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Goals and Objectives
* Review risk assessment process

* Discuss components of risk assessment
and apply components to a case study

* Review types of data used in risk assessment

* Discuss benefits and limitations
of risk assessment process
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From your experience in food safety:

What is the hazard?

What is the difference between chemical
and microbial hazards

How would you define risk?

How would you define risk assessment?
D
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Risk assessment;:

Qualitative and quantitative
evaluation of the risk posed
to human health and/or the
environment by the actual
or potential presence
and/or use of specific
pollutants

From EPA’s “Terms of
Environment” Glossary
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* 1970: EPA established L) dles S5 il 11970

* 1975: First EPA chemical assessment (ol 2y ) 61S) ol dlaa AUS 1Y) ALl 205 11975
(vinyl chloride) ) Gsadl bl GAadINRC) bl s e <l siia
* National Research Council (NRC) " s~ Akee 55140 11983
publications on risk assessment Dhlaall VLAY (aaas 11989
- 1983: Managing the Process — the " GooY) QUSD — Sall 5 o 5lal) 11994
“Red Book” hladl 68 :1996
= 1989: /mproving Risk 21 oA 3 Jlidl 4w 12007
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= 1996: Understanding Risk

= 2007: Toxicity Testing in the 21
Century

= 2008: Phthalates and Cumulative
Risk Assessment

= 2009: Science and Decisions — the
“Silver Book”
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* Presidential Commission on Risk
Assessment and Risk Management

(CRARM)
= Addressed residual risks from
HAPs Problem/
= Developed an integrated risk Context
management approach \ ,
—

* Continued evolution at EPA

= Multiple chemical (cumulative)
risk assessment

= Community-scale and national-
scale assessments
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United States

ig\;i;gcmental Protectg:;. h.l\ "!“ “ J-L1 . “ .,.,“.. S :\.ALC B l~ .

Information Information

" "

</ xS

Research Assessment Needs
Needs



wEPA Risk Analysis Paradigm
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HAZARD IDENTIFICATION

DOSE-RESPONSE
ASSESSMENT

EXPOSURE ASSESSMENT

RISK
CHARACTERIZATION
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wEPA Superfund: An Application of Risk Assessment
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wEPA Risk Management Decision Framework
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Scientific Factors
(Risk Assessment)

Planning and Scoping

Legal Factors

Social Factors

Source: EPA’s Risk Characterization Handbook (2000)

> Decision

Characterization

Economic
Factors

< Public Values

Political Factors

Technological
Factors
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Identify the Problem

*  Where does the problem exist?

*  Who or what is affected?

*  What causal agents should be considered?
*  What are the system boundaries?

*  What are risk management needs?

*  What are stakeholder needs?
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= What are the chemicals? ?Z\_\_,L_J_A_,Sj\ g\}d\ A e
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= What toxicity data are Caaliadl doandl by L
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= Effects — What effects are
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= Causality Framework — A
way to organize and
evaluate toxicity
information to assess
causality given those data.
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What are the adverse effects? Al JBY) 2 L

=  What are the affected organs or tissue systems?
=  What is the severity of effects?

= \Who is more sensitive or
susceptible?

Types of Effects ¥l glsil

=  What factors affect * Adaptive
susceptibility? ) = Compensatory

= Adverse
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Potential dose:
Ingested, inhaled,
applied to skin

(Mg / kg—day)

a1l de all
Internal dose:
ddukil) de ) Amount absorbed
Applied dose: and available for
Available for Interaction
absorption (Mg / kg)

(Mg / m3)
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Evaluate Data
Animal or human

Exposure route
Exposure duration
Age
Gender
Confounders
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Dose-Response Assessment: Non-Cancer
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Characterize Dose-Response

Relationship
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Identify a NOAEL or LOAEL
Conduct dose-response modeling
and BMD Modeling

Identify critical effect(s) and
level(s)

Uncertainty
Factors ax Jalge
Ol
Identify Sources of
Uncertainty and Apply
Uncertainty Factors

Identify point of departure

Calculate

Reference Value
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Evaluate Data

Animal or human Acute:

Exposure route Less than 24 hours

Exposure duration

A Short-Term:

ge Up to 30 days
Gender

Confounders Sub-Chronic:

Species and strain Up to 10% of the organism’s lifespan

L) s
Chronic:
Gl o) gaal) Up to a lifetime
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Identify a NOAEL or LOAEL
Conduct dose-response modeling and BMD Modeling.

LOAEL
Lowest-Observed-Adverse-Effect Level. Lowest dose at
which significant effects are observed. il iaadd (s siwa
oS Bl cla )l de o BTl

NOAEL
No-Observed-Adverse-Effect Level. Highest dose at
which no significant adverse effects are observed.
RPTES

LED,,
Dose that produces an adverse effect
in 10% of exposed, relative to control.

BMD
Benchmark Dose. An exposure to a low
dose of a substance that is linked with a
low (1-10%) risk of adverse health
effects, or the dose associated with a
specific biological effect.

BMDL
A lower, one-sided confidence limit on
the BMD.




wEPA Dose-Response Assessment: Cancer
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Characterize Dose-Response
Relationship

Identify a NOAEL or LOAEL (for
nonlinear) or an LED,, (for linear)

Evaluate Data Conduct dose-response modeling Calculate Risk
Animal or human and BMD Modeling Values
EXposure route IUR
Exposure duration ‘ OSF
Age

Identify critical effect(s) and
Gender level(s)

Confounders
Species and strain l

Identify point of departure
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EXPOSURE ASSESSMENT
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Quantified as the amount
of an agent available at
the exchange boundaries
of the organism (e.g.,
skin, lungs, gut).

From EFPA’s IRIS Glossary
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Who is exposed? \

 Characteristics of the

population? _
Quantify Exposure

» Size of the
population?

Descriptive:
 Point of contact
measurement

How are they exposed? Predictive:

* Route? e Dosereconstruction

* Magnitude? « Scenario evaluation

 Frequency?

e Duration? /
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Quantified as the amount
of an agent available at
the exchange boundaries
of the organism (e.g.,
skin, lungs, gut).

From EFPA’s IRIS Glossary
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Assessment
* Identifying the by which toxicants may

reach individuals, estimating how much of a
chemical an individual is likely to be exposed to,

and estimating the
(EPA’s Terms of Environment).

* The determination or estimation (qualitative or

guantitative) of the
of exposure (EPA’s Exposure

Factors Handbook).
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/ Point of Contact Measurement \
(Field Measurements)

* Measure chemical
concentrations over time

At or near point of contact for
exposure in guestion

% Various sampling methods
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(Clinical Measurements)

‘.

Attempt to quantify internal A
dose based on physiological
data

« Using measurements from
the body, tissues

« Biomarkers of exposure,
metabolites — involves
extrapolation. Predictive

estimate.
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/ Scenario Evaluation \
(Predictive Estimate)
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\

Measure or estimate the
amount of substance
contacted at site

« Use equations and
assumptions about behavior
and exposure rates

 Mathematical estimation of
exposure; predictive

estimate
\ J
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Exposure Concentration vs. Time
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Time
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Intake (E) %

Concentration (’;—j) X Rate \day

Exposure

d X
Duration (days)

Potential Dose

mg =
kg—day

Cunversinn( kg )
Factor \10°mg

Averaging (days) X Body

Time Weight (kg)

Absorbed Dose Potential ( mg )xAbscﬂrptinn

( g ) Dose Fraction

kg—-day kg—day
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Risk characterization is the integration of information on

hazard, exposure, and dose-response to provide an
estimate of the likelihood that any of the identified adverse

effects will occur in exposed people. (ris clossary pefinition)

Risk characterization requires:

= Transparency = Consistency
= Clarity = Reasonableness




< EPA Elements of Risk Characterization
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e Key Information * Variability
* Context * Uncertainty
* Sensitive Populations * Bias and Perspective
* Scientific Assumptions e Strengths and Weaknesses
* Policy Choices * Confidence Statements
* Key Conclusions * Research Needs

* Alternatives Considered
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Noncancer Hazard Quotient: Ratio of estimated
exposure to reference level at which no adverse health
effects are expected.

Cancer Risk: Incremental probability of developing cancer
for an individual exposed to a given chemical over a lifetime.

(Historically, cancer risks ranging from 1 X 104 to 1 X 10
are considered acceptable by EPA.)

Risk assessment is an iterative process: The results
of risk characterization inform decisions on next steps,
Including further analysis or risk management actions.
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Noncancer Effects
mg
ADD (Rg—dny)

Hazard Quotient (HQ) =

RID (f{gﬁlgay)

Cancer
Cancer Risk mg ) Oral mg \!
= LADD {——— —
(Oral) (kg — day X Slope Factor (,I{g — day)
Cancer Risk _ Lifetime Average ( g ) y Inhalation (Extra stk)
(Inhalation) Exposure Concentration \i;n3 Unit Risk \ pg/m?3
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zhiwy) Conclusion
Risk assessment is the integration of qualitative and
guantitative information on:

* toxicity ° exposure
* severity of effects °* magnitude of response
* geographic extent * and many other factors

It is an integrated and dynamic process that utilizes
scientific estimates to inform environmental and public
health risk management decisions.

Risk assessment is not just dose-response assessment
alone.
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The Role of Microbial Risk Assessment in Food Safety

Applications
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8 Foodborne Consumer
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= Risk Characterization
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= Predict

Likelihood of lliness

Critical Control

Identify

Points

) Evaluate
Determine

Performance P?x%‘s’tsiﬁg &
Standards Regulations

Determine
Codex
Equivalency
Standards

Examine

Interventions

Plan Future
Research
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* Perform research and
development

* Provide technical support

* Integrate the work of ORD’s
scientific partners

* Provide leadership in addressing
emerging issues and in advancing
the science of risk assessment
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OFFICE OF RESEARCH
AND DEVELOPMENT
National Center for . National Center for National Homeland
. National Center for . .
Environmental . Computational Security Research
Environmental Research .
Assessment Toxicology Center
National Risk National Health and

M tR h National Exposure Environmental Effects
anagement Researc Research Laboratory

Laboratory Research Laboratory




wEPA National Center for

United States
Environmental Protection

Environmental Assessment

Resource center for human health
and ecological risk assessment

NCEA:
* Develops guidelines, methodologies, and training
* Creates tools and databases
* Integrates and applies ORD- and extramural-generated research
* Performs risk assessments
* Consults with EPA programs, regions, and decision makers




