BRESEABERRE LARST B REHR

(RIRE 2 A AR 28 TR S IR 5

REE ERHF BEX

By BABAIAREATESRZEAGADIE  FREHRERTEZIERTRE
AR iBS0ppm B HERAEMARAMELBA TR - AR HERFHE LT AAR
96A » BFEHAA -~ FRFHSSA 0 REALEARBERELET » 8KELE (S0ppmit
F)IZHAT ZRYBEABRREVH XA MAARN L EHELWIRE KRBT ESREH
BERREIHERET ETEXEELBIpmE > RPERBYTEAREHRERE
BMERGHIABLANER  BHRARERALT A THENAT HBARIEEFEAHREYT
R A g RABREARAREERE - BeF - & FRKEEA100ppmEF » £
BINIOSH#Z # 49 B R BB EAZ R & 2.5g/g CrBFARBAABA o (FE435 19975 16(2) :

109-118)

MetF @ kP BRB  INRERSHERRE -

i

Al

B CHEEZFEARIELN-4]
R LB ER RS SR T AZ@REE
WP - RN - R - BF - Hl
Pl EHMEARS]  BERSPERER
(hippuric acld B BAES TARBEFFEHE
Fil4E ZEIRIE 2 A Y E I HE B (biological expo-
sure index, BED)[6,7] ~ {BFR B IR IR 2 2
HEREZEE > RAREPRRKZ S
— S L B E Z R FFRIRE LK - OF
FHEBITRETE - HIMRKEBETIGEE
REBREWIRE > HEBZETAEK
W W RAERE KR BT REEE

HBighxEagBss

B A BEF

B ¢T BiFAXELEESH
W#-E 3% (02)822-1811

14 5 : (02)822-1942

A BH : 84F10A 188

B2 HM:85%12A108
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Sodium benzoate PA B EEIR UL ~ PRI Z B
BE%[8.0] - RV HEILIE R - BT
AR B8 2 AR LU AR - A BB RZ
AYMERITEEERAEA L2 HE - B XX
MR RBRIEAFRRBREFEZE
F#EE 50~ 800ppm[10] » MR FH R
BIRBELESOppm LA T I > sX 38 IR B KK
A T AR R ML o PR R IR B BRR B R N 3
ZoRRRENRYE  WUE-RBZE
P > AR ET hippuric acidfE 5 AR REEZ 41
i FHELE > ERETHE > THEREFEN
ZEARERIRMER > WHTARBNHE
BB KR 20ppm[9] » EILABIFE H BIEER
HEZEAERERRERERBREREZN
T > TARGERBRAB AR - RHEAE
BEDERIEEZ TR - RS A
ERIREREST R ITREER —&
AHEH > BERE - ZHE - Al BE
£ T Hd(Methyl Isobutyl Ketone > MIBK})» 7
“ BB T EButyl Cellosolve » BES) 73
% KB EREZTRIERBRZR T A#R
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BREME XY BEX H4n

BRIRH R ERFREERR > TR
NTAEARBERGFRTARREEZRRE
FRIERZ BHENETHE -

MRRGE

— - ARG

AgE (R EER hippuric acid 99%(3
B Sigma Co.) ; pyridine Mbenzene sulfonyl
chloride » GR #Z(#8E E Merck Co.) » FITRE
B R H Z hippuric acid %E%O.S%picﬁc acid
£0.75N NaOH }20.63%sodium phosphotung-
stic acid%0.03 N sulfuric acid5&#IE A§&IR+
WIBRET (creatinine) ° 5 LA —BifL ik ~ % -
THIR Rk HE - THER - FEET
B > GRAL(ER E Merck Co.) AT ER
TR AR 2 B .

A - AR RAHEEERT U-1100
(Hitachi Co.) 3 #TFR 1 2 J5 IR B& & PR 2 L
MREF - HRBRPZBBHBEAREZE > AR
B BRER SR UCEE - 22 HUE% > A B A Hita-
chi’A &) t i Z G-300058AH 4347 % K flame ion-
ization detector (FID) REHTEAE ] & W A
HfZ3M X 1/8" » 5% didecyl phthalate +5%
Bentone 34 > 80/100 54 @ 1T &5 B85 4
M ERIB =R AR -

= BREREAREND T

AWFRE R Z TR > HH&A80m X 50m >
BRAREGEAZERERS - KBBEME
P AEER - ZBE T T/ERFM B L4
THN+4ZETFURE=142 > PFKRER
toeE . A—YH > BRTIEASAR-BE—
BEANCEBZEMFIERRERKER
B FHEALEERSRI00MEREE M - w8
ZERE > BRA60~70 kg » FHZHEHE
BERPHE - ZHEK 2K, —XIT/EHh2zE
BEBRERERREL  FRFEZR LR
AN o REBERERIE 2 = KB L B REE,
AE > EREBEERAFENRAE RIERE
B o EITAMRREZ EilH22~25°C > M
HHRE H60~70% > JEAEE 0.2 m/sec~ 0.5

110

m/sec °

PA3M 3500% i A passive organic vapor
monitor%ﬁ%ﬁ%AEﬁﬁlfﬁﬁm/\d\ﬁ
ZRERE > RS RBEARER 2 BE
BE » 8— AT/ UM R EE > REESEE
EHETZREL -

REE > BREREBBERZEHELEDR
FANIOSH 150134347 [11] » WA EAR A 5
LR FERIY - FELAGC/FIDMEFTHT « &
MBITRMWT - A DR E225°C > B
BIREE90°C » ARBIBFIEE225°C > MR A
AR > WA 15ml/ min °

= RBRZ R

ERBYFE > WEREZHET > 4
FEHGEEANR40Z HRBRARHMELA
B2 R RBAZ IRBEE > EEARZ
WA EHEBEER G RRLFAZE - R
ERME—RTLH=MRE > B LEFTHE
Fil(7:45 AM) ~ HF4FFEH(1:00 PM) ~ X T HE
All(4:30 PM) o JRIBWES > SLEPEA10°CZ
KAEH R > HHERERE T -
M T AR UUNIOSH 83002 fikHIE[12,
13] > LA benzene sulfonyl chloride X pyridine
BIRPERBRELZORE > KZEFIER
FE#% » LR 410 nmZMAT © 5 5hif BAFolin-
Wu method[14]BIE R BREFRE > LAR
BATNRE TSRS 2 8/ g Cr)ER
)

s Bt AR

S Ft-test SrTH R IE » RRA KK
RBAZEKERBER T2 EBERRELE
THREHAR > e TARFZERBEBE
REFEEZER -

= R

ERRBEER P A BB SRS
B SRBEASERBFEEERRER
o> HA AR R (toluene) IR EE 5 B i Hokky
“H % (xylene) * L& (ethylbenzen&) ~ P
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(acetone) * #(benzene) ° FIRE /Al 1,40+
1.04 ppm > 1.31+0.85 ppm > 1.02+0.68
ppm > 0.59+0.34 ppmBIHER (IR —) - &
MABBABMARKER > BN TARE
REEHESE 1 - ROBHTARE
N Z ZRBIRERZRBREESE > 8R40
ANZH 17N (42.5%) BRBERBRE /DR
1.0ppm » 13A (32.5%) FRZRBREN N1
~5.0 ppm > HECFH{E%3.93+5.75 ppm °
KA F-H{E R 51.66 X +3.69 ppm °

PRI Z B PR IR BESL 3 Hro74 Rk 4 > &
ERFBHI120E R FERBHIS4ERE - K

BRESETRERZEIARTEREHFR

RBEAZ LIEET - P KT HRRAL40
18 5 FEREAKRRARE A 25218 > 5218
Rsoffitk A - 2REAZ KRB FHRES
0.44+0.28g/g Cr. » X RBHAR 039+
0.31g/g Cr. » &S 0.53+0.29g/g Cr. »
MAIREZ ZRES FEE/KEP=0.0001)
(&= -

A BT ~ PR TF R R R IR IR
REXRE > FEBRACEH=AREZTHR
B R 0.38g/g Cr.fch > TIRBRARISFIZ
0.49+0.26g/g Cr. * 0.56+0.32 g/g Cr.% 0.55
+0.30g/g Cr. > FFZHEANBIERBRIRE
EFEE - URBHEMFRBHZRELL
B, FHMZREZREREHE KE

F— LB E RPN B R AR (P=0.083) ; T 4 K T HERFIRE Z R ER
Z P MR E GRBERME) w1 B /K #(P=0.008 & P=0.0057) °

(HLfiE : ppm) MBRBATANBEARERRRERES
B4 » 4R <1ppm * 1.1~5.0ppm *
& M BAW R (meantSD) 5.1~10.0ppm > 10ppm » BIPI41Z B RAT
E’_H.Eﬁf 6 1'§Ofé'04 HWRE 4 HI£0.45+0.28g/g Cr.~ 0.53+
= ia g }'oélo'gg 0.25g/¢ Cr.* 0.70%0.30g/g Cr. % 0.66+
Z j‘: 6 0:59;0:34 0.33g/g Cr. > %%ﬁﬁ;ﬁ%ﬁﬁ%ﬂ%g
(0.39+0.31 g/g Cr.) WWEHR - BRTH—4A

A= ARERRFAZBAIENDEEHTERERAE (BARE)

ZFAR ZE R R R R B IRE (ppm)

(ppm) N B8+ AR R = LA P8 x /- 1ERE(R 2=
H%=1.0 17 0.52+0.19 0.48 X /+1.47
LI=H%E=50 13 2.18+1.01 1.97 X /+1.59
51=HF%=10.0 5 6.77%0.73 6.73 % /+1.12
F%>10.0 5 17.26 £5.82 16.47 X /+1.41
) i 40 3.93%5.75 1.66 X /+3.69

Az AHREFNBRBELFREERRAIMHEHMZA T HEABREE
? Al A B R B ® E(ggCr)
I g T F Total
2 HF A 40 0.49+0.26* 0.56+0.32 0.55%0.30 0.53+0.29
FREH 52 0.38+0.30 0.38+0.20 0.38+0.28 0.39+0.31
p-value 0.38 0.0008 0.0057 <£°0001

* AFRFIE L RRE

p-value RESBARFBEBARAMZ G
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PR BFERF BEX HEE

£P=0.001 * P=0.0001 * P=0.0001)(Z&M) -
M PR BRBAFRARREREEZES

(Slppm) BASHKF LEHEERZH
(P=0.105) » HEp =4 EEE R /KEGD A

A- CS,
B- acetone
C- benzene

D- toluene
E- MIBK

5.406 D)

F- ethylbenzene
G- 'p-xylene

H- m-xylene

2.546 B)

I- o-xylene

3

1.893 (&)

—
r———’
—5.060 ®

3.233 «

&
o
=)
o
o0
!\
B (5)

H— IAMARREZERBERENDHIRELRE

v 5 TARH HIER R R R AR AR R TR 6T B R BRRE

PERERE Ko K IR B R E (g/gCr)

(ppm) BA¥ L & B F T F  FHE+EEESRN~EKE

<1.0 52 0.38+0.29* 0.38%+0.20 0.38+0,28 0.39+0.31 0.10~1.90

(FRFEA)

=1.0 17 0.47x0.25 0.48%+0.37 0.39%£0.20 0.45+0.28 0.16—1.83
(p=0.25) (p=0.15) (p=0.85) (P=0.105)

1.1—- 5.0 13 047+0.33 0.55+0.22 0.56+0.22 0.53+£0.25 0.21—1.46
(p=0.349)  (p=0.005) (p=0.03) (P=0.001)

5.1~10.0 5 0.53%£0.19 0.77+0.26 0.80%+0.39 0.70£0.30 0.25~1.46
(p=0.263) (p=0.0001) (p=0.003) (P=0.0001)

>10.0 5 0.51+0.24 0.68+0.35 0.77£0.37 0.66+0.33 0.31—1.34
(p=0355 (p=0.004  (p=0004)  (P=0.0001)

* ARPIYE L HRgEE

ok BRABE (a) X3

pERELZERFRERBABZIRTERBRIBERFERBAANBE LS - PE R TSRS

t-test 5T
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eAsr4 - EBERTR P S RBIRE & R EA
HAYERERBHZRE > BEYREHEE
=B S MEBRPE=<ppmZ ZHEH - EF
FRTFZRPEREBIRERIEZREHA LR
REHEEREP>0.05) - HEERBNHERE
REER 1ppmPl B2 » EiRE TS T

BERESETFRBRNREIARTEREHE

B> IRFGIRBRIREHEFBRBEATFRTH
HZRELE YRR EEHEKEP<
0.05) »

B2~ @4 Al R R EAZ FRREER
TR RBIRET LIIRT - PFRTHRZH
RE > RERRZFREA T YR > h 4>

12

08 |

hippuric acid(g/g Cr.)

06 |

¥=00.475+0.003x

(N=39, R=0.06, P=0.71)

04 |

84,742
.
S

$
-

02 | ¢ .

0 S 10

—_—

jes)

1 20 25 30
toluene?ppm)

EMTATERBREEREB AN TERE LR W4

hippuric acid(g/g Cr.)

Y=0.569+0.0149X (N=41, R=0.27, P=0.09)

0 5 10

20 25 30

B=

5
toluene{ppm)

HEFETBERBREEREDIANNETEREREZIME
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BRXE THEY BEX HHE

hippuric acid(g/g Cr.)

* Y=0.446+0.216X (N=40, R=0.51,

P=0.0007)

*

0 5 10

Kolu:n]éppm)

20 25 30

Bvw HE#ATHBERBEEREEDIANIETERERLEZ MAZ

EHEAET . SRR ARG REY =
0.446+0.0216X * Y=0.569+0.0149X - Y =
0.475+0.003X (YARTERRIRE - B A
g/g Cr.> XBZRFHRERE - B Sppm)
Mfppmz ZRFRREE (X) FEEEE
ZIRH SRR (Y) £50.0216g/g Cr. ~ 0.0149g/
g Cr. ~ 0.003g/g CrHBUREIR 2B AK/PIE
FEIBES] > RiE RAELE T PERF 2 AH AR Boz
BEBEFKE =0.511,P<0.01) °

TEM TR S - RBEAT A420RE
A B R IR B {E(TWA) Ippm BATF » 34% T
A#FER 1 ~5ppm > #24% R FEHR 5ppm
E o

HOw®
W5 5 o BB PR B O 7 R B R 15-

17] ~ BB Y65 (ultraviolet
spectrophotometry) [18,19] ~ X = % BE i AH @
B [20-26] B RAHEMTIE [27) - (H BRI ERLN
/1 NIOSH 830034 & 1ERUET %5 > MITHk
BRAEEE ~ PRIE - ETEAB T PRy
%o

M4 SRR FC #passive sampler X charcoal

tube active samplerZ FLEZRFFE » passive sam-

114

plerfliE (AT BER A BEH charcoal tube active
samplerBl5E{H ° Robert[28] 7 BT H A
FEBMERIER > Mthlbenzene B EE M
B - 55R3M 35008 E A BB IRER S 2 BE
{E B85 12 charcoal tube active sampler ° {H
RJohn et al. 29JFRUBRGRELE R >
b AL =4 > SRR AR 5530 > 4878
¥} o il L charcoal tube active sampler$ll & {&
WEEME > UREERE  FR=HZ charcoal
tube active samplerF-¥{E 24 20ppm - MMipas-
sive samplerl| %€ {82 95% CIRI 4l £ 23.2~
28.6 > 16.6~22.4%19.0~24.6 » HH—4K
TIB 25 =1l © RobertPAbenzenefHF % » AT
HRE BRI > &RBUR3M 35008 )
precision tcharcoal tube active samplerf£( 2.5
%vs 3.7% ) o BAh > DL EBTF I — B sty
fEpassive sampler Z % #precision Raccuracy
HFEUS/NIOSHFTRT & B T He Z H (£ 25
%) o

EA3M 35008 BB R AR IE BRI IR
B B A breakthrough > back diffusion °
humidity & temperature effect » concentration
effect > competiting solvent?s > FIRobert Pris-

tas #1¥3M 35007 Fbenzenefil T— £ %I 52 %
ZHFR  BRBERE > Robertff B £fex-
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posure 1.06ppm benzene & 4hrZ badgesi i
W —HmE > 5 —HEREREzero
gradeZ ZE5R. (< 1ppm total hydrocarbon) Z4
hr o &R M4 Brecovery ratiod Bl E95.3% &
93.5% » ESat LBFEZER - FEpassive sam-
pler X charcoal tube active samplerZ HIRBF 5T
> Plchallenge conc.£€0.05~8.4ppmZ & 5
T > W& Hgenerated gasZ ZER/HIRE-
5.4%vs -2.3% o TAEHERE A Z2.5%vs 3.7% °
passive sampler/% 1] Fcharcoal tube active sam-
picrﬁ*%ﬁg_t@1i °

Z A BreakthroughMIf& » RobertZ full-shift
evaluationfI B R R BRI 58 /N » HE
WEZZERPRE - ZHRRE > FEARER
BE70% LA T+ W% Z{%PEL > BI300ppm<Z
WE « MABF Z 2 FbH¥ - ZHER
B FHE0ppm LT > BULF Fbreak-
throughZ FIE - SN BB FHEHIRE -
Robertll lppm benzene X4.5~9ppmZ
toluene > ethylbenzene&xylenez—:‘.ﬁisomerf@
SHB > &#HR3M 35008 charcoal tube active
samplerZ recovery 737l J£96.3%£298.9% ° Lt
B FE U E R 2 o

EERBERTRERESZ VR > €1
TARPRERERENERBRIRE ? 205K
BE > LERKE > EREATAREER
TR BRI 1ppmFF > BR P PR BRI BE B B JF
REHZEZREGH EWEEEER > AN
IR EER H S RRIREME Z HIR 2 5B
BE—REES - BR > mRes TEFKRS
BRBZIFLZERLE  mAEH - KR
ERE  ARATRERLAERARBEAZ
Hed AT R A 8 10ppm
ERAERAN > BRYERBFHRELRAE
TR L P 2 2 R R BE A D o LR P IR SR R R
ERENFT - HEETREER — AFTE
B¥% > 55— ANRAEsidril I JEZE - (WA Z
ERBRBESEHAZRERE  EHURE
P HE K -

DUG PRER A B R 3R R R I - 3
REHZ BRBIRELE LYERT - FF RT3
R+ 1RE > IREZLR/D > REHA

sREERTEE 1997, Vol.16, No.2

ERESEARENRETARTEREFER

AR ERRETRT > B2/ R
BR > HPFrEANK LA - #£8
BREEMUSE > BERPERE ppmll T
> HRRRBERMERBRHMEET
i RAEFPERBREER 1ppmbF > H
FEBRRTERBZEBEEBENAL - ®
E R A K AT AR EMEEFEK
B o RZ > BiBlppmZ ARIRIKEE RBRE
25 o i R P 3 R T 2 BRLBR o G PR B TR B
MK > FF > RBAY CHATBREBRE
NEERBHELE > BWPRZRBTHEE
RABEEZBE - IFE - RELB 16/DFFL
158 Sl S R R AR R SR B A AR AR T
TR -

WY E) 18 RSO #E - BRMHE
M SRREE T BERFE R B RS - MAE AR
LTHREBRBRIRE (BRUREZERR
mgB)YERZRTHEFREXZHRESR
Y=0.446+0.0216X2KFE > B lppmZ FHE R
H21.6mg/g Cr.Z BIRE » B SCRKRTENTR e
B2 3 100% A B IR » HEREaas
PR P E P R ([30,31] - — B
Fibenzoyl glucuronide » K& —#R43 LA R B
FRERNEREERE - HECURSRE - B
AZ BEH 200155 Z WP RIEH B85 -
A8 Z EB45180%% B Benzyl alcohol » FH
ZYIE80% B UG R [32-34] » 554h20%
F BBenzoyl glucuronide > FEIHIRA 2 F#EHE
H64%BMBRE - M FE LT LAER A
R > REALE LHAKRBRIRERRER
BAZIFE - 2FABAZ B RS MK
RIS R ST A R 2 [35] -

DA b3l > B R IR A BLIR i S R A A A
HARFZHEL21.6mg/g Crppm®E » &
28 SR P 2R TR 5 100ppm FF > AR ELIE R
KFEIRFPBIRE S 2.6 g/g Cr. > BOgata et
A NBERSERZ 2.5 g/g Cr.[36] - AIAEE
B > AT DMER ZE B RSS LA AR
Rz ZEERBESRE > MEVIENAH
BREMETEZEY o IREIEZEE TR -
BREREZEAERABIESRE i
ZIRPERBRETIVIE L HRRBEZEY
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BREHE TEHF BHEX HEHE

IR -

AHEUBRSAEREHNZBREAERHER
MEZERBHERE  —HERZEFE R
il - XZIRERBZT » IR BIREBAIE
BRXRBZEYRIE - BN —RKp TR
R TR > MR P BT B RBR R
EZ EF > A TAES R Z SRERAE R HIE
HEERETRE o b - EEEERIEHE
BRBEZEERET > H#RRRESHA1ppm
W > PR o B PRIR BN T 7 22 85 40 B JF R R AL 1)
EHAF LAEENER > EREMNHFEN
T UTFHRIRPEIRBRZIREFEABRER
Fe2 TR EEE > RELL RS A B LUB R
BAfRERE - HHERES100ppmFF > RE
NIOSHE M B IRRIREEES 2.5¢/¢ Cr.
JERI BB A RBIA -
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BREE BHF BEX HEE

THE URINARY HIPPURIC ACID OF WORKERS EXPOSED TO THE
LOW LEVEL AND MULTIPLE ORGANIC SOLVENTS

MEI-LIEN CHEN, I-FANG Mao, Y1-WEN Lo,
MING-SHUNG UANG

Urinary hippuric acid is a widely used
BEI (Biological Exposure Index) for workers
exposed to toluene, and it is recommended to
use the marker based on population who ex-
pose to toluene concentration over 50 ppm.
To evaluate the reliability of hippuric acid as
a bioindicator for toluene concentration in work-
place below 50 ppm accompanied with other
solvents exposure, 96 subjects, including 41
subjects in exposure group and 55 subjects in
non-exposure group, were examined. Results

indicate that urinary hippuric acid is signifi-

cantly different between exposure group and
non-exposure group. Under this condition, we
recommend that using hippuric acid as a bio-
indicator for toluene exposure should base on
group observation and elucidation. It shows
that the U.S. NISOH recommended BEI val-
ue (2.5g/g Cr.) of hippuric acid for toluene
exposure worker also meets the requirement
of workers, who expose to 100ppm of tolu-
ene, of the Republic of China. (Chin J Public
Health. (Taipei): 1997; 16(2): 109-118)

Key words: Urinary hippuric acid, Low level and mix organic solvents exposure.
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