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Risk arnuides

1. Risk = Probability x Impact
2. Risk = Threat x Impact x Vulnerability

3. Vulnerability = Susceptibility / Preparedness
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1. Individual

2. Population



Risk: Individual L.evel

1. Risk = Probability x Impact
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® Risk (Benefit) = 0.000001 x 6,000,000 = 6 U

® Cost : Benefit = 80/6 = 13.33 91"



Risk: Population Level
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Risk: Population Level
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Risk: Individual L.evel
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Risk: Individual L.evel
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Risk: Population Level: Reproduction Number (R)
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Risk: Population Level: Reproduction Number (R)
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2. Risk = Threat x Impact x Vulnerability

3. Vulnerability = Susceptibility / Preparedness

Emergency Management Cycle
HUMANItarian action efe— Sustainable development

Rehabilitation Prevention

Humanitarian Development
action

Resporse Preparedness

Di r Impact
saste WHD 97550
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2. Risk = Threat x Impact x Vulnerability

3. Vulnerability = Susceptibility / Preparedness

Effects of Disasters on Development
communities
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Health Risk Assessment

JuLAs oo neaIans Nl lun1saauAI I NNAN YN INEILIAA DY

* AU UUDUNTIY LWUNY YSONAURIATLALNDUYYE
* ANTUS LR TUATIEVRINANYNNEWINA DY
* MSUHUARIUN YUY

* nmsandulalunisuntymuaiunisdsinaay

20



Health Risk Assessment
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Terminology Comparison

Planning and Scoping
Hazard Identification

Dose-response
Assessment and

Exposure Assessment
and Risk

Characterization

Hazard Identification

Exposure and toxicity
assessment and Risk
characterization

Risk Management
Risk Communication

Anticipation and
Recognition

Evaluation

Control

Hazard
Communication
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Biologic Limit Values (BLVs)

Limits of amounts of substances (or their affects)

to which the population at risk may be exposed

without hazard to health or well-being

as determined by measuring the tissues, fluids, or breath
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Ambient Standards
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Biomarker

Marker of susceptibility ® Marker of susceptibility:

- activities of metabolism

Early ® Marker of exposure:

Internal
dose

~ Preclinical

—» tissue -¥ biological =¥ i |
dose/damage  response protein or DNA adduct

" 4' ® Marker of early biological effect:

Marker of exposure t’;‘;‘&;“;&;’{;?;@’t DNA strand breaks
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The 4-Step Risk Assessment Process

Planning and scoping

Hazard Dose-Response 1. Hazard Identification

Identification Assessment
What health problems ZD What are the health
are caused by the problems at different
pollutant? exposures?

Risk 2. Dose-response Assessment

Characterization
What is the extra risk of
health problems in the

exposed population? | 3. Exposure Assessment

Exposure
Assessment
How much of the poliutant
are people exposed to during
a specific time period? How
many people are exposed?

4. Risk Characterization
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1. Hazard Identification
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2. Dose-response Relationship

“All substances are poisons:
there is none which is not a poison.

The right dose differentiates a poison and a remedy.”

Paracelsus (1493-1541)
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2. Dose-response Relationship

® “Relationship between the amount of an agent administered to,
taken up or absorbed by an organism, system or (sub) population
and the change developed in that organism, system or (sub) population

in reaction to the agent”

® Estimate how much of the chemical it would take to cause varying degrees

of health effects that could lead to illnesses

29



The Median Lethal Dose (LD 50)

®*The LD 50 concept was developed by Trevan (1927)
® Acute oral toxicity testing kills half the animals
® Observing the onset, nature, severity, and reversibility of toxicity

® Characterize the dose-response curve by using several animals at each test doses
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Other Abbreviations

® LED10 : the lower 95% confidence limit on ® | OAEL : lowest-observed-adverse-effect level

dose associated with an estimated 10% ®* MOE : margin of exposure
increased tumor or relevant nontumor ® NOAEL : no-observed-adverse-effect level
response. ® NOEL : no-observed-effect level

* | ower effective dose for 10% response is ® RfD : reference dose

identified or lower bound on the effective
dose resulting in a 10% increase in risk
(ED10)
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Exposure/LElfect Scenario

Short-term exposure resulting in immediate

effects Acute
effect

fime

Continuous exposure resulting in sublethal

effects

___ Chionic exposure

Chronic
effect

fime

32



Exposure/LElfect Scenario

Continuous exposure resulting in acute effects

=SConc cpoure
E=

Acute
effect

fime

Short-term exposure resulting in later sublethal
effects

Chronic
effect
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Dose-Response Curve
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Dose-Response Curve for 4 Chemicals
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Potency = range of doses over which a chemical
produces increasing responses. A>B; C>D.

Maximal efficacy = limit of dose-response
relationship. A=B; C<D.




Dose-Response Curve
for a Chemical
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3. Exposure Assessment
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® Factors: route, magnitude, duration, frequency of exposure

® Uncertainty in environmental exposure assessment > occupational exposure assessment
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3. Exposure Assessment

®* Route of exposure: Inhalation, ingestion, dermal, injection
®* Magnitude of exposure: Concentration in media (ppm, mg/cm3)
® Duration of Exposure: Minutes, hours, days, lifetime

®* Frequency of exposure: Daily, weekly, seasonally
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Pathways to Exposure from Contamination
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Intake, Uptake and Dose

® Intake = outside to inside the body (opening: mouth and nose)

® Inhalation, eating, or drinking: m3 of air breathed/hour (5&25 m3/day),

Milliscrams of soil/dust ingested per day, Liters of water consumed/day

® Uptake = outside to inside the body (absorption: skin)

® Amount of chemical absorbed per unit of time: concentration,

permeability coefficient, surface area
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3. Exposure Assessment

® Determine the amount, duration, and pattern of exposure to the chemical or

® |dentify potential or completed exposure pathways resulting in contact
between the agent and populations at risk
® demographic analysis of populations at risk

® describing properties and characteristics of the population that potentiate or miticate

concern and

® description of the magnitude, duration, and frequency of exposure A



4. Risk Characterization

Data on the dose-response relationship of an agent are integrated with
estimates of the degree of exposure in a population

to characterize the likelihood and severity of health risk

(EPA, 1995A)
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4. Risk Characterization

Effective risk characterization depends on
® Transparency
® Clarity
® Consistency

® Reasonableness



4. Risk Characterization

Risk characteristics is not only about science
— it is also about making clear that science doesn’t tell certain things

and that policy choice must be made.

Ecological risk assessment + Health risk assessment = Risk characterization
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Risk Management Decision Framework
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