Assessing Health Risks From Nuclear
Facilities: Epidemiology and Risk
Assessment

The Issue

Residents of communities near nuclear facilities around the world have questioned the safety
of living close to such large sources of radiation. The public near these facilities has shown par-
ticular interest in whether rates of diseases in their communities are higher than average and
whether any increases in disease rates are related to radiation exposure. Attention is usually
focused on cancer rates near nuclear facilities, since, in many different scientific studies, radia-
tion has been shown to cause cancer.

Answers to such questions come from two types of studies: epidemiologic analysis and risk
assessment. An epidemiologic study focuses on disease rates computed for specific communi-
ties, while risk assessment centers on evidence of radiation and/or chemical exposure to resi-
dents. Both techniques are useful in answering questions about health risk, although both have
certain limitations.

Many think that an epidemiologic study is the best way to determine the health hazards posed
by environmental exposures. Under favorable conditions, this is probably true. Unfortunately,
conditions for epidemiologic analysis are rarely favorable. Some major problems faced by epi-
demiologists include:

¢ Finding all persons who may have been exposed,
*  Designing a study with enough cases to analyze using statistical techniques and
* Estimating toxic exposures for all individuals in a study.

Estimating exposures {the amounts of contaminants people received) is usually the most diffi-
cult problem to overcome. Scientists who are assessing risks at nuclear facilities in the United
States have tried to overcome this problem by conducting dose reconstruction studies like the

Technical Topics: This series of papers explains the research design, methods and terminology used in
the State of Colorado’s health studies related to the Rocky Fiats Plant. For information about this ongoing
research to identify past cortaminant releases from the plant and assess potential health risks, cali the
Colcrade Department of Heaith af {(303) 892-2640 or 882-2662.




Meanings of Terms

Dase gecenstmctmn Research and analysis of hlstomcai data and mformation regardmg
ccsntammant releases from a facility and calculation of doses; or amounts of ccntamznan‘zs
rec:e;,ve;i by an.exposed population group. This information is used to assess the risks of
potential health effects related to past exposure to contaminants.

Epidemiology: The study of specific health effects or diseases and their distribution in a
-population group; the determination of potential causes of the observed health effects.

Risk Assessmeni' A Study prm €85, iﬂvol’ving identi‘fication of a-source of 'toxic substanceq

sis Uf i:he i:oxzc;tv of the speczﬁ{: sui)%tances and caicuiatmn of mcreased flskb of aciverse ‘
_ health effects related to the exposure. L '

one being directed by the Colorado Department of Health on Rocky Flats. Dose reconstruction
provides information to estimate past contaminant releases and potential public exposures,
which in turn can be used to determine the feasibility of epidemiologic studies.

Epidemiologic Studies

An epidemiologic study identifies the types and frequencies of specific diseases in a population
group. For example, a cancer study involves collecting data on the number of residents who
have developed different types of cancer. Data on diagnosed cancers (termed cancer incidence)
are available for analysis in some communities with nuclear facilities. The Colorado Central
Cancer Registry, for instance, is compiling data on cancers statewide to allow for the accurate
comparison of incidence in the Kocky Flats Plant area with other regions of Colorado.

Just because disease rates can be computed for areas near nuclear facilities does not mean they
can be used to show whether or not the facility was responsible for causing disease. Scientists
require fairly stringent evidence for such conclusions. In short, cancer rates must be high
enough to satisty criteria for statistical analysis, and must be clearly related to exposure to radi-
ation or other hazardous substances that came from the nuclear facility.

What kinds of epidemiologic studies could be used to assess cancer risks from Rocky Flats?
First, an exposed population would need to be defined, for example, people who lived during
a specified time period in a location affected by contaminant refeases from the plant. Records
of cancer incidence or cancer deaths (mortality) in this population would then have to be col-
fected and categorized by different measures of exposure to radiation and chemicals from the




piam The dlsease rates would thenbe examined: s’satls%zcaliy to see if they are related to the

i dzes of-cancer incidence in cemmumﬁes Hedr. Rockv Flats weie published in the 1980s.

] ieties reached opp051te C@nciugwns about the relation between cancer incidence and esti-
mates of plutomum concentrations around the: piam A'problem with both studies is the small
number of measurements of plu%@mum in soil that were used to determine exposure from
_Rockv Flats: #tisnot clear that those: meamremems accurately reflected the-cumulative h;e:iary
'o§ piutemum reieases from the: plant ' ‘ -
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Sensitive téchﬁiques recérzi%:‘i}; 'deﬁélo;ée'd fér"measuring plittonium in urine can then be used to .

see if Cﬁncen‘eratlons are higher in a group of people who were exposed compared with a con-

ol group of %h@se judged to be unexposed. These techniques are not widely available, howev—

“er, and canhot be-used to assess exposures to other substances which do not. stay in'the bod} as
'10ng as plutonium. ' : :
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.Rﬁk asseasmmt mvoives ana}wmcr a source of contamination, assessing the- tomcxtv or poten-
tial eff‘ects on humans and astlmaﬁng the potential exposures ina population.- With detailed
information on releases to the env ironment and estimated exposures ~ such as data from the
State’s dose reconstruction study at Rocky Flats — scientists can predict the types and frequen-
cies of diseases that would be expected from such exposures.

ent canbe performed for any time pe_rzod of interest — past, present or future. In

. ioi ' ies. @f cancer, hmvever exposure to caﬁcerﬁcausmg materials generally
occurs maﬁy years before the diseasé appears. This is called cancer latency. For example,
dependmg on the ciose 1ecezvec§ it can take anywh&re fmm a few vears to 30 years for radiation

Latency makeS it difficu!.t in an epidemiologic study to draw conclusions about the relation
between exposure and disease. In a risk assessment, on the other hand, exposure data are used
to predict the potential risks or chances of specific health effects under specific circumstances.



There are four basic steps in a risk assessment:

1) ldentifying the source of toxic substances and the human population potentially exposed;
2) Estimating the extent of exposure for that population;

3) Identifying estimates of risk per unit of exposure based on the scientific literature; and

4y Computing the range of risks for the exposures of interest,

Data from a risk assessment for a particular site can be interpreted by comparing them with
guidelines for risk developed by a variety of scientific, regulatory and public interest groups.
Risk estimates for a particular nuclear facility can also be compared with data from similar
exposures at other sites.

The problems and technical limitations of risk assessments include lack of adequate exposure
data, uncertainty in estimates of risk per unit exposure and difficulty in explaining the complex
sets of mathematical equations used to compute risk. In addition, some argue that risk esti-
mates are subject to bias in the selection of the factors used in the complex mathematical calcu-
lations.

These problems can be solved, in part, by carefully reconstructing residents’ historical expo-
sures to contaminants and by including independent review and public oversight in the dose
reconstruction and risk estimation process.

Combining Risk Assessment and Epideminiogy

Both risk assessment and epidemiology can be useful in certain situations. Since both tech-
niques require data from dose reconstruction, it makes sense to reconstruct doses and estimate
risks first. Data from a risk assessment can then be used to identify those risks that could be
unacceptably high or that might warrant further study.

Risk assessment data can also be used to determine the feasibility of an epidemiologic study
and to plan a study that will produce scientifically valid results. Specifically, epidemiologists
can determine which groups of people and which diseases are appropriate to study, and
whether a study can include enough exposed people to produce results that can be analyzed
with statistical techniques.
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