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Introduction

Risk assessment involves two separate activities; risk determi-
nation and risk evaluation. The first activity involves identifying
and estimating the risk from some action; the second activity involves
a socio-political decision about the action and residual levels of
risk after risk reduction techniques have been applied. Since risk
determination is a well-developed activity in the radiation protection
field, the major focus of this paper is on risk evaluation.

The International Commission on Radiation Protection has pub-
lished a system of dose limitations which to some extent addresses the
risk evaluation process. The first step in the system is optimization
where collective dose is reduced by the addition of controls, using
the marginal cost-effectiveness of the cost controls for reduction of
detriment as a criterion. A value is assigned to the avoidance of a
man-Sievert to establish a cut-off value. The establishment of this
value is a socio-political decision. The second step is justification
where a balance of benefits and costs are made. This is, indeed, a
socio-political decision, and will be reviewed in terms of risk eval-
uation. Application of dose limits, the final step, is an equity
balancing step to assure that no individual receives an undue propor-
tion of risk.

Optimization and the establishment of dose limits are not purely
socio-political decisions, but represent managerial decisions for ease
of administrating radiation protection policies. The choice of fixed
values for the optimization criterion (value of a man-Sievert) and for
dose limits are decisions to ease the process of regulation; otherwise,
each case would be balanced on its own merits. The impact of such
managerial judgments involves the balancing of costs to the public
(including risks) against the ease and cost of regulation.

Justification is another matter. It is a balancing of all fac-
tors after optimization is complete.

GENERAL FORM OF JUSTIFICATION

Although a justification decision is not purely numerical, a
mathematical structure of the justifrlcation process can be quite use-
ful for understanding the process and application. The structure pre-
sented here is thus a study mechanism not an end in itself.

Justification is determined in eeneral form bv examining the dif-
ference between the new (or changed) practice (n) and a reference cond-
ition (r) in the form of a difference equation.
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where B = Benefit (NET)
V = Worth of practice
P = Production cost of introducing the practice
X = Cost of radiation control
S = Detriment from increased exposure

a. = Value of a man-Sievert for justification

AB = (AV-AP) - AX-ct.AS.

EQUATION 2

The parenthesis around Av-Ap is to emphasize the difference of
these parameters from those associated with radiation protection and
exposure parameters. Thus justification consists of two parts, the
first involving the worth and costs of the practice, and the second
involving the implementation of radiation protection practices and a
judgment of the social costs of the remaining detriment. This sepa-
rate identification of the value of alpha for justification is to in-
dicate that it may be a different value from that used in optimization.
Usually optimization preceeds justification and is based upon assuring
that:

AX
ASc>0 EQUATION 3

where the subscript 0 refers to optimization for both the value of
alpha and the change in detriment.

Optimization is well covered elsewhere, and will not be covered
in detail here, but it is important to note the differences for alpha
and detriment for justification and optimization. The total detriment,
AS, consists of two parts: 1) the detriment removed by optimization
at cost AX, and 2) the remaining detriment not removed, but attribu-
table to the practice. It is the latter detriment which is of concern
for justification since AX in monetary units will have been spent to
remove A S O . Thus:

AS = ASo + ASj

EQUATION 4

The remaining change in detriment from the change in practice, A S . ,
is the parameter of concern for justification.

The value of alpha for justification, a., may differ from that
for optimization, a o , but aj cannot be less tnan the cu- This arises
since the value of alpha for optimization, a o , may be limited by the
availability of resources. When all radiation protection and other
hazard reduction needs are considered and the value of prevention of a
stochastic fatality or illness is considered "across-the-board", only
a limited amount of resources may be available for the total. When
such limits apply, a selection of a lower value for alpha in justifi-
cation means that radiation protection will have a disproportionately
lower regard in justification decisions. This in turn would reflect

300



an uneven allocation of resources.
Alpha may be higher for justification since here one uses a

value inferring what society ought to do (not just what it can do for
limited resources in optimization), and in many cases the radiation
impact costs may not even be specified in monetary terms since the
judgments involved may be at a higher level of abstraction.

Radiation Risks Versus Other Societal Risks

The justification equation must take into account other risks in
addition to radiation risks. For this reason, the justification for-
mat must be expanded:

AB = (AV-AP) - I (Ax. + a..AS..)

EQUATION 5

where subscript 1 might be for radiation detriment and other sub-
scripts might be for other cypes of risks such as exposure to toxic
chemicals.

This immediately implies that radiation detriment can be related
to other detriments in society such that choices of a. . represent
judgment -as to the relative impact of these. There are many different
kinds of detriment and risks (the potential from harm) involved with
many factors affecting the valuation of these risks, i.e., choice of
value of a... Some of the factors, which are treated in greater de-
tail in my^ook AN ANATOMY OF RISK, are:

Voluntary vs. involuntary imposition of the threat
Immediacy vs. latency between cause and affect
Controllability of the threat
Individual risks vs. population risks
Familiarity with a risk and its consequences
Certain vs. uncertain consequences
Etc.

Risks can be put into perspective by comparing them with bench-
marks, i.e., risks of a similar nature to those being considered. They
are used to provide some insight as to the magnitude of risks, but do
not imply acceptability.

For radiation two cases are considered here to illustrate other
a values: 1) the relative potency of radiation vs. carcinogenic chem-
icals, and 2) the problem of addressing rare events.

Relative Potency

Relative potency is a means of comparing two or more carcinogens
to determine their ability to cause cancer in certain organs based
upon similar concentrations of material. It does not represent the
relative risk of the materials, since an exposure pathway must exist
for risk to occur.

One approach for relative potency is the parts per million (or
per billion) to cause a lifetime risk of one in one million. Some
values for ingestion of toxic chemicals expressed in this form are
shown below.
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COMPOUND

DDT
Dimethylnitrosamine
Ethylene Thiourea
NTA
Vinyl Chloride
Saccharin
Af latoxin
Benzo-a-Pyrene
Acrylonitrile

DOSE (FDA)(1)

0.4
0.05
2.0

260.0
6.7

700

TABLE 1
SOME EXAMPLES OF RELATIVE POTENCY

Values are in Parts per Billion (Ingestion)

DOSE (Wilson)(2)

0.002

600,000
0.0002

Radiation risks to individuals are such that an exposure of
.01 Sv/yr. (1.0 Rera/yr.) over a 70 year period results in a risk of
2x10-4 fatalities/year (See Appendix). A level of 0.7y Sv/yr.
(70 y rem/yr. ) represents a one in a million lifetime risk on this
basis.

Maximum permissible doses (MFC's) are based upon the daily con-
centration in air or water for 50 years of occupational exposure for
168 hour week. In the absence of ICRP #30 where new allowable limits
for intake (ALI) will be published, other values from 10 CFR 20 can
suffice. Three isotopes have been selected for the ingestion pathway
assuming the material is in soluable form. These are Sr90} pu^i^ and
1^29} selected for their range of specific activity. MPC s must be
converted into ug/ml to get parts per billion by weight through the
specific activity factor and reduced to get an equivalent risk of
0.7y Sv/yr from approximately 0.5 Sv/yr, a factor of about 1.4xl0"5.

Nuclite

Sr90

Pu 2 3 9

I 1 2 9

MPC (10CFR20)
Water Soluable

3xlO"7 yci/ml

5xlO~6 yC./ml

6xlO~8 PC./ml

Specific

1.44xlO2

6 xlO"2

1.8 xlO~

Activity

C./gm
X

Ci/gm

PPB for
million
risk

3xlO"5

1

5

1 in a
lifetime

Ingestion of Sr9o appears to be nearly a hundred times more
potent than aflatoxin while ingestion of Pu239 ancj il29 seem compar-
able with ingestion of vinyl chloride or acrylonitrile. Materials
with high specific activity are, of course, more potent on a weight
basis than a curie basis.

Rare Events

Nuclear and waste disposal accidents are also risks that may be
considered in the justification equation. However, there are limita-
tions to estimating the likelihood of rare events. Statistical
methods provide measures of the relative likelihood of events for
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those of relatively high frequency, which can be validated. There are
also models for estimating the relative likelihood of rare events
which cannot be validated. However, in no case do they predict when,
where, or of what magnitude an event will occur. In the case of rare
events, this is exacerbated by the uncertainty in the specification
of the models themselves and their inherent lack of validation.

These methods can only be effective on an absolute risk basis if
the very wide bands of uncertainty common to such estimates do not en-
compass the range of acceptable levels of risk. If the bands of un-
certainty of probability estimates encompass the range of acceptable
risk levels, the decision cannot meaningfully be based on probability
estimates. Figure 1 illustrates this problem using nuclear accidents
and high level radioactive waste disposal as examples..
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FIGURE I

ABSOLUTE RISKS, UNCERTAINTY, AND BENCHMARKS
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SOME
BENCHMARKS

REACTOR
ACCIDENTS
FOR 10,000
Gwe/YR. *
(WASH-I400 &
LEWIS REPORT
EXTRAPOLATION)

FALLOUT 700/YR.
PLANNED RELEASES 200/YR.
1% NAT. BKGD. I00/YR.

UNDISTURBED U
ORE BODIES

238
I0/YR.

HIGH LEVEL WASTE .,.
REPOSITORY (SALT)'
FOR 10,000 Gwe/YR.
(EPA ESTIMATE)

* FOR ILLUSTATION ONLY

a. WORLD WIDE RISK FROM EXISTING

WEAPONS FALL0UT-Ce137, C~14, Pu

b. 10,000 Gwe/YR. BASED UPON 40 CFR 190
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The scale on the left is a. measure of absolute risk in terms of the
probability of the number of fatalities that might occur in a year.
Some benchmarks are shown on the right, including world wide fall-out
from nuclear weapons already committed, planned releases from the
nuclear fuel cycle-for 10,000 Gwe-years of operation (the maximum pro-
duction possible from available uranium resources without breeding),
one percent of natural radiation background, and radon and radiation
from undisturbed uranium ore bodies. These benchmarks are only to
provide perspective; they do not, by themselves, imply acceptability.

The range of risk estimates for a high level waste repository
for all high level wastes (10,000 Gwe-years) lies well below the
benchmarks. Thus, a decision on high level waste is resolvable by
probablistic methods. The range of risk estimates for all nuclear
reactor accidents (10,000 Gwe-years of operation)- is shown based upon
WASH-1400, WASH-1400 COMMENTS, The Lewis Committee report, and extra-
polation. The exact range may be argued, but it probably envelopes
all of the benchmarks, making any decision based upon probablistic
analysis alone indecisive. In this case, although it may be possible
to refine the estimates to some extent, it may be impossible to re-
duce the residual uncertainties to a level for which meaningful de-
cisions can ever be made by this approach.

Thus, it seems reasonable to expect that a probablistic analysis
will be useful for resolving the high level radioactive waste question
but not for nuclear accidents. The nuclear accident question cannot
be addressed using absolute risk models. Relative risk models may,
however, be useful here since these models provide insight into the
causes of risk and where resources for reducing the risks may be best
spent. For indecisive cases the amount of money to be spent on risk
reduction and the acceptability of the risk question remain socio-
political decisions that cannot be resolved on a technical basis.
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APPENDIX

In this report individual exposure to risk from radiation is
based upon a "Cohort Analysis of Increased Risks to Death" (CAIRD) (1)
where the increased risk of death from exposure to radiation of
100,000 people whose lifetime risk is profiled has been calculated
using both relative and absolute risk models from the 1972 BEIR Report.
In this model an exposure over an average lifetime of 70.75 years of a
cohort or 100,000 for a constant exposure of .01 Sv (1.0 rem) is

4,400 early fatalities on a relative risk lifetime plot
670 early fatalities on an absolute risk lifetime plot

This respresents about 6xlO"4 fatalities/year to an individual
for a relative risk -model and about.9x10"^ fatalities/year to an
individual for an absolute risk model for a 10 man-Sv exposure per
year. A mid-range value of 2xl0~4 fatalities/year was selected as a
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reasonable reference value.
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