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and biomarkers of benzene metabolite among residents
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Abstract

In order to promote island wide economic development, the government
established a program of Central Taiwan Scientific Park (CTSP) in 2002 to
upgrade the industry in Central Taiwan. Volatile Organic Compounds (VOCs)
used in industrial process may induce harmful effects for human. BTEX
stands chemicals for benzene, toluene, ethylbenzene and xylene. Aromatic
compound are highly volatile.The urinary level of trans, trans-muconic acid
(t,t-MA) can be used as the biomarker of exposure to benzene. Exposure to
these chemicals by respiratory absorption or skin contact may cause adverse
health effects including headache, nausea, dizzy and weakness coordination
ability.

The objectives of this study are to assess the relationship between the
indoor exposure of BTEX and the biological level of benzene (t,--MA) among
residents living near the park. We recruited 155 residents in the exposure area
and 38 residents in the control area. For the comparability of demographic
status, subjects recruited to the tow groups were matched by gender and age.
We interviewed them using a structured questionnaire for collecting
information on demographic, life style and environmental factors etc. Five
houses in the vicinity of CTSP and five houses in the control area were
selected and monitored for BTEX concentrations in the indoor and outdoor air
and analyzed using GC/FID. The mean level of #,#-MA in the high-exposure
group (76.9+£121.2 pg/g cre.) was significant higher than that in the
low-exposure group (47.8+47.0 pg/g cre.) and in the control group (48.8+47.3
ug/g cre.). Factors including age, education level, body mass index, use of
incense, use of air cleaner affected the 7,-MA level. There was a significant

difference on the mean levels of 1,-~-MA between the two groups. In exposure

v



group, t,t-MA levels in this year were significantly high than in the last year.
However, it is necessary to verify the association between the emission of

VOCs from CTSP and metabolites of benzene in residents living near CTSP.

Keywords: benzene, toluene, ethylbenzene, xylene, t,--MA
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creatinine) B ! #-ex 7*5—‘15‘ (49139 1 g/g creatinine) = B 0 @ 1 g ek ;*,F—‘F*f
greb B ie o 2 Ap ML (R)F £ 0.99 -

Schroijen™ % % (2008)12 1697 i/ | & i3t 9 By 3 2 F L & L

J
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THE BREIRPERSTARL ORI +-MARRZ FE > I
SPE-SAX i& {7 1,-MA 2. 5P~ » $ & 4p 5 7 B2 &2 1%(VIV)EEFLR & » £ 1
HPLC/UV & {7 247 » BRI 5 8.6 ug/ll P L S5 BT IO®FF £
Lt-MA Jk B & %] 5 » Antwerp 72 1 g/g creatinine ~ Antwerp Harbour 68 (£ g/g
creatinine ~ Ghent 72 (£ g/g creatinine ~ Ghent Harbour 70 £ g/g creatinine ~
Fruit 71 (1 g/g creatinine ~ Rural 73 (1 g/g creatinine ~ Olen 73 (1 g/g creatinine -
Albert canal 76 (1 g/g creatinine~ Incineration 76 (2 g/g creatinine’ H ¥ 12 Fruit
AR PR R AR BER T 5

Gobba®® % 4 (1997)12 & * Jla 382 23 B R L5757 % » B2t iF
2 fFFc A RIT S KRR RS EFERY 2 -MAJRR 0 1% SPE & {7
Lt-MA 2_ 5B~ > £ 12 HPLC/UV ~ 47 » # W p#&*T 5 0.002mg/L > ¥ {5
2 5% AR EERT 2B FRKY -MAKER 297 ng/gcre. » HR

EBRE 0.162 1 g/g cre. o
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$=8% 157 BTEX2 2 % RlApMAT 48

-~ EBEPRE
(-)EP ~¢5F° BTEX 2 kR 2 4p M 73

b2 F P BTEX BRI FEREF >
¢ 2k B o Chunrong®” Y% 4 (2008)4- %} =3+ £ W% & 2

ZZBARLIEMRESEZ A AL 159 4 0 @ % N AR

BEEPM M2 F P VOCs 285tk T 55 253 Btk 53

227 BHARB > L3 1115 1 VOCs g & » @& * ATD-GC/MS 4~ 47 - %

bz & ¢ VOCs %872 FEAREE 0837 gm’ H=% ¥0.7-14

pgm’s B L - 7 ¥ 0727 gm’ ;s R EF P VOCs & % & or

ERIEB LT F68ugm’ s B H-- " ¥33ugm’ EHHT B R
FTERAGENG I ERE R RHERP G- RS EE R o A

FRTO)EERE T ES IX0S TGS LA E G E L e

:¥’
EUO W A 1510 Bl PEL 3 h 754 RE 3 0=

£

_{L,),E‘(?\,?_gi » 4ot ¥

FERFEF-Z"F>a /O < 10 27L& FLHhKp TR o

—

Sonja® % 4 (2004)% Ken“"% £ (2004)7= 4 #p b #7 7 BE o7 47 10 2 %

2

-

Simon“V% £ (2005) 2 A= 5 £ B2T7i (i o H P 135 ARiT 8 B (50

R)o ¥R E L4 FEE RS0 R L b2 s 5 278 LA R T

30208 f B EFE LK A ;ZJ‘J a ‘\%ﬁ‘?@ B {724/ PF2 i



mE

PR OGCMSEF AT 4P FER cSERHTAEBRE

o

P FER 1975 ugm’ B R FIERLO3 pg/m e A HBEER
AW L1120 gm el 237 g’ B R EERB RN TR
WA EEREFFLER R FTHEFLLIE oA KBETR IO
BR2T3 BT Rpr s &Y FERRAFZ W E N g d Wilcoxon test A
TEFELABCTEN CARBY FLEREYRAM O EBEZRN -
b &0 FUERAPRE T dc 5 r=0.494 > ¥ PR e % r=0.499 o

Ken "% 4 2004) 1 B E B3 (FAFA T FE > TIEERE ~ A5
2RA g I RE R B T4 L R P S h R B A2
158 VOCsit F# % > @ * GCMSEEFAPM A 47 - 5 BT 20 F2 kR
58ugm’~ " ¥224pg/m’~ 2 ¥4T g’ ~ = " ¥145ug/m’ > @ % ¢
ERP G FlOopugm " ¥48ugm’~ e ¥08ug/m’~ - 7 ¥25ug/m’
Bz P ERBYWEHERVRIPN B IAHERIOL Y EF 8

548> @ 7 F 2 /O B 5 20.8 o

EIN

LR -
20007657 I F L EFHHTEVEFMZB AT
BTEXYc# ¥ R B e £ 40BH A ¥ AU E A F=FF 2 ¥ gt
RALFY R RABER  RRHA P PHITENER YR

7.81ppb ~ = 7 ¥10.35ppbz % P} B T ISE R Kt E b IRE 0 HeT ¥

\J

g0

40.61ppb ~ ¢ F¥2.44ppb% TVOC61.22ppbz_ % } T T 35k & #5
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BB REEAAEAT IR TR EFELRE o E N /O
Wiz 50931200 2 Rz R VO EF 1102 F117 2

FL34 Tmgr g g R hRR L EIER RS 2 E

(Z)* # %B ¢ BTEXZ kA&

F1UD(1999) 11 2 #5552 s N EE T 4 ¢ VOCs 2 3 7 3
TABNAREE N 25 ¢ BTEX 2 kRS %HOF RPN o F R
EARTHZ e A ERBEITAPLERE Y R &G BTEX kR 2 447 >
FTEB BTEX kR A TR > %87 BIEXF2ERA T AP b ¥ 2
b il B ERZ Pl UER A FH® 2% BTEX £ Fl1 fudtc

}*4‘3‘64

éuhn
*

W% L0000 M EBEERFE AT ER T B AHFEIEF
(Canister)i& {7 VOCsz 3£ $% » & 1% GC/MS:E {7 4 47 » $x kB A W] 5 o ¥
PEFRFGI2ZBAETR)E L0 24P 20 24P AR %A RS FIRS
B RE R R AF S R T RS REEFAELLY 30p 1954
107 160 X120 A 71 17 - % 8x K% R kg F2 Tk R
1.36ppb ~ ¥ F21.72ppb ~ & ,%t-= 7 %3.42ppb ~ #8-= ¥ F1.56ppb ~ ¢ F
1.43ppb » 3 # 2422 BTEXE & B~ %] % 1.42ppb ~ 12.16ppb ~ 1.43ppb -
3.10ppb ~ 1.34ppb ; # f= * ¥ i3 ¥ x U1 i E R B E o

Foeb s 3ROVE L (Q005) B AR RE 2 Sk 0 H U P MPLE 1 EF P
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rOERB R AR TR REE s R BB LEFET BTk
MR R EE & 2 JRISC-ST3# st N chb * FH B ~F R B K ~ 112
YFTRTAAR AR ERBHR BB F FRESB BN A L R
HREEZ SEER IR A BB £ & HVOCs » 2 # § 1945 2 REPA 2 £ th%

Gah FE R AP R AT T R RIZ A 473 2 0 17 44k F (Canister) &[]
TORREFI2 ) NG W RE O XD AR REF T
B B2 A4 o B % F2451.4 7 ¥32.9+18.8 ppb ~ ¢ ¥2.0£0.9
ppb ~ > %= 7 ¥73429ppb~ #= T ¥3.0£1.7; F L IRE BRI N

(A2 h A

Yo

B2 8 )% AT F Ap B (1=0.51, p<0.05) ; &%
G R R AT GO F R -

Chiu™ % 4 (2005)*2000% 2003 & ¥ -4 5 #5377 £ 58 1 £ F % %
Fie i< § ¢ VOCH » fEot 0 25 A EEE S § ¢ VOCA # 2 o
200057 # {77 % 2. FHRHE T UGC/FIDA 47 F % E 2300 > b » &
&b 0 b 90.5m/s ~ E AR EA2528CH - BRET 2§ ¢ 2BTX
JE B % 82ppb ~ 11.4ppb% 2.8ppb o v fie % fr & (» U 2002EF kR B § 0 HETn
ERHEEF A2 FERERERK > VOCsH 3 HLFE 3 L i a ®
FEFEAZ " E(T/Bratio)f=Fl+ ¥ 542207 kR A~ # B i

B R R IR H TR LR

21



(Z)FM ~* 2 % ¢ BTEX2Z kR ApR 122 2 73

PEBTEX ER2Z FlZ ez i h kiR B 528552 8824
R £ F3 Y e Isbell " % 4 (2005) fe F B4 U A P LT T H
b o BEAFEPREY PR BTEX EAZ FlE » BE T 2P il
BERT > FERTISL 18ppbe " FEAR T355 433ppb o ® AF i b
TR o FEAPITSL 48ppbc @ P ¥ L 8.8ppb v i it P A E
£ B o Schlink®®% 4 (2004)%E 42 A F 2§ 2 2 Fo 23210 2 »
& i FHEEY VOCs kR Z B8 S5 BT3B 4
FVOCs kR N85 %52 3412 -

Edwards"’ % 4 & 5 1996 £ 3] 1997 £ 2 875 > 12 201 254
HEFREVEETHI ONARNLBARRTE 2EVH AR
21 IRH-ATIRE ~ BB 48 /] PEPF RS # £ & (time activity diary) © ¥ fa B
AR BE(N=I83) A 7 Z P BB HEBWN=119) & 33 M2 1 (v %
FYOFRR LR RRETIOA8 o BEK ST B ARRT
2.° =8k R B 5 247ug/m’ > % % = < # (ETS, Environmental Tobacco
Smoke)¥ & 2.89ug/m’ - wFFEH i 3.08ug/m’ BF 0 ¥ G2 LB
(p=0.002)° & R P B ¥ ¥ 2 ¢ ik & S K 3. 14ng/m’) § ¥ 2R GE
F 1.87ug/m*> 2 § 5 BF LB (p<0.001)> A B RE A RHEY F2L T

¢ gk & AT E N 15Ipg/m’ e § = 1IEHEE ¢ Rk

Y
%h“‘
@,‘H\

22



B5358ugm’ it - FFEBERS 2.3ug/m e gt P EEF LR

F

(P=0.78) c FHAEZ P 5 ¥ FLRREARFHB A R BIRA - 1LE
ﬁﬁﬁ&ﬁh»ﬁm%@‘iwﬁﬁ~lﬁ%%%@§%ﬁ’%%ﬁﬁ
¥ BAR M o

Fondelli®” % 4 (2008)if B~ % ~ J] i B 587 67 =i B F ARFE2 &
Lo AR AEREN S A SRR R 4EE > Y S

Mo hE R R B B R BN TN SR R T

foi

\\\?{y

HHL B ES LSRR R SF B R ARR

_%_‘

A REFAI R FEABA T2 ERBE LS A0}
6.9ug/m’ ~ 2.3ug/m’ > * F G P AEZ ARB AL (R=0.98) > ¥ % F40A
AFFTER RS (E<0001) e ¥ bt ® 3 i1 Bz il P
FoREAFFLRARKS Tongm’ T A EET i S B P
FEYRREABABREHFTER LA BE

Manini*" % 4 (2008) 27 F R EHF R BEAZ LR > BEHT £

ks
=3

PLTEEREBRRRRS DA ERER R 5 222ug/m’ s 2

o

4
BEWEBER S 4 Tugm’ HEPFFEBRAF P AL FE R
BFERRG  FINARUABEERZ RAAFTLE HEEREY2LE
B22PHMZEREERADE-

Jia®" % A 2008) e FE FR T RALIB A RAREZ 1 EFEBSEH
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VOCs kR 1> THFF a2 g0~ & BEEIFEFET 2 U

r*

T AH R ERT I8 VOCs & $r8 th> 2 ¢F & 18P 46 8 VOCs
AENSIMA R AmEN BN F T F R H- T FEe g0
Pk R BB (% B ¢ 42 n-heptane ~ a-pinene % d-limonene) » * ™ % %k

Bk o E g R

P
(Jﬂ

JE A ARF_ oA A R BSALY AW ¥
L5482 VOCs kB o 2 ~ 7 VOCs 2 kR A 1o ~ AP » F 3k
FR L IO)RF 0 <3 VOCs 2 A EH 1 B 15 102 F > e

L B A e i 100 B e

=~ OLEMA 2R R 2 B E TR
LEMA G FZARABH o EFIBM ARG AL R > Aot B R
BHE % FF o Barr®Y % A H-ROR BRI (L 23 B R T R TR o R
fep AR Bd2 TR A 0 Hd TRER R E SIS
Rt A EE s DRTE CRERR S BFZFEEY LBk
Bz Fl& o f fFd e ®3(WHO, World Health Organization):® 2% Fw e
PRk AT ¥ B 5 30 T 300mg/dL > £ i 0t R0 3 0k 5 FROR O
PR A PR S B PR AR LT H T
WMwﬂfW§4Q%$&%%@&%45§2ﬁﬁépf%@’Ff

EHY FER S 0.15 mym’ » Fiit 4k & 2 HPLC & {7 & 47 2 45 £ 244§

24



P00 A F R 35 A AR E  BEETRAE -MA KR &

2.19£2.32 mg/gcre. > * B F kR T i 7.08 mg/gere. ; AR F B 5 0.25%
0.33 mg/gcre.> & % & & ¥ i 0.98 mg/g cre.> 7 B E 5 ASHEH L -MA
RRDOB bt - w2 ERFIRG HEFMLL R (p<0.05) o ¥ h g
LB -MA R 24 8 0.798 (p<0.001) > 7o L Bk B

FHP -MA G AR L2 AR ML

- A EEREY 0 P LMA R AR R R g A

1 *&¥ - > Milan 2 i E20=77) ~ 4 21 07K (n=78)% $tfe e
(n=58) ° 77 *% ¥ - »Genoaz 2 & 2 #(n=153)% ¥t B 2 (n=49) >
EFE LML B B RS R SRR o R AL SRR
BOLRE L EERENGEFTRE SRR AL TR LR o
%8 Genoa 2 k@ (o @ )¢ t-MA JRR& vk;%’—‘ﬁ (174pg/m’)

4 ATE K (STug/m)) > T ASUE K85 R B A B T RE

W

GmyfﬁiﬂBMwiﬁ%%%’ﬁﬁ%ﬁﬁﬂiiﬁ%paﬁﬁi

X g pz

Li-MA ik B (213pg/m’)F" B F 0 A 5F ¥ (82ug/m’) > @ e b b1 i
7{7“:";:}1‘(144Hg/m)r5‘&#\"Xﬁ"ﬁ(49ug/m)’ PR RS A sk ﬁ;;ﬁ
HLrMARR ¢ R W HRBE - PP L SR HT A F L B RRY T2 0

’B‘T*FF&P?F}’&PTKA# QTSF’J\E‘ ttMA7"‘-€‘£r4]‘%°t!lJa,€H';Ea

4o Wallace et al (1989) ~ Rappaport ©”et al (2002a) 2 Lin “Yet al (2006)
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i A BB F SR T2 RO R T2 A EE LAY

v

- 2§ ¢ BTEXRR & /¥ 66-MA k& 2 4 B 42

O ngee R AL TR R R Y BN LIEER ST
oo HBEL D LERAR  MABNERRERE S B2
W(r | prs—H@) £p g Bl FEE—BE ) B0
1Y 2 1 PR RSB I 2 R A 0§ CREFERARS A
FZAP AR AT EEHETLS P TR AT -MA 2k
RAPM (s 0860 3 ¥ L4 B AELIAM -

Qingshan®” % A (2005)#*¥t# W1 fi2 A 1 i ¥ 2 2 4 (Rl ik

2 RF 180 pATH T2 PR3 E s HY R @ EF L 130

PR BE S Lo E B ORE S QEH Y E 8 SEY Y
- pedt o9 g A mZ Ry 0 A LR G 7 1 ¥ TR
RAFE Y R FBR 10T 0 2T HEYFREN L
AU BB A AT c R AE P L FB AT 2 B RSB Y
LC-ES-/MS/MS & 7447 o %5 BT ttMA® 5 57 ¥kAR &
0.06-122ppm F¥ 3 24+ ehip B 14 (r=0.83) > * AR BHE F B® FTIEA X
 lppm v B FM 2 AN o w3 F ¢ FIER F M 0.1ppm PFR] & A F
M2 4p Rk o t-MA 2.k B 5 1.57%1.38mg/g cre. » ¢ *# 1.11 mg/g cre.

B % B 5 6.98 mg/gcre. °
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Liu® % £ (1996)F7 5 117 ¥ 2 A 2 HiA M2 B 1 57 # 4%
#H AL MEER B & (<40mg/m’) ~ ¢ & % (40-200mg/ m’) ~ B & & (>200
mg/m’)% PRl A1 THFEFLFHEE 1 TR S R @

AT EARMIE PSR TFRANB AR LSRG ME R EE M
MY FZERMMEBERS P RBREERM 2T T2 ERKBFEY
FARE o ¥ t-MARR 0 Mk % 2 0.19 mg/gere. ~ ¢ & #% 2 13.0 mg/g
cre. ~ B A g 2 59.53 mg/gcre. 2 ¥R E 0.14 mg/gcre. » % E 7 F ¢ F
ERAR  BRBEZEMAERES > MER BN o KWK T
WhhBEOHRET 8P P HEF LB (p<0.05)

d bt dp B v gV B2 BTEX &7k 22 F & - v 8 g A2
TR AREERE  FRERAY T E RO RFRE  H TS G

RN LS 2

T\4
=

A SRR AT R HIT R R R R RE 2
FREAAEEHERE > 22§52 2 BIEX EA 83 » 7 72 F 5%
R e R ER B AWML F PRSI F TR L LR
EPRERERF M o FL AL BRI HLEMARR Y b R HITI RGT R
P~ BRE FEE RY BaskR PR g P AARR o -MA 2 0k
REZFP F2ZHME ) AERBERFIRBZIRIEDNERPM
RErA R B F P FERTAM c AR RBENZ irMAER T AR

ek Py T EN 2 BFM LR oI MY S FNBR
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AFZFEBFEFEIFLIHY RONEDHERZZ AREFRMA

R PITERFRBAF L PR AV HRITANE RREE

o+

Flo R ET R A BT A AR A E B AT L 3 i

BEHITE L PP

-\-\4:
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AP 0 EEHY NP FRGTE AR F AP (EMARR
2T O EY PR S TP ERT S AP EETEZN 0
HEY F T F T F o F(BTEX)Z2 k& » 8- HIFH A AP F
KA GEMARR S 2§ ¢ BTEX RR 2 ApM L > iRz = @ 3ngl
B F 1 LR Y E4 T A RN I 4 855 4 4 (Volatile
organic compound, VOCs)¥ H A # ¥ gifd 1 2 DR B> FF ot 175 A K3®:

P B gAY LT REHTE ARG VOCs 2 £ -
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EET VT

ok
=
3
)

3 b g Rk R 2 A0 WAL B AL

PRI HBE R A AR ¥

PORIRAR A B R R R R RS 5
SRR S 2 4 1R ¥ RAR
v v v

o F %2 #ipl P F A o AT

o TLIBB L ¥ tt-MA 2 R

o A ;N Bk kR o K RIRB

v
SEFTREE 22 PYEBEP b F ¢ BTEX ~ 2 F BRI F R 5 TR

RS AL R
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g2 E05 43 ISC 5§73 4™ mod #50

IFRAA 27§ AP 7w B2 FR LEFTFRY 2R -

\\\?{y

BT H R FEY PR R L R E
Lk 2 8% ¢ fle w L-MAJER 6194 ug/gere. > ¢ At ® 43.82
pglgere.® @ % 2791 uglgere. FIW #HE L S 2% o F R B R

FR)CHEEBEC HAIAF)IZHEHBE FEBETREAT Z MR

Ik

E%ﬁﬁﬁ“’ HFEHAIEBHFE VAFRE IR LM FEAR T LI 2

ﬁﬁﬁﬂ,yﬂ,wﬁ%dgﬁglﬁﬁa,gﬁ;al%a‘gﬁi

H33

y&

B o R FE R A AL PRE o ApEOT Y o F L
e %‘Kﬁi%‘fl ] R T 0 e 1 Bbf?,&%\/‘i—ij\/@?ﬁ%rg %;%‘E' {
PR L ESGEEL L L S o AR FlITEC RpF

7 E

EFIR2ZBE > B RF 2 BEo S FIRFEb L HZwA B\K/Tj%;-

V\-\

BEagut > ARIMEAL ALY iﬁifhﬁii“gﬁc‘%’ﬁﬁé’b? i B B
WPIE A A EET S CHBE R L7 AT TR R A s 1

FPEIESABRRK D AFY ﬁ“

N

o dp Bz & %‘xﬁ BT R

LHMM AR Rt A2 feB o H T g K E GRS



BRBES Zo?P I A RORNEIATT T~ AEXATF L ® 2 Rk

/

A MR REL 0P B TRIRGE L £

N R AHBIZ  HRE E S oY BRATALRZ ATAE

Ew A AEAEN I RERBREL LB AARTR B

VIR~ ARG FEINEZEIE DB RRERA  BFSH R
F A EP L, EMA 20k B A 37 0 S5V efTRL (creatinine) e & 0 2 % VBTG kR

|+ 30mg/dL % * >t 300mg/dL 2 $ & > 5o PEE R X B AT o

R B AR RBEEPEF - AR AHERS

ESNSY
S

~mi
i
.
=
K
L
A

ZERYZF BTEX H#2 H2 F Rl m 7 4%

SHAY AL EFETAEAEBIEN - b2 F ¢ BTEX ik
REFAP R pM I g MIER SR A2 P77 o F
PR ABEBHRBFRLI CPRRESEZTN T FERL RS
AHENREAEFT o A SR R RS
S PRI R Y F A Y 0 B ER] T ATALRZ AT 0 H LR
- BY kg = P RAes Y g R 0 8 BTEX %
TF R X PTG o LR 2 R RS B R 0 X

ZEMAC B P ZFERB o RN S ERE B 0 T h R
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BoiH A EBEET 10 BRA  HRELET 3B KA
etk &35 11 - BTEX 2 B2 0t 80 2 5 R B R B4R 1 0 45
B 5 24 ] Bl AR R X GRS L B R 1S LEMA 2

DR BT e
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0w st
B
Lk
T AR TR 4
[m = 12 p

| (B i)

o HFEE

D e AT

B 52 PRALSS A P #HaEH

HEZ P P EF RS EAS B
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A - A% P g ) 22
S8R E2AR0CH1E-)
AN TR L SIS

LA ATA D 2 qalhn]~ B8~ 5 ML - KT A -

AEFERFARBE FARFY R LF L TR S AR

G R .
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Fr & %57 BTEXEAR 2 Bl 2

FI#* AL F 38 ER AR B (passive sampler,SKC 575-001)iB] 2577 7 ¥ % A Fe
TR b BTEX 2 kR » # N3 B 350 25 » 575 47l B &
ASTM D6246-98 4= ANSI 104-1998 #H4c:  H ik B i = 2 o 3§ * 2t g
23044 E T 24 Feom AT AN EBRERE 24 FAZ B F
TEA B FREE 5 RS A RE PN T B (microenvironment) € 35
T Br5 % FUNRBMIE S ARFL AL BT fw 19 (field
blank)# & » #& A2 Fi¥ 2 F 05 F AR AEIE g d BTEX 424 ¥ & =

R AR R - F 0 RA

f“t
e
—ﬂv

FoRAEZ R AN T -

- W
(-)RE
1.= % it g (carbon disulfide, % F & +7.%, Sigma-Aldrich, Assay >99.9%)
2.% (benzene, Dr., Ehrenstorfer GmbH, 99.0%)
3.9 % (toluene, Dr., Ehrenstorfer GmbH, 99.9%)
4.2 ¥ (ethylbenzene, Dr. Ehrenstorfer GmbH, 99.5%)
5.#%-= 9 ¥ (o-xylene, Dr. Ehrenstorfer GmbH, 99.5%)
6. -= 7 ¥ (m-xylene, Dr. Ehrenstorfer GmbH, 99.5%)

7.%-= 7 % (p-xylene, Dr. Ehrenstorfer GmbH, 99.5%)
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() REKA

1. A sV ER R B 3 oo E st 350mg (SKC, 575-001)
2. #ua b i# & (TSI, VELOCI CALC Plus)

3. - % it g2+ (YES, 206 Falcon)

4. & 3¢+ (SUPELCO WAX-10 30m*0.53*1.00mm)

5. F 4p k7 R/ G4 Pl E (Agilent 6850 Series I GC/FID)

= .BTEX #* #% &2 & 47 3¢
(- ) REAI7iE 2
58 IR FEFZF P F TR A RR T 2R

St F % R A/l a0 pE (NIEA  A719.10T)% 514 B ¢ 158
AA5 S S E#1905 0 w2 ERR T o
REAHTEE
1R A& (DR E :250C

(2)ix » v :230C

(3)oven : 60°C (3 4 20 4 &) > ™ 25°C/min & & 2§ 3 150°C

CEPEE R S

2.5 #inig C(DF F (r § ) © 4.8mL/min

(2)& F 50 mL/min

37



(3)% # © 450 mL/min

(2) B 45 58

\

SPRL K PHTF T P pOVdR 2 AT 2 WS R o

B 1.5ml % A CSp it » A ds U Fk R 7 7

|

B 30 4

|

d e ggB-CS, F 12 1.8ml vail @

|

GC/FID A 7 » 3-8 ¥4k ~ BTEX 2 kB

(Z) kR E

e N REZEEY AR o &N RE A
P2 BRI REFERFT RS C RIEREFE 0 g
HeB RBOER AP G AV 1 LR T R 2 P2 bz .

_ WX1000x24.45x CF;
rXtXSXM

C: # # k& (ppm)
iR (%)

t 1 $% % PF R (min)
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S : #2# 1% (mL/min)

M & {74 & + £ (g/mol)

W:EH#HEE Qg ¢ F AL 2 EAXLSXS R)
CFr: B R s & fadic » 4o #77 !

HAEBE (C) 4 37 31 25 19 13 7 2 3 -8

HARE (F) 1mm1 99 88 77 66 55 45 36 27 18
% E A% 8(CFr ) 097 098 099 1.00 1.01 1.02 1.03 1.04 1.05 1.06

ZHREMRZZDZ W PHR

% A % 2 fe Bl (stock solution) » A Bl4e » 0.dml 2 ¥ ~ 7 ¥ ~ 2 ¥ »

‘%&.

Iy

P F DT FZ -0 EN k- T RHEY 0 E U m L E(CSy)
T2 3 1000mL » = fe @l & 1000ppm &% % 7% % > £ #-2 H-# 5 0.1ppm
I SOppm 2 453 50 H 1 @304 3 0.9995 5 @ B i RHR L B & 0.01

[

i

%

3 0.06ppme H RS N5 o B KB E A S S0 XA
Z AR F WL 1 pHER o

BTEX # £ 8 B2 § fl15 4T

BTEX iia,)i #* [¥l(ppm) 2 9 PR
B 1% B 3 (ppm)
E3 0.1 100 0.9998 0.01
LAY 0.1 100 0.9998 0.06
v ¥ 0.1 100 0.9998 0.05
- 0.1 100 0.9999 0.03
[ 0.1 100 0.9998 0.02
-0 F 0.1 100 0.9999 0.03
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w BTEX % %} 22 5 2 jp 2
BF T F e F MoV oV FA T SR RE
WY BRRER-RESY > R EAF AT B SR ASTE

BRRFaE R0 A RS 5 90-110%

BTEX AHER(pg HUHLE@WE *FR¥F(%)
£ 4.23 4.35 97
7 F 4.31 4.33 99
e ¥ 3.96 4.35 92
-0 F 3.97 4.40 90
-z ¥ 4.79 4.34 110
-2 F 3.94 4.40 90

T A4 22 B

FERR BAYr2 TR > el BTEX JE R 55 Sppm 2 3 5 i
Fadr- o RO BTEX MR - A% s 2 %2 i [BEi/te
Ex100%] % 4372 [(F Rk AE-FeE k&) /pe ¥ k& x100% ] -
PR %R 8 0.02-0.56% 0 A% R R 28 0.66-1.94%0 > T An¥EA S

FATEET Y 0 BEor KRBTSR o
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$IH S RPOEAELRIE

by

- A

(- ) #&
1.trans,trans-muconic acid (Fluka, GC Assay > 97.0%)
2.7 A& methanol (Merck, GC Purity =99.9%)

3.fig iz acetic acid glacial (TEDIA, Assay =99.97%)

(=) REHA
1. &< #(KUBOTA, 5100)
2. #ip ¥ P~ ¢ 2 (SUPELCO, DISCOVERY DSC-SAX tube, 3mL)
3. H4p & B~ & & (VARIAN, 20 place manifold)
4. % -k 43 4 (MILLIPORE, Milli-Q Plus)
5. B pkar i p K ¥5 R/% ¢k P 2 (HP Series 1100)

6. 4 3¢ #(SUPELCO, 516 C-18, 25cm*4.6mm*5um)

S-S - B QA LR P
(—) RFEA 7R
LA #4p * 1%fEf © 7 15=80  20(% 43 )
2.8 B 1 30C
3.5mi# ¢ IlmL/min
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4.4 B4 E 1 278nm

() &A% 2

Fd B S AR R P ko i A 0 AT

Scherer®”(1998)#= TR FARE B 2 o TR

Bl £393

|

B~ 4mL 2. Fiig s 10 4 48(1200rpm)

4v » 2mL 77 f% 3 SPE tube *

|

Pump # #

|

4¢ » 2mL # DI -k

# DI-kiig= > 40 » ImL /i

FARRiER R 4~ ImL1%pE e

|

@ 1%fs iR 0 4o~ ImL10%f} s

|

e B~ 10%f5 f 2 it 4 + HPLC & 47

42
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CRERZZEZZ PR

i+ % % % (stock solution)z_ fie @ » =& 5mg 2 trans,trans- muconic acid
ber TEFL L R T E T S50mL o Tl 2 100mg/L 2. BEH AR 0 £
fe= e £ SURR B 5 15.625-2000ug/L 2 R 5> H 4 & 52 4p B Thdic
AT 0.9995 » #ig E M HMBEAF H - & > P33 HH = BHRE A 5

FE @RS 0.21 pg/L o

. ‘},"’Fﬁ‘_?"’]’{:‘}'
B~ 0.1mL > 0.5mg/L e t,--MA > #Bé%“ A G S 5 S0pg 2 1R
&3 R & Fik (pooled urine) ¥ - I i BB R & 4 47 BRIE (7 = L AT W JT 3R

45&’1\1 ttMlA’l:’a'J % ﬁ&]@——-‘}'l']{—fpllo%o

SR L

> w] e %(15.625ug/L) ~ ¢ (125pg/L) % % & & (2000pg/L) 2 4% 3 & »
BFLHT - F o BRI GEMA K P S BERZFTERZ LE G
R GEEPHEFL AN Henit  BFGHREZ RS 2
% #(CV)4 b 5 0.01-0.15%, 0.49-3.21% % #p§+38 % (0.19-2.54) % -] »*

+7% -
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FoE s TR E AT

ARG L Excel MR S A3 F AR E RIRE AP 4T T
ALaE R AETE 5 12 spss 12.0 2 g iE 7 TR 2 St a4 o
— . et

FHBAAATH S BAAEYRZE ERERULE-FPFLHRD
BUFEANS N PR A& ME CBTEXER ~t, t-MAER S

FRA T o6 EELE P lcdoT o

oL oAb

-

WA R R R RAPMZ R R S e RE LR
Aot t-MA AP BE 2 BE 5] Aol W] s SR Y R s B LR A n AP
" ostudent t-test ¥ T2 > B FERKTARRE A G Y F AN RA
A2 One-way ANOVA & =2 - dF3t & 73 4 ¢ BIEX EA& » /¥ t, t-MA
EREZGF R FR AR & |2 Bt 2 2 Mann-Whitney

Utest; #3 p #7 BB ,tMA kR % %38 pF » ¢ * General Linear

'

Model(GLM) % i& 7 = # & & % ¥ t,t-MA k& 2 3% jF i -
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S P EEHREHBRERLEANAATHE ABEYRE R TREREALR

AETHRFTRFEL G2 BRBE  -MEREZ HRE R
CEAATRZAEYR d Aoz e Ale s KT RE &
#2 BMI g ¥tz 28 -3k Be? 06 (541%) 83+
MEkpgragRep LBl olhg KT ARY > B RBEEA T BN
P2 BRI B (414% ) B M AEREE R EA T TIHEH G
FEEABOREFLEETHEREZ HRE o LA KATRY THOEF
LFE MEBEEHBELEAFERANY 18 EENF B

(16.8hr) °

PR ZFGEPE AR RIS EIHEFHELE > BRLE R
BEABES ~FA G ASGEY R - @ * IR R BF A &Ry
BAGIRHFLIR o wnd 2 ERRY A UFEAEN R
G BB (22.4%) 0 ® G st b2 £ B (p=0.038) ; FLF ¥ IF ik B et
B2t Gl B (95.7%) 0 B = 5 B 2(80.9%) 0 F B B A Foz b bE K
(59.8%) » 73 st 2 X B (p<0.001) ; B is R34t FTA ST R 0 B

kRRpeBgRiEsTiE2 v bldpagis (33%) B Mt M Ak B 2 (434% )
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e AESRPFITHEFLALL

MRE O MERBEHEZ BRI EAZN HERTIOERZ L R (X
S BFRIHAEFHALIITER S B EER 2R ERIERZE R
PEPN TR PR Bz BRI AEAY PREFLR Y piT o
BEP EP RYERF A 19.3-19.5hr s &% 0t B Tiopic s 43-5.1hr o

WRE C MEBEBHRETASY R LB (L) 2 m2 kG
oA EIEFEALAL > RERE T = AP 8% 5%k 30 h
Wp AV FEZIFOLF B - 2 R 2 )RR
o= b2 & A AR AR K 0 FpL A R G R R
EELRCRE - U R EE LN RA R ARAY Bl
B2 mF e N GERE B EBE24T% MEBE 182%% HE L
26.8% > H ¥ X B EAEL HBF o LAERI 2 HENLE - F k
Bav Eh(84%)FT 2 & A BB K(2.0%); Mk B B E BB R
(13.6%) % *5 (4.9%)=< 2 ; ¥R LGV IRY EF ~EAZHFES* =

By A e
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SRR R ERE RAEAKY (EMARRZ VR
AIBTERBE - MEREZHERELENZRY F A -MA

JE B 2oV R0 & B IR S VUL (creatinine) Je i~ SAUEFRA R T &2 EXP (8
UMAgeeDn il 2 -MA RER AT AR LF-MARRA R R R 2
FEBE S E S M MA SRR (82 kR PR log i8R
FodzZeWBFREARY ttMARRAZ S 2Z HFH LR o R GVp+r
Bl %8 kG ez -MA Tk R B % 80.67 ng/L > Mk & 2 i
44.88ug/L ; B IUEFRART 58 B B -MA Tk B K5 F 76.9ug/g
cre. > M f & 2 E X 47.8ug/g cre &R B APIT o E {5 EXP (cetMAdEee)y
FiszZ ttMARR > %% S REGVVIFRRITF LS5 4p 02 o SR

w2 BB ML A R T G & EXP (ostMACeRae) a5 1
LWEMARR EZ MR eloam iy LR o e > 3 g0 FFRRKE $%

TERBRBEINELANKE RS HEE -

“an

A UHBEL S e BB AR LMA KR B T 2w fFA
o SRR T ALUFRRE DR R B 22 t-MA R B3R 2 20.29
ng/Ls Mk B T 4 PR % 15.50 pg/L; SRR 58 & B 22 -MA
DR RN B ¥R e 28.07 ng/gere. K& B e MR 2 1.03 pg/g cre.

EXp (oetMAUgEere)) ; tL B 7n e o AR R GVURFRE RO T BT 4 PR v 2

TG ) 2% B2 H-MAERIZE S EREF - HMAkBR
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BHBEFHOATATZEELLE -

Foo BTSN B BT ARAELAIE ) UHRBEL 5 BRA
AP LEMA R R RS %Iﬁi&ﬁﬁf/}ﬁ  BRET R R B EA SRR
T2 t-MAJER 3> 4R 2 21.64 pg/L > Kk B ek MO0 2 1.90
pg/L o SACfFri i 63 A B BB F I3 R 2(p=0.083) > @ 1

BB ERPIBHRE2560pug/gere. > L AEI 2 EFHALR -

'

=B E L -MA kR 2 F#
(- )& F&B

AFLEREMA R R Z B FRBFIF S 3 0 R 3§ E T

N

AV R CRANEERES C RARFEYR SR I @ BAH - F
RPr2BAmYR B IFIALAIRSIFTHFTALAE - 2~ S HX
RIH B FIRELAPHPM F 0 BERBT ARGV E T 0 R 3§
B PABGEY A R YIXE @Y RAMZ WERPERITOATH
FRARE R ATAVR CAALSRIEISNF T 2HFHLE -

PURFRCIC L £ 0 3 A Y R 2 -MA R R A W G 78.49ug/g cre A F
B aEITEYR —‘F*f 46.25ug/gcre. 5 A GBS IR 2 L-MA R R A 5
= 8475ug/gcre. 7§ 3t A L8 B3 F 49.02ug/g cre. 395 E it b 2

BE AR P=0.015)-
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(=)&xay

FARHTVREIYRE -MAERZBE > T30 7 A o
et it 2 -MA %2 (64.74 1 g/l) ~ 5% (10023 ug/L)® 3 B FHL
Byt ERFELE LRI AH -MAZ ER
FRAGVUFFRRE AEREFRALR ) P FRREGEBRIEFZ

LE-MA JE B B R AR iT o

(E)BFRA t-MA R R 2 5 R §F 42 47
FrBEL-MARRT i F3E e 2%~ ]~ Bd s T ARR
BMI~ 214 § 2 R 25 24 5 s SR FAt - B3 ¥

T ﬁ_ﬂ:é 33 P 4e gmﬁ.}’_ﬁ&*&i tt—MAL/}E}i +3:_2% 33 E-;F}]z ;g SR

E:)
T
4

=

4
1% 44.04 pg/l > 2 EXP (U NACERID,  MARR T LA VAR K B
Th Y F 126 pg/gere » A F G A2 BF 2L B (p=0.022,0.033) -
BpRgRIoAEAI 2 HBFELE -

FAREREOHREFTTH R AN BRI AT A E
A el A LB o AR BB L-MARRRE ¢ daen] s K

TAE CBMIC LA YRR R G A - REEA LR Mk

B oG L A BXP (RUMACTE ) 2 g MA R B S08 S e A E L A

‘rfs

bt t-MA kR E Hmﬁ‘]"‘ﬁ’x“f&.l_ e 3 F EF{% R e . SOug/g
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cre. » EXp (lesttMACuglece) g £ 4t 7n g 20044 fe 1.20pg/g cre. 0

=k

g2
=7
Btz BEHAR o MEBEZ -MAERSVUETRRE 3N HRE
1.28ug/g cre. » EXPp (cettMAglecre) m st wt B e 1.09ug/g cre. » 7nif Buzt b 2

MEPELIR - Bu PO 2 BEHL -
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Fo& A RBEEHREFS 2§ ¢ BTEX LR

- BRAETCOBEAHBER BRI R R
FRBOFSHFREA A LR L B A FE R A R0

PRRPAT N E AR BREAN 0 R FE LT S b S AR

BEE2R*Th 51 HEDPFZ97E3 7 > 2R T EF WM @

Rl

b

e TS ML E2AS R A E O FA FERAHN T LR BT
EEFEREAMM LEMAZ ER B S - HRE2Z R A AR HE S X
Beldlo FE RN -#L B 3RS ERIZER XTG4

BREFEEFER AR SN FPERENRTE T N BRPT

e

07 & 57 » FNFRFWAMLRT > R RSB 2FF (

L)
BFRERZVRII D F2ZFERRNZI o BREALZET <

s

BRBEFSZHRBEF FREEPN 35 ¢ BIEX R 2 i
() RpeaEREz ) ~ MR Y BTEX R Z VR

ALz B kFBEZPM ~ MREY BTEX Z RR VR S5 KT 0
RFZ RPN HER B F M 0t (p=0.071) > HapY G ERF 2 BEFHAL

P (p<0.05) 24 HBET FrH T ? =8k 2 kR ¥ BTEX ¥ &
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"2

7
-~

o

% 3.25 ppb, 2.19ppb » ¥ 0.37 ppb, 0.49ppb = 2. « % N T K+ F 4p K

A

o

2% " ¥ kR 26.76 ppb, 17.62 ppb > ¥ 3.63 ppb, 3.66 ppb =< 2_ » *
BTEX (kR 39% 3t b2 kB 83 )~ VO v i & % + 1(8.10-22.00) »
BT E P BTEX # FiER <02 kR o

Fobo ez FP B BTEXEAZ WR(ELE) ¥ 7
FOMFEI P FHEN CMERAVERT 2R FLAR cRRAGE
BREBENN FAREY T F2H AT HES P ki F (12.28ppb,
11.77 ppb) » H =t % % (4.04ppb, 3.44 ppb) ; TP B 2 A F 7ot > F p
ERIDB A FE N S EPN A TO P S F X 1(6.88-12.00) 0 BT E P
BTEX # k& ~ >0 % kR o

LI VRENEEF RS ‘Eﬁ?%ﬁﬁﬁgBTEXiifé}i’%%ﬁsé%ﬁﬂt‘
2.7 ¥(19.71 ppb)2 TVOCs(23.24 ppb)2. T 3ok B B *> ¥ b » ¥~ ¢
FEZUENFRBEY ZTHERY MOMHBE > RS i

FlRET AT FEF G A2 FEL R (E=0.078) H Y A E 2 A

FHALAR - FUREBEHREERZ VY E > FRBAB Y EHT F
XY BAEER e 2 2(246)% 0 F v ¢ FE TVOCs Jk B vt B %0k 1T

1(0.97-1.93) -
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(Z )% 8 ¢ BTEX kA 2.4t

WRB ABESHRBREZPMRBZ T RE By 0 H BTEX EAR AT
FAR(RLE2)oF RBE? B2 F(3.62ppb)~ " ¥(30.86 ppb) ~ ¢ F
(0.33 ppb) ~ = ¥ ¥(1.66 ppb)%2 TVOCs(36.47 ppb)ik B 39% ** % B > ¥+ PR
BN R A B e B 2 F (477 ppb)~ T ¥ (14.24 ppb)~ 2 ¥ (1.09
ppb) ~ = ¥ %(2.06 ppb)2 TVOCSs(22.16 ppb)ik & 38 ** % f » fe 5 ju 2
WAt A % kB2 BIEX 2 TVOCs B & hfir s 2 2 s
R ZBFHLR PR R E BB EZ F (p=0.043)~ 7 F(p=0.083)
2 TVOCs(p=0.043)k1 7 4 £3* + ¥ LB -

FRFRBEEHBEE 2 FEAITES S H WV RE RY B BTEX

ERZEE o BENABG L TR Y CREAR N LR RDX

2. B®%2 Y BTEX kR 2 73

2LV RCRS EPN E2 B RE Y BTEX ER A E £ 39 S Ay
B2 SEAEAVFRI FRT T EMNEREY 27 F(p=0.064)2
TVOC(p=0.088)v% 7 B F 4 L B ¢t » Hopk AE N2 BFH LR - 3 0
EB Gi ¥ (3.76ppb)& ¢ ¥(0.76ppb) 5 F B kB 2 kR E o

YRY ERFEFERBZERRE R ES Y BTEX 2 kR L §
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FA58 2 B Y BTEX 2% 4pi o
v . %3h > LF : =3 = 4 -
giRWzMPuwFg (RN ) BEEAEHATRAL 2k

BHRB(E & B RE BRI E 7 F o

i

~ - ¥ ¥ 2 TVOCs 2k
}igl‘é%‘“‘g?% y B ovb A kol B M X . L P 4 =
o2 AL HFRLAR S RERREL B RR

ez W OFER P AR YR E(p=0.058) @ ¢ ¥ % TVOCs Pk 5 >> ¥
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FEIECVRIAABE CHBEZRE RS EHREAY (EMA Z kR
BRBES TS 2R GEMAJRR VR MR kB - s Rogee
FFRe e 2. t,t-MA JE B 240.25pg/g cre.  » 7 R %o 53 ik A
tRER A B EREAGZHFELIE  HREE % ORI
2. t,t-MA Jk B M R Btk 128.55ug/gcre. B R - A o R R 3 &
BE2 2% EABEABILLE AT ERAARTZEELLIBE(R

—L,i‘)o
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FrE B RBEEZHBERS ENT 57 BTEX ER 2 4p 0 5L

AL AR EABEEHBRERFEEMNTFYF T F 0 F o
" %2 TVOC FikARipB 1L $Rez L F &4p M % Bic(Pearson’s

correlation) # F 0.681- 0.966 » * 3 & 332 & ¥ £ & (p<0.001) 5 % & &

ﬁgiﬁﬁip\iiﬂ%’\g?‘a‘%":g?}‘ TVOCE"‘B’/%&#B&?‘H—’

R #4p B Ux fc(Pearson’s correlation) # F] = 0.136-0.949 - # # F 2

BT F 038 TVOC -2 3829 32 AF &4l s
W% 0.797~0.873~0.983 2 0.949 > An b Tific~ * 0.7 2 F R T ApRE > *

Fr 2 x4 R (p<0.001)
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I 895967 & k@ Eik? -MARR 2R

22+ -5952960 R BT L-MARRZ VR SR E
FEBAMRLE FRAB ORI 22 kA LR ENPLHFL
E(p<0.001)> MEBER AENI 2 HFLE - 60 EF B EEHRE
AGVUEFR R T 2 -MA Gk R (80.67ug/L ~ 48.8ug/L) % 3t 95 =&
(45.69pg/L ~ 27.91pg/L) ; 96 & 3 ke & 22 HH PR B GAFFRA R (5 P 2
t,t-MA k& (76.87 pgl/g cre. ~ 60.38ug/g)¥=2% >+ 95 & (61.94 ug/g cre. ~

34.251g/g) 5 96 £ M Ek eI HT REVFIRRD RS 2 HEE o
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=
4
|

13w

R Xk X
- P TR A

d ISCHpcH Y PHRRZF AT R ZBFER AT
L ®2ZEP 5T A n e fla 3 kG )L BT AT ~ P
BE O AL A L b LA TR AR EETR S
AR ATE o @ B RE ~ FRR A T pFRRR R L K F & 186 % o
FABIH - - o AR E AR BALARRETRE @

FALEEIRE L AR BABETRE AT R T %A

FoROMEC - BER 2 S S pd S8 Pt AR Y

HEFAFTALAZE RENZ B - FHF FHIRE B AREAF
AT A BRASIEEN P ERE O THERLL BOA LARESR
BEVE FEAEIR  AAPEFRE > ToERL T2 T LA
PR ERT 2 F LR (p<.001) > 5 HF AT G N LY

Ao oAy PR ER BRI E AR RS n2 AAKRELE -

RN IR Y T T RNy A

ok
)
o
pu
=
1+
\\?{y
34
ok
el
=
N

M AEREFR W2 AL RE P AP RAREARE £ SR

MpLRBALPo e RE%F Vit M BTEX 244 pllkR -
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- OHRBRE R ZER

HREZ 2P BATRMEr R URE£541 > AP 21 X2k
VAR o4 PP R f FEEELP D RARRITLHBE Fr Ap
FRE  HEF RLFEIPARE RRKEMLE N S REFE B
TR TEIEZ X AR EEBREF T 32.6% Ti0E& L 720 K
HIpa gk Mp gl LOFRBe) RFLLR
(p=0.011) - F " HREZ KTRALEZ kG es T HEFHLLER

b

RS

(p<0.001) » 1 2 4 #$F MEBOHBEZ B ER2Z R T

,C"'

AR e R EARE LA e AR AR AERE

#“‘ % ;ﬁﬁ 5 AT R o

ZLP R HER R AL RS R ER
EPARESRLEARORRFELIER I LY AR KB

FACSuADERRIHI R AT AL A S H- 2

AMLE L BRI RBEE W ST A Ap e Y Ob s AR e LT
fer 2 ZF BRSO BERAINEG SRR RERRAESL -

PHIAFFLEEETFLANERSPF > 25T Vil €8 BTEX k&
Boo AiE- B RPEEBTEX ER » HH R % & 7 358 % 2ha3 38

B

Feo EPZFBERFELZERE B SARALABEEET R P
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58 kY L-MA R R 2 BT

FLEZ BB AAGTSRE r lN  d ejr FIERE A A
%ﬁﬂ’&iﬁé%é%éCnmﬂiﬂ%$1¥§ﬂ#,vgi phenol
g« ¥ glutathion (GSH, #:#:H *xf%% ) (¥% A5 S-PMA ; phenol F &=+
¥ i3k 5 2 4 4 122 catechol f- hydroquinones » 2 ¥4 ¥ T dEd B A
L F ek AP (EMA® Yo SSPMA & -MA § 2% 2 St B2 4R
B4 h 4 F 8 582 phenol ~ atechol §v hydroquinones 4p ¢ > &_i&
end i Rldp i 0 SSPMA £.54 GSH § i 7% {83, » & A Jik & it

FARMAE S A LEMA R E R FRIB LS BT AR 2 BERT Y -

-~ BRI RA

AFPTHBEET A FREE D OB EBEEZ -MA kR
(769 (1 glg cre)® ** R EUAT8ug/g cre.) & Mk B k& (488 ug/g
cre )P iepiT R e N B AENAP P HEFLR gAY Bl
EEAIER ARG eMA R S RAEFEAETR ER 2Lk
REPREEZHBE I PN b 2@ Amy P i o
AL 2 e X Rl P EF R R %f IRt S S
LE-MA R B % R E RE R 95 £ W A BT R AR 2 -MA ER

FHBLARS TR RO T RRY 0 BRY 2 -MA RR Y
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AMFLLE(P=0492) WX plg a7 X TRRS 2 F 40 Fpt P
Vs XY -MA kR H 42 R F]2 — - Fustinoni® % 4 (2005)
Kivist®% 4 (1997)354 7 35k B Rz 1 (75 & 2 28 1-MA k& 2t

BiTH F o Maria® % £ (2009) 4% 7 1 fuak i § (PIO) ~ JRA%x: A R
(SSA)~ 4t Bt A B(GPMW)2 25 B BT HUF R BE 4
Rl B E > S5 A PIO 1 (74 R AP 2 r-MA EREF (128
welgere.)» H= 5 SSA (117.0ug/gcre.) 2 GPMW (92.0 1 g/gcre.) >

PR HRE (840ug/g cre.)e 27 PIO 2 SSA 2R 2 t-MA ki

FHFLEALAE (p<0.05) 7 A& Tk B iR -MA ERASE -

AT T R BT RAARE 2 -MA KR (82.85 1 g/g cre)d A G
2 RBO123uglgcre) PIAEERIR BFASHKFYRT AL

LEMA RR Y A G REFMEZZR > gt

‘3\\-

EFEF a0 BRERE A

FiRif  FATHLd P2 a1 R B $REFY FRARS

i

S EZVRETS 8K ttMAZ R > mF R Flap R > @

-

ABEZRAFFLE T BAH - T2 TR EHE o AR

Hh 15 %% o Xie®(2003) ~ Wallace®”(1989)% Lin‘(2006) % + 2.7 % 44

MeagE g PR F P TR TRELRIHHN (-MARRE
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Wiwanitkit® % 4 7535 2005 & £ 5 57 ® %4 2 tt-MA kR (2190 1 g/g
cre.) BF F AR H +-MA kR (2401 g/g cre.) o — Bip s JL
PP kB 90%nF TV ok R X 9k § 10%2 ETS 6% 9 # %

AARACE SRR 0 AL B R RB A DR e B2 iR

i

A0V AR AT R MR A Y R A R B F 08
,J\EEE 1-2ppm 2 ER G /4(21) 5 oeh ﬁ,ﬁﬁgin(72),¢%&ﬁ_r Pt _.F}]( n oy
AFRBZBELI 0 HRY - HET FIER L+-MA567-2716 1 g/g cre.) >

B3t W 414 fzazis e gs? o T BARFELT
WRERREHAFREAACHPLIRY TR AT EEFTRARR

ki o

=~ &8V R
AT REETARSYREY BT rMA ERT AR TR

R

>‘1\

]—‘ﬁ;ﬁ, Far@Brasyf -pwe 3 @ERPDL:
SR RS EEE Y T G BHF AL LEMA - 4 R

B Frcfefrd § 8 502 33

\E»’)

e jagipater PR TEERL

BT, fge R ARMARE Y ¢ Fhe hp WA F

i F
CEM KRR S ST 20 B R RS R R RS 00

frs
F“
B - G E A WS 25mg & 6-30mg” Y s B R B 2 - ik
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P €2 r-MA ERM 4 o L F ZERMAERE 2 2 = f Fe(<30mg)
o Rl A 4 kB 2 1-MA o Pezzagno ™% £ (1999)F % ¥ 45 11 #
#\v;»;av—‘ﬁ P FWIF AL 22 Z R @4Tmg) 0 1 -MA ER G 1313 4

'_I

g/L(B B 2787 g/l) e 2k » B # i kA g AR

Mﬂ
W

B Y R
B G Y WP SR TR AN AL AREHELE- KSRV REE

BEM2 LB PGS R AR C R RELE -

o~ His FE
AT R R AR ARG Y AL G5 S -MA E

B3 MFEL AR (p<0.05)F 4 i 1 & B LS 3 Y 2 -MA

m

;‘%}il«é‘br“g%’:‘% +3:1%33, 2R E AR %—‘ﬁof‘grﬁ ,%*;g%%;g@ﬁ?

PR RS TR b

N

T RFE2Z LR P RFT D THRBER
Bof SLE09 3 &8 B 1§ B 3 —-F}]z L HliE 0 TR, ) T &
RS > 0 S g Eﬁln\#‘r Tl FHEFZCEER VR & A AW B R

"‘") Jﬁﬁftt_MA/%}iﬁ_gi [

ﬁﬁi

F{AAERTRBERHERE
L-MA Gk B #% o 4 i Schere®” % 4 (1995)% 77 5 & G 'iTiT 142 % B %
v t-MARRZ B SR BT BT F P AR *’—‘*‘(124,ug/g cre.) B
AR E P #\vkﬁé’—‘ﬁ Lt-MA kR (T3 glg cre.); B3 3 p &7*7?—‘)5‘(138/1

glg cre.) F IR E "17{5‘5 1,t-MA B (116 11 g/g cre.) » Weaver” %

64



/\(1996)"“#1 MECERBFR LI NDR SR éég Lt-MA k& FlE 2 — o

Jffz;y%%,g(%:{ X (2()()5)5_371 7 ¢ 7f—“‘j‘ TR 2 g;}%ﬁ LA HppE T YD 7;;}%

Ergad g F PHARFREFRNL AP L AN EHFTLIRE
E]lJ’ﬁ 2 AR o AT L I Y I OB A E R L F #'Er‘]-/% I

A IR B L EMA R R -

65



$Z &%y ? BTEX 2 872
- ~ BTEX 2 ##k3 i2

- 4% ? BTEX 2B 27 A 2 iH N HEERG N HE
WAE S HERFIEGRET R ERERRE S LT ERRHR
AR E S P R ARKEE 24 A2 BTEX 5 iR E % L 47
M g EnER e JRE N HEEREEREL AT S
SOE LB N7 VOCs HiEZ ARM TR 0 4 ¥ kR 2 0 M ks
0.964 > B 77 & fEip| %3 % % 7 F 24F 2 4p B 42 e Elke"V % 4 (1998) % 24
BN B L s el BTEX 1k » B % rakd 5 By o
EPEFQAEH > & FIHEETRE 2 L2 EERT e T - £
B SKC 2 2 st de 58 45 48 B 4] 575 Hoiprdr 2 CV0 k3t 25C - gt
BR 80% M THw ik L 96% c F| > AFTE R AR A HEBERFL 3
Reb BTEX 2 BB fE = 2 o B g 430 90%-110% » % 2 & 75%

2o ML AR Y

Iy

A %'?\?. p b 7k *:[: * BTEX /}E}i
77 002003) % 44t F s T - LA FIRB E N BTEX ER =K %
4o w5 72 ppb~ 193 ppb~ 5.4 ppb £2 88 ppb > w R AFF 2P

T RS 3N RS % 0 BTEX 2 ¢ i=#ck & 5 3.66ppb ~ 17.62 ppb -

66



oy
—
el
>
A
W
)
&
)
frt.
=
hd
33\1‘\
=
ol
=
it
o+
e
525
ard
(w
=1
=R
A
Y
it

FEMRRZLL FEAIFFL T FRARS > ¥z ¥k

B BA G LA AR F RS R Fa

>
—A’-h\\

Z 5 FRA R RF S vl 2 g g s TR

AT SEERETEN ~ BTEX BREZ L2 2 kBer 3 FAH
Fl2 28 (p=0.071) B8 = FkRHF A FHFLE (p<0.05)"
GHEE g Fp EE 0.05T)H - 3P - BB 2 FIRRIDG S
MELE (p<001)> o B2 Fd 5 FP 3 F BTEX 2 R © FiE-
Hi-EE Pt BIEX kR 2 @(UO) 52 ¥ i G 428 12 14

AUz HER2VESF S REL T4 B RBETT T FAS

M

=
4
A
W
T
<
o
)
beiis
=
et

Tzp BTEX BERZ pBEL? > B G

BT R ET 0T FEF s o ¥ S TVOCs 2 AR M AL F i > Tt A fp

FPIF R EHREL KA ERE FN M AR S EEHABLT
o E T R RS- RERS L PR F o2
BRFGAT

BARBENT FRR SN 2 R MR RS 2
B

Tk p e AR kR 4 3 TR T BT AT LR

67



IR d HAFTZHBE S LU FLRPPRS > LA

e
i
@zs‘
M 3

TIP3 R i%éé»r%—g{p\ t BTEX % &2 24 #~

‘3\

P MGG o p e drd 60%AF 0 Ak p T A e ok ey

22 aniEs a0, g R EB UL ALRRE B Ak

Mk PFOT N AR RS Llppm F o AT AR Z ¥ RE R L0
B FREY 2 1510877 il 3 4k * F%EY BTEX ¥ 8 &

ZFREA Ao bE e PTREE R P BIEX L2 kiR

PRALFLEIERF LR PEL(2006)2 27 Y HRALE FF
TR FALABBER A S T R %2 ¥ 1.36ppb -

21.72ppb ~ ¢ ¥ 1.43ppb ~ ¥ ,4t-= 7 ¥ 3.42ppb % #8-- ¥ % 1.56ppb * 4@
FOTRYE A (200507 7 B ER G T 2 ABF - Jia®) % 4 (2008) ¢ Fia iR

TIERRE S - RBEENREHEZ 52§ 7 VOCs 2 kA - # L

'3

REPN U RBEY R BT E R BEF LTV EEF R0 T,
r=0.77) > £ = 3 F A IRE VOCs A 2 vt > HT 1 £ % 20— &
BN 0V AT £ R 2 EBEAAER R R EF 2R 0 22
#7 VOCs # B ER ZEHEB > LA PP ERZ VOCs n¥tkR» 3 -
Foh o AFPTY BERBEFE A Y TBT/B EE 7100 HEE
301 F#2 A 2 2R %2 24P T/B A% 5 491 3 10760 % ¢k 2 T/B +*

grad Ak g a®2 T T/B L E 1044 0 3 <Y2005)% ¢ A

68



B Fe %3 BRiR TR 92 T T/B &5 13810 A5 37 T/B2 %%
= AR e E P T/B RIS < D(2005)2. & % 4935 5.31 > % ¢t T/B +* &

FRB NIRRT AT PR R T TR M -

i

v~ FPMIERB BTEX EA 2 3872

- ARG 8396-85962 R F A p RN (¢ g a2 A E
F) P F Y BIEXZ R W FYREPRBEESL AR - X
IR BTEX kR 5 SJE4S B2 JE4E ~ 5 R E® ~ T A S FR -~ 5
g "2 B2 @R ¥ & HRIGTI Ry & A&
FIFT B R B E Y PR HEIRA BB S A ROV jmr g e ik
KPR T EBEEHREZFM MR BTEX EREZ L3 %K

FEFREBELFRAEMFL B FEFHEFL 15 E 0k

BB R ER PP RFIT ] W SERE F- L EER R
PRPFHR AR - LRTEREZ SRR 2R T -

N BTEX GER #F 4 ER BB ©

(—) EPHERMY
- HEFEFFA 22 F R (IO £ B 2 T/O v ¥ 9817 ¥ 8.23-
2 ¥2200% -7 ¥810 4R EF 898 T ¥945 2 ¥ 12002 - 7

FO88 M ARPN - M RP] PR G 5 A BTEX 2 Rik o 'f%k

69



B R R L RS L EE BT E RS ERE
foig 3 BTEX Z P~ vt (VO) W o 194540 B ¥ jr7 4 01 /O v 45
14272254 kmkp 24515100 kEFe z 202 3 5% k% 1/0
FARIORIAR S EP SRR T ARG RRT S F R R
RS LR2ZEREE  Ken™% A Q004 oz WALz M ~ 2 F ¢ =R
#»2_ % > 11 Battle Creek(BCK) % dq #5348 > 23345 £ 3 ~ 7h 2k

44~7 %¥208~2 ¥ 121 %2 -2 ¥ 110> m B Azt k

i<

Bvt oo ¥
BWEHEX BAWER b BB ABEE N 2 ERWRALR 2 X5 %F 1.6
PR 13 2 F 16 -7 F 160 B A RIEEY §EHELVOCs kiR @
RATE R F PR R FETA L AN A RRF LS
PP RS EPEE VOCs ERM B 248% » 2 7 %52 H 4o
Hinwood®™ % 4 Q007 £ 4n ML TR % 4 F 2 & % % K5 § 2
FoRBARERZPMTF DT FRLFEALABOLEZTNMNEFLAT
Moo F 2o FRG BRI S IRG A BTEX £ & £ 7 ' 484 o
2 D(2007)4+4+ ¢ #LetiT i BTEX 2 /O +* 43+ 0.93-1.20» # ¢ 7 ¥
¢ ¥2 TVOCs 2 T30 B~ 1 BEanzp vt B354k &

FrR2%2 JOF W 2R { BT ZPN AL RSS2 PR

70



(=) FREAVREREL PP
Jia® 4 008)4 11 E P AV G RFE N T LG
Ld2 kR - Xie® % 4 (2003)F F P BB Y 2T 5 VOCs kR
W2 P G %% BIEX ? » R § ¥9 ETS e 24549 B 12 Baek™
$ 4372 mF CETS 4§ 642 VOCs kR i1 F SHFHLE - 4
Poh R YRR GF ReR T A RA o RA > AFF 5 KR8 BTEX

KR RS FRAFHAREFLRAP I MELE R RAT N

REFEP > R XA H LG BTN R 2 TRHE D o £ et
ERFEGE S T AEFRAERS g2 R RS kG ETS
%% % BTEX ERAFTHFHALER o

(Z) R EH - REHZIPAEELES

TP ORECEHER Y R EFEE N BTEX k& - mD(2002)# o

EHEE R VOCs itz B8 #d 247 RIE2 3 e i 73kB v Rl
g $0G 10 BFFieh? ¥ LadichF o279 ¢ 3

BTEX - =®V(2003)8] & {7 1 (& 17 22 - 4 L R BTEX kB 2 \* > (&
74 5 5 29.0 ppb ~229.0 ppb ~ 11.6 ppb ~ 159 ppb > P &g+t 257 7 — LA

=

NS o AR OB 2 R RS BrY BTEX R Y 3% R

<ok

BTEX k& » & ¥Ry EMH2Z A8 - A7 ARKE 24 [ F > 77



FRAERS 02 - RS IS ok A ERAE GRS S s L

() REFZH-BIIR-FTEHEFPRBE2Z2PE
ARy A4 BTEX 1R 2 ftif2 135 4B A F i 4 > 2 d 3
CEMA 2 kRSB SRS FHFRAL HEZFY FLERT SN

FoRATRRA BT AT IR0 F S RS 2T AFRAFH

¥
=

~
ok
=
R Th
3
b

BF& URBF2RERHEL BT ¥ A7
% & ¢ > Baek”V% 4 (1997)% Fondelli®” % 4 (2008)F 7 45 M ¥ ik &
WAFRBRACTEF P SARY O THFHRPRTZIERY p 7D

S SRR R LR TP £ R ¥ FRECY R

\\\

o
~
SN

LRSS ELEN

oo
F

72



Fra s Y ttMARR B TRE Y FIRRZAPH

PRHIT A A HBER RFAEAEMTF P FLERAL LY LEMA

ik

%Eiﬁ%ﬁ’ﬁ%ﬁﬁ:ﬁiﬁﬁﬁﬁiw%’?ﬁﬂ%%ﬁiﬁz
Kb VR FRS R R ERERHR NS B AT AR R AR
s FERAEXRRY 2 (EMA FRERZE S R ERE T
MooiE2 A7 S A PR E BT RARE PREREBAERE
%1&&,gﬁﬁ@g%%%1%4%§ﬁ,@ipfi%ﬁF%A#
o ¥ #\&%ﬁf’ﬁéﬁ—;‘f@fﬂéﬁ%iﬁ%@ﬁ&’ Wiem 2 1 Frded B R
TERBWIAT FLORA  SMPEAT B AL S VIR - FRER
EEREYE > TR PEEARY (tMAER 2 H G o B2 Ap Y
TApRY FREAVE (MARR A2 8 RAPM > 2 & 38 < 5 5 B
B ZEEY FRA SAW lppm oo Bt A w2 R -MA A 2
BRAPM > E A AFT2ZEPRZF FEREE LEMARR Rk B 2
Bci 056 ¥REL 087 d W AR SR FLZ AP ¥ ot
AL F2Z G4 ¢ TIER G 3.63ppb R R BRA A S HAY (MA
A2 PR -

WA AP Y S BRI EHr2 B S ROFEHEF PHA
EHFTARETE S 2 FE AT RET SN  ERERIPR

L ? T A A (RBE)RY FAHPFERAPES Y HEBE ¥ 30

73



Flz.— » AT EIN AT RET

Ny s —

MY 227 o

.
|

2

F r

74

N

o

o
=8
et



AT EREY RS R AERE FRSTER S 0 TRRERFR 24 )

R RS RS FELMAF o 2 HRER RS R R AR

A
'\
g

REAZPESE BTEX kR R aFft &R AF X F%Eh;

3
I

FRR- BB ER A ERERELIE AT o T R R R

l’f‘@x%i_\‘g/ﬁf&gaﬁ;ﬂ&i?]‘ 2 B o 5’4241;‘;3 ol AL

W

CAA AR 0 T AR A R R 2 T e A 2 E3DG B
AR e E R ARGRR TR 2 §H TR R BTEX 2 kA

75



[E—

BRBEENRY ttMAZ kR E R 769 uggcre. » Mk & 4781
g/lgcre.» ¥FPR P 5 488 ug/gcre. s St u] s Edb 2 H U FIE ] (s
BEBEPHB I HRE D 6 FR L ENF PRSI I5 £ 2
t,t-MA 2_ k&
BEREAENFENTF P TVOC 2 k& 5 31.65ppb ~ P8 &
18.30ppb » B % # =% *t )k R Bl % 3.81ppb ~ $+ B8 % 2.07ppb » £ % £
RrerHmezpRELFY BIEX AP ER 3 L3 kG
BHRBEZN MR BTEX KR T 2l FMH LB o ¥ebs Az p i
ZHE P UE > BTEX ER#E > L RER &M -

BRBEEEE LYY B EREEHERELY (EMA 2 kR £ B
2 AR oA LY FEREZ M A YL 056 0.87 0 L@
E2IpH -

A erE 2 ) Pt g A § ¢ BTEXER 2 B S Y
FAMP LGEMA Z ERTH > PRi P NPT ERF S ¢ Ar ¥

AR 2

\\\?{y

76



E SR E S

Lo P gy L& PFREEE § 5 A2 ApM A R0 TR T
ER2 BBARR MEEZH T F R U RREZE RS LR RE
FRFHRFAAF R G2 2T A M AR
MR FAERAHEMEER TR AP o

2. PHEEAFARIEHIREEF S A RASREFIZ B T
DAL BT E R Z 2 E AT S RFTATHEZ
0 A o

3. AR EABENFUFAEMEPM CHERY BHRE ¥ 3N BTEX
ERZAPMELY > BEABEAARHBET 7 FH Y v ¥
TVOCs 2 ipM Y i > BT F kB e T REI X AREZE
fgio

4. AT EEFEEY PRI NES BIEX ER S H A 82 75> ¥

E-HEERA LR LR 2 HITE AL R R RS
BB TR A RTA > L E ) SEEF HEE A2 Y

77



15
w
ROl
T
T4
=
4
24
+%
[
e
=
33\1‘\
‘-_j’_{"
&5
e
P
b
‘43!,
1y
gl
T
]
an)
)
o
]
1%

< . 2007,

R AEAR RIS AR P AR - &
SV Zp ARRERE FEFRE 2 F ¥ 0910038996 FLig It % =
E A o (TRl IR %% 2002.

CEloTE. RAPEIERTLF 5 AP REE G 5 ISCST3 #hic
R, Wi < Brd k<. 2002.

B SRR e S el R U i S TS L i R N e SR A
2007.

. International Agency for Research on Cancer (IARC) Moteocrocth.
Chemicals, industrial processes and industries associated with cancer in
humans. Supplement 7, Lyon, France. 1987.

. Martinez-Velazquez M, Maldonado V, Ortega A, et al.Benzene
metabolites induce apoptosis in lymphocytes. Exp Toxicol Pathol.
2006;58(1):65-70.

. Lan Q, Zhang L, Li G. Hematotoxicity in workers exposed to low levels of
benzene. Science. 2004;306:1774-6.

. Fung YS, Zucheng W. Determination organic compounds in air using a
dehumidified and ventilated diffusive sampler, thermal desorption and gas
chromatography with flame ionization detection. Analyst.
1991;121:1955-61.

. Dwight WU, Chares EF. Boundary layer effect in diffusive monitoring.
Anal Chem. 1991;63(10):1011-3.

10.EPA US. The Determination of volatile organic compounds(VOCs) in

ambient air using specially prepared canister with subsequent analysis by

78



gas chromatography. Compendium method TO - 14A. 1999.

11.EPA US. The Determination of volatile organic compounds(VOCs) in
ambient air using specially prepared canister with subsequent analysis by
gas Chromatography/Mass Spectrometry(GC/MS), Compendium method
TO - 15. 1999.

2.5 @M. e NHEE R AL, F12 24 i 1993 % 58, 1993

13.Martin H. Sorbent trapping of volatile organic compounds from air. J
Chromatogr A. 2000;885:144.

4. ¥12 2239 Ay E eREL 15332 o4 ¥ x
DEAF T AR RA TS 2 F AR 2007,

15.Pristas R. Passive badges for compliance monitoring internationally. Am
Ind Hyg Assoc J. 1994;55:841-4.

164k &, 2R, SRR REISERFFTFE Y. F1 2 22
3 F . 1994;2(1):65-75.

1742£F, 2402, X Rk RE SRR BHEA TR ER 2, F1 %
> AP F F7].1994;2(2):67-84.

18.Elke K, Jermann E, Begerow J, et al. Determination of benzene, toluene,
ethylbenzene and xylenes in indoor air at environmental levels using
diffusive samplers in combination with headspace solid-phase
microextraction and high-resolution gas chromatography-flame ionization
detection. J Chromatogr A. 1998;826(2):191-200.

19222, 257 BIEX 2 2 kR AG. M2 GpEFRFIPEF]
STRR L 3 ~ . 1998.

20.Scherer G, Renner T, Meger M. Analysis and evaluation of
trans,trans-muconic acid as a biomarker for benzene exposure. J
Chromatogr B Biomed Sci Appl. 1998;717(1-2):179-99.

21.Johnson ES, Langard, Sverre Lin, et al. A critique of benzene exposure in
the general population. Sci Total Environ. 2007;374(2-3):183-98.

79



VBG4 5 R ¥ % 2L G, 1994(9).

23.0ng CN, Lee BL. Determination of benzene and its metabolites:
application in biological monitoring of environmental and occupational
exposure to benzene. ] Chromatogr B 1994;660:1-22.

24.0ng CN, Kok P, Lee BL, et al. Evaluation of biomarkers for occupational
exposure to benzene. Occup Environ Med. 1995;52(8):528-33.

25.Inoue, Seiji K, Nakatsuka H, et al. Urinary t,t-muconic acid as an indicator
of exposure to benzene. British Journal ofIndustrial Medicine.
1989;46:122-7.

26.F £F. M BARA AP AT RBI TR BRREAHS T MER MRS
Ry iﬁi% Blasxwmt B 7L #Hm <. 1992,

27.Boogaard PJ, Sittert NJ. Suitability of S-phenyl mercapturic acid and
trans, trans- muconic acid as biomarkers for exposure to low
concentrations of Benzene. Environ Health Perspect. 1996;104:1151-7.

28.Lin LC, Chiung YM, Shih JF, et al. Validation of an online dual-loop
cleanup device with an electrospray ionization tandem mass
spectrometry-based system for simultaneous quantitative analysis of
urinary benzene exposure biomarkers trans, trans-muconic acid and
S-phenylmercapturic acid. Anal Chim Acta. 2006;555(1):34-40.

29.Waidyanatha S, Rothman N, Li G, et al. Rapid determination of six
urinary benzene metabolites in occupationally exposed and unexposed
subjects. Anal Biochem. 2004;327(2):184-99.

30.Lee BL, Ong HY, Ong YB, et al. A sensitive liquid chromatographic
method for the spectrophotometric determination of urinary
trans,trans-muconic acid. J Chromatogr B. 2005;818(2):277-83.

31.Qu Q, Melikian AA, Li G, et al. Validation of biomarkers in humans
exposed to benzene: Urine metabolites. Am J Ind Med.

2000;37(5):522-31.

80



32.Lee BL, New AL, Kok PW, Ong HY, Shi CY, Ong CN. Urinary
trans,trans-muconic acid determined by liquid chromatography:
Application in biological monitoring of benzene exposure. Clin Chem.
1993;39(9):1788-92.

33.Bartczak A, Kline SA, Yi R, et al. Evaluation of assays for the
identification and quantitation of muconic acid, a benzene metabollte in
human urine. J Toxicol Environ Health 1994;42(3):245-58.

34.Melikian AA, Prahalad AK, Hoffmann D. Urinary trans,trans-muconic
acid as an indicator of exposure to benzene in cigarette smokers. Cancer
Epidemiol Biomarkers Prev. 1993;2(1):47-51.

35.Schroijen C., Baeyens W., Schoeters G., et al. Internal exposure to
pollutants measured in blood and urineof Flemish adolescents in function
of area of residence. Chemosphere. 2008;71.

36.Gobba F, Rovesti S, Borella P, et al. Inter-individual variability of benzene
metabolism to trans,trans-muconic acid and its implications in the
biological monitoring of occupational exposure. Sci Total Environ.
1997;199(1-2):41-8.

37.Jia C, Batterman S, Godwin C. VOC:s in industrial, urban and suburban
neighborhoods, Part 1: Indoor and outdoor concentrations, variation, and
risk drivers. Atmos Environ. 2008;42:2083-100.

38.Jia C, Batterman S, Godwin C. VOC:s in industrial, urban and suburban
neighborhoods-Part 2: Factors affecting indoor and outdoor concentrations.
Atmos Environ. 2008;42:2101-16.

39.Sonja NS., Deborah H., Bennet T, et al. Differences in source emission
rates of volatile organic compounds in inner-city residences of New York
City and Los Angeles. J Expo Anal Environ Epidemiol.
2004;14:S95-S109.

40.Ken S, John LA., Gurumurthy R., et al. Comparison of personal, indoor,

and outdoor exposures to hazardous air pollutants in three urban

81



communities. Sci Total Environ. 2004;38(2):423-30.

41.Simon K, Jamie P, Andrew P, et al. Spatial variations in the concentrations
of traffic-related pollutants in indoor and outdoor air in Huddersfield,
England. Atmos Environ. 2005;39(34):905-16.

42.%) & 2. Acetone ~ IPA ~ MEK % BTEX 2. kA A . B F £+ 4 R
+ 5 LR L% < . 2000.

43.7 ik, FpdE, TR, etal ¢ BP PEERRIEIZFSE
BEPRRE. B2 2 A4+ §.2000.

44.30F <, R~ gk etal E2P RPAEFRRFIRTF L
ZRER TR G FZ PP ERRYEE AT S AR
2HFERF IS RBEE L R, ¢ WF F < F.2005.

45.Chiu KH, Wu BZ, Chang CC. Distrubution of volatile organic compounds

¥

X

over a Semiconductor Industrial Park in Taiwan. Environ Sci Technol.
2005;39:973-83.

46.Isbell MA, Stolzberga RJ, Duffy LK. Indoor climate in interior Alaska:
simultaneous measurement of ventilation, benzene and toluene in
residential indoor air of two homes. SCI Total Environ. 2005;345:31-40.

47.Rehwagen M, Schlink U, Herbarth O. Seasonal cycle of VOCs in
apartments. Indoor Air. 2003;13:283-91.

48.Schlink U, Rehwagen M, Damm M, et al. Seasonal cycle of indoor-VOC:s:
comparison of apartments and cities. Atmos Environ. 2004;38:1181-90.

49.Edwards RD, Jantunen MJ. Benzene exposure in Helsinki, Finland. Atmos
Environ. 2001;35:1411-20.

50.Fondelli MC, Bavazzano P, Grechi D, et al. Benzene exposure in a sample
of population residing in a district of Florence, Italy. Sci Total Environ.
2008;392(1):41-9.

51.Manini P, De Palma G, Andreoli R, et al. Biological monitoring of low

benzene exposure in Italian traffic policemen. Toxicology Letters.

82



2008;181(1):25-30.
52.Barr DB, Wilder LC, Caudill SP. Urinary creatinine concentrations in the

U.S.population : implications for urinary biological monitoring

measurements. Environ Health Perspect. 2005;113.

53.(WHO) WHO. Biological monitoring of chemical exposure in the
workplace. World Health Organization 1996.

54.Wiwanitkit V, Suwansaksri J, Soogarun S. Monitoring of urine trans,
trans-muconic acid level among smokers and non-smokers. Respir Med.
2005;99(6):788-91.

55.Fustinoni S, Buratti M, Campo L, et al. Urinary t,t-muconic acid,
S-phenylmercapturic acid and benzene as biomarkers of low benzene
exposure. Chem Biol Interact. 2005;153-154:253-6.

56.Wallace LA, Pellizzari ED, Hartwell TD, et al. The team study: Personal
exposures to toxic substances in air, drinking water, and breath of 400
residents of New Jersey, North Carolina, and North Dakota. Environ Res.
1987;43(2):290-307.

57.Rappaport SM, Waidyanatha S, Qu Q, et al. Albumin adducts of benzene
oxide and 1,4-benzoquinone as measures of human benzene metabolism.
Cancer Res. 2002;62(5):1330-7.

58.Lin YS, McKelvey W, Waidyanatha S, et al. Variability of albumin
adducts of 1,4-benzoquinone, a toxic metabolite of benzene, in human
volunteers. Biomarkers. 2006;11:14-27.

S59.3F BA. k¥ BTEX &8 PR F 0 h2 7 7. ¢ 1;321?55%5«’ §I§»fﬁ%§
g7 5. 5@ 2000,

60.Qu Q, Shore R, Li G, et al. Biomarkers of benzene: Urinary metabolites in
relation to individual genotype and personal exposure. Chem Biol Interact.
2005;153-154:85-95.

61.Liu L, Zhang Q, J F. The study of DNA oxidative damage in benzene-

83



exposed workers. Mutat Res. 1996;370:145-50.

62.1 EP AL TR B B X 2 s Hrg B Y oo, s AR SR
BEKRASITE A, 1 EEFTT IR

63.David R. The role of metabolism and specific metabolites in
benzene-induced toxicity: evidence and issues. J Toxicol Environ Health A.
2000;61:357-72.

64.Bruckner, Warren, Bruckner JV, et al. Toxic effects of solvents and vapors.
In: CD Klaassen, Editor, Casarett & Doull's Toxicology The Basic Science
of Poisons, McGraw-Hill, USA (2001). 2001.

65.Kivist H, Pekari K, Peltonen K, et al. Biological monitoring of exposure to
benzene in the production of benzene and in a cokery. Sci Total Environ.
1997;199(1-2):49-63.

66.Fracasso ME, Doria D, Bartolucci GB, et al. Low air levels of benzene:
Correlation between biomarkers of exposure and genotoxic effects.
Toxicol Lett. 2009;In Press, Corrected Proof.

67.Xie J, Wang X, Sheng G, et al. Determination of tobacco smoking
influence on volatile organic compounds constituent by indoor tobacco
smoking simulation experiment. Atmos Environ. 2003;37(24):3365-74.

68.Wallace L.A major sources of benzene exposure. Environ Health Perspect.
1989;82:165-9.

69.Lin YS, Mckelvey W, Waidyanatha S, et al. Variability of albumin
adducts of 1,4-benzoquinone, a toxic metabolite of benzene, in human
volunteers. Biomarkers. 2006;11:14-27.

70.Wallace L. Environmental exposure to benzene: An update. Environ
Health Perspect. 1996;104(6):1129-36.

71.Gordon SM, Wallace LA, Brinkman MC, et al. Volatile organic
compounds as breath biomarkers for active and passive smoking. Environ
Health Perspect. 2002;110(7):689-98.

72.Johnson SH, G. Netto, G. Lucier, Bechtold W, Henderson R. Detection of

84



low level benzene exposure in supermarket wrappers by urinary muconic
acid. Biomarkers. 1999;4:109-17.

73.Weaver VM, Davoli CT, Heller PJ, et al. Benzene exposure, assessed by
urinary trans, trans-muconic acid, in urban children with elevated blood
lead levels. Environmental Health Perspectives. 1996;104(3):318-23.

74.Weaver VM, Buckley T, Groopman JD. Lack of specificity of
trans,trans-muconic acid as a benzene biomarker after ingestion of sorbic
acid-preserved foods. Cancer Epidemiol Biomark Prev. 2000;9:749-55.

75.Gobba F, Rovesti S, Borella P, et al. Inter-individual variability of benzene
metabolism to trans,trans-muconic acid and its implications in the
biological monitoring of occupational exposure. Sci Total Environ
1997;199:41-8.

6. Rt iES . S Kl R Y P RE VR FARRARE 0 Fackiind
¥ .2009.

77.Ruppert T, Scherer G, Tricker AR, et al. trans,trans-muconic acid as a
biomarker of non-occupational environmental exposure to benzene. Int
Arch Occup Environ Health 1997;69:247-51.

78.Yu R, Weisel CP. Measurement of benzene in human breath associated
with an environmental exposure. J Expo Anal Environ Epidemiol 1996;6.

79.Pezzagno G, Maestri L, Fiorentino ML. Trans,trans-muconic acid, a
biological indicator to low levels of environmental benzene: some aspects
of its specificity. Am J Ind Med. 1999;35:511-8.

80.Scherer G, Ruppert T, Daube H, et al. Contribution of tobacco smoke to
environmental benzene exposure in Germany. Environ Int.
1995;21(6):779-89.

81.SKC. SKC 575-001and 575-001MC passive samplers methylene chloride
method summary (25ppm PEL validation to NIOSH Protocol). SKC
Technical note 1992.

85



82.2 %47, T R4, PRE. TEBREF IIHEEAEY  E2RER
By -k Ay 1id

83.35 H¥k. hE 8- 4k R BTEX 2 " fE2 kB4R B2FF 1 5
2003.

B §.2002 & 10 @ 22

84.Perry R, Gee IL. Vehicle emissions and effects on air quality: indoors and
outdoors. Indoor Environ 1994;3:224-36.

5. etk . KiVEPplzbp 3558 > FrcfakixF 2007 & - .

86.Hinwood AL, Rodriguez C, Runnion T, et al. Risk factors for increased
BTEX exposure in four Australian cities. Chemosphere.
2007;66(3):533-41.

87.Matiana RA, Pablo CF, Arthur MW, et al. Measurements of personal
exposure to nitrogen dioxide in four Mexican cities in 1996. Air Waste
Manag Assoc. 2002;52:50-7.

88.Simoni M, Jaakkola MS, Carrozzi L, et al.. Indoor air pollution and
respiratory health in the elderly. Eur J Respir Dis Suppl. 2003;40:15s-20s.

89.D'Souza JC, Jia C, Mukherjee B, et al. Ethnicity, housing and personal
factors as determinants of VOC exposures. Atmos Environ.
2009;43(18):2884-92.

90.Baek SO., Kim YS., Perry R. Indoor air quality in homes, offices and
restaurants in Korean urban areas--indoor/outdoor relationships. Atmos
Environ. 1997;31(4):529-44.

LM~ 7. S %EPNRETFIFHEHEF G 3P Tl 2 P8
2L -NFIR s b B2 s < F L2002,

92.Chatzis C, Alexopoulos EC, Linos A. Indoor and outdoor personal
exposure to benzene in Athens, Greece. Sci Total Environ.

2005;349(1-3):72-80.

86



- BEBRE MEBEIHBEAAALATHIAEVHEIVR

PREE Y 3§l Hee
3 (N=159) (N=25) (N=43)
n(%) n(%) n(%) P&
A 0.043
g 86(54.1) 12(48.0) 14(32.6)
& 73(45.9) 13(52.0) 29(67.4)
cT AR <0.001
B 47(29.9) 21(87.5) 32(76.2)
A 45(28.7) 3(12.5) 9(21.4)
- SV 65(41.4) 0(0) 1(2.4)
1 0.283
7 41(31.5) 5(21.7) 8(20)
i 89(68.5) 18(78.3) 32(80)
BV R 24(14.9) 5(20.8) 4(9.5) 0.438
mean=SD mean=SD mean=SD
#E#(F) 48.0+23.0 72.048.0 72.0+12.0 <0.001
HE(25) 60.8+14.0 58.2+10.1 61.3+11.5 0.611
BMI(Kg/m’) 23.543.8 24.346.1 25.5+4.3 0.017
B B F (FF) 16.8+5.0 18.7+4.5 18.2+4.4 0.130
FRBERTT WEL AR
MEkBE L

RS Tt R AT
BMI : £ a5 & 48 {0 & (kg)/ ¥ 3 "(n)}

87



- VURIEBE CMEBEIHEELNERERLFE

PREE Y ¥ il Heee

] (N=159) (N=25) (N=43)
n(%) n(%) n(%) P&
#* 2§ ‘}%%# 36(22.4) 2(9.1) 3(7.1) 0.038
PRI = 85(53.8) 12(56.5) 24(57.1) 0912
AL EFEY 17 53(33.1) 10(43.4) 14(33.3) 0.614
ALY P 95(59.8) 22(95.7) 34(80.9) <0.001
% 4x3 55(34.8) 6(26.1) 13(31.0) 0.669
i * B A H 51(32.1) 9(40.9) 11(25.6) 0.446
AERP 54(33.5) 4(17.4) 14(32.6) 0.295

88



22 BABE -MABEIHBEZZIPM ~HFEFEFEF2Z LR
PREE MEkBE HEe
RA (N=159) (N=25) (N=43)
mean+SD mean+SD mean+SD P&
L EREE (/) 6.544.2 4.544.3 5.6+3.3 0.373
BB FREF(S/R) 62.9+58.3 35.8+34.1 48.3+68.2 0.402
FUBBEERF(LS/R) 37.1%25.3 23.7+21.8 45+17.3 0.213
Bp RPPRER(EF/ ) 19.543.8 19.6+4.8 19.343.5 0.956
Bp FUHRER(E/R) 4.943.5 4.3+4.1 5.1£3.4 0.770
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22  BRBE - HEABEOHREFESYHRZ VR

BRB =Y ¥} HRle
7 (N=155) (N=23) (N=41)

n(%) n(%) n(%)

fe =% fars =% fers =% PiE

g 143(92.3) 12(7.7) 21(91.3) 2(8.7) 39(95.1) 2(4.9) 0.792
B ¥ g 116(75.3) 38(24.7) 18(81.8) 4(18.2) 30(73.2) 11(26.8) 0.741
A 141(91.6) 13(8.4) 20(87.0) 3(13.0) 40(97.6) 1(2.4) 0.272
iR 145(93.5) 10(6.5) 20(90.9) 2(9.1) 41(100) 0(0) _
A A 150(98.0) 3(2.0) 19(86.4) 3(13.6) 41(100) 0(0) _
B ﬁ 146(94.8) 8(5.2) 21(91.3) 2(8.7) 41(100) 0(0) _
b & = X B 0-1 i
EF A AEP2 1
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23 " BRBE -MAEBEIHBEZ LtMAKRZ VR

PREE Y ¥ Heee
] (N=121) (N=17) (N=35)
mean=SD mean=SD mean=SD PiE
t,t-MA(pg/L) 0.367
T 3o 80.67+128.75 44.88+43.93 60.38+73.57
LS 43.21 38.46 37.81
250 A e 8.78 5.25 5.43
TO%E ~ #ic 93.71 73.89 71.33
t,t-MA(pg/g cre.) 0.267
T iafic 76.9+121.2 47.8+47.0 48.8+47.3
LS 43.47 36.43 32.75
250 A m#ic 10.55 2.16 16.16
% | & #ikc 109.36 90.41 71.40
EXP (log t,t-MA(rg/g cre.) 0.453
T ia@kc  5.26+3.50 4.43+2.80 4.67+2.47
LA 5.15 4.77 4.55
25% | A - #ic 2.78 1.24 3.35
TO%E ~ =#ic 7.68 7.06 6.38

t,t-MA(ug/L) * & GACFFRLiE i 2 tt-MA k&
t,t-MA(ug/g cre.) SR EIVCRFRARR T 2 tt-MA kR
EXP (% MACERICD). L i (-MA & ¥ fi 4 5 log,* 52 4 f SR B EXP
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27 B RBE - MEBEZHBEEARY +MA KR ERFRFAH

7N

w5 B(SE)
' t,t-MA(pg/L) P t,t-MA(pg/g cre.) P EXP (o2 t-MA(zg/g cre.) P&
TRBE
20.29(21.85) 0.355 28.07(21.05) 1.393 0.586(0.62) 0.939
Y3 3
-15.50(33.66) 0.646 -1.03(31.04) -0.33 -0.244(0.96) -0.254
1 s s

EXP (e MAUE ) g MA B 4 5 3% log. x5 4t L R B EXP

B(SE) * 47 fo 3+ M (iR 35)
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4 =

" BRBESMEREIHRELARY MARRZ 5 RFEEF LT

B(SE)
%jﬁ log t,t-MA( g/
t,t-MA (pg/L) Pi t,--MA (ng/g cre.) Pi EXP (o8 t-MAGuglg cre.) P
BREE
21.64(36.15) 0.598 56.79(32.41) 0.083 1.37(0.95) 0.153
LY -3 3
-1.90(47.76) -0.40 25.60(42.82) 0.551 0.27(1.26) 0.831
o
Kgphw] ~ E# 2 RV ARR A
EXP (etMAERIDD S tt-MA & F L4 P log A R 4 % f SLecd B EXP
B(SE) : %% fo 3+ k(I3 38)
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2N LR FERBZ FIEHA ISR GEMA ER 2 R

t,t-MA(pg/L) t,t-MA(pg/g cre.)
27
mean=SD PiE mean=SD P g
®FZFFES
3 91.21+142.53 0.371 89.621142.79 0.374
<3 70.52+107. 88 65.03196.18
Eié
3 81.73+162. 26 0.285 78.49+121.98 0.015
ey 96. 67+56. 53 46.254+47.48
BASES
3 85.83+140. 18 0.093 84.75+130.05 0.015
el 58. 93161. 46 49.02+50.81
FLRFEY R
3 88.35%117.40 0.212 82.85+90.62 0.199
ey 65. 60+112. 66 61.23+£113.56
% ixg
7 59. T2+74.75 0.278 59.85+81.58 0.428
<3 T19.41+129. 66 73.31%£117.20
BB R
3 85.44+118. 83 0.297 79.16+89.81 0.354
X3 66.15%110.78 63.20+112.88
FE RSP
7 60. 29+76. 81 0.219 61.17+£73.99 0.521
<3 79.66+127. 72 72.27+117.38
SHY A
3 90.70+133. 71 0. 304 83.63%£113.72 0.366
<3 66.77x108. 94 63.97+104.62

t,t-MA(ug/L) © & GACFFR T 2. tt-MA k&

t,t-MA(ng/g cre.)

DR R GIURFRARE 2 t-MA kB
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24 RS Y RHEA? LEMA KR 2§58

B t,t-MA(pg/L) t,t-MA(pg/g cre.)
mean=SD PiE mean=SD P g
R
&b 72.41£115.78 0.903 68.52+108.62 0.809
=¥ 76.61+94.08 63.94+57.33
® W
&b 64.71£109.15 0.097 64.87+£110.99 0.515
=¥ 100.23+£130.61 77.76£87.03
4
&b 71.27+£106.34 0.553 67.91+£103.71 0.898
=¥ 91.63+£195.96 71.97+134.776
Br
&b 70.58+112.85 0.355 67.92+107.03 0.844
=¥ 109.07£146.68 75.52+88.64
A
&b 73.15£115.88 0.818 69.19+107.39 0.695
=¥ 59.75+40.21 47.99+27.49
#E
&b 64.27£17.20 0.231 61.25+£75.00 0.274
=¥ 351.20+454.20 297.32+417.03

b A BRIT 3P LG R R
E¥ ABip3par ilizul
t,t-MA(ug/g cre.) © 5 R SIURFRA KT 2 tt-MA kB
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2 AGE AR B S RAMREFL

- t,t-MA( ¢ g/L) t,t-MA( 1 g/g cre.) EXP (g tt-MA(uglg ere)
‘ BISD P& p+SD P& BSD P&
KR
BREE 17.63+25.25 0.486 28.60+23.07 0.217 0.08+0.71 0.240
KEgE -18.82+37.26 0.614 -1.88+34.04 0.956 0.18+1.04 0.870
AR
= R R -4.12+25.02 0.869 -2.26+22.86 0.922 0.02+0.70 0.983
k- 9.567+37.26 0.706 11.53+£23.27 0.622 0.39+0.72 0.590
< &b P e S & S E
O ALY
# -32.88+20.91 0.118 -44.04+19.10 0.022 -1.26+0.59 0.033
3 Hy ¥ e ¥ e
RO RS
& -22.64+24.73 0.354 -26.81+22.27 0.230 -0.51+0.68 0.457
3 % e ¥ m ¥
BMI(Kg/mZ) -1.78+£2.22 0.423 -0.93+2.03 0.650 0.03+0.06 0.582

EXP (log t,t-MA( 1 g/g Cre.)): I; # t,t—MA )3 r* ‘@ 215 B log,* ; 3 K’}TT F’{ %ﬁ,:—-‘(-ﬂ B EXP
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21— SEEERLE BUBEZ S R AL A AT

o t,t-MA(pg/L) t,t-MA(ng/g cre.) EXP (o8 t-MAGes cre.)
B+SD Pi B+SD Pi B+SD Pi
KR
BREE 14.98+14.65 0.310 1.50+0.58 0.012 1.28+0.57 0.027
KEgE 7.18+19.26 0.711 1.20+0.76 0.121 1.09+0.75 0.153
¥RE 3 $F e %3 e
¥ AR
= R R -0.95+27.37 0.972 -0.49+1.09 0.653 -1.345+0.67 0.470
EiE- A 9.14+29.11 0.314 0.90+1.16 0.438 0.312+0.96 0.750
< B *3 e %3 %Y
T4 &
& 4.16x17.15 0.809 -0.88+0.86 0.202 -0.84+0.68 0.220
3 S E >3 e > e
G F R
& 4.76+20.51 0.817 0.12+0.81 0.880 -0.139+0.77 0.858
3 P4 e >+ w ¥
BMI(Kg/mZ) -1.36+1.57 0.390 0.002+0.06 0.970 -0.01+0.06 0.901

EXP (log t,t-MA( 1 g/g Cre.)): I; # t,t—MA )3 r* ‘@ 215 B log," ; 3 n//Tf é %{K@ B EXP
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2L RREMEREFRE

Yo B i X A & E87S ® 5 RAC
BRBERS
#1 3 6 5 £ &
#2 3 1 4 £ Fd
#3 3 10 3 Fd Fd
#4 3 10 4 7 Fd
#5 3 1 4 7 Fd
E S Wy
#1 5 1 7 7 Fd
#2 5 1 1 Fd £
#3 5 1 2 -4 F
#4 5 1 2 £ &
#5 5 1 2 4 &

YR IR BRI AT R I G IER
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2L B RBEERN - hEE BTEX kA (ppb)2 ' &

IrgE EPMRR ELF: % B
3 (N=T) (N=3) /0 P&
MeantSD ¢ i=#k MeanxSD *¢ =ik
E3 3.63+2.51 3.66 0.37+0.27 0.49 9.81 0.071
v ¥ 26.76+£23.21 17.62 3.25+3.04 2.19 8.23 0.017
z ¥ 0.22+0.39 0.07 0.01£0.00 0.01 22.00 0.012
v ¥ 1.46%1.27 1.12 0.1820.04 0.17 8.10 0.017
TVOC 31.56+20.00 18.92 3.81+£3.21 2.99 8.28 0.017

VO: 3 p ~ #ht @
P & * #c it (Mann-Whitney U test)
TVOC : = % total BTEX
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21 ~E R EZTPN - PR BTEX kA (ppb)2 ' &

e ERERR ERdE: X7 *
3 (N=8) (N=5) /0 P&
MeantSD ¢ i=#k MeanxSD *¢ =ik
ES 4.04+1.23 3.44 0.45+0.19 0.41 8.98 0.004
v ¥ 12.28+3.28 11.77 1.30+0.56 1.23 9.45 0.003
z ¥ 0.84+0.94 0.41 0.07£0.11 0.03 12.00 0.057
v ¥ 1.65+0.74 1.48 0.24+0.16 0.15 6.88 0.003
TVOC 18.30+6.06 16.17 2.07£1.00 1.83 8.8 0.003

[/O:z p ~ #ht g
P & #k.

TVOC : ¥ % total BTEX

(Mann-Whitney U test)
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217  BRBEEHBRERRY

BTEX ik & (ppb)2 " $&

$35 TRBE ¥HRE ® kR E P
' Mean+SD LA d Mean+SD LIS S ¥HRE -

E3 2.29+2.55 1.61 2.35+2.09 2.70 0.97 0.078
vy 19.71+20.13 12.48 8.06+6.10 8.96 2.46 0.154
s ¥ 0.16+0.34 0.07 0.55+1.82 0.67 0.29 0.331
vy 1.08+1.21 1.01 1.11+0.91 0.85 0.97 0.804
TVOC 23.24+21.18 18.86 12.06+9.45 12.87 1.93 0.239

Emon-E:k B o2tk B lo2 v @

P E:& * #c. (Mann-Whitney U test)

TVOC : ¢ % total BTEX
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AL R RBREOHEREZ PN RR BTEX 2 & & (ppb) 't &

7 Z R(N=T) B 5 (N=8) P
Mean+SD ¢ oirik Mean+SD ¢ oirik
PRBEE
F 2.45+2.11 3.49 3.62+3.23 3.27 0.480
7 ¥ 21.30+13.30 17.62 30.86+25.55 23.18 0.724
¥ 0.08%0.02 0.07 0.33+0.52 0.08 0.696
-7 ¥ 1.19+0.12 1.22 1.66x1.76 1.04 0.480
TVOC  25.02+13.98 18.92 36.47+24.38 31.70 0.480
Heee
F 2.30+1.55 2.87 4.77+1.23 5.15 0.043
v ¥ 10.31+1.70 10.23 14.24+3.45 15.23 0.083
¥ 0.60+1.01 0.11 1.09+0.93 1.11 0.772
-7 % 1.23+0.32 1.29 2.06+0.84 2.35 0.149
TVOC 14.44+3.06 13.04 22.16+6.06 24.12 0.043
Total
F 2.36x1.64 3.03 4.20+2.32 4.34 0.105
v ¥ 15.0249.73 11.51 22.55+19.07 15.23 0.365
¥ 0.38+0.77 0.07 0.71£0.80 0.37 0.429
-7 ¥ 1.21+0.24 1.22 1.86%+1.29 1.65 0.204
TVOC = 18.98+10.09 15.12 29.32+18.14 24.12 0.205

P & * $c it (Mann-Whitney U test)

TVOC : ¥ % total BTEX
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AL SR BHFRBE I 2T RB Y BTEX kA (ppb)2 't &

RS 3 RA
$IE (N=11) (N=12) P&
Mean+SD ¢ oirik Mean+SD ¢ oirik
EFRER
¥ 2.86+3.08 2.66 3.76+0.97 3.46 0.481
7% 27.64+19.53 17.62 11.51+£3.11 10.38 0.072
s F 0324041 0.09 0.76+0.98 0.09 0.256
% F  1.72+1.29 1.22 1.42+0.68 1.22 0.595
TVOC 32.53+19.39 24.09 17.46+5.48 15.28 0.088
Total
¥ 1.94+2.71 0.41 2.68+1.78 3.10 0.443
P % 18.47+19.82 14.43 8.22+5.47 9.11 0.125
¢ ¥ 0.20+0.35 0.07 0.54+0.85 0.07 0.232
% F  1.15+1.28 1.06 1.04+0.79 0.90 0.806
TVOC 21.76+21.24 18.28 12.48+8.58 13.09 0.199

P & #* $c it (Mann-Whitney U test)
TVOC : = % total BTEX
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23 RBEAHERBS R REREY BTEX kAR 2 5 R AL fFri7e

% F Ji- ) Ji- z “i" - Jf- TVOCs
2]
B (SE) P e B (SE) P e B (SE) P e B (SE) P e B (SE)
¥
I & -3.82(0.84) 0.000 -19.27(5.87) 0.004 -0.72(0.31) 0.030 -1.67(0.40) 0.001 -25.48(5.76)
R -1.86(0.87) 0.045 -6.82(6.05) 0.274 -0.37(0.31) 0.260 -0.66(0.41) 0.125 -9.70(5.94)
Bt % ¥ S e *F e ¥ e % e
kiR
B & &2 -0.390.71) 0.585 9.97(4.94) 0.058 -0.45(0.26) 0.094 -0.18(0.34) 0.605 8.95(4.85)
B(SE) : %+ 3+ ih Bc(15- 2 3%)
TVOC : % total BTEX
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244 -3 RBreafREe? - B RERRFTOHRELY GEMARRZ VR

BREE ¥RE
57 — & (N=121) o (N=4) P - 4 (N=35) 7 (=T P
mean+SD mean+SD o mean+SD mean+SD o
t,t-MA(ng/L) 80.67£128.75 404.04+442.62 <0.001 60.38+73.57 229.39+215.83 <0.001
t,t-MA(ng/g cre.) 76.6x£121.2 114.07£99.01 0.852 48.8+47.3 128.55+84.12 0.028
EXP (o2 tt-MA(xg/g cre.) 5.26%3.50 7.21£3.10 0.990 4.67£2.47 7.92+2.15 0.784

EXp (02 ttMACugg cre)). LR L-MA & F AL A B log,* el n//Tf BB i B~ EXP
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221 FREBBEYHBF FEFABEBTEX AR 2 A B

] 3 3 v ¥ TVOC
Heee
¥ 0.866%* 0.668 0.853%* 0.921%%*
3 0.681% 0.962%* 0.989%
3 0.686%* 0.740%*
¥ 0.966%*
BREE
E3 0.136 0.797%* 0.873%* 0.312
3 0.267 0.211 0.983%#*
e ¥ 0.949+ 0.419
ey 0.378

*p 17 <0.001
*p 1B <0.05
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22— +95.963 EF - KEREAHREL Y EMA KR 2Z VR

95 & 96 +#
L i) P i
n meanSD n meanSD
t,t-MA(ng/L)
BREE 163 45.69+37.64 121 80.67+128.75 <0.001
KEgE 30 38.32+46.00 17 44.88+43.93 0.871
HRE 76 34.25+30.66 35 60.38+73.57 <0.001
t,t-MA(pg/g cre.)
BRARREE 163 61.94+63.78 121 76.87£121.19 <0.001
HEgE 30 43.824+45.53 17 47.77+46.97 0.855
HRE 76 27.91£23.19 35 48.8+47.3 <0.001

PiE:s 2 At
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