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00000000 This Project

Titled

Jododoodoobooooooooooooooon
Establishment of a Scientific Framework for the Management of
Toxicity of Chemicals based on Environmental Risk-Benefit
Analysis

Period of timell
July 199600 March 2001

Funded by[]
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Core Research for Evolutional Science and Technology of Japan
Science and Technology Corporation , under jurisdiction of the
Agency of Science and Technology

(the Ministry of Education and Science since January 2001)
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The greatest mission of our project is development of metrics
for evaluating various types of risks
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Outcomes of human health evaluation used in risk analysis
Direct evaluation method

Endpoint
Injury = Noncancer
Fatal ancer Fatal Nonfatal
Common Outcomes Death  Death HQ HQ
regulatory —
assessment Comparability o o X X
' : ' Hospital
_Eggcéeergmloglcal Outcomes Death Death Death admis%'ions
assessment Comparability o O ) X
Harvard Outcomes LLE LLE LLE Not evaluated
University Comparability o o o X
_ Outcomes LLE LLE LLE LLE
Our project —
Comparability o ') o O

HQO OO O OO Hazard quotient[d
LLEO OO OO Loss of life expectancy
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Outcomes of human health evaluation used in risk analysis

Direct evaluation method

Endpoint
Injury Noncancer
Fatal C3NCer Fatql Nonfatal
Hospital
Epidemio- Outcomes Death Death Death_y jissions
logical
-based  Comparability o 0 0 X

HQO OO O OO Hazard quotient[d
LLEO OO OO Loss of life expectancy




Harvard University’s Studies

LLE[]
life-years lostd OO O 0O 0O O
Loss of life expectancy (O 0O 0O O)

OOoodao 10d0odoodoooooon
Cause of death LLE per death
[0 O Occupational 30
[0 0 Accidental 35

L1 O Cancer 10




Outcomes of human health evaluation used in risk analysis

Direct evaluation method

Endpoint
Injury Noncancer
Fatal Cancer Fatal Nonfatal
Outcomes LLE LLE LLE . Not
Harvard evaluated
University
Comparability © O O X

HQO OO O OO Hazard quotient[d
LLEODO OO OO Loss of life expectancy
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Outcomes of human health evaluation used in risk analysis

Direct evaluation method

Endpoint
Injury Noncancer
Fatal CaNCer Fatal Nonfatal

Oour Qutcomes LLE LLE LLE LLE
project

Comparability © O ® ®

HQO OO O OO Hazard quotient[d
LLEODO OO OO Loss of life expectancy
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risk levels of 1| o /0 O
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000000
Protocol for estimating RISK in terms of LLE

00000000 Cancer risk
OO0O0000000 Individual risk
OO000000000 Population risk

DO00000000000000000000Noncancer risk
Jodbdoddodoooooooodao

Dose-response relationship available
O OOONOCAELOOOOOOOODO Only NOAEL available



Cancer Risk

risk ()0 00000000000000x (E)
RISK(E)O LLEO O riskx 12.60 0 O

EQNU0OOON

Severity of cancer is evaluated to be 12.6
years in terms of LLE



[] Noncancer risk

Isk = Probabilit NOAEL 01
risk = Probability ( 2R
NOAEL and BB are independent and follow

respective statistic distributions,

RISK =risk x severity (LLE)

BB : Body burdenOU OO OOOOOOOO



NOAEL (x)

Monte Calro Simulation

GM = 27.2 ng/kg Body
GSD =1.7 Burden|

GM = 3.66 ng/kg
GSD =1.47

(y)
* &

10,000 runs

0.0821
0.06 -+

O

004 e

002 N —

0

0.00 - : :
0.43 20.21

0000 0.09% (between 0.43 and 1.00)

- 824
| 618
| 412
| 206

39.99 59.77 79.55
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Risk Dioxinsd = 1x 1043

RiskO D-like Comp.O = 2x 1042




BAZEDRMICBEET H/INTA—F—

Summary of Data regarding Individual Variability used for our Studies

I/);Eiggﬁiltr;dlwdual {t=Z¥E&EChemical *Z Object 3 fDistribution
BAX XL HH S LN
Dioxins Breast milk GSD =15
BEL LN
PCB Breast milk GSD=2.2
HERERE AHKER BEZE LN
Body Burden Methylmercury Hair GSD = 1.7
BHKER R LN
Methylmercury Urine GSD=1.6
AR L 75 LN
Cadmium Urine GSD =2
BAX X5 & R ONOAEL LN
e lid Dioxins NOAEL in fetus GSD=1.7
Sensitivity AHBKER LN
Methylmercury NOAEL GSD = 2.7

LN=Lognormal,0 N=Normal, CV=Coefficient of Variation

GSD= Geometric Standard Deviation
HwHEEE M.Gamo



WTP ( Willingness to pay for risk reduction )
Joodddooodooododan

1 1=V £ &iHiE

0000000 Endpoint SEME Pollutant  monetary value
per case
SE T Death PM1o $4,800,000
IBHS &K% Chronic bronchitis ~ PM10 $260,000
&M AR Chronic asthma O3 $25,000

A hospitalization

I ARTHOHER 22D AR

Hospitalization for all the S0O2, NO2, PM10 & O3 $6,900

respiratory disease

TRTDERBRD AR 502 NO2 .

Hospitalization for all the & CO PM10 & O3 $9,500

cardiovascular disease

Emergent hospitalization due to asthma

OO000 M. Kishimoto
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Diagram of human health risk metrics
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QOL

Quality of life

QALY []
Quality-adjusted life year
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Diagram of human health risk metrics
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A EDOE DLl How to evaluate QOL

Ooooond
Assessing health
states

Persons with e
condition or doctors *z ----------

I]IZIDEI -

Assessing utilities Wﬁﬁﬁ
|

| |
QOL Person§ yv/out
1 0 condition

Health Death




QALYD#EZ Concept of QALY

SEETiRE 1.0

Healthy condition

QOL

% 0.0

Death
tA tB

QALY(A) = area of A = I QOL(A) dt
QALY(B) = area of B (including area of A) = Io QOL(B) dt
Risk = Loss of QALY = QALY(B) O QALY(A) (in terms of year)



= — Objectivity HHU .yt

Diagram of human health risk metrics
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Jo0o000ooo0oooooooodn
The extinction of species was chosen as

endpoint of ecological risk

Jobotdoodbootooobootdbootdootdoodood

Jdodooooooooao
Everyone wants to avoid it

Jooboobdoootdbobbotddboogtdboootdbooodd
Joooodood

[0 O Likely common metrics for evaluating risks due to [ [
[J OO chemical and exploitation

Jdo0dodododoooodbooooooooooood
[1 O Ecological risk should be evaluated in terms of what []
[ O will occur in the future



Ecological-effects models

Ecosystem [0 O O [

-

Population-level

-

Naito, Miyamoto and Bartell
Murata
Oka and Matsuda

Tanaka
lwasa, Hakoyama and Nakamaru
Matsuda

Individual-level effects-extrapolation (O O O 0O 0O)

-

Toxicity test




O00000000 Metrics of Time to Extinction

Matsuda lwasa Tanaka
[0 0 Metrics AO1/TO A logTO AT
Oo0ono TOOODOOOO noAan

[0 0 Meaning  Probability Logarithmic

of extinction  reduction of T Reduction of T

oooood ooooon

: 000 Stable, high- Stable,
UL Species Threatened density low-density
population population

000000000 O 000000(T) Mean time to extinction
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Cumulative extinction risk of threatened plants inhabiting in the main
site of the EXPO2005 (graph) and the increments of extinction risk due
to habitat loss for EXPO (figures in the right)
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4 k14 E Najasjaponica
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Increments
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OO0O00 H. Matsuda

Years after the present
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| mprovementsin Applications of Modelsin Ecological Risk
Assessment:

Evaluation of Ecological-Effects M odels

Prepared for

American Chemistry Council
1300 Wilson Boulevard
Arlington, VA 22209
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EXponent

Ginzburg et al.(1982) (Iwasa(1998)) {anaka(1998 ,98):

HEM Realism * % X

W)X Relevance * % %k

FEE Flexibility * K

?-r\ﬁﬁe'rr%g*grﬁoertai nty *okx % :Low

2% R R * % % :Medium
Degree of Development and Consistency Y% % % :High

INGA—FHETEDBZS yore

Ease of Estimating Parameters

TBRTORE * ok *
Regulatory Acceptance

{SEE1E Credibility * *
ERDONEN e

Resource Efficiency
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Canonical Model

rX%—
4

X

K

Tro & (t)o X+ & (t)e VX

t4

Oooooooo 0000 Dooooon
Logistic Environmental Demographic
fluctuations fluctuations

X:0O0O0O Population size

r ;0000000 Intrinsic growth rate
K:OOOOO Carrying capacity

.. 0000 Intensity of environmental
000000 fluctuation
e.000OO0O0O0O0O White noise

0000 VY.lwasa/O0O0O0O H. Hakoyama
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Jodooodo
Protocol for estimating risk equivalents

(approach by lwasa et al.)

0 dry0),K(0) and CV - logT(0) (0D OO0 inthe natural condition)
O0r/,Kand CV - logT (DOOOOO under chemical stress)
O0A logT=1ogT’- logT(0)

Values of Parameters
Cv:00000000 Variation coefficient of population size
Field data obtained by Primm and others
r(0) : Field data
r, : Toxicity data
o Ur(O)dr,’O0OO00DOr0O0O0OONOChemical effectsonr
K'=K(0) (1-0 /r(0)) DO O OOKDOODOODO Chemical effects on K



Protocol for estimating risk equivalents [ -continued-

4) AlogTO - A K/K
Jo0dodoooooooooono o
Habitat loss equivalent riskd O

OA logTO 0O 1/CV20 A log K

AK/K (A1/T)x103
* G 15 5.0
B c iv—_z%g 1TO0O000 =
ih % 12 |- — Change in 1/T 140 '.CEG
H = e o
K 3 0 IE% o
o 1 3. o
% o 8 K/kOOOO #
j 8 Change in K/K ] 2
2 = 2.0 o
© 4 | =
7 = i %
= 1.0 L
T
0 0.0
0.0 0.05 0.1 0.15 0.2
ooooo

O0002DDTO O 2DDT conc. in water (ppb) M. Nakamaru
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JO0oooooodn
Habitat loss-equivalent risk

Jooooo
AlogT = Alog K

Larus argentatus CV?
» 1.0
S 08 CV=0.2
L K=500__....
S5 Y SO
o= 0.6 -""
(D) ! ‘ﬂ“ —
'3 e K20
n o* -

0.4 .*° - _
= IO K =100
S ““ -~
2 02 :
@
I
0.0 0.05 0.1 0.15 0.2

OO0 DDTs OO (ppb)
>DDT conc. in water

OO0000 M. Nakamaru



Environmental Toxicology and Chemistry, Vol.19, No.11, pp.2856-2862, 2000

2000 SETAC

Printed in the USA
0730-7268/00 $9.00+.00
Hazard/Risk Assessment

MEAN EXTINCTION TIME OF POPULATION UNDER TOXICANT STRESS
AND ECOLOGICAL RISK ASSESSMENT

Yoshinari Tanaka and Junko Nakanishi 7
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Lande OO O0OOOTOOOO
Mean extinction time using Lande’s model
and the scaling law ( approximation)

LogT =C + (2s—1) logK

T:000000 mean extinction time
K:OOOOQO carrying capacity

I.

—
S= Ty
rr: 000000 intrinsic growth rate

v:rOd4dodQd environmental variance of r



[] L] [ [ [

][]
Protocol of Tanaka’'s method

0 O K(0) = 108, r,(0) = 0.3, v(0) = 0.03 —» logT(0)
O00LCs v =v(0) =0.03F9 1/’

O0Or’, K=K(0)=10°and v’ =v(0)=0.03 —#l logT
O O AT/T(%) percent reduction of T

00 AlogK  AslogK(0) / { S(0) + As—0.5} —» AlogK
—» AK /K(%) percent reduction of K (carrying capacity)

HAgER Y. Tanaka



Cdoooootooonnnn
Daphnia pulex under cadmium exposure

fertility |

X =0 ppb

survival

fertility |

X =5 ppb

survival

X : Concentration of Cd
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Effect of copper on intrinsic growth rate of Daphnia species

OO xdO 040 o0

ooootn ogr

r(x)=r,(0)d 10 (x /a )2 O

Loga O c+blogl LC,, U

b =0.843 and ¢ = 1.562 ° R
HRERERERERE
X : Concentration of chemical ri

LC., : Lethal concentration 50%




Percent reduction of T (AT %) of zooplankton due to
chemical exposure at the concentration of 1/10 LC.,

X=LCg, /10

frequency

0 10 20 30 40 50 G10) 70

percent reduction of T (AT %)
HAERR Y. Tanaka



A KO and A TO for planktons due to chemical exposure
at the concentration of 1/10 LC,

7.0
6.0 | X=LCg /10 o
5.0 r y=0.0859x - 0.2116
2
A% a0 | R2 = 0.9879
3.0 |
®
2.0 |
®
1.0 t - ®
0.0 @ .
0 10 20 30 40 50 60 70
AT %

A ER Y. Tanaka



Ecological-effects models

Ecosystem [0 O O [

-

Population-level

-

Naito, Miyamoto and Bartell
Murata
Oka and Matsuda

Tanaka
lwasa, Hakoyama and Nakamaru
Matsuda

Individual-level effects-extrapolation (O O O 0O 0O)

-

Toxicity test




TR DRAOAT7 DREFEAL -RE
~EEA D DR (£PCDD/FsEIZXLT) ~
Temporal trends of component scores in the sediment core
(Lake Shinji)

FERHD AT
Component Score

K
<§>

1950 1960 1970 1980 1990

£ year
¥k EH S.Masunaga
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Trend of dioxin emission (TEQ) to environment in Japan

g TEQ/year K EMH S. Masunaga
F4010]0]0;
™ PCP
S10]0]0]0; B CNP
M co-PCB
S10[0]0]0; ~_ 0OCOoC
1wl
40000 III E MSwI
30000 PCP
\WI: ZERBEBEAD
20000 CNP Industrial waste incineration
1
oy CO- PCB L
) ] n 1

1958 963 1968 1973 1978
OCOC: ZD D FHHIEFRILEW

Other chlorinated organic compounds

1983 1988 1993
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Emission of benzene from automobiles
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HE R AL & @) F Bl45] Example of source estimation

-4000 I-SOOO I-ZOOO I—lOOO

Distance/m

-1000

0 I1000

<

*(302)

54)° (9
‘(13)  “(13)

Distance/m

— FRlSh-HEH IR 5 Estimated source

ettt Hhig &4 HE Area type : rural
G FERTHRT

- _2000| Location : Ichihara city
KRLEE: C

&, AL Wind direction : NE
~-3000 m5&: 4.2 m/s Wind speed : 4.2 m/s

&EWE . oLy

L _4000 Target chemical : Propylene

( ug/m3) FEBEHE S.Okazaki



O00000 [1/s]
Rate of elimination

OO000oddoddgn
Estimated atmospheric fate of dioxins
emitted from combustion sources

x 108 x 103
TeCDF OCDEF
_ 2 0000 Drydeposition
=2 _§ 0000 Wet deposition
— T
Degradation g E
O 2
0 g1
Oad O = OO
Advection O & Advection
' ' O ' '
0) 10 20 30 0) 10 20 30
00 Temp.[O] 00 Temp.[O]

INEE 1.0gura



O 0 0O Emission amount [ g/ yr ]

000 flux [ ng/m2/yr]

200

100

Jododoooooooodo
Relationships among Emission amount, Air concentration
and Deposition flux

[0 O Emission
1620g-TEQ

0
4F 5F 6F 7F 8F 4D 5D 6D 7D 8D

O O deposition

Il \Wet deposition
I Dry deposition
34points in Kanto area

(Environment Agency)

0,, L L_ L L_ L_
4F 5F 6F 7F 8F 4D 5D 6D 7D 8D

H10UO OD0O0ddobooooooadd

Oo00odooooogod
Estimation of emission from MSWIs
and IWIs based on emission data in

1998 540g-TEQ

3.0
66 points in Kanto area in 1998
(Environment Agency)

2.0 00 air

1.0

00000 [pg/m3]

0
4F 5F 6F 7F 8F 4D 5D 6D 7D 8D

INBE [.Ogura
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Jo00o00o0ooooooooon
Distribution of attendance in this workshop

Ll
O
O
O

OO Companies
O O Universities

ooooon
Local public body
oo

Central government
agencies

OOOdddo Others

100

200 300
[

400
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Thank you for your attention

=5 PHEEFIKOREHRE | (BEHE)
hPREFIIRIBY RG] (BIKEE)
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T 5:045—339—4362

web : http://www.kan.ynu.ac.jp/~nakanisi/ XI& /~rmg




