Chapter 16: Risk Assessment

Objectives:

Discuss ATSDR's method of and role in qualitative risk assessment.

Discuss the four primary steps the EPA uses to quantitatively evaluate risk.

Describe some of the limiting factors that affect the estimation of risk.

Describe the additional information EPA requires with a risk estimate.

Describe the four steps used to estimate the risk in an accident situation.

Explain the differences between risk assessment and risk management.

Discuss some of the inherent problems associated with communicating risk to the general public.

Discuss Harvard’s key principles of risk assessment.

1. Applications

Linear, non-threshold, dose response curve: generally assumed to apply to carcinogenic agents.  Any dose, regardless of how small, carries an associated risk.

Threshold response for noncancerous agents. Below a certain threshold, a person is considered "safe," although quantitative estimate of risk needed above the threshold.

Executive Order 12866 (1993) All federal Agencies developing new regulations are required to compare the risk each action is intended to address against other risks, provide cost-benefit analyses of the impacts of the proposed actions.  Used to prioritize hazards for expenditure of funding

Public misunderstanding of risk, sometimes most feared risks are not necessarily the most important.

Eating peanut butter (aflotoxins) or drinking water (chloroform) = 40 times less risk than death from motor vehicle accident.

Ecological risk assessment used to determine effects on environment.  Identify species of concern and endpoints.

Individual vs. population effects. Example: air pollution - ambient air concentrations and effects on general population that spend time outside.

Accuracy of estimates of the risk depends on:

- nature of the toxic agent

- extent and availability of exposure measurements

- range and duration of the exposure

- physical characteristics and lifestyles of exposed individuals or population.

Assumptions on these factors add uncertainty to the estimated risk

Risk to individual - likelihood of suffering a given detrimental effect as a result of exposure to a given agent (Table 16.1)

Risk to a population group - estimated number of excess deaths that will occur as a result of exposure to a given agent. Societal risk Table 16.2

Degree of uncertainty given with estimates

2. Qualitative Risk Assessment

EPA estimates 33,000 uncontrolled toxic waste sites exist in the US. If 3,000 were assessed with a community epi study to quantify the harm, cost would be $6B.  Because of this great cost, qualitative risk assessment is used 

- qualitative characterizations (health risks are ID but not quantified

- qualitative risk estimations (chemicals are ranked by broad categories of risk)

- semi-quantitative approaches (effects levels used in combination with uncertainty factors to establish "safe" exposure levels

EPA qualitative approach for assigning toxic agents to cancer groups

- carcinogenic to humans

- probably carcinogenic to humans

- possible carcinogenic to humans

- not classifiable as to human carcinogenicity

- evidence of noncarcinogenicity for humans

Agency for Toxic Substances and Disease Registry (ATSDR) - public health assessment for qualitative analysis of Superfund sites. Evaluates environmental data to assess current and future impacts on public health, develop health advisories, identify actions or studies to evaluate or mitigate adverse health effects.

ATSDR collects data on environmental contamination, health problems, and community health concerns.

ATSDR has identified 10 key substances that are specifically evaluated at a site: lead arsenic, mercury, vinyl chloride, benzene, cadmium, polychloride biphenyls, chloroform, benzo(b)fluoranthene, and trichloroethylene.  Seven priority health conditions: birth defects and reproductive disorders, cancers, immune function disorders, kidney dysfunctions, liver dysfunctions, lung and respiratory diseases, and neurotoxic disorders.

Based on public health assessment, sites are listed under one of 5 categories: urgent public health hazard, public health hazard, indeterminate public health hazard, no apparent public health hazard, no public health hazard.

3. Quantitative Risk Assessment

EPA concentrates on quantitative risk assessment.  Four primary steps:

Hazard identification - qualitative determination of whether human exposure to a toxic agent has the potential for adverse health effects. ID of toxic agent, physical and chemical properties, outcomes of studies, lab research using animals, and human epi studies.

Dose-Response evaluation - quantitative estimate of the hazard potency (power to produce adverse effects).  Human data are preferred, but if not available use animal studies that respond like humans.

Exposure Assessment - estimate of the amount of the exposure to the agent and the resulting dose being experienced by people and the environment.  

Consider: - Chemical and physical characteristics of the agent to include partitioning coefficients, retardation factors

and degradation rates.

ID of person to be protected, "maximally exposed individual," sensitive sub-populations, children and pregnant women.

Difference between the measured exposure and the actual dose received.  For airborne materials, it depends on inhalation rates, deposition of the inhaled particles in the lungs, uptake of the agent in the blood and the transport through the body.  Because it is not always possible to make direct measurements of the toxic agent at the location within the body where it deposits and can cause harm, exposure measurements are used as a surrogate for dose.

Risk Characterization - calculating or estimating the adverse risk to people being exposed to a given amount of agent.  

Integration of above steps to produce a quantitative estimate of risk. Because risk estimates have significant limitations, EPA also requires:

- weight of evidence for human carcinogenicity discussion

- discussion of the various sources of uncertainty (hazard ID, dose-response evaluation, and the exposure assessment)

- range of risks

4. Accident Situations

Seveso, Italy 1976 dioxin release; Bhopal, India 1984 methyl isocyanate; Three-Mile Island, PA 1979; Chernobyl 1986 Risk = magnitude of the consequence and likelihood of occurrence

Accident scenario development and screening - identify the events and processes that could initiate a release, combine those events and processes into a physically reasonable scenario that can be analyzed and evaluated.  Seismic and tectonic events, human error, training and skill of operators.

Consequence assessment - sequence of models is used to estimate the consequences of each scenario.

First suite examines various mechanisms through which the toxic agent might be released.  

Next suite may analyze the transport from the source to the environment.

ID of voids in the data and need for research and expert opinion in the areas that cannot be adequately predicted, such as magnitude and frequency of earthquakes.

Uncertainty and sensitivity analysis - experimental data not always available. Important to investigate sources of uncertainty such as scenario, data, parameter and model uncertainties.

Sensitivity analysis identifies those parameters that are most significant in the risk estimate.

Regulatory compliance assessment - goal of risk assessment is to demonstrate whether the proposed facility will comply with applicable regulations. NRC has regulations on the potential long term migration of radioactive material and accidental human intrusion.

5. Risk Management 

Process of integrating the risk assessment results with other information, weighing the alternatives and then selecting the most appropriate public health action for reducing or eliminating the risk.

Management should be separate from assessment, but manager must know both the risk number and the context under which it was developed.

Acceptable levels of risk - risk manager considers level of risk at which environmental or occupational controls are applied. When can cleanup be terminated at a contaminated site?

If scientific evidence were the only basis for establishment of acceptable risk levels, decisions would be relatively easy.

Superfund 1 excess lifetime cancer in 1,000,000 for clean up (10-6) or (1.0 E-06) Changed to a range between 10-4 and 10-6, allows risk managers flexibility between sites.  EPA recommended guidance to states for water quality standards between 10-5 and 10-7

Air pollution standards 10-6, while simultaneously protecting max exposed individual against risks greater than 10-4

Risk communication - essential part of risk management process is to invite public participation, to communicate the nature and extent of the risk in understandable terms to both experts and laypersons and to arrive at an informed estimate of the risk so as to manage it.  The public’s perception of technological risk often bear very little relation to the risk assessment made by scientists.

Problems in dealing with risks expressed in negative exponents, upper bounds of risk, annual vs lifetime risk.

Death as endpoint compared to years of life lost

Seven cardinal rules of Risk Communication (Table 16.6)  Reporting risk distributions - need for a better system to reflect the uncertainties embedded within a quantitative risk assessment. Tyranny of a single number vs. risk distribution, which takes into account scientific uncertainties, variabilities in the exposure, and sensitivities of the individuals.

Harvards Key Principles of risk assessment Table 16.7

1. best available science

2. acknowledge scientific disputes

3. be explicit about assumptions and degree of sensitivity

4. central, lower and upper estimate of risk

5. public participation

6. no universally acceptable level of risk

7. quality of life, choice, justice

8. avoid unintended side effects

9. use of economic incentives vs. command and control

10. context of risk, voluntary vs. involuntary risk

6. General Outlook

Increase use in US and internationally

Regulators must consider human values and perceptions along with the quantitative risk estimates.

Confusion between nations if one deems a risk acceptable and the other nation does not deem it acceptable.

Affects of combinations of toxics.

Total system analysis. example of installing devices to reduce airborne effluents from coal-fired power plants makes them less efficient, causing an increase in CO2 = global warming.
