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Development of Physiologically Based Pharmacokinetic Model
for Several Volatile Organic Compounds

Jae-Yeon Jang, Kyung Jong Lee, Ho Keun Chung

Department of Occupational and Environmental Medicine, School of Medicine, Ajou University

Recently physiologically based pharmacokinetic(PB-PK) model has important role in
industrial and environmental health. One of problem in application of PB-PK models is
that they have uncertainties that is due to different input parameters according to
‘authors. In order to develope a PB-PK model that has good validity, the effect of several
input parameters on simulation results was studied. Chemicals studied were perchloroeth-
ylene, toluene and styrene. Simulation of alveolar concentration, blood concentration and
urinary metabolites was performed for three solvents, respectively. Input parameters dis-
cussed were physiological parameters, metabolic parameters and partition coefficient of
chemicals. By comparing simulation results according to several pairs of parameters with
experimental data, input parameters that showed best fit were decided.

Key Words : Physiologically based pharmacokinetic(PB-PK) model, Toluene, Styrene,
Perchloroethylene
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2 33 mdo] AEso] AHEE grh I F
M= A 718E §F FEEYE 24 (Physio-
logically based pharmacokinetic model: ©]%
PB-PK 2d)& AAE 3, A%, =4, ALz
F3 ol A4 YA e HRTHQ] J|ReR
ER8ln 24 719gte) 24829 olF 4 74 7#e
A9 Algte] wE BB FEN Eve 9%
ANE & e AL 7K o A 2d Fo
Nz 744 ded Rdelth, PB-PKEYES S4ER
9] Zg Fx 9 At B Ao R &3,
A 2, A% Z29 P¥E AR Ui 4
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AER QY Z29 20 & Jg ¥ =E
Bopo] #8E F sl Wolg ¥ & Ut
(Figerova-Begerova, 1990). °ld ulg} vj=g]
ACGIHIIM = A& Z2X] X (Biological expo-
sure index; BEDE& A3 ul 2 7|&Eake] 44,
AEYH Age AHA7], 9% viXe KUY
5 RE Hopd 43 PB-PK 29L& vl #8317
AEE 3 U (ACGIH, 1995; Droz, 1993;
Leung, 1992). =3t 3o A &4, ol
AL, B¥e dEE A7, eHEA YA A 9
gl gPE AF R s PrH(Risk Assess-
ment) FAAMEZ o] Edo] €7 ol&Hm ot
(Andersen® Krishnan, 1994; Frederick,
1993; Goyal &, 1992; Paustenbach, 1990;
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1993b), =E]#¥ (Andersen® Ramsey, 1983;
Csanady %, 1994; Filser %, 1993; Lofet
Johanson., 1993; Paterson® Mackay, 1986;
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2 FA|mde| 7l2z

€ PB-PKEH S| 718722 392 (Droz, 1986)

549839 YA liver compartmentollAgt o
€ A7eME Fig. 19 2] 77 compartment $oIXe Ro2 7F8UT. Drozs thEEe] 7

Calv
Cexp - Alveolar -
Q, Cv Lung Q. Ca
™ Vlu, Ctlu
Vf, Ctf
Cvm Muscle ~ Qm
Vm, Ctm ‘
Cvb Brain Qb
Vb, Ctb
Cvk Kldney Qk
Vk, Ctk ‘
[ |1
Cvo Others Qo
Vo, Cto
Cvl Liver - Ql
Vi, Ctl
Vmax
Km

Metabolite2 - Metabolite

Fig, 1. Structure of PB-PK model(Ca, arterial concentration; Cv,
venous concentraion; Q, blood flow; Cexp, exposure concen-
tration; Calv, alveolar concentration; V, tissue volume; Ct,
concentration in tissue)
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0.347 h', 0.173 h'e& 3} Jang® Droz,
1997).

=F AgoleElde 170 cm, 70 kgl HFAH L]
AL 24733¢) 1.8 g& w3l Aoz don
o] wjdge AL A§ A (body volume) ol
vlgsle ez Yok AV 98 A5
ZFA A€ Vmax, Z#oleld sjd @} Zo] A4
A7)e} ¥R RE WFe 2d mE ALEES
3l Al ALEERT. EE d7odEd 2 2
AEd e EFde tAERRl hippuric acidg
ALt A AAAHAY background kel
fe Aoz A, 7l Z2HA ¥L AF
9] =% hippuric acid®] B3#& 0.5 g/g crea-
tinine$! 2.2 7FF3ch

4. 2goff 2JEt F=H|

2 FAH dad AL FAAAS v
g A AYAEE (experimental data)ol thy-2

AR =2l APARNA A A F(field study) <1
A& AW, FEREY AJYAEGEOW) 2 i
BAIZHY, FF 40413 E2Fe AYew dqr
35 Folle oA A Z29) oF 4A3L 7 A}
olef] 1A17ke] A4lo & AF FAARM] e Ao
2 /M8 E2%Es TLVY d3de =2
slgich FAYAEe] AAMEAL JFAF 170 cm,
HAAF 70 kg2 AATH THHA Z2f o
FIgE Be AL ueldld 9 znoz 5FEL
o] £28 FAstn 57R9 € FAZEH imu-
lation results) 2 3lch

vng A4 dPAsze AL F8 TLV
Fsle ZY 87 %= (perchloroethylene, tolu-
ene, styrene E5 50ppm)d] £2¥ o velfe
371% R 8F f718A9 559 =5 tiAEY
FEE T REE o] &3k

6. &% =glol &3

Table 1, Physiological parameters used by several authors for PB-PK modeling

Physiological Droz Johanson Koizumi Opdam ~ Perbellini ~ Sato  Andersen  Yang &  Kumagai & Geometric

parameters 1986 1991 1989 & Smolders et al, etal. etal  Andersen Matsunage mean
1987 1986 1991 1987 1994 1995

Tissue volume (L)

Lung 0.46 2.00 0.50 1.00

Fat 15,43 14.50 13.65 12.80 11.50 1477  14.00 16.17 10.43 13.58

Liver 2.97 1.50 1.82 373 170 1.61 2,80 2.20 L75 2.13

Muscle 3490 16,50 36,68 37.40 36,30  20.05 43.40 43.47 34.37 33.56

Rapid perfused 2.09 2.10 217 2.21 7.10 2.10 3.50 2.60 4.69 2.87

brain 1.30 1.43

kidney 0.27 0.28 0.28

others 0.52 0.50

Blood flow (L/min)

Fat 0.34 0.25 0.32 0.30 0.28 0.31 0.38 0.29 0.29 0.31

Liver 1.54 1.60 1.55 1.53 1.56 0.40 1.07 .39 1.40 1.25

Muscle 1.15 0.50 1.04 113 0.99 0.66 0.51 1.10 1.23 0.88

Rapid perfused 344 2,10 3,05 2,53 3.47 2.20 2.30 3.02 2,92 2.74

brain 0.74 0.79

kidney 1.22 125 117

others 1.48 0.49

Cardiac output

at rest (|/min) 6.47 5.75 6.53 6.30 5.79 4,21 5,80 5,84 5,80

Alveolar

ventilation(I/min ~ 5.18 6.00 444 6.00 519 423 5.80 5.39 5,31
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7189 o8 A3AE°] PB-PKRY] o] &3 A
2133 W43k (physiological parameter), 2t
compartmentol] W& 3}eEH] A3k (tis-
sue-gas partition coefficient), iAle}l #AEEL
B3k (metabolic parameter) % 371A &99
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o] o]& U/ Ao|2 AF FAZT}e] o]
& EN3ta, AA HYAREFH] Ao|E v|mEIA
ot zelam AA dExtEs g A $AAH
€ YeEle d¥usEs 43 JHede &
Far) A% =08 EA3Th

ATHI Y DY
1. 71& oM o|SE elxepitel vin

PB-PK 2dd] {8 A4EL 1 T/ %
ot A Aeekd AFET dAke gl ¥
E 2 A7 Ay ddd AFER UE F
Atk Table 12 Aejdtd H4EA 2 compart-
ment?] €7 2 IFFH FAHA A4 AxAE
o] AHE-# #EE YER Aot} °lF FE AR
olc}h by i@ e Holue Yo RFE JE
Adatie ARE Hxg #E Bolial sk oRe
olF gto] MFE FLY dFAFH(Davist
Mapleson, 1981; Cowles &, 1971)°] 7|k =
I 73R AL 71915 WELR ALEd.

Table 2& o8] A7AEd 23] ALE tirbe}
#HE AFEY ;& Jebd Aol Table 3& =

Table 2, Metabolic parameters of several solvents used by several authors for PB-PK modeling

Solvents Vmax (mg/min) Km {mg/l) Reference
Perchloroethylene 0.06 0.30 Ward et al., 1988
0.17 1.00 Koizumi, 1989
0.01 0.019 Dallas et al., 1994 (a)
Toluene 0.96 0.36 Borm, 1988
1.57 0.55 Tardif et al., 1993
2.45 0.30 Purcell et al., 1990
Styrene 2.73 0.36 Ramsey & Andersen, 1984
Leung, 1992
2.40 0.36 Hetrick et al., 1991
5,03 1.04 Lof & Johanson, 1993

Table 8, Tissue-gas partition coefficients of several solvents used by several authors for PB-PK modeling

Solvents Blood Lung Other Brain Muscle Fat Kidney Liver Reference
Perchloro- 14.0 14 38 '59 29 1455 30 54 Droz et al., 1989
ethylene 19.8 49 59 87 59 3020 88 104 Dallas et al., 1994(a)
11.6 70 1450 59 61 Gearhart et al., 1993
13.1 Sato & Nakajima, 1979
16.0 16 31 44 23 1027 23 40 Droz et al., 1989
Tol 15.6 48 34 1213 48 Tardif et al., 1993
oMene 180 1021 84  Purcell et al., 1990
15.6 Sato & Nakajima, 1979
59.0 59 112 170 84 4104 86 154 Droz et al., 1989
St 48,0 70 135 135 94 4500 135 130 1o & Johanson, 1993
YIene 48,0 125 125 94 4502 125 130  Csanady et al, 1994
228 228 40 2000 228 108 Hetrick et al., 1991

— 361 —



Table 4, Tissue-gas partition coefficients and metabolic parameters of several solvents for PB-PK mod-

eling in this study (for Table 5~Table 7)

Solvents Model . ',.[‘issue-ga.s. Metabolic
partition coefficients parameters
Perchlorethylene ---------- Model 1 Dallas et al,, 1994(a) Dallas et al., 1994(a)
Model 2 Dallas et al., 1994(a) Koizumi, 1989
Model 3 Dallas et al., 1994(a) Ward et al., 1988
Model 4 Droz et al., 1989 Dallas et al., 1994(a)
Model 5 Droz et al., 1989 Koizumi, 1989
Model 6 Droz et al., 1989 Ward et al., 1988
Toluene +-+-cverrrerererens Model 1 Droz et al., 1989 Borm & Barbanson, 1988
Model 2 Droz et al., 1989 Tardif et al., 1993
Model 3 Droz et al., 1989 Purcell et al., 1990
Styrene «----crereerieeeens Model 1 Droz et al., 1989 Ramsey & Andersen, 1984
Model 2 Droz et al., 1989 Lof & Johanson, 1993
Model 3 Hetrick et al., 1991 Ramsey & Andersen, 1984
Model 4 Hetrick et al., 1991 Lof & Johanson, 1993

Alid 2HERE9 7 compartmentol] it
AFE Vel Aotk HEzzodye FH-
Vmaxe] ol ZAE 17919 zlo|7F Ys] Kme)
ASol= o 5uje] Zol7} vm ek EF<lY A
Fol= Vmax®| go] o 2,58, Kme2| %ol <F
1.84}9] Ato]7} v Uk,

269 7 %9+ Ramsey® Andersen,
Leung % Hetrick 52 EddAe ¥3 s
XHolz Qleovt Life} Johanson®] 2L old]
g Vmax® #tol Hi < 28], Kme| gto] < 3u)
9] Ael7t vaL Aok EujAFe e HER
Z2ogle] 53] fat compartmentolx] & Aolr}
Yxn gled Dallas$e =2ddAe 3020,
Gearhartge Bdolre 145022 oF 2u)e] x}o]
€ Holi vt EFe] Afoe AdHez v
<3 BulASFe] HES Roln ok Lung com-
partment® 7§ Droz%e REddAE 16,
Purcell'52 Bdolre 482 < 3uje] xjolr}
A o] compartmentt I 77} AA AAF
AR B M]Eo] wig wr] wRo] Al slejA
FAR L] AolE HolA] @A o, el AH$
ol Droz%, 1of9} Johanson, Csnadyse 2d
2 H& Ao HriEn Hetrick$e myuho]
fat compartment® E8|AlF7F 200022 &

EdE5 & Ajol& Heolx Jith

2. EHAIS W CHAIREpS
Ante| Kol

FARIE 4o BE HMFEY 7 Aol 23
o2 e HolA "k Y gutzdez Aeg
H HeEQ 7 A7d 43 9 5% g a7
Aol W& Apelz} FHm FAAI Y JF= A
T gHErEZe] A 2 dAlet #EE HSEd
Hj3) Jddez e Aoz duiA ok =3 7
4242 713 SHdAE gE HyE)
2l3] Aol compartmentoll g EujASGd] €
3 f4A BAel B & Aok wElA A4 A
HEES @& Droz(1986) ¢ 23] AAE & A}
B3 £ = k] HArdd /g A2
Edo] ghgolxl o|F Ae]da Wge] Alold] u}p
& FAEIA] v nE AAET.

o] e W&ol ZAsY 7 el sl oy

FRE 93 AAE BuALED gAEE A
?3}-1— (Table 4), ZtZe] =3E& o83

£ T AAl dg9Ase vad A&
Table 5~Table 7o) VERT), FHoll 71&E W
ol AT YA WG] Aolo) o)j FAIA e
ate] A HH FP=E AT HA =2de FAARY

9| xfoloi] 2[5 F=A
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A vime] Hol& A3 2L ol YT
Table 5& HE22YA e FAT Ao}, ¥
F HE22dedn w3 HEReddde RE
BdA Blxd FE o3 jlen 53] e #f
ATE AH8E ZBeole A% MEE 3e 2ol 3
o}t Vmax$ Kme Edvritt 1 307} Follx &
TR FAAFANNE 28] AA] B Aojg B
2 Yol R Aoz HAM Y kF A}
EZ(TCA)S %9 AFole Vmax® Kmel =t
E Aol§ Hole A2E YRl DallasFol A

4% A4ghel % 2dle] Aue AYFEA 8.0
mg/g creatinine =¥ 7.8 mg/g creatinineo.2
AP 7.2-9.7 mg/g creatinine® B]$£F WY
€ Rgoy Koizumigl gol 2% FAXE Zz
125.3 mg/g creatinine =+ 118.0 mg/g creati-
nine, Ward%e gl 2@ A= 42z 47.4
mg/g creatinine =& 45.5 mg/g creatinine 2. &
A APAAe} & Aolg BJh o9} 2L Y
< HE22AEAL A & HA] ga wepd F
2 3% 28 widsde B39 A #o] gt

Table 5, Comparison of simulation results of the several PB-PK models with data obtained in workers

for perchloroethylene. *

Biological Model
in dicitors Measured Reference
1 2 3 4 5 6 Modified® Best fit’

Calv0 (ppm)2 30 27 29 30 271 29 30 30 23 Monster, 1986
Calvl5(ppm)® 15 11 13 12 9 11 13 11 9.5 Droz, 1984

8.0 Monster, 1986

10.0 ACGIH, 1995

9.5 DFG, 1991
CvenO(mg/D¢ 47 44 46 35 3.3 34 3.5 3.1 2.3 Monster, 1986
Cvenl5(mg/Dd 2.0 1.6 1.9 1.2 0.9 11 1.2 0.9 1.0 Lawery et al., 1983

Cum0 (mg/g 8.0 125.3 47.4 7.8 118.0 45.5
creatinine)®
Cuml5 (M8/g ¢ o 1030 474 7.8 110.1 44.8
creatinine)f
Cumbd me/8 7o 1140 474 7.8 89.8 42.4
creatinine)®

1.0 ACGIH, 1995
1.0 DFG, 1991

7.8 8.0 9,7 Monster, 1986
7.2 Droz, 1984
7.0(mg/) ACGIH, 1995
7.8 6.8 -
7.8 4.8 4,9 Monster, 1986

* the alveolar perchloroethylene concentration 0.5 hour postexposure

* the alveclar perchloroethylene concentration 15 hours postexposure

¢ the venous blood perchloroethylene concentration 0.5 hour postexposure

¢ the venous blood perchloroethylene concentration 15 hours postexposure

° the concentration of trichloroacetic acid in urine at the end of the shift

" the concentration of trichloroacetic acid in urine 15 hours postexposure

* the concentration of trichloroacetic acid in urine 64 hours postexposure

' Results of simulation with mean values of physiological parameters reported by several authors
? Results of simulation with modified metabolic and physiological parameters for best fit

* Occupational exposure to 50ppm perchloroethylene: 8 hours/day with 1 hour break, 5 days/week
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Table 6, Comparison of simulation results of the several PB-PK models with data obtained in workers

for toluene*

Biological Model
I 13'og;ca Measured Reference
indicators 1 2 3 Modified  Best fit’
Calv0 (ppm)? 11.6 8.7 6.5 8.6 6.9 3.5 Apostoli et al., 1982
7.3 Campbell et al., 1987
7.9 Droz et al., 1987
23 Brugnone et, al., 1986
Calv15{ppm)® 2.3 2.0 1.6 2.2 1.4 0.7 Campbell et al., 1987
1.0 Brugnone et al., 1986
1.4 Droz et al., 1987
Cven0{mg/l)°¢ 1.26 1.04 0.8 1.00 0.88 0.60 Apostoli et al., 1982
0.55 Nise et al., 1989
0.98 Campbell et al., 1987
0.74 Foo et al,, 1988
0.54 Ogata et al., 1970
Cvenl5(mg/H¢ 0.14 012 0.10 0.14 0.09 0.07 Nise et al., 1989
0.03 Brugnone et al., 1986
CumO(g/g 1.08 123 1.38 1.25 1.39 1.8 De Rosa et al., 1985
creatinine)® 1.5 De Rosa et al., 1987
1.4 Ogata & Taguchi, 1988
1.7 Foo et al., 1991
1.0 Campbell et al., 1987
Cuml5(g/g creatinine)f 0.72 0.71 0.71 0.70 0.72 - -

* the alveolar toluene concentration 0.5 hour postexposure

® the alveolar toluene concentration 15 hours postexposure

* the venous blood toluene concentration 0.5 hour postexposure

¢ the venous blood toluene concentration 15 hours postexposure

* the concentration of hippuric acid in urine at the end of the shift

 the concentration of hippuric acid in urine 15 hours postexposure

! Results of simulation with mean values of physiological parameters reported by several authors
* Results of simulation with modified metabolic and physiological parameters for best fit

* Occupational exposure to 50ppm toluene: 8 hours/day with 1 hour break, 5 days/week

Z Table 2914 & # UKol HEZZ LA
Vmaxe ATA] @) 0,014 0,17 mg/mine.
2 17y ze)7k UAIYE 2 Vmax 3] B2 &
Fdlel vt 2E]J9] (,96-2.45 mg/min, 2.40-5.03
mg/ming} ¥@s] R & F Uxo] WS Fe Ik
Eolt}t, wEkA 2 Edd gEE Vmaxd Aole
tALEAe] Folle APHoR & JY¥E VHA H
AT gAEE & A7 F4E HEREAEA

lEoA Aoz wie HE RES AR s
E3l517] B Y3 e 175 s EE2ddd]
Froe dH 9L FA R @

Td 1,2,39 =Y 4,562 EulAl4 B3] fat
compartmentel] WE EAlSF7E 30205 14552
& Aolg Holm Urh weE 14 1,2, 344
HE22dde] AW FHo] JdHozE o] H
 Aeg FAHY Wi 3%, ¥F HERR
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Table 7, Comparison of simulation results of the several PB-PK models with data obtained in workers
for styrene*

Biological Model
inlgi(:lt,(::s Measured Reference
1 2 3 4 Modified"  Best fit?
Calv0(ppm)2 30 28 41 39 5.5 6.6 6.4 Pezzagno et al., 1985
' 8.8 Perbellini et al., 1990

Cven0(mg/1)® 1.48 141 127 122 1.52 1.15 0.81 Apostoli et al., 1983
0.94 Bartolucci et al., 1987
0.51 Imbriani et al., 1990
1,69 Perbellini et al., 1990
0.62 Ghittori et al., 1987
0.55 ACGIH, 1995

Cvenl5(mg/M¢ 0.18 0.18 0.16 0.16 0.24 0.11 0.02 ACGIH, 1995

Cuml0 (g/g 125 129 120 1.23 1.10 1.04 1.10 Bardodej & Bardodejova, 1970

creatinine)d 0.94 Guillemin et al., 1982
0.91 Bartolucci et al., 1986
0.80 ACGIH, 1995
0.83 Ikeda et al,, 1982
1.07(mg/)  Gotell et al., 1972
0.98(mg/)  Imbriani et al., 1990
0.89(mg/l)  Takahashi et al., 1989
0.75(mg/)  Perbellini et al., 1990

Cuml115(g/g 0,29 029 027 0.26 0.28 0.22 0.21 Guillemin et al., 1982

creatinine}® 0.29 Bartolucci et al., 1986
0.30 ACGIH, 1995

Cum?20(g/g 0.51 0.52 0.49 0.50 0.44 0.42 0.32 Guillemin et al., 1982

creatinine) 0.26(mg/)  Apostoli et al., 1983
0.19 Bartolucci et al., 1986
0.24 Tkeda et al., 1982
0.44(mg/l)  Takahashi et al., 1989
0.24 ACGIH, 1995

Cum?15(g/g 0.22 0.22 021 0.2 0.20 0.18 0.20 Guillemin et al., 1982

creatinine) 8 0.12 Bartolucci et al., 1986
0.10 ACGIH et al., 1995

" the alveolar styrene concentration 0.5 hour postexposure

® the venous blood styrene concentration 0.5 hour postexposure

° the venous blood styrene concentration 15 hours postexposure

¢ the concentration of mandelic acid in urine at the end of the shift

° the concentration of mandelic acid in urine 15 hours postexposure

" the concentration of phenylglyoxylic acid in urine at the end of the shift

f the concentration of phenylglyoxylic acid in urine 15 hours postexposure

! Results of simulation with mean values of physiological parameters reported by several authors
? Results of simulation with modified metabolic and physiological parameters for best fit

* Occupational exposure to 50ppm styrene: 8 hours/day with 1 hour break, 5 days/week
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dgdle =7t ¥4 JevA do. HEREAE
gle} FA0] AHEE 67] RdF AiFoz dx 4
FA99) 7H4 2HET FAAINE Hole A& 2
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WHEZES AMER Aol
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2 sl Zg 6447 F wF TCAQ EdFAA
7} APA R 1 5Wol Y ¥ g Bole 3L F
B3] AuEAe gon, gty 1 U0 At
B9 YASEY uidEEr} AART =Y Ao
2 FAHE[7 HEYL AR B},

Table 6& EFd& FA ¢ Adde|rh. Purcells
o] AAF AIRE WEPES o] §3 mdo]
Tardif5o] AAIF AIRA HEHRES 0|48 B
93} Borm® Barbansono] A|A|§F thA#A W4
HES ol RdHT) R YJEoA FI3
AFE BYth Aoz RnE ALqA Z2 15
NzZrEe ¥% 2 375 %49 F= FAAL
AA APAET ik & gE Hole AL ol
Rdgo] 2 FZF AT A W A
el EF4le] £350] Sle ¥& ALY A}
A FAsE Aoz Hrhdr,

Table 7& ZEjdE& FAZ ZAdle|t}, Hetrick
ol AAIF FulAlSG9} Lofek Johansono] AAId
AR BFEEE ol 4% 29 49 AU b A
AAset 27 AAE Jepd 2o Bolu i
o gEoA /1A Feje ARE] d¥E 24

FA9 AREL Y& FE dEIT 53] o
AR Mg Aol & FAIAHL] Aol W)
£ 2 RoZ P}, °o]AL Ramsey® An-
dersen®] #|AIg Vmax® 3 2.73 mg/min¥
Lsf9} Johanson®] AAI% gk 5,03 mg/mine 9
AN & AolZ HolAqt HA o] ¥l e Y
e BEEA LS tabyt vig A e 3EEA o
2 o]d %ol enzyme systemo] E3MJE]o)
ol2x ¢v T AA A dEe & Aot fle
Aoz yehdo meix £ Ao 73T £=
A€ enzyme system< T3] oj2Ale &
A ge AxeW, 1 A3 gAHE HFES] Aol
o ojgt FAIAH}S] Aolzh Wi e Ao e}
v Aee A9 FE 2dd) 9@ A7 A
A APAES} P & AolE Hola e ¥ER
2 15A7HE €3 Agldleg ACGIHAAM =
0.02 mg/19] & AASI glov; FAAR=
0.16-0.18 mg/19] 9 & BA, 1R 2E =l
Z29 ohy 9F Atolxe A el ZHYE
FAT At 7)1E ARES MR B¢ AAEY
g 7tdhs AL 9n st

3. Mz[aH w=2f Xjolof 23t FAIZDe) X0

PB-PK 2dd H&5 = AAYA | F com-
partment®} #HE W<ee] zold)] Q3 FAAT
2] ¥W3E Table 5~Table 79 % ¥ (modified
values) ol WEMISITE o] FAAde EujASet
tiat#d W4EE Table 5~Table 79 AAE 3
AZdznEs Fo 44 A¥XG M} 23E AAE
Bel Qe Adsiy, AEdd Wege o9
AFALEC] A $E9 7|8tk (Table 19]
vl et F3) & R 2§t FRiTh

HER2EY -l AT W gro)
Aslslelz iREe] FEA FAANI} FLH
e Byt ERAn 2gde] ALe kFE diAb
E2e & Aolg HolA ¥y 3F % ¥F
F%¥ compartment$d HHEE e WIANHE
g o4 g8 AFE BAd. oA HERRAE
gle) Aol 4FHe] 37)E B widHn e
gl Aol FEHS BE, dAFHEES AXE
W i ~ERle] Aol dFEe ol A
el Fso] %, ALE7] W& AHe] com-
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Table 8. Simulation parameters used in the PB-PK model for best fit

Parameters Percholoroethylene Toluene Styrene
Tissue-gas partition Lung 12 16 20
coefficient Muscle 29 23 40
Fat 1450 500 1000
Brain 59 4 170
Kidney 29 23 86
Liver 54 40 108
Others 38 31 112
Blood 12 16 20
Metabolic constant Vmax (mg/min) 0.015 2.45 2.73
Km (mg/D 4,56 0.30 0.36

partments HHE Fke) Wlo] AuiRez 93
3171 W29l Aoz A, compartmentst &
dg WS fat compartment®] 22 Droz
(1986) 7} AAIFE Fho] 15,43 Lol v wigd ghe
13.577 L2 t& 7] i §59 F718A7
AAY A= e do] Hu gy ¥F 5= 2 &
71& B8 wiEse e 24 A" Aes A
Ztdc), wald 2 dAasR e 5 wad=e 8
BEde Aot #FHQ AdriRsd @
dE kel Aolo] LM FA AT ZolE 7HA
€ 7 e Ao Y4an,

aghvd ojd {l¥gkel o AA A% dxste
A3E BolerlE Bashe AL 4A gt B =
A9l A B 7 Hge] YEFpoE o8 AT
AEo] ALEF kel ZIsE RS AR A S B2
%9 371F 2Elde] 5.5 ppmeE Droz7} A&
#e AT A9 3.9 ppmET A AP
6.4-8.8 ppmel 7W7HE o2 JEhgTh WbHe
Z2 0.543F9 85 2H A, F=2 1500 ¥4
3% % €F B854, 182 €5 2EHA F9
ZASole o8 AFAEe] AR #tel VST
£ AHER A7t AA A-R Y] Aolrt o] & A
o2 Yehgtt, ol A3dME compartments}
FAE HFet F-AHA = A7 ° F3¥ F
AZDE Beldm @dFsr] o2& 4%tk uF
Y @A A BujAlge 2 compartment]
424 Fo] mAHY YA YL AFoMe ©L
ko] o3& AAoltk. gellA ALY ukel o)
compartment®} FHE YA QR Aole

FAZAT e FFo] FhH e A5 EF 2
ol EEEAES 2t compartmentollA] 2] Buj
Ade 24& B3l HBHAol sHeditte oA £
AN Droz(1986)7F AA& A2ty wHEE
< AHERE Zlo] EAVE fle AeE AzEr).

PRETER-C R

2do) FAR e} A AP G A FP=
g 47] f8iA 4% dAER dsER Ajeidhy
H4EY ZhE WA 8@ d3E Table 5~
Table 79 FAZA7}e] nfxet Qo Yelligdch, W
FAIZ GHNSFE e TN FF{F A8E A
AatRed, 4] FAY AR}t FEIA gL
A%, 9% g doE2 A ¥IAA BHkm
I A Wig BEAdE okt AAzl
oAl 2 QA de 5o AAE gL
Table 8 Uehict wEzzddile] B¢
g9 Frlol g BulAIFRL Gearhart¥
(1993) ol AAIG FkT} H]F 128 AHEEH I Km
o] e 2+ Raost Brown(1993)°] <143t Reitz
7 AN FgA 4.56 mg/1& AHEstdh o
Vmax® #< #A9 FFP=T A719)8) DallasT
(1994)°] AAIF RO 50 % =2 0.015
mg/ming A3t Y, EFA2 fat compart-
mente] BEWAIFES 500282 29 A& AY3n
E HE FA gRom AHULS ¥ Frld
et BulAata fat compartmente] EjAS
TE 27 209 100022 the AFREC] AAF
el HEiME e A A3 A 2do] gz
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2 AMg3t B3t}

HEz2ddde] ¢ ol 2dd & FAH
st vla) Z2Fe Ez 1543 39| ¥F HE=S
z2dgde) FAx7 242 3.1 mg/1% 0.9 mg/12
A AA AF A9 2.3 mg/13% 1.0 mg/le} A
e 23S BYch oA RdE] oA Aoz
AgEA] FId £2 64M3% F 55 TCAFEY
FAAGE Q2L 2dd AT 4.8 mg/g
creatinine2.2 4] YA 4.9 mg/g creati-
nine & 4Ade AHE 9& F IUh AL
Nz2g 2ddye 3ARDSE @8 Km 9 el
4.56 mg/124, Azt e S$E2 JgPsn 1
A3 gAFEAS) wjAdo] A&3A APHe AL
FAIge uet E2 F AU HAFES] wiEPe] A
el W FhEe AL 2 i) v Ao
2 AZreo,

B8de A%E old mdd ZAZATA EX
T Aol Hole AL oy Z& 15AFS &
N 9 €5 EFAY FAEI} oF 2deA
Z2zt 1.6 ppm, 0.10 mg/1°1¥ Aol 1.4 ppm,
0.09 mg/12A kM HYPATe} 2P WPoz
A= ek

2E)dlle] Zfoe 2L 2 o8ja HA =
doj g JiXE ZABRE BT} 53] & A&
Hold = (0,543 9 3715 2B ¥xs}
Z2 15A3%9] 85 2HA9 FAZAHNI 7
3.9 ppm# 0.16 mg/124 A APA)Q 6.4-8.8
ppm¥ 0.02 mg/lel Blg] AT zolg Hold
HA zmdals @2 A2 2ddME 6.6 ppmH
0.11 mg/12A 7AAERt. 2909 BE FENA
= 3A 2da vgdAY AKE 2AE Bo A
2F mde] FA%Y NAHYEE & F Uth

HEz2ddde A% gRE Y88t 712
Aol 28] FAHAY AAF FE FolA AAH
A7) WEe ol& F3 FHE HAHEIL el
Wl g AztEch A 2Ede AR
2 AAF mdde] A2+ fat compartment] ¥
AR} Zo) AR W J)Ed AAER g
#E AR VIS ANHA B AEE F®
< Y4 3lo] AAl A¥AFe ©f FH=Ee A
AFg Hole o|f7t 7|1& Eid fat compart-
ment®} BujAFgto] AR Aozl Aoz Az

de oH} o9 INE YeE olRE F
A7bed AL 7189 Rdoly & dToA AMEH
24 2% fat compartment’} SH¥ compart-
mente] i WA TE compartmentete] Alo]e]
EA9] o]Fo] gl AL Hol glen}, A AlA
HolMEe tl& compartment & £ muscle
compartment® B39 o]Fo] UL 7FsAel 3
t} o]d AMdo] Ry HEH UA 7] WE
o fat compartment®] EWAS7} ¥A Y¥E e
o) e3]8 A @4 F FE AHAE B 9
#7t 2 % vk Hattis5(1994) % olq] o]g}
H &3 e AAR wk leh 22y ol Ze
2de AZ7AAE AAE ¥ glal Table 84 A
AlE igatast - Age olekn A g
£ gloy old tEiMe geg F ¢ dFndol
ga3 Ao Az,

Fig. 2~Fig. 11& o] 43} o] HEFH oz FHY
d A 2dd 93 371F 2 €5 =9 =F
HArER S FE9 WslE FAH AAE YEd A
olth, ol ¢ BE FA S v R 25
T AAED 2 HF AJAYT TLVY si=38le &
T2 TdFeR APAR E2HUE W) HAnE
FA® AEo|

HER2qEd] Ate UF € ¥F HE=R
2odd v%(Fig. 29 Fig. 3 & B EF4
(Fig 5%} Fig. 6)°I\ 2Eld(Fig. 8% Fig. 99
AEoe 28 AY e oA % g
A Aoz Uit F39 whEEHE Al 9
A HER2Ede] Aol FHHe AME B
o3 Uk =P FLY ol F o] gl FLE
AR thE F 989 olA7A] 6443t o) Fol) o]2
M 37 HERRNEW] ¢ 10 ppm, EF
HEzzddado] % 1 mg/l8 FEE Hdo AW
A9 HEZ Y] vlA] vt Az wEHA
2§ AL B3I o)

LFe 2 udEE TCAY A$E o}d7kR @4
< 2Fn el A4l F2E Fde 2 F=
7t ZAQAle HigiM e thd WolAAw 1 FEvt
e Z2FY oAtz T2 642139 FHE F
M Od FAsE FAT AN BF wE
SA] Fate] F2o] o] A|FE|A ofn] A
FEE X% e A€ BYFEn T (Fig. 4).
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Fig. 2, Simulation of alveolar perchloroethylene concentration during an occupational exposure to 50
ppm toluene: 8 hours/day with 1 hour break, 5 days/week
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Fig., 3. Simulation of venous blood perchloroethylene concentration during an occupational exposure to
50 ppm perchloroethylene: 8 hours/day with 1 hour break, 5 days/wesk
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Fig, 4, Simulation of urinary trichloroacetic acid concentration during an occupational exposure to 50
ppm perchlorcethylene: 8 hours/day with 1 hour break, 5 days/week
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Fig., 5, Simulation of alveolar toluene concentration during an occupational exposure to 50 ppm per-
chloroethylene: 8 hours/day with 1 hour break, 5 days/week
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Fig, 6, Simulation of venous blood toluene concentration during an occupational. exposure to 50 ppm
toluene: 8 hours/day with 1 hour break, 5 days/week
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Fig. 7, Simulation of urinary hippuric acid concentration during an occupational exposure to 50 ppm
toluene: 8 hours/day with 1 hour break, 5 days/week
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Fig. 8, Simulation of alveolar styrene concentration during an occupational exposure to 50 ppm styrene:
8 hours/day with 1 hour break, 5 days/week
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Fig. 9, Simulation of venous blood styrene concentration during an occupational exposure to 50 ppm
styrene: 8 hours/day with 1 hour break, 5 days/week
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Fig. 10, Simulation of urinary mandelic acid concentration during an occupational exposure to 50 ppm
styrene: 8 hours/day with 1 hour break, 5 days/week
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Fig. 11, Simulation of urinary phenylglyoxylic acid concentration during an occupational exposure to 50
ppm styrene: 8 hours/day with 1 hour break, 5 days/week
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