
Dioxins---from the Risk Assessment Perspective

ダイオキシン---そのリスク評価

Dioxins＝family of PCDDs and PCDFs

Dioxins＝ポリ塩素化ダイオキシン類と

ポリ塩素化フラン類の合計



The following information is essential for policy making

How great is the magnitude of total risks due to dioxins? 
　(ダイオキシンによるリスクの大きさは？)

Which exposure pathways or sources are dominant?
　（主たる汚染源と経路は？）

What risk is action-sensitive ?
（削減効果が出やすいリスクは？）



Target receptor groups

Receptor group Abbreviation 日本語

General population (*1) G(1) 一般の人（１）

General population (*2) G(2) 一般の人（２）

Local residents LRs 焼却場極近傍の人

Heavy fish eaters HFEs 魚介類多食者

Breast-fed infants 母乳の乳児

Fetuses 胎児

Workers (beyond my scope)   労働者(研究の対象外)

(not yet undertaken) (来年の課題)

(*1)　Takayama et al. (1991)
(*2) Environment Agency (1997) 
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Estimation of daily dioxin exposure levels（ in terms of TEQs）
　　　　　 一日の曝露量
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*LADD：Lifetime average daily dose（生涯日平均暴露量）
pg=10－12 gram 



Predicted vs. Observed TEQs tissue levels 
for general population (Part 1)

Dioxins in terms of TEQs (pg/g of fat)
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Predicted vs. Observed TEQs liver levels 
for general population
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Exposure estimates for LRs 
(Local residents living near garbage incinerator) 

-- the worst case scenarios and theoretically maximally exposed individual --
（焼却場周辺に住む人の暴露量、最悪のシナリオで最も高い人についての推定）

1. Dioxin levels

Media Dioxin levels

soil (土) 144 pg/g

air（大気） 4.9 pg/Nm3*

(1.5 pg/Nm3)･ 10 m and larger
(3.4 pg/Nm3)･ smaller than 10 m

･ gas (0.5 pg/Nm3)

intake via green vegetables 
consumption（葉菜）

93.4 pg/day

2. Duration of exposure :  30 years.
*background ｉｎ large cities        0.6 pg/Nm3



Expousure estimation for HFEs ( heavy fish eaters)

Average daily consumption of fish : 320 g/day
Duration of exposure: 70 years



Linearized multistage model

Cancer risk is estimated using linearized multistage model.
(直線多段階モデル)

2378TCDD is thought to be not initiator but promoter. This 
model is not suitable for promoter such as TCDD. However, 
it is applied for comparison with other chlorinated 
compounds, such as chlorination byproducts of water.
(発がんプロモータには直線多段階モデルは適当ではないが、
他の塩素系化合物の多くもプロモータであるにも拘わらず、

直線多段階モデルが使われてきたので、比較のため用いた)

Oral cancer slope of 10－4(pg/kg/day)-1 is used.(*1)

(*1) EPA(1994)



Cancer Risk Estimates (Linearized Multistage Model)

0

2

4

6

8

Li
fe

tim
e 

ca
nc

er
 ri

sk
(×

10
-4

)

G(1) G(2) LR HFE Kanamachi* USA**
Drinking water

*J.Nakanishi,    **R.J.Bull

10 10-3

10-4

生
涯
発
ガ
ン
リ
ス
ク



Since dioxins persist over years in the body, dosimetry of 
the body’s  burden retention of dioxins must be used. 
Here, the area under the curve (AUC) for lifetime is used.   
　
AUC=体内蓄積量の積分値,   POPs=長期に残存する有機物

{ } ,dt)ktexp(1
k
DCdtAUC 't

0

't

0 ∫∫ −−==

where k = 0.1066 (1/year) = overall elimination rate 
constant, t’=70 years, D = yearly dose (1/year)

di
ox

in
 b

od
y 

bu
rd

en
 

(p
pt

)

age (year)



AUC 2,3,7,8-TCDD Levels and Corresponding Cancer Risks
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NIOSH (National Institute of Safety and Health ) cohort was 
used as a reference. According to the analysis by Aylward et 
al., the AUC serum lipid TCDD levels of 6059 ppt･year is an 
average for an apparent “no-effect level” group in the NIOSH 
cohort. 
MOE =

exposure
no-effect exposure level

= Margin of exposure
（安全率）



Table 6. MOE Values for Three Endpoints 
- 1996 Proposed Guidelines -

Endpoint

Receptor
Cancer
（ガン）

Reproductive
Dysfunction
（生殖機能障害）

Endometriosis
（子宮内膜症）

G(1) 98 98 13
G(2) 228 228 30M

O
E LR 72 72 99

HFE 41 41 55

* Estimated from LOEL value.



Exposure estimation 

1)  For all the four receptor groups, fish ingestion is the 
dominant route for dioxin exposure. The ratio of exposure 
from fish consumption to exposure via all routes is 60 % for 
G(1) and 91% for HFE. （魚が主要な暴露経路）

2)   Among the four groups, the most highly exposed group is 
HFE.
（魚介類多食者の暴露量が最高）
　
3)   For LR , ingestion of green vegetables harvested in the 

proximity ( within 1000 m ) of the incinerator is the second 
dominant exposure route.
（焼却炉近辺では葉菜の摂取が第二の暴露経路）



Risk　Analysis. (Part 1)

1)  Assuming the linear dose response relationship at low doses, 
the excess lifetime cancer risk evaluated on the basis of TEQs 
is in the range of less than 10－3 and more than10－4 for all the 
four receptor groups.

2) The MOE values were calculated on the basis of TEQs 
according to the 1996 Proposed Guidelines . The MOE values 
for cancer and reproductive dysfunction are large enough to
guarantee safety but those for endometriosis are marginal.
(がんと生殖機能については、MOEは十分大きいが、
子宮内膜症についてはゆとりがない)



Risk　Analysis. (Part 2)

3)  Considering the persistency of dioxins, risks should be 
evaluated on the basis of the AUC rather than the LADD. The
analysis based on the AUC 2,3,7,8-TCDD shows that the MOE 
values for G(1), G(2) and LR lie in the range of 22 to 60 and 
are large enough to guarantee safety, but the MOE for HFE is 9 
and is marginal. Although this analysis is promising, there are 
many problems to be solved. 

（魚多食者のMOEが小さい）

ACU = Area under the curve （体内蓄積量の積分値）
LADD = Lifetime average daily dose（生涯日平均暴露量）



Subjects in the coming year

1)   To evaluate the cancer risks not in terms of MOE but LLE.
（発がんリスクをLLEで評価する）

2)   To evaluate the risks of other endpoints than cancer.
（がん以外のリスク評価）

3)   To evaluate the risks for breast-fed infants and fetuses.
（乳児と胎児のリスク評価）


