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What is the purpose of the Health Risk Assessment ?

Priority setting for the environmental problems
due to chemical substances, and development of
efficient management strategies for them

Quantitative risk assessment

Quantitative evaluation of the benefit due to
chemical substances or the cost of the risk
reduction.



Conventional Assessment for Environmental Poll utints

0 ADI (Acceptable Daily Intake)
- Animal experiments
- Epidemiological study
- Safety factors
o Exposure level
— M easurements
— Numerical simulations

By comparing ADI with Exposure level
- Acceptable or Not



Assessment for the Risk due to Carcinogens

Calculation of cancer risk (additional lifetime
probability of occurrence of cancer)
— X
Cancer potency x Exposure level

— Cancer Potency

. Animal experiment
. No-threshold model

- Exposure level



Limitation in the Conventional Method

Particularly In the case of non-carcinogens,

. Even when
the exposure level is near, or above, ADI, therisk level
cannot be quantified. It isinadequate for economical
analyses.

It is difficult to compare the risks
since the assessment is done for each chemical
substance independently



?
What Isreguired ?

A framework that can take account of the individual
variabilities and uncertainties in risk assessment.

Why?

Thereisacertain proportion of a
population (or probability) that the exposure level
exceeds the threshold value even when the average
value is below the threshold.



Variability and Uncertai ntz

(Individual) Variability

The values are different from person to person

Average value = High risk group
Uncertainty

It is difficult to know the “ Truth”.

Most probable value
< Possibility of under- (over-) estimate



Various Individual Variabil iii es

Variability in exposure

GSD Geometric Standard Deviation
=1.3 - 5.0 Basically on a case-by-case basis. More research
IS required to develop a comprehensive database.

Variability in metabolizing rate (half-life)
GSD=1.4-1.8
Variability in susceptibility

Information islimited. The variability depends on the type
of toxicity. Itisdifficult to derive ageneral rulefor it.



?
What Isreguired ?

=

A measure that can represent various types of
human health risk

. Why?

In order to compare various kinds
of health risk with each other, and with cost
(and/or benefit) due to the chemical substances



The Scale for Measuring the Health Effects

Lifetime probability of cancer is used for the
assessment of carcinogenic environmental
pollutant

L oss of Life Expectancy can represent various
types of health effect

Various types of health effect (Cancer, Asthma....)



What IsLLE (Loss of Life Exp ?

= Decrease in life expectancy

population Increase in death rate

Survival curve

' without adverse health
effects

Total reduction in
0 Age life years



The Flowchart for Calculation of l LE
-
/ J x \ .......... AREEEE Animal
experiments

Cancer  Respiratory  Neurotoxicity Mortality rate ™,
disease (SMR, etc)

-------------- Epidemiological
studies

Increase in death rate ~—pp LLE




$

LLE = Reduction in life expectancy

How earlier do they die? (Not “Do they die or not?’)

Chronic health effects not relating to death rate

—

Decrease in the Quality of Life

In the LLE estimation, lowered health statusis taken
Into account as the increase in mortality



Quality Adjusted Life Years (QAL;%

Not only the amount of life but also its quality.

The quality of lifeis graded in levels ranging from
complete health (=1) to death (=0).
_ 10
Five years life with complete health is regarded
the same as ten years life with the health of 0.5 quality.

. (WTP) QOL
Willingness to pay (WTP) for avoiding reduction
In quality of life



Framework
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Appl caa' ins

Prohibition of chlordane as atermiticide

Prohibition of the mercury electrode processin
caustic soda production



Prohibition of chlordane as a termiticide

1986

Chlordane had been used as atermiticide until its use
were prohibited in 1986 under the Law Concerning the
Examination and Regulation of Manufacture, etc. of
Chemical Substances. Clorpyrifos, whichisan
organophosphorus termiticde, was one of the mgor
alternatives.



The characteristics of the termitic ies

Chlordane
Organochlorine termiticide
Persistency and Bioaccumulation
Carcinogenicity and low acute toxicity

Chlorpyrifos
Organophosphorus termiticide
Low bioaccumulation

High neurotoxicity



EXposur e Assessment

> X
Exposure =2 (concentration x intake)

Chlordane Chlorpyrifos
Residentsin houses 0.133 0.253
Residentsin houses 0.0138 0
Termite control workers 0.86 3.52

(b g/kg/day)



Assessment of Individual Variabil itz

Theindividual
variability in internal concentration was estimated.
Lognormal distributions are assumed. The same GSD
values were applied to both termiticides.

Half-life in the body 1.4
: 2.2 GSD:
Exposure viafood Geometric
. . 3.8 Standard
Exposure viaindoor air Deviation
2.9

Exposure at work place



Toxicity Assessment (chl ordane%

Calculation of the lifetime probability of cancer

. Cancer potency
1.3 per mg/kg/day (US EPA 1986)

o 110 2= . 66 /
Lifetime probability of cancer of 10 -
= LLE of about 66 minutes/person.
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Toxicity Assessment (chlorpyri fos%

Exposure
Inhibition of cholinesterase
Internal concentration Symptoms
v ................................. CMI  Cornell Medical Index  Score
V| Health status measured by CMI

Increase in mortality X
Procedures specific to this assessment

Loss of life expectancy
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Risk Compariin

Chlordane Chlorpyrifos
Residentsin houses 1.9 2.8
Residentsin houses 0.10 0
Termite control workers 4.4 31

( LLE days)



Comparison of the Risk Reduction with the Cost

The cost for risk-reduction was estimated
considering the difference in the price of the
termiticide and the persistency of effectiveness.

Cost effectiveness
4500
45 million yen per year of LLE



Prohibition of the mercury electrode Eroca
IN caustic soda producti

1986
The mercury electrode process in caustic soda production
was prohibited in 1986 because it is suspected as the
possible cause of the third and fourth Minamata Disease.

10
Risk was estimated based on
the situation of Tokuyam Bay where one-tenth of the total
caustic soda in Japan was produced.



Exposure Aw

Group 1: 320 g/day)
heavy fish eaters such as fisherman

Group 2: 97 g/day)
residents who eat only fish caught in the bay

Group 3: 97 g/day)
residents who don'’t eat fish caught in the bay

caustic soda concentration fish consumption
production In fish \

\ concentration/

in sediment exposure level



Hazard AS*t

Nordberg and Strangert (1976)

l Exposure

Internal concentration
Probability of occurrence of paresthesia

Mortality rate of the patientsin
V| Minamata disease

*

l Increase in mortality

Procedures specific to this assessment
Loss of life expectancy



e

Group 1 Group2

Population (thousands) 3 1330

U g/day
Background methylmercury intake 32 9.7

U g/day

Increment of methylmercury intake 8.7 2

casel/year
Paresthesia risk 1.92 38.7

LLE
3.6 71.6

Loss of life expectancy



Comparison of the Risk Reduction with the Cost

The
cost of risk-reduction was estimated considering
the cost incurred from the replacement of plant

processes from mercury electrode process to
NONMErcury Process.

Cost effectiveness

7000
570 million yen per year of LLE



Conclusi ins

The method can be applied to
human health effects of various types.

The method includes the two
major topics in the research of the health risk
assessment.

— ]_)
Individual variability and uncertainty
-2
)The measure integrating various health effects.






QOL
Disclaimer for the use of QOL

How is QOL measured? (technical issue)

Health status v.s. Quality of life (ethical 1ssue)

Functional health = Psychological health
(subjective = objective)

. Individual <= population



An Example of Categorization of Health Status

Perceived health status
Role limitation Excellent Very Good Good moderate bad
38.1 26.3 18.2 3.3 0.3
No limitation (%)
0.6 1.1 1.8 1.3 04
No limitation in major activities
0.5 0.7 1.3 0.7 0.2
With limitation
0.1 0.2 0.5 0.6 0.5
No activity
0.1 0.2 0.5 0.6 (0X)
Limitation in ADL (activities of
daily living)
<0.1 0.1 0.2 0.3 0.5

Complete limitation in ADL

(Erickson, Wilson and Shannnon, 1995

)



QOL
QOL and Health Status

Perceived health statu

Role limitation Excellent Very Good Good moderate bad

1.00 0.92 0.84 0.63 0.47
No limitation

0.87 0.79 0.72 0.52 0.38
No limitation in major activities

0.81 0.74 0.67 0.48 0.34
With limitation

0.68 0.62 0.55 0.38 0.25
No activity

0.57 0.51 0.45 0.29 0.17
Limitation in ADL (activities of
daily living)

0.47 0.41 0.36 0.21 0.10

Complete limitation in ADL
(Erickson, Wilson and Shannnon, 1995



Final Conclusion

The methodology (framework) for
assessing human health risks has been almost
established.

Next problem might be how to deal with the
risks to fetus/nursling which are suspected due to
the exposure to endocrine disrupters.



What 1s “ Healti” ?

Health is a state of
complete physical, mental, and social well-
being and not merely the absence of disease
and infirmity. ( WHQO, 1947)



Risk Trade-off in Disinfection of Drinking \Water

Disinfection of drinking water prevents the
water-born infectious disease but generate some
carcinogenic by-products such as THMs
(Trihalomathanes). This problem is one of
good examples of Risk Trade-off problems.



chloroform

bromodichloromethane

dibromochlorometahne

bromoform

dichloroacetic acid

trichloroacetic acid

Scenario for By-products

concentration
(Ppb)

14.8
12.8
7.7
1.0
3.7

6.1

e

Cancer potency
(per mg/kg/day)

0.0061
0.062
0.062

0.0079

0.11

0.083



Salmonella
Rotavirus
Giardia

Cryptosporidium

Scenario for Infectious Disease

3

mortality
concentration model morbidity
(unit/L) Infection
0.01 exponentia
0.0006 beta-Poisson
106 101 1
0.001 exponentia
0.001 exponentia



Loss of life expectancy

minutes
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10

Risk Comparison

|
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Scenarios risk = 10 4
infectious  cancer infectious  cancer
disease disease



|ndividual Variab'? | itz

There are people whose exposure level Is higher
than the average.

WEDE |
probability density

: r : — D546
LD 7k bimodal
T4 R 7% o

Average Exposure Exposure
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