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Regulatory actions to protect public health from adverse effects caused by 
exposure to radioactive/hazardous materials are based on two distinct 
elements: risk assessment, and risk management.  Risk assessment is the use 
of a factual base to define health effects of individuals or populations exposed 
to hazardous/radioactive materials and situations.  Risk management is the 
process of weighing policy alternatives and selecting the most appropriate 
regulatory actions, integrating the results of risk assessment with engineering 
data and with social, economic, and political concerns to reach a decision on 
how to best manage a situation.   
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Despite the fact that the subject of risk assessment has been extensively 
discussed in recent years, no standard definitions have evolved, and the same 
concepts are encountered under different names. 
 
We use risk assessment to mean the characterization of actual or potential 
adverse human health effects caused by exposure to environmental hazards.  
Risk assessment include several elements:  description of actual or potential 
adverse health effects based on an evaluation of results of epidemiologic, 
clinical, toxicologic, and environmental research;  extrapolation from those 
results to predict the type and estimate the extent of health effects in humans 
under given conditions of exposure; judgments as to the characteristics 
exposed persons exhibit at various intensities and durations; and summary 
judgments on the existence and overall magnitude of the public health 
problem. Risk assessment also includes characterization of the uncertainties 
inherent in the process of inferring risk. 
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Risk management 
requires  

the use of  
value judgements 
for determining 
the acceptability 

of risks and 
 reasonableness of 

the costs of  
control. 
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features, the scientific basis for much of the analysis 
done in risk assessment is well established.  This is 
especially true of the first step in the assessment 
process, the hazard identification step.  Four general 
classes of information may be used in this step: 
epidemiologic data, animal-bioassay data, data in 
vitro effects, and comparison of molecular structure. 
 
Epidemiologic data: Well-conducted epidemiologic 
studies that show a positive association between an 
agent and a disease are accepted as the most 
convincing evidence about human risk.  This 
evidence can, however, be difficult to accumulate; 
often the risk is low, the number of persons exposed 
is small, the latent period between exposure and 
disease is long, and exposures are mixed and 
multiple.  Thus, epidemiologic data require careful 
interpretation.  Even if these problems are solved 
satisfactorily, the preponderance of chemicals in the 
environment has not been studies with 
epidemiological methods, and epidemiological 
investigations can only occur after exposure has 
occurred.  We would not wish to release newly 
produced substances only to discover years later that 
they were powerful carcinogenic agents.  These 
limitations require reliance on less direct evidence 
that a health hazard exists. 
 
Animal-bioassay data:  The most commonly 
available data in hazard identification are those 
obtained from animal bioassays.  The inference that 
results from animal experiments are applicable to 
humans is fundamental to toxicological research; this 
premise underlies much of experimental observation 
of carcinogenic effects.  Despite the apparent validity 
of such inferences and their acceptability by most 
cancer researchers, there are no doubt occasions in 
which observations in animals may be of highly 
uncertain relevance to humans. 
 
Short-term In Vitro studies:  In vitro experiments 
are short-term outside-the-body experiments in which 
cultures or tissues are exposed to the agent of 
concern.  Considerable in vitro experimental evidence 
supports the proposition that most chemical 
carcinogens are mutagens (i.e., can produce, through 

 
The Nature of Risk Assessment 
 
Risk assessments contain some or all of the 
following four major steps:   
 
• Hazard identification:  Determine whether a 

particular chemical or radioactive material is or 
is not causally linked to particular health effects. 

 
• Dose-response assessment:  Determine the 

relationship between the magnitude of exposure 
and the probability of occurrence of certain 
health effects. 

 
• Exposure assessment:  Determining the extent of 

human exposure before and/or after application 
of regulatory controls. 

 
• Risk Characterization:  The description of the 

nature and often the magnitude of the risk of 
experiencing adverse human health effects, 
including attendant uncertainty. 

 
In each step, a number of decision points occur 
where risk to human health can only be inferred 
from the available evidence.  This is an important 
consideration for public health officials who 
formulate health and safety policy for the protection 
of the citizens of the state. Both scientific judgments 
and policy choices may be involved in selecting 
among possible inferential bridges, and we have 
used the term risk assessment policy to differentiate 
those judgments and choices from the broader social 
and economic policy issues that are inherent in risk 
management decisions.   
 
 
Scientific Basis For Risk Assessment 
 
Step 1. Hazard Identification 
 
Although risk assessment as it is currently practiced 
by federal agencies for the estimation of 
carcinogenic risk contains several relatively new 



a series of chemical reactions, permanent changes in 
human cell structures) and that many mutagens are 
carcinogens.  As a result, a positive response in a 
mutagenicity assay is supportive evidence that the 
agent is likely to be carcinogenic.  However, in the 
absence of a positive animal bioassay, such data are 
rarely, if ever, sufficient to conclude that an agent is 
carcinogenic.  Because short-term in vitro tests are 
relatively rapid and inexpensive, they are valuable for 
screening chemicals for potential carcinogenicity and 
lending additional support to observations from 
animal and epidemiologic investigations. 
 
Comparisons of molecular structure:  Comparison 
of an agent's chemical or physical properties with 
those of known carcinogens provides some evidence 
of potential carcinogenicity.  Experimental data 
support such associations for a few structural classes; 
however, such studies are best used to identify 
potential carcinogens for further investigation and 
may be useful in priority-setting for carcinogenicity 
testing. 
 
Step 2. Dose-Response Assessment 
 
In a small number of instances, epidemiologic data 
permit a dose-response relation to be developed 
directly from observations of exposure and health 
effects in humans.  If epidemiologic data are 
available, extrapolations from the exposures observed 
in the study to lower exposures experienced by the 
general population are often necessary.  Such 
extrapolations introduce uncertainty into the estimates 
of risk for the general population.  Uncertainties also 
arise because the general population includes a 
critical population, such as children, who may be 
more susceptible than people in the sample from 
which the epidemiologic data were developed. 
 
Usually, doses to which humans are exposed are 
much lower than those administered in animal 
studies.  Therefore, dose-response assessment often 
requires extrapolating an expected response curve 
over a wide range of doses from relatively few actual 
data points.  In addition, differences in size and 
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metabolic rates between man and laboratory animals 
require that doses used experimentally be converted 
to reflect these differences.  One may extrapolate 
low doses by fitting a mathematical model to animal 
dose-response data and using the model to predict 
risks at lower doses corresponding to those 
experienced by humans. Although some methods for 
conversion are used more frequently than others, a 
scientific basis for choosing one over the other is not 
established.  Regarding nuclear reactors, providing 
public officials with data that defines radiation 
releases, including what radionuclides were released, 
how many curies of each radionuclide were released, 
and what meteorological parameters surrounded the 
time and place of the release, would add significant 
understanding to the dose-response assessment step.  
This information would help public health officials -
develop short-term and long-term health and safety 
plans to address possible radiation effects on the 
population. 
 
Step 3. Exposure Assessment 
 
An exposure assessment is used to determine the 
concentration of the chemicals to which humans are 
exposed.  This may be known from direct 
measurement, but more typically exposure data are 
incomplete and must be estimated.  For example, 
one would like answers to the following questions: 
 
• how should one extrapolate exposure 

measurements from a small segment of a 
population to the entire population? 

 
• how should one predict dispersion of air 

pollutants into the atmosphere, or predict 
seepage rates of toxic chemicals into soils and 
groundwater? 

 
• how should dietary habits and other variations in 

lifestyles, and other human activity patterns be 
taken into account? 

 
• should concentrations be determined locally or 

distributed over an area? 
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•  how should differences in timing, 

duration, and age at first exposure be 
estimated? 

 
• how should one estimate the size and 

nature of populations likely to be or to 
have been exposed?  And 

 
• how should exposures of critical         
populations be estimated? 
 
Current methods and approaches to 
exposure assessment are medium - or route - 
specific.  In contrast with hazard 
identification and dose-response assessment, 
exposure assessment has very few 
components that could be applicable to all 
media. 
 
Step 4. Risk Characterization 
 
Risk characterization, the estimate of the 
magnitude of the public-health problem, 
involves no additional scientific knowledge 
or concepts.  However, the exercise of 
judgment in aggregating population groups 
with various sensitivities and different 
exposures may affect the estimate.  In this 
step, one would like to know the following: 
 
•  -the statistical uncertainties in 

estimating the extent of health effects, 
and how these uncertainties are to be 
computed and presented; 

•  
 -the biologic uncertainties in estimating 

the extent of health effects, their origin, 
how they are estimated, what effect 
they have on quantitative estimates, and 
how they are described to decision-
makers; 

 
• which dose-response assessments and 

exposure assessments are used; and 

 
• which population groups should be the primary 

targets for protection, and which provide the 
most meaningful expression of the health risk. 

 
How is Risk Managed? 
 
Risk management is generally used to describe the 
process of evaluating alternative regulatory actions 
and selecting among them.  Risk management, 
which is carried out by regulatory agencies under 
various legislative mandates, is an agency decision-
making process that entails consideration of 
political, social, economic, and engineering 
information with risk-related information to select 
the appropriate regulatory response to a potential 
health hazard.  The selection process necessarily 
requires the use of value judgments on such issues as 
the acceptability of risks and the reasonableness of 
the costs of control. 
 
Without adequate data, risk assessment is not 
possible, and risk management becomes 
synonymous with risk denial. Efforts to formulate a 
coherent health monitoring and protection strategy 
for communities close to commercial nuclear power 
plants significantly depend on an ability to 
demonstrate the relationship between releases of 
radioactive materials and hazardous pollutants, and 
adverse human health effects.  In order to reduce the 
uncertainty associated with assessing adverse health 
effects as a function of exposure to radiation 
released by nuclear power plants, it is essential to 
recognize that the public has a "right to know" about 
nuclear waste management activities.  Only then will 
it be possible to effectively assess and address 
radiation effects on past, present, and future 
populations. 


