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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 Envirenmental Medicine, School of Medicine, Ajou University

Recently physiologically based pharmacokinetic(PB-PK) meodel 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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o] FF, BE, dAAAEE cl&3tn Aol g o
e Hrislr] sl 34 AET e Eobelrh
GFEFIMe FEEA HAdddre] HEE
o Z3AL} v AEARNE s e =7}
A 3R myel sdse] ARgEo] Stk 2 Fel
Mz Ayl 7S ¥ FE2FYHEY 2d (Physio-
logically based pharmacokinetic model; ©}3}
PB-PK zd)& AAE o, 4%, 2%, ATz
Fa go] Ax Helgd Ee HRarEd ez
BFehar 2 71@te] S4EAY olF ¥ 7 7R
29 Azbol ©E E4EAS xR Ev 9¥%E
AE & e AHE AL o] o= 2 Fo
Az 73 2ed mgdojr)t PB-PKRYE E482
o] E2 x5 @ Algle] @& AAjel] ojt F3},
A EZza 2 ZRo [HUY AHd gF A4
{extrapolation) ¥ <%, &9l 4G HE F =
Qe i FRe ol wE G VY RE
Foio] #8348 £ sle Wz ¥ £ UG
(Figerova-Begerova, 1990}, olo] w}e} n|3e]
ACGIHOME AEEH Z2A]E (Biological expo-
sure index; BEDE A% of 2 7iEate] 4%,
ABEEAH Aol AqFHA7], S viXe 8UEY
T BE Bolol Z3 PBR-PK 2d2 of-¢ #8317
AHEEl3 I (ACGIH, 1995; Droz, 1993;
Leung, 1992). =g 3ehgzle] Ay F<, o
Al E¥et TEE A7, SEEA AA it 3
g} #dE d 2 fd= HrH(Risk Assess-
ment) FHMZ o] Edo] de o]&€n Ut
(Andersen® Krishnan, 1994; Frederick,
1993; Goyal %, 1992; Paustenbach, 1990;
Rao®t Brown, 1993). <dAlol i 48L& gl
AR g2 Agde] e 43N PB-PK 248
B3 dFe 3 ARAL gere] d9A3E
ZH 3 TheRRE Aol el Ang A AV BE
AEAEE AAo] gt Jgoz 24} skl slo]
A 7P a8l ARSE 5 e Wolr] Wi
olgjgt nullo} sl AR 9 T FolellA
HaA]) ok shietzn & &= ok

PB-PK Rd& vf$ TFF FHFES 21 3l
geoze] BHF A rhedde] et #A) o] &
ofg] AT Al BAFU #ofely] wiEe] 5
7ol = AFAuiet gl ARG PB-PK 24

Eo] 7124 dele YAy 2de] A4RHYU
el slejMe dia AelE Relm Sk EF
PBR-PK zdg 3stgadds 24t 7igt A
Pozy doj ARE A4F U5 o= oY
37 e, o o 9HsHE Fho) AFArir} &
Aol g Hel FAAHY AolE Ve w A7) 9l
Al Ech(Hattis%, 1990, 1993). =3 tif-8o] o
FAEC] Y dEXE Ao d¥@nel wlws)
o FYPEI}L T AoE AMAm ot o] md
< & Afel HET Aol Bl 529 4
BAS Alojo] & Ao)E HolE A7 Bl 2y
oA jt A AEAdAY HlsA] AG =

T Aolm FAL} FEAo] AL stofilzd vt
T F7] VIx gtk e FAAC) o8 Be
AEE Jeiok she A7 B7] dWEo] oA
AR dEAe} Bl 52 2d S Adsie A
o] ggsity weld B ApeME 5o IEhE
Ag ez 71E9 o7 RYE vl AEI,
theFdt d¥d e ¥gss PB-PK 2dS Awst
A B

1 ooy

ATgEdEe AYAM F18AZ At g
2] AMRE T 33 FAl tir] B Ee] HdE {7
EtEARA EA7F AViED e BEAFA V1B
of 37t AH oz FBel o}FolAd EFU(Droz
%, 1989; Purcell 5, 1990; Tardif 5, 1993a,
1993b), 2E]Y:{Andersen? Ramsey, 1983;
Csanady %, 1994; Filser %, 1993; Lo&f¢t
Johanson., 1993; Paterson® Mackay, 1986;
Perbellini %, 1988; Ramsey® Anderson,
1984), HE=z2gA (Dallas &, 19%a, 1994b,
1994c; Geahart 5, 1993) 22 A,

PB-PKRY)] 28] FA gide 73 Fasgt
R ZetgEald] wgHow Zzd o Yehyes A
Hol] dhG A% o o)E Y F e AETH
TUEgelgtn & 5 glvh uEA £ dFelA
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2. FAmde| 7i2=4

£ PB-PKEHe] 7|&322 391 (Droz, 1986)

54849 dlAls liver compartmentelxigt o}
B A3dre Fig. 13 2o] 77} compartment FojAle ALz 7MHEYUY. Drozye WiyRe) 7

Calv
Cexp - Alveolar -
Q, Cv Lung Q, Ca
" Vlu, Ctlu
CVf Fat Qf
Vi, Ctf ~
Cvm Muscle | Qm
Vm, Ctm -
Cvb Brain Qb
Vb, Ctb [
Cvk Kidney o Qk
Vk, Ctk - '
Uring |w—1 |
Cvo Others | Qo
Vo, Cio -
Cvi Liver Ql
VI, Ctl -
Vmax
Km
A

Metabolite2 B — Metabolite1

" Fig, 1. Structure of PB-PK model(Ca, arterial concentration; Cv,
venous concentraion; @, bloed flow: Cexp, exposure concen-
tration; Calv, alveolar concentration; V, tissue volume; Ct,
concentration in tissue)
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T EAEACY Z27t A=
Q1 AE HASHA AL
linear kineticso]l WE& AL
2 7}43l3 liver compart-
mentelde] FEE TR gx
@3] clearance® ol-83ld ¥F
qxe] FxEIRkE FIH
a8y B dFdAE liver
compartmento|A8] EAEA
o} FEE AMsln dARPe
non-linear kinetics®] ®=2g
Ao 3t AFE, AF= F
2 25 ¥R 4 AUe PB-
PKEdSE T3,

3. 2E FAH2 s

Z} compartments #HEE
g 2oz F4E PB-PKE
dof o]gxe 2t ¥ B ¥
kel AN L 7Ee] =] A
Algd el oE Faluo
{(Jang= Droz, 1996).

Aelsty A5LEE AF4AD 3
ellxe] AelTH QA HpEY
Aloje] wWE FAAIL A)E
HMnd dq& AYgtane
Droz (1986} 7} #AAIF H=pF ol
g3t FAE et 2utel
EFqdle] diAMEAY] hippurie
acid®] =% WAEL 0.347 h'
{Cohr¢} Stokholm, 1979), =
gl dAFEAQ mandelic
acid®] WA EL 0.231 h°
'(Sedivec 5, 1983), phenyl-
glyoxylic acid (13} PGA)
HEZ B GAEAQ
trichloroacetic acid(®] &}
TCA)e] =7 WEdEL 71} &
3% FAEHRE Hole A4



0.347 h', 0.173 h'e® &gt Jang®} Droz,
1997).

3 Aol de 170 cm, 70 kg Haa# e
A5 2473 1.8 g& widsle Reg sixen
o] widZe AME AT A (body volume)ell
vlgElsle Aoz St AMEVZE gE 8o
ZAlAlE Vmax, Z#ofe]d wldda) o] A4
=71 #[¥P RE e a0 wel AlEsE
] FAlo] ARSSIET RE Q7UidEd 2 o
AEE e EF99 gAEAQ] hippuric acidg
A dtae Aol A=A background kel

g ez Yy EFde ERHA g Ay
2] =3 hippuric acid® BAHE 0.5 g/g crea-
tinineQ] Ao & 78k

4. 2ol 25 &

24 FA Fod AAx2 FAEIA Hln
3 A4 H4YARE (experimental data)o] TR

AA=e) AN ZAME A3 (fleld study)
AL oksle, ZEATo] AT (5OW) 2 v
8AZH, F9 4042 E2He FAjiew
FF Folle 28 4N FRY oF AN HR A}
ol 1A12ke] Hioz A FAAZI] e A2
2 Msin ExsEe TLVY dldshe e
sk ARYAEY] AAEAe FFAE 170 om,
BHaAlE 70 kgeg siglct. TR Z2of 243k
AL Ee g n2dy A9 2oz 5575
9] EE2E FASn 5549 @2 FAZ2 simu-
lation results) 2 stic},

2 A4 AEgE2E FH8 Es TLV
s AU 55 (perchloroethylene, tolu-
ene, styrene % 50ppm)°l] &2 o] JYEle
3715 2 85 1849 e =5 dAE3
Feg€ 78 ARE o83

5. = feo| g

Table 1, Physiclogical 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 nean
19817 1986 1691 1987 1994 1895

Tissue volume(L)
Lung 0.46 2.00 (.50 1.60

-Fat 15.43 14.50 13.65 12.80 11.50 14.77  14.00 16.17 10,43 15.58
Liver 2,91 1.50 1.82 3.73 1170 161 2.80 2.20 1.75 2.13
Muscle 3460 1650 36.68 37.40 36.30 29.05  43.40 43.47 34.37 33.56
Rapid perfused 2.09 2,10 211 2,21 110 2.10 3.50 2.60 4,69 2.87
brain 130 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 1L.07 1.39 1.40 1.25
Muscle 115 0.50 1.04 1.13 0.99 0.66 9.51 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 1.25 1.17
others 1.48 0.49
Cardiac output
at rest{l/min) 6,47 5.75 6,53 6.30 5.79 4.27 5.80 5.84 5,80
Alveolar
ventilation{l/min 518 6.00 4.44 6.00 579 4,23 5.80 539 5.31
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71E8) o] dFAEe] PB-PKEYY) o &% 4
218ty W47k (physiological parameter), 2
compartmentel] H3t HerEAe] Bl Ak (tis-

sue-gas partition coefficient), tirlel TEH
Mk (metabolic parameter) § 3714 Z49

Qeasghe vlm WY F, AEY 2RE VB

ol o5 YASRe Aolz AR FAAAL o)
2 Baakn, A4 ABAREHS 2o F ¥ T
. Zelm A 4@AES Y AR 2AEH
2 Ushile QAusRe FASe FARYS B
Halr) g z2Ae BAsAn

ol7ZI 3 D

1. 71& 2ol o|SE Y Hraiel B

PB-PK 249 lgs= A4ES 2 £/571 ol ¢
gouvt ZA AEE AS5ES diAlel gE Al
E 2 A ey 3RE HeER UE
Uct. Table 12 AJ=Ed ¥M4EU 2 compart-
mente] £ 2 F{Lr FWHA A d7AE
o} AMg§ FtE-& JERI Folth olF A2 A=At
ojt}h oMy opE & Bolme slov BR JE
A gjsiae g vl s Rela ot eiAe
o] gto] WEFE FYE AFZAFH (Davis
Mapleson, 1981; Cowles &, 1971 7I¥& ¥
I R Add 71dE] oz AZEe,

Table 2& o2 AFAE] 23] AHEE dialeh
FHEE A5E0] 2% Ve Aoin] Table 3& =

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

Solvents Vmax (mg/min) Km (mg/1) Reference
- Perchloroethylene 0.06 (.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., 1693
2.45 0.30 Purcell et al.,, 1990
Styrene 2.13 0. 36 Ramsey & Andersen, 1984
Leung, 1992
2.40 0.36 Hetrick et al., 1891
5.03 1.04 Lof & Johanson, 1993

Table 3, 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 i5.6 48 34 1213 48 Tardif et al., 1993
oMeRE 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
Styrene 48.0 70 135 1356 94 4500 135 130 Lof & Johanson, 1993
yre 48.0 125 125 94 4502 125 130  Csanady et al., 1994
228 228 40 2000 228 108 Hetrick et al., 1991
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Table 4, Tissue-gas partition ceefficients and metabolic parameters of several solvents for PB-PK mod-

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

Solvents Model . Tissue—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)
Modetl 5 Droz et al., 1989 Kotzumi, 1989
Model 6 Droz et al., 1989 Ward et al., 1988
Toluene *+rrrrmrrromeerenes 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 - -rrrirereeees Model 1 Droz et al., 1989 Ramsey & Andersen, 1984
Model 2 Droz et al., 1989 14f & Johanson, 1993
Model 3 Hetrick et al., 1991 Ramsey & Andersen, 1984
Model 4 Hetrick et al., 1991 Lof & Johanson, 1993

Atdi4t BEHERES] ZF compartmentel] digh ¥
WiAlsE Jdebd el HER2ES] A+
Vmax2l el A= 1792} ez} v Kme
Al <F 5uje] Aelrt vix gt} ] A
FolE Vmaxel #tel < 258, Km®| gte] <
1. 89} Apolzt vhaL SlTh

2E o] %ol Ramsey® Andersen,
Leung 9 Hetrick 9] 2ddlde vjsd e
Rolz lev} 1ofs}t Johansons] Rd& ojo v
3} Vmaxel #o] Hx oF 24, Kmo] gko} o 3uj
2] aolzb v Sith RujAlre] ASoE HER
Zojd#lleo] 53] fat compartmentellsl & zpo]7}
Ui et DallasT9e EdA+= 3020,
Gearhart59] 2doAE 145022 o 2uje] lo)
E Rolzm 3ot &7 Afole AdiAoz v
=23 BujAle] @EE Holx vl Lung com-
partment® A% Droz§2e ZdoAe 16,
Purcellse]l Bdolr e 482 o 3ulle] Aoz} 1
A%t o] compartmenty L 27|y} HA AMF
AR s vlEo] ulg @) wige] Al slolA
FA A 2] AelE Bolxl g7 Ar}. A A
oli= Droz%, Loéfet Johanson, Csnady$el 29
2 HlsF Ao FriEr] Hetricksd 2ditol
fat compartmente] ®WiAlF7E 200082 &

2eET} & A}o]E Holm 31}

2, FuiAl 3 ChApzipgiso] Xfolof| ofst A
Zatel Aol

FAANE g BE A5 g Aol )
T2 S Rold "ch e dytHo g ye)E
A ¥PEY & AV 83 @ 8539 e aY
Ao & Alelrt zm FAATNC} Qg JPE
o shsrEde A2 9 diAlel #EE HEd
g guiHe s e Aoz gdeiA gt E B
g2 .80 7% FWAME Aeidd WUFEd
9l8} Aol compartmentol i@ EwiAlgEe] <
& HA Aol 2 # ek wEpd 94 AelEy
A58l G2 Droz(1986)el 2z A|AlE & At
3 B =8e Ik HHndd 7 PaE
Edo] ftEolR olF- Ae]dta WMEe] apolo] u}
g FAZAT] vlaE A5

ol4Fe] W&o AN 2 EFFe] distd o
AFAE] g AR BuAleE AR 9
FE& e (Table 4), Z4e =FE ol 43
o FAAE T3 A LAxEL v AE
Table 5~Table 7] P Hell 7le@ 4
SolA gt A2)8HA wigee] Aolo) oig FAE e
ztel 2 HAE FPEE AT HY mde FAAH
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] vlmel WoldE 9al e Fell el
Table 5& HE224ddS FAT el 8
Z HEz2qEis} IF HEZZEAL 2
dojla] ¥]4:Ft ghE Helz glen] B3] 2o Pl
AFE AHLE 2ol oS vl 38 Beoli gl
o} Vmax2t Kme 2dvit} 1 Aol7t o= &
Fan FAAFME 28] 3R] G AolE Hy
T GgEol ¥ AL Helrk a8y nF oAt
EA(TCA) 9] %] A$ole Vmaxst Kmel =t
2 Ae)E Holes 3o’ vehdrl DallasFel Al

4% Al A% 21l Fie AYFRA 8.0
mg/g creatinine =+ 7.8 mg/g creatinine2 &
AE7A 7.2-9.7 mg/g creatinined} ¥]S5:%: {9
& B2} Koizumi®] #tell % FAXE 2z
125.3 mg/g creatinine = 118.0 mg/g creati-
nine, Ward%el dtol] @3 FARE 242} 47.4
mg/g creatinine £ 45.5 mg/g creatinine2.&
A AyAe 2 Aol B} oleh F @A
< HEZRAEALS it B HA g gebr] F
2 3718 Foh vigse B39 AT W] Uk

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

for perchlorosthylene. *

.B'l ical Model
. 1;.0311;(:&1 Measured Reference
ndicators 1 2 3 4 5 6 Modified Best fit*
Calv0 (ppm)? 30 27 29 30 27 20 30 30 23 Monster, 1986
Calv15(ppm)® 15 11 13 129 11 13 11 9.5 Droz, 1984
8.0 Monster, 1986
10. ¢ ACGIH, 1995
9.5 DFG, 1991
CvenO{mg/¢ 4.7 44 46 35 3.3 34 3.5 3.1 2.3 Monster, 1986
Cvenl5{mg/Hd 2.0 1.6 19 1.2 0.9 L1 1.2 0.9 1.0 Lawery et al., 1983
1.0 ACGIH, 1995
1.0 DG, 1991
Cum0 {mg/g 8.0 125.3 47.4 7.8 118.0 45.5 7.8 8.0 9.7 Monster, 1986
creatinine)® 7.2 Droz, 1984
7.0{mg/) ACGIH, 1985
Cumlb Me/2 o 1930 474 7.8 110.1 448 7.8 6.8 -
creatinine)f
Cumbd (me/e 70 1147 474 7.8 89.8 424 7.8 4.8 4.9  Monster, 1986
creatinine)®

* the alveolar perchloroethylene concentration 0.5 hour postexposure

* the alveolar 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 trichleroacetic 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*

B' logical Model
] xglog:;ca Measured Reference
Indicators 1 2 3 Modified  Best fit
Calv0(ppm)? 1.6 87 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 20 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/N* 1.26  1.04 0.85 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 Qgata et al., 1970
Cvenl5(mg/H? 014 0.12 010 0.14 0.08 0.07 Nise et al., 1989
0.08 Brugnone et al., 1986
Cum0{g/g .08 1,23 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., 1891
1.0 Campbell et al,, 1987
Cumi5{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
“f 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

% Table 294 ¢ F URe] HEZRNHN
Vmaxe QA wet 0.01984 0,17 mg/mins.
Z 17t Apelrb VAR 2 Vmax #h9] Hei7t B
ol ~E]R1e] (.96-2. 45 mg/min, 2.40-5.03
mg/min%t ¥lme] B & & glRo] vff e @
Eolch, wepr 2zt mdo JHH Vmaxel Aole
AEA e Folle FAWHe2 & JE vAA =
A5t dAEE < A Fd HEER

W&ol oz oj$ HE FEE AR s
Bisl7] wl&d F T 2715 HER24 8
Trole d 9gE FA4 B3 84,

29 1,2,3% B9 4,568 BuiAls 53] fat
compartmentel] g BulAl4rE 30208 14553
Z Aeolg Helm k. weird 2d 1,2, 34Me
HEZ2dg o] A FHeo] JuiHez gol]
v Aoy A i) F7F, UFT HIERE
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Table 7, Comparison of simulation results of the several PB-PK models with data obtained in workers
for styrene*

e Model

?310¥oglcal : Measured Reference

indicators 1 2 3 4 Modified Best fit

Calv((ppm)?® 3.0 28 41 3.9 5.5 6.6 6.4 Pezzagno et al,, 1985
8.8 Perbellini et al., 1990

Cvend{mg/)® 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

Cvenlb(mg/l)c 0.18 018 0.16 0.16 0.24 0.11 0.02 ACGIH, 1995

Cuml10 {g/pg 1.25 128 120 1.23 1.10 1.04 1,10 Bardodej & Bardodejova, 1970

creatinine)d 0.94 Guillemin et al, 1982
0.91 Bartolueet et al,, 1986
0.80 ACGIH, 1995
0.83 Ikeda et al., 1982
LO0T{mg/t  Gotell et al., 1872
0.98(mg/}  Imbriani et al., 1990
0.89{mg/)  Takahashi et al., 1989
0.75{mg/)  Perbellini et al, 1990

Cumil5sg/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

Cum20(g/g 0.51 0.52 0.49 050 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 Ikeda et al, 1982
0.44{mg/l)  Takahashi et al., 1989
0.24 ACGIH, 1995

Cuam?215(g/g 0.22 022 021 020 0.20 0.18 .20 Guillemin et al, 1982

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

" the alveolar styrene concentration 0.5 hour postexposure

* the venous bloed 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

 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 physioclogical parameters for best fit

* Occupational exposure to 50ppm styrene: 8 hours/day with 1 hour break, 5 days/week
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ogadel %7t 24 YeEhA drh HERRE
o] FAlol ALEE 67 BYF iAoz da 4
Hgael 714 SR FAATNE Holy AL 2y
4, & Drozs9 #ulAa9 Dallas®e A&
Wb E-S AHESE Hatold

e o] Rele] Afoln 2 64A1F =5
TCA®S FAwke] 7.8 mg/g creatininec & A
ARAAR 4.9 mg/g creatininest & Aol B
ol: glch = AA Z2dME Alzke] Aldd iz}
EE B3 TCASY wdZe]l Aidted] Bd F4
A oMe Fa3A] v Aoz eyt
o} &ide] fle e Ruoa E2E 64413 F9
AW A Fo] dAlEg A HoERAAY B o
AEAe] AL T dESTrl dARg we
Ao g FAHAE 7HsAE AL4E 4 Utk =2d
40 93 EZ 15A1R 9] 575 = 5 HER
zogdde] F5E B9 zZ4zF 12 ppm, 1.2 mg/l
2 A 494 80 ppm - 9.5 ppm, 1.0
mg/lel vlE thd ¥ RAeE i Z2 15417
Fo) A e o7k AFIEAE Ae2e
Bleh iy olet e 20 % Fme HE Aol
2 3l 2 4T F =% TCAY RYFAA
7V AgAET} 1 5ol ¥ %E Hole REe &
B3 deExle gon, deid o F992 Ak
39 A4y widEErE dajEn =2 Ao
2 FASHA7 gEQ Aoz B

Table 62 E£%0-& FA Aot} Purcells
o] AAIZE thAIFH WFHE L o] &F Zde]
Tardif 5o] AAG dAIRE HFRES o83 =
@3} Borm¥} Barbansono] AAl§ tiAbRE Hp
TS o8 EHET R gHoAN FET
ARNE Byt ANtHes BE AL E2 15
MAEe 8F 2 305 549 vz FARS
AA AFAED i S S Hele AL oF
R Eo] E7qld E2F dAFAIZk] A-g o A
Hel] EFdo] A=} e dS AR Fxs}
Al FATe Ao Hrlkdn,

Table 72 2e@& FAE Adolct, Hetrick
ol AAE BalASt Lofe Johansone] AAjg
AR g o] 4% 2 49 A9 43 4

 AAEe 28 AHE Yed Row ol niy

o] g§5olA 47k ddje) ArEol AYE 29

FA9 AFRELS v g5 eI 53] o
Al g Atolo) ojt FAIAL] Aol )
%+ e Aoz e o]AL Ramsey® An-
dersen®] AAIT Vmax2 # 2.73 mg/min¥}
Lof9; Johansonel AA1g g 5.03 mg/mine
A% & Aolg BolA gk A4 o] WY S-S
glle SErEd-E gialzt wle s 3EEE ol
3 o] ZddlE enzyme systeme] X3FgE]]
ol2A e 3 AAl dANFH e & Aol7) fle
Ao vepdth ueid B AFelA S 22
Jel= enzyme systemE E3FE| o] o] 2w 8}
A e Brxelw, I Ax dAlEE HpEL Aol
of oJgk FAF ] Aozt i AL Aoz viet
@ Aoz AzdEn 2E Rdd o FAR0E 2
A Az 7B & AolE Holm e gEE
E2 15727 @F 2Ellleg ACGIHOAE
0.02 mg/l9l @& AAR Jdov FAZEIE
0.16-0.18 mg/18] W E Bk olAL 2l
F2E oF 4% Aol A el HHFE
FAF ARz} 71E AREE AT A AAEd
Ao riacs 3-8 ouldich

3. dzlsty #g=2] Xfojol| 2J§t FAHRL] Kfo)

PB-PK Edef H&=e 42188 ¥4 & com-
partment®} T|AY W52 Aold] &3 FAA=}
2] W& Table 5~Table 79 3 ¥ (modified
values)ell YetRIch o] FAAI= ullAla<
AL W4E-2 Table 5~Table 79) AAR
AAdFHE Foll dA 48A% 7 248 AFHE
Bl AHES MeEtn, ey HWLHS A9
ATAES] AMESE e 7|8 T gk (Table 19
opa|9 AH) 5 T Hgale] Pl

HEZ2EA Aol AEIEH W] Flo]
Hsfali e diF-Ee FEoM FAZRAI} TS
g ook B 2ERIY Aee 1F A}
EAE & AolE Holx Qstoy} 3UiF 2 ¥H
FEE compartmentst #HE UL ABANFHE
g oid & A3E Bl olAL HEERAE
o} Apole A2l V18 B ajddn A
o] Aulel EFeHel ¥, dAEEE AXs
W Bfqnl A A pole iR Wl A
Well FEo] £2, diAtEr] d&el Aol 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 44 170
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/) 4,56 0.30 0.36

partmentst HAA ko] ¥l iAoz 97
517] W89 AHe= s Er}, compartment} T
gyl WSEFE fat compartment?] £3E Droz
(1986) 7} A1 gto] 15.43 L) ¥k wigdd ghe
13.577 L2 d& 2] d o F58 F718A47t
AHel A g Hn wetd F 5 R %
718 B3} wigsHe 42 54 FA=He Aoz A
Ztdt mEy 2 Ak FEl wdsEE 3
FEgde] Ao AU Adrideed] A%
A& gke] Aojo] gleME FAARS zbelF 1A
€ 7 Je Aoz Azidn,

a2y of| QUFte] ¥ A 483 dAde
ANE BolerlE #asis e 44 ¥, Bz
A9l ARE BE ZF W] qlEgleR o8 QF
Argo] AME-E e} T FRE AR A8 E2
%9 571% 2E¥le] 55 ppme2 Drozzt AAI g

& AMEE el 3.9 ppmitt AA] APAA
6.4-8.8 ppmel 772 ez et W
Z2 (.543F e 8% 28, F2 1547 ¥4
7% 2 8F B9, 28 §F LA 59
Btole o8 d7REe} AR @] ZlsHETH
S AMERE 7t A AgA ek Aelrt 8 & A
o7 JEpch, ol¥ A48 AME compartment®
TUE dre B ol A9 o ¥R F
AAZE Btz @F57] ol Aotk oF
v daA Dol EullAlSe} 2} compartment]
|2H] Fo]l nA=] AR ¥ FAHeME Y&
Hgho] of2l g Ao}, Lol AEF ulel Hol
compartment 2} THE A2gH Hpade Aole

FAAT ] A JaHe] JaiFes A w3 2
Aol BHEEAES) 2z} compartmentollAiel Bl
A 28E B3 B0l sMsdivke Ao 2
AFollA Droz(1986) 7F AMAIg Aeldts] Hegs
& AHER Ao] EA7F gl Aeg Alzbdd)

4 M el gy

2de] FAR e} HA) dEA e HH Y=
g 7] 93 A% oAb wsEa ek
frge g AstAA 48 AHXE Table 5~
Table 7¢] FAIZA7e] epR2t Foll YehiRict A
A7 AHUSFE G2 BReA A AmE A
Faleont, U4yt FAT AV F3EkA] g
AL, 4R ALRE oz A WMIAH Hokyn
o ezgkel digk eAE Bk #siAzl
oAl 2 dAEE A o AT Jse
Table 8o et mZ==2cdle] ASe
ool 7ol g BulAFIRE Gearharts
(1993) o] A|AIF gkt Wl=dt 128 AFE3I 2 Km
9} 2 2= Raodt Brown(1993)0] 8% Reitz
7b AAF 9 4.56 mg/l& AHgEtRc. o
Vmax9] #2 HH e IFP=E 47198 Dallass
(1994)°] A% IR 50 % =& 0.015
mg/ming AT B fat compart-
ment] BUlASFEE 50022 U AL Adsn
= WEE 3 gten e Yoo Frle
g BujAlegkat fat compartmente EujAlS
e Zzt 207 100022 ©E dAFaEo] AAF
gtoll vlsiM e dd ZA AsiAlA 2] gt
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2 Ahgeted Bl

HEZ2oEAe} A olF mdo] o3 FAH
el wjs] ZEFo} E2 15A7 Fo] ¥F HER
zogdde] FAA7 242 3.1 mg/1T 0.9 mg/12
A A A9 A3l 2.3 me/17 1.0 mg/lel HE
e ATE Byt oA RdEd oM Az
AvEr 2 T2 64030 ¥ =F TCAREY
ZAATRE 2 2dd g8Me 4.8 mg/g
creatinine2 2 AA AYAQ] 4.9 mg/g creati-
nine 8 YAgke A3E & £ At e
q2e 2ddie FARdRAE 28] Km o ate]
4.56 mg/12A, A7l BE £58 Y H3 2
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FAE we} B2 F A gARE] wEsko] A
Ztel] Wl FaHEe Ae F WgPs] oEgQd Re
2 g,

E2de] A%E ofd 295 FAAT A HA
3k a}olE Holy AL olyut ER 15A0Fe] &
718 2 8% BF9 FAENT oA Ry
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A=A
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g B3 HHE AFRE BJ, 53] & AolE
Hold %2 (.54 £ 37)F zER] 329
E2 15A12F%e] 8% 2EjRle] FAA 4
3.9 ppm¥ 0,16 mg/12A] A 482 6.4-8.8
ppm3 0.02 mg/lel B3] ¥AT AolE Hold
HA zdae 28 A2 2ddM= 6.6 ppm™
0.11 mg/12A RS} 298] RE FFelA
= A 2t vy Y d3E 2o A
2& 24 FAEE] AMHASE 4 & Utk
- HEz2ddde Ate AP 4RI 21E
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L S7] WEe] o€ B e HHRYe ol
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compartment®2 £3¢] o]F°] A& rFeAdel 3
th o} ARde] mdele HEH A @] WE
o] fat compartment®] ¥ujAlF7l A AY¥EHe
Rol o3)8 A4 4% 2 29E FAFE ¥ o
#7} 2 £ Utk Hattis$ (1994) % °]v] o]t
ul&g 88 AAE v ek e oleh e
2de AF7A = AAIE vk gl Table 894 A
Alg d¥xtast 7P A9 dolEln gA3AE 5
= flon} ofd gl oz F ¥ dFado)
Hagk Ao AzhdEn

Fig. 2~Fig. 11& o]z} Zo] HFH o= Y
¥ Y mde] o 375 2 8F 29 =F
HAHEE L] Fee] WslE FAT 478 vepd A
olc}, olEd ¢o TE FAY vhAIAlE BF 3

T AYEA D BT YA TLV si%gshe &

=2 wgHeR A9 Z2HALS de 495
FA% A gelth

HE2zdqde] A4e 25 2 85 fE=2
2ogdd Fx(Fig. 29 Fig. 3 2 EFdA
(FFig 59 Fig. 6)olvt 2ElJ (Fig. 8% Fig. 99l
Aesle 97 A% g AR 28 g
FA ke Ao Jgeh} F3o] WEHe Hgid] 9
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o gk E3F F8Y olF Aol gl FEE
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2% AL BRdFa
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FEE fAER e AE 23D U (Fig. 4).
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Fig, 2, Simulation of alveolar perchloroethylene concentration during an cccupational exposure to 50
ppm toluene: 8 hours/day with ! hour break, 5 days/week
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Fig, 3, Stmulation of venous blood perchloroethylene concentration during an occupational exposure to
50 ppm perchloroethylene: 8 hours/day with 1 hour break, 5 days/week
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Fig, 4. Simulation of urinary trichloroacetic acid concentration during an cccupational exposure to 50
“ppm perchloroethylene: 8 hours/day with 1 hour break, 5 days/week
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Fig. b, 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 occupaticnal 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 cccupational exposure to 50
ppm styrene: 8 hours/day with 1 hour break, 5 days/week
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