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Abstract

Toluene, as one of the most abudent organic
solvents in industrial wusage, 1is thought to be an
. lmportant environmental and occupational pollutant.
This xenobiotics 1is mainly absorbed by resperatory
inhalation and skin infiltration, then oxidized in
liver cytochrome' P450 monooxygenase. The final
products of toluene in wurinary excretion were the
glycine conjugated benzoic acid termed hippuric acid
and ring hydroxylated toluene like o—, m—, D-
cresols. By comparing the environmental concentration
of tolueng ‘in work place and urinary metabolite from
exposed wokers or biological parameter, this study
estimates the value of biological monitoring for the
assessment of human exposure to toluene.

The wurinary metabolites of toluene and xylene

from the exposed worker showed a propotional



correlation with time average concentration of solvent

in the breath zone between the concentration of
exposed solvent, and urinary metabolites.

I[t’s interested to find that NAG value, which
were used as an indexbzof early kidney damage, has
shown an significanly increasing'on the high exposed
worker, this data suggested that the biological
monitoring of toluene mno only reflect the
environmental ‘exposure . but .also provide  some

informations to evaluate the target organ damage and

solvent detoxification.

The other aspect of this study is io investigate
the in vitro metabolism of toluene in microsomal
enzyme system. Xylene, as one of the structural
analogue of toluene, showed a higher 1inhibition
than n-butanol (xylene 40.2% , n-butanol 23.2%) ratio

to benzy!l alcohol formation, but comparing with the

I\



metabolism of p-nitrophenol 1in microsomal enzyme
system, xylene showed the some inhibition ratio with
n-butanol to p-nitrocatechol formation.

The MDA  concentration also elevated in
microsomal portiom with increasing the toluene
exﬁosure. This enhéncément will pf decreased by
depleting the NADPH genérating system from microsomal
- enzyme. This result suggested that the metabolism of
toluene would be inhibited by the coéXposure of other
solvents ~in different ratio and the induce effect of
toluene to microsomal lipid peroxidation mediated by
cytochrome P450 metabolism can be used as a basis to
evaluate the biological moﬁitoring toxicity of toluene

when coexposed to other solvents.
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9188 (biological monitoring W American
Conference of Governmental Industrial Hygienists
(ACGIH) 4=A738 Biological Exposure Index (BEl) =ZZE %
%« F VEFERERSHEDHEST  BRTEHBENRBLGE
EoREMENTE  EEYT (ZTHEE oS FELifiR
BUATEEPHRABEARMAE R ELRY  EHUKE
EES AR (1,0) 0 R ENE AL LA B LA
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BB NHERPETST T BT L EREREE £ F A L
BERLIAESNEIN (4,5)0
PRERBHIEBEDEHRBEISHRE  BFHESR
EAEBE o B @ﬁ@m&iﬁﬁﬁzlﬁ 2P E
@%ﬂ&ﬁ%l&??%%%%ﬁﬁﬁ&%%’ﬁﬁm?ﬁﬁ
BRI LZPE HUBZO)w7)ELK%ﬁ?zIW
ABIZZEBBHEPFEERP %%%?E*E%#ﬁé%fﬁ%%&%i’%%ﬂﬁ
TRARBLEE (1) BEAMAEXRASTEENEL
FREHARMEZZ M BHERIGSEBRILA
XEELFFXR 2P Eﬁ%s’%’@ﬁi?l?ﬁﬁﬁ&%ﬁﬂkiﬁ;ﬁﬁ%
ERRABESRIRPTI AR LT R (8,9.10) » 3HEREHY
BEAE  1000-4000 ppn A PEF T AAS S S EIBHRA
ITEKE (11) REAREFE 100 ppn T 6-20 RI-T & K/~
BRERA VL TIEMEWAAEHREEAEIE (13, 14)
PR LI ZARRS R EREES @ ERLEFTHRHFLFE
FBBEERELEBTREE LS Pl 28 iRas(ALT) 0 AR

BE R 334358((GLT) ~ #R18BR 5 8E85(Succinate dehydrogenase)



smRee % P450° (Cytochrome P450)%E » 3shkokHABE THF
smRe M RE (MW R o EERE o dniRie) TTHMBHME L
2 BRI (17) e
PEALMEBIREL S EE Sl BEAARTE
BBt o EiE oS R TS R B R AR B TRE NI T IEA
Bie N EABIMERIART (18) EEAMANKBEE
PR mEe FPIS0E R LEERLISTERCARTEHE
ﬁ%?ﬁ%ﬁﬁtﬁ%?&’%?&z&ﬁﬁ#@%@%%
AERE  (Hippuric aicd) ’ Sodes R PAaY (19) 122
Eﬁ*ﬁﬁi#’ ' ?%E%iéa%%%ﬁﬁt%? (aryl hydro-
xylase ) BEBRLEAZLDAEXMASRLDAEHE
(0H.) EHEXBEFFIEL  MmAZAK cresol, methyl cre-
sol (PEBHKX-—FEE) 1848 » 5REBTET » BT
S EEFER B PEREZLE (8 2% &£45) (19) ©
PEEEEPLENTEGRESF X RET (1) HAL

X EARANFEBRE LTSRS G FEHBMEE (activated

o}
BE

chaochol tube) RMEPZIBIHIEPE » BLLUE E X5
5 0 RS ANRABE BTk (Gas chromatography) $EEWE
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S REIS b kERES-18:8 2% (Flame ionization detéctor FID)
B (2) T ERISBESRITN PE ¥BEPKE © (3)
IR T IS E X H F s 2 BB/ XN R 4528 (passive monitor)
B ATEY S TS0 AE—Be5HIA » FBRABERHT
BMEYEPPFREZIRIE @ PHSKERULT ZETTERIR

AR RS Zs A HEUWFRZIEERE (20,21,22)°
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BABWC AN S ETARSEHBET T RSLE
BB PET LA LE AR 0 IR T E SRR T
FRIETTEA BT B ABHBRAAMTEBLELDTTEN
ARE 55’}\%‘?@%%\%  ZABRIGH P REEZET (100 ppm) -
%m%%%ﬁﬁﬁ%%%(@W)’Eﬁﬁﬁ%&1$$%i
MEA 18 pyn MIAFFRE 31 ppn ’ BEREPIRAE R —TEE IR
BT EAE kR R AR FUE R S A SR T P BT A
FHREZBUILE  (23) LA T BHFTEYIEEBE P AR
Z BT 0 BT BEMEsh 0 TR BN N E A5 A 4 TE IR AT

UHRAMAFE R A F R BT ERBIKE °



BPRZAEDEHNETZENERRFR B ERKER  (Hi-
ppuric acid) (AT EE (o-cresol) LS9 » P ALLUSE
g &% 0 BB AZINERSINSEUFRSDERIR T X
R E oREUIA » EHr e HPLC X BE/ABIFIE » EATN
HRASE BSMBRPYE (24) 0 BBLHTAERNEE
z%%%% P S IE R #vke o, m, p- cresol F|ILS”
BT AR B (A HE S EXFHIER) Arels T s LB
R HK  AFAREDERIFERIVEERRBRE » EFEIS
PGSR AERE AT AN HPLC P 0 M AR A xA3wids 0 5 F K
B R RZAEBRED R FILAKEY —BHSGIBIEAHF -_

BEAREF X » AABELHETRERAES TARZIRE

ERSREFD  AALARR—AT L ETEHTE
Elﬁﬁﬁi%ﬁ%ﬁ%%%%%i%ﬁ%%%%@L’ﬁﬁ
Rﬁaﬁz,&Eﬁmﬁ#@ﬁ%EwWﬁmaé%%ﬁzﬁ
MR R THEEALSHEIELTE ABARE S, &=

By —ARBREIDAASBEALIITIHEAEE RERRL
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BT AE L BEEE o AR T TELE MR
BN R PEA LD R o

AT PR AN BB RANEREE I HE— 2 TR R
AERREE A EXRRY T ELRE B BRI 2 o
A EFREENWEEIBREE PI50 B DL o W
€7 D450 BEEEEsS—iEA REHE (heme) LEEE 0 X
S GBI AE RSB ARREE (26,27) 0 B R RIEH A
) (isozyme) TEAT » THEHIRFELSHIFE

ARREAILTEA
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(28) ' B BEENCABLIBLTEAT UL THFIERNLK

RE + P450-(0.) +NADPH + H'—> ROH + H.0 + NADP (29)
?Eﬁﬂi#@%ﬁ‘é*EPiﬂﬁktﬁﬁE,iiﬁfﬁéﬁﬁﬁ‘iﬁi@E"é—ﬁi?%ﬁ’»\
(cresol) o BE#ARE M AEBIVIBHA R BIHEH P450 ERILER
$% 0 1EH$¢¢E¥E@?1§?'K’%‘§$§E% » TR B X ER P40 BEE
FHRTT1BESE (LLEZEXBELAMKRET » YRBHEFF
& B8 5552 P450 B2 %)  HEFBEMIKMABET IR
% (live microsomal enzyme system) (30) * Prul—AR7H A

BN Bip 2 TR RADF A8 B SRR s X RWITRL (31-



34) ERHERCEAEFRL #HESF NADPH s
Eominie ~ BEPEXERE  REEITESM RN
e B B ok E o B L NADPH (35,36) © b B ko BIEFETE
SHAEBE AR RE AL NADPH

G-6-P-D

NADP™ G-6-P(H)——>G-6-P + NADPH (37)

AZFRETRFFEELEDRYFRFERE ZABRHES

I BB R AT S B AR ie B R R REFAEL

R B o



T B B ®m AR # £

B RREARABE R > #TR (High perfomance liquid chroma-
tography ,PERKIN-ELMER)

RABBITEHHE  (Gas Chromatography/Mass Spectra,
PERKIN-ELMER)

3.BFEMRIEE A (Sanpling Pump, SKC)
MER k%548 (Water bath)

Ak TRk kAR (Ultra-Violet/Visible spec-
trophotometer,Hitachi U-2000) '

BE<# (Centrifuge, Hitachi)

A s A fst
RAB AT B A HPLC Cuw Column Merck Zobox 250mm
R EE B Guard Column
3. MENIRKS SKC Passive Monitor 50244
RAs BT S Gas Chromatography Column



] FPRAFRZINREDBRSIHEE Aldrich Z#&
2. FERBERGABETE®E Signa (for cell culture)

S EFRFER;ITASHIRIME Merck (pro HPLC grade)
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St
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— > BERZE i
1P R B B R R WA I
a.=1E UV REEE

BEE > PRI NKEB ESKE (Hippuric acid)
SRR Al BT AR (00, n-, p-cresol)
methy]—hippuric acid 2,5,- ,3,4,-dimethy]l
phencﬂ ¥ RAE (creatinine) BEA 1 nif <% 7
l?:&’«'%@%ﬂ (acetonitri1e,':phosphate) @ (30:70)
(PE-2.0) > @B EHE 190 nn £ 350 nm = UV =R
4&7’:%% v LAERERAS ik B FE A5 15 ﬁ&#ﬁtﬁ%ﬁ#
0 SR T FRL LBURE R K A R AR R OR

AR T AR B LI M B E o

b.HPLC &z (38)
A BN BIE RN HPLC BRAES @ RBEAR

IR EXR Z W EeE A (RT:Retention time)EiEes
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R A AL R L B 0 LU B IS X 5 BRI o
c.ERRLZMEER HPLC BHXIEE
BRI BEREESZERARRER 2 BH » o
1‘%3'*"& acetonitrile &3 2 %838 » 2L 0.45 #n
Z nylon filter i€ » SER AT~ HPLC » sLék 3R
Eﬁ%%%%%%ﬁOlﬂmym%’ﬁﬁﬁﬁﬁﬁé
23.2 = 4% o
2. BB BERERLIEEE
R TRA— NEX BT R EAUTHERET
CRBEETEUPEEHIBE o

a. EEERIE .

ST R B A R R E A B SR
ERAYBIERE A ITHAE R > lmEakx 100
ml/min FEERIBHEISE o 2 NeSIR(E.L IR 0 BR TR
b % R PR T o

bUIBAIRE

FEEIWREBDARKE » MHEHFAOYRE
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(breath zone) '’ FET 5kl » L FTERRLRAE RS
Floe MAPFRRGHLUBEAERL TIFX AR T A
JE R EBRTEH ZYE o

TR E R RN RFRMLERTIALLE LB

B E >

w

BAIR E 1t BL » 1@/\,‘@%%&73\3&%%}5@)%‘1?% ’

LAl parafilm #¥5FHk#E 4 T ZKIFEP ©

RAMAETRL parafiln HBERAES  EBE
SRS EATE > —EEERETLITRERATH

BRERARAENTE . Z—ERESLAE -T0TC FRIEP °

\

AL EE S S
L GC-NS ST EREREL TR SY  BHBE
“ +E£ZE2" Toluene ’ Xylené tO,P) BrEZ
Ethyl benzene » Be#435% 1 PEL 0.5 PEL - 0.25

PEL» 0.1 PEL»0.05 PEL* 0.01 PEL &#&&EE% (39)
(A%~ PLE®.A 100 ppn) ©

TR R B Y BRI IE IR AR BN 2 & vials
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Ao ] B RRILER (CS,)E A 0 ERE 30

SRR 0 BV E ST ERRBENZTHE RS
EEMMRE (k—)° (F4%& Toluene 93.8 %
4.3% (1-100ppm) Xylene :96.4 * 5.2 %* ethyl
benzene 87.8 + 3.2% ) ° ZxL GC-FID® PR R ER

LB BB IR AR RS REREE ©

MEBXREDZZIERE  HEYHARKIZIFTBELZSIR
BooTRiEN ] cc X (S ALHE EARETFIR
L3RE 30 SN ABRBZIALILSIREAN 22
F 2 ﬁm 275 o AR BN IR IEEE AR PRk AR o Bk
F %% (Toluene 96.2 £ 4.3% Xylen‘e 97,2 %
3.5 % Ethyl benzeﬁe 090.8 £ 2.5% )
HEREEER RS ot

WATE L HPLC MAEFF » HRARPTSENRS
ZAHE  ELEPER —PFPRBEFREEREIRHE L
ARt > XS HWRBRIEHERR T XA BERENIE

" RFECERBRERARDHABER KT S RE D
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BXABRE o —BARKPEATBE » RERERP
RIPZRRARABRHIL B EFAR—RXAX X (Crea-
tinine EA—ZME (male = 25mg/Kg’ female =
21ng/Kg) > 2= RBB AR P B KI7ZRERLL Creati-
nin BT EERR L X BE o HAFTRLL creatinine
HER S FHRRECEAREDRE > UL RE
# Creatinine ZELTERT LLEREEFTREE ©
fLEFARKT > Hippuric acid ®EERMELR 37
BEricT B PPIRNEFERIR(FE R RHTIE)
’ZE—-ﬁi/\ERﬁiEﬁ?ﬁf?ﬁ?dﬂﬁiééﬁ%ﬁkﬁi ' RAFEINS
B 50 fHRR B FALRE L HPLC MR E T ME
(Creatinine) #HHMA&B (Hippuric acid) XELTE °
(Male=0.1355 £ 0.0732 g g creatinine, Female=
0.14570x 0.0907 g/g creatiniﬁe, Total= 0.1388

+ 0.07841 g/g creatinine)®

= PERAFIKRMAEEE I SRS

| FRFrksnRg = 78 (40)
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HarEE X RAF 0.5g ML 4 T & 1.15% KCl »k3%B
EFE 0 Ao 3 fEE KOl A 0 SLEHRE 1000
rpn T EARBFAE 2-3 S8 BOBLHER 0K
NESTE S RFECH T RS 10000g A 4 CTRE
10 588 » it od kB 2 4 FERE B 4 FE A HD R MR < ST
B BREFFALL 105000g ¥E 60 8E 0 ees
PUE R B AR AR E R R & ik B B A B R AP

@h AT L 4TE Sk 2 cc BRCEALTF
S hh RS 0 LEPEITRBERA KRB

~70°C ZKHEP o

2. FHESEINME
a. B EaERME (41)
BCA T ERESIHE
BoEAHEE (-SE) EEERETTHE Cu
O) ®BEmMA& Cu(I) * 7 Biocinchoninic acid
(BCA) TE—pretvde Cu(l ) ERELXHLSY &

UV s&E& 562 nn FHRRIKE  &KFPERFEHFTR
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BSA (Bovine serum albumin) ELE T 3RE WiFRL P
THEoELE
EE A 1 X 0.IN BEILHREBRIESRRFES 10g =

Biocinchoninic acid (BCA) ’ 20g &xBxER

(NaC0s) » 9.5g =XBRE & (NaHCO0:)

A 1.6 g ZEBRBEREA (sodipm citrate) e
=& B: 4% XEKEREA (CuS0.) %

WEEER LB 2L 50:1 XELBIRSEPABCA T
BEREMERT R 2 BHX BCA reagent XK
FiR/A (10, 50, 75, 100,126 Hg/ml) &
Bovine serum albumin (BSA) %E’gi‘%—%%ﬁ 2 =
HERSIZ & JTC/RBTTEAR 30 88 » » UV £5%
TPREEEKE 562 mﬁ ZBLEE LB EEFTSE

= R ATE—RER  EEUBRBLARRETSSD

T

o 4o FLERMEEA 562 nn LBRAE  HRER
iR R 0 AR A WEIEE 0 AS L SRE—1E
=B LA FRIKIE (net asorbance) ' B BCA

TR ZBILS 2 B EMT M B XL Cuvett BT
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P TRETRET —ARETERE » RAEAFTRUSHE
TJEERXZX plastic cuvett Bk o
b.P450 BE R H AT EE (42)

P450 3A 4= P450 B EIREPIESA—ZE LB
7n p-nitrophenol & P450 34 B EXIHFHXE
(Specific substrate) &&EFSx# 0.05 mM =
p-nitrophenol #ARERFELIIXMMBEETIZ ST » 2
3T% B EENRFE 2 p-nitrocatechol XBE

P RUIRE W P450 BEE AEEE o

3. PHRERIRIABZ B RE (43,44)
2. F R Ao K AR A K E
kAR EE R Bk B 5 RRB AL P B K A ST Ak
B4 B E T > SXIE 3ok e NADPH RBRAL R
o BRI T B o
RREAEANZRERE | ESHEPLH
D0.2n] XikifEEE (L4 0.0ng 2 BEES

EXERKERFEEKRT S 0.2ng-2.2ng)
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0.2 nl = 1.15 % KCI
®0.4 nml = 0.2 M =B85 % (Potassium
buffer PH=7.4) HE-87" NADPH JBEBA £ X
$L——2 Kmole WEME-6-5%8B (G-6-PD) 0.2
K mole NADPH® 1 # mol MgCl. 0.2
mites % -6 5 BBE(G-6-PD) (1 unit
=% 37C " PH=7.8 " 4£ NADP H&ET » & tE
THE ] MnoleXEBERE--ABRIBILKTEE
G- BB BT E )
# LA KBRS IEEN 2 nl & vials FILEPES
E o
A MBS H LI 0 S0 0 0] FAR
FULE ES A IS IED KO AR (1.15%) ik B ik 47
BiEA vial P 3£ JTCTF RS o EXRFEsFHTERE
vials #e2 0.2bm]l &= ZnS0. A& Ba(0H). (15%)
BE 15 nin EFSERNR PLEFTZAE-
c.AFAE K S 2 im

BN AR RLL 3000 rpm #&< 10 5%
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BREFHRE 0.45 #m & nylon filter & » 1A
HPLC BEE P RSB S E ©
HPLC B R ¥t %oT ¢
Column * Merck Cis 250mm
#RE ] nl/min
#ZEr48 (mobile phase) : 60% Potassium phosphate
buffer (PH=4.7)

‘acetonitrile

d.iXEnRE P RSB R E LM E
mm%&mm#z%%agaaﬁ%ﬁ@#%z
’K%T?ﬁ%ﬁ%ﬁWﬁ§§%9§%ﬁéi malo-
dialdehyde (MDA) ﬁﬁ'Thiobarbituric acid (TBAYS
%0 malodialdelhyde EEB T AEBAMAX —BERLE
7 LB EpIE  532-535nm A 265-290nm HEAR
A 0 PR R B A EIL A AR EET HEths
malodialdehyde (MDA) XBAEHtsikinia T ERR

L FEE o
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TBA &JE (45):
 RERARMAER IR LR (S EOTEEESE
0.1-2.0mg /&)

Thiobarbituric acid (0.67% W/V) 5582 50%
(W/V) é&5okBEER =P

THEEER (Phosphotungstic acid) 10% W/V

1/12N ®RE

n-butanol

BCIRALFRER 0.5 Brse~ 4 BHZ 1/12 N
ERBA ol T R Ao 05%%%%&0ﬁ§5;ﬁﬁ%®¢
» uﬁ%ﬁmiﬁﬁ’ﬁﬁm~zd%%zm&m%
K(UMMKOGEﬁK%%&’ﬁﬁﬂ%ﬁS’E
EHREC o B E AN B 2 B SR E TR
B T Ao thiobarbigﬁric aicd AL Syxse
%%E;a%&¢gziﬁﬁ¢m£%’;aﬁum
ZOREImLL 4 BH AP H  WER SN ]
B TBA BEEUSE 0 ®EIEE 95T T 60 &

89 RERAEEAL 2 2 BHLETE (n-
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butanol) #5 TBA-MDA REEPEERKEK - 3000

rpm FEE 10 min  SUABHSLESHE TBA-MDA A
BEDZETERARY | B4  EREHEPUARR
o S ETEEMEEIE 0 kN 10 cc REEP 0 Fhon
) BHAERABE B MLBOAE(RT)  BeiiR
L 1041 2L HPLC B% TBA-MDA <4 & - 7
5T TBA REAEPLLE$£AE X nalondialdehyde BLE
R R R A A R RS A BB FIeS 5T Thio-
barbituric acid (TBA) AJE > & UV 188 <%
EYaE SN O § 3 .Ep?f&wmiﬁ S

REREPTHERIFRPPT nalodialdehyde X B X%

HPLC Z:B{Z= ¥ (for TBA-MDA adduct)
E4E Merck Ci 250mm
ATiBEE4E  guard column Merck RP-18

2 %748 (mobile phase) acetonitrile/water (20/80)

iR (flow rate) 1.2 ml/min
UV 188 & 280 nm
mEes B (Retention time) 7.2 min
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FPRERAEAFEBEERRPZ B 2Io LK EFREERIEZANBER
TF  (creatinine) £ 9 BLD » BHRFALEshLBA
B AR BRI E 0 ko BERE B R B0 & £ oA R Uk Ik B 1K A TS R A4S
LRAIMBETARMMAE  WTHRABACRBH LR
BE (R BT AE R R T RARIEZBAETE) » L
FEIS A KB sh L& 190-280 mn X ALEEFE 5 oo
B EEHERANTALL Signa plot 4.1 RANSHERET
ﬁz%%ﬁ'ﬁ%éﬁﬁaﬁﬁiﬁ’%ﬁéiﬁﬁﬁ~ﬁﬁ
T%ﬁ%%t&%ﬁ*ﬁﬁ&ZBnm%%ﬁ%%T’ﬁﬁE
AN E R ERE L (SD £ 15.23%) (R Fig 1.2) &
HER 215 mn ATRABEBSMETESMRIERE (U
detector) Zﬁlfi °

XBEFTHEMTEA_S ERBHITRARSE B FIE
T E XL PE EBEREN2ER (Methanol/sodium phosphate
buffer) &4%48 » » &AM ZesA8iE 16 nin (38) * &

F B2k LR PR acetonitrilessodium  phosphate buffer
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PH=1.95 &#B%#8 » LXRE 1.0 nl/nin F ’.%K%%B%Fﬁ@'
¥BELE 7 8 mEAT R 7 BR#p (Fig 3) o 1B2&
R Ees D F EE  (cresol) A=FEEB  (Dimethyl
pheno )T FXELEBB(BHRABFRBRIES, X =) T H&EIE
BIHmPR (detection limit) F @ &EZFABCHI B RH

7 ©

BB T EMEIAL TR IEERREZE 2R &IFRBRE
HREARRZEZRAKSE  AURBE R WHR/EHE  (gas
chromotography/mass) Z#7 > ZidRil LR 48R 7L
Tt%#@'&’%“f% (Fig 4, Fig 5, Fig 6) A EERSLEFE
ﬁ*#ﬁ (mass spectfum libery ) PIEHACEHELSE
(Fig 5,6,8) SAERETRELCRFARTE S —FE 0 A
FBALER REASBELFHERBEL  HHELSD
TERBR SR 7 FYLLIR R E X F WIS T o N L TF L R T
BAKE N IRIEK D PRI R — R s 2 AP 2k
(deabsorption efficiency) (Table 1)e

KT oKX HEAYRSER PHMBBHZERE (C)(ppn)

23



(SW) (24.45 x 10%(PT)

(DE) (MW) (SR) (MIN)

SV: 31 B0 X S EE (EX)

PT: B 7 /iB = 48 M1% 2k

DE : RE P sk 2= (desorption efficiency)
VBRI PRI

MIN: 3% ez

SR:Sampling rate #FR#XZEZE (nl/min)

mh
Al

g X SERRRE R FIL S Z R PR &

4

ﬁaz A 1.4.5 min/m! * xylene & 12.5 min/ml
T EZEBYSE 12.9 nin/nl
PT é%—f;é*sz&a% (T./T2)"° (P1/P2)
P, BIRBKILELFHRE (nnHg)
P, & 760 mmHg

ERESFUBREZZBSRER » &KLULER
MA@ X HPLC E W& F > HHERRPEZENRS
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MEEE (HITERBEAEERISEL g/g creétinine R &
K)o T EFEABBRBREOZHREBREERATHEY ZBFE
B FAEZABEIRSAIASEFHRERE - ttﬁs‘zfﬁ_j%z.
MIBRRE > BARPAAMIARE S EILIHRA  PEXBRE
EAoRR T HMRE  (Hippuric acid) =2 &  Z:RIEFEHM
(r=0.844) (Fig 7) ' e BAKBXIREREHE X _F X

BEETPEEABRRTPZPELERE  (nethyl-hippuric

aicd) HIE#HM (Fig 8) (r=0.867)°

FARLERPE > —PEIBRBAREERELE X
v)’aﬁﬂ‘i#ﬁﬁﬁﬁ‘{‘i.’- EKEEEBEEABRSATHREE (High
exposure > 1/10 PEL) 2\1&3%%%5 (low exposure < 1/10
PEL) BY3zzRay—4E == N—Lﬁﬁﬁ%‘ﬂ%#ﬁ& (N-Acetyl gluco-
saminidase, NAG) SE¥:oABEE #IE—4E (Fig 9)c MBS

B R APH ETFABE KA IKEEAE (Fig 10) (P<0.05) ©

BT SLLRESA B i fa KR M ESER » b PR A
RN FAMBEAGTT P ERBIEE  UEPEELT

FEARIABNRB IR R - PRELR T IpHE PEE =
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AR ERZIAIA (Fig 12) ETERAZET P EE
PRErAE TP AN o SRR - PREEMK  (Fig 12) 1240
RAZFERARAEIHEE  (p-nitrophenol) * BJ—F EAIE
JEE¥S p-nitrophenol ¥4 p-nitrocatechol XFZAEY

RAEZ AR E (Fig 14) o

WA ERE L PR PR SR LR Fes 30 3
FFERRB LB BERBECLEDIER > Nalodialde-
hyde Thiobarbuturic éc'id adduct L EREZAE » 12
BRLREBLEES AR ERAE I LI ERPRAE po

P ko R 45 NADPH B T @iPfed » BYP RaR T B sikinie b

TFRAATRIKERE (Fig 15) °

REFTREMBMBLPXRBERSH » TP RN .
T X PR FIE %*E%#%?EETE—?EHKK%?‘P@?%K
R SobERER D PEINAHERET AT S AFkinge
MERBERILZ EE o ﬁ,ﬁ\-,ﬁs’ﬁﬁ;@'ﬁtﬁéﬂ NADPH BE A £ F 4K

REAFE
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%—_'j.

3

EERNRITEXRE  FRENTLPERLEEE @ 1&
FERAEHEREDELLRE  EHFEATELISHERINE
ZBEREEM 8RR  BPRFIEEBN KRS (6)°

BT EMIE B EEELFTREE  EFEABLR
EHARELREETRABET PEFRECHAES &
BESAE - By STEMERIKIEEL o Al
PERBUEIEBLST > BAKZEHNBOAZEEE 2
L RERZEE o

i%il%ﬁi%%’ﬁﬁﬁiﬁﬁﬁﬁﬁ?%%%?z
Egﬁﬁ»%%hﬁ%ﬁ@ﬁ%@ﬂxaéﬁﬁ’mgﬁ%@
BATR LA B ETREZBIGRIT 0 2B T BT EELB TR
%%z%%%%;W?ﬁ$&E%A°%@A%Eﬁ¢$&%
%z&w,wqﬂgﬁyéi%ﬁﬁﬁﬁazioéjﬁa&
EGFMBFEANARLETNE REREERER LW
PHREPEER BB b REALTEL BB T » R ENE

AR B X FREL o



AR R L B RES A KRGS RS
MEBAK LA E sk AR E TR e » SRR X HRIER
EITEABZART sk SRME P » FruLEL IR R AL S BR AR SR
BREZIEZSZRIKE o

PEXEDRMEFLALAMURTIFRT L LRET T
HEE (EAARLTEERRTRE  AMRBIBHTE
» BOATAT B RAFEBREW ) 0 st RohE 0 KR PHET AR
By BHMERTHUARM  ETERBSKLTE R
SEr 0 MAATELEAT (38-12T) SR Afe L BRITE
ABBRSETHRE  TARESLRE  REATEEARF
BEE o LR ARAREREE RN T L B AL HTR
ﬁéﬁz%i’MRK&%XM?£ZE%@%X?E$%;
B —ARMERRFLTEER  3—HAMRMRTRIN

Y AELMEREE LR SHERERARIZAILEPI ELLES

E

ke FEERLIKK FRBSHMAHERSETRPRLRK
TAETHEAN G WEREERERTRE—RTITLE
AR K o

SRR S ARBRT R 3 ACGIH %Y\ Biological exposure
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iMw(Mﬂ BEFEZBERFE ’&$%§éﬁﬁﬁﬁ
FHREBRIAFE (26) EBRAFILBEEFEPIEE
TEELEEATRMARBLITIEMEZAISHRAZRES -
MLEZABER > AHMBEMESTEAARYT AR BE BHTR
E%F“%%Aﬁﬁﬁﬁ*zﬁwew’ﬁﬁﬁi%ﬁﬂ%
5+ BIBA A AR X F ik R 0 T AEHes N e 10 Bk
FRERFDRZ S o

HFEF (Otaga REPERA_FEXIRBPELT EKE
ERABE BoMTHBES S @&’ﬁ%%ﬁﬁﬁiﬁ%%ﬁ
FEB (cresol) iﬁﬁﬁﬂ%%@fﬁﬁi*&é&ﬁ%ﬁi#%itﬁiﬁﬁﬁi » AT
nEF@?M'Ei&ﬁé@ SRR BRI o 9 B
%#Za D BB E AT R RS Lk (E e E RE 21
F}ﬁﬁ RIER R ERE (.4 PEL R ZTEABAERRPEYF
EB (cresol) RHFFE  MEMLITTEABRXXARRAES » BIR
W HKEB (Hippuric acid) =HFEFHKE (methyl-
hippuric acid) BERERBEET » RESRABERBIITF
BRRRTZFEE cresols X=FEEB xylenols * R

HTAREFEK—FPRIRHEI»FP cresols 5 Xylenols £
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RAE 2% A% " WRIEESHET » 2EERMBELE HPLC £18
SBARPR S 0 FTihkot M RERAEP  cresols st xylenols
AR THRECKBERIITHERIEA

AHSZXBAY BEEPERIEEBEPZITIEAR -
FAEEE R A LTE » CABE S 7o KRR E zlE':%“"%l " %o B~ micro-
globulin *®J/&ZKEF®& > retinol binding protein (RBP) &
ERPTZ2EFS  (Total protein) * HFTREBY Zoh3gR Tk
BB T X N-L@ﬁ%%i*r%‘é‘ﬁé =5 (NAG activity) °©A
FE SRR EAE P NAC A —BERHBE  TREEAERE LTS
MEEER (46) ﬁ( NAG K%‘Pﬁiﬁii@%ﬁ%ﬁ%?%iﬁ'&ﬂ%ﬁﬁﬁCP
AMBLE  RAEP NAG AFEEREF SREEAB MR
SR AEEE T Boh o HEEMARE P EOAREKLISES
%8 (PC0.05) s R~ Pl ERHEEFELIEEFRS » 18H%,
XEFFLEAZRILKE (oxidative stress) =eF @ EAR
+ Py EEELE (47) o

SRR TF R B E T B ELRERECTE » 184 L3k 4 -
microglobulin ZEMRKETF S » HIHAKAFEL I REPIHE

FiEArZ B EZ > 7" Retinol binding protein ZIEEIELRE
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AESFIREH LA LB e LB s R A CE R ARAIESS A
BAARBDZIEN ) REFE— » QARSI H2ZHEHE
Pl FEAS TN E SR A 2RI o

RIS BRER T ZBERESHIGHT » T Aes o %
Trichloroacetic acid =REB (Fig 16) (L r=REBER S
1,1,1- trichloroethane X&) H TARMETE T K
B FREZ WA E G AR MY E 3B AR PRI

K& FATHRE ArBMY e it RITA LB ms

FRAXEZZARED Ei%%ﬁ&?k@?&*ﬁ%#ﬁ%%m
REE P450Ar'<i§1t@3’§: (cytochrome P450 monooxy-
genase) PTEILIKE o

BAT &L AMARL P450 BB FLALIRE 30 el b » &
BEA 10 BAAS MEEBETEELZ IMBRAEL
BARBMARSF  THRBALXEEREITHESRILRE (43)
TR BN T RIS TARBEEIF— P450 BH
BENE NERFFESERBEETH S -T2

TSNP L AR ERRFREEHRETHERSAF
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WMEREEDIRNYSE R ERAZBERE » L2 XA FIRS
ARBRIZ L0 HPIRAMBRLERR P B » Ex

RBIBEEPHR AT E RS R PR EIALE o

SRR P SRR LKA B 0 BAE ST ABH LA
AR TBREBLHE » HREERARRYIEE AR
IETBMIE  ERTIR LA SRR SRk B 7o

LEESTHRIAEXEL NADPH BEFATERBELPE

|

FTAR ETEBXBHEP > RTELMFRINEFIERYD

Be alcohol EExIps» HiEEFETIEEFDP Rigin £

jan]
o
e

1

|t

$7v&£fﬁ$&%%W%&% (Fig 14) © & T b=
FREXR LBPE IR Z Pé-150 BRSO FPAERR T AR
E ﬁTFﬁWEﬂ%i&*iﬁﬁé?%?ﬁ?ﬁq:7707\23'“1%‘%@ p—nitro-
phenol (& P450 BEEAEE P PAS0 341 LEBEEE 0 Tik
P450  3A1 RACBEFERBLELEEE (ary]  ring
hydroxylation) 7RZAK p-nitrocatechol (42 )o o=
RAIETEEZE p-nitrophenc] FEAFIKIniRBE T 4 @ik

BB AIPRIKRAKASE (Fig 14) AFPRINRBE =
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R PEABLIH 0 ERETE T TR A~
BEINRY  ATREVSOUETTREL_PRARETss
HERNARBZIABLER S8ripHit ERKARLRESD
FHIBFIPMTERLIRT > HFIFE—FHRAFR » LLTES
HIEISXpELS ) £ipiETEXEE o

EREBKBRIEZIESHY  EXHETEHX BRI

Ber 220 B2 R E Tk aE SR EHIR T AL SRR RE I B s
38 IE TH AR B 2k — o KBRS 215 F AL (46)

iR ERE DPAS) BEELFIRIER 0 PAS) EERAEN MR E

BP0 IEIEM RS EERFGE ST ERTEFTEYE ©

i

(47) EEMHAEAZ ASETAE— SR Rk fE » Eh
TRECZIER  HBREAGE (47)c AFATUREE
FRAMBMIAAS IR BT BRLTA  BREAE
SRR F AR THEPRRE B LA Eokiaiee
fé’s&ﬁmzagm@m@igm (Fig 19) » 122 %o &P 5 NADPH
EIBFE T TS P40 BILMBLEDEF  RIBE

BB BEPRIEEZFPERRET R BE NP EEE

TERIBREEREANZIAST » MHBR AT AR E  P450
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ERMRBEBEFPMELELZELEDEALRAIZET (46)
MARMFEREEZWRIGTME » BHIFE—~FRT (1)
PR Y% e Cytochrome P450 s 2 FHHEMRZTITE P E 332
FeE BB (2)E 5 5L (%o glutathione,GSH) &F
%;CP%H%H‘%%'%%QT&{EE ' ( BHIEBLS R &/FEE > X
%?—Eﬁéii‘x&;%%}%) (3) HemF#anxFET %?ﬁ’%‘igﬁﬁ
PRERZTHREBACIEE

FRBER A M DAL T EARKBRZ S 1 E2FFP X

WEEE AR H Ao B (A AU TE A 40 BR P 1L 2 e T 1R A A

MABEISFXHFAKRBBIFERNRREZIRT ©
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Table 1 .CS, # A AR REZFBEREMKET (Chaochol tube)
R e X EHEE (Passive Monitor) B E
(desorption efficiency: DE)

DE of ~ DE of

Solvent Concentration | Choachol Tube | Passive Monitor
(ppm) (%) (%)
Toluene . 1 92.3 93.2
10 92.8 94.8
50 - 93.4 96.7
100 _ 95.6 - 98.5
Xylene 1 ' 92.9 94.5
10 95.2 - 96.2
50 96.9 97.3
100 98.2 . 98.7
Ethyl 1 82.3 85.3
benzene 10 85.6 90.2
50 88.2. 92.3
100 89.5 93.4
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Absorbance of compounds

2.

2.

1.

1

.
.

-0.5

e Hippuric Acid )
- 3—methyl Hippuric Acid
oL « 2—Methyl Hippuric Acid -
v 2,3=Dimethyl Phenol
= p—Cresol
5 o -
O F

5 1§ i ¥

i 1} i i i i

LR

oF | — >

1 ! i I=I ] | 1

180 190 200 210 220 230 240 250 260 270 280
Wavelength of scanning

Figl. FER_FELERZ T REHZF I RREAH ©

AER A (Sigmaplot 4.1) # &AL #AH% »HE
LEERETRARIEZR  EBRAREZER 2R

”-io

Hippuric ‘acid: BAEK

3-methyl hippuric acid: 3-FEBAE
2-methyl hippuric acid: 2-FEBEAE
2,3-Dimethy! phenol: 2,3-=—F X &
p-cresol: ¥ &
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Absorbance of Compounds

2.0 T T 1 L 4 i i | !
° q—Cresol
» m-—Cresol
1.5 - s 3,5-Dmethyl Phenol ]
v Creatinine
o 4—Methyl Hippuric
1ok Acid -
| /\o ]
0.0 - -
-0.5 1 1 1 L 1 1 1 1 i

180 180 200 210 220 230 240 250 260 270 280
Wavelength of Scanning

Fig 2. FER=F ERE T REHZF 5 A o3
FRAR#EM AT 0 G EENREF R H

o-cresol: M FE%

m-cresol: MV &%

3,5-Dimethy!l phenol: 3,5-=—¥ X &
creatinine: MLEREF

4-methyl hippuric acid: 4~-FEXEEKEK
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(A) HPLC PEAK AFTER FILTRATION
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Total Ion Chromatogram
Retention Time Area Area % Ratio %
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Urinary Hippuric Acid (g/g Creatine)
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Urinary Methyl—Hippuric Acid (g/g Creatinine)
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Absorbance in UV Detection
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