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The Internal Dose Assessment of Ingested Radon using
a PBPK Model for Repeated Oral Exposures
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ABSTRACT

A daily newspaper in Korea addressed an controversial issue recently that the concentration of radon
measured from the groundwater in Taejon was found out a relatlvely high level. The cancer risk ar1s1ng from
ingestion of such radon should be derived from calculation of the dose absorbed by the tissues at risk. The
study performed by the National Research Council in United States confirmed that the use of a PBPK model
for the ingested radon could provide the useful information regarding the distribution of radon among the
organs of the body. This study presents an approach for the internal dose assessment of ingested radon for this
case. At first, the study develops a PBPK model for ingested radon. However, the important issue is how to
simulate a more realistic situation using the model associated with repeated oral doses rather than a single oral .
dose. The simulations are performed for repeated oral exposures p#r 8-hour interval using the PBPK model for
a male adult. The concentration and cumulative value of radon concentration are, calculated and analyzed for
lung tissue and adipose group, respectively. The results could be used for the tealistic predlcnon of the 1nterna1
dose of radon in the human body for repeated oral exposures.

Key words : Ingested Radon, PBPK Model, Internal Dose Assessment

' o} o] 7%, BEY FF & TS Bl &
N B H] AxE Oswald A< 3

‘ a2} m}a}/q o7l =

BES S8 (U-238) WAls A9 9224 RE As4E J4E
ZHE (Ra-226)2] 45 (0)5-FAA] AGAAHE 74 3l5s %‘3}15}"4 AE & Ut oY HES Al
2 Bt o2 E8A o, A, T Jkx] s} gl ut ATeNA BpEolE T
He BAE /AT ok €A HelA AAEE 5483 gE-222 % gt Izke) o e
BHEL BE 3] $9E w7k 23 MFE 9 EAlRE AAF 4 dAT FEFY FEY
27 o} olv, dMEH Y] T WA B £ radioactive by—product—",;:l Qlzke} 7k 3‘«°‘§HE
e el B g3 AdE fA @ AL HYe Yo 5 et # 2 NRC (Natlonal

)
rfa

— 43—



44 KOR. J. ENVIRON. TOXICOL.

Research Council)®] X .3Aje] 2)shd w] oA
ANF7)Fe] 2A8e FE 283 10 RAE
o] &3} Ak wid 3,000~32,0007 8] gt
g Rb7y A kel AAska 9l (Doull ef al.,
1999). 88 AEUWY =HEL Aoy AE
9] ZIAREHR AEFH e EF D $HFe
238 Zukr §45 A &3 =3
=L oM Z9] well watero| M= LAE =Y o]
g A3pE AFH e AT A$ Ft
712 f49A "ok B3] gEe] 41 Al
$Z AL (AL 24 E, 3L BE A
431 AS Az aE Jdd gEe] Ay
718} AelAl ®rth wetr o] A$-2] A 3o
FEL ANIVE FY5 B AA AA
2]8)) = (health risk)ol| 7]e33}A ot

378 23 SEEY 93 dAEE v
xA & 4¥A glort, gEe] 2§} AFeE
L4542 AMEE S WE dTe 1%
AE3IH F A Mol £3" SES] A 4F
Az Zdu|gtel 918 = QA A9 A
743t cello] g}Eol] x&Fo] A $HE ¥
& doke 2ot e mFe AS, £44
Aule] AjmSe) HFo=z QI o3 Adf=
RE] A= Aow IdHA 3ot o|F Adg
= AYGdl vt Ad$EEe]l TEE M3l
EAFER A Z EXste HEL AR
a5 e] SRt o) T Adpre FAHE 59
Moz FFHA dot o] B Ay dF
B 35} streamd} 22 A wppch A 2o
BE F=E R A "o ol#® H=zE
B3 &452RE AFHE #HEL APASE
AR QA dYLHoz FHF o] HHWA <l
AW o8 G2 A7|E EA-3A Do ol
FAHELS AN o8 A7|ES] EA) wet o
FojX 2z oo ¥ AMAF o]y} Hasie.
7122 A-e Ade 55 A o
=i Agste] Frbsted St AR AR
A o] A= A A 2AE AR e
F3e A7t Bebe A8e T o

E A7 Asedel EA3s BeEs A7)
AFse A4S AFE =58 AW A 3
787 1k A =de] sl s Ao
712 3} olEjdt 3y mEe AFHF e

Vol. 16, No. 2

AAWANA Ajzbe] w2l AgA AFIHEAE =
AT 4 o) VAN FAFE Y4 2 e
Moz WAR 4 ek = AFIN LT =9
& 548 ANATE BAshed AT Ade
B Aelee Tom I 3 oelE w9
= PBPK (Physiologically-Based Pharmaco Kinetic)
modelel] 7Jutez F31 gl /pEd 2EE A4
st FHY A BEyEEAas 2
2 ao] QAxEAt Lo BE AW e

e e

o3y
2 A7 9 2448 3T S8 A%
el JAHA Az whe 2Ee) AN AF #

Bxg w9sl7] 238 PBPK (Physiologically—
Based Phramaco Kinetic) 229-& 7juksl=d i}
293 WAH BE A BE e
A FHFAAE Fotrr] g8 & mde % 7}
2 & e me o7 BESY AT
o] B EHFE v, T3 g

1. PBPK Z=elofut

1) 82+8 58 2lEyH

2371 A5E B8 AA=E gee] 940
2 BeleslAAe SHhe melsy] a2
ABE ZA 4%5F2] compartment, F stomach,
small intestine, upper large intestine, 2] 1 lower
large intestine 2. o] o] glv}sr 7}A 51 o} (Fig.
1 #zx). o] wf, Z compartmentef| A E-o] wFi&
HFA|ZH ICRP-300A] 2443 k& <4344
o1 o]& Table 191 4==3}¢it} (ICRP, 1979). Gut
compartment3=oj|A] stomach compartmenfﬁii—‘?—‘ﬁ-]
stomach wall-& %&) £l ANz F5HH

Table 1. Mean residence time of water in the gut compart-
ments

Mean residence time (hrs)

Stomach ‘ 1
Small intestine 4
Upper large intestine 13
Lower large intestine 24
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Fig. 2. Schematic diagram of blood—flow~limited model.
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Fig. 4. Structure of the PBPK model for ingested Radon.
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Table 2. Reference regional blood flows (% of cardiac out-
put) and tissue—to-blood partition coefficients in

the PBPK model
Fraction of .
Tissue group cardiac flow Partition
(%) coefficient

Stomach wall 1.0 0.7
Small intestine wall 10.0 0.7
Upper large intestine wall 2.0 0.7
Lower large intestine wall 2.0 0.7
Pancreas 1.0 04
Spleen 3.0 0.7
Adrenals 03 0.7
Brain 12.0 0.7
Heart wall 4.0 0.5
Liver 6.5 0.7
Lung tissue 2.5 0.7
Kidneys 19.0 0.66
Muscle 17.0 0.36
Red marrow 3.0 8.2
Yellow marrow 3.0 8.2
Trabecular bone 0.9 ' 0.36
Cortical bone 0.6 0.36
Adipose tissue 5.0 11.2
Skin ' 5.0 036
Thyroid 1.5 0.7
Testes 0.05 043

Others 3.2 0.7
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Table 3. Mass and dens1ty of organs in the male adult

Density
Tissue group Mass (kg) (kg/L)
Stomach wall 0.15 1.05 -
Small intestine wall ‘ 0.64 1.04
Upper large intestine wall . 0.24 1.04
Lower large intestine wall - 0.16 1.04
Pancreas’ ‘ 0.10 1.05
Spleen 0.18 1.02
Adrenals | ‘ 0.014 1.03
Brain o 14 1.03
Heart wall ‘ ©0.33 1.03 -
Liver o 18 ¢ 1.04
Lung tissue ‘ 047 . 105
Kidneys ‘ 0.31 1.05
Muscle ‘ 28.0 1.04
Red marrow 1.5 © 103
Yellow marrow 1.5 0.98
Trabecular bone 1.0 1.92
Cortical bone 4.0 1.99 -
Adipose tissue . 12.5 0.92
Skin 2.6 105
Thyroid = 0.02 .. 1.05
Testes . . - 0.035: 1.04 .
Others 32 1.04
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