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ABSTRACT

The three fundamentals that radiation protection programs are based upon are, 1)
establishing a quantitative correlation between radiation exposure and biological effects in
people, 2) determining a level of acceptable risk of exposure and 3) establishing systems to
measure the radiation dose to insure compliance with the regulations or criteria. The paper
discusses the interrelationship of these fundamentals, difficulties in obtaining a consensus of
acceptable risk and gives some examples of problems in identifying the most critical
population-at-risk and in measuring dose.

Despite such problems, it is recommended that we proceed with the existing
conservative structure of radiation protection programs based upon a linear no threshold
model for low radiation doses to insure public acceptability of various potential radiation
risks. Voluntary compliance as well as regulatory requirements should continue to be pursued
to maintain minimal exposure to ionizing radiation.

1. BACKGROUND

While the twentieth century has seen ionizing radiation become an indispensable tool
in medicine, science, engineering and electrical power, society has been uncomfortable in
recognizing and accepting risks of the inevitable low doses of ionizing radiation associated
with those benefits. Additionally, the international scientific community has been less than
totally successful in convincing society that the quantitative correlations of radiation insult
with injury in the development of risk coefficients provide bounding limits of potential harm.
Lastly, the various national and international authorities charged with the responsibility of
"drawing the line" of an acceptable risk for various sources continue to be queried on the
reasonableness of such determinations despite the fact that all these activities have been
conducted in the public domain.

29



2. OBJECTIVE

Another way of stating the objectives of this
conference is to consider the willingness of society to
pay to reduce the risk assumed to be associated with
low doses of radiation. We have a responsibility to
reduce a radiation risk by the expenditure of funds. At
some point the decrement in risk (dose) per increment
in cost ($) becomes a poor investment as shown in
Figure 1. The decision of where to draw the line for
optimal radiation protection is a societal one and there
needs to be better recognition that the process is a
public one involving researchers in universities and
laboratories, biological and epidemiological
investigators, environmentalists, and regulators from
both governmental and voluntary standards setting
agencies. The decisions are broadly based.

Cost to Reduce Risk

Fig. 1. Expectations to
Reduce Potential Risk

3. INTERRELATIONSHIPS BETWEEN LICENSEES, REGULATORS AND
RESEARCHERS

In limiting individuals and populations to radiation exposure, the prevention of
exposure is always a better investment than corrective actions after a release has occurred. To
this end, it is essential that regulatory control agencies, scientific research groups and the
regulated licensees work together to achieve the optimal minimization of radiation exposure.
It is essential that all three parties understand the strengths and limitations of the data sets and
analyses. Efforts for voluntary compliance can be more cost effective, such as minimizing
unnecessary diagnostic medical radiographs and encouraging the use of shorter lived
radionuclides or lower energies for both diagnostic and therapeutic medical applications.

4. ESTIMATES OF DOSE

The use of estimates of radiation dose to people to determine compliance with dose-
based standards is a fundamental axiom in the field of radiation protection. It enables one to
quantify the absorption of electro-magnetic energy in the particular organ of interest, adjust
for the biological responsiveness of the organ for a particular radiation type and energy range,
and sum the insults from different radiation emissions to different organs. It is a better
indicator than those used in industrial applications of the product of the concentration of a
toxic chemical times the duration of the exposure. The latter has been used to evaluate
exposures from the decay of radon-222 in air. Duncan Holaday defined Working Level (WL)
as a concentration of radon daughters in equilibrium with 3.7 Bq (100 pCi) of radon-222/liter
of air. The product of WL and the number of months of exposure provides the WLM index.
Radiation release limits have also been used to supplement estimates of dose to individuals or
collective dose calculations.

The following provides illustrations of the complexity and difficulty of generating
estimates of dose to be measured against the yardstick of a permissible dose.
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4.1. Changes with time

Airborne concentrations of
radionuclides will show up in different
biota at different times. It is necessary
to calculate the infinite dose
contribution from each and sum the
results. Care must be exercised to
insure that all contributors are
included.

4.2. Dose as a function of age of
individual exposed

Time

Fig. 2. Contributors to Dose from an Airborne
Environmental Release with Time.

Thyroidal doses from radioiodine in milk vary as a function of age of the exposed
individual including the consumption of milk, fractional uptake of iodine from blood to the
thyroid and the mass of the thyroid. For a given concentration C in milk, Table I shows the
variability of the calculated dose as a function of age with the peak occurring at age 6-11
months. The ratio of the maximum at 6-11 months of age to a 20-29 year old is 10.5.
Subsequent studies by Van Middlesworth suggest the uptake factors in the newborn may be
low by a factor of 3. This would make the ratio of the dose coefficient for the 6-11 month
child to the young adult equal to 32. This illustrates the importance of determining whether
there is a population much higher at risk than the mean.

Table I. Dose Coefficient Values From Consumption of
Milk Containing Iodine-131 as a Function of Age

Age Group
0-1 months

3-5 m
6-11 m
12-23 m
24-35 m
36-59 m
5-9 years
10-14 y
15-19y
20-29 y

Dose Coefficient
20
83
105
78
72
62
45
28
21
10

4.3. Non-comparability of data sources

Environmental surveillance monitoring programs may be designed for different
purposes which may limit the interchangeability of their data.
Examples include:

(a) Documentation of the absence of contamination
(b) Early warning (air)
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(c) Focus on children (milk)
(d) Diet (ingestion)
(e) Body burden (whole body, bone)
(f) Mortality

5. SOME GENERAL OBSERVATIONS

(a) The acceptability of risk is much lower for environmental radiation than for
medical radiation.

(b) Allowable radiation exposure has always decreased over the years.
(c) It does not appear that epidemiological investigations or animal studies will enable

resolution in the foreseeable future of the threshold concept in dose-effect
correlations.

(d) While our level of knowledge of the effects of ionizing radiation on people
surpasses knowledge of other toxic substances, society does not demand more
definitive studies on the latter. There are relatively few epidemiological studies of
the effects of non-ionizing radiation sources such as the use of ultrasound on the
fetus, UV tanning booths or microwave diathermy, or (heat) on tissue.

(e) The disposal of radioactive wastes have made it necessary to model and predict the
behavior of radioactive material for periods of 10,000 to 1 million years, a new and
unique set of calculations.

(f) Probabilistic analyses are becoming increasingly important in replacing
deterministic calculations.

In summary, it is important that we recognize both the strengths as well as the
limitations in our knowledge in the interdependent applications of radiation insult, the
biological consequences of that insult and the reasonableness of the standards to limit that
exposure.

32


