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M athematical modelsin assessment of human

health risk caused by PCDD/Fs
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Transport pathways of congenersof PCDD/Fs

from sourcesto human body
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Estimation of environmental dynamics of

PCDD/F congeners emitted from incinerators
00000000O000OPCDD/FSOOO0OO00O0

Processes considered in air/soil two-compartment model
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Estimation of environmental dynamics of

PCDD/F congenersin paddy fields
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Processes considered in soil one-compartment model
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Estimation of dynamics of PCDD/F congenersin

coastal environment
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Processes consider ed in water/sediment two-compartment model
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Estimation of daily intakes of PCDD/F congeners
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B Daily intake: product of concentration in intake medium
and ingestion or inhalation rate of intake medium
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E Concentration in coastal fish: assumed equilibrium between
the concentrationsin water and fish
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B Concentrationsin cropsmeat/dairy products. methods

described by the U.S. EPA (1994)
00/0/000000000EPADOOOOO

E Epidermisof rice plants. contaminated by PCDD/Fs
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Residual culms and blades after threshing rice: fed to

domestic animals as fodder
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Estimation of congener-specific body burden and

concentration in breast milk
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E Body burden, C, (1) (NS R=REh=T
ABSxIT(t)

Cruman(®= KexBW(1) {1-exp(—kext)}
ABS . gastrointestinal absorption (DO OO0 0O)
I T(t) . daily intakeataget (DO O OQd)
ke . 1st-order rate constant for elimination
(HEELRREER)
BW(t) . Body weight at aget (O O)
E Concentration in breast milk, C..(t) BELRRE

Crilk (1= Chuman(!)

Fat(t)
Fat(t) fat contentataget (D OOOOOO)




Derivation of correction factorsfor calculating

2,3,7,8-TCDD toxic equivalent body burden
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B Toxic equivalent factors (TEFs): based on administered doses
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B Relativetoxic equivalent body burden (relative TEB)
EHFHRANBREMRRIE (relative TEB)
: _TEF ABS, XDT5OJ
relativeTEB, = TEI%DDXABSTCDDXDTSO’TCDD (i = 17 congeners)
TEF : WHO-TEF

DT, > Half-life OooOoO

E Correction factor (CF) 0000

_ 1
CH _relativeTEBi

applied rounding-off procedure (nearest 1 or 5)
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Correction factorsfor calculating 2,3,7,8-TCDD
toxic equivalent body burden
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WHO- DTso0* Relative
Congener TEE ABS* (year) TEB CF
2,3,7,8-TCDD 1 0.97 6.2 1.00 1
1,2,3,7,8-PeCDD 1 0.99 8.6 1.42 0.5
1,2,3,4,7,8-HXCDD 0.1 0.98 8.4 13.7 0.05
1,2,3,6,7,8-HXCDD 0.1 0.97 13.1** 21.1 0.05
1,2,3,7,8,9-HXCDD 0.1 0.96 8.5 13.6 0.05
1,2,3,4,6,7,8-HpCDD | 0.01 0.86 6.6 94.4 0.01
OCDD 0.0001 0.76 5.6 7080 0.0001
2,3,7,8-TCDF 0.1 0.97 0.4 0.65 1
1,2,3,7,8-PeCDF 0.05 0.99 0.9 2.96 0.5
2,3,4,7,8-PeCDF 0.5 0.98 9.9 3.23 0.5
1,2,3,4,7,8-HXCDF 0.1 0.97 5.7 9.19 0.1
1,2,3,6,7,8-HXCDF 0.1 0.97 6.2 10.0 0.1
1,2,3,7,8,9-HXCDF 0.1 0.95 1.1x** | 1.74 0.5
2,3,4,6,7,8-HXCDF 0.1 0.96 2.4 3.83 0.5
1,2,3,4,6,7,8-HpCDF 0.01 0.87 0.2***| 2.89 0.5
1,2,3,4,7,8,9-HpCDF 0.01 1.00 3.2 53.2 0.01
OCDF 0.0001 0.95 0.2 316 0.005

*. Liem and Theelen (1997), **: Flesch-Jabys, et al. (1996), ***: Y oshida (2000)



Endpoint and margin of exposure
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E Endpoint: morphological reproductive alterationsin female
offspring exposed prenatally (Gray et al., 1997)
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E Body burden for NOAEL: 28.6 ng/kg (Hurst et al., 2000)

average body burden of 2,3,7,8-TCDD between gestation day 16
and 21 of ratsadministered at a dosage level of 50 ng/kg
O0000000000000000 28.6 ngkg

SoOngkg0000O0OOOOODOOOODO1000 21000 2,3,7,8
Tecobuoooooon

E Margin of exposure (MOE): calculated by dividing the body
burden for NOAEL by the estimated maternal body burden

BEY—(MOE): NOAELO OO OOOOOOOOOOOOO00OO
oooooo



Emission rates of PCDD/Fsinto the Japanese
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Exhaust gasfrom incinerators (0 O O O O) : Environment Agency, 1999
Herbicide PCP and CNP (BRELHl) : Masunaga & Nakanishi, 1999
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Comparison of measured and estimated
congener -specific concentrationsin the air
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Comparison of measured and estimated congener -

specific concentrationsin soil of paddy fields
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Daily intake, pg-TEQ/day

Comparison between measured and estimated

congener-specific daily intakes
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Contribution of different sourcesto daily intake
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After 1992, daily intake of PCDD/Fsresultsfrom incineration

Processes.
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Concentration, pg/g-fat

Congener-specific concentrationsin the breast

milk of 27-year-old females
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Concentration, pg/g-fat

Congener-specific concentrationsin the breast

milk of 27-year-old females
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Concentration, pg/g-fat

Congener-specific concentrationsin the breast

milk of 27-year-old females
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Contribution of different sourcesto concentrations

of PCDD/F congenersin breast milk
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Contribution of different sour cesto concentrations

of PCDD/F congenersin breast milk
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Contribution of different sour cesto concentrations

of PCDD/F congenersin breast milk
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Estimated time cour se of body burdens of 3 congeners

INn females born in 1950, 1960, 1970 and 1980
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2.3,7,8 TCDD-TEB, ng/kg

Contribution of different sourcesto body burden

of PCDD/Fsin Japanese Females
0000000000000 0000O000

12 12

10 : 10 .

. Born in 1950 . Born in 1960

25 - 30 —t 25 - 30 —t

6 6

4 4

2 2

0 0

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

12 12

10 : 10 :

s | Bornin 1970 8 Bornin 1980
6 6

4 | 4

2 2

0 0

Age

B Incineration [ PCP M CNP




2,3,7,8-TCDD toxic equivalent body burden and

M OE for female offspring
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Maternal female O [

Female offspring O [

Year of birth 2,3,7,8-TCDD-TEB MOE
O O ng/kg 000000
1950 49-55 5
1960 41-5.2 5-6
1970 27-31 8-9
1980 1.7-2.0 12 - 14

B The MOE valuesmight not be sufficiently large to guarantee
safety for female offspring of maternal females born in 1950 and

1960.
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B safety factor of 3—10: extrapolation from the general
population to the sensitive subpopulation (O O )

E body burden of 2,3,7,8-TCDF wasunderestimated (0 O O O )



Conclusion
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B Improvement of mathematical modelsin order to achieve
reliable prediction of exposureto many kinds of chemical
substancesin the environment
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E Establishment of proceduresto monitor chemical
concentrationsin thelongterm to validate the
predictability of the models and proceduresto
compensate the lack of data
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