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ABSTRACT

This paper reviews current efforts by national and International agencieik^
to establish a generally applicable de m1n1mis radiation dose. A de minimJs
dose 1s derived from a level of risk that 1s widely regarded as negligible by
the general public, and defines a level below which control of radiation
exposures would be deliberately and specifically curtailed. A de min1m1s dose
can be used to derive quantities of radionuclides in various materials that
would be exempt or below regulatory concern for such purposes as resale,
recycling, or disposal. The specification of exempt levels of radioactivity
could lead to significant reductions in the required capacity of radioactive
waste storage and disposal facilities and in the costs associated with
management of slightly contaminated materials. A de m1nim1s dose must be set
well below the limit on acceptable dose for public exposures. A de m-fnimis dose
1n the range 0.1-30 mrem (0.001-0.3 mSv) per year committed effective dose
equivalent has been considered by various agencies, with most recommendations at
1 or 5 mrem per year. A value of 30 mrem per year may be too high for a .tie
minimis dose, because a dose limit of 25 mrem per year is widely used In the
U.S. for regulating specific practices (e.g., low-level waste disposal). A
value as low as 0.1 mrem per year could lead to great difficulties in measuring *
associated levels of radioactivity. We propose a sl& minimis dose of 1 mrem
(0.01 mSv) per year committed effective dose equivalent averaged over a lifetime
and 5 mrem (0.05 mSv) 1n any year. These values are 1% of the limits on
acceptable dose from all sources of exposure that recently have been proposed by
the National Council on Radiation Protection and Measurements. The proposed de
minimis dose corresponds to a lifetime risk from continuous exposure of about
10-5.

INTRODUCTION

Radiation-protection authorities generally recognize that there ar& levels
of radioactivity so low as to be of no concern (l)j I.e., potential risks from
radiation exposures that might result from unrestricted use of materials
containing such low levels of radioactivity would be of no concern to members of
the general public. These so-called "exempt" materials thus could be handled 1n
all respects as 1f they were nonrac'1oact1ve. The establishment of exempt levels
of radioactivity In slightly contaminated materials would have two primary
benefits: [1] the materials would be suitable for unrestricted recycle or sale
to the general public, or [2] the materials could be placed 1n disposal
facilities for nonradioactive wastes, thus providing significant savings 1n
disposal costs and in the required capacity of radioactive waste disposal
facilities.
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The primary purpose of this paper 1s to review current efforts by national
and International agencies to develop generally applicable criteria that could
be used to establish exempt quantities of radioactivity. These criteria
generally are In the form of limits on radiation dose to Individuals In the
general public that would be below regulatory concern. Such a limit is referred
to as a sis. minimis dose. Establishment of a JJS m1n1m1s dose by regulatory
authorities would provide the most defensible basis for deriving exempt
quantities of radioactivity 1n all radiation practices.

The next section of this paper discusses the concept of a d& m1n1m1s dose
and Its relation to limits on acceptable dose and the ALARA (As Low As
Reasonably Achievable) principle. The third section then discusses the general
principles, based on the concept of negligible risk, that are used to derive a
generally applicable de minimis dose, and presents the recommendations of
national and international agencies; for a de minimis dose. The last section
presents a set of recommendations for a .de minimis dose that we have developed
on the basis of this review.

CONCEPT OF £E MINIMIS DOSE

The concept of a jje minimis dose 1s best understood In relation to other
fundamental concepts In radiation protection of the general public Including
Cl] a limit on acceptable dose from all sources of exposure, 121 limits on
acceptable dose from specific practices, and [33 application of the ALARA
principle to specific sites and specific practices. These concepts and their
interrelationships are shown in Fig. 1, which is adapted from Meinhold (1).

Limit on Acceptable Dose from All Sources

The top line in Fig. 1 represents the dose limit for any member of the
general public from all sources of exposure, exclusive of natural background
radiation and deliberate medical practices. This dose limit represents a risk
that 1s regarded as "acceptable11 by most individuals, and shall not be exceeded,
except in unusual circumstances, regardless of the cost of doing so.

In the U.S., the current limit on annual dose from all sources, as
established by the Nuclear Regulatory Commission (NRC), 1s 500 mrem to whole
body or gonads, with higher limits for other organs and tissues (2). Similar
limits on annual dose to whole body or the critical organ have been established
by the U.S. Department of Energy (DOE) for all DOE and DOE-contractor
operations (3). The National Council on Radiation Protection and Measurements
(NCRP) recently has recommended a limit on annual committed effective dose
equivalent of 100 mrem (1 mSv) for continuous or repeated exposures and a limit
of 500 mrem (5 mSv) for occasional exposures (4). The committed effective dose
equivalent 1s a weighted sum of committed dose equivalents received by several
body organs and tissues, and is a quantity that is intended to be proportional
to stochastic risk for either uniform or nonuniform irradiation of the body (5).

Limits on Acceptable Dose from Specific Practices

Regulatory authorities 1n the U.S. have established generally applicable
limits on acceptable dose for specific practices that often are well below the

This paper emphasizes dose equivalents in units of mrem to facilitate
comparison with radiation standards in the U.S. The relation between mrm
and the SI units of mSv 1s 1 mrem = 0.01 mSv.
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Fig. 1. Relationships between limit on acceptable dosei dose limits for specific
practices* doses resulting from application of the ALARA principle to specific sites and
specific practices, and ds minimis dose. The vertical scale for dose Is arbitrary.



limit on acceptable dose from all sources. For example* the Environmental
Protection Agency (EPA) has established a limit on annual dose to whole body of
25 mrem for several practices (6-8)/ and the NRC has established the same limit
for low-level waste disposal (9).

The dose limits for specific practices represent a judgment by the
regulatory authorities that the limits are "reasonably achievable" at any site.
However* the dose limit that 1s judged to be reasonably achievable may vary from
one practice to another. For example, the EPA's remedial action standards for
inactive uranium processing sites (20) correspond to annual doses considerably
1n excess of 25 mrem (11). However, the dose limit for a specific practice must
not exceed the dose limit from all sources of exposure.

The generally applicable dose limit for a specific practice 1s represented
by the second line 1n Fig. 1. This limit would apply to that practice at any
site.

Application of the ALARA Principle

Once regulatory authorities have established generally applicable dose
limits for specific practices, application of the ALARA principle may reduce
maximum doses to individuals still further* provided It 1s cost-effective to do
so. The ALARA principle may be applied on a site-specific or a practice-
specific basis.

Application of the ALARA principle to specific sites is an essential aspect
of radiation-protection standards in the U.S. [e.g., see refs. (2-4)]. and
involves a balancing of reductions in population dose with the increased costs
required to achieve such reductions (5). The annual dose that results from
site-specific application of the ALARA principle is represented by the upper
dashed line in Fig. 1. This dose will not exceed the limit for the particular
practice, but application of the ALARA principle to different sites generally
will result 1n different individual doses.

General application of the ALARA principle to a specific practice usually
leads to the determination of levels of radioactivity that are exempt or below
regulatory concern. Irrespective of site. The determination of exempt levels of
radioactivity for a specific practice essentially represents a judgment by the
regulatory authorities that the doses associated with those levels are ALARA for
any site. For example, several NRC rulemakings specify quantities of
radionuclides that are generally exempt from certain licensing
requirements (2,12-14). The annual dose resulting from practice-specific
application of the ALARA principle 1s represented by the lower dashed line in
Fig. 1. This dose will not exceed the dose obtained by applying the ALARA
principle to the given practice at a specific site (i.e.. the upper dashed line
1n Fig. 1). but may vary from one practice to another.

Pe M1nim1s Dose

The concept of a de minimis dose arises from the consideration that there
must be a limit beyond which no further reduction in dose should be attempted
using the ALARA principle, for either specific sites or specific practices.
Thus, a de minimis dose 1s of no concern to regulatory authorities* as are doses
associated with exempt quantities of radioactivity for specific practices, but
such a dose also defines a level below which control of radiation exposures
would be deliberately and specifically curtailed (1).



A jtfg minimis dose, which 1s represented by the lowest line In F1g. 1,
corresponds to a "negligible" level of risk, as distinct from an "acceptable"
level of risk. Thus» the de minimis dose must be set well below the limit on
acceptable dose from all sources of exposure. The NCRP recommends* for example*
that the sl& m1n1m1s dose should be two orders of magnitude below the limit on
acceptable dose from all sources (4).

While the jde m1n1m1s dose constitutes a lower limit to ALARA» this dose 1s
not the goal of ALARA, since what Is "as low as reasonably achievable" for a
given practice or a given site may result 1n doses that are above the jdfi mininris
level (1). The ALARA principle requires only that reasonable efforts be made to
reduce exposures as far below the dose limit as practicable* taking Into account
a variety of technological* social* and economic factors, not that doses must be
reduced to si& minimis levels.

Summary of Concepts

The radiation-protection concepts described above and their
interrelationships may be summarized as follows. A dose limit from all sources
of exposure, exclusive of natural background and deliberate medical practices,
corresponds to a level of risk that Is generally "acceptable" to the general
public. The limit on acceptable dose thus constitutes a celling for application
of the ALARA principle; i.e.* the dose limit must be met regardless of the cost
of doing so. Regulatory authorities then may establish lower dose limits for
specific practices, based on a judgment that such doses are "reasonably
achievable" at any site, and these limits may vary from one practice to another.
Application of the ALARA principle leads to further reductions In individual
doses on a site-specific or a practice-specific basis. The latter application
usually leads to the determination of quantities of radionuclides that are
"exempt" or "below regulatory concern*" based on a judgment by regulatory
authorities that the doses associated with exempt quantities of radioactivity
are Indeed ALARA at any site. The si& minimis dose corresponds to a level of
risk that is widely regarded as "negligible" by the general public. The jls
minimis dose must be well below the limit on acceptable dose from all sources*
and constitutes a floor for application of the ALARA principle; i.e., efforts to
reduce doses below the de minimis level would be deliberately and specifically
curtailed. Establishment of a de minimis dose by regulatory authorities thus
would provide the most defensible basis for determining exempt quantities of
radioactivity for specific practices.

RECOMMENDATIONS OF NATIONAL AND INTERNATIONAL AGENCIES FOR A J2£ MINIMIS DOSE

This section reviews current efforts by national and International agencies
to establish a generally applicable de minimis dose. We first discuss the
general approach, based on the concept of negligible risk* that is used In
defining a de minimis dose. We then review the specific recommendations for a
its minimis dose.

General Approach to Defining a fie W>"1M1S Dose

The general approach that has been adopted in defining a jifi minimis dose 1s
based on the concept of negligible risk Ee.g.» see refs. (1) and (4)3. This
approach 1s outlined below.



[13 On the basis of risks that are widely accepted by the general public, a
negligible lifetime risk from radiation exposure Is defined. The
negligible risk must be well below the level of acceptable risk on which
radiation protection standards are based.

[2] From the negligible lifetime risk from radiation exposure so defined* a
lifetime de minimis dose Is derived using an accepted factor for the risk
per unit dose. This risk factor 1s based on a linear no-threshold, dose-
respoRS© hypothesis/ and usually is assumed to be 1n the range 1-2 x 10"*
per rem (1-2 x 10"2 per Sv) (5).

C33 From the lifetime .de. miniinis dose so derived, an annual sis minimis dose 1s
obtained by assuming exposure over the 70-year lifetime of an average
Individual; I.e., the lifetime de minimis dose is divided into equal
annual1zed increments.

Thus, in this approach, a negligible lifetime risk is expressed in terms of a de
minitnis dose for each year of exposure. Alternatively, an annual negligible
risk can be defined that forms the basis for deriving the annual sis minimis
dose.

The general approach to defining a sis. minimis dose does not Involve
consideration of specific practices or facility locations. However, using a de
minimis dose to derive exempt quantities of radioactivity will Involve
consideration of specific practices (e.g., airborne releases vs land disposal)
and, perhaps, specific locations (e.g., disposal 1n humid vs arid environments).

Recommendations of National and International Agencies

The values of an annual de minimis dose that have been considered by
regulatory authorities in the U.S. and elsewhere are summarized 1n Table 1;
values are listed 1n order of decreasing dose. These recommendations are
discussed 1n the following paragraphs, beginning with those from U.S. agencies.

The NRC has not yet established a generally applicable sis minimis dose.
However, the NRC apparently 1s considering a si& minimis dose as part of an
extensive revision of radiation protection standards in 10 CFR Part 20 (15).
The suggested value is based on an assumed negligible lifetime risk of 1Q~6.
The NRC also is considering a "regulatory cutoff level" of 1 mrem per year for
members of the general public 1n population dose calculations (15); I.e.,
individual doses below 1 mrem per year would be excluded 1n applying the ALARA
principle to specific sites.

The EPA is considering levels of radioactivity that would be below
regulatory concern for airborne emissions (8) and low-level waste disposal (16).
The EPA has performed calculations for low-level waste disposal which suggest
that many low-activity waste streams would yield Individual doses less than
1 mrem per year, although doses as large as 70 mrem per year also were
obtained (16). However, the EPA has not yet Indicated a dose that might be de
minimis for waste disposal or any other purpose.

The two recommendations attributed to the DOE represent proposals by DOE
contractors (17-19), neither of which has been endorsed by the agency. An
Important feature of the proposal from EG&G Idaho (17,18) is that the sis. minimis
dose should decrease as the size of the exposed population Increases. The value
of 30 mrem per year, for example, likely would apply to the case of Inadvertent
intrusion onto a disposal facility for exempt radioactive wastes.



Table 1. Recommendations of National and International Agencies
on a Us Minimis Dose

Annual Dose
Agency (mrem)a

U.S. Department of Energyb 30c

Atonic Energy Control Board (Canada) 5

National Radiological Protection Board (U.K.) 5d

U.S. Department of Energy6 1

National Council on Radiation Protection and Measurements 1

International Atomic Energy Agency l f

U.S. Nuclear Regulatory Commissions 0.1 (?)

U.S. Environmental Protection Agency ?

aVa1ues are annual committed effective dose equivalents, and may
be converted to units of mSv by multiplying by 0.01.

Proposal of EGyG Idaho (17,18) for DOE's National Low-Level
Radioactive Waste Management Program.

CValue applies to populations less than l,000i recommended value
1s 3 mrem for populations of 103-10 and 0.3 mrem for populations
greater than 10 .

Recommended value is 0.5 mrem when an individual could be exposed
to several exempt sources.

eProposal from Paducah Gaseous Diffusion Plant (19).

Value 1s Intended for application only to man-made rad1onucl1des.

Unpublished proposal for revision of 10 CFR Part 20.

The recent recommendation from the NCRP is based on an assumed negligible
risk of 10-7 per year, and 1s 1% of the proposed l im i t on acceptable dose from
al l sources for continuous exposures of 100 mrem (1 mSv) per year (4). The NCRP
also has recommended that population dose assessments exclude those individuals
who receive doses less than 1 mrem (0.01 mSv) per year.

The recent proposal from the Atomic Energy Control Board of Canada 1s based
on an assumed negligible risk of 10"6 per year (20). A further recommendation
is that the potential for exposure of large populations to the de minimis dose
w i l l be small; e .g . , the radiological Impacts from disposal of exempt materials
w'111 be localized.

The recommendation from the U.K.'s National Radiological Protection Board
1s 1% of the doss l im i t for individuals 1n the general public (21). However*
the recommended .de m1nim1s dose from any practice 1s reduced by a factor of 10
when an Individual could be exposed to several exempt sources.



The proposal attributed to the International Atomic Energy Agency
represents the recommendation of two advisory groups {22,23)* and 1s based on an
assumed negligible risk of 10~7 per year. One advisory group also recommended
that a practice may be left unregulated If the population dose commitment were
less than 100 person-ran (1 person-Sv) per year of operation (23). The advisory
groups also point out that the proposed sis. minfmis dose essentially applies only
to man-made radionuclides, because 1t 1s Illogical to apply a limit of 1 mrem
(0.01 mSv) per year for exempting naturally occurring radionuclides which* In
their undisturbed state* lead to doses greater than the de m1n1m1s value. This
1s a particularly Important consideration in determining exempt concentrations
of naturally occurring radionuclides for purposes of disposal.

In summary* the recommendations of the various national and International
agencies on a generally applicable de minimis dose are 1n the range 0.1-30 mrem
(0.001-0.3 mSv) per year. Most recommendations focus on 1 or 5 mrem per year.

RECOMMENDATIONS FOR A J2E MINIMIS DOSE

We would offer the following comments on the various proposals for a de
minimis dose.

Cl] A sis minimis dose should be expressed in terms of the committed effective
dose equivalent* as recommended by the ICRP (5) and the NCRP (4). The
effective dose equivalent is more closely related to the goal of risk
limitation than is the dose equivalent to whole body or the critical organ
which has been used by U.S. Government agencies [e.g.* see refs. (2)» (3)*
and (6-9)].

[2] A sis minimis dose need not be expressed in terms of a limit for each year
of exposure, as is customary in all of the proposals reviewed, primarily
because the negliglible risks on which the de minimis dose are based
generally are not constant over a lifetime. The alternative of expressing
an annual de minim's dose as an average over a lifetime is more closely
related to the basic goal of limiting lifetime risk. This approach also
encourages proper consideration of the age-dependence of dose and risk 1n
deriving exempt quantities of radionuclides from the de minimis dose. One
can specify both a limit on annual dose averaged over a lifetime and a
higher dose limit in any year.

[3] An annual dose of 30 mrem (17,18) is probably too high to be acceptable as
de minimis in the U.S.* because of the widespread use of 25 mrem as a dose
limit for specific practices (6-9). A de minimis dose* by definition*
must be below any dose that 1s of regulatory concern.

[43 An annual dose of 0.1 mrem (15) may be too low to be acceptable as sis
minimise because of the great difficulties that likely would be
encountered in measuring associated quantities of radioactivity.
Furthermore* this dose is only about 0.1% of the dose from natural
background radiation. Such a low its m1nim1s dose for each source perhaps
could be justified if exposures of Individuals to many exempt sources were
likely.

[5] An annual de minimis- dose in the range 1-5 mrem (4*20-23) seems most
reasonable. Such de minimis doses correspond to lifetime risks from
continuous exposure of about 10""4-io-5.



From the considerations outlined above, we offer the following proposal for
a jJe m1n1m1s dose:

[1] a limit on annual committed effective dose equivalent averaged over a
lifetime of 1 mrem (0.01 mSv); and

[2] a limit on committed effective dose equivalent 1n any year of 5 mrem
(0.05 mSv).

This proposal 1s based largely on the recommendation of the NCRP that a limit on
de m1n1mis dose be set at 1% of the limit on acceptable dose from all sources of
exposure, and that the limit on acceptable dose be set at 100 mrem (1 mSv) per
year for continuous exposures and 500 mrem (5 mSv) per year for occasional
exposures (4). The proposed de m1n1m1s dose corresponds to a lifetime risk from
continuous exposure of about 10~5.
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