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RISK ASSESSMENT

Risk assessment: the process of correlating amount of exposure with expected harm.

Steps in risk assessment:

1. Hazard identification

2. Quantitative toxicological assessment

3. Exposure assessment

4. Risk characterization

Risk management
· Uses risk characterization

· Considers cost of alternatives

· Is influenced by risk perception

HAZARD IDENTIFICATION

“What harm can this substance cause?”

Current methods:

· Epidemiology

· Animal testing

· In vitro (bacterial and mammalian cell) testing

· Structure-activity relationships

Toxicological concepts:

· Any substance is toxic if dose is high enough

· Non-cancer toxicity: Protecting against the most sensitive effect protects against all effects: threshold
· Cancer: Any dose of a carcinogen carries some risk, but the smaller the dose, the smaller the risk: no threshold
HAZARD IDENTIFICATION (CONTINUED)
Scope of the identification challenge:

· Synthetic chemicals cause only 
1-5% of all human cancers 

·  >1 million chemical substances are known

·  ~3 thousand produced in high volumes 
· Tests (mutagenicity but not carcinogenicity) cost $250,000 per chemical

Key questions:

· Is human cancer predicted well enough by

· animal cancer tests?

· mutagenicity?
· Are we controlling the right chemicals?

QUANTITATIVE TOXICOLOGICAL ASSESSMENT

Non-Cancer Toxicity (has a threshold)

Gather data on toxic effects

(
Determine which species, durations, and endpoints have been studied

(
Identify the most sensitive effect and its threshold 

(No Observed Adverse Effect Level: NOAEL)

(
Extrapolate doses (mg/kg/day or mg/m3)

(
Account for uncertainties in within-human variability ((10), animal-to-human 

variability ((10), threshold ((10), durations ((10), and completeness of data ((10)

(
“Safe” dose

Cancer toxicity (no threshold) – Only if the chemical is a “carcinogen”

Identify the most sensitive tumor

(
Extrapolate risk to low doses

(
An estimate of carcinogenic potency

EXPOSURE ASSESSMENT
CONCENTRATION ASSESSMENT

Types of assessment

1. Measurement in an environmental medium

Strengths: Provides objective data on presence/absence and levels

Weaknesses: Expensive; only gives present values at sampled locations

2. Modeling

Strengths: Can include past and/or future levels; can be done consistently

Weaknesses: Only as good as input data and model; requires many assumptions

3. Measurement in people (biomarkers of exposure)

Strengths: Objective data; integrates concentration, exposure, uptake and distribution

Weaknesses: Expensive and sometimes invasive; need a pharmacokinetic model to interpret; good biomarkers are available for only a few substances.

EXPOSURE ASSESSMENT (CONTINUED)

INTAKE ASSESSMENT

“How does the dose of a chemical depend on the concentration in air, water, soil, etc.?”
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Routes of exposure

· Oral – food, water, soil & dust, air particulates

· Inhalation – air particulates, air gases

· Dermal – water, soil & dust

Time of exposure

· Must know frequency and duration of contact

· Depends on physiology and activity

Uncertainty

· Whose exposure?

· Calculate both central tendency and upper bound values

 RISK CHARACTERIZATION

Calculate risk by multiplying concentration × intake × toxicity

· Noncancer: No risk if calculated dose is less than safe dose
· Cancer: Risk = calculated dose × carcinogenic potency
Also calculate & characterize uncertainty

Major uncertainty: cumulative effects of chemicals and stressors

RISK MANAGEMENT

“Now what do we do?” – an explicitly political process

May use cost/benefit analysis

Is influenced by risk perception:


Perceived as More Risky
Perceived as Less Risky

Dreaded

Uncontrollable
Controllable

Involuntary
Voluntary

Inequitable
Equitable

Dread result
Commonplace result

Global consequences
Localized consequences

Risk to future generations
No risk to future generations

Unfamiliar


New risk
Old risk


Not observable
Observable


Delayed effect
Immediate effect


No scientific consensus
Scientific consensus

HAZARD IDENTIFICATION

Historical perspective

· Detect illness/death, then look for cause

· First fast-acting poisons, later chronic effects, then cancer 

· First uses of animals in toxicity

· Focused on histopathology

· Did not include function (immunologic, neurological, reproductive)

· Delaney Amendment (1958) banned carcinogenic food additives

· NCI assay program began, testing known and suspected carcinogens

· Carcinogenicity was thought to be a rare property of chemicals

Hazardous effects

· Human health

· LD50 – death

· Non-cancer toxicity

· Carcinogenicity – the potential to cause cancer

· Environment

Scope of Hazard Identification

Synthetic chemicals are probably contributing to only 1% to 10% of all human cancers (excluding smoking)

>1,000,000 known synthetic chemical substances exist

High-Production Volume (HPV) Chemical Program (started March 1999)

· ~3,000 chemicals produced or imported at > 1,000,000 pounds/year (excluding polymers and inorganics)

· Full information available for 7%

· No information available for 43% 

· Basic testing information required

· ~ 20 tests

· For a screening-level human health and environmental hazard assessment

· Includes mutagenicity but not carcinogenicity 

· ~ $250,000 per chemical

· About 90% of HPV Chemicals are now “sponsored” for basic testing

· Individual companies
· International Council of Chemical Associations
· Organisation for Economic Co-operation and Development
IDENTIFICATION OF CARCINOGENS

· Known human carcinogens – epidemiologic data

· Probable human carcinogens – lifetime rodent bioassay (not always clear interpretation)

· All known human carcinogens “adequately tested” are positive in a rodent lifetime bioassay

EPA’s carcinogen classification scheme:

	A
	–
	Known human carcinogen (sufficient human data)

	B
	–
	Probable human carcinogen

	
	
	B1 (limited human data plus sufficient animal data)

	
	
	B2 (sufficient animal data)

	C
	–
	Possible human carcinogen (limited animal data)

	D
	–
	Not classifiable as to human carcinogenicity (inadequate or no data)

	E
	–
	Probable human noncarcinogen (adequate animal studies, no evidence of cancer


“Limited” animal data:

· Positive only in one species and strain, at one site, at one dose, for only one route of exposure

· Tumor type is common, benign, typical latency, early stage, no human correlate

To decide if an increase in tumor incidence is statistically significant, compare treatment and control using Fisher’s exact test, trend tests, survival analysis (time-to-tumor, fatal vs. incidental tumors), etc., then use expert opinion

Recent developments:

· If the “mode of action” of an animal carcinogen without strong epidemiologic data is shown to apply to humans, put into Group A

· If the “mode of action” of a animal carcinogen is shown not to apply to humans and/or low doses, not regulated as a potential human carcinogen

 TESTING FOR CARCINOGENS

Today’s lab 

· Concepts of test sensitivity and specificity

· A sensitive test has few false negatives

· A specific test has few false positives

· Therefore

· With a sensitive test, you trust the negative results
· With a specific test, you trust the positive results
· Conclusions from current data:

· About 1 – 2% of rodent non-carcinogens are actually human carcinogens

· One-third to one-half of rodent carcinogens are actually human carcinogens

SHORT-TERM TESTS

Types of short-term tests:

	Target
	
	Event
	
	Example

	Bacterial cell
	
	Gene mutation
	
	Ames Salmonella

	Mammalian cell
	
	DNA damage
	
	Unscheduled DNA synthesis (in vitro), DNA binding (in vivo)

	Mammalian cell
	
	Gene mutation
	
	Mouse lymphoma (in vitro), mouse spot test (in vivo)

	Mammalian cell
	
	Chromosomal aberration
	
	Sister chromatid exchange (in vitro), micronucleus assay (in vivo)

	Mammalian cell
	
	Transformation
	
	Clonal transformation (in vitro), liver focus assay (in vivo)

	Transgenic mouse
	
	Tumors
	
	rasH2, TgAC, p53/Xpa knockout


Bruce Ames (early 1970’s): “Mutagens are carcinogens”

Now know lack of agreement

· Qualitative – many nonmutagenic carcinogens and mutagenic noncarcinogens

· Quantitative – mutagenic potency does not predict carcinogenic potency

Extremes of interpretation:
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Genotoxicity tests are irrelevant due to low sensitivity and specificity
	
	Genotoxicity tests are a screening tool but not sure how to use the results
	
	Genotoxicity determines relevance of rodent bioassay to human carcinogenicity


STRUCTURE-ACTIVITY RELATIONSHIPS

Structure-Activity Relationships

1. Describe structure

· Arrangement of atoms

· Quantum mechanical properties

· Functional groups

2. Correlate with biological activities

PROSPECTS FOR CARCINOGEN IDENTIFICATION

· EPA uses structure-activity program to categorize probability of carcinogenicity

· High Production Volume Chemicals program continues to generate mutagenicity data 

· National Toxicology Program

· Major governmental carcinogenicity tester

· Recently started to focus on large-volume chemicals

· Can only test 5 – 10 new chemicals for carcinogenicity per year

( But, existing lists give risk assessors plenty to work with

� EMBED Equation.3  ���
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