2.0994.043 2 8.080:60.291 - »+ ¢
B F AR {TARR R RBIGE B AT R AL T 14] 245%p > F]t HS-SPMEA
BT BE NBRSE Y 1Y PGESmR BL T Al RaBmEF 1 A B A
gﬁ—%@%@&af’@ﬂww%#ﬂ@@ﬁ%?ﬁ\ﬁsmz\%¢%malﬁ
famARima 3 P REAR > FP N RY B b a4 3 iRiTE
B TR E Fie- kB R Gt & &n o 25 0 ¢ BA]5Y PGESH #4 #
RIBEAEEREFREE RAL L Z2RARDEEFEBTEL T BRE LT R -
ARG M 2 3M 845 5 7| F T i % 4t PGME-PGMEA £ 5 = i £ 4 4
Btk gtk o Rl BMI B2 2 3t F & & g R A & PGME & PGMEA
EE R T R ESIE A SERES S A L LR ES SN L I
H 4 % PGEs# f* Ry ELR oA Tape Strippingd & BEE 2R = £ 0 20 F)
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A solid-phase micsosxraction (SPME) device was wred ara
diffusive sampler for alrborne propylene plveol ethers {PGEs),
ncluding propylers ghevcol  monomethyl ether (PGME),
propylene plvcol monomethyl ether acelqwe (PGMEA), and
dipropylene glcol momometly! ether (DPGMEL Carboxen-
podvaimeriylsiloxane (CARPDMSE) SPME fiber war selected
Jor this study. A polveragfaorcetiviens (PTFE) tabing was
ased az the holder, and the SPME fiber assembly wars inserted
inge the 1ubing a5 a diffusive samples. The diffusion path leng ik
and area of the sampler were 0.3 com and 0.00085 em® eapec-
rively. The theorstical sampliag coasians af 30°C and T aim
Jor PGME, PGMEA, and DPGME were 150 = 1077, 123 x
10-2and I.14 = 10~ crr min—", respectively. For evalagtions,
Erown concertrations of PGEr aroard the threshols Bl
valuestime-weighted average with specific relative humyidities
(I and 8] were generaied both by the air bag method
and the dynamic generation system, while 15, 30, 60, 120, and
240 mdn were selected as the time periods for wWapor expo-
sures, Comparisons af the SPME diffasive sampling method
re Qecapational Sgfeny and Health Administegtion (OSHA )
arganic Mathod 00 were pegformed side-by-side in an exposire
chamber ar 3FC for PGME. A gas chromarograplvifame
iomizgation desector (GOFID) war ased for sample analy-
six. The experimental sampling constanir of the sampler of
PC wese (6.93 £ 0.02) s 107 (472 £ 0.03) = 1070
and (320 £ 0.20) = J07" em® min~ for PGME PGMEA,
and DPGME, respectively. The adsorplion of chemicals an
the stainless steel meedle of the SPME fiber was suspected
te be one of the reasenr why sigeificas differcacer berween
thearetical and experimental sampling rates were observed.
Correlations berween the rezalts for PGME from both SPME
device and OSHA argande Method 09 were Fnaar (v = 0.9054)
and consistent (slope = 097 £ 0.03). Face velocin (5018
s} also proved 1o have re effecis on the sampler. However,
rhe gffects of wmperatare and Ramddiny have been abserved.
Therefore, adjastments of experimental sampling constanls of
differens eamvironmental conditions will be necessary
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INTRODUCTION

ropylene glycol ethers {PGEs), which include propylene

glyeal monomethyl ether (PGME). propylens  glycol
monomethyl ether acetate (PGMEA), and dipropylens gly-
col monomethyl ether (DPGME), are versatile solvents that
are present in a variety of industrial and consumer applica-
tions 5= Tahle 1 shows the chemical and physical propertics
of PGEs® Due to the reproductive toxic cffects of cthy-
lene glveol ethers (EGs), PGEs as replacements of EGs have
gratly increased since 1985.% Among different PGEs. PGME
plays an important rele, Around 100,000 to 500,000 tons of
PGME are produced worldwide cach year™ In Taiwan. the
uze of propylene glycol ethers has increased dramatically from
200,000 tons in the 1990s to 600,000 tons in 2008,

The main commercial uses for PGME are as a chemical
intermediate for the manufacture of PGMEA and as a solvent
for paints, varnishes, lacquers, ink, cleaners, surface coatings,
and detergents. =5 PGME iz a mixture of two isomers:
PGME-o ( |-methoxy-2-propancl. M2P), and PGME-F (2-
methoxy-1-pro-panol. 2M P, Commercial PGME can con-
tain 0.2-2% of the isomer §-PGME. 2" In 1990, the National
Institute for Occupational Safety and Health (MIOSH) esu-
mated that around 329,000, 306,000, and 184,000 employees
were potentially exposed to PGME, PGMEA, and DPGME.
respectively, in the United States™ It has also been reported
that PGME was contained in many consumer products, For
example, 2334 out of a total of 150,000 products contained
1% to 10% PGME in Switzerland.’! Therefore, in addition to
occupational settings. the exposure o PGME for the general
population is also possible.

The primary potential means of exposures to PGME are
through skin contact or vapor inhalation. Irritation of the eyes
and possible central nervous system (CMS) depression have
been reported. ™11 In 1991, the ACGIHY set up a threshold
limit value (TIN®) of 360 mg m=7 (100 ppmy) and 606 mg
m=3 {100 ppmv ) to PGME and DPGME for a nomal 8-hr
workday and a 40-hr warkweek /13
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TABLEIl. Chemical and Physical Properties of PGEs

Chemical Names Specific Propvlene Glyeol Propvlene Glyeol Monomethyl Dipropyvlene Glveal

Properties Monomethyl Ether Ether Acetate Monomethvl Ether

Synonyms PGME PGMEA DPGME

Maolecular weight 90,1 g/mole 132.] g'miole 148.2 gfmole

Boiling point 119.6%C 145.8°C 189.6°C

Vapor pressure 1.8 mmHg at 25°C A7 mmHg 0.38 mmHg at 20¢C

Relative evaporation rate 0.7 0.24 002
(n-butylacetate = 1)

Wapor density (air = 1) A1l 4.55 5.14

Liquid density 0.917 g/mL 0,97 g/mL 0,948 g/mL

Solubility o0 19% (wiw) o0

TLV { ACGIH) 100 ppm STEL* 150 ppm 100 ppm {skin) STEL* 150 ppm

Conversion factors 1 ppm = .68 mg/m?

| ppm = 5.40 mgfm? | ppm = 606 mgm?

Note: Source, Reference &,
ASTEL. short-term expoanse Limit

For exposure assessment of PGME. air sampling and anal-
ysis methods are often used, including Oceupational Safery
and Health Administration (0% HA) Method 99" and NIOSH
Method 2554.1% These methods involve several procedures
for sample preparations, such as solvent extraction. How-
aver, the technique of solid-phase micrcextraction (SPME).
developed by Pawliszyn,/'®' presents many advantages over
conventional analytical methods by combining sampling, pre-
concentration, and direct transfer of the analytes into a standard
gas chromatograph (GC ) system, 1517

Adr sampling and analysis methods with SPME have baen
applied to both grab and time-weighted average (TWA ) mod-
els. 110 This approach is superior to other available dif-
fusive sampling methods in overall analytical sensitivity, as
all the sorbed analytes are introduced into the analytical in-
strument for quantitation rather than a small fraction of the
extract ™ To increase the acceptance of using SPME device as
a personal diffusive sampler, a user-friendly SPME sampling
device was developed elsawhere™™ In this research, the
modified SPME device was extended to the validation of PGE
sampling.

METHODS

Materials

Propylene glycol monomethyl ether (= 935 and propylens
glycol monomethyl ether acetate were obtained from Sigma-
Aldrich (Milwankee, Wis.). Methanol. dichloromethans, and
dipropylens glycol monomethyl ether (= 98.0% ) wera from
Merck (Darmstadt, Germany). Helium, hydrogen, and com-
pressed air for GOFID were ultrahigh-purity (LTHP) grade
from Sanfu (Taipei. Taiwan). Multi-rate infusion syringe pump
iModel 3610 was from ORION (Beverly, Mass.). Tedlar gas
bags and charcoal tube were from SKC {Eighty Four, Pa.). A 4-
channel mass fAow controller (Model S850E) was from Brooks
Instrument (Hatfield, Pa.). The MFC readout power supply
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iModel PC-540) was from PROTEC Instruments { Taiped, Tai-
wan). The DiryCal DC-lite calibrator (Models 71 7-03 and 717-
(02 for aicflow-rate calibration was from SKC. The PhoCheck
SO00Ex photoionization detection (PID) system was from [ON
Science (Cambridge, UK.). The calibrated hot wire anemoime-
fer (TC-100 was from MNewlar (Taipel, Taiwan). All SPME
fibers, holdars, and molacular sieves were from Supelco(Belle-
fonte, Pa.). The VAC measuring instrument Testod45 with ven-
tilation and themmalhumidity probes was from Testo
i{Lenzkirch, Germany).

Instrumentation

All analyses were performed on an Agilent 6890 antosys-
e chromatograph (Wilmington, Del.y equipped with a
A0m o= 0.25mm LD, 1-pem film DEFEAP chemically bonded
fused-silica capillary column (J&W Scientific, Folsom, Calif.)
and an FID system. The carrier gas was helium at a flow
rate of 1.7 mL/min in splitless mode, while the carrier gas
velocity was around 32 co's. The temperature for the injector
was 250°C. The column emperature program was 40°C for
4 min, 40°C to 130°C at 10°C/min, and hold for 5 min. The
detector temperature was 255°C, Detector response factors
were determined by syringe injection of standard solutions.
Instrumental detection limits (defined as the amount of analyte
giving three times the background response) were 0.3 g,
0.31 pg, and 0.30 pg for PGME, PGMEA, and DPGME,
respectively. Method detection limits {defined as the amount
of analyte giving three times the standard deviation from the
seven replicates of the lowest concentration in the linear range
of standard solutions ) were 0.46 pg, 048 gz, and 048 pp per
sample for PGME, PGMEA, and DPGME, respectively.

Sampling
Theory

By retracting the coated fiber into its needle housing during
sampling, the SPME device can be used as a TWA passive
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FIGURE 1. Parspective view of the passive sampler: (a) SPME
fibar assambdy, (B) PTFE septum, (¢) FTFE tuking, (d) cap/PTFE

tape

sampler; the theory has been reported elsewhere.!'72% Fick's
first law of diffusion was used to model steady-state mass
transport through the sampler and to determine the amounts of
analyies leaded on the fiber coating. The sampling rate SE. of
the sampler can be defined as follows:H®

SR = DapiA/Z) (1)

where SR is the sampling rate (cm” min="); Z is the refracted
fiber length {cm); A is the cross-sectional area of the neadle
opening (cm®); and Dy is the diffusion coefficlznt of the
analyte in the gaseous phase (cm? min=1).

A modified SPME device (Figure 1), which has been re-
portzd elsewhere, ™™ was used in this research where the
SPME fiber was retracted 3 mm into its needle housing. The
SPME fiber assembly was insered into an 11 cm length of
PTFE tubing (0,48 cm LD, = 0.64 cm 0.0, The peedle was
fixed by a PTFE septum, and the tubing was capped by two
caps lined with PTFE tape to avoid contamination.

The fiber was retracted 0.3 cm into its needle housing (2 =
0.3 cm); the surface area of the neadle opening was 00008
cm?. ¥ Diffusion coefficients of PGEs in air can be estimated
by the following equation: ¥

000143 » TI
Ll 12 ITE] s 2
PMyp [(Ev)e + (Zv )]

where Dyp is binary diffusion coefficient of analyte in air in
em?® s=bat T; T is temperature, K; M, and My are molecular
weights, g mol=1; Myp = 2[(L/IMy) + (1/Mg)i]-% P is the
external pressure, bar;, T is the summation of atomic diffusion
volumes, unitless; i is all the contributing species; A is air; and
B iz the analyte.

From Eq. 2. diffusion coefficient is a function of temper-
ature (T, and it can be calculated at a given temperature,
Therefore, diffusion coefficients for PGME, PGMEA, and
DPGME in air at 30°C and | atm, for example, were cal-
culated, respectively, as 0.0874, 0.0720, and 0.0663 cm?® -1,
thearetically. By using Eq. 1. the theoretical sampling rates
(SR} for PGME, PGMEA, and DPGME at 30°C and | atm
were caleulated as 1.50 % 1075 1.23 % 10~ and 1.14 % 1072
cm” min—!, respectivaly.

Journal of Cccupational and Ervironmerntal Hygiane

Trapping Element of the SPME Passie Sampler

Four different kinds of comimercial SPME fibers, including
6 pm polyidimethylsiloxane ydivinylbenzense (PDMSTWVE),
75 pm caroxen/polydimethylsiloxans (CARPDMS ), 100 pm
poly(dimethylsiloxane) (PDMS), and 65 pm carboway/
divinylbenzene (CW/DVE) were examined in this stady. The
SPME fibers were exposed to the vapors in an SKC Tedlar air
bag for 30 min with the concentrations of PGME, PGMEA,, and
DPGME all equal at 100 ppmy (368, 540, and 606 mg m— for
PGME, PGMEA. and DPGME, respectively). Analysis with
GOFID was followed.

To test the stability of the PGEs collected, the four differ-
ent SPME fibers mentioned above were stored both at moom
temperature and 4°C, before the analysis were performed, for
3 and 9 days after the vapor expaosures, for 30 min.

Evaluations

Two different vapor exposure systems were used toevaluate
the designed diffusive TWA sampler: (1 ) the airbag method /23
which allowed direct inserting of the SPME fiber, and (2) the
other was the dynamic vapor generation system where the air
penerator was connectad to the vapor and water generation
sites (Figure 2). For both methods, a Whatman Zero Air
generator from Parker Balston (Haverhill, Bass.) was used
[o provide purified air.

To determine the effects of different temperatures, the air
bag method was performed at relative humidities (EH) around
[0 £ 2%, To simulate exposure at 30°C and 40°C, the Tedlar
air bags were kept in a laboratory incubator with the SPME
fibers directly insered through the septum in the fitting into the
air bag. For evaluation at 20°C, the SPME fiber was inserted
into the air bag and remained on the lab bench without being
moved. For PGME, air bags with concentrations of 184, 368,
and 736 mg m=" (50, 100, and 200 ppmv) were prepared
separately. For PGMEA and DPGME, 100 and 200 ppmv
were geperated (340 and 1080 mg m—? for PGMEA; 606, and
1212 mg m~ for DPGME). All the PGEs were tested at 20°C,
30PC, and 407 C. For all the evaluations, the SPME fiber was
inserted into the air bag for 15, 30, 60, 120, and 240 min. All
the experiments were performed in triplicate.

To detenmine the effects of different RHs and face ve-
locities, a dynamic vapor generation system wis employed,
As shown in Figure 2, the generators were syrings pumps
set at known plunger velocities to generate the desired con-
centration of PGEs for dilution, or RH for humidification.
Heating tape was wrapped around the outside of the Pyrex
glass tubing at the needle exit from the syringe pumps to
ensure fotal volatilization of PGEs solution or water. The
two streams were then routed through a Pyrex glass T-joint
chamber, and the outlet was connected by a PTFE tubing to a
mixing chamber. The PTEE tubing then comveyed the diluted
PGEs vapor into the exposure chamber through a hole bored on
the side of the chamber. The exposure chamber was a Pyrex
glass eylindrical vessal (60 cm = 5 cm LDv = 6 cm OO0
The flow rate in this system was regulated by a mass flow
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controller and calibrated by a DeyCal DC-lite calibrator from
SKC. Temperature and relative humidity were measured by o
thermohydromeater.

PGEs with 50 ppmy and 100 ppmy were generated by the
dynamic system (154 and 368 mg m=7 for PGME; 270 and
540 mg m~7 for PGMEA; 303 and 606 mg m~" for DPGME).
Both low and high relative humidity, including 10 £ 2% and
&0 £+ 2% RHs, were tested and the temperature was kept
at 30°C for the dynamic system. For all the evaluations, the
SPME fiber was exposed to the system for 15, 30, 60, 120, and
240 min. Face velocity during the experiments was 0.18 &
0,04 m 5L, All the experiments were performed in triplicate.

In addition to the determinations of the effects from differ-
ent RHs and face velocities, side-by-side comparisons between
the SPME device and OSHA organic Method 99 were also
performed by the dynamic system. Three SPME diffusive
samplers and three active charcoal tubes for the OSHA method
were ingerted into the chamber simultaneously. PGME with
concentrations of 184, 368, and 736 mg m— were prepared,
The samplers were exposed (o the system for 60 min, and the
experiments were performed in duplicate. A calibrated PID
system was used o monitor the concentrations of PGME in
the chamber.

After exposures, the fiber assembly in the diffusive sampler
was removed and assembled with the SPME holder. The neadle

of the SPME was inserted directly into the injector of the
HF 6300 pas chromatograph for analysis. Detector response
factors were determined by syrings injection of standard solu-
tiomns.

The experimental sampling rates obtained in this research,
which were determined by ploting mass collacted vs. the
magnitude of exposure (in concentration-time units), were
further compared to thecretical constants,

RESULTS AND DISCUSSION

A s mentionad above, four different kinds of SPME fibers
examined in this study were first exposed to PGME,
PGMEA, and DPGME vapors, which were prepared by the gas
bag method. for 20 min with concentrations all equal at 1000+
L7 ppoov (3630 £ 6.3, 5400 £ 0.2 anda06.0 £ 103 mgm‘]'
for PGME, PGMEA, and DPGME, respectively). Analysis by
GC-FID with thermal desorption for 5 min at 250°C followed.
Toselect a suitable SPME fiber that would provide the highest
loading and stability of PGEs’ retention characteristics, tests
on stability of the PGEs collected were performed. As shown
in Table II, recoveries from CAR/PDMS were all higher than
2% for PGME, PGMEA, and DPGME after 9 days of storage
at 4°C. For other fibers, recoveries decreased dramatically
after being stored for O days, Further sample stability tests
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TABLE ll. Sample Stability Tests for PGEs on Different SPME Fibers

Sample Storage Recovery |4

PGME FCMEA DPGME

Storage Condition 25:CB 4oCC 25°C 4°C 254C 4C
None! 100 L0 100 L0 L0 L0
3-Day Test on Sample Stability CAR/PDMS 95 Q35 a3 a7 38 92
PDMS 83 &6 33 102 10 110
CW/IDVE Lo 10 71 L 10 105 o7
PDMSTDVE 56 o2 70 114 105 105
9-Dray Test on Sample Stability

CARPDMS 28 03 23 a5 75 92
PDMS 23 24 26 29 18 30
CW/IDVE 18 Al 5l 40 an 34
PFDMSTDVE 26 20 5l 53 an 40

“Compared to o storage condition; all the tests were pecformed in Wiplicate with CV < 10%,

EExposed to 100 ppmv PGEs in air bag far 30 min, then stored at room temperature before the analysis was performed.
CExpazed to 100 ppmy PGEs in air bag for 30 min, then steded at 47C before the anatysis wies performed.

Dhxposed to 100 ppmy PGE= in airbag for 30 min and followed by GC/FID analysis immediately.

were performed for the CARPDMS fiber. Kesults showed that
the recoveries at 4°C were 95%, 97%, and 92% for PGME,
PGMEA, and DPGME. respectively, afier 1 day of storage.
After 7 days of storage at 4°C, recoveriss were 045, 97%,
and 9% for PGME, PGMEA, and DPGME, respectivaly;
therefore, CAR/PDMS was used for the following evaluation
in this study.

After fiber selection, conditions for thenmal desorp tion wers
determined. Desorption efficiency was above 98% for all the

PGEs tested when the desorption was performed at 250°C for
3 min. Figure 3 shows a typical chromatogram of a vapor
exposure sample from SPME direct injection.

Table TIT sumimarizes the occupational exposure data of
PGE= determined in the literature; the highest concentration
was =20 ppm. PGME was the most often detected PGE in the
field.

By plotting mass collected va. the magnitude of exposure
(in concentration-time units), experimental sampling constants

FPGME PGMEA
o ¥ ¥
! 1] LS
A =
004
{ DFGFAME
: a
300 - -
200 1 ﬁ
; =
100 ] E
o
] w L\ |- "
o e B T o T = = U L A ' T T T
2 4 [ g 1 12 14 man
FIGURE 3. Chrorrategram of sample injection
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FIGURE 4. Vapor exposures from gas bag with AH = 0% at diffarsnt tempsratures for PGME Method 98 for PGME. Samplers were sqeossd
1o the vapor generation and sxposure systam for 80 min et concentrations of for 184, 369, and 722 mg m—3, respectively

of the sampler were determined. Figure 4 shows the results for
PGME at 20°C, 30°C, and 40¢C with RH = 0%, whereas
Table I'V summarizes what was found for all the PGE= in this
study (including results obtained under different temperatures

and RHs).

From Table I'V, experimental sampling constants for all
the PGEs. even under different RHs. increased as the tem-
perature rose. Furdher statistical analysis showed significant
differences among 20°C, 30°C, and 40°C under RH = 10% for

PGME, PGMEA, and DPGME. When RH = 80%, significant

TABLE IIl. Summary of Occupational Expesure Data for PGEs

Amalvie Job Activity No. of Samples  Average Conc sD Max. Conc, (Conc.range)  Ref, No.
PGME
Printing a7 10 ppm 18 ppm &0 ppm (a)
Silk screen printing 32 U i 13 ppim 61 ppm (At
Apartments painting — 0.5-7 ppm .;t'.:rp
Undercoat varnishing - A5-39 ppm (8-
Varnishing = 10-63 ppm 6"
Graffiti removal (cleaning agents) 27 .40 ppm | .60 ppm 2.90 ppm i16F
(0.054-58.90 ppm)
31 (STEL) 10.24 ppm 11.42 ppm 58.60 ppm
(004955869 ppm)
Cleaning of vats 3 4 ppm (2
(2040 ppm)

23 4.92 ppm 4.78 ppm (15)
PGMEA
Silkscreen printing 4 0.66 ppm 0.30 ppm (15}
DPGME
Graffiti removal (cleaning agents) 26 0.22 ppm (.32 ppm L.77 ppm i16F

(006177 ppm)
2T (STEL) 1.23 ppm 1.50 ppm 013603 ppm

“Morwegian Mational Institute of Occupational Health 3300 personal av sample data from] 983 to 1982,

8 Apariments painted with water-tased alkyl and scrylate paints.

CPamquet fitters in Finland,

Mammehing with ures-formaldetiyde besed products,

EGraffit removvers in underground station and four trin depots,

FCleaning of vats in an ink factony.
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TABLE IV. Validation of the Sampler for PGEs from Vapor Exposures

Temperature  Experimental Sampling Eate Adjusted Experimental Sampling  Relative Error
RH (%) () jem’ min—14 Raie {em® min—" ¥ (%1€
PGME 10 20 (642 £0.12) % 10-! 6.42 0
30 (6.07 £0.12) « 10-! 681 1.76
40 (7.08 £0.117 = 10-! 7.21 10.67
&0 20 (620 £0.12) = 10-! 6.20 0
30 (6.79 £0.19) = 10-! 6.67 1.79
40 (782 £ 0,107 = 10-! T.06 10.76
PGMEA 10 20 458 £0.05) % 107" 4.58 ]
30 (4.72 £0.03) « 10-! 4.86 —1.38
40 (513 £0.12) % 107! 5.14 —0.19
B0 20 4524+ 003) = 10~ 4,52 0
30 (4.66 £ 0,007« 10-! 479 271
40 (4.00 & 0.04) % 10-! 5.07 -158
DPGME 10 20 (3.00£0.15) = 10-! .00 ]
30 (33240117 = 107! 318 44
40 (3,74 £ 0.04) = 10-! 3.37 10.08
B0 20 (2.02 +0.35) » 10-! 2.0z 0
30 (2.04 £ 0.16) » 10~ 214 —4.67
40 (2.08 £0.20) « 10-! 2.27 237

AThe experimental sampling rate was detarmined 35 the slope of the plot where the T axis was mass collacted (mg), and X axis was the magnimde of expo=ure in

concentration-time units, mg con—? min).

BThe experimental sampling rate at 20°C (293K was set a3 the reference. Equation 2 was used to caleulate the adjusted experimental sampling rate at different
tempaerte. For example, at 10% BH and 30=C (303K), the adjusted corstant for POME equaled 6.42 = (3057293)71.75 = 481
“elative error (%) = (Experimental sampling rate — Adjusted axperi mental sampling el Adjusted experimental ssmpling rated = 100,

differances were also observed among 20°C, 30°C, and 40°C
for PGME and PGMEA.

The changes of diffusion coefficients at diffecent tempera-
tures, where I is fiT), might explain patially why the sampling
constant was lower when the temperature was Jowee "™ To
adjust the effect of temperature, the experimental sampling
rate at 20°C wag sat as the reference (Table IV) Changes
of diffusion coefficients from Eq. 2 were used to predict
the sampling constants at 30°C and 40°C. Relative errors
were within 10%, which suggested that the concentration of
PGEs can be defermined at different temperatures when the
variations of diffusion coefficients were considerad, and the
experimental sampling constants were adjusted.

Other than the molecular diffusivity of airbome species,
it is noteworthy that the surface action of adsorbed H2O on
the SPME fiber might possibly affect the associated sampling.
Therefore, to determine the effect of humidity, resuls at dif-
ferent R Hs were compared. At 20°C under RH = 106 and RH
= 80%, the sampling rates for PGME were (642 £ 0.12) =
10-" and (6.29 £ 0.12) » 10~ e’ min-!, respectively (Ta-
ble IV, which showed no statistical difference (p = 0.475).
Also, no statistical differences were obsarved for the sampling
constants at 30°C and 40°C under RH = 10% and RH = 80%
(p=043and p= 0201, respectively ). Results suggested that
EHsz between 10 and 30% had no effect on PGME sampling.
For PGMEA, no statistical differences were observed for the
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sampling constants at 200C, 30°C, and 40°C under BH = 10%
and BH = 806,

For DPGME, however, significant differences in sampling
rates were found under RH = 10% and RH = 80%. It has
been reported that water molecules might compete with the
compounds o be sampled and occupy a portion of active
surface sites on the coating surface of the SPME fiber' ™ Thus,
the presence of humidity could cause a negative effect on the
amount of the chemicals adsorbed ' As mentioned ahove,
the diffusion coefficient of DPGME is the lowest among the
three PGEs studied in this research. This might have causad the
difference when water vapor also appeared in the environment
to complete the active sites of the SPME coating surface with
DPGME.

Two different vapor exposure systems wers used to validate
the designed diffusive sampler in this study, including the
air bag method and the dynamic vapor generation system.
At 20°C and RH = 108, the sampling constants for PGME
were (6,42 £ 0,120 % 10-! and (6.14 £ 0.26) = 10~ cm®
min-! from the air bag method and the dynamic method,
respectively ip = 0.87). Similar results were also found for
bioth PGMEA and DPGME, ie., no statistical differences were
observed. One of the differences between these two systems
was air movement. Face velocities in the dynamic system
were 0,18 £ 0.04 m 5=, whereas it was zero in the air bag
SYSIEM.
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In addition. ather studies™™ from wind tunnel experiments
have shown that high face velocity will not affect the per-
formance of diffusive sampler significantly when the length to
diameter ratio (L/d) is greater than 2.5-23.0. In current research,
the length to diameter ratio (L/d) was 0.3 em/0.033 cm = 9,
which iz much greater than 2.5-3.0. Thus, the effect at higher
air velocities was not expected o ocour On the other hand. a
pravious study™ reported that becanse of the extremely small
diameter of the needle, the SPME device can be used for TWA
passive sampling without considering face velocity. Hence,
the findings suggested that face velocities had no effect on the
sampler performed in this research.

As shown in Figure 4, the intercepts were not zero. It was
alsoobserved that the intercept values decreaszed as the temper-
atures increasad. According o a study reported elsawhere, ™
the intercepts were suspected to represent the amounts ad-
sorbed on the stainless steel tubing of the SPME fiber. This
might explain why the intercepts were lower and lesser
amecunts of chemicals adsorbed at higher temperatures, since
the volatilities of the compounds increased as the temperature
incraasad.

(i the other hand. significant differences between the theo-
retical and experimental sampling rates for PGEs by the SPME
diffusive sampler were found in this research, whereas the
experimental results were much higher than the theorstical
values, Similar findings regarding the difference have been
reported elsawhers %28 Tt was suspected that the | east valatils
compounds, such as PGEs in this study, tended to have higher

experimental sampling rates because adsorption of these chem-
icals on the stainless steel needle of the SPME fiber was more
likely to oceur ™ It has been reported that by using deactivated
stainless steal tubing, a constant sampling ratz for TWA passive
sampling of compounds of high boiling point with SFME
can be ensured, and agresment belween experimental and
theoretical sampling rates can then be achieved 8

According tothe literature (Table IIT), PGME was the most
often detectsd PGE in the field. Thus, PGME was salected
for the side-by-side comparizsons between the SPME device
and OSHA Method 99 in this study. It was obsarved that both
methods provided results with variability < 10%. Forexample,
the CWs aof the SPME mathod wers 6.3%, 3.2%, and 2.2%
for 184, 360, and 738 mg m~7, respectively. The CV's of the
OSHA method were 8.7%, 7.8%, and 3.3% for 184, 360, and
738 mg m—, respectively. Further, statistical analysis showed
that no differences were obsarved for these two methods (p =
0.845, 0,125, and 0.295 for concentrations equal o 184, 369,
738 mg m~>, respectively). The correlation was linsar with r=
0.00985 by plotting the results from OSHA Method 99 vs. the
rasults from the SPME devices, The slope is 0.97+£0.01, which
suggested that the results from both methods were consistent
iFigure 5).

The PGEs in this research were further sampled by the
SPME method at 200 ppm for 5, 8, and 10 hr to obtain
workable ranges with higher concentrations. The linsar re-
laticnship between mass collected and magnitude of exposure
was obsarved (R = 0.98), which was the same as in Figure 4.
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TABLE V. Interlaboratory Evaluations of the SPME
Method

15 Minutes 30 Minu tes

Sampling Time
Mass collected (pgy  Lab 1

3o 385 B.53 8.28
3.29 3.36 8.32 8.35
331 326 T.62 T.80
376 4.18 B.15 7.12
4.20 338 .97 746
3.87 3.37 T.08 8.60

Labhl Lab1l Labl

Average 373 357 B.05 7.94
STDy 0.37 0.37 0.36 0.57
CVi%) 0.79 10.24 4.45 722

Note: The temperatue wee 20°C and BH = 109%.

As shown in Table ITI, the highest concentrations of PGEs
(PGME, PGMEA, and DPGME) found in the literature were
= 80 ppm. Therefore, linear ranges with higher concentra-
tions established in this study should b workable in the
field.

For PGME., as discussed above, the method detection lim-
its (MDLs) and experimental sampling rate were 046 g
and 0,693 mL/min at 30°C, respectively. When sampling at
a concentration as low as 1710 of the TLV {ie, [0 ppm;
36,9 mgfm*) for only 60 min, the volume of air sampled will
be ~41.58 mlL and the mass collected will be ~1.53 ug
Considering MDL is 046 ug, the SPME method should alzo
be applicable in the ranges of lower concentrations.,

As shown in Table V, interlaboratory evaluations of the de-
signed SPME method were parformed. PGME of 368 mg m—"
with EH = 10% was prepared in two different laboratories,
and sampling for 15 min and 30 min at 20°C followed, Six
samples were collected for each time period. After analysis,
no statistical differences were observed (p = 0.05) between
the results from the different laboratories.

Along with laboratory validation, measurement applica-
tions were also performed in 2 semi-automated silk-screen
printing setting. Both the SPME device and OSHA Method
99 were used for sampling and analysis, and a total of 12
samples were collectad in the same position simultaneously
(& from each method). Among the PGEs, it was observed that
only PGME was detected. The results were 170,06 £ 7.24
mg m=? and 175.93 £ 3,13 mg m~ from the SPME method
and OSHA Method 99, respectively. Mo statistical differance
was ohsarved (p <= 005, This finding also suggested that the
results from both methods were consistent.

CONCLUSIONS

he SPME passive sampler has an advantage over other
methods because no pumps and solvents are required,
which reduces sampling costs and time for sample analysis.

Journal of Oceupational and Ervironmental Hygiene

For example, the traditional use of solvent for the analysis of
PGEs, such as CH,Cl-, can then be omitted.

Research shown here demonstrates that the SPME diffu-
sive sampler with CAR/PDMS fiber can be applied to sam-
ple propylene glycol ethers, including PGME, PGMEA, and
DPGME. Face velocities (00,18 mss) and RHs (10-80%)
proved o have no effects on the sampler for PGME and
PGMEA., whereas temperatures did influence the results for
all the PGEs. However, the concentration of PGEs could still
be determined once the variations of diffusion coefficients
were considerad and the experimental sampling constants at
different temperatures were adjusted.

There was no statistical difference in the results of the side-
by-side comparizons for the SPME device and OSHA Method
99, Comparad to Meathod 99 whers pump sampling and solvent
desorption were needed, the sample from the SPME device was
analyzed simply by inserting the neadle of the SPME into the
injector of GC/FID. The procedure using the SPME device
was the better choice becanse it saved time and was easier to
use.
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