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Dr. Allen Brodsky
16312 Kipling Road
Darwood,- MD 20855 [

Dear Dr. Brodsky:

for your letter. and your paper on BelowThank you very -much I have read your paper, and also shared = it
Regulatory Concern.You have- clearly given considerable thought to thiswith my staff.

,

important matter, and I appreciate your sharing your views with me.. -|

As you know, the Commission is in the process of completing
consideration on thic matter. Since our action is- not ' yet ,

complete, I cannot discuss it in detail. - However, I can say. that,
in the course of considering this issue, both the' staff and the'
Commission have reviewed a wide range of proposals, including some
along the lines you have described. Thus, I believe that in effect
your arguments have been considered. Nevertheless, I-:am happy to

forward your paper to the other commissioner's.' of fices' and to
appropriate members of the NRC staff to ensure the fullest.possible
distribution of your recent thinking on this subject. ,

I enjoyed neeting you at the ACNP/SNM seminar, and in having the
opportunity to talk to you and your colleagues about some of our
common concerns. I also appreciated the opportunity.to read such
a clear and self-explanatory analysis.. I wish you great. success

in your future work in this important area.
i

Sincerely,

~

l Kenneth C. Rogers
s Commissioner j
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ESSENTIAL CONSIDERATIONS IN EXEMPTING CONSUMER PRODUCTS

. (AND OTHER ITEMS) CONTAINING RADIOACTIVITY.* i
,

A. Brodsky
Allen B Consultants, Inc..

16412 Kipling Road
Rockville, MD 20855-1927-

ABSTRACT '

4

Intemational and national organizations have been attempting for many years to develop

principles for exempting from control small amounts of radioactive material for release

to the environment or for use in beneficial consumer products. Regulatory agencies have

been attempting to develop a consistent and acceptable policy for exempting items that
.

are "below regulatory concern" (BRC). BRC means that after evaluation and with.

adequate conditions imposed for safety, small amounts of radioactive material may be.

distributed without further regulatory control during distribution, and/or use by the
e

public. A re evaluation of previous papers by the author indicated that they already

presented a scheme that embodied all of the important international recommendations-
. , -

. .,

on this subject, and provided an organized scheme for ensuring that the total risk to the
' '

''

"'public from all future BRC applications would be limited to a very small fraction of -
a

current everyday risks, and that human benefits would exceed the risks.

.i

* Presented at the 1989 annual meeting of the American Public Health Association,

Chicago, Illinois, October 23,1989. .
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The author's original paper (American Journal of Public Health, Vol. S5, pp.1971 1992,', .

,

1965) discussed the philosophy and need to develop a scheme for limiting exposure from

an infinite number of items classified according to' an' infinite number of " quantized"
.

benefit levels, such that the total dose at equilibrium would not average more than4

0.0001 Sv (10 mren) per year to the U. S. population.s

Benefit / risk ratios were
i

0;t mized within seh application in such e: wsy that each application was bounded by -
d

its own e =m risk level. This paper updates this work and provides simple examples :
s 1

to show how this scheme can provide workable solutions to the "BRC" problem that are

consistent with more recent international recommendations. ~
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INTRODUCTION l
,-

This paper presents a scheme for considering the exemption from regulation of an |
:

unlimited number of commercial items or applications of radioactive material (each _ ;

of which is judged to be "below regulatory concem". (BRC)). The exempdon is .

iproposed to be applicable only after the radioactive product,'.or radioactivity, is L
i

released to the public or to the biosphere. The manufacturing of the product, or

industrial usage of radioactive material, must be licensed or controlled; otherwise '

r

there would be no assurance that the conditions warranting the 'exempdon wouldi
T

actually continue to prevail.

Much of the rationale and literature review leading to this scheme was published

earlier (1) using consumer items as a limited example of how the exemption

; ccheme could be applied. An' updated paper in 1977 (2) simplified the ]
|
| presentation of the scheme somewhat. It was summarized further at a recent NRC
/ .

public meeting (3). Yet, it is clear from current national and international

discussions that some of the important principles introduced with this scheme have

not been addressed, and that a consensus on the proper approach to' establishing
:

BRC or exemption policies has not been reached -- even within the responsible !

scientific communities (4,5). The purpose of the present paper is to update the
'

earlier paper (1) and simplify the presentation further, so that important principles ;

and philosophy are called to the attention of radiation protection practitioners and -

current decision makers.

,
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Questions posed in the NRC meeting notice (3) and the papers and discussions of-
.

reference 4, provide good summaries of the issues of ' concern in developing BRC -i

criteria. The questions posed (3) were essentially the same ones that were of
_ a

concern in 1959-61, when the author performed radiation safety evaluations for -!

the exemption by the U.S. Atomic Energy ' Commission 'of quantities and'

concentrations of. radioactive materials in some eady consumer products.

Examination of these questions, and a~ search of the public health literature

indicated that public confidence in any program that would allow unco tn rolled

release of radioactivity to the environment would depend upon the establishment-

of a firm plan of risk analysis and risk management. a
This plan must also be-

{
explainable to, and accepted:by the public. This plan would also need to be. l

capable of regulating the exemption of an unlimited number ofitems of public .

benefit, while at the same time ensuring control of the total risk from all exempt
,

-;

items. (A single application for exemption of radioactive material in any product
, 1

process, or commercial application -- in which some irradiation of the general
.

.

public might occur -- is tenned here an " item" for purposes of this. paper. The'

term is similar to the term " practice" that has been'used by'others (4))The.

public might well assume that the exemption of each item is a pacedent, or " foot
j

in the door", for exemption of an unlimited number ofitems.

,

2
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Since it is the 25th anniversary of my ' completion of the earlier paper for the
-

American Journal of Public Health it is a special honor for me to be invited today -
_

to update my discussion for this annual meeting of the American Public Health
.

Association.

i

s

CAPSULE PRESENTATION OF PRINCIPLES
i

.

Exhibit I shows one way of beginning a societal and regulatory development of

BRC policy. The ways in which a democratic society can be involved in defining
.

categories of benefit, and the limit of total risk, could be the subject of an entire -
'i

monograph. Society may delegate to Congmss, the administration, or both, the

tasks of selecting categories of benefit and overall risk limits. Some guidance has '
-

been provided in Reference 1, and our society already has some mechanisms m5
i

place for making such decisions (including procedures and precedents for adapting .1 4

recommer.dations of organizations such as the International Commission 'on-

Radiological Protection (ICRP), National Council on Radiation Protection and '

Measurements (NCRP), and National Academy of Sciences (NAS).

Once categories of benefit and the risk limit (which is still under debate (3 5)) are :

established, regulatory agencies can manage the assignment of risk limits for each
,

item to be considered for exemption. They can evaluate the exposures as well as'-

benefits for each item under an " auditing" system such as the following:First, a
'

.

3 '

1- 1

L '
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dsk limit for each category ofitems is selected so that the total for all categodes-
4

**

will converge to a limit (Exhibit 2); Then, a risk limit for each item in a category '
is established, using a series of decreasing terms, so that the total risk for all BRC

items in that category will never exceed the category limit (Exhibit 3)
.

These pdnciples are illustrated by the example' scheme developed in summary formj
in Exhibits 4 through 9.

First, set categories of benefit, as in Exhibit 4. l
(A' i

literature review and list of items considered to be of human benefit were
.

-

1
..

i

presented in Reference 1). Exhibit 5 shows some items that might be considered

in the top category of human benefit. This essentially " quantizes" levels of b
enefit !(1).

!,

t

Then, an overall risk limit is chosen (Exhibit 6). (As an example a limit has been
i
4

,

chosen corresponding to an effective dose- equivalent of 10 millirem (01i
!.

millisievert) averaged over the United States population, with the restriction that

no individual or subpopulation would receive more than 100 millirem (1

millisievert). The associated dose and risk limits are similar to those suggested in:

Reference 1.
It is a value that the author would accept personally, and'to his

family, a priori. for the potential benefits of all radiation applications if an ensured
,

i

benefit / risk management system such as the one discussed here wem in place
!.

4
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.'. This annual dose-(and risk) limit for all exempt items is the same as: that
-

.

suggested more recently by Webb (which he estimates corresponds to an annual
;

risk of death of 10* for the average person in a population (6). This risk level is - f
:

on the order of that from variations in natural background level. Sinclair (7), [

adjusting risk estimates to take into account more recent international reviews of
4

epidemiologic data, estimates that 10 mrem / year would correspond to a car.cer risk .

of 5x10* per year, or a risk of death of 3x10* per year. ,

.

,

Next, Exhibit 7 shows how the limits of risk (related to the doses shown (1)) for-
'

categories can be constructed. .

4 a

Exhibit 8 allocates dose (and thus risk) for each item within a category, showing

an example for category I. Exhibit _9 evaluates the dose limit for a single (n*)
-

item in benefit category I. <

| This completes the development of a scheme for allowing an infinite number of -
'

|

| items of benefit, while ensuring both: . (1) that an ami9d dose (and risk) limit-
i

I to the public will not be exceeded; and (2) that the introduction of new items of-
|

'

human benefit will never be precluded, since some portion of the A_gi9d dose 3

(risk) limit has always been saved. However, in Exhibit-10 an ' example of the

[ (doubly) infinite matrix of terms resulting from such a scheme is shown, with the ' )
! added provision suggested that, in each benefit category, the n=0 term be saved

1

5 1

|

.

| ;

: ;

|
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.'
for future contingencies (discovery of new extremely beneficial applications,.

|.
. uncertainties in risk analysis, etc.)

The tabulation of terms in Exhibit 10 provides an overview of the scheme, which-

can be considered a dose risk accounting system for all BRC items.' In addition to-

placing the. n=0 terms in reserve,-the original scheme also suggests that the:

benefit / risk ratio be maximized for each item before conditions exempting the item

as BRC are established (1). In this way, additional dose can be banked for-
contingencies.

The original paper (1) suggests that both risk'and benefit be

converted to units of person yean of healthy life prior to a benefit / risk analysis,I, . . .

j
and that it is possible to consider in this manner the including of a term limiting

{
morbidity as well as mortality. Furthermore, in this context, it is realized that any

j

true " optimization" of benefit / risk, as proposed by ICRP, can only b$ valid ~ if'
'l

conducted within the framework of an upper limit of risk for each item; risks-
,

q
'

from exposure to an individual from multiple sources are not independent.
,

i

,

!

6
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DISCUSSION.

.

?

The values generated by the proposed scheme as shown in Exhibit 10, provide ai

reasonable compromise between those who prefer BRC levels of 1 mrenv' year ori
4

less, and those who would accept 10 or more (814).The value suggested for
~

{
nuclear power is not restrictive, considering that we are now dealing with effective

,

dose equivalent, averaged over the United States population. ;

(Alexander (15)

recently quoted an estimate of only 0.007 millirem average effective dose

equivalent to the U.S. population from nuclear power operations.This.is well-

within the range projected from external radiation byinert gas radionuclides alone

(16)). The value for medical diagnosis and therapy might seem restrictive until
.

we again allow for the small fraction of the' body exposed and apply appropriate
t
4

risk weighting factors as suggested by ICRP (17) and NCRP (18). Many proposals .i

would not include medical uses in such a schame, since- the benefit / risk
.

considerations differ for the patient (4). Also, more could possibly be allowed for'

,

this category from the contingency bank, if necessary. Tritium in timepieces one
,

of the early exemptions (1), delives.;less dose than that indicated in Exhibit 10,

and much less than previously delivered by mdium dial timepieces (1,9).>

*

1

This scheme as set up in Exhibit 10 is seen to allow an unlimited number of,

exempt items, in an unlimited number of benefit categories (although the number.

of categories could be limited for practical reasons). .

Thus, beneficial uses of

7

I
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radioactive materia! can thus'be encouraged. - The decreasing series of terms in
.

. ' , .

Exhibit 8 has been selected from the most- slowly converging series i
. , = .e., the ' 1

j

successive tenns decrease more slowly than those in- other converging seri=|
es.- i

' Although decreasing terms provide lower and lower limits for cons
ecutive items -

in a category, it is the author's experience that ingenuity in selecting
radionuclides

of lower radiotoxicity and non penetrating emissions cou.
.

ld allow many uses of i

. I
radioactivity in unlicensed items that could be of increasing benefit to humaa

n

health and welfare. This experience seems confirmed by the values in Tabl 5 2I

e

of Reference 9; the - average population exposures from consumer p d
.

ro ucts

containing man made radioactivity are in the 0.005 mrem / year -(0.05l
;

;

microsieverts/ year) or lower range.
Contributions from natural radioactivity in

products produce much higher levels, and one of the highest contributon is th
e-

radium (and associated radon) in domestic water supplies, l' to' 6 mrem / year (10
60pSv/ year).

-

,

Additional advantages of the above scheme have already been indi
1

cated in some

detail in the earlier papers (1,2), and can be infened in part from thi
e above:

presentation. Also, the scheme can be seen to be generally consistent with th
e

current safety philosophy of ICRP (17) (Exhibit 11), in that the benefit / risk
ratio

is optimized for each item, the item is justified (when evaluated and pl
,

aced in the

appropriate benefit category), and compliance with the ICRP system of publi dc ose

8

___ _
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limitation is guaranteed for even an infinite number of- beneficial uses of
|. ,

-" "

radioactive matena? in consumer products or other commercial activides.i

I

L

L

| - Exhibit 12 emphasizes the definidon (concept) of BRC as.used here. Exhibit 12
,

1

also questions whether the~ term "BRC"is in fact really advantageous and necessary, ,

| as discussed by Sinclair (12). This definition seems somewhat in contrast with '

i

those of Taylor (19,20), or Alexander (21), who believe that " justification on a

case by case basis should not be required at .or below the BRC level." However, .

the contrast is more apparent than real, since the scheme proposed in this article
,

provides that any item of commercial value can be placed in an appropriate benefit

category (at least " thrown into" whatever is the bottom category) since economic

value is essentially related to human health and welfare. Experience indicates that
'

a bit ofingenuity, and realistic dose assessments, would provide sufficient latitude
!

for the development and approval of many major beneficial items as BRC when

released to the public.

4

iExhibit 13 suggests that it would be appropriate to monitor the overall
*

environmental and public exposure resulting from long-term operation of a BRC
!
;

This could be carried out most econoinically if added to existing .
program.

Environmental Protection Agency (EPA) and NRC programs for monitoring

environmental exposures. Such programs would be consistent with the ICRN

recommendation (ICRP 26, Reference 17, page 25) that, " National and regional-

9
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authorities should therefore keep under surveillance the separate contributions from
E

:all practices to the average exposure of the whole population so as to' ensure that :

no single source or practice contributes an unjustified amount to the total exposure

and that no. individual receives undue exposure as a result of membership of a
.

. -

i

i

number of critical groups."

i

i

This latter statement in ICRP-26 is made in the context of a discussion about the-I

possibility that a large number of sources exposing the same penon, or same

" critical groups", could (for a "large . increase in the number of sources 'of

exposure") conceivably cause individual doses above the 5.mSv (500 mrem)I

effective dose-equivalent limit, or the 0.05 Sv (5 rem) non-stochastic limit for an!

organ dose in the general population. 1

a
!

l
-

-

On the other hand, because the ICRP (correctly under present conditions) assumes]
.l-

that it is extremely unlikely that such limits will be exceeded, they maintain that
4

it is acceptable to exceed such limits in some cases, even when the risk of
i

mortality to a member of the public might exceed the intended limit of 10* per

year, if the indicated benefits warrant according to the optimization analysis.

They also point out that, in the case of exposure for medical diagnosis or therapy,'

there is no recommended individual limit; the benefits are to the same individual
,-

so he and his physician must decide upon the acceptability of the exposure. ICRP-

26 also has removed the population limit equivalent to the genetic dose of 5
4

i

10

,
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rem /30 years, lest such a limit might suggest the " acceptability of.a higher.

..

population exposure than is either necessary or probable, and a higher risk than
s

iis justified by any present or easily envisioned future development."

An examination of the NRCP position as stated by Sinclair (12), or the statements

of Guimond and colleagues (14), as well as discussions with many other health

physicists, make it clear that even experts in radiation health effects - no less
1

the American public - are ngI likely in the United States to accept 10 to 20

millirem per year as a " blanket" exemption (BRC) for sny number of individually. I

considered radiation sources.1 This is true even though'~an overall limit of 10-20
1

millirem / year and its very low risks to the public from commercial applications is -

generally accepted as the " consensus" of most health physicists (15). Sinclair (12)

states, "...the National Council on Radiation Protection and Measurements does not

believe that a blanket exemption of sources contributing 0.1. millisievert (10'

millirem) in a year to individuals is sound radiation protection policy. .This I

!

level....is not negligible and, therefore, requires justification and- ALARA l

considerations. In addidon, exposure to a few such sources could bring an

individual close to the annual limit of 1 millisievert (100 mrem)'in a year."
l
l

However, in the next paragraph Sinclair states, "...a : source producing 0.1
!

millisievert (10 millirem) in a year could be exempted provided justification and i

.|

iALARA are applied. Based on the fact that even for multiple sources, the proposed
|

policy plans to ensure that no individual is likely to exceed 1 millisievert (100
i

11

|
^
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millirem) in a year, exemption of a source producing 0.1 millislevert (10 millirem)
', . :

in a year to individuals would not be unreasonable."-
i

,

This recommendation seems reasonable as long as exposure to multiple sources is

rare. But, what would happen if such an exemption policy were put into effect?

Can we be sure that over the years ahead no single person, or critical group, .
,

would be exposed to more than a few, and certainly less than 10, sources? Do '

we really want to allow the possibility -- by a new BRC policy -- that rapid

approval of ten (or even 50) individual sources (or items) can occur based on .

individual optimization ' analyses, which then use up the 100 mrem per year limit?'

This would then preclude any further BRC items from development and approval

for exemption from regulatory control, even though they might be more beneficial .

than previously exempted items, and properly designed and packaged for public
distribution.

>

Questions and concerns such as these led the author to develop the principles 'and-

methods as presented in the original paper in terms of consumer products (l'), and :

to update and extend them to all Potentially controllable releases of radioactive .
.

material or radiation sources in the present article.~ In fact, when the author was

evaluating some of the early proposals to the Atomic Energy Commission for

exersption, he had to delay the proposal to use Pm 147 in timepieces (since there

was no definitive policy for limiting total population exposure from all consumer

12
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|

..
.,.

products) while evaluating the benefits'and risks of exempting tntium in timepieces ,,

.

distributed to the public. The evaluation of tritium was summarized in an
i

appendix to Reference 1. Since tritium was to replace (unregulated) radium, there j

was no external irradiation, and leakage of tritium to the environment was )
l

calculated to produce negligible mutations even when incorporated into DNA (1),

. it was then easy to decide in favor of exempting tritium; doses to the public would
|

|

be lowered by replacing radium. However, sufficient optimization, justification and - |
!

limitation methods were then not available for quantitatively evaluating additional I

H

items that could expose members of the public. U

1

The ICRP has since provided suggested methods for optimization when a sugle

source or application exposes a single person or group in a controlled manner :;

(22,23). ICRP 27 (22) confirms that it is feasible to consider all health effects 1

(including morbidity) by linking them to the predominant years of life lost from

mortality under any assumed dose response relationship, as in. Reference 1.

However, there has apparently been no guidance, outside of References l'and 2,
i

that addresses how to validly perform optimization when there can be an unlimited I

number of sources.
_

a

|

|

|

13
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; CONCLUSIONS .

!.
",

l

ji.

1mnortant Princioles Hiehlichted by This Studv

1

t

A careful consideration of this matter under present ICRP philosophy leads to!

several principles and constraints in evaluating multiple items for approval as BRC: -i
l

|
|

1.
Optimization for multiple exposures can not be done for one source at a

time, without constraints on sub-limits for each source.
!
t

Exposures, and

risks, from multiple sources exposing the same individual, or population

group, are not independent, but are interactive (including possible synergisrn
i

with other environmental agents). Optimization can be applied for each

successive application ~only when there is a sub-limit of risk allowed for each,

item in such a way that the-total of an infinite number of sublimits-

converges to a limit that would not violate the ICRP limitations on public
!

exposure (as in Exhibit 8).

2.
Justification can be carried out most feasibly only by using some set of-

discrete categories of benefit, such as in Exhibit 4. These categories should
be decided in advance by societal consensus.Then, levels can be

" quantized" as shown in Exhibit 7 to ensure that
-- however large the

'

number of categories judged to be needed for easy and fair placement of
i14
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!

items into categories by a priori.justi6 cation -- the total population
-

i'

q
exposure for all items in all categories will comply with ICRP conditions of.

limitation. "
,

.

3.
The older concept of " balancing benefit vs. risk"' should be replaced by the -.

concept of maximizing the benefit / risk ratio,' in order to be consistent with I

the recommendation to keep exposums ALARA (19). However, in some

cases where benefit rises faster than risk by improved designs, it might nat-
.

be possible to obtain the maximum benefit / risk ratio if the risk also rises
P

to its sub limit. The risk of each item must always be kept below its sub.

limit to stay within the schemes for limiting total exposure. Future' '

'
i

evaluators of successive items must always be assured of this.

,

4.
To be properly compared, benefit and risk must be expressed in the same

units. The unit, " person years of healthy life lost per year," was used in the
-

examples of Reference 1.
An equivalent unit, which was stated to be

4

"dimensionless," was suggested more acently (and apparentlyindependently)

in ICRp-27 (22). Such a unit is likely to be more acceptable to the public-
;

than units such as " dollars per life saved."
i

1

n

Persons acquainted with quantum physics might better understand how the above

principles (or constraints) are introduced by the invocation of a limit on multiple

15

i
'
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sources of exposure by contemplating the following crude' analogy:
e

the
'

requirement that the integral over the " squared" wave function be bounded results
-

in the constraints that the energy levels of the electron be quantiz d
, e ;-the-

requirement that the dose from an infinite number of exempted items converge to,

the limit on public exposure requires that the levels of benefit be quantized.

Conservatism of the Linear-No Threshold Assumntion - !
'

' ;

Implicit in the use of the ICRP methods of optimization, and in the practicale

i

application of the scheme of this article, is the (conservative) assumption of the
_ ;

\

;

" linear no threshold" dose response relationship between ionizing radiati n d\

o ose

and probability of cancer (13 23). Although this author concurs with the views

of Bond (13) that the probabilities of cancer induction at the very low dose rates

from BRC items are probably a factor of ten or more below those extrapolated1

linearly from the high dose rate observations, the actual shapes of doseespon
_

;

se j
relationships are currently too uncertain, and are likely to be too complex (24

-

26), for practical applications in carrying out the optimization recommendati
ons

of ICRP (22,23). More and more, research is indicating that it takes two specific
,

sequential, changes in DNA to produce a tumor cell, which must then survive

reproduce, and grow to a clinically-observable tumor, before cancer appears : Such
,

.

a two-sequentialstage process requires a mathematical convolution over time-

between a probability of inducing the first change in DNA and a conditional
16
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'j,.

.

. probability of inducing the second change given that the' first change has already
'

-

occurred; this must be integrated over each increment of the time (24 26).~. Such

a convolution over time is necessary to produce a mathematical dose-(dose rate). .;

response model that incorporates dose rate as well'as dose into the parameters

of the model, as Bond (13) suggests is ultimately necessary in order to achieve

realistic predictions of cancer incidence from (variable) low dose rate scenarios.
:

Still, it is important to recognize that the use of the linear dose-response model ~!.
_

in the low-dose, low-dose rate, ranges provides additional safety.facton in the :
<

optimization analyses. :

i,

[ Reference 1 provides a more detailed description of how equivalent units of benefit

and dsk may be selected, and how the public health literature can provide
;

; qualitative guidance for establishing categories of benefit.

RECOMMENDATIONS

,

The following recommendations can be drawn from the scheme presentation and

discussion.

1. Industry should support the development of a Federal policy and plan for

exempting items from regulatory control, including a scheme for allowing

an unlimited number of useful items to be exempted from regulatory control

'
17

. . . - . . -. . . . - . . -.- , - - .-. . . - . . . - .



_-

*

once produced in'a manner satisfying the scheme criteria.
.

Industry has '.

usually shown the ingenuity to meet regulatory safety requirements, once.

they are clearly and firmly promulgated. The debates over "BRC" and
,

predecessor acronyms and " concepts", for more than 30 years without a

definitive policy, have been more costly to industry and society in general

than the (efficien0 regulatory implementation of such a scheme would be ;1

.

Uncertainties in estimating health and economic detriments and benefits
;

(22,23) do not usually pennit justification of extremely complex

optimization analyses. A good engineering approach can often be found

that can bracket the rangesy of benefits and risks, to aid in judging within '

a few weeks whether an appropriate optimization has been obtained. Since,

with a scheme such as the one presented here, the risks for each successive
i

item would be suitably bounded, it would be reasonable to establish that.

the industry's own optimization analysis for each item should be accepted
,

if reasonably executed to minimize risk and maximize benefit / risk and if
t,

production or commercial operations specifications are assured to guaranteeI

the item's exposure to the public will remain within the allocated limit
,

.

Definitive guidance on the acceptr.bie steps of such an optimization analysis
;

could ensure that industrial innovation- would not be discouraged by
excessive paperwork and delay in the regulatory process.

18
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. ,

2.
The Federal government should begin development of a scheme that could -

,

-

be used for licensing industries that propose to pmduce:an unlimited~

!

number of items exempted from regulatory control once they am released
.

;
to the envimnment.

This recommendation is made for reasons similar to

those given in 1. above, and also because the type of schemes presented in

Exhibit 10 could help bridge the controversy between those who prefer a

10 mrem / year limit and those who prefer a lower limit. The scheme would
:

provide confidence for those who oppose the 10 mrem / year limit that '
,

adequate accounting for each item by this. scheme would ensure the 10
(

mrem per year average population limit would not be exceeded. i

That 1
i

scheme would also ensure that an individual dose limit of 100 mrem peri
'

year would certainly not be exceeded.

Those who are concerned that regulating items below 10 mrem / year would -
,

be too costly would be penuaded by the ease with which the lower limits -
l 4

could be applied, once industry and scientifically <ompetent NRC staff are!

given definitive criteria for easily judging benefit categories, definite risk
!

(dose) limits for each item, and simple optimization methodologies. The

greatest costs of regulating low risks have come fmm ~ the long delay in

pmviding industry with a definitive BRC policy that would encourage the

invention of beneficial products, and the many yean of expensive meetings

deliberating these issues, without a solution to the problem.

19
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As indicated by Dr. Taylor (19,20), health physicists are generally very

professional, and would welcome simple schemes for exempting beneficial products
or low levels of radioactivity in the environment.

Any scheme such as that-

presented here, although it might seem complex at first due to the new principles

presented, would upon brief study become very simple to implement -- once the.

basic overall dose limit is established, and simple generic decision aids provided
for justification and optimization.

:

1

The scheme does not depend on the particular overall dose limit selectedl The
i

entire matrix of numbers in Exhibit 10 could be revised for a selected overall dose
limit of 20 mrem / year, for example, by simply multiplying every number in the

-

table by 2.
Such an adjustment would not be of concern to the author, who

believes that most persons acquainted with radiation risks would also accept limits
.

up to 30 mrem / year, iflimits on each item were established as recommended. The
,

1
'

low levels of risk in the 10 30 mrem / year range have been summarized in the

discussion. However, the author and many others would be concemed with a new
4

BRC policy that had no provision for ensuring that the total exposure from many
items was in fact really controlled and audited. :

'

a

i

!

Weisbrod (27) clearly described how any society, no matter how wealthy has only
,

limited resources to expend on human health. It has two choices:
spend wisely

20
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| ', or unwisely. Over-expenditure on insignificant risks means only that we are, in ' ),
, ,

,

1

effect, wasting not only money, but life and health as well. At least some of the
f

. i
enormous resources currently planned for expenditure on negligible risks (e.g., j
much of the tens of billions of dollan currently projected to be spent to remove

very low levels of environmental contamination, or to further reduce extremely low. !

risks from nuclear waste disposal) would certainly find its way in our society to . '1

!
. more beneficial applications, such as preventing or curing cancer . -- which I4

,

eventually attacks every third penon in our society, mostly from causes other than-
|
t

radiation.

c

r

The author hopes this article will in some way help us expend our resources for

human health more wisely.
:

1

1

|

|-

a

, .
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EXHIBIT 1_
-

I

1

PRINCIPIRR FOR DETERMINING BRC CRITERIA:

SOCIETY DEFINES CATEGORIES OF BENEFIT *
-

SOCIETY DEFINES TOTAL RISK UMIT*
-

ASSIGN UMITS OF RISK FOR ALL ITEMS IN EACH CATEGORY IN SUCH A
-

WAY THAT TOTAL RISK TO PUBUC FROM All MAN MADE RADIATION,lS
UMITED

_ - -

*
SOCIETY MAY ACCEPT RECOMMENDATIONS OF APPROPRIATELY

CO14STITUTED BODY (E.G., NCRP) ,

i

i

1

!

i 22
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EXHIBIT 2,

. .

i

'

SELECT RISK LIMITS FOR EACH BENEFIT CATEGORY IN SUCH A WAY THAT:
,

?

THE TOTAL RISKS FROM AIL CATEGORIES ARE BELOW THE |_

>

?

INDIVIDUAL (AND POPULATION) RISK LIMITS

ACCEPTED BY SOCIETY :

1

I

i
. .iEXHIBIT 3
i

ALLOCATE RISK LIMIT OF EACH SUCCESSIVE ITEM
i
i

'

,,

IN A BENEFIT CATEGORY

,

SO THAT

t

TOTAL RISK OF ALL ITEMS IN A CATEGORY
,

1

!

CONVERGES TO THE CATEGORY RISK LIMIT
i

23 i
r
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EXHIBIT 4 ''

.

EXAMPLE SYSTEM
1

-
.

.

1.
SET CATEGORIES OF BENEFIT: FOR EXAMPLE--

,

I. ITEMS OBVIOUSLY BENEFICIAL
1

,

II.
ITEMS WITH PLAUSIBLE BENEFIT- "

i
.

III.
ITEMS OF SMALL VALUE TO HEALTH AND WELL BEING

<

IV.
ITEMS OF ENTERTAINMENT VALUE

.

e

i

X.
ITEMS OF NO BENEFIT OTHER THAN ECONOMIC THROUGH EXPANSION -
OF COMMERCE AND EMPLOYMENT

,

|

24
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', EXHIBIT 5
4

.>

EXAMPLES

ITEMS OF OBVIOUS BENEFIT TO HEALTH AND WELL BEING (SEE REFERENCE I FOR

DISCUSSION)
:
'NUCLEAR POWER-

MEDICAL DIAGNOSIS-

RADIATION THERAPY-

,

!

LUMINOUS SAFETY SIGNS-

,

RADIOGRAPHY SOURCES FOR INSPECTING SAFETY OF BUILDINGS OR-

!
AIRPLANES

"

.

!

EXHIBIT 6

SET RISK LEVEL FOR AIL USES EOUIVAIRNT TO:

'E.G., 10 MILLIREM / YEAR EFFECTIVE DOSE EQUIVALENT

(FOR ANY SEGMENT OF THE PUBLIC, OR AVERAGED OVER THE ENTIRE U.S. !

POPULATION AS LONG AS INDMDUAL DOSES ARE ALWAYS BELOW 100 [

; MILLIREM PER YEAR. I'LL ACCEPT EITHER. I RECEIVED 20,000 MILLIREM IN i

!THE AGE RANGE 2125, AND I'M STILL HERE. .BUT THE POPULATION

STANDARD SHOULD NOT BE JUST ONE INDMDUAL'S CHOICE.~ WITH PUBLIC.

INPUT AND NCRP/ICRP RECOMMENDATIONS, CONGRESS OR GOVERNMENT:

REGULATORY AGENCIES COULD DEVELOP THE PUBLIC CHOICE.) -!

25
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EXHIBIT 7
'\.

,j
,

!

LIMITS OF RISK FOR EACH CA'IEGORY

BENEFIT CATEGORY i

RISK LIMIT !
,

!.
0.9000 X 10 MILLIREM ;

t

II.
0.0900 X 10 MILLIREM i. '

III'
O.0090 X 10 MILLIREM

.i
*

. ,

! .

,

. *

;
.

TOTAL
(0.9999....) X 10 MILLIREM = 10 MILLIREM

EXHIBIT 8,

,

,

AII.OCATE DOSE (AND THUS RISK *) LIMIT FOR EACH uwd WITHIN EACHCATEGORY !

E.G., FOR CATEGORY I, nth ITEM: b

'
,

10 MILUREM X 0.90 X 6
i

TT' ( N+1 l' i

, s

! = 5.5 (1/N+1))'
,

.

(NOTE:
THIS WILL CAUSE THE SUM OF ALL TERMS, N=0,1,2,....= TO4

CONVERGE TO 10X0.9=9 MILLIREM FOR CATEGORY 1, SINCE
E 6/[ff *(N+1)'] = 1.

II, 0.09 FOR CATEGORY !!!...., AND 9.9999....FOR THE SUMS OFSIMILARLY, THE SUM WILL CONVERGE TO 0.9 FOR CATEGORYi

AN INFINITE NUMBER OF ITEMS IN At1 CATEGORIKE.1i-

MOST SLOWLY CONVERGING SERIEE HAS RREN U.3BE

HIGHER SUBUMITS FOR THE EARLIER APPLICATIONS.En 'ID ALLOW
|
|
'

26
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EXHIBIT 9 \
,

.

'
1'

EXAMPLE FOR A SINGLE ITEM;i
i

.

FOR n=1. CATEGORY 1.
i

UPPER LIMIT 10 x 0.90 x 6/fr(n+1))'
{

=

i

; i10 x 0.90 x 6 (0.5)'/9.869=

i
;

10 x 0.90 x 0.1M99=

1.37 Mil t fREM/ YEAR I
=

;

J

!

! EXHIBIT 10
<

ACCOUNTING FRAMEWORK FOR A1.1OCATING RISK ACCORDING TO BENEFIT:
BENEFIT BENEFIT

UPPER LIMITS OF DOSE (RISK) (MILLIREM / YEAR): CATEGORY FRACrlON N N=1 N = 2............... TOTALSi

~

RESERVE *
1. 0.900 5.5 mrem /yr L32 0.61................... 9 mmm/vr

(nuc.pwr) (med. dine.)

II. 0.090 0.55 mrenv'yr Ql32 0.061................. 0.9-

Oum. (envir..

watches) tracer
.

studies)

TOTALS 0.999... fh0S*(TOTAL L52 0.68................10 mrem, vr -
RESERVE)

* HELD IN RESERVE FOR FUTURE CONTINGENCIES.
4

27
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EXHIBIT 11 i
-

i
*

.
MEETS ICRP 26 RECOMMENDATIONS:

JUSTIFICATION - SELECTING BENEFIT CATEGORY
[

OPTIMIZATION
MAXIMIZING BENEFIT / RISK RATIOS

UMITATIOli - UMITS TO TAL DOSES (AND RISKS), EBQM ALL DIMS M MEJ4i

M E6QiIIEM

! i
EXHIBIT 12

'
i
!

BELOW REGULATORY CONCERN:
,

,
,

AFTER RADIOACTIVE MATERIAL LEAVES PRODUCTION PLANT OR FACIUTY
(UMIT OF RELEASE IS APPUED AT EFFLUENT POINT, BASED ' ON

STANDARDIZED ENVIRONMENTAL ANALYSIS)|

|

\ M

IS THE TERM BRC REALLY NECESSARY OR ADVANTAGEOUS?

BEFORE EXEMPTING ITEMS IN THE PAST, WE ALWAYS (IN NRC OR AEC) CARRIED'

OUT ANALYSES TO DETERMINE THAT PUBUC EXPOSURES AND RISKS WOULD BE
.

FAR BELOW THE RISKS MOST MEMBERS OF THE PUBUC ACCEPT EVERY DAY FOR
COMPARABLE SOCIO ECONOMIC BENEFITS. .

.

THUS,
DOES NOT THE ANALYSIS TO SHOW WE ARE BELOW

REGULATORY CONCERN SHOW THAT WE REALLY ARE CONCERNED?!

28 |
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EXHIBIT 13 !

EPA AND/OR STATES SHOULD MONITOR ALL ENVIRONMENTAL AND POPULATION.,

,

EXPOSURES OF A PRODUCT OR APPLICATION - TO VERIFY THAT UCENSEE'S [
;

PRODUCT DOES INDEED SATISFY DOSE UMIT REQUIREMENT. NRC SHOULD
.,

MONITOR EFFLUENT AND/OR CONDITIONS OF MANUFACTURE, PRODUCTION AND

DISTRIBUTION OF EXEMPT ITEMS FOR SAME REASONS.
>

TO ALLOW PRODUCT TO BE CONSIDERED BRC AFTER DISTRIBUTION TO--

i

PUBLIC (OR HAVE ITS RADIOACTIVE MATERIAL RELEASED TO THE

ENVIRONMENT)
,

-
.

.

$

h

29 .
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Mowever, there are some indications that the SALP'

o
process and results are being misused both within the
NRC and by others outside the NRC.

'I
Therefore, the Commission needs to review the SALPo
process,

I balisve that this is a time for' consolidation, for
honing and refining our regulations and the associated jo

!

processes in order that they are more coherent, '

understandable, rational and effective.

There are a number of ongoing regulatory activities- (
o that I'd like to see brought to closure.

o Examples include'
;

Closure on the license renewal rulemaking and ,

oo ' '

the provision of adequate staffing for the
reviews. '

,

Almost 20 percent of the
1

-

electricity used in this country,
i that's one in five parts, is

'

generated by nuclear power plants.
:
L i

The first nuclear power plantj
.

- '

licenses expire in the year 2000
-

,

Replacement energy costs, if these! -

plants were retired from service,
would exceed $15 billion per year

|
,

| If plants are not relicensed, years-

|
of planning and construction are

|
required to build replacement power
plants.'

In fiscal year 1991, NRC will begin-

! to review the first of two lead -

i applications to renew nuclear power -

plant operating licenses.
,

)

Therefore, we must issue a final-
i Rule for license renewal as well asl

! regulatory guidance at an early
date.

The Commission has approved a plan-

to issue a draft rule this June,
with a final rule by May 1991. j

,

8

|

'
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l
'

'
1

i
,.

1

This will require considerable--

effort and will require discipline ,

and close management attention.

other examples include closure on a rational. Belowoo
Regulatory Control, or BRC, policy in order that
public resources are devoted to the more important'

( safety issues. ;

I'I

oo This would establish limits on the amount of
!, radioactivity below which the Commission'

|
would not exercise regulatory control. j

i
.

Incidentally, I am surprised to learn that j| oo
the power reactor community may not be ,

1enthusiastic about the commission's
!willingness to address this issue.

I'd appreciate any views that you'
-

amight have on the concept of
defining limits on radioactivity ;

which are DRC. ,
,

! oo Another example is closure on the update of .
"

Part 20 of our regulations (Standards for
'

|
Protection Against Radiation). j

It will be painful and costly, but ,-
*

I believe the update is needed and
[is overdue.

,

| oo I believe we are close to providing some -

relief to licensees on our enforcement,

criteria associated with " hot particles or-

fuel fleas."
.

'

oo These are the tiny radioactive particles that i

sometimes are found on radiation workers
: clothing or skin and which in the past were

not readily detected.'

; o I'm anxious for the Individual Plant Examination, or
IPE, process to be done in a thorough, careful, and
rational manner.

o In order that closure can be brought to the severe
accident issues for current plants.

1-

o And we have a better idea of how well the current
plants can handle potential severe accidents.

<

9 ,

,
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