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In the case of an airborne release from a nuclear power reactor, agricultural land in the
fallout zone may be contaminated with radioactivity. If the foods produced from this land are
sufficiently contaminated that they pose a risk to consumers, public authorities can intervene on
the basis of Protective Action Guides (PAGs) to prevent their entry into commerce.

The limiting factor for selecting the PAG is the protection of public health. Once an
acceptable level of risk has been determined, economic considerations can be introduced to
determine whether the benefits of a lower PAG justify the additional costs. This is an investigation
into the costs and benefits of the interdiction of specific foods representative of the broad spectrum
of those produced in the U.S.

The Costs of Intervention

The types of food and the amounts of production interdicted determine the social costs of
intervention. The amounts of production evaluated here range from minimums of a few units of
production to maximums equaling the production of the largest producing States for each food.
The Table shows the eleven foods evaluated, the State with the largest production of each, and
the proportion of national production produced by that State F-89) .

The social cost of interdiction is measured as deadweight loss. This is the loss to the
consumers of the food that is not recaptured by its producers. 'Me loss to consumers is reduced
food availability and increased price for that portion of the food still available. The loss to
consumers due to increased price for the food still available is returned to its producers with no
net loss to society. Deadweight loss is the additional loss experienced by consumers which is not
returned to producers.
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TABLE: CROPS AND SIZES OF INTERDICTION

CROP 100% INTERDICTION
STATE PERCENT

---- - --------- - -- -- - -------------- ---------------

BEEF TX 13.3
EGGS CA 12.0
CFHCKEN AR 16.4
TOMATOES FL 48.9
MILK WI 17.6

SWEET CORN FL 30.5
LE= CE CA 71.7
SOYBEANS IL 16.3
ORANGES FL 30.5
SNAP BEANS WI 35.5
WHEAT KS 17.6

The crosshatched area ABCD in Figure 1 demonstrates the deadweight loss for a
representative situation. It is assumed that only one year's production is lost because of the
intervention caused by the reactor accident and, therefore, that farmers whose production is not
affected by the accident are not able to respond to the accident by increasing their output.
Therefore, the supply functions for the before and after accident situations are vertical and labeled
SI and S2 respectively. The loss in production is represented by the horizontal distance between
SI and S2 (i.e. AB).
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The height of the line AD represents the pice that would have been paid for the food had
there been no intervention, but, more Limpor-ta-ritly for this analysis, it represents the loss to society
due to the first few units of food pduction Withdrawn because of the Intervention. This loss to
society is measured as marginal ost or the cost on a per unit basis. Silarly, BC represents the
price paid for the food after the intervention and also represents the marginal cost to society for the
last few uits of production Withdrawn.

Some social costs of 'ntervention, such as the destruction of foods and the value of health
effects associated with the interdiction tseff, are gnored here. ney would be smaH in comparison
to the other costs of interdiction and would have no appreciable impact on this analysis.

T'he marginal costs of intervention, based on data for 1983 through 1985, are shown in
Figure 2 J-F-89). 'he costs for three cases are shown: a smaH Intervention (representative of AD
in Figure 1) a age Mitervention equaling the production of largest producing state representative
of BC iri Figure 1) and an ntermediate intervention representing 10% of the production of the
largest producing state. These are labeled as: minimum interdiction, 100% interdiction, and 10%
interdiction respectively.
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The Benefits of Intervention

In the following discussion of exposures experienced by consumers of the radioactively
contaminated agricultural production, dose values are understood to represent the 50 year committed
effective dose equivalent to the consumers. Since consumption takes place after a processing is
completed and the foods have been marketed and delivered to the consumers, some radioactive
decay will have taken place. This decay is assumed to be taken into account.

The World Health Organization estimate of the average yearly intake of food is 600kg,
which is equivalent to 1320 pounds (WH-88). If the PAG is expressed as a uniform dose from
each unit weight of food intake, regardless of the type of food, a one rem per year dose (for
example) is equivalent to a 11320 =0.00076) rem dose from each pound of food consumed.

EPA has published a guideline establishing the value of a statistical life. The value is
expressed as a range, from a low of 400,000 to a high of 7,000,000 per life, expressed in 1982
dollars (EP-82). Ts is equivalent to a range from 490,000 to $8,580,000 per statistical life
expressed in 1988 dollars, when adjusted by the consumer price index (CE-89). This range for the
value of life is intended to be used only as a guide.

The preferred method for using this guide is in terms of an implied value of life In
evaluating the implied value of life the net cost of a regulatory aternative is divided by the number
of statistical lives saved and the result compared to this range. An alternative with an implied value
of fife falling within this range is judged to be reasonable. An aternative with an implied value of
life exceeding the upper end of this range may be unreasonably stringent (and costly) and, perhaps,
should be removed from consideration. An alternative with an implied value of life falling below
the lower end of this range may not be stringent enough and, perhaps, also should be removed from
consideration.

Since this investigation addresses situations believed to be representative of those that may
occur in the future rather than actual events, specific alternative interdictions are not evaluated.
Therefore, the actual costs of interdictions are not compared to the value of life.

Instead, representative interdictions are used to determine the exposure levels needed to
justify their costs in terms of avoided risk. Tis is done in a cost-benefit framework. To do this,
.rem equivalent costs' are determined. They are derived from the value of life and are expressed
in units of dollars per pound-rem. Te following calculations are to determine the range of "rem
equivalent cost'.

It is assumed that the dose to risk conversion factor is 00004 deaths per rem in all cases
(EP-89). Based on the lower end of the range of values of a statistical life, the value of a rem is
(0.0004 deaths/rem) ($490,000/death = $196/rem. Assuming the average annual intake of food is
1320 pounds, 1/1320) 196 = $0.148/pound-rem is the 'rem equivalent cost". This means that, for
a value of statistical life assumed to equal 490,000 and a risk of death per rem of 00004, the value
of one rem is 196. This value, when translated to an annual diet, is equivalent to 0.148 per pound
of food ingested.
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A similar calculation for the upper end of the range of values of a statistical life gives a
Prem equivalent cost" of 1/1320) 0.0004) (8,580,000 = $2.60/pound-rem.

These calculations establish the range for the rem equivalent cost'. The two extremes of
this range are the bases for the two axes on the right side the Figure 2 These axes are scaled in
dollars per pound, but are delineated in rems. They represent the marginal cost of consuming
contaminated foods and are directly comparable to the mrginal costs of interdiction shown on the
left as in the figure.

Costs and Benefits Compared

The two costs, the cost to potential consumers of the foods in terms of risk from exposure
to radiation and the cost of interdiction, are tradeoffs, either one or the other is incurred for any
unit of contaminated food. The objective of the cost benefit analysis is to identify the level of
contamination (the PAG) that minimizes total cost to society. Tis is the level where the marginal
cost and marginal benefit of interdiction are equal. (In this case the benefit is the risk avoided by
not consuming the contaminated food.) Food contaminated above the PAG is interdicted because
the marginal cost of withdrawal from the market is less than the monetary value placed on the
incremental risk from its consumption, and food contaminated below the PAG is aowed to enter
commerce because the marginal cost of withdrawal from the market exceeds the monetary value
placed on the incremental risk from its consumption.

The methodology used here makes it possible to dentify the dose level where marginal costs
equal marginal benefits although the total benefits of interdiction are not known, because the actual
level of contamination is not knowable in the absence of n actual release.

Note that consumers' payments for the foods if they were to enter commerce would not be
social costs because they exactly balance the receipts of sellers, the net cost to society would be zero.

In the discussion that follows it will be shown that value of life criteria can be helpful in
establishing the PAG for interdicting foods.

Figure 2 is used to determine the range of dose levels implied by the costs of intervention.
For example, consider beef, Interdicting even a small portion of the beef producing industry would
incur a marginal cost of 0.73 per pound of beef removed from the market. Tis is the minimum
cost of intervention. The exposure levels equivalent to this cost range from 028 to 49 rem,
depending on the value of a statistical Iffe. For example: 073/((1/1320) 0.0004) (8,580,000) = 028.

Based on the upper end of this range (with a alue of life equal 490,000), interdiction of
beef is required if the exposure level exceeds 49 rems because to not interdict is to imply a value
of life lower than 490,000. Based on the lower end of this range, interdiction is not to be carried
out at levels below 028 rems because to do so implies a vlue of life greater than $8,580,000.

In summary, when applying the value of life criteria to the interdiction of beef, where
interdiction costs 0.73 per pound: interdiction should not take place where contamination levels
are below 028 rem and should take place where contamination levels are above 49 rem.

65



Interdiction may, or may not, take place when the contamination level is between 028 and 49
rems, depending on factors other than cost that may affect the decision.

The proceeding discussion addresses the question whether any interdiction should be
undertaken. In cases where it is undertaken, the size of the interdiction must be determined. The
10% and 10001o interdiction costs provide some insight into the relationship between the size of the
interdiction and its cost. Ile upper end of the range of cost, 100% of the largest state's production,
is chosen as a reasonable upper limit to the production interdicted because it is unlikely that an
airborne release firom a nuclear reactor would contaminate a larger area.

The marginal cost of interdicting as much beef as produced in Texas is 1.04 per pound.
The rem equivalents range from 040 to 70 rem. Tis means that an expenditure of 1.04 per
pound to interdict beef can be justified, on value of life criteria, for exposure levels as low as 040
rem. A decision to interdict production equal that of Texas, if the marginal exposure level were
below 04 rem, would imply a value of life greater than $8,580,000. On the other hand, a decision
to not interdict production equal that of the State of Texas, if the marginal exposure level were
above 70 rems, would imply a value of life less than 490,000.

Establishine PAGs

Reasoning simflar to that employed above can be used in evaluating possible PAGs. The
difference in reasoning is that the rem level is selected; then the range of costs that would justify
that rem level, based on the value of life, is determined. Continuing with the example of beef,
consider a 0.5 rem PAG. Any costs falling within the range 0.074 to 1.30 per pound can justifiably
be spent interdicting beef contaminated at 0.5 rem. For example: 1/1320) (.0004) 490,000) (0.5)
= 0074. The interpretation is similar to that developed above for rem equivalent cost: to be
unwilling to spend as much as 0.074 per pound to interdict foods contaminated at 0.5 rem is to
undervalue fife and to spend more than 1.30 per pound is to overvalue fife. Lines representing
these two costs are shown on Figure 2 Since the costs of intervention start at 0.73 per pound for
the first few pounds of beef removed from commerce, beef could be interdicted if contaminated at
or above 0.5 rem. The upper end of this range exceeds the cost of interdicting production equal
that of Texas. Therefore, economic considerations do not impose limitations on a .5 rem PAG for
beef.

The objective in establishing the ingestion PAG for food is to set a single value which is
applicable to a categories of food, rather than for just one category such as beef.

The reasoning in evaluating a PAG for a food is the same as that used for beef Again,
consider a 0.5 rem PAG. As determined above, costs ranging from 0.074 to 1.30 per pound can
justifiably be expended interdicting foods contaminated at this level. Inspection of Figure 2 shows
that 1.30 per pound exceeds the costs of interdicting the maximum state's production for all foods
investigated. Therefore, production exceeding that of the maximum producing state for each food
can justifiably be interdicted if contaminated at 0.5 rem or above. The full range of costs of
intervening most of the foods shown fall within this range. The reasoning for these foods is the
same as that for beef.
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The marginal costs of interdicting small portions of wheat production faM below 0.074 and
the marginal cost of interdicting production as large as that for Kansas is only slightly above 0.074.
This is interpreted to mean that very large quantities f wheat can justifiably be interdicted if
contaminated at 0.5 rem or above. This should not caus a problem because it is unlikely that the
areas of contamination would be this large. It also means that the PAG for wheat could be
established at a level below 0.5 rem. The highest possible PAG with a range of justifiable costs
encompassing the cost of interdicting a small portion of wheat production is 0378 rem. Justifiable
costs for this exposure level range from 0.056 to 0.984. Note that this range does not extend high
enough to cover the cost of interdicting as much beef as produced in Texas.

Clearly there is no PAG with a range of justifiable costs encompassing the full range of
expenditures required to perform all the interdictions shown in Figure 2 Therefore no single PAG
has a the properties judged to be desirable under the vlue of life criteria.

A PAG equal to or below 0.5 rem is attractive from a public health perspective. Such a
PAG could be selected for reasons unrelated to economics, or the consideration of the value of
life. However, this discussion has shown that a PAG eual 0.5 rem has many desirable properties
from an economics perspective. The costs of interdiction can be xpected to rise dramatically as the
PAG is lowered. Therefore, very low PAGs may be unreasonably costly and not justifiable based
on the value of Iffe.

This is an investigation of the costs of interdicting eleven foods believed to represent the
broad range of those produced in the United States. The oly changes that could result from
investigating a broader range of foods would be to increase the range of costs of interdiction.
Unless some foods not investigated have costs of interdiction much higher or lower than the costs
investigated here, no change in these conclusions is expected.
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