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Human Health Related Research

|. Monitoring of chemicals in various environmental media
1. Levels of dioxin in the environment and biota.
2. Levels of benzene in air.
3. Levels of indoor air pollutants.

Il. Behaviors of chemicals in the environment
1. Transport of dioxins in the environment.
2. Degradation of halogenated compounds in aguatic environment.
3. Heterogeneous reaction of air pollutants in atmosphere.

Ill. Development and validation of chemical fate models
1. Watershed model supported by Geographical Information System.
2. Characterization of uncertainty in multimedia fate models.
3. Transportation of pollutants near the incinerators.

IVV. Development of chemical distribution model in the body
1. Model based on PBPK.

V. Human health risk evaluation
1. Population risk assessment of benzene
1. Exposure and risk assessment of dioxins



Dioxin related research in the project

Dioxin monitoring Environmental Behavior of dioxins
1. Soil and Sediment 1. Origin estimation

2. Atmospheric deposition 2. Atmospheric transport & deposition
3. Aquatic biota ] 3. Bioaccumulation via food chain

4. Dioxin profile at the emission source 4. Accumulation in the body: birds

5. Distribution in the body <-- birds 5. Historical dioxin load: sediment core

v

Model estimation of dioxin exposure
1. Model calculation near the incinerator

2. PBPK (physiologically based
pharmaco-kinetic) model

v

Risk assessment of dioxins
1. Risk of different sub population
2. Avian risk study

| Bas_ic Approaqh . | |
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ol\fl%l Dioxin Abbr. Isl,\lo?ﬁ::s Dibenzofuran Abbr. Is|\<|)cr)ﬁ§:s

1 monochlorodibenzo-p-dioxin | MCDD 2 monochlorodibenzofuran | MCDF 4
2 | dichlorodibenzo-p-dioxin DCDD 10 dichlorodibenzofuran DCDF 16
3 | tirchlorodibenzo-p-dioxin TrCDD 14 trichlorodibenzofuran TrCDF 28
4 | tetrachlorodibenzo-p-dioxin TCDD 22 tetrachlorodibenzofuran | TCDF 38
5 | pentachlorodibenzo-p-dioxin | PCDD 14 pentachlorodibenzofuran | PCDF 28
6 | hexachlorodibenzo-p-dioxin | HXCDD 10 hexachlorodibenzofuran | HXCDF 16
7 | heptachlorodibenzo-p-dioxin | HeCDD 2 heptachlorodibenzofuran | HeCDF 4
8 | octachlorodibenzo-p-dioxin OCDD 1 octachlorodibenzofuran OCDF 1

Total 75 Total 135




Schematics of PCDD/F behavior in environment
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Inventory of Dioxin Sources in Japan (TEQ base, early 1990s)

Estimation by Environment Agency and Prof. Hiraoka

Industrial
waste

incineration
12%

MSW incineration

0) 10 20 30 40 50 60 70 80 90 \100
Sources g TEQlyear Metal
production
[ ] MSW incineration 4300 (3100 - 7400) (96)
L] Industrial waste incineration 627 (547 - 707)
[] Metal production 250
[] lubricating oil 20
[ Cigarette smoke 16
[ Black liquor recovery boiler 3
L Incineration of wood & waste wood 0.2
L] Automobile exhaust 0.07
L] Paper & pulp bleaching 0.7
I | Pesticide (PCNB) 0.06




Inventory of Dioxin Sources in Japan

(PCDD/Fs kg base, early 1990s) industrial lubricating
Ol
Estimation by Prof. Hiraoka m?rtlzration

MSW incineration

ciN4)  5%2%) 2%

0 10 20 30 40 50 60 70 80 90 \ 100
Metal
Sources kglyear production
= MSW incineration 600 (173 - 1060)
[] Industrial waste incineration 37 (32 -42)
L] Metal production 14.2
[] lubricating oil 16
[] Cigarette smoke 3.2
[ Black liquor recovery boiler 0.140
[] Incineration of wood & waste wood 0.008
] Automobile exhaust 0.007
L Paper & pulp bleaching 2.61
L Pesticide ?




Location of sampling sites
I

:Sea sediment
‘Lake sediment

e :River sediment

e :Urban soil
e :Paddy field soil
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Dioxins in soil, sediment and « KOj
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Dioxin iIsomer profiles
(Actual concentration)
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B TK (Takahama-iri)

Dioxin iIsomer profiles
(Normalized data)
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Procedure of principle component analysis

Dioxin concentration in 17 soil and sediment samples
(Isomer specific data: over 80 peaks. Ignition loss base)

'

Excluding peaks with ND value in any one of the samples
(Variables: 73 peaks)

v

Normalize for each peak (variance = 1)

'

Calculate correlation matrix

!

Principle component analysis with normal varimax rotation




Results of the principle component analysis

PCs Contribution Characteristic compounds v .
attribution
PC-1 52 % most of the tetra- to hexa-CDFs Actlmosp_henc
eposition
) . penta- to hepta-CDDs with
PC-2 L7% 1269-Cl substitution S
tetra- to penta-CDD/Fs, especially
- 0
PE3 18%  \iith 1368- or 1379-Cl substitution ~~ “N*
PC-4 9 % some of the hexa- to octa-CDD/Fs PCP 3

vlsomer or isomer-cluster peaks with high loading values (r>0.7).
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Pesticide use in Japan
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*2,4-PA (2,4-D): 2,4-dichlorophenoxyacetic acid, MCP: 4-chloro-2-methylphenoxyacetic
acid



Amount of organochlorine compound used

and their dioxin impurities released in Japan
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Dioxin source inventory and results of PCA analysis

Source Inventory
TEQ Atmospheric emission source

PCDD/F amount Atmospheric emission source

PCA analysis ) (CNP) er

0 10 20 30 40 50 60 70 80 90 100

Possible cause of the discrepancy
1. Contribution based on "Amount of dioxins" vs. "Variance of samples".

2. "Present emission" vs. "Accumulated pollution caused by past as well
as present emission".



Procedure of Multiple Regression Analysis (MRA)

Splensiey vElel e Criterion variables:

Isomer profiles for
Atmospheric deposition,
CNP, PCP and Unknown

Isomer profile in
environmental samples

Multiple regression analysis




Contribution (%)

Contribution of different origins to the dioxin
concentration in soil and sediment Source
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Dioxins accumulated in Tokyo Bay sediment

over the past 35 years

. | Unknown
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Dioxin load to Tokyo Bay basin over the past 35 years
35

_ Load to water body
Atmospheric

deposition
Accumulated in sediment

Load to land
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Accumulated in sediment
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18.9 53.1
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Dioxin balance in Tokyo Bay basin

Annual atmospheric input
1.0 kgly 6.3 kgly

Direct /
— input to Input to terrestrial soil
water
Atmos. Dgp. | |Atmos| Dep. CNP
36 k 223 kg 4700 kg 9
L 7 Run-off “Run-off 7Run-off .
D”((i%tollg/op)Ut prate=10%  prate =1.3 % 'ratel:“; (1)2 % P
[]
Atmos. Dep. CNP PCP Unknown
59 kg 62 kg 366 kg 260 kg
Tokyo Bay

Accumulated amount in sediment ——




Dioxins accumulated in Kasumigaura Lake sediment

over the past 35 years
o [K
JTe o LC
o\[Z _ _
Sedimentation rate = 0.2 g/cmz/y
Assigned area PCDD/F concentration PCDD/F accumulated
LC LC LC
TK TK
TT TT
[ Atmos. dep. Il PCP [ Unknown
1< T2 100 ene
Area (km2) x10"3 pg/g dry sed. kg
Lake Total CNSF;\ 7.8 Unknown 56.1
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Dioxin load to Kasumigaura Lake basin
over the past 35 years

~ Load to water body
Atmospheric

deposition
Accumulated in sediment

Load to land

Load to land

CNP

Accumulated in sediment

Load to land

Accumulated in sediment

Unknown

Accumulated in sediment —56.1

8.1
4.2 11.9
[ 71.
376 105.6 estimated
mean
6.6 estimated estimated
minimum maximum
2793
5.7 _
Run-off ratio = 0.20 %
1854
78  Run-off ratio = 0.42 %
1 10 100 1000 10000

Percentage of paddy field in Kasumigaura

basin against national total: 2.1 %

PCDD/Fs (kg)



Dioxin balance in Kasumigaura Lake basin

Annual atmospheric input
0.23 kgly 2.0 kgly

Direct /
— inputto Input to terrestrial soll
water
Atmos. Dep. | |Atmos| Dep. CNP

8.1k 71.6 kg 2800 kg 9

\ '."i'?un-off ratio ,c"]?un-off ratio
4 F =020% / :0.42%ﬂ
0 O
Atmos. Dep. CNP PCP Unknown

6.6 kg 5.7 kg 7.8 kg 56 kg
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Limitations of the current estimation

Hypothesis:

1. Measured dioxin concentration In surface sediment
represents the past 35 years of sediment.

2. Atmospheric deposition flux constant for the past 35 year.

3. All the dioxin load entering into the water body
accumulates in sediment.

4. No transformation nor volatilization of dioxin.

Uncertain data:
1. Dioxin impurity concentration in pesticides.

2. Pesticide use In the basin.



Dioxin source inventory and results of MRA analysis
MRA
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Dioxin TEQ load to Tokyo Bay basin
over the past 35 years
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Dioxin TEQ balance in Tokyo Bay basin

Annual atmospheric input
14 gly 84 gly

Direct /
— input to Input to terrestrial soil
water j
Atmos. Dep. Atmos. CNP
480 Dep. 0g o
i 2900 g :
Direct input ,"‘.Run-off ."‘;Qun-off §
(100 %) rate=18% /» Prate=11% P
Atmos. Dep. CNP PCP Unknown
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Dioxin TEQ load to Kasumigaura Lake basin
over the past 35 years
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Dioxin TEQ balance in Kasumigaura Lake basin

Annual atmospheric input
3.1qgly 27qly

Direct /
— input to Input to terrestrial soll
water
Atmos. Dep. Atm906 .gDep. CNP
108 g 0g ?
\ Run-off ratio
’ ) F  =036% !
Atmos. Dep. CNP PCP Unknown
99 ¢ Og 13 ¢ 103 g
Kasumigaura Lake

Accumulated amount in sediment —



Comparison of dioxin concentration in air

: Range

— : Average

Australia
— Aus. (near pt source)

— Canada (rural area)

— NL (urban/industrial)
— NL (local background)
— NL (rural area)

— Sweden (city)

— Sweden (suburbs)

— Sweden (rural area)

— FRG (near pt source)
— FRG (urban/industrial a
— FRG (suburbs)

— FRG (unpolluted area)
— FRG (rural area)

— U.S.A. (city)

— U.S.A. (ambient)

— Japan (background)
— Japan (smaller city)

— Japan (large city)

— Japan (near industrial

o
—

—i

cw/O31 bd

0.001

Japanese data from Environment Agency. Foreign data from Leam & Zorge and Leam et al.



Effect of dioxin emission reduction
by the control of incinerators

Reduction of human dioxin uptake may take time in Japan
because:

1. Current dioxin pollution in aquatic environment is a result
of past pesticide use.

2. Major dioxin uptake route from food:
Japan: fish <-aquatic environment

European countries: meat and daily product
<-grass <-atmospheric deposition



Conclusions

. Detailed isomer specific analysis of dioxins served to reveal
the cause of dioxin pollution in the environment. Popular
analytical procedure of quantifying 2378-isomers only is not
sufficient for detailed analysis of dioxin behavior.

. There is a great discrepancy between the widely
acknowledged dioxin source inventory and current
contamination in aquatic sediment.

. Current dioxin contamination in aquatic environment is
mainly a legacy of past pesticide use. Interms of TEQ,
however, the importance of this legacy becomes smaller and
comparable to that of atmospheric deposition.

. More time may be required to reduce the human dioxin
exposure in Japan than in European countries by
atmospheric emission control.



