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PREFACE

The idea of compiling the available information dealing with radioactivity in
consumer products originated during a workshop on the same subject in the summer
of 1975. Very quickly, a consensus was reached that a symposium was the most
appropriate way to reach the scientific and technical community and obtain the
necessary information. Various U.S. Government agencies were contacted, and the
following agreed to cosponsor the symposium: Bureau of Radiological Health, Food
and Drug Administration; Office of Radiation Programs, U.S. Environmental
Protection Agency; and Office of Standards Development, U.S. Nuclear Regulatory
Commission. The Symposium was organized by the Office of Interdisciplinary
Programs, Georgia Institute of Technology, and was held on February 2-4, 1977 in
Atlanta, Georgia.

This book is not the proceedings of the Symposium. It is not intended as a
description of what happened during those three days. Although this book is based
on papers presented at the Symposium, the review process substantially altered the
character of various papers. However, the Editors decided to include the remarks of
M. Mitchel-Smith and an edited version of the panel discussion. They contained
information which, in the judgement of the Editors, enriches the book.

The preparation of this book and the Symposium that preceded it required the
assistance of a large number of people. We are indebted to the following individuals:
G.A. Arlotto, E.D. Baily, W.J. Bennice, M.A. Carter, G.W. Casarett, P.L, Cox, R.E.
Cunningham, R.V. Dean, E.R. Freeburn, AM. Freke, R.J. Guimond, J.H. Harley,
D.P. Hensley, E.L. Hill, G. Kahn, P.A. McDonald, M.L. Meadows, B.D. Moghissi,
H.L. Morgan, K.Z. Morgan, R.H. Neill, A.C. Richardson, A.D. Ross, B. Ruegger,
F.G.D. Shuman, R.E. Simpson, A.C. Tapert, and D.L. Thompson.

We particularly appreciate the support of the sponsors of the symposium. We are
indebted to William D. Rowe for his help, to John C. Villforth for his patience and
assistance, and to Robert B. Minogue for his continuous interest and support.
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MURIEL MITCHELL-SMITH
DIRECTOR, OFFICE OF CONSUMER AFFAIRS

City of Atlanta
Atlanta, GA

On behalf of Mayor Jackson, I would like to extend a warm welcome to all of you
to Atlanta. Qur city is an international city. We think it is a great city, and we hope
that you will share our feelings as you move around and enjoy the sights and the
hospitality. The City and its staff, especially the Office of Consumer Affairs, will be
happy to assist you during your stay. Please feel free to call on us.

I would like to take just a few moments to share with you my concerns on
radioactivity and its relationship to consumers and consumer products. My general
observation as it relates to this conference and to the various regulatory discussions
and measures involving radioactivity is that the level of public involvement and
awareness seems to be limited. Meetings such as this have been conducted with little
or no public involvement and all too often without any public exposure. The issues
discussed here will likely produce valuable results, but without consumer awareness
and involvement, this value is diminished. We spend great sums of money annually
regulating products for consumer use. Most, if not all, of that cost is passed on to
consumers; but all too often, the benefit is lost due to consumer ignorance. Food
labeling, warnings, and other such measures are meaningless to the majority of
consumers at present because the educational process that is so vital to effective
consumer protection has been missing. My obsession as a consumer advocate is cost
(the bottom line, unfortunately, for most consumers). The cost of protection that is
put to a meaningful use by consumers is worth every penny. In your endeavors to
ensure public safety, take time to ensure that the public is involved and aware.

Another concern that seems to go unnoticed by many is that of the hazards of
radiation that workers are exposed to in producing products for consumer use. In
this country and far more importantly in smaller countries where less stringent
controls are imposed, workers may be exposed to unacceptable hazards. Having
grown up in Berkeley where your banquet speaker, Dr. John Lawrence, worked for
many years, I am especially sensitive to the exposure problems that evolve around
radiation sources. It is strongly believed by his doctors that my brother was exposed
to radiation while working at the cyclotron at Berkeley and later died from leukemia
as a result. This makes my concern for this subject even greater. Workers are many
times overlooked, and adequate protection and disclosure for workers and consumers
must be sought.

Finally, I am concerned with closing the gap that now exists among researchers,
manufacturers, and government. Little can be accomplished efficiently and effec-
tively without the cooperation of all groups. Joining with the consumers, we can face
the issues and solve the problems. There is a valuable resource available to mankind if
it is used carefully and cautiously. Working together, we can produce valuable results
for all.
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CHAPTER

Regulations and Standards

Radioactivity in consumer products is subject to various laws, regulations,
standards, and guides. Historically a distinction has been made between naturally
occurring and man-made radioactive materials. Many countries have recognized the
importance of including all radioactive materials in their regulations. This chapter
contains many examples of these regulatory actions. Regulations and standards
dealing with consumer products have not allocated population doses for these
products. Instead, national authorities have attempted to minimize the population
exposure from use of the product. Certain regulations and guides specify an upper
radiation dose limit in case of accidental exposure to the radioactive materials
contained in consumer products. As a matter of convenience, certain regulations and
guides have been included in the following chapters in their entirety to facilitate the
use of this book as a reference compendium.



THE NCRP STUDY OF RADIATION EXPOSURE
FROM CONSUMER PRODUCTS

Lauriston S. Taylor

National Council on Radiation Protection and Measurements
Washington, D.C. 20014

The definition of a consumer product in the radiation industry is not clear. In the
broadest sense it might be said that any product, device, or material that emits, or is
involved in the emission of, ionizing radiation and used by a member of the public
would be a consumer product. This could be drawn to include, let us say, all
radiation devices used by the medical profession or the profession of industrial
radiography. If it is that inclusive, it can be properly said that the National Council
on Radiation Protection’s (NCRP) first concern with consumer products began in the
early 1930s because, beginning at that time, substantial attention was directed
toward the improvement of apparatus and procedures to minimize or at least reduce
the exposure of people to ionizing radiation.

If a more narrowly defined concept is used, it might be limited to devices or
materials that are used by the general public free and independent of any technical
supervision or control. In old days this might have included shoefitting fluoroscopes,
automobile-tire inspectoscopes, electrostatic or radioactive dust precipitators, and
luminous devices. One of the first specific actions of the NCRP in this more limited
area resulted from a request from the Federal Trade Commission in February 1955
asking for a statement on the safety of over-the-counter items containing radioactive
material such as radium or polonium. A few months later a similar inquiry was made
by the Isotopes Division of the Atomic Energy Commission. Another example would
be the NCRP’s recommendations with regard to radiation from household television
receivers in 1960.

The question then might reasonably be asked as to why the Council did not more
actively follow up and continue its study of radiation exposure from consumer
products. To a limited extent, it did. In 1968, the NCRP established a committee on
consumer products that held several meetings, but failed to develop recommenda-
tions. Part of the reason for failure was the fact that the problem was so elusive and
involved such small doses that there seemed to be no working material upon which
safety recommendations could be based. It is now recognized that there were some
unsuspected problems of a more substantial magnitude, but at that time the levels of
radiation to which people were exposed were so small, and the numbers of people so
small, that no basis could be found for defining protection limits. The problem is not
really very different today.

In the meantime, the NCRP has established a group of committees to collect and
evaluate the existing information on radiation exposure of the population from
various sources. These include (1) medical practice, (2) industrial practice, (3) pro-
duction of nuclear power, (4) consumer products, and (5) radiation from natural
background. The reports of the committees are in various stages of preparation or are
published.

The study by the committee on consumer products included an evaluation of the
potential exposures from some 30 product sources used by the public. The



outstanding feature of this study is the conclusion that, in most instances, exposures
are so small and the numbers of people involved are so few that on the average, as far
as the total population is concemed, the exposures must be regarded as unimportant
at the present time.

At the same time there were extremely few instances where individual exposures
could be regarded as having any significance. It may be that the problem is
unimportant for the individual sources involved, but one might then properly ask if,
in the aggregate, there might be a problem. However, even in the aggregate, the
numbers are so small as to defy any rational statistical evaluation of the problem.
Perhaps some kind of definition to signify the presence or absence of a problem
could be based on a comparison with the exposure from natural background. For
example, if the levels of exposure from consumer products are less than the normal
variations that the average public experiences on a day-to-day basis from variations in
the levels of natural background radiation, it might be said that the extra radiation
exposure is unimportant and may be neglected.

Problems on a wider scale and involving more exposure of more people appear to
be increasing—at least in localized regions—as a result of the use of building materials
made from radioactive scrap, from building materials that are naturally more
radioactive than others, from the use of byproducts (as from phosphate mining) for
building materials, road pavings, etc. While radiation levels due to such uses are
higher than natural background in the area, the majority of the instances are such
that the extra exposure may readily fall into a category of insignificance.

Again, this is not to negate the problem, but to give some indication of its relative
importance compared to the myriad of other risks with which the human population
lives. Comparisons of normal risks to which the population is subjected may be
interesting, and sometimes even amusing. In any such comparison the radiation
industry and the use of its byproducts must be among the safest, best understood,
and most controlled industries we have to deal with. This is not to suggest relaxation
of protective efforts, but to urge that the problem be looked upon with care.

To illustrate the problem, some examples will be given of the average dose
equijvalents in millirems per year and the estimated number of individuals subjected
to various types of exposure. The listing will include data from the better-evaluated
sources of exposure. The risk of presenting this in simplified tabular form is
recognized and it should be pointed out that with each source of exposure, there will
be caveats, limitations, and estimations that can only be obtained from the textual
material in the report of the Committee on Consumer Products when it is available.*
Nevertheless, the particular numerical quantities should serve as a useful, if rough,
guide to the relative importance of the different sources that may be subject to some
degree of control. Any of this material should be used with great caution and should
not be referenced. The same numbers may or may not appear in the finished report
itself. Where some obvious items of exposure may have been omitted, it is because of
lack of data or that the overall effects are too small.

It was suggested above that some kind of definition might be provided which
would give a dividing line between radiation exposures that are psychologically
worrisome and others that are not psychologically worrisome. To provide such a
base, Table 1 lists some sources that the public seems to commonly accept or about

*The report of the committee on consumer products, NCRP Report No. 56, “Radiation
Exposure from Consumer Products and Miscellaneous Sources,” was issued on November 1,
1977.



Table 1

SOURCE TYPE OF NUMBER AVERAGE DOSE “DOSE INDEX”

EXPOSURE* EXPOSED EQUIVALENT (Exposed Groups)

(mrem/year)
x10® x10? x10° x10% x10* x103 x1

Television Receivers GD 10® 1 1
Nuclear Power WB 2x10% 1 2
Medical WB 10® 100 1
Medical, GSD GSD 108 20 2
Natural Background WB 2x 108 100 2
(10 story building)** WB —_— 0.7 0.7
(500 ft. altitude)** WB —_— 35 3.5

*Type of Exposure (dose equivalent)
WB -~ Whole Body
GD - Gonads
GSD - Genetically Significant Dose

**Increase in natural background radiation



which little or nothing can be done by way of reduction or avoidance. Again, the
numbers in these tables are roughly rounded out,

Columns 1 and 2 give, respectively, the sources of radiation and the type of
exposure for which the data are given. The latter would include for example, the
whole-body dose, dose to the gonads, dose to mucous membrane, etc. The columns
at the right give the product of the average dose equivalent by the estimated number
of individuals exposed. These will be referred to arbitrarily as “‘dose index’ without
any further definition. It is deliberately an improper term.

It might be noted that the same product is frequently called “man-rem” (Taylor
and Wyckoff, 1976). The term man in this context would be used in the generic
sense, meaning “man” as a “member of the human race” or “human being”, unless
the context showed that only the male was meant.

The avoidance of the use of the man-rem concept is because the dose index
averages in column 4 could cover a fairly wide range in some instances, and there
might well be cases of individual exposures being unacceptably large while the
average appeared to be acceptable. Furthermore, the oversimplification of using the
man-rem concept has led some individuals into a dangerous interpretation of
radiation effects or radiation risks.

It will be noted that the dose index resulting from television receivers and nuclear
power is of the order of 1 or 2 x 105, The dose index from overall medical
exposures is of the order of 107 units, and the genetically significant dose from
diagnostic medical procedures is about 2 x 106 units. These might be reduced some
but probably by no more than a factor of 2 at this time. Natural background
radiation would produce a “dose index” of 2 x 107 units.

Natural background radiation is something about which we can do very little, if
anything, except to possibly change living and working habitats. For example, if an
individual were to move from sea level to some point about 500 feet above sea level
he would increase his annual dose equivalent by about 3.5 mrem. Even the difference
between the first floor and tenth floor of an office building would involve a dose
difference of 0.7 mrem/year. If half of the population of the United States were to
move to a 500 foot or ten story higher altitude, the dose increases would be
3.5x10% and 0.7x 10° units, respectively. These may be compared with the
radiation from television receivers. Of the several exposures noted above, only those
from medical procedures carry such enormous benefits that they can be justified
with little question. For these sources the requirement of unreasonable reductions
could easily result in increasing the cost of medical care and forcing unwarranted
restrictions on medical diagnosis, the risks of which could easily outweigh whatever
the risks from radiation might be.

Table 2 lists some of the items that will be covered by the forthcoming report of
the Committee on Consumer Products, following the same general scheme as in Table
1. Again, it should be emphasized that the numbers in this table have been severely
rounded and no caveats or limitations are included. Comparisons between the
collective effects of the doses resulting from the different sources listed becomes
even more tenuous for two principal reasons. First, the dose equivalents apply to a
number of different individual organs or portions of the body and second, the range
of dose equivalents covered in any average may be very great and hence exclude the
proper application of the man-rem concept. Nevertheless, the table provides a rough
picture of the relative importance of the various sources of exposure to which the
general public may be subjected.



Table 2

SOURCE TYPE OF NUMBER AVERAGE DOSE “DOSE INDEX”
EXPOSURE* EXPOSED EQUIVALENT (Exposed Groups)
(mrem/year)
x10* x10° x10* x10* x10? x1
Uranium in dentures A 9x 107 7x 10 65
Dental Prosthetics B 107 6.5x10* 6.5
Tobacco C 5x 107 8x10° 4
Natural Gas, Cooking C 1.3x10% 9 1
Natural Gas, Unvented Heating C 1.6 x 107 22 3
Building Materials WB 10® 7 7
Television Receivers GD 108 1 1
Wrist Watches (Ra-226) GD 10° 3 1
Wrist Watches (H-3) WB 1.6 x 107 0.6 1
Pocket Watches GD 2x10* 6 120
Clocks WB 107 3 3
Highway Materials WB 5x 10 4 2
Smoke Detectors WB 4x10° 1 4
Electron Microscopes WB 104 500 3
High Voltage Switches GD 4x 104 30 1.2
Air Transport, Passengers WB 6x 10° .5 3
Air Transport, Crew WB 2x 104 s 100
Gas Discharge Tubes WB $x10°% 1 500
Airport Passenger Inspection WB 107 2x107? 200
Thorium in Dosimeters WB 1.5 x 10¢ 10~ 200
0.1

*Type of exposure (dose equivalent)

A — Superficial Tissue
B - Mucous Membrane
C - Bronchial Epithelium

WB — Whole Body
GD - Gonads



It is interesting to note that of all of the sources listed, only four would yield a
“dose index” greater than 10° units. It will be further noted that all four of these
involve exposures to limited portions of the body, as, for example, the superficial
tissue or mucous membrane near the teeth or the bronchial epithelium resulting from
tobacco use. The largest average dose equivalents occur for the use of radioactive
material in connection with dentures or dental prosthetics. On the other hand, no
evidence of injury has ever been found however high the dose may seem to be. The
case for tobacco is much more complicated since there are other deleterious effects
such as from tar or nicotine that may mask or add on to any radiation effects. It is
not possible to singly identify the effects of these several agents.

Doses from natural gas vary widely, and because the main source of exposure is
from radon, the dose may diminish with longer storage time or greater transmission
distances of the gas between the well and the point of use. Both cooking and
unvented heating are conditions of use such that the dose may be reduced by simple
means, improved venting probably being the most readily available. It is probably not
practical to entirely avoid some radiation exposure from almost any gas used.

In the case of normal building materials, there are again wide variations in
radioactivity content that will be greatly influenced by the geographical location of
the buildings and the types of building materials that are available in the area.

Wristwatches will supply a small increment to the dose and are estimated to yield
a “dose index” of the order of 105 units. This is probably an exposure that can be
substantially reduced as it is highly likely that there is only occasionally a real
necessity for being able to read a watch in the darkness.

It will now be noted that the last three sources of group exposure all fall within
the “dose index” range of 105 units, and in no cases is there any evidence that any
such exposures have resulted in untoward injuries.

It will also be noted that all of the other exposures listed fall into lower categories
of “dose index”’ units. Even of these, there is some possibility of further reduction,
but the level of effort applied to such reductions should involve careful evaluation of
the social and economic factors that would be involved.

Having listed 2 series of the products of the average dose equivalent by the
number of individuals exposed, it is recognized that we are opening the door to
temptation, i.e., the misuse of the figures for risk calculations. There will always be a
few individuals who, by one process or another, will call these numbers man-rems
and then convert them into some kind of “health effects”.

The first step in this would be to adopt, without caveat, the linear dose-effect
relationship from high doses down to zero dose in the form of a single straight line.
This would mean that there is no recovery of biological effect, there is no threshold
of effect, and all dose effects are totally additive no matter how and when the dose is
received. Under most circumstances this has to be nonsense, but it will, nevertheless,
be used to enter upon what is referred to as the body counting game.

During the last world war we counted so many enemy planes that we had “shot
down” that, by the middle of the war, we had shot down twice as many as had ever
been produced. We count bodies of the enemy and those of our own men when we
are trying to explain a war, as in Viet Nam, or we count the bodies of the policemen
and the bodies of the demonstrators when we try to prove who was right or wrong in
some protest. By the simplistic use of the linear dose-effect relationship and the
man-rem concept, it can be said that anyone exposed to 1000 rads will die, regardless
of how the dose is delivered. There are other methods for calculating bodies that
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appear to be much more sophisticated but that are, in fact, no better. The problem is
further complicated when attempts are made to establish a theoretical relationship
between health effects and deaths. _

As a forewarning about the misuse of the data in the report on consumer
products, it should be emphasized that the three largest exposures in the report are
partial body, and there is no way of equating them to whole-body doses, gonad
doses, etc. In spite of the probable misuse of these data, it was nevertheless
considered worthwhile to present them in the fashion given here. Limited
comparisons will be valid, and the final results may be of some assistance in deciding
to undertake specific studies in the field of regulation or control of radiation in
consumer products.

In conclusion, the NCRP is stepping up its concern with radiation exposure
resulting from consumer products, and at this time I would not venture to suggest
what its ultimate position may be. The NCRP recognizes that, at some stage, the
problem has to be treated in some pseudo-quantitative fashion. However, at the
present time, the Council is not enthusiastic about the attempts to legislate or
regulate levels of safety into many radiation uses when these levels are based on such
shaky models and assumptions as to provide readily distortable conclusions. The
Council is seriously examining the matters of radiation risk on a quantitative basis,
but not with the over-simplified models that have been applied in recent years. It is
fairly certain that, over the next few years, the NCRP will include such detailed
studies as it considers rational in relationship to consumer products, even though the
end result for many of these products may result in the expression of the opinion
that they are unimportant.

The main benefit of this study has been in pointing out what may be a way to
avoid future problems rather than indicating any serious problems at the present
time.

REFERENCE
LS. Taylor and H.O. Wyckoff (1976), “Implications of the Man-Rem Concept,”

Proc. Int. Symp. Mgmt. Wastes LWR Fuel Cycle, ERDA Conference 76-0701, p.
506.
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NRC’S ROLE IN REGULATING CONSUMER PRODUCTS

Robert B. Minogue
Office of Standards Development
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

INTRODUCTION

The Nuclear Regulatory Commission was established as an independent agency by
the Energy Reorganization Act of 1974. This Act placed the regulatory functions of
the Atomic Energy Commission with the NRC and the developmental functions of
the old Commission with the Energy Research and Development Administration. In
separating out the regulatory functions, the Energy Reorganization Act recognized
the need for strong effective regulation to keep pace with the increasing use of
nuclear energy.

THE NRC ORGANIZATION

Organizationally, the NRC consists of five Commissioners, each appointed by the
President with the advice and consent of the Senate. One member is designated by
the President as Chairman and acts as executive agent and official spokesman. Each
Commission member, including the Chairman, has equal responsibility and authority
and exercises one vote in Commission decisions.

The Energy Reorganization Act of 1974 explicitly established three major
program offices that report directly to the Commission. The Office of Nuclear
Reactor Regulation is responsible for regulating nuclear reactors. The Office of
Nuclear Material Safety and Safeguards is responsible for regulating the balance of
the nuclear fuel cycle and the use of nuclear material. And the Office of Nuclear
Regulatory Research is responsible for planning and carrying out confirmatory
research necessary for the performance of the Commission’s regulatory respon-
sibilities. In addition, an Executive Director for Operations is charged with
coordinating and directing the day-to-day operational and administrative activities of
the agency.

Two other program components complete the NRC line organization. The Office
of Standards Development develops criteria and standards pertaining to health and
safety, environmental protection, and safeguards in all activities related to nuclear
facilities and nuclear materials. And the Office of Inspection and Enforcement
ensures that licensees are complying with license requirements and NRC regulations.

NRC'S AUTHORITY AND RESPONSIBILITY

The Energy Reorganization Act gave NRC the responsibility for carrying out the
regulatory provisions of the Atomic Energy Act of 1954. This earlier Act established
a national policy and a framework for regulating civilian nuclear energy activities to
ensure that they are conducted in a2 manner that will protect the public health and
safety, maintain national security, and comply with the antitrust laws.
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Under the National Environmental Policy Act of 1969, the Commission also was
assigned responsibility for evaluating the nonradiological, as well as the radiological,
environmental impact of major nuclear facilities and activities, and for balancing the
benefits of such facilities against their environmental and social costs.

In addition to regulating nuclear power plants and other nuclear facilities, NRC
regulates the production and use of a wide variety of nuclear materials in industry,
medicine, and research. With regard to consumer products, the NRC is authorized to
exercise regulatory control over the manufacture, distribution, possession, use, and
transfer of products containing byproduct, source, and special nuclear material. To
accomplish its missions, NRC conducts broad programs of standards-setting and
rulemaking, technical reviews, licensing actions, inspection and enforcement, and
regulatory research.

WHAT ARE “CONSUMER PRODUCTS"”

This subject is addressed in an Atomic Energy Commission Notice, published in
the Federal Register in 1965, concerning criteria for the approval of products for
general public use. Essentially, for the purposes of regulatory control, consumer
products are considered to be those products, commodities, or materials containing
byproduct, source, or special nuclear material that are available in the marketplace to
the general public as “off-the-shelf” items and that are intended for widespread
personal or household use.

The criteria published by the AEC in 1965 set forth the essential terms of policy
currently used by the NRC with respect to approval of consumer products. The
criteria state that approval of a proposed product will depend on two factors: the
radiation exposures that will be associated with the product and the product’s
apparent usefulness. The criteria state that risks of exposure to radiation will
generally be considered acceptable if it is unlikely that the individuals in the
population will receive more than a few hundredths of the individual dose limits
recommended by the International Commission on Radiological Protection, the
National Council on Radiation. Protection and Measurements, and the Federal
Radiation Council. (The authority and functions of the Federal Radiation Council
now rest with the Environmental Protection Agency.)

Radioactive material may appear in products for several reasons:

First, it could be deliberately added to a product because of its radioactive,
chemical, or physical properties. Examples are the use of radioactive materials to
produce jonization for static elimination, radiation-activated luminous compounds,
uranium used as shielding material to reduce exposure of patients, or, as was once
proposed but not approved, radioactivity in cufflinks simply for physical appearance.

Second, radioactive material could be added to products as a contaminant, ejther
intentionally or unintentionally. For example, radioactive material could be used in
process control for such purposes as tagging interfaces in pipelines or as a catalyst in
petroleum cracking, resulting in some carryover into the products.

Third, radioactive materials could be naturally occurring in consumer products
but could increase in concentration after processing. Examples are increased uranium
or thorium concentrations after the processing of rare earth oxides.

At present, there are 192 NRC licenses held by 120 licensees to import,
manufacture, or distribute exempt products. Although NRC received authority in
August 1974 to amend its regulations to authorize the possession and use of
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consumer products containing special nuclear material, there have been no petitions
for such amendments and no such authorizations have been issued.

' Approximately 6 million timepieces containing tritium were distributed last year.

In the same year, about 3 million smoke detectors containing americium-241 were

distributed, along with about 100 million electron tubes containing krypton-85.

POINT OF CONTROL — CONSUMER PRODUCTS

The Commission is authorized to exempt from licensing and regulation certain
quantities or classes of material or certain uses of material that are unimportant in
the opinion of the Commission. The purpose of such exemptions is to avoid the
imposition of regulatory controls on consumer uses of products that present little or
no radiation risk.

Before 2 product is exempted for distribution, however, the NRC must exercise its
regulatory responsibility to approve or deny the petition for uncontrolled distribu-
tion to ensure that the health and safety of the public is adequately protected.

In addition, specific licenses from NRC are required to manufacture or to import
for sale or distribution consumer products containing byproduct or source materials.
If a manufacturer is located in an Agreement State, he must have two licenses: one
from the Agreement State authorizing manufacture of the product and one from the
NRC authorizing transfer.

(The NRC is authorized to enter into an agreement with any state to discontinue
the Commission’s authority to license and regulate the possession, use, and transfer
of certain materials and to transfer that authority to the state, where the state has an
adequate program for carrying out such regulatory controls. Hence, the term
“Agreement State.” Thus far twenty-five states have agreements.)

SPECIFIC AREAS OF CONCERN TO NRC

There are three major areas of concern to the NRC in the regulation of consumer
products: (1) the radiation safety of workers; (2) the radiation safety of the general
public, including both users and non-users; and (3) long-term contamination of the
environment.

The radiation exposure of workers in licensed facilities must be kept below the
limits of 5 rems per year and further should be kept as far below those limits as is
reasonably achievable. NRC’s regulations in 10 CFR Parts 19 and 20 provide the
regulations for control over the radiation safety of workers and the release of
effluents from licensed facilities.

Radiation exposure of individuals in the general public as a result of the
distribution, marketing, installation, repair, and use of consumer products must be
kept at even lower levels. The calculated doses must include contributions from
normal use and from misuse or accidents. In general, as indicated previously, risks of
exposure to radiation will be considered acceptable when the individual dose is less
than a small fraction of the recommended dose limits. Further, the probability of
individual doses approaching any of the specified limits must be negligibly small.
The potential cumulative dose from the use of multiple products and from other
sources must also be taken into account.

In licensing consumer products, and consistent with EPA requirements, the NRC
gives careful consideration to the associated release of radioactive material to the
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environment, with special attention devoted to the long-lived alpha emitters such as
americium-241 and neptunium-237.

Another area of concern is avoiding the use of radioactive material in consumer
products if the radioactive material does not serve a useful purpose or if the same
results can be achieved with non-radioactive materials and without significant
disadvantages.

In addition to looking at the risks associated with the use of a radionuclide in a
consumer product, we examine the benefits. In general, the level of risk considered
acceptable will vary according to the expected societal or individual benefits.

Where the benefits are significant and readily identifiable and quantifiable, and
where no reasonable alternative product exists, the risk-benefit assessment is not so
difficult, It is in the marginal cases that arriving at a sound balanced judgment
becomes much harder. For example, it is difficult to evaluate the use of a radioactive
timing reference source in wrist watches where both the risk and benefit are
extremely small.

APPROVAL PROCEDURES AND PUBLIC PARTICIPATION

Procedures for authorizing the distribution of a consumer product are as follows:
In most cases, a petition for rulemaking to exempt a new product from further
regulatory control is submitted to the Commission by one or more interested
companies. If the product is found acceptable after an independent assessment of its
environmental and safety impact, the regulations will be amended to allow the
exemption under appropriate standards. In a separate action, a company must
demonstrate to NRC that its product is designed and will be manufactured to meet
those specific standards before it can be licensed to manufacture the product for
distribution.

Public participation and input is encouraged and deliberately sought at every stage
of this regulatory process. Notice of receipt of the petition is published in the
Federal Register, and public comments are invited. It is our practice to place all
correspondence between the petitioner or others and the NRC staff on such a
rulemaking action in our Public Document Room.

The five-man Commission must make the decision to grant or deny the petition. If
the initial decision is favorable, a proposed rule and notice of availability of a draft
Environmental Impact Statement are published in the Federal Register, and public
comments from interested agencies, organizations, and individuals are invited.

After due consideration of the comments, and changes to the rule where
appropriate, the final rule is published in the Federal Register, along with a notice of
availability of the final Environmental Impact Statement.

STANDARDS

Part of NRC’s responsibility is to set broad policy to protect the public health and
safety. Methods of achieving this goal include establishing safety standards and
requirements for the nuclear industry. The basic objective of the standards is to
present a written set of rules or guidelines that define the levels of performance
required to protect the public health and safety.

The basic safety standards are set forth in the Commission’s regulations in Title 10
of the Code of Federal Regulations. In the area of consumer products, pertinent
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regulations are found in Parts 30, 32, and 40 of Title 10. For example, subpart C of
Part 32 defines the standards regarding sampling procedures for the acceptance of a
product.

In addition, the NRC staff issues regulatory guides to provide guidance and
explanatory information to supplement the regulations. Regulatory guides are not
intended to substitute for the regulations and compliance with them is not required;
that is, methods and solutions different from those described in guides are acceptable
if fully justified as complying with the basic requirements set forth in the regulations.

The guides are of three basic types: (1) guides that identify to petitioners or
applicants the information that should be submitted to NRC in support of a petition
or application, (2) guides that describe methods acceptable to the NRC staff for
implementing specific parts of the regulation, and (3) guides that provide
information on techniques used by the NRC staff in evaluating safety problems.

In the area of consumer products, we have two regulatory guides: Regulatory
Guide 6.6 describes the acceptance sampling procedures for exempted and generally
licensed items containing byproduct material. Regulatory Guide 6.7 provides
information on the preparation of environmental reports in support of rulemaking
petitions seeking exemptions for consumer products.

APPROVAL POLICY

The Commission’s exemptions for consumer products include certain long-
standing uses of source material, most of which predate the Atomic Energy Act of
1954. These include

1. The use of uranium to color glass and glazes for decorative purposes;

2. The use of thorium to provide desirable physical properties in alloys and
products such as gas mantles, tungsten wire, and optical lenses; and

3. The use of uranium and thorium in photographic film and prints.

AEC policy for the approval of consumer products was set forth in the 1965
criteria mentioned earlier. The general considerations involved in evaluating products
are (1) the potential radiation exposures of individuals in the population as a result
of the manufacture, handling, use, and distribution of the product; (2) the effect on
the environment; and (3) the benefits to be derived by the public from use of the
product.

One way to understand how the Atomic Energy Commission applied its policy on
consumer products is to look at some of its denials. Exemption of self-luminous fish
lures was denied because of concern for accessibility to children. Exemption of
self-luminous screws was denied for lack of demonstrable benefit. Exemption of
cufflinks made of depleted uranium was denied because they are adornments, the use
of which would result in a small increase of radiation exposure among the general
public without commensurate benefit.

The 1965 criteria established by the Atomic Energy Commission to formulate its
policies on proposed consumer products have also been used by the Nuclear
Regulatory Commission. However, these criteria were developed some years ago, and
during the intervening years we have seen a broadening of NRC’s responsibilities
under the National Environmental Policy Act, along with advances in the concept of
minimizing radiation exposure to as low as practicable levels and improvements in
understanding of the biological effects of low-level radiation.
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The application of the 1965 criteria to NRC decisions is now under review as part
of a general review by NRC of regulations and procedures established by the former
AEC in areas now under the jurisdiction of NRC as an independent regulatory
agency. -

In its review of the overall policy on consumer products, views and suggestions
from all sectors of the public are important to aid the Commission in deciding
whether to retain or revise the existing policy or to formulate a new policy. This
symposium is extremely important in that it provides a unique opportunity for the
exchange of concerns, views, ideas, and technical and other information on consumer
products among informed persons from industry, research organizations, universities,
regulatory agencies, and members of the public. A vigorous exchange of views and
in-depth discussion on the problems and technical issues can provide an improved
data base for consideration by the Commission.

The major considerations in formulating a sound policy on regulating consumer
products are the need for systematic balanced consideration of risks and benefits, the
need for effective measures to reduce risk, and the need to inform the public fully of
the basis of policy and to ensure effective public participation in the decision-making
process.

How does one decide whether a product containing radioactive material can be
distributed to consumers without further regulatory control? A simplistic answer is
that one should show that the product does not impose any radiological risk
whatsoever to the users and to society.

Unfortunately, the decision cannot be made so simply. Few societal actions in the
modern world entail no risk. Based on current knowledge of radiation effects, there
may be, and probably is, no threshold for induction of deleterious effects following
exposure to radiation; the relationship between the probability of such effects and
dose may be linear, and in fact is assumed to be so as a matter of prudent public
health judgment. Thus no exposure to radiation can be considered to be without
some level of risk, and no exposure should be permitted without some tangible
benefit. But how does one evaluate that benefit and weigh the risk and benefit to the
individual against the risk and benefit to society as a whole? That is the basic
question for the regulator.

In the area of consumer products containing radioactivity, society as a whole may
accept certain small radiological risks in exchange for unique benefits to individuals
that can be otherwise obtained either not at all or at greater risk by some other
method. Or conversely, individuals may accept risk where the benefit accrues to
society. This sort of choice is by no means unique to products containing
radioactivity. Such choices are a central feature of modern technological society.

The role of the regulatory agency in a sense is to act as the agent of the public in
making that choice; hence we emphasize the need to take public views into account
and the importance of an informed public.

Benefits can be very great —ranging from the possible saving of life to the
prevention of injury — or may consist only of improving reliability or merely of
providing social amenity. Exposure to radiation may lead to increased cancer
incidence or genetic damage; the effect of low levels of exposure may involve only
very small increases in incidence, possibly even zero, but such effects cannot be
precluded.

Many things can be done to reduce risk, especially in the design stage. Such
actions include using careful encapsulation and adequate shielding, selecting
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radionuclides with less radioactivity and with suitable chemical and physical forms,
using smaller quantities of radioactive material, and making the part containing
radioactive material less accessible to children and other persons during use. Other
steps can also be taken to reduce risk, such as providing labels and clear and concise
instructions and recovering material for controlled disposal.

In summary then, a difficult judgment must be exercised to determine the
acceptability of a product in terms of its risk/benefit. It is essential that this
regulatory judgment be based on the soundest data base possible, with full public
participation.

FUTURE DIRECTIONS

Where are we going from here in terms of NRC’s role in consumer products? Here
are some possible directions:

First, as mentioned previously, NRC plans to review and update the 1965 criteria
for approval of consumer products in light of current technology and safety
philosophy.

Existing control over use of naturally occurring and accelerator-produced
radioactive materials is being studied. At the request of the Agreement States, a task
force has been established in NRC to look at the question of whether and to what
extent NRC or other appropriate Federal agency should seek legislative authority to
regulate such materials.

The Nuclear Energy Agency, in its guide on consumer products, proposes dose
apportionment for consumer products based on risk-benefit considerations. NRC
plans to evaluate the need to establish similar procedures in the United States.

We will also consider whether to structure our regulations to establish class
treatment of groups of products containing extremely small quantities of radioactive
materials, so that licensing actions, rather than rulemaking actions, will be required
to approve a product within a class. This will reduce the amount of time and effort
required to process the approval or disapproval of a product without compromising
safety. Further, rulemaking actions for class exemptions will provide a focus for
public comment and for participating in the resolution of the broad issues involved,
rather than addressing these issues in the narrow context of an individual product.

CONCLUSION

In conclusion, NRC’s principal concern in regulating consumer products is to
protect the health and safety of the general public who use the products and of the
workers who manufacture them. All interested persons and organizations are
encouraged to participate and comment on NRC’s regulatory process and help to
establish a sound basis for decision making in the public interest.
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REGULATORY GUIDE

OFFICE OF STANDARDS DEVELOPMENT

REGULATORY GUIDE 8.7

PREPARATION OF AN ENVIRONMENTAL REPORT TO
SUPPORT A RULE MAKING PETITION
SEEKING AN EXEMPTION FOR
A RADICNUCLIDE-CONTAINING PRODUCT

A. INTRODUCTION
1. Purpose of This Regulatory Guide

The National Environmental Policy Act of 1969 (83
Stat. 852), implemented by Executive Order 11514 and
the Council on Environmental Quality’s Guidelines of
August 1, 1973 (38 FR 20550), requires that all agencies
of the Federal Government prepare detailed environ-
mental statements on proposals for legislation and other
major federal actions significantly affecting the quality
of the human environment. The principal objective of
the National Environmental Policy Act of 1969 is to
build into the agency decmon—makmg process an appro-
pnate and careful c ideration of envirc
pects of proposed actlons.

As part of its policy and procedures for achieving tlus

Specific and detailed guidance is provided in Section B,
“Standard Format and Content of an Environmental
Report to Support a Rule Making Petition Seeking an
Exemption for a Radionuclide-Containing Product,” of
this guide.

A number of the topics discussed in Section B may
apply only in part, or not at all. The petitioner should
apply the guidelines appropriate to the product for
which the licensing exemption is sought; any tapic that
is not relevant to the particular product being discussed
should be so identified.

Descriptive or narrative text as well as tables, charts,
graphs, etc. should be used in the report. Each subject
should be treated in sufficient depth and should provide
sufficient documentation to permit the NRC to evaluate

objective, the US. Nuclear Regulatory Commission
(NRC) requires (see 10 CFR § 51.40) that an environ-
mental report be submitted by any person petitioning
the NRC to establish an exemption from licensing for
the use of radioactive material in a product. The purpose
of this guide is to provide assistance to petitioners in
their development of environmental reports.

This guide is intended to be quite comprehensive in
scope. However, the petitioner may need additional
clarification. Therefore, if a petitioner or a person
considering submission of a petition has questions about
the applicability of certain recommendations of this
guide to his product, he is encouraged to contact the
Office of Standards Development, U.S. Nuclear Regula-
tory Commission.

2. Preparation of E tal Reports

Part 51 of 10 CFR provides regulatory requirements
for the content of a petitioner’s environmental report.

independently the extent of the environmental impact.
Tables line drawings, and photographs should be used
wherever they contribute to the clarity of the report.
Descriptive and narrative passages should be brief and
concise. The number of significant figures stated in
numerical data should reflect the accuracy of the data;
wherever practical the degree of accuracy should be
indicated by plus or minus values,

Pertinent published information relating to the pro-
duct and to its distribution, use, and disposal should be
referenced or included as appendices.

Some of the information to be included in the
environmental report may have been prepared by the
petitioner during consideration of the safety and market-
ing aspects of the product. Where appropriate, this
information (in the form of text, tables, or figures)
should be incorporated in, or appended to, the environ-
mental report in order to provide a complete document.
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If the petitioner considers any information requested
by this guide to be a trade secret or commercial or
financial information submitted in confidence, the re-
quested information should be submitted as a separate
document with a written request that NRC withhold the
information from public disclosure in accordance with
10 CFR § 2.790 on the grounds that it is proprietary
data.

3. Commission Action on Environmental Reports

The environmental report submitted by the petitioner
is placed in the Commission's Public Document Room at
1717 H Street NW., Washington, D.C. At the same time,
NRC issues a public announcement and publishes a
summary notice in the Federal Register,

The petitioner’s environmental report, relevant pub-
lished information, and any comments received from
interested persons are considered by the staff in prepar-
ing a “Draft Environmental Statement™ concerning the
proposed rule making action. The staff’s draft statement
and the petitioner’s environmental report are trans-
mitted for information to the Council on Environmental
Quality and for comment to appropriate federal agencies
and state officials. The draft statement is also made

ilable to the g ! public. C ts on both the
environmental report and the draft statement are re-
quested within a specified time interval.

As described in detail in § § 51.22 through §1.26 of
10 CFR Part 51, the staff considers the comments on
the environmental report and on the draft statement and
prepares a “‘Final Environmental Statement™ (FES). This
final statement is then transmitted to the Council on
Environmental Quality and made available to appropri-
ate state agencies. NRC issues a public announcement
and publishes a notice of availability in the Federal
Register.

Subsequent hearings, if required, on the environ-
mental aspects involved in rule making on an exemption
from licensing requirements are based on the petitioner’s
environmental report and NRC’s Final Environmental
Statement. The FES takes into account information
from many sources, including the petitioner’s environ-
mental report and its supplements and the comments of
the various governmental agencies, private organizations,
and individuals.

The environmental statement prepared by the staff is
intended to provide a generic treatment of the product.
This treatment is appropriate for a rule making pro-
cedure involving a licensing exemption that permits
distribution of products by any person who satisfies the
conditions of the regulations. In this regard, in the
absence of information to the contrary, the staff will
view the petitioner's particular product as typical of all
products likely to be distributed for use under the
exemption. Accordingly, detailed and complete informa-
tion on the petitioner’s particular product and on the
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petitioner’s planned distribution system is important to
consideration of the petition.

The petitioner's environmental report is not expected
to address the impact of manufacturing the product.
Accordingly, the possible creation of manufacturing jobs
at the petitioner’s plant and the possible radiation
exposures to individuals who may perform those jobs
should not be treated in the petitioner’s environmental
report. In most instances the manufacturing impact will
be negligible. In those few instances where it is not, NRC
will assess the manufacturing impact when considering
issuance of the materials license that authorizes manu-
facture of the product.

B. STANDARD FORMAT AND CONTENT
OF AN ENVIRONMENTAL REPORT TO
SUPPORT A RULE MAKING PETITION
SEEKING AN EXEMPTION FOR A
RADIONUCLIDE-CONTAINING PRO-
DUCT

SUMMARY

The summary should support a conclusion that
adoption of the requested rule change would be consis-
tent with the national environmental goals. In preparing
the summary and much of the remainder of the report,
the petitioner should assume the requested rule change
to be in effect and assess the impacts accordingly. Since
the rule change would permit any person who satisfied
the specific licensing requirements to distribute products
for use under the exemption, the scope of the report
should go beyond the petitioner’s own particular pro-
duct. For most types of products the report should show
that the petitioner’s particular product and means of
distribution should be viewed as *“typical examples” of
models and distribution systems that can reasonably be
expected to develop if the requested rule change is
made.

The summary should include the following informa-
tion:

1. A concise description of the specific product,
including specific design features, intended use, and
methods of use, operation, distribution, and disposal or
recycle.

2. A brief comparison of alternative product designs
(both radioactive and nonradioactive); of alternative
methods of use, distribution, and disposal; and of
alternative actions as extracted from the material pre-
pared for Chapter 6 of this guide.

3. A brief listing of significant environmental impacts
associated with the product as extracted from the
benefit-cost analysis of Chapter 7 of this guide. The
listing should include both adverse and beneficial en-
vironmental and sociceconomic impacts that would
occur if the Commission takes the action proposed by
the petitioner.

6.7-2



20

Chapter 1

INTRODUCTION

1.1 The Petition for Rule Making

The petitioner should give the substance or text of
the proposed rule change in this section. He should
elaborate on the purpose to be served by the rule change
requested in the petition, provide pros and cons for the

hange, and indicate why he beli the change should
be made.

1.2 The Petitioner
1.2.1 Description

The petitioner should identify himself by name and
address and should describe his business and the types of

products he manufactures. He should also estimate the
number of persons (i.e., competitors) who can reason-
ably be expected to request regulatory approval to
distribute products similar to the petitioner’s if the rule
change is accomplished.

1.2.2 Relationship to {specific name of product)

A clear statement of the petitioner’s interest in the
distribution of such a product should be provided. Also
state whether the petitioner will manufacture, subcon-
tract the manufacture, purchase, or import the product
and whether the manufacturer or importer will distrib-
ute the product directly or through others.

6.73
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Chapter 2

DESCRIPTION AND USE OF
(SPECIFIC NAME OF PRODUCT) THAT CONTAINS
(NAMES OF RADIONUCLIDES)

This section should describe the product; how it
works; what it will be used for; how it will be used,
distributed, installed, serviced, and repaired; and the
method of its disposal. In the absence of information to
the contrary, NRC may consider this information to be
“typical” for all such products, whether distributed by
the petitioner or by his competitors.

2.1 Desscription
2.1.1 General Construction
The petitioner should describe how the product is
constructed, emphasizing particularly how the radio-
active materia! is incorporated. The following informa-
tion is needed:

1. Identity of all radioactive materials contained in
the product.

2. Description and drawing of the product, including
all designs. Indicate the maximum and average amount
of radiocactive material used and its chemical and
physical form. Show how the radioactive material is
incorporated into the product. Include drawings. The
composition, dimensions, density, thickness, and loca-
tion of any substrates, coatings, or sandwich material
should be specified. The measured radiation dose rates at
the surface and at specified distances from the product
should be indicated. Also specify the measured radiation
dose rates at the surface and at specified distances from
separable components such as pieces that could be
replaced or repaired or parts that could be disassembled.
Give the results of any tests (wipe, leak-rate, leach-rate,
combustion, vibration, abrasion, etc.) that show the
degree of integrity of the contai t and shielding of
the radioactive material in the product under expected
conditions of use. A description of the test procedures

*|and radiation measuring instruments should also be

provided.

2.1.2 The Radionuclides

The petitioner ghould describe in detail the radio-
active material used, including all radionuclides (parents,
daughters, and contaminants) present and their nuclear
properties and abundances. Give pertinent chemical,
biological, and physical data. The availability and cost of
the material should also be indicated.

2.2 Operations

The petitioner should discuss how the product
functions, giving particular emphasis to its unique

*Lines indi b h

from previous issue.

features and the function of the radioactive material.
Typical operating conditions and environments should
be described, for example, temperature and gas or air
flows. Describe typica! labels and instructions as they
relate to safety and operation of the product.

2.3 Uses

The use for which the product is designed should be
discussed, along with possible uses unintended by the
manufacturer but which the product may experience
after distribution. Emphasize how the radioactive mate-
rial facilitates such uses.

2.4 Mathods of Uss

The petitioner should describe how, where (geo-
graphic locations, facilities, homes, etc.), and by whom
the product will be used. The expected useful life of the
product under the various use conditions should be
specified. Include descriptions and numbers of persons,
other than actual users, who might be affected by use of
the product.

25 Distribution
2.5.1 Packaging

For each package design that will contain the
product, the petitioner should give the number and
arrangement of:

® Units per package;
& Packages per box;
@ Boxes per carton.

The petitioner should also discuss the geometry and
composition of construction materials for boxes, pack-
ages, and cartons. Describe labeling, markings, and
instructions—both outside and inside the container. The
radiation dose rates at specified distances from packages,
boxes, and cartons should also be indicated.

2.5.2 Distribution

The petitioner should characterize the sites (such as
warchouses, freight terminals, or large or small retail
stores) where the product will be temporarily located
during distribution. Estimate the number of units,
packages, boxes, cartons, or shipments that will pass
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through each site; how long they will remain there; how
they will be handled and stored at each site; and all
important environmental factors, e.g., temperature
ranges in freight terminals and probability and conse-
quences of accidents or fires. )

2.5.3 Transport

A list should be provided conceming the modes of
transport (longhaul or local-delivery truck, rail, mail,
etc.) that will be used to transfer the product from its
place of manufacture to the sites described above and,
ultimately, to the user. For each mode, give the size of a
shipment (number of cartons), number and frequency of
shipments, likely routes of shipments, and average
di and envirg The radiation dose rate at a
specified distance from the shipping vehicle should also
be provided for each mode.

2.6 Installation, Maintenance, and Repair

The petitioner should describe the intended methods
of performing installation, maintenance, and repair
activities relating to radiation safety features of the
product. Also indicate methods precluded by design and

methods that are possible and liksly to be performed,
but not specifically planned or recommended. Include
the freq y of the installation, maintenance, and
repair activities; the time required; and the general
operations to be performed. Emphasize any operations
during which persons will come into contact with the
radioactive material or during which the shielding of the
radioactive material might be significantly reduced or
the radijoactive material released.

2.7 Disposal

The petitioner should describe likely methods of
disposal of the product and predicted percentages for
each method. These methods may include disposal as
domestic, commercial, or industrial solid or liquid waste.
Identify any efforts made to encourage return of the
product to the manufacturer for controlled disposal as
radioactive waste.

Define any disposal procedures during which persons
will come into contact with the product and any
conditions under which the radioactive material may be
released from the product.
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Chapter 3

MARKET FOR (NAME OF PRODUCT) THAT CONTAINS
{NAMES OF RADIONUCLIDES)

The petitioner should demonstrate that the product is
needed, should describe the need, and should indicate
how the need is presently being filled. He should also
provide estimates of the demand for the product and
should indicate how the demand will be met.

3.1 Need

This section should describe the need for the general
and specific product.

3.1.1 For (general name of product)

Identify the need for the product to be provided by
the petitioner and for similar products. Describe how the
need is presently being met and how it would be met in
the future without the product.

3.1.2 For (name of specific product)

The petitioner should describe how the specific
product that he will provide will fill the need for
products of this type. Identify and discuss those aspects
of the product that will fill the need differently from
existing or planned products (new, better, worse, etc.) of
the same general type.

3.2 The (name) lndustry

The petitioner should characterize the likely manu-
facturers and distributors of the product (e.g., timepiece
manufacturers, medical device manufacturers, firearms
manufacturers). Discuss their normal manufacturing
b tr. ions, products factured, and inter-
and intraindustry practices (for example, purchase
components such as small sealed sources of radioactive

material and assemble the components to make the final
product).

3.3 Demand

This section should provide estimates of historical
demand for the product — both the general type and the
specific product. 1t should also project estimates of
demand for the short term (1 to 10 years) and the long
term (10, 20, 30, 40, and 50 years). Bases should be
provided for the estimates.

3.3.1 For (general name of preduct)

Past, present, and future short- and long-term de-
mands for the general type of product should be

discussed.

3.3.2 For (specific name of product)

The petitioner should estimate the demand (present
and future) for the specific product. Relate the demand
for the specific product to the demand for the general
type of product, as described in Section 3.3.1, and show
how the demands will interact.

3.4 Supply

This section should show how the demands given in
Section 3.3 have been, are being, and will be met.

3.4.1 Of (general name of product)
Identify and quantify past, present, and future

sources and means of satisfying the demands for the
general type of product.
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Chapter 4

ENVIRONMENTAL EFFECTS OF NORMAL DISTRIBUTION, USE,
AND DISPOSAL OF (NAME OF PRODUCT)

The distribution, use, and disposal of the product will
inevitably affect the environment. Effects are considered
adverse if the environmental change provides an added
stress that lessens @ desirable characteristic of an
important biotic population or natural resource (e.g.,
safety, health, abundance, and productivity); if the
change provides an added stress that tends to lower the
quality of renewable resources or to impair the recycling
of depletable resources; or if the change provides an
added stress that reduces the diversity and varicty of
individual choice, the standard of living, or the extent of
sharing life’s amenities. Effects are considered beneficial
if they enhance the characteristics just enumerated. Both
adverse and beneficial effects should be discussed in this
section.

The petitioner should use the information presented
in Chapters 2 and 3 to describe the environments and
populations that will be affected by the distribution,
use, and disposal of the product. Include the effects of
transportation and storage as they relate to wholesale
and retail marketing.

Any impacts arising from interactions of the product
with the environment and the populations should be
quantified and systematically presented. In the discus-
sion of each impact, the petitioner should make clear
whether the supporting evidence is based on theoretical,
laboratory, or field studies. The source of each impact
and the population or resource affected should be made
clear. Impacts on water, land, air, and biota should be
distinguished, and any changes that may be brought
about in the ecological system due to these impacts
should be defined.

Radiological, economic, technological, social, eco-
logical, aesthetic, and any other impacts should be
identified and quantified. These impacts should address
both a single product and multiple products. The
numbers used for multiple products should be consistent
with the demand estimated in Chapter 3.

4.1 Environments and Populations Affected

This section is intended to provide the scenarios from
which the impacts discussed in Sections 4.2 to 4.4 are
determined. For each stage in the life span of the
product (as described in Sections 2.3 to 2.7) describe the
following:

1. Geographic locations;

2. Site and environments;

3. Persons involved directly with the stage and their
actions;

4. Bystanders or persons not involved directly with,
but affected by, the stage and their actions.

The above should be discussed under the following
topics:

4.1.1 During Distribution
4.1.2 During Use
4.1.3 During Installation, Maintenance, and Repair
4.1.4 Due to Disposal
4.2 Radiological impacts

This section should contain detailed, quantified
estimates of the radiation doses (both extemal doses and
dose commitments) to individuals and to the population.
Include any radiological consideration affecting the use
of land, air, water, ot other resources. These estimates
are to be based on the scenarios given in Section 4.1.

The petitioner should consider the radiological effects
of distribution, use, and disposal of the product on man
and important biota. Provide estimates of the radio-
Jogical impact on man, both to individuals and to
population groups, via various exposure pathways. The
various pathways for extemal and intemal exposure
should be identified and described in textual and
flowchart format. .

4.2.1 OnMan

In each of the following sections estimate radiation
doses to all exposed persons.

4.2.1.1 During Distribution

4.2.1.2 During Use

4.2.1.3 During Installation, Maintenance, and Repair
4.2.1.4 Due to Disposal

4.2.2 On Terrestrial and Aquatic Ecology

In each of the following sections estimate radiation
doses to and contamination of terrestrial and aquatic
flora and fauna.




4.2.2.1 During Distribution

4.2.2.2 During Use

4.2.2.3 During Instaflation, Maintenance, and Repair

4.2.2.4 Due to Disposal
4.2.3 On Land, Air, and Water Use

In each of the following sections estimate con-
tamination of or restrictions placed on the use of land,
alr, water, and other resources.

4.2.3.1 During Distribution

4.2.3.2 During Use

4.2.3.3 During Installation, Maintenance, and Repair

4.2.3.4 Duc to Disposal

4.3 Nonradiological Impacts

This section should contain detailed estimates of any
nonradiological impacts on man, on terrestrial and
‘aquatic ecology, and on the use of land, air, water and
other rtesources for the stages in the life span and
disposal of the product. It should include evaluations of
any toxic substances and alterations of existing environ-
ments or resources.

The structure of this section should be the same as
that of Section 4.2.

4.4 0 on the C i

The petitioner should describe and estimate the
expected magnitude of impacts of the product, both
beneficial and adverse.

4.4.1 Economic

In each of the sections indicated below, discuss:

1. Employment—new jobs, transfer of jobs from one
location (or country) to another, job improvement,
effects of product on job market, etc.;

2. Secondary effects—such as crime reduction,
energy conservation, etc.;

3. Tax revenues—if applicable;

4. Service revenues—to transporters, users, repairers,
nonusers (general economic benefit or cost);

5. Use of resources;
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6. Improved service—costs that the product elimi-
nates by providing a better service and costs that the
product imposes.

The above should be discussed in the following
sections:

4.4.1.1 During Distribution
4.4.1.2 During Use
4.4.1.3 During Installation, Maintenance, and Repair

4.4.1.4 Due to Disposal
4.4.2 Social
In each of the sections listed below, discuss:

1. Community services—the need for more or fewer
services such as housing, schools, hospitals, police and
fire protection, recreation areas, and other institutions;

2. National goals and security—energy conservation,
new technologies, improved (or reduced) national! secur-
ity, balance of payments, more or less efficient use of
resources;

3. Concermn about introducing radionuclides into the
environment.

The above should be discussed in the folloiwng
sections:

4.4.2.1 During Distribution

4.4.2.2 During Use

4.4.2.3 During Installation, Maintenance, and Repair
4.4.2.4 Due to Disposal

4.5 Resources Committed

The petitioner should discuss any irreversible com-
mitments of resources involved in manufacturing the
product and in its distribution, use, repair, and disposal.
The discussion should include both direct commitments
and itreversible environmental losses and natural re-
source uses.

In this discussion, the petitioner should consider lost
resources from the viewpoint of both relative impacts
and long-term net effects. As an example of a relative
impact assessment, the commitment of a given resource
to the manufacture, distribution, use, and disposal of the
product should be given as the percentage of the total
available resource committed and should be discussed in
terms of the resources that would be committed to
provide an equivalent service by an alternative means.

6.7-8
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Chapter 5

ENVIRONMENTAL EFFECTS OF POSTULATED ACCIDENTS OR MISUSE

The petitioner should postulate, describe, and indi-
cate the probability of occurrence of all credible
accidents or misuses of the product. Describe the effects
of each, and assess the impacts associated therewith.
Each accident or misuse should be described and
assessed in the same manner as the normal events
discussed in Chapter 4. Accidents may involve fire,
explosion, submersion (flooding), mechanical failure,
abrasion, wind, shredding, etc.

6.1 Radiological Impacts of Accidents

In each of the following sections, accidents or misuses
in which exposure to or release of the radioactive
material is a significant factor should be described and
assessed. Exposure conditions and modes of release (to
air from rupture or fire, to water, to land) and the
quantity of radioactive material released should be
stated.

$.1.1 During Distribution

5.1.2 During Use

5.1.3 During Installation, Maintenance, and Repair

5.1.4 During Disposal

62 N FTCTIE of Accid

Each of the following sections should describe and
assess accidents or misuses in which exposure to or
release of the radioactive material is not a significant
factor, but in which significant personal injury or
property loss may occur. Special attention should be
given to potential chemical effects of such occurrences.

§.2.1 During Distribution
5.2.2 During Use

Maini,

n, , and Repair

5.2.3 During Installati

5.2.4 During Disposal
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Chapter 6

ALTERNATIVES

This section should identify and discuss feasible
alternatives related to (1) the design, distribution, use,
and disposal of the product and (2) the licensing
requirements for the product. Reasons for rejecting the
alternatives should be clearly stated,

6.1 Altarnatives Ralated to
{specific name of product)

Alternatives to the specific product and to its design,
distribution, use, and disposal should be described and
compared with those proposed in Chapter 2. The
discussion should show which alternative is best and the
bases for the decision (envir al, technical, eco-
nomic, etc.).

6.1.1 Alternative Radionuclides

The petitioner should discuss all feasible alternative
radionuclides and indicate why they are not being used.

6.1.2 Other Products or Designs

In this section the petitioner should discuss feasible
alternative designs of the specific product, the ad-
vantages and disadvantages of those designs, and the
reasons why they are not used. Discuss all alternative
products, both radioactive and nonradioactive, that
could be used in place of the proposed product and
compare them with the product. The petitioner should
consider both his own products and those manufactured
by other companies.

6.1.3 Other Means of Distribution, Use, and Disposal

Discuss feasible alternatives to the proposed methods
of packaging, labeling, transport, routing, storage, sales,
intended use, unintended use, retum for disposal,

disposal, installation, maintenance, and repair. Compare
these alternatives with the proposed methods.

6.2 Alternatives Related to Licensing Requirements
. tor (name of product)

The petitioner should indicate what the effects
(administrative, economic, psychological, etc.) of a
different licensing action would be if applied to the
product (i.e., the effects of an action other than an
exemption from licensing and regulatory requirements).

6.2.1 General License

This alternative to a license exemption normally

. would require issuance of a general license that would

(1) authorize the receipt, possession, use, export, owner-
ship, and acquisition of the radioactive material in the
product and (2) control the use, transfer, and disposal of
the radioactive material in the product. The petitioner
should discuss the administrative and other effects of
such a license. For example, detailed records of product
purchases and transfers would probably be required to
facilitate verification that the distributor and the pur-
chaser have complied with the use, transfer, and disposal
requirements of the general license.

6.2.2 Specific License

This alternative normally would require each pur-
chaser or user of the product to obtain a specific license.
An application would have to be filed and a specific
license issued to a named person (user) prior to the
receipt of the radioactive material contained in the
product. Possession, use, transfer, and disposal of the
radioactive material would be controlled under the terms
and conditions of the specific licenses. The petitioner
should provide a discussion of these and other implica-
tions of obtaining a specific license.

6.7-10
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Chapter 7

SUMMARY OF POTENTIAL BENEFITS AND POSSIBLE COSTS

In this section the petitioner should provide a
summary of the potential benefits and costs associated
with the distribution, use, and disposal of the product.
Significant benefits and costs identified in previous
sections should be listed, summarized briefly, and
quantified in the text.

A table (see example in Table 7.1) should summarize
and quantify the impacts. Emphasis should be placed on

environmental and societal benefits and costs, but
private (producerconsumer) benefits and costs should
be considered as well. Some benefits could become
costs, and vice versa, depending on the particular way in
which the impact is imposed. Such factors should be
identified and the probability that they will be costs or
will be benefits should be stated. If significant changes in
the numbers of products distributed annually are ex-
pected, multiple entries (e.g., short-term, long-term)
should be made for many of the impacts.

Table 7.1

SUMMARY OF POTENTIAL BENEFITS (AND COSTS) DUE TO THE INTRODUCTION
OF THE (SPECIFIC NAME OF PRODUCT)

Impact

Radiological

Potential radiation doses
to individuals under:

Normal conditions
Accident conditions

Potential radiation doses to
population

Iatroduction of radioactive
materials into the environment

Potential contamination of the
environment (disposal
sites, etc.)

Socioeconomic

Provision of new or better
product

Savings from new or better
product

Uses of resources
Employment

Stimulation of competition
within industry

6.7-11

Means of Describing Impact

millirems/year
millirems/year

person-rems/year
uCifyear

#Cifm3 or uCi/m2 and total
volumes or areas

Summarize implications of product
availability, e.g., improved safety

Money, energy, etc. per year,
Summarize; provide estimates of
relative efficlency of resource

use and magnitude of use.

Summarize and quantify jobs made
available, lost, or upgraded.

Summarize effect of proposed product.
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Table 7.1 (Continued)

Impact Means of Describing Impact

Socioeconomic (continued)

National security Summarize potential contributions
of product.

Balance of payments Summarize potential effects of
product; include import and
export estimates.

Effects on existing products Summarize effects on utilization of
existing products.

Technological

Introduction of new or Summarize implications.

improved product

Other Identify and discuss any other

important technological factors.

Ecological and other Summarize any important effects
or impacts on air, land,
water, and biota,
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ACCEPTANCE SAMPLING PROCEDURES FOR EXEMPTED AND
GENERALLY LICENSED ITEMS CONTAINING BYPRODUCT MATERIAL

A. INTRODUCTION

Part 32, “Specific Licenses to Manufacture, Dis-
tribute, or Import Exempted and Generally Licensed
Items Containing Byproduct Material,” of Title 10 of
the Code of Federal Regulations requires certain
minimum quality assurance practices for exempted and
generally licensed items containing byproduct material,
including the use of acceptanoe sampling. Section
32,110, “A t Procedures Under
Certain Specific Lioenses, speciﬁes acceptance sampling
procedures for use under certain specific licenses.

This guide describes certain information needed by
the Regulatory staff in its review of applications for
licenses and provides guidance concerning alternative

mmpling plans that are acceptable to the Regulatory
aff.

B. DISCUSSION

The purpose of the acceptance sampling procedures
specified in §32.110 is to limit the risk that inspection
lots of devices of excessively poor conf to
specifications will reach the public. Of the various
criteria for selecting plans for acceptance sampling by
attributes, lot tolerance percent defective (LTPD) is the
most appropriate for this purpose.

The following definitions® are relevant to this guide:

‘ASQC STANDARD A2-1962, “Deﬁnlﬂons |nd Symbols for

by A " A Society for
Qunmy Control. Copies may be obtalned from the American
Society for Quality Control, 161 W. Wisconsin Avenue,
Milwaukee, Wisconsin 53203. This document is the source for
standard definitions used in this guide.

1. Lot Tok Percent Defi is defined by the
American Society for Quality Control as “. . . expressed
in percent defective, the poorest quality in an individual
lot that should be accepted.”

2. Consumer's Risk (or f), the risk of accepting a lot
of quality equal to the LTPD, is defined by the
American Society for Quality Control as *‘Risk,
Consumer’s—{(f)—For a given sampling plan, the
probability of accepting a lot, when the sampling plan is
applied to a submitted lot or process of a given relatively
poor quality, whichever is applicable,”

3. Acceptance Number means the largest number of
defectives (or defects) in the sample or samples under
consideraticn that will permit the acceptance of the
inspection lot.

4, A t S means pling inspection
in which declsions are made to accept or re]ect product;
also, the science that deals with procedures by which
decisions to accept or reject are based on the results of
the inspection of samples.

Note I: The alternative to acceptance is termed
“rejection” for purpose of the definition, although in
practice the alternative may take some form other than
outright rejection.

Note 2: In lotby-lot sampling, acceptance and
rejection relate to individual lots. In continuous
sampling, acceptance and rejection relate to individual
units, or to blocks of cc tive units, depending on
the stated procedure.

5. Defect means an instance of a failure to meet a
requirement imposed on a unit with respect to a single
quality characteristic.
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6. A Defective means a defective unit; a unit of
product that contains one or more defects with respect
to the quality characteristic(s) under consideration.

7. Inspection means the process of measuring,
examining, testing, gaging, or otherwise comparing the
unit with the applicable requirements.

8. Operating Characteristic Curve for an Acceptance
Sampling Plan (OC Curve) means a curve that shows for
an acceptance sampling plan the relation between the
probability of acceptance and the submitted lot or
process quality, whichever is applicable. Expressed
another way: A curve that shows for an acceptance
sampling plan the percentage of lots that may be
expected to be d for alt possible submitted lot or
process qualities, whichever is applicable.

9. Sample means, in acceptance sampling, one or
more units of product (or a quantity of material) drawn
from a lot for purposes of inspection to reach a decision
regarding acceptance of the lot.

10. Sampling, Single means sampling inspection in
which the decision to accept or to reject a lot is based on
the inspection of a single sample.

11. Sampling, Double means sampling inspection in

which the inspection of the first sample leads to a
decision to accept a lot, to reject it, or to take a second
sample; the inspection of a second sample, when
required, leads to a decision to accept or to reject the
lot.
12. Sampling st R as ly used in
acceptance sampling theory, means the process of
selecting sample units in such a manner that all units
under consideration have the same probability of being
selected.

q

Note: Actually, equal probabilities are not necessary
for random sampling-what is necessary is that the

bability of selection e ascertainable. However, the
stated properties of published sampling tables are based
on the ption of d pling with equal

probabilities. An acceptable method of random selection
with equal probabilities is the use of a table of random
numbers in a standard manner.

The sampling tables of §32.110(b) were adapted
from the Dodge and Romig sampling inspection tables*
which are the most commonly used tables indexed
directly for LTPD (among other criteria). The
consumer’s risk, $, for the Dodge and Romig tables is set
at 0.10, and also is set at 0.10 for the sampling plans
given in §32.110(b). The tables of §32.110(b) are based

*H. F. Dodge and H. G. Romig, “Sampling Inspection Tables,”
2nd ed., John Wiley & Sons, Inc., New York, 1959,
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on the simp attribute pling procedure that will
give the required protection against acceptance of a lot
of poor quality, in terms of LTPD, with a consumer's
risk of 0.10.

There is no intention of optimizing efficiency of total
inspection effort. To do this would require taking into
account the process average quality level. A licensee may
improve efficiency by selecting from the full set of
Dodge and Romig sampling inspection tables a plan for
the designated LTPD and for his process average. Double
sampling available in the Dodge and Romig tables is
more efficient than single sampling and gives essentially
the same protection.

Typical operating characteristic curves for the
sampling tables of §32.110(b) are given in Figures 1
through 8, identified by sample size n and acceptance
number ¢. Each curve was computed for the largest lot
siza of the interval to which the sample applies, using the
hypergeometric distribution. For any given LTPD,
operating characteristic curves for sample sizes other
than those plotted, computed on the same basis, would
generally fall between the two typical curves shown.

Values of LTPD for which tables are given should be
chosen when designating the LTPD for characteristics
for which sampling risks are allowable.

It should be remembered that LTPD represents the
poorest quality which should rarely be accepted. The
manufacturing goal should be a process whose actual
process average quality level is substantially better than
the LTPD.

C. REGULATORY POSITION
The acceptance sampling procedures set out in

§32.110 represent the minimum procedures to
adequately ensure fi to requi

Although the tables of §32.110(b) are based on
attributes, variables measurements converted to
attributes information would be a generally acceptable
method for complying with the procedures.

It is not the intent, however, to preclude a licensee
from taking advantage of the more efficient methods
which may be applicable to his processes, provided they
afford at least equivalent quality assurance. Under
§8§32.15(b), 32.55(c), and 32.62(d), an application for
a license or for amendment of a license may include a
description of procedures proposed as alternatives to the
procedures prescribed in § §32.15(a)(2), 32.55(b), and
32.62(c). A variables sampling plan, or properly
documented process control data, for example, might be
applicable and more efficient. The licensee would be
expected to show that the operating characteristic curve
or confidence interval estimate for his procedure meets
the required LTPD at the consumer’s risk of 0.10.
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1. A J. Duncan, *Quality Control and Industrial
Statistics,” 3rd ed., Irwin, Homewood, Nllinois, 1965.
Duncan’s book presents theory and principles for
analyzing and comparing various standard plans for
effectiveness, efficiency, and economy. In addition,
he includes material useful for designing sampling
plans for optimum operation for special conditions.
Duncan also covers in a similar fashion related
subjects in the field of quality control, such as
control charts, tests of hypotheses, and analysis of
variance.

2. E. L. Grant, “Statistical Quality Control,” 3rd ed.,
McGraw-Hill Book Company, New York, 1964.
Chapters on Probability Theory and Acceptance
Samplmg treat principles and theory of the most

sed sampling plans including

Dodge-Rmnlg tables and MIL-STD-105D (the current

revision of military sampling by attributes).

3. J. M. Juran and F. M. Gryna, “Quality Planning and
Analysis,” McGraw-Hill Boock Company, New York,
1970. Chapter 17 entitled “Acceptance Sampling” is
a concise treatment of the practical application of
sampling plans. This chapter explains the concept of
sampling in relatively nontechnical terms, discusses
briefly the economics of sampling, sampling risks, and
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sampling criteria. There is given a very abbreviated
section (17-5) on theory, with reference to another
source, and examples of analyses of some common
sampling plans. A comparison is made of Attributes
and Variable plans. Concise descriptions of the
following commonly used plans are given: Dodge-
Romig sampling inspection tables, MIL-STD-105D,
and MIL-STD-414 (military sampling by variables).
The use of other information such as control chart
evidence that the process is in a state of control is
also briefly summarized.

. J. M. Juran (ed.), “Quality Control Handbook,” 2nd

ed., McGraw-Hill Bock Company, New York, 1962,
Acceptance sampling plans specifically are covered in
section 13 from pages 1369 to 13-118. Material
covered is about the same as the references above, but
in the form and style of a manual or handbook.
Section B entitled “Acceptance of Quality™ covers
such general subjects as inspection planning, interpre-
ution of specifications, classification of quality

istics, providing inst , judging con-
formance, physical control of product. rejection of
vendor-supplied product, fraud and collusion,
flinching, and inadvertent shipment of defectives.
This section covers practical problems and ramifica-
tions of operating the product acceptance function.
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U. 8. ATOMIC ENERGY COMMISSION
(Reprint from Federal Register) 30 F.R. 3462, March 186, 1965

RTOMIC ENERGY COMMISSION

USE OF BYPRODUCT MATERIAL AND
SOURCE MATERIAL

Products Intendad for Use by General
Public IConsumer Products)

Criterta  jor the approval of products
intended for use by the general pubdlic
containing byproduct material and soxrce
material, This notice sets forth the sssential
terms of the Commission’s policy with re-
spect 10 approval of ths use of byproduct
material and source n in-

questionable and Appronl of sucn & product
may result in

matertal. such as In eammcm household
iterns, the degree of usefulness and benefit
that accrues to the public may be a decid-
ing factor. In particulsr, the Commilssion
considers that the use of rad ma-

(&) The external radiation levels from the
product.
(B) The proximity of the product to hu-
man tissus during use.
(¢) The area of tissue exposed. A dose
to the skin of the whole body would be
dered more than & similar

terial In toys. noveltles, and adornments may
be of marginal benefit.
4. Applications for approval of “off-the-
shell” jtems that are subject to mishandling
by will app! only
it they are found to combine an unusual
degree of utllity and salfety.
8. The Commission has approved certain

tended for use by the general public (con-
sumer products) without the imposition of
recuumry on the user,
d by the

eue-by«:m basts, of the possession md un
of the approved Items from the licensing re-
qQuirements for byproduct and source ma-
terial of the Atomic Energy Act of 1954. as
amended, and of the Commission’s regula-
tlons “Licensing of Byproduct Material™, 10
CPR Part 30 and “Licensing of Source Ma-
terial”, 10 CFR Part 40.

1. At the present time it appears unlikely
that the total contribution to the exposure
of the lunen! publlc to radiation from the
use of n
will ln:eed small trutlom of limits recom-~
from all
sources. lon as to total of

long uses of source material, most
of which antedats the atomic energy pro-
gram. These include:

(1) Use of uranium to color glass and
glazes for ¢ertain decorative purposes;

{2) Thorium In various alloys and prod-
ucts (gas mantles, tungsten wire, welding
rods, optical lenses, ete.) to impart desirabdle
physical properties; and

(3) Uranium and thorium In photographic
flm and prints.

8. The Commission has also approved the
use of tritium as & substitute luminous ma-
tertal for the long standing use of radium
for this purpose on watch and clock dials
and hands,

T. The Commission has approved addi-
tional uses of byproduct and source material
in consumer products. These include the

radiosctive materials being used tn such
products and the number of ltams being
distributed will be obtained through record-
keeping and reporting requirements applica-
ble to the manufacture and distribution of

(1) Trittum In automobdile ek (umi-
nators;
(2) Tritlum in balances of precision:
3 in eon-
tainers: and

(4} Uranium in fire detection units.

such producm If radioactive materials are
used

in

rmh!ns the public 30 as to raise lny ques-
tion of . sig-
nificant fraction of uu permissible dose
to the gonads, the Commission will, at that
time, reconsider its policy on the use of
radioactive mluruh in consumer products.

3. App 1 of & prod~
uct will depend upon both sassociated ex-
posures of persons to radiation and the

considered to be scceptable If it 13 shown
that in handling, use and d!xpoul of the
ic 1s that s in
the population will receive more than a small
fraction, less than a few hundredths, of
individual dose iimits recommended by such
groups as the Internationsl Commission on
1 Pr (ICRP), the N 1
Council on Radiation Protection and Meas-
urements (NCRP), and the Federal Radia-
t.lon Council (FRC), and that the probabllity
doses ng any of the
Qemnad Uimits is negligibly “amall. Other-
wise, & decision will be more difficult snd
will require & careful weighing of all factors,
including benefits that will accrue or be
denled to the public as & result of the Com-
mission's sctior., Factors that may be perti-
nent are listed In paragraphs & and 10,
below.

3. It Is comsidered that as a general rule
products proposed for distribution will be
useful to some degree. Nomuny the Commis-
sion will not

8. In ing uses of byproduct and
lourm materials In consumer products, the
limits on

materials
md. 1f appropriate, on radiation emitted. In
some cases other limitations. such as quslity
control and testing. considered important to
health and safety are also specified.

PrivciralL CoNSImIRATIONS WITE RESPICT TO
EvaLUaTION or Propucrs
9. In evaluating proposals for the use of
n

the principal considerations are:
@) 'l‘be potential externa! and Inwmnl
1s in the
radiation lrnm the handling. use and d.la-
posal of individual products;

{d) The potential total lecumuhuve radi-
ation dose o
who may be exposed to ndlluon from a
number of products;

(c) The long-term potential external and
internal exposure of the general population
from the uncontrolled disposal and dispersal
into the environment of radioactive mate-
rials from products authorized by the Com-
mission; and

td) The benefit that will accrue to or be
denied the public becauss of the utility of
the product by approval or disapproval of &
specific product.

10. The general criterta lor approval of
individual products are set forth in para-
graph 3, above. Detailed svaluation of po-

tential would take into considera-

of the degree of beneﬂt or usefulness of a
product to the public. Rawever, In cases
whers tangible benefits to the public are

uon the following factors together with other
considerations which may appear pertinent
in the particular case:

dose to a small portion of the skin of the

body.

(d) Radiotoxicity of ths radionuclides.
‘The less toxic materials with & high permis-
sible body burden, high concentration lUmit
in sir and water, would be considered mors
favorably than materials with & high radio-
toxicity.

(¢) The gquantity of radioactive material
per individual product. The smaller the quan-
tity the more favorably would the product
be considered.

() Form of material. Materials with &
Jow solubility in body fluids will be con-
sidered more favorably than those with &
high solubdility.

(g) Contalnment of the material. Products
which contain the material under very sev~
ere environmental conditions will be con-
sidered more favorably than those that will
not contaln the material under such cond-
tiona.

(1) Degree of access to product during
normal handling and use. Products which
are inaccesstble to children and other per-
sons during use will be considered more
favorably than those that are accessible.

{8ec. 181, 68 8Stat. 943; 42 US.C, 2201, Ad~
ministrative Procedure Act, sec. 3, 60 Stat.
238; 5 U.8.C. 2002)

Dated st Washington, D.C, this 8th day
of March 1965.

Por the Atomic Energy Commission.

W. B. McCooL,
Secretary.

[(PR. Doc. 83-2618; Fled, Mar. 15, 1963;
845 am)
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THE ROLE OF THE BUREAU OF RADIOLOGICAL HEALTH IN
CONTROLLING RADIOACTIVITY IN CONSUMER PRODUCTS

R.H. Neill
Bureau of Radiological Health
Food and Drug Administration
Rockville, MD 20857

Under authority provided by the Public Health Service Act, the Bureau of
Radiological Health may cooperate with State and local authorities on matters
relating to the preservation and improvement of the public health. In 1966, the
Secretary of Health, Education, and Welfare established the National Center for
Radiological Health (now the Bureau of Radiological Health) for the explicit purpose
of developing and carrying out a national program for the prevention and control of
radiological hazards to the public. With the passage of the Radiation Contro! for
Health and Safety Act of 1968, these responsibilities were expanded to also include
the safe uses of non-ionizing radiation in consumer products. Under the most recent
reorganization, this authority has been delegated to the Director, Bureau of
Radiological Health, through the Commissioner of Food and Drugs. Within the
Bureau, the Division of Radioactive Materials and Nuclear Medicine is responsible for
the development of a comprehensive radioactive materials control program, including
user protection at the State and Federal levels.

The objective of radiological health programing is to prevent or minimize
exposure as a presumptive index for somatic injuries and to minimize the
deterioration of the genetic constitution of the population. To achieve this objective,
there must be consistent, uniform, and all-inclusive control of radioactive materials.

Radium, a naturally occurring radioactive element used since the turn of the
century, has had the longest history of use of any radioactive material. Also, because
it has a long half-life (>1600 years) and because it is a bone seeker like calcium,
radium is more hazardous than most man-made radionuclides. Much of what is
known of the biological effects of ionizing radiation in man is based on the crippling
andlethal effects of radium ingested more than 40 years ago by watch dial painters.
Many of these timepieces are still in use.

Materials that are made radioactive through the use of particle accelerators have
come into increased use in medicine and industry in recent years. Approximately 875
particle accelerators are estimated to exist in the U.S., of which some 70Q have been
registered by the States.

In 1966, the U.S. Atomic Energy Commission (AEC) submitted a report on the
extent of the uses of radionuclides in consumer products of various types. According
to this report, the AEC authorized some 26 different radionuclides for use in more
than a dozen separate products of various types. A patent was issued in 1967 for an
air ionization device containing more than 10 uCi of Ra-226 or the curie equivalent
of tritium for use as an “‘anti-fatigue”” mechanism. It was reputed that, as a result of
the ionization of the air, a higher performance from the work force in the exposed
area would result. More mundane are such products as automobile lock illuminators,
instrument dials, compasses, and aircraft exit signs, all of which contain either
radium, promethium-147, krypton, or various byproduct radionuclides as the
luminizing activator. The list could go on to include gauging and well-logging devices,
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ion generating tubes, vacuum tubes, etc. As is well known, oxides and salts of
uranium and thorium are used extensively as coloring agents in glass and glazes of
various types. Also, thorium is used as an agent to improve the refractory properties
of photographic lenses. All too familiar is the use of uranium as a coloring agent in
ceramics and ornamental glass. In addition, the fluorescent properties of uranium are
used to imitate the fluorescence of natural teeth.

The need for some international guidelines regarding the uses of radioactive
materials in consumer products was reflected in 1966 by the World Health
Organization in announcing a world survey of such consumer products available to
the general public and in use without the national authorities exercising regulatory
controls over these products. IAEA (1967) and NEA (1970) publications include
guidelines on an international scale for controls of radiation exposure to the public
from radioactive consumer products.

Since the authority of the Nuclear Regulatory Commission to license and control
source and byproduct materials does not include naturally occurring and
accelerator-produced radioactive materials (NARM), the Bureaus program has
concentrated in this area. Recently, in cooperation with other Federal and State
radiation control agencies, the Bureau has drafted some guidelines for NARM that
will be useful to the States in implementing their programs.

That the public is still concerned about potential radiation hazards from consumer
products is reflected in “Fire Detectors and Safety,” an article in the January 4,
1977 issue of the Washington Post. The Health Research Group, an organization of
Raplh Nader, denounced ionization smoke detectors as being “mindless and
dangerous.” The group advocated the recall and disposal of some four million
devices. Conversely, the Consumers Union, basing its position test data, advocated
that such devices imposed little radiation hazard and, if recalled, could lead to tragic
consequences resulting from the lack of such fire alarms.

REFERENCES
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EPA’S ROLE AND APPROACH IN CONTROLLING RISKS
FROM NATURALLY OCCURRING RADIOACTIVITY IN
CONSUMER PRODUCTS

W.DD. Rowe
Office of Radiation Programs
U S. Environmental Protection Agency
Washington, D.C. 20460

In the past, many papers addressing selected exposure situations have been
published, but none has focused totally on the radiological aspects of consumer
products.

Consumer products containing radioactive materials are not new. Radionuclides
from the uranium and thorium series were present on the earth long before man’s
arrival. As a result, perhaps the first consumer products containing radioactivity were
arrowheads, ceramic pots, and mineral waters used by our remote ancestors. Today,
our daily activities and the environment in which we live are permeated with
consumer products that emit radiation or contain radioactive materials. These
include such plentiful, mundane products as concrete blocks, bricks, fertilizers,
televisions, and luminous materials as well as such less prolific products as lightning
rods, static eliminators, or smoke detectors.

Like our unaware primitive ancestors, very few members of the general public
using these products are aware that they contain radioactive materials or produce
radiation during operation. This places a special burden on manufacturers as well as
government control agencies to ensure that adequate measures are taken to inform
and protect the unsuspecting public.

In controlling risks from such consumer products, the Environmental Protection
Agency (EPA) primarily addresses products that contain naturally occurring
radionuclides. Such products principally contain radionuclides from the natural
uranium and thorium decay series.

The Agency’s authority for its program is derived from transferred functions of
the Atomic Energy Act and the Public Health Service Act, as well as from the Clean
Air Act, the National Environmental Policy Act, and the Safe Drinking Water Act.
Our program focuses on:

(1) Development and promulgation of Federal radiation protection guidance,

(2) Investigations into the environmental levels and public health impact of these
consumer products,

(3) Detailed review of environmental impact statements involving consumer
products, and

(4) Technical assistance to the States in the conduct of their radiation control
programs.

The EPA’s definition of consumer product is quite broad, encompassing devices,
commodities, materials, or other goods that are sold or otherwise directly or
indirectly made available to the public. The purpose of this is to address items
purchased or used by the general public in their normal activities, although they
might not acquire these items from the corner store, e.g., materials like fertilizer,
concrete, and wallboard and even the acquisition of property for home construction.
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The EPA’s basic goal with respect to consumer products containing naturally
occurring radionuclides is to minimize any potential health impact by controlling
population exposure to such sources. This goal is met by conducting a balanced
program of investigative studies leading to the development and promulgation of
criteria and guidelines to minimize risk in a cost effective manner,

In conducting this program, EPA begins with the assumption that any radiation
exposure has a possible adverse health effect. Clearly, while some public exposure to
radiation from consumer products is inevitable, no avoidable risk due to radiation
exposure should occur to individuals, the population at large, or the environment
without the existence of adequate offsetting benefits.

Consumer products containing naturally occurring radionuclides may have an
environmental or public health impact during their useful life, after they have been
disposed of as waste, or during both periods. For this reason, manufacturers and
government radiation control agencies must ensure that such products are useful,
that the alternatives to employing radicactive materials in the products have been
considered, and that the design and engineered protective qualities of the product
ensure no adverse impact on public health during their use. In addition, such
products should not result in any significant long-term environmental dose
commitment after they are thrown away. Since it is virtually impossible to ensure
that special use or disposal procedures are employed by consumers for products
containing radioactive materials, their design should preclude the need for such
measures as much as possible. However, with increasing proliferation of consumer
products containing radioactive materials, we are likewise increasing the potential
long-term contamination of the environment. Consequently, to the extent feasible,
product design and engineering should use radionuclides that would not persist in the
environment for long time periods or present special health hazards to man or
animals. Further, the form and packaging should be such as to minimize migration of
the radionuclide under all conditions.

At present, the Agency is directing its resources in the consumer products area
toward the assessment of products resulting from the operations of the phosphate
and the construction materials industries. These studies are being used to determine
the need for radiation protection criteria and guidance in these areas as well as to
provide the technical basis for such guidance as might be necessary.

It is estimated that the average person in the United States spends about 90% of
his time indoors. Over 78% of this time is spent in the home (Oakley, 1972). Studies
of the radioactivity concentration in various building materials in several countries
throughout the world have shown that construction products made from certain
clays, slags, pumice, sands, and gypsums contain radium-226 concentrations up to 30
pCi/g along with similar concentrations of other members of the uranium series
(Harvard, 1976). Such construction products can lead to structures that contribute
to their occupants considerable gamma exposure as well as exposure to radon
daughters. While external gamma exposures in structures due to the construction
products probably do not double the normal control gamma exposure, the indoor
radon levels could be several orders of magnitude higher than normal background.
Average background radon daughter levels in the United States range from about
0.0002 to 0.006 WL, whereas in situations where high concentrations of uranium and
radium-226 are present in or around the structures, levels on the order of 0.1-0.5 WL
might be observed, as shown by the Agency’s studies of the uranium mill tailings
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problem in the Western United States. As a consequence, radon-222 sources in
construction products may potentially cause particularly elevated radon daughter
levels in structures made with the products. Since epidemiological studieson uranium
miners have demonstrated an increased lung cancer risk among miners exposed to
increased radon daughter levels, the Agency is very concerned about this problem.

Situations where large areas of land contain high concentrations of radium-
226 can also pose radon daughter health hazards to residents, as observed by
the Agency on reclaimed phosphate mine lands in Florida. Such land could
become a problem to an unknowing home owner if he purchased the land and
constructed a house to find out to his surprise that the indoor radon daughter
levels were excessive.

The Agency’s study of the radiological aspects of consumer products from
the phosphate industry overlaps our construction material’s efforts because many of
the phosphate industry’s products such as by product gypsum (phosphogypsum) or
slag could be or are used as construction materials. Calcium silicate slag from the
production of elemental phosphorus has been widely used in and around Alabama as
an aggregate for concrete block. The slag has also been used in Idaho under some
structures and is still widely used there for road paving and several other applications,
including the production of insulation. Phosphogypsum was used to make plaster
and wallboard materials in the United States during the 1940’s. However, at present
no wallboard using phosphogypsum as a material is manufactured in the United
States although several European countries and Japan do manufacture such
wallboard.

On the other hand, fertilizer, the primary product of the phosphate industry, is
extremely beneficial for maximizing food yields throughout the world. As a
consequence, it is clearly a product of considerable social benefit. Nonetheless, the
questions remain, is the radiological impact of this product significant and can it be
cost effectively reduced? These are the issues we are presently evaluating.

The Office of Radiation Programs is investigating several other consumer product
areas. The EPA has prepared two reports on the radiological impact of radon-222
from unvented home appliances that use natural gas and liquified petroleum gas.
These studies indicate that this source may contribute to some increased general
population exposure. The critical consumer groups involved would be those
households near the gas wells where only a short period of time would be allowed for
the decay of the radon and its daughters. The Agency’s ORP is also investigating the
impact of high radon-222 concentrations in potable water. Calculations and limited
field studies suggest that concentrations in excess of 500 pCifliter could contribute
to a significant increase in airborne radon daughter levels in structures because of the
release of the radon to the air during household or commercial activities. Considering
that several areas of the United States have reported radon-222 concentrations up to
several hundred thousand picocuries per liter, we believe that this source may
contribute significantly to overall population exposure.

Some of these consumer product sources are of greater significance in certain
States, e.g., fertilizer use in the Midwest. However, increased emphasis on
conservation and efficiency by using byproducts from various mineral extraction
industries accompanied by general increases in the mining of our natural resources
leads the Agency to believe it has a firm responsibility to ensure that such uses are in
accordance with sound radiation protection practice. In this regard, EPA has a
positive commitment to aggressively assess the impact of such products and take
radiation control action when necessary.
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In conducting its program, the Agency recognizes the strong role of the individual
States in controlling exposure from many of these sources. EPA plans to continue to
work closely with the States, to continue its support of the Conference of Radiation
Control Program Directors, and to cooperate with other Federal agencies with
responsibilities in the area of consumer products such as the Bureau of Radiological
Health, the Nuclear Regulatory Commission, and the Consumer Product Safety
Commission. Together, and with open participation from the public, we can ensure
that all consumer products will not present unknown or unnecessary radiation risks.
However, to fully meet this objective, it may be necessary that Congress enact
appropriate legislation to eliminate present gaps in Federal authority.
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NRC'S REGULATORY PROGRAM ON CONSUMER PRODUCTS CONTAINING
BYPRODUCT, SOURCE, AND SPECIAL NUCLEAR MATERIAL

Robert F, Barker and Anthony N. Tse
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

The Nuclear Regulatory Commission has launched a program of aggressive
solicitation of public input into the rule making process. The NRC as a new
independent regulatory agency is taking a fresh and thorough look at its regulatory
program for consumer products. NRC does not consider itself to be “boxed in” by
anything AEC had done before. Based on present conditions and activities, NRC may
decide to take a totally different approach, follow the past practices, or merely make
some changes in its program for regulating consumer products.

CONSUMER PRODUCTS UNDER NRC'S REGULATORY CONTROL

NRC has authority to exempt consumer products containing source materials,
byproduct materials, and special nuclear materials from regulatory control under
certain conditions.

Source materials are materials essential to the production of special nuclear
materials. This category covers uranium (including depleted uranium produced as
tailings from the enrichment process) and thorium, both of which are naturally
occurring and radioactive. Other radioactive materials that occur in nature along with
uranium and thorium, such as radium and polonium, are not included under the
Atomic Energy Act—presumably because they are not considered to be import-
ant to the common defense and security.

Special nuclear materials are materials capable of releasing substantial quantities
of atomic energy. This category includes plutonium, uranium enriched in the isotope-
235, uranium-233, and any material artificially enriched by any of these materials.

Byproduct materials are radioactive materials (except special nuclear material)
yielded in or made radioactive by exposure to the radiation incident to the process of
producing or utilizing special nuclear materials. Although byproduct materials do
include activation products from nuclear reactors and plutonium-beryllium neutron
sources, they do not include activation products from other neutron sources such as
californium-252 or accelerators.

At present, the possession and use of about 15 types or classes of consumer
products containing byproduct materials and about an equal number of types
containing source materials are exempt from NRC regulatory control. Although NRC
received authority in August 1974 to exempt products containing special nuclear
materials, there have been no petitions for such an exemption.

Table 1 gives distribution data for the most widely distributed consumer products
containing byproduct materials. The first two columns indicate the number of units
and quantity of radioactive material distributed in a one-year period between July
1975 and June 1976. The next two columns show the total amount transferred to
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TABLE 1

TRANSFER OF CERTAIN CONSUMER PRODUCTS
CONTAINING BYFPRODUCT MATERIALS

(As Reported by NRC Licensees)

Products July 1975 to June 1976 Thru June 1976
Total No. of Total
No. of Units Activity (Ci) Units Activity (Ci)

Timepieces (H-3) 6x106 6,400 13x108  1.4x10°
(Pm-147) 2 x 108 100 1.4x 107 620

Smoke detectors (Am-241) 3 x 106 22 5x10° 71

Electron tubes (Kr-85) 1x 108 43 6x108 110

date. For smoke detectors, about three-quarters of the total units were distributed
last year, indicating the rapid growth of the market.

Similar distribution data for products containing source material are given in
Table 2. Since reporting of the units and quantities transferred is not required for
products containing unimportant quantities of source material, it is very difficult to
obtain such data. The data presented in Table 2 were estimated based on information
supplied by several manufacturers.

TYPES OF LICENSING ACTIONS

There are three types of licensing actions: exemptions, general licenses, and
specific licenses.

Exemptions

The exemptions from the regulations and licensing requirements are set forth in
detail in Parts 30 and 40 of the Commission’s regulations. Of particular interest are
the exemptions for small quantities of certain radioisotopes when incorporated in
specified products. The manufacture and distribution of such products are generally
subject to specific licensing requirements, but the possession, use, and transfer may
be exempted. An example of a product that is exempted is a watch whose hands and
dials are made luminous by application of the radioisotope tritium or promethium-
147. The manufacture of these luminous watch dials, however, must be specifically
licensed.

Exemptions are based mainly on a determination by the Commission that the
exempted classes. or quantities of radioactive material or the kinds of uses or users
will not constitute an unreasonable risk to the common defense and security or to
the public health and safety. Any person may apply to the Commission for an
exemption, or the Commission may make an exemption on its own initiative.
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TABLE 2

ESTIMATED PRODUCTION OF CERTAIN CONSUMER PRODUCTS
CONTAINING SOURCE MATERIALS IN 1974

Products No. of Units Total Wt. (kg)
Incandescent mantles (Nat. Th) 2x 107 5,000
Piezoelectric ceramic (Dep. U) 1x 107 Not available
Photographic films, prints,

and negatives (U or Th) ~0 ~ 0O
Fire detectors (U) ~ 0 A0
General Licenses

General licenses are effective without the necessity for applications or the issuance
of licensing documents to particular persons. A general license permits the possession
and use of specified kinds and quantities of radioisotopes, subject in some cases to
certain regulatory requirements. In some instances, registration with NRC is required
to use radioisotopes under a g.iieral license. Radioisotopes that may be used under
general licenses are for the most part incorporated in products, devices, or equipment

i manufactured under specific licenses issued by the Commission or by an Agreement
State.

Specific Licenses

Persons wishing to possess and use radioisotopes in a manner, form, or quantity
not exempted from licensing and not covered by a general license may apply for and
obtain a specific license from the commission or an Agreement State. The applicant
for such a license may be an individual, firm, corporation, association, public or
private institution, or agency. Depending on the interests and capabilities of the
licensee, the activities authorized in the license can be very limited or can cover
broad areas.

PETITIONER’'S PROCEDURE FOR REQUESTING AN EXEMPTION

The Commission’s general rules for filing a petition for rule making are set out in
10 CFR Part 2, “Rules of Practice.”

The petition should be addressed to the Secretary of the Commission, U.S.
Nuclear Regulatory Commission, Washington, D.C. 20555, Attention: Chief,
Docketing and Service Branch. To ensure that there is no question about the letter
léeing considered a petition for rule making, the petitioner should reference 10 CFR

2.802.

The petition should state the substance or text of the proposed new regulation or
amendment and should state the basis for the request.

In the case of a petition seeking an exemption for a product containing a
radionuclide, the petitioner must file 50 copies of an environmental report. The NRC
staff has issued Regulatory Guide 6.7 to provide assistance to petitioners in their
development of these environmental reports.
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Among the subjects covered in the environmental reports are environmental
effects of normal distribution, use, and disposal of the product; environmental
effects of postulated accidents or misuse; alternatives; and potential benefits and
possible costs. The last category, if documented with quantified benefits and costs or
risks from safety and marketing studies, will be particularly helpful to the NRC staff
in preparing an environmental impact statement. Description or narrative text, as well
as tables, charts, graphs, and schematic drawings, should be used.

NRC'S PROCEDURES TO ESTABLISH AN EXEMPTION

In response to a petition, the NRC staff can initiate a rule making action to
consider the possibility of establishing in the regulations an exemption from any or
all of the licensing and regulatory requirements. The first action taken by the staff in
response to a petition is to publish in the Federal Register a notice of receipt of the
petition, together with a description of the request and an invitation for comments.
The staff then performs a preliminary evaluation of the safety, environmental, legal,
and administrative aspects of the petition in order to determine the appropriate
process for handling it. If it appears that, for safety or legal reasons, the petition
cannot by granted or if the petition is already answered in another way by the
regulations, the process would tend toward denial. If a positive response is feasible,
the next decision is how should the response be developed—via an exemption, a
general license, or some other provision to be added to the regulations.

If the staff seces a need for an exemption, it can also initiate a rule making action
on its own initiative.

Although all of this process is carried out within the NRC staff, only the
Commission (that is, the five presidentially appointed Commissioners) can decide to
deny a petition or to amend the regulations.

The staff makes a thorough, independent analysis of three primary factors for
consideration by the Commission in making a determination about a petition. These
factors are (a) administrative considerations, (b) radiation safety aspects, and (c)
environmental impact. In some cases, a public meeting to discuss the pros and cons
of approval may be considered desirable because of the nature of the issues involved.
Preparation of the basis for denial or for the rule change can take a considerable
amount of time and effort.

The analyses are submitted to the Commission for consideration and action.
Under the new Sunshine Act, that action must be taken in a meeting that is open to
the public and has been announced publicly (in the Federal Register) at least 28 days
in advance. Subsequently, if approved by the Commission, the action is submitted to
the Federal Register for publication—usually within two weeks.

In the case of an amendment of the rules to provide an exemption, for example,
the ‘initial action by the Commission is to issue a proposed rule, allowing 30 to 90
days for public comment. If an environmental impact statement has been prepared as
part of the decision making process, the draft is distributed to interested Federal and
State agencies and is made available to the public by placing a notice of its
availability in the Federal register, Review and comments are encouraged.
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The next step is to give careful and full consideration to the comments on the rule
and on the draft environmental statement (if involved). Revisions to both the rule
and the environmental impact statement are made as appropriate on the basis of
those comments and any other information the staff may have.

If any of the comments or changes are significant, the revised rule must be
resubmitted to the Commission. If approved, the rule is published in the Federal
Register, usually to be effective in 30 days, and the Final Environmental Impact
Statement is made available to government agencies and the public and its availability
noted in the Federal Register.

The petition-for-rule-making process has about 9 months of built-in waiting time.
If complicated legal or safety issues arise, it may take much longer.

It should be emphasized that the company or companies that petition for the rule
change must provide the necessary data and information on safety and environmental
impacts for the rule change. Once the rules are amended, these companies in a
separate action must apply for a specific license to manufacture and distribute their
product. Other manufacturers of the same type of product need only apply for a
license to manufacture and distribute their products.

PROCEDURES TO OBTAIN A SPECIFIC LICENSE

The procedure just described is appropriate to obtain authorization for the
possession, use, and transfer of a consumer product. Following is a review of the
procedure involved in applying for and obtaining a specific license that is required to
manufacture a consumer product.

The NRC safety evaluation of an application for a specific license is made on the
basis of training and experience and the instrumentation, equipment, facilities, and
procedures the applicant proposes to use for radiation protection and waste disposal.
If employees are to handle radioisotopes, they must also have adequate training and
experience, and this must be shown in the application.

The application must also include detailed information on the quantity, type, and
chemical or physical form of radioisotopes to be used and the purpose for which
radioisotopes will be used.

If an application is approved, the Commission will issue a license. Licensees must
confine their possession and use of radioisotopes to the locations and purposes
authorized in the license. Authorization of locations and purposes, however, may be
quite broad, depending on the needs of the licensee.

The license carries with it, unless otherwise provided, the right to receive, acquire,
own, and import radioisoptopes and to transfer them to other NRC or State licensees
authorized to receive them.

Since there is such a wide range in the kinds of radionuclides, their uses, and the
quantities involved, individual license applications occasionally present unusual
considerations that require specialized licenses covering circumstances not contem-
plated in the regulations. In such cases, the Commission may include in a particular
license specific requirements covering those matters not expressly defined in the
regulations. If, after a license is issued, it is found that some aspect of the licensee’s
activity has not been appropriately covered by the regulations or by the conditions in
the license, the Commission may issue an order imposing additional requirements on
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the licensee. On the other hand, a licensece may request emendment of his license to
change or eliminate a condition when he feels that his operations warrant such
consideration.

For example, requirements for labeling the product may be spelled out in the
license. Some of the purposes that may be served by labeling and instructions that
accompany devices are:

— Identification of the product and conditions of use,

— Alerting the buyer of certain properties or characteristics of the product so
that the informed buyer can exercise choice in the purchase, and

— Warning of potential hazards associated with the product.

With respect to alerting the buyer, the AEC did not require 2 label on luminous
dial watches because it was thought that most people, from past experience with
radium luminous dials or simply because the dial was luminous, would recognize that
some radioactivity was present.

In the case of smoke detectors, the label was required to be attached to that part
of the assembly in which the radioactive material is present. Although a label is
sometimes hidden when the detector is assembled and the buyer may not see it
before he buys it, the label is required to be prominently displayed at a point that
anyone disassembling a detector would see before the radioactivity would be
accessible to him, thus fulfilling the waming purpose.

The small risk presented by some low-risk products can be reduced even further
by recommended procedures (which are not requirements) such as return to
manufacturer for disposal. Such is the case with smoke detectors.

OTHER REGULATORY PROGRAMS

In addition to the rule making and licensing procedures, NRC has several
supplementary programs in the area of consumer products.

We have issued two regulatory guides in this area. One (6.6) describes the
statistical sampling procedures for exempt and generally licensed items con-
taining byproduct material, and the other (6.7) describes the information needed
in environmental reports in support of petitions for rule making.

The NRC has prepared two draft and one final environmental impact statements
on consumer products. In the case of spark gap irradiators containing cobalt-60 the
NRC staff has had problems in documenting the benefits from the use of the
irradiators in oil-burning furnaces to prevent spark delay. It is generally accepted that
use of the irradiators saves money by preventing safety shutdowns, furnace puffs
(smoke), and even explosions. But the preparation of a final environmental statement
has been delayed because of lack of documentation to permit balancing of benefits
against dollar costs and radiological risks.

In the case of personnel neutron dosimeters containing thorium, we issued a final
environmental statement that used the same primary text as the draft statement. This
is because we responded to the few comments on the draft in a special section on
staff responses and did not have to revise any text of the draft statement.

We have established broad exemptions for classes of products containing small
quantities of radioactive material, such as self-luminous products and gas and aerosol
detectors; only licensing actions, instead of rule making actions, are required to
approve a specific model of a product within those classes. This reduces the amount
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of time and effort required to process the approval of the product without
compromising safety.

We are continually evaluating individual and population doses from the
distribution, transfer, use, and disposal of consumer products. O'Donnell (1977)
described the QOak Ridge National Laboratory (ORNL) computer program for
estimating doses received by various segments of the population associated with
consumer products, such as transport workers, sales personnel, and users.

Under contract with NRC, ORNL is also conducting a limited program under
which consumer products, available on the market, can be tested and examined
for safety. Several products have been tested in the past few years, including
tests of static eliminators containing polonium—210.

The NRC is working with several foreign governments and international
organizations in establishing international import and export control of consumer
products containing nuclear materials.

In 1970 the European Nuclear Energy Agency (ENEA) published a *“Basic
Approach for Safety Analysis and Control of Products Containing Radionuclides
and Available to the General Public.” This document suggests that approval of
the distribution of a product should be contingent on a demonstration that the
radioactive product performs a function that can be fulfilled only by a radio-
active method or that the radioactive method has clear advantages over any
other practical method. Use of the specific radionuclide selected for the product
should be justified. The ENEA report also recommends that the radiation dose to
the average individual and the population from all exempt products should not
exceed a small fraction of the ICRP limits; a dose apportionment based on
risk—benefit considerations is offered to achieve that goal. In October of 1976,
the US. became a full participating member in that international standards
organization, now called the Nuclear Energy Agency.

AGREEMENT STATE PROGRAMS

Those who are located in any of the States that exercise regulatory authority by
agreement with the Commission must apply to the particular State regulatory agency
instead of the NRC for a license to possess and use radioisotopes. Such States are
called “Agreement States.” State licensing and regulation of nuclear material under
agreement with NRC was authorized by Congress in 1959.

Under such agreements, the State exercises its own authority, which, in most
States, covers all radioactive materials except those over which control is specifically
retained by NRC, such as Federal activities, export and import activities, “critical”
quantities of special nuclear material, sea disposal, production and utilization
facilities, and transfer of exempt items.

The Agreement States already are responsible for issuing over 50 percent of all
current licenses for the use of radioisotopes. The States also have jurisdiction over
the use of other sources of radiation-radium, X-rays, and accelerator-produced
radioisotopes—which' are not covered by the Atomic Energy Act. Agreement State
authorities carry out an onsite inspection program to determing whether licensees are
complying with the State’s regulations and the requirements of their licenses.
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CONCLUSION

The current NRC regulatory program for consumer products is designed to
protect public health and safety and the environment. It includes establishing
regulations, standards, and guides; conducting rule making and licensing activities;
and sponsoring safety research such as product safety testing and development of
techniques for estimating individual and population exposures. We are seeking new
ways to improve the regulatory program. For example, we are reevaluating the
criteria published in 1965 for approval of consumer products in light of current
technology and expect to update and revise these criteria. We encourage expression
of concern by the public and we are looking for views and suggestions from the
public, especially from people knowledgeable in the area of consumer products. As a
result of better communication, we hope to improve the regulatory system and
better serve the public.
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ACTIVITIES AND ACCOMPLISHMENTS OF THE BUREAU OF
RADIOLOGICAL HEALTH IN CONTROLLING RADIO-
ACTIVITY IN CONSUMER PRODUCTS

Peter Paras and Allan C. Tapert

Division of Radioactive Materials
and Nuclear Medicine
Bureau of Radiological Health
Rockville, MD 20857

The Food and Drug Administration’s Bureau of Radiological Health was organized
as a distinct unit within the Public Health Service in July 1958 and has continued as
such through a number of administrative reorganizations. Although the name of the
Bureau has changed from time to time, the interest in control of radioactivity in
consumer products has been continuous. This interest can be traced back to early
forerunners, such as the Public Health Service physician who in 1923 investigated the
effects on persons measuring radium preparations at the U.S, Bureau of Standards
and the Public Health Service industrial hygienists who in 1929 studied radium
deposition in workers at luminous dial plants. By 1945, the Public Health Service
Division of Industrial Hygiene was involved in a project concerned with the disposal
of surplus radioluminous instrument dials.

EARLY CONCERNS

Following its formation in 1958, the Division of Radiological Heaith (DRH)
developed an assistance program providing personnel, equipment, and training for.
State radiation control programs. Early efforts were directed toward the registration
of radium users, survey of facilities, source accountability, leak testing, and
transportation incidents. On September 34, 1964, the Division of Radiological
Health of the Public Health Service sponsored a conference on the management of
radium and radium substances for medical uses. The conference report was published
by the Public Health Service (1965) and the conclusion that naturally occurring and
accelerator-produced radionuclides should be managed in a manner similar to that for
reactor-produced radionuclides is noteworthy.

A procedure, known as the jar method, was developed for leak testing sealed
radium sources in Georgia hospitals (Benson, 1967). In this procedure, the source is
placed in a closed jar for a 24-hour period after which measurement of the alpha
activity deposited on the inside jar cover can be quantitatively related to the rate of
radon leakage from the source. The jar method permits rapid source handling and
does not sacrifice reproducibility or sensitivity.

Several reports were published on the distribution and disposal of radium,
including “Radium in Military Surplus Commodities” (Halperin, 1966). Using
appropriate radiation detection instruments, physical surveys of military surplus
property in California retail stores identified many items containing radioactive
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materials. Luminous dials, aircraft instrument panel components, electronics
equipment, gauge dials, and meters were some of the products encountered, and
radium was the radioactive material of most public health concern. The report
recommended that these kinds of radioactive items should be removed by the
military from the surplus property system and should not be released for public use.

STATE ASSISTANCE

The DRH, in an effort to assist the States, initiated a project in 1965 to collect
and dispose of contaminated, leaking, or unwanted radium sources. Over a 2.year
period, 624 sources totaling 42.5 g of radium in the form of sealed sources, luminous
compound Kits, and powders or tablets were disposed of.

Renamed the National Center for Radiological Health (NCRH) in 1967, this unit
of the U.S. Public Health Service, in cooperation with the Pennsylvania Department
of Health, directed the first full-scale decontamination of a private residence. The
basement of the residence, used by a physics professor for processing radium
between 1924 and 1944, had become grossly contaminated with radium and radon
daughters. Approximately 30 mg of radium were removed from the house during the
cleanup operations. Alpha measurements taken throughout the basement and the
first floor indicated contamination levels in excess of 1 nCif/100 cm?2, with some
readings higher than 2 uCif/100 cm2.

In 1968, the NCRH collected, with State cooperation, 396 radium incident
reports dating from the early 1900’ through 1967. After analyzing the reports, the
NCRH found that most reported incidents concerned the loss of radium sources from
medical facilities. The analysis indicated that the losses occurred primarily during
patient treatment or during removal of the sources from the patient. In those
instances where the radium was found, 54 percent of the medical radium recoveries
were from the trash system. Lost sources were not recoverable in 31 percent of all
radium losses and thefts. A further finding indicated that sudden, overt source
rupture was related to careless source handling and was the cause of 66 percent of all
the reviewed radium contamination cases.

Analysis of radium losses during transport indicated that improper packaging for
shipment of radium sources might have been due to the general lack of training in
radiation protection for radium users as compared to byproduct material users
(Schmidt, 1968). Apparently the primary cause for losing radium during shipment
was the shipper’s unfamiliarity with regulatory packaging procedures and container
structural requirements for the transportation of radium sources. That positive
closure devices be integral with the shield and that gastight, fireproof containers be
used were recommended as procedures to minimize radium losses and contamination
events during shipment.

Also in 1968, at the request of NCRH, 1,700 radium-dial pocket watches were
removed from State and Federal surplus channels for evaluation and disposal.
Measurements of the radium content, performed on 17 watches, gave values ranging
from 0.60 to 1.39 uCi per watch (Klein, 1970). Estimates indicated that a pocket
watch with a 1uCi radium dial would expose the male gonads to an annual dose of 60
millirads and would deliver 65 rads to the skin directly under the face of the watch
under the same wearing conditions.
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The extent of the use of radium in consumer products was detailed in another
NCRH report (Robinson, 1968). Data were presented on items ranging from
laboratory balances and electron tubes to various gauges and luminous products.

BUREAU OF RADIOLOGICAL HEALTH

In 1968 Congress amended the Public Health Service Act through enactment of
the Radiation Control for Health and Safety Act. Shortly afterward, the National
Center was retitled the Bureau of Radiological Health (BRH) and a major protion of
its resources was directed under the Act toward developing a radiation control
program for electronic products. Nevertheless, the Bureau continued to investigate
and report on radioactivity in consumer items.

A limited survey of radiation source use at the secondary school level was
performed in 1969 to assess the type, quantity, and use of potential or actual
radiation-emitting sources in the science classroom. Recommendations for radiation
protection in the classroom were directed to Federal and State radiation control
programs, school authorities, and manufacutrers and distributors of scientific
supplies that produce radiation (DHEW, 1969).

The Bureau reported on the early development, the present clinical use, and the
disposal of gold radon seeds as a followup to three incidents of radiation exposure to
individuals wearing contaminated radioactive jewelry (Boggs, 1969). No clear
evidence was gathered to prove that radon seeds were sold to jewelry manufacturers.
An ad hoc committee formed by the Bureau concluded that, based on available
evidence, radioactive contamination in gold from spent radon seeds did not appear to
be a widespread public health hazard. The committee also proposed several
recommendations to prevent potential biological injuries from the misuse of the
contaminated gold.

The Atomic Energy Commission, the Department of Health, Education, and
Welfare, and the Department of Transportation in 1969 conducted a joint study of
radioactive material transport at 23 terminals in the eastern part of the United States
(Schmidt, 1972). Radiation levels from radioactive material packages were measured,
the radiation exposure to transportation workers was evaluated, and the carriers’ and
shippers’ information regarding transport regulations was checked. The radiation
exposure by transportation workers under most conditions was within permissible
limits.

Another Bureau report described the general principles of operation for gas
chromatography devices and the kinds of radionuclides incorporated in the various
units (Pettigrew, 1970). Radiation hazards during operation, cleaning, and handling
were noted, and precautions for their minimization were suggested.

RECENT BRH ACTIVITIES

Alpha-emitting isotopes such as lead-210, americium-241, and radium-226 were
compared in a 1974 report (Tapert, 1974). These radioisotopes are used for static
elimination, aerosol detection, and luminosity activation in consumer and industrial
products. An appropriate alpha source should possess a physical halflife com-
mensurate with the design lifetime of the product to minimize replacement or
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disposal problems. Therefore, it is important that efforts be made to research the
applicability of radionuclides whose half-lives and emission properties indicate their
suitabijlity. Lead-210 and actinium-227 appear to deserve more attention in these
respects.

The BRH has also analyzed radioactive consumer product risk/benefit aspects
(Paras, 1975). Consideration was given to the health and safety aspects of the
radioactive materials that consumer products incorporate. The physical and
biological half-lives, emissions, availability, and ease of fabrication of the radioactive
material into a source were listed as aspects that needed to be appraised as well as the
design, construction, use, labeling, disposal, and radiation dose to the consumer.

Occupational and public health concerns with radioluminous materials were
investigated at the Georgia Institute of Technology under a contract with the Bureau
(Moghissi, 1975). The safety, efficacy, and relative merits of commonly used
radioluminous materials were studied. The risks/benefits of radium-226, pro-
methium-147, and hydrogen-3 (tritium) were analyzed. These materials have been
used most extensively in the dial-painting industry for illuminating timepieces and
_other instrument dials. In general, the occupational exposure from radium was found
“to be higher than that from tritium, whereas the occupational exposure from
promethium-147 could not be measured with any significant accuracy and remained
essentially an unknown. Data for the occupational and population exposure from
radioluminous timepieces were presented. -

The radiological health aspects of using uranium in dental porcelain were recently
studied (Thompson, 1976). Particle emission rates for uranium and potassium-40,
which is also present in teeth, were obtained. The annual doses to the individuals
who wear porcelain prostheses were calculated as were the doses to persons
occupationally exposed to the teeth and powders. Recommendations regarding the
substitution of nonradioactive agents and interim guidelines on maximum permissible
concentration for uranium in dental porcelain were given. '

NATURALLY OCCURRING AND ACCELERATOR-PRODUCED
RADIOACTIVE MATERIAL CONCERNS

Initially, the Bureau’s radioactive material programs were focused on radium
because the Atomic Energy Commission (AEC) effectively controlled most other
available sources. When accelerator-produced radioactive sources began appearing on
the market, potential problems were noted with some of these materials. Regulation
of these naturally occurring and accelerator-produced radioactive materials (NARM)
had been left to the discretion of the individual States with no comprehensive
program at the Federal level. The Radiation Control Act of 1968 specifically directed
the Department of Health, Education, and Welfare to prepare an analysis of the
control of radioactive material not controlled by the AEC. This assessment,
undertaken by the Bureau, led to a legislative proposal for a Radioactive Materials
Control Act that addressed all sources not covered by the Atomic Energy Act. The
proposal was forwarded to the Office of the Assistant Secretary for legislation, but
no further action was taken.

The States began to express increasing concern over the lack of uniform control
" through their Conference of Radiation Control Program Directors. Since none of the
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principal Federal agencies working in radiological health had the authority to
regulate NARM, the Bureau of Radiological Health chose to act under Section 311 of
the Public Health Service Act (42 US.C. 243) and provide assistance to the States in
developing the elements of a uniform State program. These elements are discussed
below.

Radioactive Materials Reference Manual (RMRM)

The RMRM is a catalog of NARM products and uses for administrative
applications by State radiation control directors. The RMRM was first developed
about 1970 in cooperation with the States’ radiological health personnel for
disseminating information on sources and devices whose radiation hazards and
characteristics are not documented in the literature.

The main purpose of the RMRM is to transmit radiological product evaluations to
State and local radiation control agencies. These evaluations in turn are used by the
radiation control program directors in making regulatory decisions on products
containing NARM. There are three kinds of RMRM transmittals:

"a. “Evaluations” indicate acceptability for licensing or exemption by licensing
States or BRH/State cooperative evaluation of a NARM source or device;

b. “Product indentifications” declare the existence of a NARM product or use
problem;

c. “Advisory notices” request that regulatory action be applied to the control or
surveillance of a specific NARM product.

All State and Federal radiological health agencies may contribute information for
distribution via the RMRM. Approximately 250 transmittals, which evaluate,
identify, or advise on NARM products or services available in the United States, have
been issued. At least 18 separate States have contributed evaluations to the RMRM
on such radioactive consumer products as electron tubes, jewelry, tape dispensers,
smoke detectors, and star maps. '

NARM Guides

The second element of the State uniform control program was initiated when the
Conference of Radiation Control Program Directors in 1975 established a task force
with resource personnel from the Bureau of Radiological Health, the Envoronmental
Protection Agency, and the Nuclear Regulatory Commission to draft guidelines for
evaluating NARM products and devices. This task force recently submitted to the
Executive Directors of the Conference for approval the draft guidelines for the
appraisal of some 12 different categories of products. These NARM guides give
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specific criteria for evaluation that are consistent with those used by the Nuclear
Regulatory Commission for similar products. They include consideration of source
activity, labeling and instructions, manufacturer’s quality control procedures, and
prototype testing for such diverse items as gas and aerosol detectors, gauges, static
elimination devices, medical sources, and in vitro test kits. The guides have been
integrated into the earlier format of the RMRM procedures for identification,
evaluation, and recommendations.

The effect of the State uniform control program will be twofold. It will protect
the consumer by requiring that products containing NARM sources be manufactured,
assembled, and distributed in compliance with current radiological safety criteria and
be periodically reviewed in this regard. The program will also provide manufacturers
with a single set of criteria for their products so that approval of an item by any
participating State will preclude the necessity as having that item evaluated again
before distribution in another State. In addition, there will be no difference in the
requirements for NARM and NRCicensed products.

Suggested State Regulations for the Control of Radiation

Implementation of the State uniform control program will also be pursued
through amplification of the Suggested State Regulations for the Control of
Radiation. These are model regulations for State program administration produced
and revised in a continuing cooperative effort between the States and the concerned
Federal agencies, i.e., the Environmental Protection Agency, the Nuclear Regulatory
Commission, and the Bureau of Radiological Health. The Suggested State Regu-
lations are adopted in whole or in part by the States in drafting their regulations for
licensing radioactive materials and registering other sources of ionizing radiation, e.g.,
x-ray machines and accelerators. Recently proposed revisions defining State licensing
activities for NARM products place them on an equivalent basis with NRC-icensed
products.

In addition, the Executive Board of the Conference of Radiation Control Program
Directors has asked for the developemnt of a mechanism for the formal review and
sanction of State NARM licensing programs. FDA’S Bureau of Radiological Health
and the Executive Director of Regional Operations have offered to assist with
personnel for the review team.

SUMMARY

The Bureau of Radiological Health has provided leadership in the area of
radioactive consumer products as evidenced by its activities in transport, decon-
tamination, source disposal, risk/benefit analysis, and comprehensive reports on two
subjects with large public health implications, i.e., radioluminous materials and
uranium in dental porcelain. When appropriate, Bureau activities have been
coordinated with the Nuclear Regulatory Commission, the Consumer Products
Safety Commission, the Environmental Protection Agency, the National Bureau of
Standards, and the American National Standards Institute.
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REGULATIONS OF THE CONSUMER PRODUCT SAFETY COMMISSION

Alan M. Ehrlich
Consumer Product Safety Commission
Washington, D.C. 20207

The Consumer Product Safety Commission (CPSC) was established in 1973 by the
Consumer Product Safety Act (CPSA). It is an independent regulatory agency, with
jurisdiction over a wide variety of consumer products. The only product classes not
covered by the Commission under the CPSA are those product classes specifically
exempted such as tobacco, motor vehicles and equipment, economic poisons
(insecticides), articles subject to specific taxes (e.g., alcohol), aircraft (including
components and appliances), boats, drugs, medical devices, cosmetics, or foods. The
Commission also may not regulate under CPSA any risk of injury associated with
consumer products if such risks could be eliminated or reduced to a sufficient extent
by actions taken under the Occupational Safety and Health Act (OSHA), the Atomic
Energy Act, the Clean Air Act, or the Public Health Service Act (CPSC, 1973) for
electronic product radiations as defined therein. The Commission was given
jurisdiction over four earlier acts still in effect. These are the Federal Hazardous
Substances Act (FHSA), the Flammable Fabrics Act (FFA), the Poison Prevention
Packaging Act (PPPAO, and the Refrigerator Safety Act (RSA)(CPSC,1973).

The Commission consists of five Commissioners who serve for staggered 7-year
terms. No more than three Commissioners may be from any one political party. The
Commissioners are appointed by the President, subject to confirmation by the
Senate. The Chairman is designated by the President and when so designated serves
until the end of his term as Commissioner. He may not be removed by the President
except for neglect of duty or malfeasance in office. The Vice-Chairman is elected to
that position by his fellow Commissioners in May of each year.

In the following paragraphs each of the Acts is discussed briefly, in the order of
their enactment.

The Flammable Fabrics Act (FFA) was passed in 1953 and amended in 1954 and
1967 (CPSC, 1973). It was intended to regulate the flammability of fabrics both in
apparel and in interior furnishings. At the time of its enactment, the FFA’S
jurisdiction over flammable fabrics was shared by three agencies: (1) The Department
of Health, Education, and Welfare was charged with undertaking investigations to
determine the risks of injury, (2) the Department of Commerce developed and issued
regulations, and (3) the Federal Trade Commission enforced them. All three activities
are now under the jurisdiction of the CPSC. Examples of regulations issued under the
FFA include regulations for children’s sleepwear, carpets and rugs, and mattresses
(16 CFR N, 1977). A draft regulation for upholstered furniture is now under
development. Regulations for general wearing apparel, which are enforced by the
Commission, were enacted into law by Congress in 1953 (16 CFR 11, 1977).

The Refrigerator Safety Act (RSA) was passed in 1956, (CPSC, 1973). It was
enacted in order to reduce the risk of injury to children trapped inside old
refrigerators. It mandates that all refrigerators be easily opened from the inside,
either by a moderate push or by easy turning of a knob. Most refrigerators today use
a magnetic latch to meet the requirements of the RSA.
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The Federal Hazardous Substances Act (FHSA) was enacted in 1960 and amended
in 1966 and 1969 (CPSC,1973). It began as a labeling law only; in fact, its original
name was the Federal Hazardous Substances Labeling Act (CPSC,1973). The original
law provided for establishing definitions for toxic, highly toxic, corrosive, irritant,
strong sensitizer, flammable, combustible, extremely flammable, and radioactive
substances. Materjals that met the definitions or test protocols developed and were
capable of causing substantial personal injury or illness were required to bear certain
prescribed cautionary labeling. The Act also provided for special labeling when
labeling according to the general provisions of the Act was not considered adequate
for the protection of the public health and safety.

In a subsequent amendment, two provisions that permit the banning of certain
household substances were added (CPSC, 1973). First, if the Commission determines
that, notwithstanding such cautionary labeling as may be required for a particular
substance, the degree or nature of the hazard involved is such that the objective of
the protection of the public health and safety can be adequately served only by
keeping such substance out of the channels of interstate commerce, the substance
can be termed by regulation a banned hazardous substance and can be prohibited
from distribution in interstate commerce. Second, if the Commission finds that a
substance presents an imminent hazard to the public health, it may prevent its
distribution in interstate commerce until formal rulemaking proceedings have been
completed.

Other amendments to the FHSA brought toys and other children’s articles under
the jurisdiction of the Act by extending to these article the labeling and banning
authority of the Act (CPSC, 1973).

A unique feature of the FHSA, is the repurchase feature, which provides that
banned hazardous substances or articles are subject to repurchase throughout the
chain of distribution. This means that retailers must post notices to permit
consumers to return such goods. Each earlier party in the distribution chain is
required to repurchase the product form the next lower level of distribution unless
the product, with the consent of the owner, is modified or replaced.

As with the Consumer Product Safety Act, the Federal Hazardous Substances Act
does not include source materials, special nuclear materials, or byproduct materials as
defined in the Atomic Energy Act, (CPSC, 1973). It does, however, give the authority
to the Commission to regulate other radioactive materials as they appear in various
household substances or toys or children’s articles.

Many substances are labeled to indicate the specific hazards defined in the FHSA.
Examples of special labeling include recommendations against swallowing ethylene
glycol and petroleum distillates, the hazards of carbon monoxide if charcoal is used
indoors, and instructions for the use of certain fireworks (16 CFR I, 1977). Banning
regulations have included household substances containing carbon tetrachloride,
certain fireworks, vinyl chloride, lead-containing paint, toys, and other children’s
articles (16 CFR 1I, 1977). Examples of toys banned by regulations include rattles,
dolls, stuffed animals, noisemaking toys with small squeakers; caps above certain
noise levels; and electrical toys (16 CPR 1II, 1977). Examples of other children’s
articles banned by regulation include cribs and bicycles that do not meet specific
requirements set out in the regulations (16 CFR II, 1977).
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The Poison Prevention Packaging Act (PPPA) was passed in 1970 (CPSC, 1973).
The intent of the PPPA was to provide for special packaging to protect children from
serious personal injury or serious illness resulting from handling, using, or ingesting
household substances. The 'PPPA provides that the Commission may establish
standards for the special packaging of any household substance if it finds that the
degree or nature of the hazard to children in the availability of such substance, by
reason of its packaging, is such that special packaging is required to protect children
from serious personal injury or serious illness. Household substances covered by the
PPPA include hazardous substances as that term is defined in the Federal Hazardous
Substances Act (CPSC, 1973); foods, drugs, or cosmetics, as those terms are defined
in the Federal Food, Drug, and Cosmetic Act (CPSC, 1973); and substances intended
for use as fuel when stored in portable containers and used in the heating, cooking,
or refrigeration system of a house. The PPPA provides that any product for which
special packaging is mandated can be sold in one package form that does not comply
with the special packaging requirements as long as at least one other form is provided
in special packaging. The noncomplying package must be clearly labeled that it
should not be used in houscholds in which children are present.

Regulations issued under the PPPA established the test protocols to be used (16
CFR II, 1977). Two hundred children under S years of age are given a package to
open. If 85 percent of this panel of two hundred children under 5 years of age are
unable to open a package without demonstration, if 80 percent of them are unable to
open the package with demonstration, and if 90 percent of a panel of 100 adults are
able to open the package, the package may be used as a special package.

Examples of regulations issued under the PPA include packaging for oral
prescription drugs, aspirin, and drain cleaners (16 CFR 1I, 1977). It should be noted
that, for precription drugs, if either the doctor or patient requests the pharmacist
to use ordinary packaging, such requests may be honored.

The Consumer Product Safety Act (CPSA), which established the Commission,
was enacted in 1972 (CPSC, 1973) and amended in 1976 (U.S. Statutes, 1976). Its
goal is to protect consumers against unreasonable risks of injury. Unique features of
the CPSA include its procedure for development of consumer product safety
standards, its petition procedures, and its so called “tattle tale” provision.

When the Commission decides to initiate a regulatory development proceeding for
a particular product, it first makes a preliminary finding that an unreasonable risk of
injury exists and that a consumer product safety standard is necessary to reduce or
eliminate the unreasonable risk of injury. The expression “unreasonable risk of
injury” is not specifically defined, but the legislative history indicates that the
determination of unreasonable hazard will involve the Commission in balancing the
probability that risk will result in harm as well as the gravity of such harm against the
effect on the product’s utility, cost, and availability to the consumer. When the
Commission decides to begin a standard development proceeding, it publishes a
notice containing preliminary findings, an evaluation of existing standards, and an
invitation to any organization or person to submit an existing standard as a consumer
product safety standard or to offer to develop a standard. If the Commission chooses
to have an offer or develop the standard, that offeror must conduct the standard
development as a public procedure and must provide a plan to ensure direct,
adequate consumer participation in the development of the standard. The offeror has
150 days from acceptance of the offeror to develop such standard, unless the
development period is extended by the Commission for good cause. After the offeror
has completed his work, the Commission reviews the recommended standard, revises



62

if necessary, and proposes the standard as a consumer product safety standard. After
the standard has been proposed, a period for written comment is provided. The
Commission must also provide for oral presentation of data, views, and arguments if
requested. On the basis of these comments, oral presentations, and the rest of the
record that has been developed, the Commission must make specific findings about
the risk of injury and the potential effect of the standard on the product’s cost,
utility, and availability to consumers. A ban can also be issued by the same procedure
of comment, oral presentations, analysis of comments, and making of specific
findings, but only if the Commission is able to determine that no standard is feasible.
Commission findings must be supported by substantial evidence on the record as a
whole rather than by the traditional administrative procedure guideline that rules not
be arbitrary and capricious.

The CPSA, like the Federal Hazardous Substances Act, also provides the
Commission with the authority to declare a product an imminent hazard (CPSC,
1973). However, under the CPSA, that declaration can only be issued when the
Commission brings suit before a court for such a ruling. If the court grants the
Commission its request, the product is classified as imminently hazardous and may be
seized and/or subject to public notice and recall. In the case of an imminent hazard
ban, the Commission is required to begin rule development promptly.

The CPSA provides that any interested person may petition the Commission to
begin a proceeding for the issuance, amendment, or revocation of a consumer
product safety rule. The petition must set forth facts which, it is claimed, establish
that the action is necessary and a brief description of the rule or amendment which,
it is claimed, should be issued. If the Commission grants the petition, it must
promptly begin the appropriate proceeding. If the Commission denies the petition, it
must publish its reasons for denial in the Federal Register. If the petition is denied or
the Commission fails to make a decision within 120 days of filing, the petitioner may
begin a civil action in a United States district court to compel the Commission to
initiate a proceeding to take the action requested. The burden of proof, however, is
on the petitioner. Three of the six standards development proceedings begun to date
under the CPSA were initiated by petition, although the great majority of petitions
have been denijed.

Another unique feature of the CPSA is the substantial hazard, or so called “tattle-
tale” provision. It provides that, if a manufacturer, distributor, or retailer of a
consumer product obtains information reasonably supporting the conclusion that
such product fails to comply with an applicable consumer product safety rule or
contains a defect that could create a substantial product hazard, that party shall
immediately inform the Commission of such failure to comply or of such defect. If
the Commission determines through administrative procedures that such a product
does present a substantial product hazard, it can require the manufacturer,
distributor, or retailer to give notice of the defect or failure to comply or to mail
notice to each person who is a manufacturer, distributor, retailer, or consumer of the
product. It also provides for the manufacturer, distributor, or retailer to bring such
product into conformity by repair, replacement, or refund of the purchase price. In
practice, very few of these notification procedures have gone through the full
administrative procedure; generally, correction plans are handled voluntarily by
negotiations between the staff and the manufacturer with the final approval of the
Commission.
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As with the Federal Hazardous Substances Act, the Commission is excluded in the
Consumer Product Safety Act from regulating any risk of injury that could be
reduced or eliminated under actions taken under the Atomic Energy Act (CPSC,
1973). This has the effect of excluding the Commission from regulating source
materials, special nuclear materials, or byproduct materials.

As of this writing, three consumer product safety standards have been issued
under the CPSA, i.e., one for swimming pool slides, one for architectural glazing
materials, and one for matchbooks (16 CFR II, 1977; Federal Register, 1977a). A
standard for power lawn mowers has been proposed, commented on, and is being
revised prior to issuance (Federal Register, 1977b). Regulations for television
receivers, aluminum wiring, and Christmas tree lights are in various stages of
development. Under the substantial hazard section of the CPSA, about 500
notifications by manufacturers have been made to the Commission. Many of these
were considered by the Commission not be be substantial hazards, and most of the
others were disposed of voluntarily to the Commission’s satisfaction. Specific actions
of interest include Commission moves against gas detectors advertised as smoke and
fire detectors and against smoke -and fire detectors which themselves could catch fire
because of improper circuitry. In the first situation, the Commission is currently
developing additional hazard information; in the latter, the manufacturer has
changed his circuit design and is retrofitting models already in place.

The issue of agency consideration of radioactive materials in consumer products
first surfaced when the Bureau of Radiological Health asked the Bureau of Product
Safety to consider issuance of a labeling regulation under the Federal Hazardous
Substances Act for consumer products containing radium. The request could be
conveniently made because both Bureaus were then under the Food and Drug
Administration. In addition, the Bureau of Radiological Health does not have
regulatory authority over radioactive materials, whereas in this particular area the
Federal Hazardous Substances Act did provide the mechanism for issuing regulations.
When the Bureau of Product Safety was absorbed into the Consumer Product Safety
Commission, the staff expanded the discussion to the possibility of a ban as well
as a labeling regulation but indicated to this new Commission that the hazard was
low, that the commission could only move against natural or accelerator-produced
radioisotopes (most specifically radium-226), and that the majority of the products
that the Commission might want to proceed with were converting to the use of
isotopesthat the Commission could not regulate, i.e., promethium-147 and tritium in
timepieces and americium-241 in smoke and fire detectors. On the basis of that
information, the Commission declined to proceed with any regulations, although it
encouraged voluntary activities to reduce the use of some of the natural radioactive
isotopes, primarily radium.

That decision by the Commission was a refusal to take action on radioactive
materials in consumer products generically. However, there are instances where the
Commission might still regulate -radioactive materials on a case-by-case basis. For
instance, the Commission staff is now considering developing a regulation for proper
operation of smoke and fire detectors. In doing so, the major intent would be to
ensure proper electronic operation of smoke and fire detectors so that the detectors
themselves would not catch fire and so that the consumer’s confidence in such
products to protect him would not lead to unreasonable risks of injuries from fire.



However, if such a regulation were to be developed, the Commission could consider
regulating or banning the use of radium in ionization-type smoke and fire detectors.
Such an action would not be inconsistent with the generic decision listed above. It is
possible to argue that an unreasonable risk of injury does exist from the use of
radium in consumer products, primarily because it does not appear that there would
be a cost increase or a utility decrease to consumers if products containing radium
were banned and because inexpensive and technically adequate substitutes do exist.
As mentioned above, because of the low owverall level of risk, radicactivity
hazards in general do not have a high priority. However, if the Commission were to
regulate a specific product such as smoke and fire detectors, the specific hazard could
be addressed at relatively little additional commitment of Commission resources. A
similar approach would be possible for any other situation where regulation of
radioactive materials subject to the Commission’s jurisdiction could be considered as
part of overall Commission regulation of that product. However, the staff has not
briefed the Commission on any of these issues, and the Commission has not decided
on them. The scenarios are mentioned only as examples of ways in which the
Commission could act.

The views expressed in this paper are the author’s and do not necessarily represent
an official position of the Consumer Product Safety Commission.
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RADIATION CONTROL REGULATIONS OF THE STATES

Edgar D. Bailey
Texas Department of Health Resources
Austin, Texas

INTRODUCTION

In order to appreciate the action, or lack of action, of state radiation control
programs with regard to radioactive materials in consumer products, one must
understand how these programs developed, what type of people they employ, under
what Federal constraints they operate, and how they are going about remedying
problems that they feel exist in the present regulatory scheme.

Although as a collection, the ideas expressed in this paper are certainly not
universally accepted by state radiation control programs, they do represent a
montage of ideas gathered from the various programs. The tenor of this paper is
critical of state radiation control programs, because it is felt that only by critical
analysis can the present system of regulation be improved.

HISTORICAL BACKGROUND

State radiation control programs to a large extent evolved from existing groups
within state health departments, quite often the sanitary engineering section or civil
defense organization, in the late 1950s and early 1960s. For the most part, the
individuals involved had received their college degrees in fields only slightly, if at all,
related to nuclear physics or engineering or health physics. These people, many of
whom are still associated with state radiation control programs, received their
training in health physics through U.S. Public Health Service (PHS) and U.S. Atomic
Energy Commission (AEC) short courses, and many received graduate degrees in
health physics through state, PHS, and AEC educational grants. However, their
attitudes toward regulation were rooted in the traditionally conservative approach
prevalent among state health departments. Violators of regulations and guidelines
were more often cajoled into compliance than forced; the regulations were carefully
written to avoid direct conflict with those to be regulated.

Today, state radiation control programs appear to be taking a new tack. As these
programs grow and begin to hire more and more people who studied nuclear
engineering or health physics in college, a new outlook seems to be developing. They
feel confident to confront their Federal counterparts in technical discussions; they
perceive problems and generate their own suggested solutions.

As the individuals in the state programs have developed, so have the responsibili-
ties of the programs. The programs began as advisory programs to assist industry and
practitioners of the healing arts to use sources of radiation safely. Regulatory
programs for x-ray and naturally occurring radioactive materials such as radium were
established.

When offered in the early 1960s, several states quickly accepted the responsibili-
ties of ““Agreement State™ status as presented by the AEC under a 1959 amendment
to the Atomic Energy Act of 1954. Over the years more states have accepted
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“Agreement” status until today there are 25 Agreement States. Each Agreement
State has promulgated regulations which are applicable to all sources of radiation,
including x-ray machines and radium in addition to the so-called “agreement
materials” (i.e., byproduct, source, and special nuclear materials). Unfortunately,
only five states (Illinois, Maine, New Jersey, Pennsylvania, Virginia) other than the
Agreement States have promulgated comparable regulations covering the naturally
occurring and accelerator-produced radioactive materials (NARM). These five states
plus the 25 Agreement States are designated as Licensing States for the Control of
NARM by the Conference of Radiation Control Program Directors (1977). NARM
are “non-agreement materials”; hence the manufacture, distribution, and use of
NARM sources are not controlled by the Federal government. Rather, the regulation
of NARM has been left to the discretion of each state.

The Council of State Governments (1961) with the cooperation of the AEC, PHS,
and others published criteria for the model State Radiation Control Act and the
Suggested State Regulations for the Control of Radiation (SSRCR) (1962). These
were not only “compatible” with the regulations of the AEC, but, fortunately for
the states, also included all sources of radiation. Each of the Agreement States
adopted regulations that were substantially identical to the SSRCR. The AEC,
presently the U.S. Nuclear Regulatory Commission (NRC), required each Agreement
State to maintain an “adequate” program and to have regulations that were
“compatible” with those of the AEC. The “adequacy” and “compatibility” were
assured through the Annual Agreement States Meeting and the Annual Exchange of
Information meeting in each state.

In the early years, these meetings usually consisted of the AEC telling the
Agreement States what they had to do to remain adequate and compatible. As the
number of Agreement States increased and training and experience of state people
improved, the Agreement States began to question the AEC’s policies, procedures,
and regulations. This, combined with the problems associated with dealing with
many Federal agencies such as NRC, Bureau of Radiological Health, Food and Drug
Administration (BRH), U.S. Environmental Protection Agency (EPA), U.S. Depart-
ment of Transportation (DOT), U.S. Department of Labor (OSHA), Energy Research
and Development Administration (ERDA), National Bureau of Standards (NBS),
etc., gave the impetus for the establishment and consolidation of the Conference of
Radiation Control Program Directors, Inc. (CRCPD).

The CRCPD afforded the states an organization through which they could present
the unified views of the states to the Federal agencies. Problems beyond the
capabilities of an individual state can be addressed through task forces and
workshops of the CRCPD. The review and updating of the SSRCR became a major
effort of the CRCPD working in cooperation with NRC, BRH, EPA, and lately NBS.
The CRCPD was originally sponsored by the BRH. Later EPA, NRC, and NBS gave
support. Now the CRCPD is funded by membership dues and a contract with the
Federal government with funds being contributed to the contract by BRH, EPA, and
NRC.

CONSUMER PRODUCTS

For the purposes of this review, a consumer product is considered to be any item
containing radioactive material that can be given, sold, leased, or otherwise
transferred to a person without some regulatory agency having given its prior
approval of the transfer by the issuance of a specific license. The receiver may or may
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not be aware that the item contains radioactive material. He may have little or no
training and experience in handling or using radioactive materials.

Consumer products containing radioactive materials can be divided into the
following categories: '

I. Naturally Radioactive Products (NRAP),
II. Technologically Enhanced Naturally Radioactive Products (TENRAP),
IIl. Recreational, Entertainment, and Health Naturally Radioactive Products
(REHNRAP),

IV. Contaminated Products,

V. Exempt Products, and

VI. Generally Licensed Products.

Products from the first three categories contribute to what has been called the
technologically enhanced natural radiation (TENR) environment, and, with the
exception of uranium mill tailings and drinking water, have remained for the most
part unregulated (Gesell, 1975a). For the last three categories, if the radioactive
materials are byproduct, source, or special nuclear materials, they are regulated by
the NRC and the Agreement States, and if they are NARM, by the Licensing States.

NATURALLY RADIOACTIVE PRODUCTS

Consumer products which, without any concentration of the naturally occurring
radioactive materials due to processing, contain radioactive materials that may
approach hazardous levels can be called “naturally radioactive products” (NRAP).
These include such commodities as natural gas, coal, water, building materials like
granite and bricks, and foods and animal feeds. With the exception of drinking water,
no Federal or state standards have been set for the permissible concentrations of
radioactive materials in these products.

The burning of natural gas in space heaters can result in significant indoor radon
levels (Gesell, 1974). The solution to this source of exposure to the consumer is
simple albeit expensive. It required only that the natural gas be circulated through
storage tanks long enough to allow the radon to decay to lower levels. Still, neither
the Federal government nor any state has standards for the maximum permissible
concentration of radon in natural gas.

The burning of coal in commercial power plants has been shown in some cases to
release as much radioactive material into the atmosphere as nuclear power reactors of
the same size are permitted to release (Eisenbud, 1964), yet no standards have been
set for the release of radioactive materials by coal-fired plants.

Geothermal power plants may result in additional exposure to the population
from radon (Gesell, 1975b). Similarly, building materials have been studied (USEPA,
1976a), but no standards exist concerning the permissible concentrations of
radioactive materials in them.

The permissible concentrations of radioactive materials in drinking water have
existed for several years in the drinking water standard of the US PHS (USPHS,
1962). This standard, in theory at least, applied only to bottled water and that used
on interstate carriers. EPA, after some discussion, has adopted standards (CFR,
1977) for public water supplies.

Although several water suppliers across the nation have been shown to exceed the
EPA standard (FR, 1976a), none has been forced to seek alternative sources or treat
the water to lower the concentration to levels below the standard. In Texas at least
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one school and one family (Wukasch, 1974) have been persuaded to switch to water
supplies with lower concentrations of radioactive materials. Also, EPA began
conducting studies to determine the feasibility of removing radon and radium from
water (US EPA, 1976b).

Since these products can be produced or processed in any state and shipped into
another state, it would appear that no single state could establish limits that could be
effectively enforced in that state, much less throughout the nation. It is felt that
Federal standards for all of these products are needed.

TECHNOLOGICALLY ENHANCED NATURALLY RADIOACTIVE PRODUCTS

Technologically enhanced naturally radioactive products (TENRAP) are consumer
products in which naturally occurring radioactive materials have been concentrated
because of processing of the raw materials of the product. Included in this category
are liquefied petroleum gas, building materials such as gypsum wallboard, fertilizer,
and mill tailings used for fill or construction materials. No state or Federal
regulations address any of these materials except mill tailings. The usage of uranium
mill tailings for fill or construction materials is now prohibited by the NRC and the
Agreement States. Uranium mill tailings were not always so carefully regulated by
the AEC, but it appears that no uranium tailings under the regulatory control of state
radiation control programs have been used for fill or construction materials. Tailings
from other milling operations have not been regulated. The Louisiana Board of
Nuclear Energy (LBNE, 1976) is the only regulatory agency that has initiated
measures to control mill tailings other than those from uranium milling. EPA has
issued “Interim Recommendations for Radiation Levels™ for use in connection with
the building of homes on reclaimed phosphate mine land (FR, 1976b).

RECREATIONAL, ENTERTAINMENT, AND HEALTH
NATURALLY RADIOACTIVE PRODUCTS

These consumer products containing radioactive materials include such diverse
items as mineral baths, cave tours, and various “medicinal” devices.

The incorporation of uranium ores and radium and its daughters into “cure-all”
medical devices and patent medicines was early recognized as a potential health
hazard. The distribution of drugs and ointments containing, or claiming to contain,
radium and “Thorium X was curtailed by the Federal Food, Drug and Cosmetic
Regulations. In Texas, the use of the Thomas Radioactive Cone and carnotite-lined
water storage crocks to saturate drinking water with radon was discouraged by a
media campaign and confiscation of the cones and crocks in the early 1960s
(Wukasch, 1964). Although this campaign was highly successful, two additional
cones and one additional crock were discovered and confiscated during 1976.

Mineral baths and drinking water containing radon were touted as late as the early
1970s. Hot Springs National Park operated by the U.S. National Park Service was still
distributing literature entitled “Thermal Waters of Hot Springs National Park”
(1962) at the visitor’s center praising the radon content of the hot springs’ water and
the water’s curative power.

Similarly the radon content of the air in caves, some operated by the U.S.
National Park Service, has been studied (Wilkening, 1976; Haygood, 1976), but no
regulatory guidance has been developed.
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CONTAMINATED PRODUCTS

Contaminated products are those into which radioactive materials have been
introduced in low concentrations normally to study process characteristics. The steel
industry sometimes uses radioactive sources in the refractory lining of blast furnaces
to measure the loss of lining, and this may result in slightly contaminated steel. The
petrochemical industry sometimes uses radioactive tracers to measure flow and
reaction rates, and this may result in slightly contaminated petrochemicals and
plastics. As long as the radioactive materials used in the study are not NARM, the
introduction is closely regulated by NRC or an Agreement State to insure that the
resulting product does not exceed the concentration limits set forth in 10 CFR
§30.70 or the equivalent section of the Agreement State’s regulations. In the other
20 states, the degree of use and regulation of the introduction of NARM such as
radium are uncertain.

EXEMPT PRODUCTS

The regulations of NRC and the Agreement and Licensing States exempt persons
who possess and use certain products containing radioactive materials from
regulation. The presumption is that the radioactive material, because of its quantity
or method of incorporation into the product, poses no significant hazard to the user
and therefore the use and disposal of the product need not be regulated. This
presumption is based upon data submitted by the manufacturer or distributor in an
application to distribute the product. The application would normally detail the
materials and methods of construction of the product, the labeling of the product,
the quality control procedures to be followed, and the environmental impact of the
product. In the environmental report (USNRC, 1976), the applicant must compare
the product containing the radioactive material with other products intended for the
same purpose. As a general rule, radioactive material will not be permitted in
“frivolous” products such as toys, adornments, foods, beverages, or cosmetics.

Table I lists the types of products that may be distributed to persons exempt from
regulation. If the radioactive material incorporated is “agreement material,” the
distribution of these products can only be licensed by NRC; an Agreement State
cannot issue a license for the distribution of these products if they contain
byproduct, source, or special nuclear materials. Similarly, no state can prohibit their
distribution. If the radioactive material is NARM, however, the NRC has no
authority to regulate it, and the job of licensing and regulating its distribution is left
entirely to the states.

Until now, the regulation of the distribution of these products if they contain
NARM has not been uniform. The Licensing States used essentially the same criteria
for licensure of NARM as the NRC used for the “agreement.materials’; however,
most of the other 20 states did little or no evaluation of NARM products. The
manufacturers and distributors in these states had no mechanism whereby they could
get their product evaluated or get licensed to distribute the product. It is doubtful
that any regulatory action was taken against them for failure to meet acceptable
standards or for unauthorized distribution,

Realizing the inadequacies then inherent in the regulatory control system with
regard to products containing NARM, the CRCPD established a task force in 1975 to
develop a system to uniformly regulate the distribution of NARM and to write guides
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TABLE |
CONSUMER PRODUCTS CONTAINING EXEMPT RADIOACTIVE MATERIALS

Possession & Use Distribution

Type of Consumer Product Exempted By Licensed By
I. BYPRODUCT MATERIAL
1. Timepieces (Watches & Clocks)! 30.15(a)(1) 32.14
2. Automobile Lock Illuminators? 30.15(a)(2) 32.14
3. Balances of Precision 30.15(a)(3) 32.14
4. Automobile Shift Quadrants2 30.15(a)(4) . 32.14
5. Marine Compasses and
Navigational Instruments! 30.15(a)(5) 32.14
6. Thermostat Dials and Pointers! 30.15(a)(6) 32.14
7. Electron Tubes 30.15(a)(8) 32.14
8. Ionizing Radiation Measuring
Instruments! 30.15(a)9) 32.14
9. Synthetic Plastic Resins for Sand
Consolidation in Oil Wells3 30.16 32.17
10. Exempt Quantities! 30.18 32.18
11. Self-Luminous Products! 30.19 32.22
12. Gas and Aerosol Detectors! 30.20 32.26
II. SOURCE MATERIAL (so called “unimportant quantities’)
1. Incandescent Gas Mantles 40.13(c)1) 40.13(c)
2. Vacuum Tubes 40.13(cXD) 40.13(c)
3. Welding Rods 40.13(cX1) 40.13(c)
4. Electric Lamps for lluminating Purposes ~ 40.13(cX1) 40.13(c)
5. Germicidal Lamps, Sunlamps, and Lamps
for Outdoor or Industrial Lighting 40.13(cX1) 40.13(c)
6. Personnel Neutron Dosimeters 40.13(cX1) 40.13(c)
7. Glazed Ceramic Tableware 40.13(cX2) 40.13(c)
8. Piezoelectric Ceramic 40.13(c)(2) 40.13(c)
9. Glassware, Glass Enamel, and
Glass Enamel Frit 40.13(c)(2) 40.13(c)
10. Photographic Film, Negatives, and Prints  40.13(c)(3) 40.13(¢c)
11. Finished Magnesium-Thorium Alloy
Products or Parts 40.13(c)(4) 40.32
12. Uranium Counterweights Installed in
Aircraft 40.13(c)5) 40.32
13. Uranium as Shielding in Shipping
Containers 40.13(cX6) 40.13(c)
14. Thorium in Finished Optical Lenses 40.13(cX7) 40.32
15. Thorium in Finished Aircraft Engine Parts 40.13(c)8) 40.13(c)
16. Uranium in Fire Detection Units 40.13(cX9) 40.32

Iproducts may contain NARM. If it does, its distribution is licensed by the Agreement and
Licensing States.

2No known usage.
'Only one known licensee.
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for the states to use in the evaluation of products containing NARM. This task force
has written NARM Guides (CRCPD, 1977) for the evaluation of the following
categories of products:

1. Calibration and Reference Sources Containing Radium-226 for Distribution
to Persons Generally Licensed Pursuant to C.22(g), SSRCR

2. Sealed Sources

3. Gas and Aerosol Detectors for Distribution to Persons Exempt From
Regulation Pursuant to C.4(c)(3), SSRCR '

-4, Measuring, Gauging, or Controlling Devices

5. Radioactive Material for Distribution to Persons Exempt from Regulation
Pursuant to C.4(b), SSRCR

6. Static Elimination and Ion Generating Devices

7. Radioluminous Products

8. Electronic and Electrical Devices

9. Leak Test Kits and Services

10. Medical Sources

11. Radiopharmaceuticals

12. In Vitro Test Kits. .

The NARM Guides are the basis of a program aimed at attaining uniformity in the
evaluation and distribution of NARM sources and products through the cooperative
efforts of the states and Federal Agencies, in particular, BRH. These guides provide
for the uniform classification and evaluation of NARM sources and products by
radiation control agencies and are intended to be used in conjunction with the
Radioactive Material Reference Manual (RMRM), which is maintained and coordi-
nated by BRH for distribution to state and Federal Agencies and the Suggested State
Regulations for Control of Radiation (SSRCR).

As the uniform NARM control system is realized, each NARM source or product
intended for distribution in the United States will be evaluated according to the
appropriate NARM Guide prior to routine distribution. The Licensing State will
determine that each NARM source or product has been evaluated in accordance with
the NARM Guides prior to licensing its possession and use. Any state can enjoin or
otherwise prohibit a distributor from distributing an “exempt™ product until it is
evaluated. The issuance of a RMRM evaluation sheet is evidence that such an
evaluation has been performed. The manufacture, assembly, or distribution of
NARM sources and products will continue to be licensed in Licensing States.

In states that do not license NARM, the appropriate authority will issue a letter of
authorization (or other document) for the manufacture, assembly, or distribution of
a NARM source or product. The letter of authorization will set forth appropriate
operating conditions to insure that the manufacture, assembly, or distribution of the
NARM source or product has been performed in accordance with applicable
provisions of the SSRCR and the relevant NARM Guide.

The NARM Guides were written to be compatible with the standards, criteria, and
requirements placed upon “‘agreement materials” by the NRC in its licensing process
and as such may suffer from some of the same weaknesses.

GENERALLY LICENSED PRODUCTS

In contrast to exempt items, the Agreement States can license the distribution of
generally licensed products.
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The Agreement States are required by their regulatory transfer agreements to
remain compatible with the regulations of the NRC. In view of this, the Agreement
States have applied the same criteria as the NRC in licensing companies to distribute
these products regardless of whether or not the radioactive material is “agreement
material” or NARM. This practice is continued in the previously described NARM
Guides.

Table II lists the types of products that may be distributed to persons generally
licensed. For convenience, all regulatory references are to NRC regulations; however,
comparable regulations are specified in the SSRCR for NARM.

One might question the inclusion of “generally licensed” devices in the category
of consumer products; however, if one were to review the training and experience of
the users of these devices, one would find that as a rule, the user’s knowledge of
radiation and radioactive materials is limited to what he has been told by the device
distributor’s representative. Therefore, “generally licensed” devices should be
categorized as consumer products.

At the present time, neither the NRC nor the Agreement States (with the possible
exception of North Carolina) routinely inspect the generally licensed user of these
devices. Therefore, no one is really sure that the devices are being properly used, leak
tested, and disposed.

Chairmen of the past several Agreement States Meetings (USNRC, 1974, 1975,
1976) and the CRCPD (CRCPD, 1975, 1976), have asked that NRC reexamine the
general licensing of gauges containing multicurie quantities of radioactive materials.
Certain Agreement States would favor specific licensure of these gauges and gauges
with millicurie quantities of radioactive materials that are used in the food and
beverage processing industry.

CONCLUSIONS

State radiation control programs are beginning to more fully appreciate the
radiological health and public information implications of radioactive material in
consumer products. They are, however, limited in their ability to implement
significant changes in the regulatory practices associated with these products because
of lack of nationwide regulatory jurisdiction, inadequate research staffs and
laboratories, and existing regulations of Federal agencies.

There need to be thorough, coordinated studies of the implications of radioactive
materials in NRAP, TENRAP, and REHNRAP. Based upon the results of these
investigations, regulations need to be promulgated that either regulate the products
or exempt them from regulations.

The regulation of exempt and generally licensed products needs to be closely
examined to ensure that all of these products really need the “exempt” or “‘generally
licensed™ status and that the standards and criteria under which they are licensed,
manufactured, and distributed are adequate. This review should result in the
regulatory changes that:

1. Ensure that the products are manufactured and distributed in such a manner as
to adequately protect the health and safety of the user and to prevent contamination
of the environment. (This is an area that is currently being done fairly well.)

2. Result in the consumer being informed. of the presence of radioactive material
in the product he intends to purchase and provide him with enough information to
make a decision on whether or not he wants to buy the product. (This is an area that
is currently being miserably handled by regulatory agencies.)




TABLE Il
GENERALLY LICENSED PRODUCTS

Type of Product

I. BYPRODUCT MATERIALS

1.
2.
3.
4,

S.

6.
7.
8

Static Elimination Device!

Ion Generating Tubel

Certain Measuring, Gauging, or
Controlling Devices

Luminous Safety Devices for Use
in Aircraft

241 Am Calibration or Reference
Sources

908r Ice Detection Devices

In Vitro Laboratory Studies
Certain Medical Uses

II. SOURCE MATERIAL (so called
“small quantities™)

PLwb=

Pharmacists’ Usage

Physicians’ Usage

Patients2

Commercial and Industrial Firms
and Research, Educational, and
Medical Institutions’ Usage

III. SPECIAL NUCLEAR MATERIAL

1.

Pu Calibration or Reference Sources

Ipistribution can only be licensed by the NRC.
It is interesting to note that no similar general license is provided for patients who are given

radiopharmaceuticals containing byproduct material.

Possession & Use
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"Distribution

Generally Licensed By Licensed By

31.3(a)
31.3(d)

K}
317
31.8
31.10

31.11
35.31

40.22(a)
40.22(b)
40.22(c)

40.22(d)

70.19

Not Specific
Not Specific

32.51
3253
3257
32.61

3271
32.70

40.32
40.32
40.32

40.32

70.39
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NUCLEAR ENERGY AGENCY'S EXPERIENCE IN
DEVELOPING GUIDES AND STANDARDS FOR
RADIOACTIVE CONSUMER PRODUCTS

B. Ruegger,
Radiation Protection and Waste Management Divison,
OECD Nuclear Energy Agency,
Paris, France

The Nuclear Energy Agency (NEA), in existence since 1958, is a specialised body
of the Organisation for Economic Co-operation and Development (OECD) based in
Paris. The membership of NEA now comprises 23 industrialised countries, i.e., all the
Western European nations, Japan, Australia, Canada, and the United States.

The main objective of NEA is to promote international co-operation within the
OECD member nations for the development and application of nuclear power for
peaceful purposes through international research and development (R&D) projects
and exchanges of scientific and technical experience and information. An expanding
part of the Agency’s work is devoted to the safety and regulatory aspects of nuclear
energy, including the development of uniform standards governing safety and health
protection and of agreement among nuclear legislative bodies.

The co-operation that NEA seeks to develop among its member countries may
take a variety of forms including (1) exchanges of information on nuclear scientific
and technical subjects, (2)co-ordination of research, (3)setting up of R&D
programmes, (4) establishment of joint undertakings, (5) development of guides and
standards, especially in the field of safety, and regulatory aspects of nuclear
activities.

Although not binding, these standards, which are being jointly developed on the
basis of mutual understanding, are recommended for adoption by member countries
to serve as a basis for their national regulations.

BASIS OF NEA WORK ON RADIOACTIVE
CONSUMER PRODUCTS

Following a joint agreement among three interational organisations (Inter-
national Atomic Energy Agency [IAEA], World Health Organisation [WHO], and
NEA), a study was initiated in 1965 with a view to identifying products containing
radioactivity available to the general public which, after distribution to the
consumer, were used and disposed of without any regulatory control being exercised
by the relevant national authority. The aim of this study was to determine the
acceptability of such products from the radiation protection standpoint and to
indicate whether it might be desirable and feasible to establish international safety
standards. As a result of this study, the following recommendations were presented
to NEA in 1969:

1. The adoption of a guide as a common basis for defining consistent policies at
the national level and for the safety evaluation of radioactive consumer products.

2. The development, in accordance with the principles set down in the guide, of
international safety standards for specific classes of products.
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3. The establishment of an international programme for information exchange on
exempt products.

4. The review by NEA, at appropriate intervals, of the data gathered through the
international exchange programme.

THE NEA “GREEN’ GUIDE

In accordance with the first recommendation of 1969, the basic guide was
published by NEA in 1970 (European Nuclear Energy Agency, 1970). This guide,
referred to simply as the NEA “green™ guide, defines the general radiation protection
principles and safety considerations to be taken into account in authorising the
distribution, use, and disposal of products containing radionuclides intended for the
general public. This guide should serve as a common basis for establishing consistent
national policies for using such products and for conducting adequate safety
evaluations prior to authorising their use; it should also facilitate international trade.

According to this guide, two main considerations should govern national policies
regarding the distribution of products containing radionuclides:

1. Approval of a product should be contingent upon

(a) An adequate demonstration that the radioactive product performs a
function that can be fulfilled only by a radioactive method or so fulfilled that the
radioactive method has clear advantages over any other practical method, and

(b) ajustification for the use of the specific radionuclide selected.

2. Generally, the radiation dose to the average individual user and to the
population from all exempt products should not exceed a small fraction of applicable
International Commission on Radiological Protection (ICRP) limits.

Decisions concerning the approval of a product submitted for exemption should
take into account the anticipated individual and population doses, together with an
assessment of the benefit to be expected from using the radionuclide in the product
since any exposure to radiation is assumed to entail a risk of deleterious effects.

The benefits that might be derived from the use of different exempt products will
vary significantly. These benefits range from possible saving of life and prevention of
injury or loss of property to improving the reliability of the product and lower-order
benefits. It was felt desirable to allocate for each order of benefit a certain fraction
of the ICRP dose limits. Tentative values that might be used as a basis when
establishing a risk/benefit balance are given (see Table 1). Nevertheless, the guide
recognises that the allocation of the portion of the ICRP population dose limit that
might be permissible from exempt products will depend on national, economic, and
social considerations, which vary from country to country, and should be established
by the relevant national authority.

RADIATION PROTECTION STANDARDS FOR CLASSES OF
PRODUCTS IN WHICH THE USE OF RADIONUCLIDES IS INTENTIONAL

According to the second 1969 recommendation, NEA has prepared or is preparing
the following radiation protection standards for classes of products in which the use
of radionuclides is intentional: radiation protection standards for radioluminous
timepieces, gaseous tritium light devices, and ionization chamber smoke detectors.
They follow the principles of the NEA green guide. Their main objective is to serve as
a basis for setting up national rules and regulations concerning the radiation
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TABLE 1

Dose Apportionment for Exempt Products Based on Risk/Benefit
Considerations expressed as fraction of ICRP limits*

Order of benefit Individual dose Population dose

Lifesaving devices <0.1 <104

Safety and security
devices, improve relia- <0.01 <104
bility of the devices

Lower order of benefit < 0.001 <10-3

*This table has not been derived from precisg technical information and should be regarded as
provisional only.

protection aspects of radioactive products and to inform producers and importers of
such products.

These radiation protection standards are based on the scientific recommendations
of the ICRP, which for nearly half a century has reviewed and assessed research on
the effects of ionizing radiation and reported on the fundamental principles for
health protection against such radiation. However, interpretation of ICRP recommen-
dations is left to the national bodies responsible for formulating regulations and
codes of practice. The various NEA standards and guides comprise an intermediate
step in this chain of interpretation.

The main features of these standards include requirements for the manufacture,
use, and import of the product, recommendations concerning administrative control,
prototype tests, radiation protection considerations, and technical information.

Radiation protection standards for radioluminous timepieces

This document, the first of its kind produced by NEA, was prepared in
collaboration with the IAEA, which is based in Vienna (IAEA, 1967). This
publication affected an important dose reduction to the general public and has been
incorporated into the national regulations of many countries. The main features of
these standards are well known and are summarised in Table 2.

A revision of these standards is on the NEA programme because (1) new scientific
evidence concerning tritium is available, (2) gaseous tritium lights are being used in
timepieces, and (3) most producers have abandoned the use of radium, although at
one time the major part of the doses to the population from radioactive consumer
products came from watches containing radium.
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TABLE 2

Activity Limits for Timepieces

75 mCi | 7.5 mCi 10 mCi 25 mCi
Maximum 147p,, 150 uCi 150 uCi 200 pCi 500 uCi
Activity 226g¢, 0.15 uCi - 02 uCi 1.5 uCi

T,Pm,Ra+
activity

Marking no no no

T: may be
exempted

Use unrestricted Pm, Ra: noti-
fication or
registration

wrist pocket clock special

Radiation protection standards for gaseous tritium light devices

These standards, published by NEA (NEA, 1973), are also widely applied and will
be briefly summarised. The activity of tritium used in devices should be as low as
practicable, and no source should be directly accessible. Gaseous tritium light devices
must not be used in toys, for personal adornment, or for frivolous purposes. Some
requirements concerning the tritiated water content of sources are also given.

An authorisation for the manufacture of a gaseous tritium light device should be
contingent upon an adequate demonstration that it performs a function that can be
fulfilled only by using a radioactive substance or that the use of a radioactive
substance to fulfill the function has evident advantages over any other practical
method.

Requirements for the use of gaseous tritium light devices are given in Table 3.

Radiation protection standards for ionization chamber smoke detectors

The preparation of the NEA standards for this product is well advanced, but, since
the final draft has not yet been adopted, only tentative information can be given.

The source activity must be as low as practicable consistent with reliable function.
Only sealed sources conforming to the relevant requirements of the International
Standards Organisation (ISO) standards may be used. Under normal conditions of
use, direct contact with the source should be impossible. The exemption require-
ments are given in Table 4. Only radionuclides currently being used have been
considered. Other Tadionuclides may be accepted if they offer a similar degree of
safety. A set of tests to be performed on the whole detector will be required in order
to satisfy the relevant national authorities that the source will not become detached
or suffer loss of integrity.
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TABLE 3

Activity Limits for Gaseous Tritium Light Davices

-Maximum .
Activity 500 mCi 2Ci more than 2 Ci
Marking T T....Ci colour code label for
recovery or disposal requirements,
trefoil symbol )
. may be notification or
Use unrestricted exempted registration
Requirements — possible saving of life

— protection against personal injury
— advantage judged of equal importance

TABLE 4

Activity Limits for lonization Chamber Smoke Detectors (Tentative)

241Am: 1 uCi 241 Am or 238py;
. S uCi 20 uCi .
Maximum 226R.. G u ) 226 .,u' . higher
. . Ra: 0.1 uCi Ra: 1uCi L e
Activity 85Kr or ©3Ni: activities
0.5 mCi
Maximum higher
dose rate 0.1 mrem/hat 0.1 m dose rate
. trefoil symbol .
Marking and/or label trefoil symbol and label
notification or
unrestricted registration
Use recovery and disposal requirements
single station for . .
private home industrial use
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The appendices of the document will contain radiation protection considerations,
including dose evaluation and an accident analysis based on a list of all known
incidents, e.g., theft, different kinds of fire, bomb explosion, mutilation of detectors
and sources, involving ionization chamber smoke detectors in the United Kingdom.
The problem of disposal of exempted single-station detectors is also considered.
Finally, a comparison is made of the various types of fire detectors, both radioactive
and nonradioactive.

Other radiation protection standards

The NEA green guide recognises that products containing isotopic batteries
require special safety standards. The development and possible uses of isotopic
batteries are also dealt with by NEA. In this respect, it should be noted that a certain
number of countries are opposed to the use of isotopic batteries in consumer goods.
In 1974, NEA published a report dealing with interim radiation protection standards
for the design, construction, testing, and control of radioisotope cardiac pacemakers
(NEA, 1974). These standards are solely intended to provide the basis for national
authorities to establish practices and procedures by which the radiation risks to the
nonpatients involved can be kept to a minimum. Since this risk results mainly from
the low possibility of fuel release (238Pu) due to containment failure in the event of
an unusual incident, very careful attention has been devoted to the design
requirements. The recommended prototype testing procedures have been established
according to the results of an accident analysis based on death statistics.

In view of the limited practical experience with the actual performanoe of
radioisotope-powered cardiac pacemakers, it was recognised that the standards
should have a provisional character. An ad hoc group of experts has recently been set
up to assess the performance of implanted radioisotope cardiac pacemakers as well as
the administrative and regulatory problems confronting member countries that base
their practices on these standards.

Although the NEA green guide does not deal with products in which the presence
of radionuclides is unintentional, NEA is preparing a report dealing with radiation
protection standards for building materials containing naturally occurring radioiso-
topes. 1t should be noted that some natural building materials that have been used
for a considerable length of time in large quantities may result in higher doses for
individual members of the public than those from nuclear power stations and
consumer goods. This constitutes a particular difficulty in the preparation of these
standards.

A first draft of this report has been prepared by European experts. The main idea
expressed is that a2 “non-action level” should be found for activity concentration in
new building materials to be introduced on the market. All “normal” materials (e.g.,
concrete, brick) should fall below the non-action level while “artificial” materials
(e.g., materials based on tailings, byproduct gypsum, light concrete from uranium-
rich shale) could well be above the level. Materials below the limit should be free
from all restrictions; above the limit, they should be subject to evaluation,
authorisation, and control.

The expert group will soon reconvene with U.S. experts participating, to consider
the recent US. achievements in this field. As a result, the first draft may be
significantly modified.
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Agreement was reached in the expert group on the desirability of comparing
methods for measuring radon daughter concentrations in air or activity concentra-
tions in building materials. Such comparisons are now in progress or will be organised
by circulating instruments and measurement samples.

IMPORT CONTROL AND INFORMATION EXCHANGE ON EXEMPT PRODUCTS

The third recommendation made to NEA in 1969 concerned the establishment of
an international programme for information exchange on exempt products. This has
not yet been implemented because higher priorities in the NEA programme caused a
redeployment of resources.

Nevertheless, controlling imports is a growing problem in most countries.
Although the import of radioactive consumer products is subject to licensing, such
products are often imported and distributed to the public without notice to the
relevant national authorities. In some cases, the importer himself is not aware that
the product contains radionuclides. Several cases of illegal import of radioactive
products with broad potential diffusion to the public have been mentioned recently
to NEA by governmental officers of member states. The problem is not new, but no
satisfactory solution has yet been found. It is not practicable to increase the number
of controls at Customs. Prohibition of these products, especially of those normally
accepted in other countries, may prove to be worse than a more liberal attitude that
maintains frequent contacts between responsible national authorities and importers.

International cooperation may certainly improve the situation with agreements
among NEA member nations on radiation protection standards and possibly with an
information exchange on exempt products on a much more restricted basis than the
system previously envisaged.

REVISION OF THE NEA GREEN GUIDE AND
INTERNATIONAL COOPERATION PROBLEMS

The importance of keeping products containing radionuclides under control has
now been recognised in most OECD member countries, but there are still questions
needing better answers. The experience gained with the development of the NEA
standards and the evolution of ideas on this subject within the respective national
authorities in member countries suggest that the time has come to consider a revision
of the green guide to assess the validity of the radiation protection criteria in the
light of experience and, possibly, to develop new concepts.

An expert group will shortly be set up to deal with this revision. It will have to
take into account the new ICRP basic recommendations (ICRP, 1977). A review of
the radioactive consumer product situation in NEA member countries as well as an
enquiry on the implementation of NEA standards should be undertaken and would
satisfy the fourth recommendation of 1969. The danger with dose apportionment is
a tendency to go as nearly as possible to the limit whereas the present trend gives
more importance to the justification of an engaged dose. Some countries will be in
favour of dose apportionment for planning purposes because such a concept
facilitates the task of responsible national authorities who may be prevented by
regulations from withdrawing a license after it has been granted.

Another important point to be discussed is the selection of criteria for deciding
whether to exempt a product or not. It is recommended that such decisions should
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be based on a risk/benefit analysis, but decisions are most frequently not made this
way. A small risk should result in the acceptance of a product presenting a small
benefit, but many national authorities reject a product if the benefit is not
important. The present version of the NEA green guide specifies that a radioactive
product must be rejected if a nonradioactive product can fulfill the same function,
But in some cases the use of a nonradioactive method may also present some degree
of risk and therefore the principle that “nothing is worse than radioactivity” is no
longer generally accepted.

The following criteria for accepting a product for exemption have been proposed,
although no general agreement on them has yet been achieved: the benefit is larger
than the risk, the dose due to normal use and disposal equals a very small fraction of
ICRP limits, and the dose due to abuse and accident does not approach ICRP limits
(for example < 1/10 of ICRP limits).

Many difficulties encountered in an international approa¢h to the problem of
consumer goods originate from the fact that countries differ in their history, culture,
and way of life. In some countries, a label advising that an obsolete product should
be sent to a disposal centre is sufficient to recover a large part of these products.
Nevertheless, many national authorities will hestitate to rely on such a system.
Geological peculiarities may need to be considered; for example, a country with a
very low natural radioactive background will be reluctant to authorise the use of
building materials with relatively high natural activity contents. The history of a
product in a country is also important. For example, relevant national authorities
may have to demonstrate the ineffectiveness of radioactive lightning conductors if
they want to withdraw the license; on the other hand, it will be up to the producer
to prove the efficiency to obtain a new license. In fact, the lack of field experiments
forced NEA some years ago to abandon a project on standards for lightning rods.

The legal structure governing radiation protection in general and radioactive
consumer products in particular varies from one courntry to anether. For example,
control of distribution may be legally impossible, or licensing decisions may be made
at either the Federal or the provincial level.

Economic competition plays a very important role; and there will be pressuies on
national authorities to support or promote national industry.

All the above comments make it clear that an international approach to the
problem must be pragmatic to some extent.

CONCLUSIONS

Radiation protection considerations are an important factor in the orderly
development of nuclear energy for peaceful purposes, and it is essential to
understand the relative significance of all potential sources of radiation exposure of
the population. A recent study published by NEA on this subject (Pochin, 1976)
-clearly shows that doses due to radioactivity in consumer products cannot be
neglected.

The development of industrial uses of radionuclides, in particular as products or
devices intended for use by the general public, makes it necessary to define
well-devised national policies that should provide adequate protection of the public
without unduly restricting the use of ionizing radiation and the benefits that might
be derived for man. These policies should furthermore be sufficiently consistent in
order not to unnecessarily hinder international trade in this field.
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Because of its very flexible structure and because its member countries have
similar problems and interests, the NEA’s object is to facilitate the task of the
national authorities by providing them with the opportunity to meet so as to achieve
mutual understanding and solve their problems on the basis of internationally
recognised and accepted concepts.
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RADIOACTIVITY IN CONSUMER PRODUCTS IN THE UK

A.D. Wrixon and A M. Freke
National Radiological Protection Board
Harwell, Didcot, Oxon, 0Xll ORQ, UK

Over the last few decades, some changes have inevitably occurred in the UK
system for dealing with sources of radiation that may affect the general public. These
changes have had their impact on the attitudes adopted and the decisions made.
Some further changes will occur as a result of the obligations being placed on the UK
by a directive (Euratom, 1976) of the European communities prepared under the
Euratom Treaty. This paper will trace the development of consumer protection
practice in the UK, both generally and specifically with regard to radioactive
consumer products. The current approach in dealing with radioactive consumer
products will also be discussed as will the implications of the Euratom directive.

THE UK SYSTEM OF CONTROL O‘F
RADIOACTIVE CONSUMER PRODUCTS

Prior to the advent of the nuclear energy industry, only naturally occurring
radioactive materials were available for use in consumer products. The most common
application was the use of radium-226 in radioluminous devices. At that time,
relatively little was known about the possible long-term effects of exposure to
ionising radiations, and concern was centred on the protection of workers. It is not
surprising, therefore, that the Radioactive Substances Act 1948, which set up the
Radioactive Substances Advisory Committee, makes no mention of consumer
protection.

The increasing concern over possible long-term effects from low doses of ionising
radiation and the realisation that there was no specific control over radioactive
consumer products led the Committee to set up the Miscellaneous Sources Panel
during the 1950’. This Panel was given the function of surveying the various sources
of radiation to which the public are exposed and informing its parent Committee of
any undue proliferation of such sources arid any action needed. The Panel also gave
expert advice to manufacturers and distributors of such products prior to their
distribution, if possible. This advice was given informally and with a view to avoiding
exposure of the public without adequate justification. The Panel had no statutory
power to give approval to commercial products.

The Radiological Protection Act 1970 transferred the functions of the Radio-
active Substances Advisory Committee and hence those of the Miscellaneous Sources

- Panel to the National Radiological Protection Board. The Board was set up, inter alia,
“to provide information and advice to persons (including government departments)
with responsibilities in the UK in relation to the protection from radiation hazards
either of the community as a whole or of particular sections of the community.” The
Board has continued to provide manufacturers and distributors with advice on the
acceptability of their products but has no statutory power to grant approval or insist
on the withdrawal of unsatisfactory products.
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The recently revised directive (Euratom, 1976) prepared under Article 31 of the
Euratom Treaty will require the UK to institute a statutory system of prior
authorisation for some classes of consumer goods. The detailed arrangements by
which this will be implemented are not yet clear, but the procedures used by the
Board to give advice based, when appropriate, on national and international
standards and recommendations seem likely to be used as the basis for official
approval. The advice given at present by the Board is well received by the firms
concerned, and they are unlikely to have much difficulty with the transition from
voluntary to statutory controls. However, some care will be needed to ensure
consistency and continuity of approach and to avoid the unjustifiably restrictive
attitudes that might be associated with a statutory system of control.

The system of control over radioactive consumer products may be contrasted
with that adopted for consumer products in general. In the UK, approximately
7,000 people die each year from accidents in the home and residental
institution, and many more receive hospital treatment. Although many of these
deaths and injuries result from accidents unrelated to any particular product,
there are a substantial number of cases for which products are partly or wholly
responsible. The Consumer Protection Act 1961 was intended to give the
government power to take effective action when any products are likely to
affect public safety. Under this Act, regulations can be made imposing require-
ments that must be met by any class of consumer goods to prevent or reduce
the risk of death or personal injury. It is an offense to sell, in the course of
doing business, goods that do not comply with regulations made under the Act.
A number of regulations have been made covering such matters as the lead
content of paints on pencils, certain electrical appliances, and the flammability
of nightdresses. The need for making regulations under the Act is established by
collecting information about home accidents, an “after—the—event” approach. In
this respect, the Act has limitations; there is no provision to ban outright any
particular type of product (i.e., one that might be intrinsically dangerous), and
. there is no provision for prior authorisation of any type of product.

EXISTING APPLICATIONS OF RADIOACTIVITY IN CONSUMER PRODUCTS

Inevitably, there are some products in circulation that have not been subjected to
the close scrutiny now normally applied to new products. Some of these are no
longer manufactured but are still in the possession of members of the public; others
are still being manufactured and marketed.

The Board has examined many old watches luminised with radium-226; the
activity levels are usually below 0.1uCi, which is the average level now permitted py
both international (IAEA,1967) and British (BSI, 1968) standards. The pohcfy
adopted in dealing with these watches received from the public is summarised in
Table 1. The Board has always dealt with enquiries on a case-by-case basis and has
regarded further general action as unjustified. The effort required to call in
unsatisfactory timepieces would produce only a minimal benefit; this would be out
of all proportion to the resulting public anxiety. )

Some other products that were permitted in the past and are still being
manufactured and marketed raise different considerations. It is irrelevant to a large
extent whether or not the product, if treated as a new proposal, would be considered

acceptable and fully justified. :
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TABLE 1
Board Action on Old Timepieces Sent in by Members of the Public
Situation Action

Annual Does < Dose Limit Return timepiece with reassurances
Annual Dose > Dose Limit Return timepiece but recommend
but <Maximum Permissible that thought be given to obtaining
Dose a modermn replacement
Annual Dose > Maximum Recommend leaving timepiece with
Permissible Dose Board for controlled disposal

In such cases, very substantial reasons are necessary for advising that the
product should no longer be marketed. The possibility of exceeding the Inter-
national Commission of Radiological Protection (ICRP) dose limits either under
normal conditions of use or as a result of accidents and misuse would usually
be considered a sufficient reason, particularly if there is little justification for
the product. In recent years, the Board had advised against only two existing
applications on the ground that the ICRP dose limits applicable to members of
the public might be exceeded. In one case, which concerned the use of
antistatic brushes containing polonium—210, radiological safety tests indicated
that intakes of radioactivity could lead to doses in excess of the ICRP limits in
extreme but credible circumstances (Webb et al.,, 1975). In the other case,
which concerned the use of uranium as a fluorescing agent in dental porcelains,
the doses were likely to exceed the ICRP limits during normal use (O’Riordan
et al.,, 1974),

With other existing applications, the Board’s attitude is to encourage the
development of appropriate radiation protection standards such as those mentioned
above for radioluminous timepieces. Such standards must have as their basic
objective the reduction of real and potential doses from normal use, accidents, abuse,
etc.,, to levels that are as low as are reasonably achievable. The standards and
guidelines recommended by international organisations such as the Nuclear Energy
Agency (NEA) of the Organisation for Economic Co-Operation and Development
and the International Atomic Energy Agency (IAEA) have been found to be
_particularly valuable.

NEW RADIOACTIVE CONSUMER PRODUCTS

Decisions in radiological protection should ideally be based on the procedures of
cost-benefit analysis as discussed in ICRP Publication 22 (ICRP, 1973). The process
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consists of two basic steps, given the overriding requirement of compliance with the
ICRP recommendations for limitation of individual doses:

1. initial risk-benefit analysis to determine whether the benefit from the product
iz likely to exceed the risk and

2. optimisation of the features of the product and comparison with other
optimised alternatives in order to choose the best.

In the initial assessment, both benefits and risks (expressed in terms of dose) are
usually found to be low. Decisions are therefore likely to be subjective, and what
may be accepted in one country may not be accepted in another. Some advise on
decisionmaking has been given in a guide issued by the European Nuclear Energy
Agency (ENEA,1970). It suggests, for example, prohibiting the intentional addition
of radionuclides to foodstuffs, beverages, and cosmetics. A similar prohibition is also
implied for toys, articles for personal adornment, and other substances fordomestic
use. Examples of benefits are possible saving of life, prevention of injury or loss of
property, improving reliability or dependability of the product, improving tech-
nology, advancing education, and providing social amenities. The guide recommends
that the assessment of proposals should involve a consideration of doses resulting
from use, disposal, handling, credible abuse, and accidents including fire. This is
necessary since there is no effective way of controlling any product after sale to the
public.

The evaluation of doses from any particular application of radioactivity may
involve theoretical assessment alone but more commonly will include practical

.testing. Such testing will obviously cover the measurement of external radiation dose
rates and radioactive contamination but should also include temperature, mechanical,
and corrosion tests that will be aimed at simulating the effects of long-term and
adverse environmental conditions. If a sufficient range of comparable products is
available, testing may also be used to provide information for the optimisation
process (Hill et al., 1976).

APPROVED PRODUCTS
Gaseous Tritium Light Devices (GTLDs)

In recent years, most inquiries received by the Board have related to the use of
gaseous tritium light sources (GTLSs), which are sealed glass tubes coated internally
with a phosphor and filled with tritium gas. They are in general a more satisfactory
means of luminising than are radioluminous paints, notwithstanding the rather
higher activity levels needed for a given luminosity.

In normal use, any external radiation is solely due to very low energy
bremsstrahlung and is therefore strongly attenuated by the device in which the GTLS
must be incorporated. Most devices measured in the UK give dose rates that do not
exceed 0.1 mrad h™! at or near the surface.

Internal exposure due to tritium can only arise as a result of GTLS breakage. In
the experience of the Board, GTLS breakage is extremely rare but, should it occur,
the limiting hazard will be due to the intake of tritiated water. The NEA standards
(NEA,1973) require that the tritiated water content of GTLSs should not exceed 2%
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of the total tritium activity (1 mCi in the case of sources with less than 50 mCi
tritium gas). On the basis of simple assumptions, the intakes given in Table 2 may be
calculated for various GTLS activities. Only under very exceptional circumstances is
the intake likely to approach the maximum permissible annual intake of 5 mCi
(Vennart, 1969) applicable to members of the public.

Another matter for consideration is the collective dose associated with the
disposal of a large number of GTLDs. Assuming GTLDs containing a total of 106 Ci
of tritium were to be disposed of each year, the equilibrium collective dose rate to
the UK population has been calculated to be 10 manrad y-! (Wrixon, 1974).

In some applications of GTLSs the benefit is clear; for example, their use in
safety and emergency signs. These applications are immediately acceptable. In
addition, because of the low risk associated with the use of GTLSs, other
applications with a lower order of benefit have also been accepted either by the
Board or earlier by the Miscellaneous Sources Panel. These applications include
the use of GTLSs in illuminating telephone dials, liquid crystal digital watches,
camera range and view finders, and fishing floats and fishing rod tips.

Although the risk of GTLS is low, it can often be reduced still further by
simple and cheap methods. For esample, the NEA standards (NEA, 1973)
require that GTLSs be incorporated in a device and not directly accessible. Such

TABLE 2

Assessment of Intake of Tritiated Water Due to Breakage of a
Gaseous Tritium Light Source

GTLS activity (Ci) 2% 0.2 0.05
Intake in 1h (Ci) 1.7x1073 17x 1074 43 %1073
Intakein2h (Ci) 23x1073 23x 1074 5.8x107°

*Maximum exempt activity (see NEA, 1973).

Assumptions: Tritiated water content 2%

]

Room volume 30 m3

1 air change h™!

Ventilation rate

1 m3 n!

Breathing rate

Equal intake by skin absorption and inhalation
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requirements obviously reduce the possibility that a GTLS may become
detached or broken. Other information that can be used to improve designs can
be obtained through simple measurements and tests. Measurement of external
bremsstrahlung dose rates could lead to better shielding of the sources.
Mechanical tests such as drop and impact tests show whether the sources will be
easily detached or broken when the devices are in use. Measurements are also
made on the tritiated water content of the sources to ensure that the 2% limit

;set by the NEA standards is not exceeded.
Ionisation Chamber Smoke Detectors (ICSDs)

In the UK, these devices have been widely used on industrial premises, e.g., shops
and warehouses, mainly to protect property. In recent years they have been installed
in hotels and residential institutions to save lives. Only during the last year or so have
substantial efforts been made to place them in private homes.

A person at an average distance of 4 m from an ICSD containing 5uCi 241 Am will
receive an annual external dose of about 30 urad. This extremely small dose does not
merit further consideration; it is indistinguishable from minor perturbations in the
natural background radiation.

Only in the event of an accident or misuse is there a likelihood of contamination
that might lead to an intake of radioactive material and a subsequent internal dose.
On the basis of some simPIe assumptions, the intakes given in Table 3 have been
calculated for a 5uCi 241Am domestic ICSD. The maximum permissible annual
intakes of 3 uCi (via ingestion) and 1.5 x 10-3 uCi (via inhalation) for the more
restrictive transportable form of 241Am are therefore most unlikely to be reached.
This conclusion is supported by experience with industrial ICSDs involved in a
variety of incidents. The Board is often called in following these incidents and in no
case has any detectable internal contamination been found (Jackson, 1974;
Mullarkey, 1975; Croft, 1975).

The UK fire authorities have estimated that more than one-third of the current
fatalities due to fire might not occur if fire detection systems were universally
installed (Rasbash, 1972). Since a large number of these fatalities occur in private
homes, usually while individuals are asleep, it is clear that the benefit from the
domestic use of ICSDs would be substantial.

The Board has therefore concluded that the benefit from the domestic use of
ISCDs vastly outweighs any associated radiological risk. Although this conclusion was
necessary, it is not in itself sufficient to justify general acceptance. Additional points
to be considered are:

1. are there any nonradioactive alternatives that are equally satisfactory or
better?

2. are the risks as low as are reasonably achievable?

Only optical smoke detectors can be considered as real alternatives to ICSDs. In
general, optical types respond better to the large particle size aerosols produced by
smouldering fires while ICSDs respond to the smaller invisible particles produced by
clear-buming fires. In a real fire situation, the performance of the two types tends to
be broadly equivalent. Until recently ICSDs have had certain practical advantages,
including lower installation costs, better compatibility with batteries, and no
problem of lamp failures. With the recent introduction of light-emitting diodes, these
advantages are no longer so pronounced. However, according to the British
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Assessment of Intake of 227Am Due to Incidents Involving
{onisation Chamber Smoke Detectors

Incident Activi(tz éit;haled ACtMt(Z (I:Iil)gested
During fire! 5x 1076 -
Following fire! 10-8 -
Misuse* - 0.05

Assumptions: ICSD activity SCi 241 Am
TAirborne activity 0.1%
Amount of airborne activity inhaled 0.1%
*Resuspendable activity 1%
Contaminated area 100 m2
Resuspension factor 2x 107 m-1
Time for cleanup operation 8 h (one working day)

Breathing rate

*Amount of activity transferred to
fingers and subsequently ingested

10 m3 during a working
day

1%

N.B. Only the critical pathways of exposure have been covered in this

assessment.
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manufacturer’s association (BFPSA, 1976), it has not yet been demonstrated that
optical detectors can be engineered, produced, and applied in large numbers with
comparable overall effectiveness. According to the US testing authorities (Bright,
1976), it is still too early to foresee potential problems and “much work remains to
be done before an unequivocal opinion can be rendered.” In view of these opinions,
it cannot yet be concluded that optical detectors are as good as or better than ICSDs
in all respects.

There are a number of matters that should be taken into consideration when
. attempting to improve the design of detectors. Some of these are obvious even before
the prototype stage and include:

1. selection of the least hazardous radionuclide with a half-life consistent with the
useful life of the product;

2. keeping the activity as low as is necessary for the adequate functioning of the
device;

3. Use of shielding, where appropriate, particularly where f-radiation is involved;

4. Limiting access to the source; and

5. Appropriate choice of source form. ‘

Of the readily available aemitters that could be used,‘241Arn emits little external
radiation and therefore is best for use in ICSDs. The required activity appears to be a
few microcuries. Since 241 Am is highly radiotoxic, the source should not be readily
accessible. This objective can be achieved by requiring the use of special tools or by
sealing the ionisation chambers. In addition, the source should be of high integrity
and in nondispersible form.

Perhaps less obviously, information on minimising doses can be obtained from
appropriate tests on prototypes. The Board has been extensively testing ICSDs in
accordance with a provisional testing programme (Hill et al., 1976). The tests are
intended to simulate the damage and effects produced by long term use or as a result
of accidents and abuse. The most interesting and useful results have come from the
fire test.

A 600°C fire test for domestic detectors was chosen as typical of the temperature
reached in house fires. The test was carried out for 1 hour at the required
temperature in a standard airflow. Ideally, complete ICSDs should be tested but,
because of the practical difficulties involved, the tests were carried out on sources
mounted in their holders in the presence of representative parts of the complete
ICSD. After the test any airborne activity was measured, the ICSD debris was
examined for radioactive contamination, and the source and their holders were
wipe-tested. Only ICSDs using foil sources have yet been tested. ICSDs intended for
both domestic and industrial application have been tested to obtain as much
information as possible.

Although the sources in the ISCDs were all of similar construction, the
results obtained varied greatly and depended more on the materials used in the
construction of the source holder than on the activity of the source. With a few
exceptions, no activity became airborne, and there was no significant
contamination of the detector debris. However, wipes of the sources and their
holders ranged from “no detectable activity” (i.e., less than a few pCi) in the
best cases to several hundred nCi in the worst cases. In general, stainless steel
and aluminium source holders gave lower wipe test results than brass—or
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tin—plated materials. The only exception involved a stainless steel holder, but in
this case further investigations by the Radiochemical Centre (Hunt, 1976)
revealed that burning of the plastic housing of the detector caused the damage
to the source. The results of the sources following the tests are summarised in
Table 4.

The fire-test results confirm that both during and following a fire the hazard to
individuals is very low. The absence of airborne activity during the tests shows that
the assumptions made in the initial risk-benefit analysis (see Table 3) of inhaled
activity duringa fire were extremely conservative. The activity removed on wiping the
sources following the test gives an indication of that which might be resuspended
during the cleanup operations following a fire. Most of the results obtained are well
below the 1% assumed in the initial risk-benefit analysis (see Table 3). Even where
the values are higher, the inhaled activity is unlikely to exceed that calculated by
more than one order of magnitude and cannot be considered a serious health hazard.
However, in order to ensure that doses are kept to levels as low as are reasonably
achievable, the Board has established as one of its criteria for acceptance of any
particular type of ICSD a requirement that not more than 5 nCi of the total activity
should be detectable in the debris and removed by wiping the source and holder after
the fire test.

NON-APPROVED PRODUCTS

The Board had advised against the use of radioactivity in a number of
applications. Proposals to use GTLSs as art forms around picture frames, in
paperweights, and on the walls of swimming pools, as well as a proposal to make
available loose GTLSs in do-it-yourself kits for making fishing floats, have been
discouraged. The Board has also advised against several proposals to use radioactive
tracers to mark products in such a way as to distinguish one manufacturer’s products
from those of a competitor; practicable alternatives are available for this purpose.

DISCUSSION

The basic aim of any consumer protection policy should always be to ensure that
the rights of consumers are respected and that their health, safety, and economic
interests are taken into proper account.

When dealing with matters of health and safety, the relevant authorities should
not only be fully aware of the hazards associated with a particular product but
should also be sensitive to the needs and desires of the consumer. An approach
relying on the identification of unsatisfactory products through the collection of
accident statistics and encouraging the development of appropriate safety standards
is adequate for most consumer products. A system of prior authorisation for every
type of consumer product would be impracticable and unnecessary.
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TABLE 4

Fire-Test Results® for lonisation Chamber Smoke Detectors
{(600°C for 1 hour)

Detector Wipe Results (nCi)
Type Comments
Before Test After Test
A NDA** |[NDA Stainless steel holder
NDA NDA Stainless steel] holder
B 0.09 0.04 Stainless steel holder
001 0.01 Stainless steel holder
C 1.28 04 Aluminium holder
D 0.20 275 Tin-plated brass holder
E NDA 91, 10%** Tin-plated mild steel holders
NDA 200, 409*** Orientation of sources and
holder geometry may account
for differences :
NDA 04 3*%* Stainless steel holder
NDA 09 0.3*** Stainless steel holder
F 0.19 047 Gold-plated plastic holder
0.16 1.66 Mild steel holder
G 0.10 0.04 Aluminium holder
0.10 0.01 Aluminium holder
H 1.05 NDA Stainless steel holder
I 0.01 0.13 Stainless steel holder
J NDA 43 Aluminium holder
K NDA 97 Stainless steel holder. High
results due to reaction with
NDA 345 plastic material of detector
L 0.08 120 Brass holder. High result pos-
sibly due to solder melting and
attacking foil
M 0.06 15 Brass holder
N 0.06 12 Brass holder

*The numberical results reported here are the activities removed on wiping the
sources with an alcohol-moistened cotton swab.
**NDA = no detectable activity.
***Repeat tests with another detector.
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Radioactive consumer products need to be treated somewhat differently. At the
levels of radiation normally involved, no health effects would ever be observed. For
radiation protection purposes, it is conventionally assumed that any radiation dose
entails some risk of deleterious effects, and all doses, at least in principle, must be
justified in terms of the benefits to be accrued. This automatically suggests a system
of prior authorisation or licensing. The controlling authority may be expert in
estimating risk but not necessarily expert in determining benefit. Preoccupation with
risk can result. It is perhaps for this reason that certain minor applications appear to
have been treated dissimilarly in different countries.

The UK is considering this carefully in the light of the requirements of the
Euratom directive. If risk-benefit analysis is to be used as the basis for decision-
making under some statutory prior-authorisation procedure, it must be recognised
that there are benefits other than that of lifesaving. Even the application of
radioactive materials for recreational purposes, for example, should not be prohibited
without at least some consideration. A guiding principle might be that action should
not be taken to prohibit radioactive consumer goods that the consumers themselves
would accept if they were in full possession of the facts about the potential
hazard.
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LEGAL AND PRACTICAL ASPECTS OF RADIOACTIVITY
IN CONSUMER PRODUCTS IN THE FEDERAL REPUBLIC OF GERMANY

F. Wehner
Federal Ministry of the Interior,
Bonn, FRG

In the Federal Republic of Germany (FRG), the use of consumer products that
contain radioactive substances is primarily controlled by the first radiation
protection ordinance (FRG, 1965), the second radiation protection ordinance (FRG,
1964), and the ordinance on the approval of drugs that have been treated with
ionizing radiation or that contain radioactive substances (FRG, 1971). In October
1976, a new radiation protection ordinance was published (FRG, 1976). This new
ordinance replaced the regulations of the first and the second radiation protection
ordinances. In this paper, the old regulations and the most important changes
according to the new radiation protection ordinance are discussed.

According to the radiation protection legislation of the FRG, the handling of
radioactive substances i.e., the extraction, production, storage, treatment, processing
or any other use, and the disposal of this material, is subjected to a system of
licensing. The use of radioactive substances, or goods containing such substances,
without a license is permitted only if certain specified provisions for exemptions are
fulfilled. The exemptions can be summarized as follows:

1. A license is not required by any person using an apparatus, product, or other
equipment containing sealed sources, provided the apparatus, product, or equipment
is of an approved design.

2. A license is not required by any person

—handling an apparatus containing scales or dials with firmly adhering
radioactive luminous paint, provided the paint and the shielding fulfill certain
specific conditions.

—storing, using, or disposing of glassware containing uranium, provided the
content of natural or depleted uranium does not exceed 10% of the weight of the
glass.

—storing, using, or disposing of glazed ceramic articles, porcelains or glassware,
provided the glazing does not contain more than 20% of natural or depleted
uranium or the uranium content per unit area of the painted surface does not
exceed 2 mg/cm?2 of uranium in the case of underglaze painting and 0.1 mg/s:m2
in the case of overglaze painting.

—storing, using, or disposing of electronic components, provided each
individual component contains only radioactive substances of an activity below
the general exempted quantity and the dose rate at a distance of 0.1 m from the
accessible surface of the component does not exceed 0.1 mrem/h. The general
exempted quantities are given in Annex I of the first radiation protection
ordinance; they depend on the radiotoxicity of the radionuclide and have values
between 0.1 uCi and 100 uCi.

—storing, using, or disposing of electrotechnical or other devices designed for
purposes of illumination, provided the conditions given in the previous case are
valid.

3. A license is not required by any person

—handling radioactive substances, provided the activity does not exceed. the
general exempted quantities.
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—handling solids containing natural radioactive substances, provided the
concentration of activity does not exceed 10 nCi/g.

—handling substances, provided the concentration of activity does not exceed 2
nCi/g, and provided further the radioactive substances are not (a) used for medical
purposes, (b)added to drugs or foods, (c) used in the production of goods
designed for domestic use, or (d) used in the production or application of plant
sprays, insecticides, fertilizers, or soil improvement agents in such a way that the
product contains radioactive substances, other than those of natural origin, in a
concentration of more than 2 nCi/g.

4. A license is not required by any person handling natural thorium up to 100 g
for purposes of chemical analysis or chemical synthesis.

5. A license is not required by any person handling

—natural potassium.

—medicinal waters originating from natural sources having a normal concentra-
tion of radioactive substances of natural origin.

--dental porcelain or porcelain teeth colored with natural or depleted uranium,
provided the concentration of uranium does not exceed 0.1% by weight.

The new radiation protection ordinance brings some essential changes. The most
important point is the introduction of a notification for certain cases of handling
radioactive substances that are not subjected to the system of licensing. The new
system is a three-step graduated system of regulation—free use, notification, and
licensing, depending on the hazard expected in the handling of substances or
equipment containing radioactive materials. The use of equipment that is of
approved design will be free from licensing only if the activity contained in the
device is not higher than ten times the general exempted quantities. Handling an
apparatus containing scales or dials with radioactive luminous paint is allowed
without notification only if the apparatus contains no more than 5 mCi of tritium.
Storage, use, and disposal of other consumer products enumerated under point 2 are
permitted; however, electronic components and devices designed for purposes of
fllumination are not permitted if they contain radionuclides of the highest class of
radiotoxicity, e.g., Ra-226 or Am-241. Further changes include special regulations
for ionisation smoke detectors, Also, the use of uranium counterweights installed in
aircraft is possible without license or notification.

In this paper, only consumer products that fall under points 1, 2, and 3 of the
enumeration given previously are discussed. Provisions referred to under point 4
cannot be applied to the production of consumer products, and point 5 is derived
from the ordinance on the approval of drugs (FRG, 1971), which is under the
jurisdiction of the Federal Ministry of Health. This applies also to radioactive
pharmaceutical products, which are not discussed in this paper.

Table 1 contains a list of all types of equipment of approved designs. Three groups
have to be distinguished:

a. Devices destined for use in schools. Various types of equipment of this group,
e.g., neutron generators, X-ray generators, and sources containing radioactive
substances, have to fulfill particular conditions that are described in the second
radiation protection ordinance.

b. Calibration sources for controlling radiation protection measuring devices. For
these sources, also, there are detailed conditions of approval in the first radiation
protection ordinance.
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EQUIPMENT OF APPROVED DESIGN IN THE FRG FROM 1960 TO 1975
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fluorescence analyz-
ers, devices for dust
and condensation
point measurements)

Number of
Type of equipment Ii;gl:)? a;)s f Activity and radionuclide pg;ﬁi 4
1975#
Equipment for use in
schools:
Neutron generators 4 3-10 mCi Ra-226 21
X.ray generators 4 ?
Sources with radio- 24 0, 1-500 uCi Na-22, Co-60 1,040
active substances Kr-85, S1-90, Cs-137,
T1-204,Po-210, Ra-226,
Thy ¢ Am-241
Calibration sources 26 0, 1 uCi-50 mCi C-14, 169
Na-22, Co-60, Sr-90,
Ba-133, Cs-137,Pb-210,
Ra-226
Other equipment:
Gaseous tritium 3 10 mCi-2 Ci H-3 ?
light devices
Electronic tubes 19 4-200 uCi H-3, 732,000
0, 4 uCi Ni-63
3-150 nCi Co-60
3-30 uCi Pm-147
8-50 nCi Ra-226
Antistatic devices 2 50-125 uCiPo-210 ?
Electron capture 4 2-10 mCi Ni-63 32
detectors
Smoke and fire 20 0, 1-4 uCi Ra-226 106,000
detectors 0, 5-72 uCi Am-241
Density measure- 2 50-500 mCi Am-241 1
ment devices
Other devices (e.g., 8 80 uCi-50 mCi Fe-55, 8

Kr-85, Pu-238, Am-241

*Hesse and Northrhine-Westphalia are not included.
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¢. Other equipment containing sealed sources. In this group, the conditions for
the approval of the design have a very general form. The first radiation protection
ordinance required only that the equipment contain a sealed source, that the source
could not be touched, and that the dose rate at a distance of 0.1 m from the surface
of the equipment did not exceed 0.1 mrem/h. If these conditions are met, there is no
requirement to obtain an approval of the design.

In addition, each state (land) of the FRG has the right to grant or refuse an
approval. In general, such a decision is discussed by a commission of the respective
authorities of all states, chaired by the Federal Ministry of the Interior. During recent
years, many devices containing gaseous tritium lights that, in general, complied with
the conditions given above did not receive an approval of the design. Between 1960,
when the first radiation protection ordinance became effective, and 1975, approval
of the design was given for 116 different types of equipment. In Table 1 are listed,
for each type of equipment, the number of approvals issued, the type of
radionuclides and the range of the activities used, and the number of pieces produced
in 1975. Many of the older approvals are no longer used today, and therefore few of
the 116 approvals contribute to the numbers given in the last column. This is
especially valid for electronic tubes. As a result of changes in the rules of the first
radiation protection ordinance in 1965, nearly all electronic tubes do not at present
need an approval of the design, as they fall under the exemptions given under point

The numbers given in the last column of Table 1 do not contain the pieces
produced in Hesse and Northrhine-Westphalia. A question mark means that, at
present, this type of equipment is produced only in these two states.

Table 2 contains a comprehensive list of consumer products falling under point 2
of the enumeration given above. Although these products are free to be stored, used,
or disposed of in the FRG, they can be produced only with a license. Up to the
present, there is no general system of notification that would force the manufac-
turers of these products to provide production and activity data for each type of
consumer product to the appropriate authorities. The numbers given in columns 2, 3,
and 4 of Table 2—and also the numbers in Table 3—are derived from questionnaires
sent to the manufacturers of consumer products containing radioactive substances at
the end of 1974. Because this survey was done on a voluntary basis, not all producers
filled out the questionnaires completely, and some firms did not respond at all. The
data certainly give a qualitative view of these consumer products and supplement
figures given in the study of the European Communities (Washsmann, 1976) for the
FRG. According to the first radiation protection ordinance, importers of consumer
products falling under point 2 of the enumeration given above have to report to the
“Bundesamt fiir gewerbliche Wirtschaft” in Frankfurt. The last column of Table 2
contains values for 1973 derived from information from that office.

Consumer products falling under point 3 of the enumeration given above can be
classified into three categories:

a. The radioactive substances are added intentionally to the consumer products,
for instance, to improve the quality of a material. Table 3 contains a comprehensive
list of the consumer products produced in 1973 in the FRG by making use of the
exempted concentrations given under point 3. Table 3 can be regarded as a
supplement to Table 2. The wording of the regulations is such that these consumer
products cannot be classified under point 2. For example, the addition of thorium to
glassware is dealt with in Table 3, whereas the addition of uranium to glassware is
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CONSUMER PRODUCTS, PRODUCED AND IMPORTED IN 1973 IN THE
FRG UNDER THE EXEMPTIONS GIVEN IN POINT 2 OF THE PAPER

Produced in the FRG Imported into
Type of the FRG
P Number of
consumer pieces or Total activity and Number of
product weight of radionuclide used Exported pieces
the product
Apparatus 14 - 106 1200 CiH-3 50% | 841-103
containing 300 Ci Pm-147 with H-3
scales or 116 - 103
dials with with
luminous Pm-147
paint
Glassware 4 tons 50 mCi U-238 50% | 326103
containing
uranium
Articles with 0,3 - 10% 16 mCi U-238 50% | 1030 - 103
uranium
paints
Electronic 40106 | 5100CiKr-85 40% | 31-103
components 11 - 106 350 CiH-3 or
containing Pm-147
radioactive 3-108 5 mCi Th-232
substances 2-103 0.3 mCi Ni-63
Apparatus
designed for
purposes of
illumination:
High- 7+ 108 0.4 Ci Th-232 20% -
pressure
mercury
lamps
Ignition 26 - 106 77 CiKr-85 50% -
device for
fluorescent

lamps
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TABLE 3
CONSUMER PRODUCTS PRODUCED IN 1973 IN THE FRG UNDER THE
EXEMPTIONS GIVEN IN POINT 3 OF THE PAPER*

Produced in the FRG
Type of consumer product Weight of | Total activity and E ted
the product | radionuclide used xporte
Glassware containing 16 tons 190 mCi Th-232 10%
thorium
Steel/thorium alloys ? 140 mCi Th-232 ?
Tungsten and molybdenum/ 37 tons 50 mCi Th-232 30%
thorium alloys

*Radioactive substances are added intentionally to improve the quality of the material.

shown in Table 2. For the products falling under point 3, there is no requirement for
notification of imported products; therefore, there are no import data given in Table
3.

b. The radioactive substances are used to improve the process of production of
the consumer goods and may be incorporated into the consumer goods. Examples
include the use of Co-60 sources for checking wear of blast furnace lining and the
monitoring of glass-melting processes by the addition of Na-24 and Sc-46.

¢. The radioactive substance is carried unintentionally into the consumer product
with the raw material or with added substances. We have given greater attention to
this group of materials in recent years because these materials most likely give rise to
the highest population doses of all consumer products. Examples are building
materials and fertilizers. In a separate paper presented elsewhere in this book, Dr.
Kolb has discussed details of the study on building materials. A summary of a study
on phosphate fertilizers sponsored by the Federal Ministry of the Interior and
performed by the Radiological Institute of the University of Erlangen-Niirnberg
(Pauley, 1976; Pfister, 1976) is given below. The study included a gamma
spectrometric analysis of inorganic fertilizers containing phosphate for uranium,
thorium, and Ra-226.

The analysis included 86 different trademarks representing about 70% of all
fertilizers of this type permitted for use in the FRG. The results of these
measurements are given in Table 4. The 86 trademarks are summarized in six
different types of fertilizers, three pure phosphates and three mixed fertilizers. The
percentage of use in the agricultural year 1973/74 in the FRG is given for the
different types of fertilizers in the third column of the table. In the last line of the
table, the mean specific activities weighted with the percentages of the third column
are given. These values are used for the further assessments, In the agricultural year
1973/74 in the FRG, 0.92 million tons of P05 were used. This means that 53 Ci of
U, at» 36 Ci of Ra-226, 2 Ci of Thy,,,, and 536 Ci of K-40 were spread over fields,
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TABLE4
SPECIFIC ACTIVITIES OF PHOSPHATE FERTILIZERS USED IN THE FRG
Quota of Specific activity in
Number of | use in nCifkg P,O;
. measured | agricul-
Type of fertilizer | "4 ge. | turein | U,,, | Ra-226] Thy,, | K40
marks | 1973/74
in%

Pure phosphate:

Superphosphate 3 19 777 | 78.1 24 204

Thomasphosphate 1 28.0 (1.0 1.0 03 0.6

Others 7 8.0 64.2 | 464 2.5 109
Mixed phosphate 20 25.3 67.7 | 61.7 22 | 10113
and potassium
Mixed phosphate 7 55 88.7 | 304 2.7 4.0
and nitrogen
Mixed phosphate 50 313 924 | 55.1 29 | 10444
potassium and
nitrogen
Mean value of » 57.8 40.0 1.9 5844
all phosphate :
fertilizers

meadows, and gardens. Considering that 134 billion square meters of land are used in
the FRG for agricultural purposes, this gives a mean concentration of 0.4 nCi/m2 for
natural uranium, 0.3 nCi/m?2 for radium-226, 0.01 nCi/m? for natural thorium, and 4
nCi/m2 for potassium-40. But we must bear in mind that there are considerable
differences in the manner of fertilizing in the different districts and for the different
kinds of cultural areas. For instance, if we look only at the district of Wiirzburg, we
find mean concentration values that are a factor of 22 higher than the values given
for the FRG. So we can assume that, in some agricultural areas of the FRG, the
radium-226 that is spread yearly by fertilizers is of the order of 10 nCi/m?2. This is
one-tenth of the limit given for this radionuclide for surface contamination of objects
coming out of restricted areas. Further investigations on the retention of uranium
and radium in the soil and the uptake by plants are projected to assess the
contribution of these radionuclides to the internal radiation exposure of the
population. The external radiation exposure of members of the population that are
not handling fertilizers occupationally is very small. A very conservative estimate
gives values on the order of 0.1 mrem/yr. A second study (Pauly, 1976; Pfister,
1976) by the same institute deals with the external radiation exposure of persons
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working in areas where rock phosphates or phosphate fertilizers are present in greater
amounts. Whole-body doses of 20 and 11 mrem/yr were obtained for persons
working in production plants and fertilizer storehouses, respectively, with a
maximum of 45 mrem/yr in both cases. Rough estimates showed that the
whole-body dose can reach about 30 mrem/yr for persons working in rock phosphate
and transport in some special cases, whereas the exposure of agricultural workers is
negligible compared to this value. The internal exposure of these persons due to the
inhalation of radon and of phosphate fertilizer dust may be more significant. Further
investigations are also concerned with this problem.

Present estimates of the average annual population dose in the FRG from
consumer products are not accurate. In the latest annual report, “Environmental
Activity and Radiation Exposure,” edited by the Federal Ministry of the Interior, a
value of less than 1 mrem/yr is given for “industrial products.” In practice, this term
includes all products given in Tables 2 and 3 of this paper and some devices named in
Table 1. Most of the equipment listed in Table 1 will fall under the term “use of
radioactive sources in industry and research,” which in the report is estimated to
have a value of less than 1 mrem/yr, also. The contribution from building materials in
the report is listed under “natural exposure” and amounts to about 20 mrem/yr,
which is the difference between the mean exposure inside and outside buildings.

Further actions by the Federal Ministry of the Interior in the field of consumer
products containing radioactive substances are in two categories.

The first category includes all products in which the presence of radionuclides is
intentional. For this category, we have a detailed legal system of exemptions that
should be revised from time to time to ensure that:

a. New applications for the use of radioactive substances in consumer products
are favorably considered, provided the benefit is high compared to the risk,

b. Radionuclides of high radiotoxicity are replaced, as far as possible, by less
dangerous radionuclides, and

c. Antiquated techniques or applications of radioactive substances that have
proved to be useless are eliminated.

The surveillance of manufacturers of consumer products containing radioactive
substances has to be improved by:

a. A system of quality control for those products that are of approved design, and

b. A system of notification for the other exempted products.

The system of quality control provided in Section 24 of the new radiation
protection ordinance must be put into practice. The system of notification, already
mentioned, should ensure that the appropriate authorities have a good overview of
the exempted products that are not of approved design. This is an important basis for
better and more elaborate assessments of population doses from consumer products.

External and internal exposure to individual members of the public and to the
general public resulting from distribution, normal use, maintenance and disposal of
the product and from abuse and accidents should be assessed. In all cases where
uncontrolled disposal of the products is allowed, the exposure resulting from that
pathway should be checked carefully. This is due to the fact that, at least in
Germany, waste incineration and waste recycling become more and more important
and therefore new pathways of potential exposure are created.

The second category includes those consumer products that contain the
radioactive substances unintentionally through the raw material or added substances.
At present, we have no detailed regulations for this category, in particular as related
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to radionuclides of natural origin. But we know that consumer products in this
category contribute much more to the population dose than those of the first. For
example, the large-scale survey of building materials described in Dr. Kolb’s paper
presented elsewhere in this book shows that the annual exposure in houses of
Saarland built after 1900 is 20 mR higher than in those built before 1900, whereas,
in nearly all other States, the exposure in new buildings is lower than in older
buildings. This is caused by the fact that, since the beginning of this century, bricks
made from furnace slag with a relatively high content of Ra-226 and Th-232 are
produced in Saarland. As a result of the use of this special building material, the
mean whole-body dose of the population of Saarland was increased by about 10
mrem/fyr. We believe regulation of the radioactive content of building materials is
needed and intend to prohibit the production and the import of building materials
containing Ra-226 and Th-232 in a concentration exceeding 20 pCifg. To provide the
legal means for this decision, we have incorporated into our new atomic law the
authority to prohibit the use of radioactive substances for certain purposes, where
necessary to protect the population. We are not sure whether we need an additional
system of notification or licensing for building materials with lower activity
concentrations. For the time being, we will have a voluntary system of control for
such materials with an occasional check on the radioactive content of building
materials on the market. In addition, further large scale surveys of buildings are being
considered.
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THE U.S. ENVIRONMENTAL PROTECTION AGENCY'S REVIEW
PROCESS FOR ENVIRONMENTAL IMPACT STATEMENTS

Raymond L. Clark
Office of Radiation Programs
U.S. Environmental Protection Agency
Washington, D.C. 20460

In the belief that factual communication between the Federal government and
those affected by Federal government decisions is beneficial to both, this paper
briefly outlines the review procedures and issues examined by the U.S. Environ-
mental ProtectionAgency (EPA) in its review of environmental impact statements
(EISs) concerning consumer products containing radioactive material. The goal is to
indicate the procedures and issues considered by EPA during its review of an EIS on
consumer products containing radioactive material, an important step toward the
realization of the proposed action. To accomplish this goal, four questions need to be
answered:

a. Why is EPA involved in these reviews?

b. What entity within EPA manages the reviews?

¢. What issues are addressed by EPA?

d. What actions can EPA take following their review?

The review of EISs on consumer products containing radioactive material is one
method used by EPA in fulfilling its mission- of protecting the public health and
environmental quality. Under the provisions of the National Environmental Policy
Act of 1969 (Public Law 91-190), Federal agencies must file a written analysis of the
environmental impact of any proposed major action, together with a discussion of
any adverse environmental effects that cannot be avoided should the proposal be
implemented. The impact statement must also discuss the alternatives for the
proposed action, and any irreversible or irretrievable commitment of resources must
be specified. In the preparation of these statements, the Federal agencies have been
directed by Congress to consult with and to obtain relevant comments from other
agencies having jurisdiction over or special expertise on the subject matter involved.
EPA is required to comment on draft impact statements that fall within the agency’s
special expertise before the final statement is issued. And further, Section 309 of the
Clean Air Act of 1970 (42 U.S. Sec. 1857-7) requires EPA to review and comment
on the environmental impact of any major Federal agency action, including
guidelines, regulations, and proposed legislation.

Within EPA, the Office of Radiation Programs (ORP) has the lead responsibility
for reviewing EISs in which radiation impact is the main concern. To date, EPA has
reviewed two consumer product EISs with both being managed by the ORP-
- Headquarters staff; this management practice is expected to continue.

Once a Federal agency has prepared an EIS, it is released in draft form to the
public and appropriate Government agencies for comment. EPA receives the draft
EIS in a section of the Administrator’s office known as the Office of Federal
Activities. Here the subject of the statement is noted and the statement referred to
the proper program activity within the Agency.
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Upon reaching the ORP, the draft EIS is assigned to a project officer who manages
the review among selected EPA personnel. Initially, the EPA project officer
determines the need for assistance from outside the radiation discipline, such as from
EPA specialists in water pollution, and requests the necessary assistance. Similarly,
ORP personnel with appropriate expertise are assigned to the review.

With the distribution of EISs completed, the technical review begins. A basic
guide used to evaluate a statement is the Council on Environmental Quality (CEQ)
guidelines for EIS preparation (40 CFR 1500). These consist, briefly, of several
requirements: (1) to describe and state the purpose of the action and provide
sufficient information to allow the assessment of potential environmental effects; (2)
to discuss the land-use plans for the area; (3) to assess the probable impact of the
proposed action on the environment; (4) to discuss alternatives to the planned
action; (5) to list unavoidable adverse environmental effects; (6) to discuss the
long-term versus the short-term uses of the environment; (7) to identify the
irreversible and irretrievable commitments of resources; and (8) to review Federal
policy needs supported by the action. Specific regulations (10 CFR § 51.23) require
the inclusion of a cost-benefit analysis, also an important factor in EIS evaluation, in
all EISs issued by the Nuclear Regulatory Commission.

Using these guidelines as a basis, the draft EIS is reviewed to determine if these
areas are adequately addressed. With consumer products it is expected that areas 2, 6,
7, and 8 will generally not be of major consequence, and they will not be discussed
here. The four areas that have received the most attention in the reviews thus far are:
(1) the radiation dose to individuals and the general population, (2) the demon-
strated need for the product, (3) the depth of the analysis of alternatives, and (4) the
overall cost-benefit analysis.

Approximately three weeks after distribution of the draft EIS to EPA personnel,
the project officer receives their comments, edits them, and assembles a comment
package. On the basis of this package, the project officer recommends separate
ratings for the adequacy of the information provided in the EIS and for the
environmental impact of the action. Ratings used for indicating the adequacy of the
EIS are Category 1 (satisfactory), Category 2 (insufficient information), or Category
3 (inadequate); similarly for the environmental impact, the ratings are lack of
objections (LO), environmental reservations (ER), or, environmentally unsatisfactory
(EU).

The comment package, following concurrence by the Deputy Assistant Admini-
strator for Radiation Programs and the Assistant Administrator for Air and Waste
Management, is returned to the Office of Federal Activities. Here it undergoes policy
review and is then sent to the originating agency. If the review results in either a
Category 3 or EU rating. the package is also sent to the CEQ for consideration. CEQ
is the White House-level organization directly responsible to the President on
environmental matters and is the final authority, short of the President, regarding
environmental disputes between Federal agencies. Although it is not mandatory, a
poor 1ating on a draft EIS will generally result in a meeting of EPA, CEQ, and the
originating agency to discuss EPA’s concerns and possible resolutions of them.

When the final statement is issued, the EPA review is the same as for the draft
statement except that the purpose differs. The purpose in reviewing the final is to
determine if the problems found in the draft have been substantially resolved. The
final statement receives a single rating from 1 (no comment) to 5 (unresponsive).
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Following the same procedure as the comments on the draft, the final comments, if
any, and rating are issued to the originating agency and CEQ; any comments are also
sent to the Federal Register for publication.

EPA has no power to force changes in an action; however, if serious problems do
exist, the matter can be referred to CEQ by EPA for a decision on further action. If
CEQ agrees with EPA’s analysis, changes in the action or the final EIS will usually
take place. The review process would then proceed as before. However, if CEQ
decides against EPA’s analysis, it marks the end of EPA’s involvement in the EIS
review process.

Both consumer product EIS’s being reviewed by EPA are presently at the stage in
their development of having been issued and reviewed in draft form with the final
EIS yet to be issued. A summary of their reviews shows two contrasting examples
andshould yield insight into EPA’s evaluation process.

The reviews generally revolve around EPA’s position that any unjustified radiation
exposure should be avoided; therefore, there must be a clearly defined and
demonstrable need for the product and the product must have distinct advantages
over nonradioactive alternatives. Further, safeguards must ensure that discharges of
radioactive material and radiation exposure of the public are kept as low as
reasonably achieveable. Regarding the analysis of costs and benefits, it is known that
some factors defy monetary quantification, such as radiation exposure, and yet could
be the key to a decision on the action. In the field of consumer products where
unquantifiable factors can vary greatly from product to product, each product must
be assessed in relation to its own circumstances. Therefore, EPA necessarily addresses
cost-benefit analyses on a case-by-case basis.

The two consumer product EIS’s that EPA is currently reviewing provide good
examples of this case-by-case approach. Both were issued as the result of petitions
from companies seeking exemptions from licensing requirements. One deals with
personnel neutron dosimeters containing thorium. The other concerns spark-gap
irradiators that utilize cobalt-60.

The thorium neutron dosimeter is a device that will be used as a personnel
dosimeter for fast neutron dosimetry purposes. It consists, basically, of a thorium
foil, a polycarbonate foil used for recording the passage of fission fragments from the
thorium, and a case in which the foils are enclosed.

The rating given the draft EIS on thorium dosimeters (NRC, 1976) was LO-2. The
LO indicates EPA’s opinion that there will be no major adverse environmental
impact; however, this was partly based on information and/or analysis by EPA and
not presented in the EIS. Therefore, a Category 2 rating, a request for additional
information to add to EPA’s information base and confirm the estimated environ-
mental impact, was assigned. In the review it was seen that the dose to individuals
and populations were quite low; only in two very conservative cases during
distribution’ and disposal did the maximum individual dose exceed 1 mrem/year. In
this case the doses presented did not, in. EPA’s opinion, represent a cause for
concern. In following the linear dose-effect theory, EPA believes. that any radiation
exposure is potentially harmful; however, there is the realization that benefits may
exist that justify the exposure. By comparing the thorium dosimeter with the present
and predominant neutron dosimetry, nuclear track film, it was shown that the new
product was an improvement over the film. The depth of the analysis of alternatives
was sufficient to show that the proposed dosimeter was the optimum alternative at
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this time. The overall costbenefit analysis of this action emplasizes the point made
earlier about unquantifiable factors. The benefits to be realized over the present
system are all unquantifiable factors, i.e., better accuracy and greater reliability and
sensitivity. The costs of the dosimeter include the unquantifiable radiation exposure
of people and the higher price of the dosimeter compared to the film. Overall, the
unquantifiable benefits were judged to be sufficient to justify the costs, monetary
and non-monetary, and EPA expressed no objection to the action.

The draft EIS on Co-60 spark-gap irradiators (NRC, 1975) presents a contrasting
case. The spare-gap irradiator is a circular, oil-tempered, spring-steel clip with a
flattened end onto which one microcurie of cobalt-60 has been electrodeposited. The
radiation ionizes the air between the ignition electrodes in commercial-sized oil
bumers to aid in the ignition of the fuel.

The draft statement on the irradiator received a Catetory 3 rating, which indicates
that sufficient information to allow a determination of the environmental impact was
not presented. The major deficiencies cited by the EPA comments were the lack of a
population dose analysis, insufficient analysis of alternatives, and a lack of data to
support the benefits claimed.

The inclusion of individual and population dose analyses is essential. EPA believes
the exclusion of one or both is totally unacceptable. The analyses should include
accident scenarios as well as the normal scenario.

The alternatives analysis was believed by EPA to be too shallow to adequately
demonstrate that this device was the optimum device available to relieve the problem
for which it was designed. In ruling out an alternative, a one-sentence explanation is
rarely adequate to dismiss that alternative. Explanations incorporating sufficient
documentation and detail are essential to allow a proper evaluation of the plausibility
of alternatives.

The final major problem listed by EPA was the lack of data supporting the benefits
claimed. There is apparently a need for such a product since such a device seems to
have the capability of reducing financial costs incurred by the public. However, there
were insufficient data presented to substantiate the claims of benefits. Despite the
fact that the device had been is use, under license, for 10 years, there was apparently
no written record kept of its effect on the performance of the products in which it
was used. In addition, the petitioner estimated that only 1% of the products that
used the device would benefit. Therefore, 99% of the irradiators would accrue costs
while yielding no benefits. While the costs, here mainly the radiation exposures,
were not large on an absolute scale, one must carefully assess the situation and
decide whether the benefits accrued by the 1% justify the costs incurred by all 100%.

In EPA’s opinion, that situation was on the borderline between acceptable and
unacceptable. It was felt that hard data were necessary to provide a more solid basis,
where only estimates of benefits had been given in the draft EIS, to show that the
exposures were justified. It was known that the draft EIS did not present such data
and therefore the Category 3 rating was given. A meeting of the U.S. Nuclear
Regulatory Commission, EPA, and the CEQ took place where EPA’s concerns were
discussed. EPA is now awaiting issuance of the final EIS to determine if our concerns
have been addressed.
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HISTORICAL OVERVIEW OF RADIATION EXPOSURE
GUIDANCE ON RADIOACTIVE CONSUMER PRODUCTS

Allan C. Tapert
Division of Radioactive Materials
and Nuclear Medicine
Bureau of Radiological Health/FDA
Rockville, MD.

With the recent arrival of home smoke detectors, products containing radioactive
materials have again become popular consumer items. During the past two
generations other products such as radioluminous watches, clocks, compasses,
lightswitch markers, and thermostat dials have been brought into homes and have
exposed members of the general pulbic to radiation. These kinds of items can be
distinguished as radioactive consumer products; however, there is not a specific
radiation exposure guide addressed expressly to the consumer. Absence of such a
guide may be partly explained by previous treatment of the many-faceted nature of
the consumer as a single entity.

During the past decade several commissions, committees, and agencies have
advocated various numerical exposure guides or limits in the interest of restricting
the radiation dose to members of the population at large. Some of these groups are
the International Commission of Radiological Protection, International Atomic
Energy Agency, Federal Radiation Council (U.S.), Nuclear Energy Agency (formerly
the European Nuclear Energy Agency), National Council on Radiation Protection
and Measurements (U.S.), Food and Drug Administration (U.S.), Conference of
Radiation Control Program Directors (US.), and the US. Nuclear Regulatory
Commission.

Recommendations of the International Commission on Radiological Protection
(ICRP, 1958) specified four basic categories of radiation exposure. These categories
are called occupational, special groups, population-at-large, and medical. The
population-at-large category is the exposure group of interest and is numerically the
largest category. It is noteworthy that in 1958 ICRP associated the use of such
well-known consumer products as wristwatches and television receivers to the
population-at-large category.

As guidance, the ICRP suggested 2 rems (with a long-term reserve of 1.5 rems for
possible eventualities) over a 30-year interval as the maxium genetic dose for the
population at large. Hence, the dose limit for a member of this group could be as
small as 67 mrem annually. Of course, the ICRP indicated that this dose is in
addition to annual contributions received from medical or occupational exposure to
radiation. In addition to genetic dose limits the ICRP also discussed aspects of
somatic, internal, external, single organ, and whole-body dose implications and
described controlled and non-controlled areas. There are important distinctions in
the definitions of these terms, particularly genetic dose and wholebody dose.
However, explanation of these distinctions is outside the scope of this overview.
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For the purpose of this presentation, consumers of radioactive products should be
assigned to the population-at-large category. Also, one may casually relate genetic
dose with whole-body dose in order to simplify the above terminology as some
whole-body doses may be genetic. The term “whole body” includes the gonads as
well as head and trunk, active bloodforming organs, and lens of the eyes. One can
further simplify matters by only relating external radiation aspects to consumer
products. Ordinarily products deemed acceptable or approved for ingestion or
inhalation are considered medical items. With these qualifications in mind, let us
proceed to examine other suggestions that may be related to exposure of the
consumer during the use of radioactive products.

The Federal Radiation Council (FRC, 1960) published their Report No. 1 on
radiation protection standards. This report has a category expressly for the general
population. The FRC basic recommendation that the wholebody dose to members of
the general population, excluding medical, should be far below 0.5 rem per year
agrees with ICRP. However, FRC proceeds one step further toward refining the
average population dose concept. The FRC assumed that most individuals of a
population do not differ biologically from the average individual by more than a
factor of three and recommended that 170 millirem per year be the upper limit for
the whole-body exposure to members of average population groups. The FRC
cautions that the average dose concept be judiciously applied; for example, averaging
the dose between children and adults is not appropriate.

The International Atomic Energy Agency (IAEA, 1962) formulated “Basic
Safety Standards for Radiation Protection” for its member States as a framework for
promoting national regulations or recommendations. The IAEA protection standards
treated the use of natural and artifically produced radioactive substances, including
processing, handling, storage, transport, and disposal. Although the primary concem
of the IAEA limits if directed toward protecting the radiation worker, a maximum
dose of 0.5 rem per year for the whole body was specified for the category called
“Individual Members of the Public.”

The IAEA (1967) recommended “Radiation Protection Standards for Radio-
luminous Timepieces™ for international application. The TAEA standard restricted
the amounts of hydrogen-3, promethium-147, and radium-226 that could be applied
to the hands and dials of ordinary and special timepieces. Marking of special
timepieces, those worn to produce greater luminosity necessary for particular
purposes, was required to indicate the kind and amount of radioactivity on the
product. The standard recommended the perference of hydrogen or promethium
rather than radium and that radium was not to be used for pocket watchers.

The European Nuclear Energy Agency, (ENEA, 1970) published a guide entitled
“Basic Approach for Safety Analysis and Control of Products Containing Radio-
nuclides and Available to the General Public,” The ENEA is currently called the
Nuclear Energy Agency (NEA), and this report is sometimes known as the “NEA
.Green Guide.” The NEA recognized that even though a single radioactive exempt
product by itself represents a very small radiation dose to the general population, the
distribution of these kinds of products irreversibly commits the population to
radiation exposure. The NEA postulates that radioactive consumer products are
manufactured under control of the national authority and that their distribution,
use, and disposal should be controlled similarly, The NEA expert group also
suggested several control procedures such as surveillance, tests, instructions, and
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product identification. Most significantly, the NEA expert group recommended an
order of benefit approach based on risk-benefit considerations of the product and
allocated a range of doses depending on the particular order of benefit associated
with the radioactive product. The NEA basic approach is given in Table 1.

The National Council on Radiation Protection and Measurements (NCRP, 1971)
recommends dose limits for members of the public, occasionally exposed individuals,
students, and other groups identified. Students in this case are regarded as individuals
undergoing education or training who are less than 18 years of age. The NCRP states
that students should be limited to a maximum dose of 100 mrems in any one year.
Occasionally exposed individuals, as regarded by NCRP, are persons who perform
occasional work with radiation or periodically enter controlled areas. Visitors, service
men, and delivery men are examples of occasionally exposed individuals. The NCRP
recommends that members of the public and occasionally exposed individuals should
be limited to a maximum dose of 500 mrems in any one year.

The National Academy of Sciences (NAS, 1972) prepared a report on the
biological effects of ionizing radiation, commonly referred to as the “BEIR” Report.
The BEIR Report states that there should be a maximum limit for man-made sources
of non-medical radiation exposure to individuals of the general population, so that
risk of serious somatic effects is reduced to a very small value relative to those risks
that are accepted as a matter of routine. Again, there is agreement with the other
advisory groups in that the radiation dose to the whole body of members of the
general population should not exceed 0.5 rem per year. This advice excludes natural
background and deliberate healing arts radiations. The BEIR Report also expresses
concern that the annual whole-body dose for average population groups should not
exceed 170 mrems. The BEIR Report recommends the formulation of an additional
limit that considers the (mathematical) product of the radiation dose magnitude
received by individuals and the number of individuals so exposed. For expressing this
product the term person-rem is introduced.

All US. States can regulate the use of naturally occurring and accelerator-
produced radioactive materials (NARM). The States can also regulate certain uses of
byproduct, source, and special nuclear material via a formal agreement with the U.S.
Nuclear Regulatory Commission (NRC). Currently, 25 States operate agreement
programs. The Suggested State Regulations for the Control of Radiation (SSRCR) is
a set of model regulations that have been distributed to assist the States in developing
uniform radiation control regulations. The edition of the SSRCR printed by the U.S.
Department of Health, Education, and Welfare (DHEW, 1974) contains suggested
regulations for licensing the possession, use, manufacture, distribution, storage, and
disposal of radioactive materials and registration of radiation machines, and specifies
general standards for radiation protection. By implementing these model regulations,
the regulations of the States remain compatible with Federal regulations. The SSRCR
states that the permissible dose from extemal sources of radiation in unrestricted
areas shall not be in excess of 2 mrems in any one hour for continuous exposure, 100
mrems while being exposed for 7 consecutive days, or 500 mrems during an exposure
interval of any one year. The maximum of 500 mrems in any one year is consistent
with the whole body dose permitted for a member of the general public by the
groups previously cited.
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TABLE 1

Basic Approach
For Safety Analysis and Control

Of Products Containing Radionuclides
and Available to the General Public

Dose Apportionment for Exempt Products
Based on Risk/Benefit Considerations!

Individual? Population?
Order of Benefit Dose Dose
Outstanding benefit <0.1 <1074
(such as life-saving devices) ICRP dose ICRP dose
limits limits
Safety and security devices
Improve reliability or dependability <0.01 <1074
of technical devices ICRP dose ICRP dose
limits* limits?
Special technical devices
<0.001 <107
Lower order of benefit ICRP dose ICPR dose
limits? limits#

IThe dose limits established in this chart were not derived from precise technical information.
The figures have been estimated on the basis of normal use of the product. This table should be
regarded as provisional only and islikely to undergo changes depending on developments in the
nuclear industry and on social and economic needs.

i 2Refers to a single article.

: 3Refers to the total distribution of the article under consideration.

41t is recommended that the total exposure from all exempt products (except for those with out-
standing benefit) should not exceed 10% of the dose limit recommended by ICRP for individual
members of the public and 1% of the population dose limit. The ICRP whole-body limit for the

individual dose is given as 0.5 rem in a year.
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The Bureau of Radiological Health (BRH) recently evaluated a piece of jewelry
incorporating uranium ore which produced a beta dose rate of 12 mrems per hour at
contact. Measurements were performed on the sample using a lithium drifted
germanium gamma detector, multichannel analyzer, and uranium oxide standard.
Mass equivalents of natural uranium, uranjium oxide, and radium-226 in the sample
were determined from the gamma spectrum. Beta emission rates from the sample
were determined using a gas flow proportional counter. In the instance of wearing
the jewelry the radiation dose to an individual would come primarily from the beta
emission. Wearing this particular jewelry is analogous to creating a radiation level in
an unrestricted area which is six times in excess of the level permitted by the SSRCE.
The recommendation in the BRH evaluation stated that although the dose to a
person wearing the jewelry is nominal, the risk from wearing such an item is a
dubious benefit; therefore, unregulated distribution of such objects should not be
permitted.

The Conference of Radiation Control Program Directors (CRCPD) is an
organization of the State Radiation Control Directors. The CRCPD maintains
committees that periodically review various aspects of radiation control. In 1975, the
CRCPD established a task force to develop uniform national guidelines for evaluating
NARM sources and products. The CRCPD task force developed a set of NARM
guides which present a basis for attaining uniformity in the evaluation and
distribution of NARM products. The BRH published a report on the NARM Guides
(DHEW, 1977). The part of the SSRCR on radioactive material licensing is essential
to the application of the NARM Guides. These Guides classify NARM products into
12 categories and provide information on each evaluation item regarding manu-
facturer identification and model number, results of radiation measurements,
labeling of name and amount of radioactive material, and licensing recommendation
for product control. The NARM Guide categories are given in Table 2.

TABLE 2
NARM GUIDE CATEGORIES
1. Calibration and Reference Sources Containing Radium-226 for Distribution To
Persons Generally Licensed Pursuant C.22(g), SSRCR
2. Sealed Sources

3. Gas and Aerosol Detectors For Distribution To Persons Exempt From Regu-
lation Pursuant To C.4(c)3), SSRCR

4. Measuring, Gauging, or Controlling Devices.
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TABLE 2

NARM GUIDE CATEGORIES (CONT.)

5. Radioactive Material For Distribution To Persons Exempt From Regulation
Pursuant To C.4(b), SSRCR

6. Static Elimination and Ion Generating Devices
7. Radioluminous Products.

8. Electronic and Electrical Devices

9. Leak Test Kits and Services

10. Medical Sources

11. Radiopharmaceuticals

12. In Vitro Test Kits

The NRC (1977) continues to delineate in their standards for protection against
radiation permissible radiation doses for minors as well as adults. The NRC
standard states that any individual less than 18 years of age is a minor and while
in a restricted area can not be permitted to receive more than 125 mrems in a
calendar quarter, 13 weeks. Also, there is a high degree of compatibility between
NRC and SSRCR regulations, regarding the matter of time interval for receipt of
the radiation dose, since some parts of the SSRCR were patterned after the U.S.
Atomic Energy Commission (AEC) regulations.

The NRC has specified several restraints over the years for various radioactive
products that are exempt from certain regulatory requirements. Examples of some
of these products are incandescent gas mantles, vacuum tubes, welding rods, glazed
ceramic tableware, counterweights with uranium, optical lenses with thorium,
timepieces, lock illuminators, compasses, thermostat dials, and gas and aerosol
detectors.

NRC requirements appear unique by applying both radioactive quantity and
radiation emission rate limits to some consumer products in order to protect the
user. An example of this kind of limit is the requirement that as much as 60
microcuries of promethium-147 can be affixed to a watch dial provided the radiation
level does not exceed 0.1 millirad per hour at a distance of 10 centimeters from any
surface on the wristwatch. A manufacturer who distributes exempt quantities of
byproduct radioactive material is required by the NRC to label the product. In
addition to labeling on the container, the container or accompanying brochure for an
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exempt quantity is required to bear the words “Radioactive Material-Not for
Human Use—Introduction Into Foods, Beverages, Cosmetics, Drugs, or Medicinals, or
Into Products Manufactured for Commercial Distribution is Prohibited—Exempt
Quantites Should Not be Combined.”

The figures of 500, 170, and 67 mrems per year have been presented as
prospective maximum permissible whole body annual dose limits for consumers.
Comparing the 67 and 500 mrems as extremes of the overall range, the extremes
agree within an order of magnitude. Although the 500 mrems remains firmly
established as the annual whole-body dose limit, the annual exposure to the
consumer should be kept far below the 500 mrems limit as recommended by the
FRC.

Therefore, it is apparent that the basic dose guidance for a member of the public
regarding external whole-body radiation has been proceeding in a discreet manner
during the past decade. During this period the guidance has been extended in several
instances to apply directly to the radioactive product.

REFERENCES

Department of Health, Education and Welfare (October 1974), Suggested State
Regulations for Control of Radiation. Copies available from Bureau of Radiologi-
cal Health (HFX.25) Food and Drug Administration, 5600 Fishers Lane,
Rockville, MD 20857,

Department of Health, Education and Welfare (1977), DHEW Publication No. (FDA)
77-8025. Copies available from Director, Division of Radioactive Materials and
Nuclear Medicine (HFX-300), 5600 Fishers Lane, Rockville, MD 20857.

European Nuclear Energy Agency (1970), Basic Approach for Safety Analysis and
Control of Products Containing Radionuclides and Available to the General
Puplic. Copies available in the US.A. from OECD Publications Center, Suite
1207, 1750 Pennsylvania Avenue NW, Washington, DC 20006.

Federal Radiation Council (1960), Report No. 1, Federal Radiation Council, 401 M
Street SW, Washington, DC 20460.

International Atomic Energy Agency (1962), Safety Series No. 9. National Agency
for International Publications, Inc. 317-23 East 34th St., New York, NY 10016.

International Atomic Energy Agency (1967), Safety Series No. 23. National Agency
for International Publications, Inc., 317-23 East 34th St., New York, NY 10016.

International Commission on Radiological Protection (1958), Recommendation of
the International Commission on Radiological Protection (adopted September 9),
Oxford, Pergamon Press.

National Academy of Sciences (1972), Report of the Advisory Committee on the
Biological Effects of Ionizing Radiations, The Effects on Populations of Exposure
to Low Levels of Ionizing Radiation, National Academy of Sciences—National
Research Council, Washington, DC 20006.

National Council of Radiation Protection and Measurements (1971), Report No. 39,
NCRP Publications, Post Office Box 4867, Washington, DC 20008.

US. Nuclear Regulatory Commission (1977), 10 CFR Part 20, Standards for
Protection Against Radiation, U.S. Nuclear Regulatory Commission, Washington,
DC 20555.



118 .

RADIUM IN CONSUMER PRODUCTS:
AN HISTORICAL PERSPECTIVE

Warren M. Holm,
Radium Chemical Co., Inc.
New York, N.Y. 10017

An overall view of radium or any radioactive material in consumer products would
be incomplete and erroneous unless it is viewed in the perspective of history. The
most important elements of this perspective are the changing views of the general
public toward radium, the communications that generally formed these views, and
the scientific knowledge that was available at the time.

During the period from the first discoveries of the Curies until sometime in the
1930s, radium was considered almost magical. In this early period, the public
believed that cures for cancer and other ills were possible with radium, and that
many new scientific discoveries were imminent.

But from the 1930s until the beginnings of the Nuclear Age in the 1940s, the
public view began to change as reports of many previously unknown hazards began
to be recognized—or more importantly—to be publicized. Such exciting prospects as
unlimited low-cost power and innovations in medicine and science through radium
were soon replaced by a growing feeling that anything radioactive was in some way
associated with the awesome effects of the atomic bomb. It is therefore within this
capsule of history and changing public opinion that the long and complex story of
radium in consumer products can best be understood.

In briefly reviewing the various products, or attempts to produce products with
radjum, the phenomenon of radioluminosity is the most important. The actual
starting clues to the discovery of radioactivity began with the observations of
Becquerel of various light-producing minerals. Then, soon after the first production
of radium by the Curies, experimenters in Europe and the United States began trials
of the activation of phosphors by radium. One of the first methods of counting alpha
particles was to count the flashes from zinc sulphide screens. The classic thesis of
Marie Curie (1961) contains a section in which she thoroughly investigated these
luminous effects.

It was obvious, therefore, that the first major use of radium would be in
luminescence. And, from 1910 to 1914, luminous compounds began to be available
in Germany, France, and the United States. These were used first in watch, clock,
and later, aircraft instrument dials.

At this point, it might be well to digress a bit and recount the history of radium
production in the United States. Time is not available to tell the complete story,

- which can be found in old publications (e.g., The Story of Pittsburgh, 1921). But,
basically, it began when J M. Flannery, the developer of the vanadium industry in the
United States, determined to produce radium from low-grade uranium ores in
Colorado after the Austrian government imposed a monopoly control over the
Joachimstal mines, the Curies’ source of radium. The ores were obtained in the
Colorado Rockies by primitive mining methods, then transported by mules and
wagons to the nearest rail line for shipment to Canonsburg, Pennsylvania, where the
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initial refinery was located. After basic refining, the final purification was
accomplished in the laboratories in Pittsburgh.

From 1913 to 1920, approximately 70 grams of radium were produced and sold
at an average price of $120 per milligram. It is interesting to note that, in 1920, 18.5
grams were produced; of this, 1.2 grams were used to make luminous compounds.

In the perspective of history, it should be noted that luminous dials were vital for
early aircraft, which did not possess electrical systems. The only choice for night
flying was between a flashlight held by the pilot (who needed two hands to fly the
plane) or luminous instruments. Another necessary use was the luminous alarm
clock. In the 1920s, when many American homes were still without electric lights, a
luminous clock was more than a convenience!

The early luminous compounds contained a much higher ratio of radium than the
currently available types, which use more efficient phosphors. It was not unusual for
the early “government specification™ grades to contain 100 micrograms of radium
per gram of phosphor, and for a watch or aircraft dial to have an activity in excess of
1 microcurie. .

Other devices produced in the 1920s found wide consumer use, too. Principally, a
small luminous pendant for attachment to the pull chains of electric lights, as wall
switches were still not in general use. Another popular device was a luminous ring for
attachment to the knob of a chamber pot cover. The people who study the risk and
benefit aspects of radioactivity today might have an interesting time evaluating the
risk versus benefit here!

Religious pictures, statues, and small shrines treated with luminous paints were
produced in quantity by small shops for local markets, and may still be sold in a few
places in the world.

One unusual consumer product, produced in mass in the 1920s and 1930s, is now
an antique collector’s item—not for its radioactive content, but for its art-deco
beauty. It is the famous California orange fiesta dinnerware. And while the product
used uranium oxide to achieve the bright ceramic orange color, it was an outcome of
radium refining. For in that period, radium was the desired extraction element and
the parent uranium was discarded as having virtually no commercial value. Today,
this would be considered an impossible use of a radioactive substance. But in the
perspective of history, millions of sets of this dinnerware, with a uranium content
averaging 20,000 dpm of alpha activity were made, sold, and used.

The luminous telephone dial is a prime example of a device that is reinvented at
least once a year, always with the fond expectation of the inventor that he has hit
upon a million dollar idea. Luminous fishing lures have been tried for many years
with varied claims for their effectiveness.

Luminous tapes, dots, and buttons have had limited consumer uses as step
locators in theatres and other public buildings. But they have had a major military
use as mine field locators or vehicle markers or in such areas as naval vessel gangways
where light under blackout conditions is desired.

A few novelties that have had sales in the hundreds of thousands have been
produced. One is the famous Buck Rogers Mystery Ring of the 1950s, in which
scintillations of a small bit of zinc sulphide activated with polonium could be
observed. This is considered to be one of the most successful cereal box top
premiums ever offered.

Other consumer uses of radjum tried or used in the past that do not depend on
luminous effects fall into several categories. Some are still considered valid; others, in
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our present perspective, are labeled medical quackery. First, for the medical types. In
the 1920s, it must be remembered, even the most respected medical authorities
believed that the remarkable properties of radium had many more uses than in cancer
therapy. There were serious proposals that the government should establish radium
hospitals under the Public Health Service for treatment and research in arthritis and a
host of other diseases. The serious approach to the mysteries of radium was, of
course, soon invaded by the quacks and promoters who produced radium water and
radium emanators. These they sold by using all the techniques of the medicine show
and snake oil people. The deviation is not unusual, as nearly every novel medical
discovery has had parallel promotional problems.

The valid uses largely depend on ionization, either in electronics or for removal of
static charges. Except for the antistatic devices, which ordinarily use polonium rather
than radium because of cost, the electronic uses are probably too specialized to be
labeled consumer uses. One exception might be the lightning rod that contains
radium (another interesting risk versus benefit analysis).

The primary objective of this discourse was not to catalog or to date the
development of each use or device, but to try and place the developments and uses in
an historical perspective that may often be overlooked when consumer uses of
radium or other radioactive materials are discussed or studied.

Radium is now considered taboo for consumer items. But again, in recent
perspective, it was only 25 years ago that strontium-90 was proposed by some as the
ideal activator for luminous paints. And, presently, Pm-147 is being widely proposed,
with virtually no large-scale industrial experience, and some problems such as
happened with radium 50 years ago could conceivably develop. v

One other point should be kept in perspective, and that is the relative efficiencies
of radium as compared to radium substitutes in the activation of luminous
compounds. A luminous clock that is acceptable to the consunier can be produced
with approximately 0.5 microcurie of radium, or somewhat less, depending on the
design of the dial and hands.

If tritium is used, the present regulations allow the use in a single timepiece of 25
millicuries of tritium, ajthough most clocks are produced using less than half this
quantity. The allowable limit for promethium-147 is 200 microcuries.

In considering all factors, the ease of detectability of radium should be recognized
in comparison to the difficulty of detection of tritium. The effects of radium on
people in the luminous industry have been studied extensively by the Institute of
Human Radiobiology at Argonne, whereas no comparable studies of tritium have
been made. And, for promethium-147, not only have there been no studies, but there
is no effective bioassay method.

Again, for an interesting note concerning radium, if it were not for the discovery
of radium and the subsequent discovery of neutrons with the use of a radium-
beryliium source, there would not be a nuclear age.

For a brief summary, an attempt has been made to show in historical and
technical perspective how radium began to be used in consumer products and how
changing conditions in technology and regulations have greatly modified the use of
radium. In addition, the various uses of radium that have been tried or have been
used in consumer products have been described, and wherever possible, the historical
perspective has been used to show when devices were needed and when changing
conditions caused the products to be no longer required. The final portion is an



121

attempt to bring the historical perspective attitude into use in the evaluation of the
risks and benefits of radium in comparison to radium substitutes.
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NATURALLY OCCURRING AND ACCELERATOR-PRODUCED RADIOACTIVE MATERIALS
INTRODUCTORY NARM GUIDE

A Scope

NARM Guides provide uniform criteria for the evaluation of sources and products that
incorporate naturally occurring or accelerator-produced radioactive materials
(NARM). As used herein, NARM does not include byproduct, source, or special nuclear
material. This Guide is & general introduction to NARM Guides 1 - 12 and presents
background information and instruetions on their use. NARM Guides 1 ~ 12 provide
evaluative eriteria for the following categories of sources and products:

GUIDE

No. GUIDE TITLE

1. Calibration and Reference Sources Containing Radium-226 for Distributidn to
Persons Generally Licensed Pursant to C.22(g), (SSRCR)*

2. Sealed Sources

3. Gas and Aerosol Detectors for Distribution to Persons Exempt from Regulation
Pursuant to C.4(c) (3), SSRCR

4, Measuring, Gauging, or Controlling Devices

5. Radioactive Material for Distribution to Persons Exempt from Regulation
_Pursuant to C.4(b), SSRCR

6. Static Elimination and Ion Generating Devices

7. Radioluminous Products

8. Electronic and Electrical Devices

9. Leak Test Kits and Services

10. Medical Sources

11. Radiopharmaceuticals

12. In Vitro Test Kits.

B. History

The manufacture, distribution, and use of NARM sources and devices are not covered
by the Atomic Energy Act of 1954, as amended, and therefore are not regulated by the
U. S. Nuclear Regulatory Commission. Rather, the regulation of NARM has been left
to the discretion of each State. As such, the degree of regulation for NARM varies
from State to State. To promote national uniformity, the Conference of Radiation
Control Program Directors, Inc. in 1975 established s Task Force to develop uniform
guidance for the evaluation of NARM sources and products. The Buresu of
Radiological Health/FDA (BRH) funded Task Force activities. In support, the Bureau

*Suggested State Regulations for Control of Radiation
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of Radiological Health, the Nuclear Regulatory Commission, and the Environmental
Protection Agency participated in the deliberations of the Task Force.

C. Purpose

The NARM Guides are the basis of a program aimed at attaining unformity in the
evaluation and distribution of NARM sources and products through the cooperative
efforts of the States and the Federal agencies. These guides provide for the uniform
classification and evaluation of NARM sources and products by radiation control
agencies and are intended to be used in conjunction with the Radioactive Materials
Reference Manual (RMRM) and the Suggested State Regulations for Control of
Radiation

(SSRCR).

D. Regulatory Process

Uniform application of the NARM Guides by radiation control agencies will promote
radiological safety in the design and construction of NARM sources and products.
Each NARM source or product intended for distribution in the United States shall be
evaluated according to the appropriate NARM Guide prior to routine distribution.

A Licensing State should determine that each NARM source or product has been
evaluated in accordance with the NARM Guides prior to licensing its possession and
use. The issuance of a RMRM evaluation sheet is evidence that such an evaluation has
been performed. The manufacture, assembly or distribution of NARM sources and
products shall be licensed in Licensing States. In other States the appropriate
authority shall issue a letter of authorization (or other document) for the manufacture,
assembly, or distribution of a NARM source or product. The letter of authority shall
set forth appropriate operating conditions which establish that the manufacture,
assembly, or distribution of the NARM source or product will be performed in
accordance with applicable provisions of the SSRCR and the relevant NARM Guide.

Prior to the issuance of the letter of authorization (or other document) the State shall
assure, either by regulations or written agreements between the State and the
manufacturer, assembler, or distributor that:

1. the State has the right to inspect the facilities, quality assurance and records of
the manufacture, assembly, or distribution of the NARM source or product:

2. the manufacturer, assembler or distributor shall comply with the applicable re-
quirements of the SSRCR; and

3. the manufacturer, assembler, or distributor shall meet the applicable provisions of
the relevant NARM Guide.

E. Evaluation Process
The evaluation of NARM sources and products may be accomplished as follows:

1. State only - A State may, at its discretion, identify, evaluate, and prepare RMRM
evaluation sheets on any NARM source or product whose place of manufacture,
assembly, or distribution is located within that State's jurisdiction.

2. State with BRH assistance - A state may, at its discretion, request assistance
from BRH for a cooperative evaluation (including preparation of RMRM
evaluation sheet) of a NARM source or product whose place of manufacture,
assembly, or distribution is located within that State's jurisdiction. This request
shall be in writing.
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3. "BRH et the request of a State - A State may, at its discretion, request BRH to
perform an evaluation (including preparation of RMRM evaluation sheet) of a
NARM source or product whose place of manufacture, assembly, or distribution is
located within that State's jurisdietion. This request shall be in writing.

The evaluating agency shall require the manufacturer, assembler, or distributor to
submit In writing all information specified by the appropriate NARM Guide. In the
event that a product or device contains a source which has previously been evaluated
and included in the RMRM, no further evaluation of the source need be made provided
the proposed source use s specific to that of the previously evaluated source.

A State shall not issue an RMRM evaluation sheet on a NARM source or product that is
not acceptable for routine distribution under the suggested level of regulatory control.

A State ghall not issue an RMRM evaluation sheet on 8 NARM source or product being
manufactured in, assembled in, or distributed from another State.

Instructions for Completing and Submitting RMRM Sheets
The RMRM contains three types of sheets:

1. Eveluation (white sheets) - Indicates that an evaluation of the source or product
has been made and recommends the suggested level of routine regulatory control
to be applied to it, i.e., specific license, general license, or exemption. A
suggested format for an evaluation sheet is shown in Appendix A.

2. Product Identification (green sheets) - Declares the existence of a NARM source
or product for which an evaluation sheet does not exist. The radiation control
agency noting the existence of the unevaluated NARM source or product shall
issue & Product Identification sheet on it. If possible the State identifying the
NARM source or product should notify the State of jurisdiction. A suggested
format for & Product Identification sheet is shown in Appendix B.

3. Advisory Notice (pink sheets) - Advises of NARM source or product defects,
misuses, or problems. The radiation control agency noting the defect, misuse, or
problem shall issue an Advisory Notice sheet on it and notify the State of
jurisdiction. A suggested format for an Advisory Notice sheet is shown in
Appendix C.

Advisory Notices, Evaluations, and Product Identifications pertaining to NARM
sources and products for distribution via the RMRM shall be sent to:

Director, Division of Radioactive Materials
and Nuclear Medicine (HFX 300)
Bureau of Radiological Health/FDA
5600 Fishers Lane
Rockville, Maryland 20857
Attention: Assistant Chief for Radioactive Products

BRH will duplicate and forward copies of each RMRM sheet to all States.
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G. List of States by Degree of NARM Regulation

Basically there are three kinds of radiation control programs for NARM and other
radioactive materials operated by the States. These are:

1. Agreement State - Licenses byproduct, source, and special nuclear material
{agreement materials).

2. Licensing State - Licenses NARM.

3. Registration State - Registers NARM.

Licensing States Registration States Other States
Alabama®* Alaska Delaware
Arizona* Conneeticut (issues permit)
Arkansas* Hawaii District of Columbia
California® Indiana (registers radium)
Colorado* Maine lowa

Florida* Massachusetts (no program)
Georgia* Minnesota Montana

Idaho* Missouri (registers radium)
Nlinois Ohio Puerto Rico
Kansas* Oklahoma (no program)
Kentucky* South Dakota Rhode Island
Louisiana* Utah (no program)
Maryland* Vermont Yirgin Islands
Michigan West Virginia (no program)
Mississippi* Wisceonsin

Nebraska® Wyoming

Nevada®*

New Hampshire*

New Jersey

New Mexico*

New York*

North Carolina*

North Dakota®*

Oregon*

Pennsylvania

South Carolina®

Tennessee®

Texas*

Virginia

Washington*

*Also an Agreement State

©0-4
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Availability of Documents Referenced in Guides

L

4.

American National Standards Institute (ANSI) publications are available from:

American National Standards Institute
1430 Broadway
New York, New York 10018

"NARM Guides" are available from:

Director, Division of Radioactive Materials
and Nuclear Medicine (HFX-300)
Bureau of Radiological Health/FDA
5600 Fishers Lane
Rockville, Maryland 20857
Attention: Assistant Chief for Radioactive Products

National Council on Radiation Protection and Measurements (NCRP) reports are
available from:

NCRP Publications
P. O. Box 30175
Washington, D. C. 20014

"Suggested State Regulations for Control of Radiation” (SSRCR) are available
from:

Bureau of Radiological Health (HFX-25)
Food and Drug Administration

5600 Fishers Lane

Rockville, Maryland 20857

Mechanism for Effecting Changes to Guides

Comments and recommendations regarding changes to these Guides should be sent to
the Chairman, Conference of Radiation Control Program Directors via:

Director, Division of Radioactive Materials

and Nuclear Medicine (HFX-300)

Bureau of Radiological Health/FDA

5600 Fishers Lane

Rockville, Maryland 20857

Attention: Assistant Chief for Radioactive Products

0-5
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APPENDIX A
Evaluation Shest
(present Information on following ftems)
Manufacturer Distributoe

. {(name and address) (name and address)

Radioactive Material Activity
(name and mass number) (Curie sub-units)

Model Number
Use

Source/Device Description

physical appearance

describe construction

give results of prototype testing
Radiation Measurements

Quality Control

Include ANSI Classification as applicable

Labeling and Instructions

Licensing Recommendations

Evaluation by

(name and address of agency)
Note: See RMRM for sample

0-6
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APPENDIX B
Product Identification Sheet

(present information on the following items)

Manufacturer Distributor

{name and address) ' {name and address)
Radioactive Material Activity Model No.
(name and mass number) (Curie sub-units)

Dse

Agency Making Identification

(name and address)

Note: See RMRM for sample.

0-7
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APPENDIX C

Advisory Notice Sheet

TO: All Radiation Control Agencies
FROM: State of

(Division of Radiological Health)
SUBJ: Product Model containing (name and mass number of NARM)

Give name and address of manufacturer, assembler, or distributor whose
product or source has an actual or potential problem or defect.

State the problem, defect or misuse regarding the product, e.g.

radiation level

user instructions

wipe test results

malfunetion

product labeling or mislabeling

packaging aspects

Specify the action to be taken on the problem to limit or correct any
immediate or potential radiological hazard.

Note: See RMRM for sample.
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NATURALLY OCCURRING AND ACCELERATOR-PRODUCED RADIOACTIVE MATERIALS
NARM GUIDE

CALIBRATION AND REFERENCE SOURCES CONTAINING RADIUM- 226 FOR
TRIBUTION TO PERSONS GENERALLY LICENSED FURSUANT TO C.22(g) SSRCR*

A. Scope

This Guide provides criteria for the evaluation of celibration and reference sources
containing radium-226 for distribution to persons generally licensed pursuant to C.22(g)
of the SSRCR. The sources subject to this guide are designed for use as radiation
sources per se and not as a component within a device. These sources may be sealed
sources or plated alpha sources.

B. Definitions

1. Capsule - Protective envelope used for prevention of leakage of the radioactive
material.

2. Device - Any piece of equipment designed to utilize sealed source(s).

3. Plated alpha source - A source which has radioactive material plated, deposited or
otherwise bonded to a rigid backing in such a manner as to prevent leakage or
escape material (Ra-226).

4. Sealed source - Radiosctive material that is encased in a capsule designed to
prevent leakage or escape of the radioactive material.

5. Source holder - Mechanical support for the source.
C. General Criteria
The manufacturer, assembler, or distributor shall submit sufficient information
regarding each type or model of source for the evaluation of the source. Such
information shall include:
L. Identification
Identify the source by model number or other specific model designation.
2. Proposed Use

Describe the proposed use and type(s) of radiation emitted from the source.
Define or identify the environments and operating conditions expected during
normal use. Indicate the expected useful life of the source.

3. Radioactive Material

Identify the radioactive material, maximum activity per source, chemical and
physical form of the radiosctive material, and the details of the method of
incorporation and binding of the radioactive material in the source.

*Suggested State Regulations for Control of Radiation
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4.

5.

7.

Construction

Submit engineering drawings of the source, identifying all materials of
construction, dimensions and methods of sealing the source, if any. Submit
drawings of the source holder, if any, identifying materials of construction,
dimensions and methods for mounting the source.in the holder,

ANSI Classification

State the American National Standards Institute (ANSI) classification designation
for the source.

Labeling

Submit facsimiles of labeling or marking to be placded on each source and copies of
instructions for use that will accompany the source.

Additional Information

Submit any additional information, including experimental studies and tests which
will facilitate a determination of the safety of the source,

D. Maximum Quantity

Each source shall contain a quantity not to exceed 5 microcuries of radium-226,

E. Prototype Evaluation

The manufacturer, assembler, or distributor shall submit information including:

L

For any type of source which is designed to contain more than 0.005 microcurie of
radium-226, prototype tests shall be conducted on each of five prototypes of such
source in the following sequence:

(a) Initial measurement. The quantity of radioactive material deposited on the
source shall be measured by direct counting of the source.

(b) Dry wipe test. The entire surface of the source shall be wiped with filter
paper ﬁtﬁ the application of moderate pressure. Removal of radicactive
material from the source shall be determined by measuring the radioactivity
on the filter paper.

{c) Wet wipe test. The entire surface of the source shall be wiped with filter
paper, moistened with water, with the application of moderate pressure.
Removal of radioactive material from the source shall be determined by
measuring the radioactivity on the filter paper after it has dried.

(d) Water soak test. The source shall be immersed in water at room temperature
for a period of 24 consecutive hours. The source shall then be removed from
the water. Removal of radicactive material from the source shall be
determined by measuring the total radicactivity in the water in which the
source was immersed.

(e) wipe test. On completion of the preceding tests (a) through (d) above,
the pe test described in (b) shall be repeated.

Removal of more than 0.005 microcurie of radicactivity in any test as prescribed
in (a) through (e) above shall be cause for rejection of the source design. Results
of prototype tests submitted shall be given in terms of microcuries and percent of
removal from the total amount of radioactive material deposited on the source.

1-2
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uslity Control

1. Each manufacturer, assembler, or distributor shall describe the quality control
procedures to be followed in the fabrication of production lots of the sources, as
applicable, and the quality control standards for maintaining source design
specifications.

2. Each manufacturer, assembler, or distributor should describe the assay method
used to determine the radiosctive content of the source. The assay shall be
traceable to a National Standard. .

3. Each manufacturer, assembler, or distributor shall perform a dry wipe test upon
each source containing more than 0.05 microcurie, of radium-226 prior to
transferring the source to a general licensee. This test shall be performed by
wiping the entire surface of the source with & filter paper with the application of
moderate pressure. The radioactivity on the filter paper shell be measured by
using radiation detection instrumentation capable of detecting 0.0005 microcurie
of radium-226. If any such test discloses more than 0.005 microcurie of
radioactive material, the source shall be deemed to be leaking or losing radium-
226 and shall not be transferred to a general licensee.

Labeling and Instructions for Use of Sources

1. Each manufacturer, assembler, or distributor shall affix or attach to each source,
source holder, or storage container for the source, a label which shall contain
sufficient information relative to safe use and storage of the source and shall
include, as a minimum, the following statement or & substantially similar
statement:

The receipt, possession, use and transfer of this source, Model ’
Serial No. , are subject to a general license and the regulations of
Licensing States. Do Not Remove This Label.

CAUTION - RADIOACTIVE MATERIAL - THIS SOURCE CONTAINS
MICROCURIES RADIUM-226. DO NOT TOUCH
Bpeaily quantity)  RADIOACTIVE PORTION OF THIS SOURCE.

{Rame of manulacturer, assembler, or distributor)
2. Each distributor shall provide with each source:

(a) A certification that the sealed source has been appropriately tested for
leakage and contamination within six (6) months of date of transfer.

(b) A certificate of assay which gives the amount of activity, accuracy and date
of assay for each source.

(¢} Instructions for the safe handling and usage of the source.

Transfer Reports

Each manufacturer, assembler, or distributor shall file an annual report in duplicate
with the State specifying the total quantity of radium-226 transferred. The report
shall identify the recipient by name and address, state the kinds and numbers of
sources transferred, and specify the activity of each source. Each report shall cover
the calendar year and shall be filed by January 31 of the following year. If no transfers
of radium-226 have been made during the reporting period, the report shall so indicate.
The State will forward one copy of the report to the Bureau of Radiological Health,
Food and Drug Administration, Rockville, Md., 20857. The Bureau of Radiological
Health will send copies of the report to all States.

1-3
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NATURALLY OCCURRING AND ACCELERATOR-PRODUCED RADIOACTIVE MATERIALS
NARM GUIDE 2
SEALED SOURCES

A. Scope
This Guide provides criteria for the evaluation of all sealed sources containing
radioactive material unless a more specific NARM Guide exists. The sealed sources
subject to this Guide are designed for use as radiation sources per se or as a com-
ponent within a device.

B. Definitions

1L Capsule - Protective envelope used for prevention of leakage of the radioactive
material.

2. Device - Any piece of equipment designed to utilize sealed source(s).source(s).

3. Sealed source - Radicactive material that is encased in a capsule designed to
prevent leakage or escape of the radioactive material.

4. Source holder - Mechanical support for the sealed source.

C. General Criteria
The manufacturer, assembler, or distributor shall submit sufficient information
regarding each type or model of sealed source for the evaluation of the sealed source.
Such information shall include:
1.  Identification

Identify the source by type or model number or other specific model designation.

2. Proposed Use

Describe the proposed use of the source. Define or identify the environments and
operating conditions expected during normal use. Indicate the expected useful life
of the source.

3. Radioactive Material
Identify the radioactive material, maximum activity per source, chemical and
physical form of the radioactive material, and the details of the method of
incorporation and binding of the radicactive material in the source.

4. Construction
Submit engineering drawings of the source capsule identifying all materials of
construction, dimensions and methods of sealing the source. Submit drawings of
the source holder, if any, identifying materials of construction, dimensions and
methods for mounting the source in the holder.

5. ANSI Classification

State the American National Standards Institute (ANSI classification designation.
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Labeling

Submit facsimiles of the labeling to be engraved, etched, imprinted or printed on
the sealed source, or on a tag to be att.ached to the source,

Additionsal Information

Submit any additional information, including experimental studies and tests which
will facilitate a determination of the safety of the source.

Maximum Quantity
Not applicable for this Guide.

Prototype Evaluation

The manufacturer, assembler, or distributor shall submit information including:

1

2.

Maximum radiation levels at 5 and 30 centimeters from any external surface of
the source averaged over an area not to exceed 100 square centimeters, and the
method of measurement or calculation;

Submit results of tests performed on prototype sources that establish the integrity
of the source construction and seal under the most adverse conditions of use to

‘which the source is likely to be subjected. These prototype tests should insofar as

possible, reflect the actual conditions of use and as a minimum shall meet the
designated usage classification according: to the current ANSI Standard entitled
"Classification of Sealed Radioactive Sources," provided the means for assigning
such & classification is described.

Quality Control

1L

3.

Each manufacturer, assembler, or distributor shall describe the quality control
procedures to be followed in the fabrication of production lots of the sources, as
appliceble, and the quality control standards for maintaining source design
specifications.

Each manufacturer, assembler, or distributor shall deseribe the assay method used
to determine the radioactive content of the source. The assay shall be traceable
to a National Standard. .

Each manufacturer shall perform & leak test on each source by applying
procedure(s) in the current ANSI Standard entitled "Classification of Sealed
Redioactive Sources" or "Leak-Testing Radioactive Brachytherapy Sources",ss
appropriate. Acceptability of source leakage shall be indicated by removal of less
than 0.005 microcurie of radioactive material. In the case of radium-226 sources
intended for brachytherapy, in addition to the above requirement, acceptability is .
indicated by & leakage rate of less than 0.001 microcurie of radon in 24 hours.

Labeling and Instructions for Use of Sources

|

2.

Ideally, source labeling should include the words: "CAUTION -RADIOACTIVE
MATERIAL,"” manufscturer's trademark or unique serial number, radionuclide,
activity, assay date, and the radiation symbol. Where labeling the source is
impracticable, a tag containing the above information should be attached to the
source, unless the attachment of such a tag is also impracticable. When a sealed
source is permanently mounted in a device, source labeling is not required
provided the device is labeled as specified above.

Each distributor shall provide with each source:

2-2
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(a) A certification that the sealed source has been appropriately tested for
-leakage and contamination within 6 months of date of transfer.

(b) A certificate of assay for each source.

() Instructions for the safe handling and usage of the source.

H. Transfer Reports

L

Submission of transfer reports is not required for source(s) for which distribution
is limited to specific licensees,

Each manufacturer, asserhbler, or distributor shall file an annual report in
duplicate with the State specifying the total quantity of radicactive material
transferred to persons generally licensed or exempt from regulations. The report
shall identify the recipient by name and address, state the kinds and numbers of
sources transferred, and specify the radionuclide and activity of each source,
Each report shall cover the calendar year and shall be filed by January 31 of the
following year. If no transfers of radioactive material have been made during the
reporting period, the report shall so indicate. The State will forward one copy of
the report to the Bureau of Radiological Health, Food and Drug Administestion,
Rockville, Md., 20857. The Bureau of Radiological Health will send copies of the
report to all States.

2-3
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NATURALLY OCCURRING AND ACCELERATOR-PRODUCED RADIOACTIVE MATERIAL

NARM GUIDE 3
GAS AND AEROSOL DETECTORS FOR DISTRIBUTION TO
PERSO. ~(cN3), SSRCR*
A. Scope

C.

This Guide provides criteria for the evaluation of gas and aerosol detectors containing
radicactive material which ate to be distributed to persons exempt under C.4{c)3) of
the SSRCR. The gas and aerosol detectors covered by this Guide are only those
designed to protect life or property from fires or airborne hazards.

Definitions
1. Device - Any piece of equipment designed to utilize sealed source(s).

2. Gas and seroscl detectors - Detectors, indicators, testers, and analyzers for gases,
vapors, dusts, fumes, mists, and other airborne conteminants, products of
combustion (both visible and invisible), and oxygen deficient atmospheres. As used
in this Guide the term "detector" means the device with radioactive material
incorporated into it.

General Criteria

The manufacturer, assembler, or distributor shall submit sufficient information
regarding each type or model of detector for the evaluation of the detector. Such
information shsll include:

1. Identification

Identify the radioactive source(s) and detector, respectively, by model number or
other specific model designation.

2. Proposed Use

Describe the proposed use of the detector and identify the environments and
operating conditions expected during normal conditions of wuse. Include
descriptions of the types of users, locations of use, possibilities of use in other
products, and circumstances of normal use. In addition describe severe conditions,
:mt::udim accidents or fires, likely to occur in use and possible diversion from
ntended use.

3. Radioactive Material

Identify the radioasctive material(s), activity per source(s), chemical and physical
form of the radioactive material(s), and the details of the method of incorporation
and binding of the radioactive material(s) in the source(s).

4. Construction

(a) Submit engineering drawings of the detector identifying all materials of
construction, dimensions, methods of fabrication and means for incorporating
the radioactive material in the detector.

{b) Include a detailed description of all special design features which protect the

*3uggested State Regulations for Control of Radiation
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D.

E.

5.

6.

7.

8.

9.

10.

radioactive material from abuse and minimize the radiation hazards. Describe
in sufficient detail so that the nature, function, and method of operation are
clearly defined.

Human Access

Describe the degree of access of human beings to the detector during normal
handling and use.

Estimated Distribution

Submit an estimate of the total quantity of radioactive material to be distributed
annually in this detector. This estimate will involve a market forecast for the
detector.

Useful Life

Indicate the expected useful life of the detector.

ANSI Classification

State the American National Standards Institute (ANSI) classification designation.
Labeling

Submit facsimiles of the labelling or marking to be placed on each detector and
manual that will accompany the detector.

Additional Information

Submit any additional information, including experimental studies and tests which
will facilitate a determination of the safety of the detector.

Maximum Quantity

For detectors utilizing radium-226, the maximum quantity shall not exceed 0.1
microcurie.

Prototype Evaluation

L

A minimum of 2 prototype detectors shall be evaluated. Prototype detectors
tested shall be of the same design and fabricated in a manner that can be
duplicated in production units, especially as to material, tolerances and methods
of construction. Any change in design or method of fabrication which could affect
containment, shielding or the safe operation of the detector requires reevaluation
of the new prototype incorporating such change. The appropriateness and
reproducibility of the test conditions, accuracy of the observations, and
interpretation of the results are among the points to be considered. .In some
cases, it may be desirable to have tests carried out by qualified independent
laboratories.

The manufacturer, assembler, or distributor shall submit information ineluding:

(a) Maximum radiation levels at 5 and 25 centimeters from any external surface
of the product averaged over an area not to exceed 10 square centimeters,
and the method of measurement. )

(b) Results of tests performed on sources that establish the integrity of the

source construction and seal under the most adverse conditions of use to
which the source is likely to be subjected. These prototype tests should,
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insofar as possible, reflect the actual conditions of use and as a minimum

shall meet the designated usage classification according to the current ANSI
Standard entitled "Classification of Sealed Radioactive Sources."

(c) Procedures for prototype testing of the detectors to demonstrate the
effectiveness of the containment, shielding, and other safety features under
both normal and severe conditions of handling, storage, use, and disposal of
the detector.

(d) Results of the prototype testing of the detectors, including any change in the
form of the radioactive material contained in the detector, the extent to
which the radioactive material may be released to the environment, any
increase in external radiation levels, and any other changes in safety
features.

{e) A safety analysis based on the evaluation of the ability of the detector to
withstand the normal conditions of handling, use, storage and disposal and the
effects on containment and shielding of abnormally severe conditions of use
and disposal, as well as fires and accidents which are likely to be encountered
by the detector when used for its designed purpose. Aging effects are of
particular importance.

(f) The estimated external radiation doses and dose commitments relevant to the
safety criteria in Appendix A and the basis for such estimates.

Quality Control

L

2.

3.

Each manufacturer, assembler, or distributor shall describe the quality control
procedures to be followed in the fabrication and assembly of production lots of the
detectors and the quality control standards for maintaining source design
specifications.

Each manufacturer, assembler, or distributor shall deseribe the assay method used
to determine the radioactive content of the source. The assay shall be traceable
to & Nationsal Stendard.

Each manufacturer, assembler, or distributor shall perform a leak test on each
detector by (a), or each production lot by (b), as shown below:

(8) Applying procedure(s) in the current ANSI Standard entitled "Classification of
Sealed Radioactive Sources." Acceptablllty of source leakage shall be
indicated by removal of less than 0.005 microcurie.

{b) Performing an appropriate procedure given in (a) above in accordance with
the Sampling Table in Appendix B. If any lot sampled in accordance with
Appendix B includes a larger number of rejects than specified in Appendix B
for a lot of that size, all detectors in that lot shall be sampled or the entire
lot rejected.

Labeling and Instructions for Use of Detectors

The label or marking shall consist of the name, trademark, or symbol of the
manufacturer, assembler or distributor, and the type and emount of radioactive
material, the date of measurement, the standard radiation symbol, and the words
"CAUTION - RADIOACTIVE MATERIAL", Disposal instructions shall be included on
the label. The label or marking must be durable enough to remain legible for the
useful life of the detector and be readily visible without disassembly of that part of
the detector containing the radicactive material.
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H. Transfer Reports

Each manufacturer, assembler, or distributor shall file an annual report in duplicate
with the State specifying the total quantity of radioactive material transferred to
persons exempt from regulations. The report shall state the kinds and numbers of
detectors and sources transferred and specify the radionuclide and activity of each
source. Each report-shall cover the calendar year and shall be filed by January 31 of
the following year. If no transfers of NARM have been made during the reporting
period, the report shall so indicate. The State will forward one copy of the report to
the Bureau of Radiological Health, Food and Drug Administration, Rockville, Maryland
20857. The Bureau of Radiological Health will send copies of the report to all States.
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NARM GUIDE 3
Appendix A
SAFETY CRITERIA
The gas and aerosocl detector shell be designed and manufactured so that:

1) In normal use end disposal of a single exempt unit, and in normal handling and storage
of the quantities of exempt units likely to accumulate in one location during
marketing, distribution, installation, and servicing of the detector, it is unlikely that
the external radiation dose in any one year, or the dose commitment resulting from the
inteke of radicactive material in any one year, to a suitable sample of the group of
individuals expected to be most highly exposed to radiation or radioactive material
from t[:e product will exceed the dose to the appropriate organ specified in eolumn I

below:
Column  Column Column
1 )| I

{rem) (rem) (rem)

Whole body: head

and trunk: active

blood-forming organs:

goneds; or lens of eye 0.005 0.5 15

Hands and forearms

feet and ankles; or

localized areas of skin

averaged over areas no

larger than one square

centimeter 0.075 7.5 200

Other organs 0.015 1.5 50

It is unlikely that there will be a significant reduction in the effectiveness of the
containment, shielding, or other safety features of the detector from wear and abuse
likely to occur in normal handling and use of the detector during its useful life.

In use and disposal of a single exempt unit and in han and storage of the quantities
of exempt units likely to accumulate in one location during marketing, distribution,
installation, and servicing of the detector, the probability is low that the containment,
shielding, or other safety features of the detector would fail under such eircumstances
that a person would receive an external radiation dose or dose commitment in excess
of the dose to the appropriate organ as specified in Column II of the preceding table
and the probability is negligible that a person would receive an external radiation dose
or dose commitment in excess o{ the dose to the appropriate organ as specified in
Column III of the preceding table.

llt is the intent that as the magnitude of the potential dose increases above that
permitted under normel conditions, the probability that any individual will receive such a
dose must decrease. The probabilities have been expressed in general terms to emphasize
the approximate neture of the estimates which are to be made. The following values may
be used in estimating compliance with the criteria:

Low- not more than one such failure per year for each 10,000 exempt units distributed.

Negligible-not more than one such failure per year for each one million exempt units
distributed.
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Appendix B
SAMPLING TABLE
Lot size Sample Size Permissible number
of rejects*
1-30 All 0
31-50 30 ]
51-100 37 0
101-200 40 0
201-300 43 0
301-400 44 0
401-2000 45 0
2001-100,000 75 1

* If any lot sampled in accordance with Appendix B includes a larger number of rejects
than specified in Appendix B for a lot of that size, all detectors in that lot shall be
sampled or the entire lot rejected.
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NATURALLY OCCURRING AND ACCELERATOR-PRODUCED RADIOACTIVE MATERIALS

A.

NARM GUIDE 4
MEASURING, GAUGING, OR CONTROLLING DEVICES

Scope

This Guide provides criteria for the evaluation of measuring, gauging, or controlling
devices, commonly called gauges, containing radioactive material.

The Suggested State Regulations for Control of Radiation (SSRCR) provide for the
distribution of measuring, gauging, or controlling devices containing radioactive
material to persons generally licensed pursuant to C.22(d) and to specific licensees.

Definitions

1. Capsule - Protective envelope used for prevention of leakage of the radioactive
material.

2. Gauge - A device designed to utilize sealed source(s) for determining or
controlling thickness, density, level, interface location, radiation leakage, or
qualitative or quantitative chemical composition.

3. Sealed source - Radioactive material that is encased in a capsule designed to
prevent leakage or escape of the radioactive material.

4. Source holder - A device used to support and retain the source.

5. Source housing - The enclosure containing or incorporating the source, source
holder and means for attenuation of the radiation.

General Criteria

The manufacturer, assembler, or distributor, shall submit sufficient information
regarding each type or model of gauge for the evaluation of the gauge. Such
information shall include: ’ -

1. Identification

Identify the radioactive source(s) and the gauge, respectively, by type, model
number, or other specific model designation.

2. Proposed Use

Describe the proposed use of the gauge and identify the environments and

~ operating conditions expected during normal conditions of use. Include
descriptions of the types of users, locations of use, possibilities of use as a
componént in other products, and ecircumstances of normal use. In addition,
describe probable effects of severe conditions, including accidents and fires, and
possible diversion from intended use.

3. Radioactive Material

(a) Identify the radioactive material(s), maximum activity per source, chemical
and physical form of the radioactive material(s), the details of the method of
incorporation and binding of the radioactive materigl(s) into the source,
activity per source, and the number of sources in the gauge.
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S.

7.

9.

10.

(b) Submit the information required by NARM Guide 2 ~ "Evaluation of Sealed
Sources." .

Construction

(2) Submit engineering drawings of the source housing, identifying all materials
of construction, dimensions, methods of fabrication and means for
incorporating the radioactive material.

(b) Include a detailed description of all special design features which protect the
radicactive material from abuse and minimize the radiation hazards,
Describe in sufficient detail so that the nature, function, and method of
operation are clearly defined.

Human Access

Describe the degree of access of human beings to the gauge during normal
handling and use.

Useful Life
Indicate the expected useful lifetime of the gauge and of the source(s).
ANSI Classification Designation

State the American National Standards Institute (ANSI) classification designation
of the gauge. Also state the ANSI classification designation for the source(s).

Labeling and Instructions for Use

Submit facsimiles of the labeling or marking to be placed on each gauge, and
copies of the manual that will accompany the gauge.

Availability of Services

Submit information regarding the availability of the following services to the
gauge user:

(a) Installation and relocation;

{b) Initial radiation survey;

(¢) Leak testing;

(d) Repair, periodie maintenance, and shutter checks;

(e) Source exchange;

(f) Emergency procedures; and

(g) Disposal.

Note: If the gauge is to be distributed to person(s) generally licensed pursuant to
C.22(d), the manufacturer shall provide assurance that the above services are
available.

Additionel Information

Submit any additional information, including results of experimental studies and
tests, which will facilitate a determination of the safety of the gauge.
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D. Maximum Quantity
Not applicable for this Guide.

E. Prototype Evaluation

L

2.

At least one gauge shall be evaluated. The prototype gauge tested shall be of the
same design and fabricated in a manner that can be duplicated in production units,
especially as to materials, tolerances and methods of construction. Any change in
design or method of fabrication which could affect containment, shielding, or the
safe operation of the gauge requires reevaluation of the new prototype
incorporating such change. The appropriateness and reproducibility of the test
conditions, accuracy of the observations, and interpretation of the results, are
among the points to be considered. In some cases, it may be desirable to have
tests carried out by qualified independent laboratories.

The manufacturer, assembler, or distributor, shall submit information including:

{a) Results of tests performed on sources that establish the integrity of the
source construction and seal under the most adverse conditions of use to
which the gauge is likely to be subjected. These prototype tests should,
insofar as possible, reflect the actual conditions of use and as & minimum
shall meet the designated usage classification according to the current ANSI
Standard entitled "Classification of Sealed Radioactive Sources.”

(b) A safety analysis based on the evaluation of the ability of the final design to
withstand the normal conditions of handling, use and storage inecluding
abrasion, corrosion, vibration, impact, puncture, compressive loads,and the
probable effects on containment and shielding of abnormally severe
conditions, such as explosion and fire. Aging effects are of particular
importance. The results of testing which demonstrate that the gauge meets
the designated performance classification according to the current .ANSI
Standard entitled "Classification of Industrial Radiation Gauging Devices"
(currently in draft) shall also be submitted.

(¢) Submit radiation profiles (isodose curves e.g. 2 and 5 mR/h) of a prototype of
the gauge with shutter(s) in the open and closed position(s). Radiation levels
should be measured using the maximum activity of each kind of radioactive
material expected to be used in the gauge. A description of the method used
to measure the radiation levels should be included.

(d) For gauges intended for distribution to persons generally licensed pursuant to
C.22(d), sufficient information to provide reasonable assurance that:

(i) the gauge can be safely operated by persons not having training in
radiological protection:

(ii) under ordinary conditions of handling, storage, and use of the gauge,
the radioactive material contained in the gauge will not be released or
inadvertently removed from the gauge, and it is unlikely that any person
will receive in any period of one calendar year an external radiation
dose or dose commitment in excess of the following organ doses:

Whole body: head and trunk; active

blood-forming organs; gonads; or
lensofeye..ooevveennsss 0.5rem
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P.

Hands and forearms; feet and
ankles; localized areas of skin
averaged over areas no larger
than | square centimeter........ 7.5 rems

Otherorgans......ss...... 3.0 rems

(iii) under accident conditions (such as fire and explosion) associated
with handling, storage, and use of the gauge, it is unlikely that
any individual would receive an external radiation dose or dose
commitment in excess of the following organ doses:

Whole body; head and trunk; active
blood-forming organs; gonads; or
lensofeye..cccovene.. 15rems

Hands and forearms; feet and ankles;
localized areas of skin averaged

over areas no larger than 1 square
centimeter............. 200 rems

Other organs c .. .weeos...50rems

Quality Control

L

2.

3.

Each manufacturer, assembler, or distributor shall describe the quality control
procedures to be followed in the fabrication and assembly of the gauge and the
quality control standards for maintaining source design specifications. Also, if
available, describe the quality assurance aspects and provide certificate(s) of
compliance related to the gauge.

Each manufacturer, assembler, or distributor shall deseribe the assay method used
to determine the radioactive content of the source. The assay shall be traceable
to a National Standard.

Each manufacturer, assembler, or distributor shall perform a leak test on each
source by applying procedure(s) in the current ANSI Standard entitled
"Classification of Sealed Radioactive Sources." Acceptability of source leakage
shall be indicated by removal of less than 0.005 microcurie.

Labeling and Instructions for Use of Gauge

L

2.

The label or marking shall consist of the name, trademark, or symbol of the
manufacturer, assembler, or distributor, the type and amount of radioactive
material, the date of measurement, the standard radiation symbol, and the words,
"CAUTION - RADIOACTIVE MATERIAL." The label or marking must be durable
enough to remain legible for the useful life of the gauge and be readily visible.

For gauges intended for distribution to persons generally licensed pursuant to
C.22(d), the label shall indicate, in addition to the information in (1) above, the
following statement in the same, or substantially similar form:

The receipt, possession, use, and transfer of this device, Model , Serial
No. , are subject to a general license or the equivalent, and the
regulations of a Licensing State. This label shall be maintained on the device
in a legible condition. Removal of this label is prohibited.
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Each distributor shall provide with each device:

(a) A certification that the sealed source has been appropriately tested for
leakage and contamination within six (6) months of date of transfer.

() A certificate of assay for each source.

(c) Instructions for the safe and efficacious usage of the source/device.

H. Transfer Reports

1L

2.

Submission of transfer reports is not required for gauge(s) distributed to specific
licensees.

Each manufacturer, assembler, or distributor shall file a quarterly report, in
duplicate, with the State, specifying the total quantity of radioactive material
transferred to persons generally licensed. The report shall identify each general
licensee by name and address, an individual by name and/or position who may
constitute a point of contact between the State and the general licensee, the type
and model number of gauge transferred, and the type and quantity of radioactive
material contained in the gauge. If one or more intermediate persons will
temporarily possess the gauge at the intended place of use prior to its possession
by the user, the report shall include identification of each intermediate person by
name, address, contact, and relationship to the intended user. If no transfers have
been made to persons generally licensed pursuant to C.22(d) SSRCR during the
reporting period, the report shall so indicate. The report shall cover each
calendar quarter and shall be filed within 30 days thereafter. The State will
forward one copy of the report to the Bureau of Radiological Health, Food and
Drug Administration, Rockville, Maryland 20857. The Bureau of Radiological
Health will send copies of the report to all States.
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NATURALLY OCCURRING AND ACCELERATOR-PRODUCED RADIOACTIVE MATERIALS
NARM GUIDE 5
RADIOACTIVE MATERIAL FOR DISTRIBUTION TO PERSONS
EXEMPT FROM REGULATION PURSUANT TO C.4(b), SSRCR*

A. Scope

This Guide provides criteria for the evaluation of exempt quantities of radioactive
material for distribution to persons exempt from regulation pursuant to C.4(b) of the
SSRCR.

B. Definitions

L. Exempt quantity - As used in this Guide, means that amount of radicactive
material as listed in Schedule B, Part C, SSRCR (See Appendix A of the Guide).
An exempt quantity may consist of one or more sources.

2. Source - As used in this Guide, means a processed chemical element, compound, or
mixture, tissue sample, bicassay sample, counting standard, plated or encapsulated
source, or similar substance. ’

C. General Criteria
The radiocactive material can be considered for the exempt status providing:

L. The radioactive material is not contained in any food, beverage, cosmetie, drug,
or other commodity designed for ingestion or inhalation by, or application to, a
human being.

2. The radioactive material is in the form of processed chemical elements,
compounds, or mixtures, tissue samples, bioassay samples, counting standards,
plated or encapsulated sources, or similar substances, identified as radioactive and
to be used for its radicactive properties, but is not incorporated into any
manufactured or assembled commodity, product, or device intended for
commereial distribution.

The manufacturer, assembler, or distributor shall submit sufficient information
regarding each type or model of source for the evaluation of the source. Such
information shall include:

L dentification

Identify the radioactive source by model number or other specific model
designation.

2. Radiocactive Material
Identify the radicactive material, activity per source, chemical and physical form

of the radicactive material, and the details of the method of incorporation and
binding of the radicactive material in the source.

*Suggested State Regulations for Control of Radiation
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Construction

Submit engineering drawings of the source identifying &ll materials of
construction, dimensions, and methods of sealing the source, if any.

Labels and Instructions for Use

Submit facsimiles of labeling or marking to be placed on each source and copies of
instructions for use that will accompany the source.

Additional Information

Submit any additional information, including experimental studies and tests which
will facilitate a determination of the safety of the source.

Maximum Quantity

1.

The quantity of radioactive material per source shall not exceed that listed in
Schedule B, Part C, of the SSRCR (See Appendix A of this Guide). These exempt
quantities were determined by the method given in Appendix B.

2. No more than 10 exempt quantities shall be sold or transferred in any single
transaction. However, an exempt quantity may be composed of fractional parts of
one or more of the exempt quantity provided the sum of the fractions shall not
exceed unity.

Prototype Testing

Not applicable to this Guide.

Quality Control

1.

Each manufacturer, assembler, or distributor shall describe the quality control
procedures to be followed in the fabrication of production lot(s) of the sources, as
applicsble, and the quality control standards for maintaining source design
specification.

Each manufacturer, assembler, or distributor shall describe the assay method used
to determine the radioactive content of the source. The assay shall be traceable
to & National Standard.

Labeling and Instructions for Use

2.

The immediate container for each exempt quantity or separately packsged
fractional quantity of radioactive material shall bear a durable, legible label
which:

() identifies the radioactive meaterial and the quantity of radioactivity, and

(b) bears the words "Radioactive Material."

In addition, the label affixed to the immediate container, or an accompanying
brochure, shall also:

{a) state that the contents are exempt from Licensing State requirements;



150

(b) bear the words "Radioactive Material - Not for Human Use - Introduction Into
Foods, Beverages, Cosmetics, Drugs, or Medicinals, or into Products
Manufactured for Commercial Distribution is Prohibited - Exempt Quantities
Should Not be Combined;” and

(c) set forth appropriate additional radiation safety precautions and instructions
relating to the handling, use, storage, and disposal of the radioactive
material.

H. Transfers and Transfer Reports

L

2.

Each exempt quantity shall be separately and individually packaged. Not more
than 10 such packaged exempt quantities shall be contained in any other package
for transfer to persons exempt pursuant to C.4(b) SSRCR. The outer package shall
be such that the dose rate at the external surface of the package does not exceed
0.5 millirem per hour.

Each manufacturer, assembler, or distributor, shall maintain records identifying,
by name and address, each person to whom an exempt quantity is transferred.
These records shall include the kinds and quantities of radioactive material
transferred.

Each manufacturer, assembler, or distributor, shall file an annual summary report,
in duplicate, with the State specifying the total quantity of each kind of
radioactive material transferred. Each report shall cover the calendar year and
shall be filed by January 31 of the following year. If no transfers of radioactive
material have been made during the reporting period, the report shall so indicate.
The State will forward one copy of the report to the Bureau of Radiological
Health, Food and Drug Administration, Rockville, Maryland 20857, The Bureau of
Radiological Health will send copies of the report to all States.
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*Includes NARM and byproduct material.

Appendix A

EXEMPT QUANTITIES*
Radioactive Radioactive
Material Microcuries Material
Antimony-122 (Sb-122) 100 Gallium-72 (Ga 72)
Antimony-124 (Sb 124) 10 Germanium-71 (Ge 71)
Antimony-125 (Sb 125) 10 Gold-198 (Au 198)
Arsenic-73 (As 73) 100  Gold-199 (Au 199)
Arsenic-74 (As 74) 10 Hafnium-181 (Hf 181)
Arsenic-76 (As 76) 10  Holmium-166 (Ho 166)
Arsenic-77 (As 77) 100 Hydrogen-3 (H 3)
Barium-131 (Ba 131) 10 Indium-111 (In 1)
Barium-133 (Ba 133) 10 Indium-U3m (In I3m)
Barium-140 (Ba 140) 10  Indium-14m (In 114m)
Bismuth-210 (Bi 210) 1 Indium-115m (In 115m)
Bromine-82 (Br 82) 10  Indium-115 (In 15)
Cadmium-109 (Cd 109) 10  Jodine-123 (I 123)
Cadmium-115m (Cd 115m) 10  Jodine-125 (I 125)
Cadmium-115 (Cd 115) 100 Jodine-126 (I 126)
Calecium-45 (Ca 45) 10 lodine-129 (I 129)
Caleium-47 (Ca 47) 10 Jodine-131 (I 131)
Carbon-14 (C 14) 100  Iodine-132 (I 132)
Cerium-141 (Ce 141) 100  lodine-133 (I 133)
Cerium-143 (Ce 143) 100  fodine-134 (I 134)
Cerium-144 (Ce 144) 1  Jodine 135 (I135)
Cesium-129 (Cs 129) 100 Iridium-192 (Ir 192)
Cesium-131 (Cs 131) 1,000 [ridium-194 (Ir 194)
Cesium-134m (Cs 134m) 100  Iron-52 (Fe 52)
Cesium-134 (Cs 134) 1 Iron-55 (Fe 55)
Cesium-135 (Cs 135) 10 Iron-59 (Fe 59)
Cesium-136 (Cs 136) 10 Krypton-85 (Kr 85)
Cesium-137 (Cs 137) 10 Krypton-87 (Kr 87)
Chlorine-36 (Cl 36) 10 Lanthanum-140 (La 140)
Chlorine-38 (Cl1 38) 10 Lutetium-177 (Lu 177)
Chromium-51 (Cr 51) 1,000 Manganese-52 (Mn 52)
Cobalt-57 (Co 57) 100  Manganese-54 (Mn 54)
Cobalt-58m (Co 58m) 10  Manganese-56 (Mn 56)
Cobalt-58 (Co 58) 10 Mercury-197m (Hg 197m)
Cobalt-60 (Co 60) 1 Mercury-197 (Hg 197)
Copper-64 (Cu 64) 100  Mercury-203 (Hg 203)
Dysprosium-165 (Dy 165) 10  Molybdenum-99 (Mo 99)
Dysprosium-166 (Dy 166) 100 Neodymium-147 (Nd 147)
Erbium-169 (Er 169) 100 Neodymium-149 (Nd 149)
Erbium-171 (Er 171) 100  Nickel-59 (Ni 59)
Europium-152 (Eu 152) 9.2h 100  Nickel-63 (Ni 63)
Europium-152 (Eul52) 13 yr 1 Nickel-65 (Ni 65)
Europium-154 (Eu 154) 1  Niobium-93m (Nb 93m)
Europium-155 (Eu 155) 10 Niobium-95 {Nb 95)
Fluorine-18 (F 18) 1,000 Niobium-97 (Nb 97)
Gadolinium-153 (Gd 153) 10  Osmium-185 (Os 183)
Gadolinium-159 (Gd 159) 100  Osmium-19lm (Os 191m)
Gallium-67 (Ga 67) 100  Osmium-191 (Os 191)
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Microcuries

10
100
100
100

10
100

1,000
100
100

10
100

10
100

1

1
0.1
1
10
1

10

10

10
100

10
100

10
100

10

10
100

10

10

10
100
100

10
100
100
100
100

10
100

10

10

10

10
100
100
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Radioactive
Material

Osmium-193 (Os 193)
Palladium-103 (Pd 103)
Palladium-109 (Pd 109)
Phosphorus-32 (P 32)
Platinum-191 (Pt 191)
Platinum-193m (Pt 193m)
Platinum-193 (Pt 193)
Platinum-197m (Pt 197m)
Platinum-197 (Pt 197)
Polonium-210 (Po 210)
Potassium-42 (K 42)
Potassium-43 (K 43)
Praseodymium-142 (Pr 142)
Praseodymium-143 (Pr 143)
Promethium-147 (Pm 147)
Promethium-149 (Pm 149)
Rhenium-186 (Re 186)
Rhenium-188 (Re 188)
Rhodium-193m (Rh 103m)
Rhodium-105 (Rh 105)
Rubidium-81 (Rb 81)
Rubidium-86 (Rb 86)
Rubidium-87 (Rb 87)
Ruthenium-97 (Ru 97)
Ruthenium-103 (Ru 103)
Ruthenium-105 (Ru 105)
Ruthenium-106 (Ru 106)
Samarium-151 (Sm 151)
Samarium-153 (Sm 153)
Scandium-46 (Sc 46)
Scandium-47 (Sc 47)
Scandium-48 (Sc 48)
Selenium-75 (Se 75)
Silicon-31 (Si 31)
Silver-105 (Ag 105)
Silver-110m (Ag 110m)
Silver-11 (Ag 1i1)
Sodium-22 (Na 22)
Sodium-24 (Na 24)
Strontium-85 (Sr 85)
Strontium-89 (Sr 89)
Strontium-90 (Sr 90)
Strontium-91 (Sr 91)
Strontium-92 (Sr 92)
Sulphur-35 (S 35)
Tantalum-182 (Ta 182)
Technetium-96 (Te 96)
Technetium-97m (Te 97m)
Technetium-97 (Te 97)
Technetium-99m (Tc 99m)
Technetium-99 (Te 99)
Tellurium-125m (Te 125m)
Tellurium-127m (Te 127m)
Tellurium-127 (Te 127)
Tellurium-129m (Te 129m)
Tellurium-129 (Te 129)
Tellurium-13lm (Te 13lm)

Radioactive
Microcuries  Material Mierocuries

100  Tellurium-~132 (Te 132) 10
100  Terbium-160 (Tb 160) 10
100  Thallium-200 (T1 200) 100
10 Thallium-201 (T1 201) 100
100 Thallium-202 (T1 202) 100
100  Thallium-204 (Tt 204) 10
100 Thulium-170 (Tm 170) 10
100 Thulium-171 (Tm 171) 10
100 Tin-113 (Sn13) 10
0.1 Tin-125 (Sn 125) 10
10  Tungsten-181 (W 181) 10
10  Tungsten-185 (W 185) 10
100 Tungsten-187 (W 187) 100
100 Vanadium-48 (V 48) 10
10 Xenon-13lm (Xe 13lm) 1,000
10 Xenon-133 (Xe 133) 100
100 Xenon-135 (Xe 135) 100
100  Ytterbium-175 (¥Yb 175) 100
100 Yttrium-87 (Y 87) 10
100  Yttrium-90 (Y 90) 10
10 Yttrium-91 (Y 91) 10
10 Yttrium-92 (Y 92) 100
10 Yttrium-93 (Y 93) 100
100 Zinc-65 (Zn 65) 10
10 Zine-69m (Zn 69m) 100
10 Zinc-89 (Zn 69) 1,000

1 Zirconium-93 (Zr 93) 10
10  Zirconium-95 (Zr 95) 10
100 Zirconium-97 (Zr 97) 10
10
100 Any radioactive material

10 1ot listed above other than

10 gipha emitting radicactive
100 material 0.1
10

1
100

10

10

10

1
0.1

10

10
100

10

10
100
100
100

10

10

10
100

10
100

10
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NARM GUIDE 5

Appendix B
METHOD OF DETERMINING EXEMPT QUANTITIES OF RADIOACTIVE MATERIAL

Since inhalation is considered the most likely route of entry into the body, the quantity of
radioactive material that would be inhaled by a standard man exposed for one year at the
highest average concentration permitted in air for members of the general public in
unrestricted areas is computed. Multiply the value giverb' in the SSRCR, Part D,
Appendix A, Table II, Column 1 concentration times 7.3 x 10° milliliters (ml/y). If the
radionuclide emits gamma radiation, the quantity that, from a point source, would produce
a radiation level of one milliroentgen per hour (mR/h) at a distance of ten centimeters is
also computed. The smaller of these two quantities is then logarithmically rounded to the
nearest decade, in microcuries. In the absence of published data on gamma emission, the
following formulaisused: 1 =0156nE10° a

Where I Y = mR/hour at 1 meter per millicurie,
n = gamma quanta per disintegration,
E = energy of gamma quanta in MeV {million electron volts), and
u, = energy absorption eoefficient for gamma in air.
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NATURALLY OCCURRING AND ACCELERATOR-PRODUCED RADIOACTIVE MATERIALS
NARM GUIDE 6
STATIC ELIMINATION AND ION-GENERATING DEVICES

A. Scope

This Guide provides criteria for the evaluation of static elimination devices and ion-
generating tubes containing radioactive material. These products include lightning
rods, brushes, precision balances, and other antistatic devices.

Since the Suggested State Regualtions for Control of Radiation, (SSRCR) do not
provide for the exempt distribution or possession of static elimination devices and ion~
generating tubes containing NARM, the distribution is limited to those persons
generally licensed pursuant to C.22(d) or specific licensees.

B. Definitions

1. Devicels) - any piece of equipment which contains radioactive material designed
for use as a static eliminator(s) or designed for the ionization of air.

C. General Criteria

The manufacturer, assembler, or distributor, shall submit sufficient information
regarding each type or model of device for the evaluation of the device. Such
information shall include:

1. Identification

Identify the radioactive source(s) and the device, respectively, by model number
or other specific model designation.

2. Proposed Use

Describe the proposed use of the device and identify the environments and
operating conditions expected during normal conditions of use. Include
descriptions of the types of users, locations of use. In addition, describe severe
conditions, including accidents or fires, likely to occur in use and possible
diversion from intended use.

3. Radioactive Material

Identify the radioactive material, chemical and physical form of the radioactive
material, the details of the method of incorporation and binding of the radioactive
material into the source, activity per source, and the number of sources in the
device. :

4. Construction

(a) Submit engineering drawings of the device, identifying all materials of
construction, dimensions, methods of fabrication and means for incorporating
the radioactive material into the device.

() Include a detailed description of all special design features which protect the
radicactive material from abuse and minimize the radiation hazards.
Describe in sufficient detail so that the nature, function, and method of
operation are clearly defined.
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Human Access

Describe the degree of access of human beings to the device during normal
handling and use.

Useful Life
Indicate the expected useful life of the device.

ANSI Classification Designation

State the American National Standards Institute (ANSI) classification designation
for the source.

Labeling and Instructions for Use

Submit facsimiles of the labeling or marking to be placed on each device, and
copies of the manual that will accompany the device.

Availability of Services

Submit information regarding the availability of the following services to the
device user:

(a) Installation and relocation;

(b) Initial radiation survey;

(c) Leak testing;

(d) Repair, periodic maintenance, and shutter checks;

(e) Source exchange;

(f) Emergency procedures; and

(g) Disposal.

Note: If the device is to distributed to person(s) generally licensed pursuant to
C.22(d), the manufacturer shall provide assurance that the sbove services are

available.

Additional Information

Submit any additional information, including experimental studies and tests, which
will facilitate a determination of the safety of the device.

Maximum Quantity
Not applicable for this Guide.

Prototype Evaluation

L

A minimum of 2 devices shall be evaluated. Prototype devices tested shall be of
the same design and fabricated in a manner that can be duplicated in production
units, especially as to materials, tolerances and methods of construction. Any
change in design or method of fabrication which could affect containment, or
shielding, or the safe operation of the device requires reevaluation of the new
prototype incorporating such change. The appropriateness and reproducibility of
the test conditions, accuracy of the observations, and interpretation of the
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2.

results, are among the points to be considered. In some cases, it may be desirable

to have tests carried out by qualified independent laboratories.

The manufacturer, assembler, or distributor, shall submit information including:

(a) Maximum radiation levels at 5 and 25 centimeters from any external surface
of the device averaged over an area not to exceed 10 square centimeters, and

the method of measurement.

() Results of tests performed on sources that establish the integrity of the
source construction and seal under the most adverse conditions of use to
which the device is likely to be subjected. These prototype tests should,
insofar as possible, reflect the actual conditions of use and as a minimum
shall meet the designated usage classification according to the current ANSI

Standard entitled "Classification of Sealed Radicactive Sources."

{c} Procedures for prototype testing of the device to demonstrate the effective-
ness of the containment, shielding, and other safety features under both

normal and severe conditions of handling, storage and use of the device,

() Results of the prototype testing of the device, including any change in the
form of the radioactive material contained in the device, the extent to which
the radioactive material may be released to the environment, any increase in

external radiation levels, and any other changes in safety features.

(e) A safety analysis based on the evaluation of the ability of the final design to
withstand the normal conditions of handling, use and storage, and the effects
on containment and shielding of abnormally severe conditions of use,

including fires and accidents. Aging effects are of particular importance.

() For devices intended for distribution to persons generally licensed pursuant to

C.22(d), sufficient information to provide reasonable assurance that:

(i) the device can be safely operated by persons not having
training in radiological protection;

(ii) under ordinary conditions of handling, storage, and use of
the device, the radioactive material contained in the device
will not be released or inadvertently removed from the
device, and it is unlikely that any person will receive in any
period of one calendar year an external radiation dose or
dose commitment in excess of the following organ doses:

Whole body; head and trunk; active
blood-forming organs; gonads; or
lensof Y€ e ceervvesrooseernensses O.5rEM

Hands and forearms; feet and
ankles; localized areas of skin
averaged over areas no larger
than 1 square centimeter............ . 7.5rems

Otherorgans . .... seeessesssssnecss 3 TEMS

(ili) under accident conditions (such as fire and explosion)
associated with handling, storage, and use of the device, it is
unlikely that any person would receive an external radiation
dose or-dose commitment in excess of the following organ
doses:
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Whole body; head and trunk; active
blood-forming organs; gonads; or
lensofeye..coveeeesens. 15rems

Hands and forearms; feet and

ankles; localized areas of

skin averaged over areas no

larger than 1 square centimeter . ... 200 rems

Otherorgans..csesse+.... 50rems

uality Control

1.

2.

Each manufacturer, assembler, or distributor, shall describe the quality control
procedures to be followed in the fabrication and assembly of the devices and the
quality control standards for maintaining source design specifications.

Each manufacturer, assembler, or distributor, shall describe the assay method used
to determine the radioactive content of the source. The assay shall be traceable to
& National Standard.

Each manufacturer, assembler, or distributor, shall perform a leak test on each
source by applying. procedure(s) in the current ANSI Standard entitled
"Classification of Sealed Radioactive Sources". Acceptability of source leakage
shall be indicated by removal of less than 0.005 microcurie.

Labeling and Instructions for Use of Device

1.

2.

3.

4.

The label or marking shall consist of the name, trademark, or symbol of the
manufacturer, assembler, or distributor, the type and amount of radioactive
material, the date of measurement, the standard radiation symbol, and the words,
"CAUTION—RADIOACTIVE MATERIAL." The label or marking must be durable
enough to remain legible for the useful like of the device and be readily visible.

For devices intended for distribution to persons generally licensed pursuant to
C.22(d), the label shall indicate, in eddition to the information in (1) above, the
following statement in the same, or substantially similar form:
The receipt, possession, use, and transfer of this device, Model , Serial
No. , are subject to a general license or the equivalent, and the
regulations of a Licensing State. This label shall be maintained on the device in
a legible condition. Removal of this label is prohibited.
The manual shall provide procedures to be followed during packaging and shipping
of the device. As & minimum, the procedures shall assure compliance with the
packaging and shipping requirements of the U.S. Department of Transportation.
Each distributor shall provide with each device:

(a) A certification that the sealed source has been appropriately tested for leakage
and contamination within 6 months of date of transfer.

(b) A certificate of assay for each source.

(c) Instructions for the safe handling and usage of the device.
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H. Transfer Reports

L

2.

Submission of transfer reports is not required for device(s) for which distribution i
limited to specific licensees. .

Each manufacturer, assembler, or distributor shall file a quarterly report, in
duplicate, with the State, specifying the total quantity of radicactive materiat
transferred to persons generally licensed. The report shall identify each general
licensee by name and address, an individual by name and/or position who may
constitute a point of contact between the State and the general licensee, the type
and model number of device transferred, and the type and quantity of radiocactive
material contained in the device. If one or more intermediate persons will
temporarily possess the device at the intended place of use prior to its possession
by the user, the report shall include identification of each intermediate person by
name, address, contact, and relationship to the intended user. If no transfers have
been made to persons generally licensed under C.22(d), SSRCR, during the reporting
period, the report shall so indicate. The report shall cover each calendar quarter
and shall be filed within 30 days thereafter. The State will forward one copy of the
report to the Bureau of Radiological Health, Food and Drug Administration,
Rockville, Maryland 20857. The Bureau of Radiological Health will send copies of
the report to all States.
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NATURALLY OCCURRING AND ACCELERATOR-PRODUCED RADIOACTIVE MATERIALS

NARM GUIDE 7
RADIOLUMINOUS PRODUCTS

A. Scope

This Guide provides criteria for the evaluation of radioluminous products containing
radioactive material. These products include timepieces, instrument dials, luminous
safety products, and other self-luminous light sources.

Since the Suggested State Regulations for Control of Radiation (SSRCR) do not provide
for the exempt distribution is limited to those persons generally licensed pursuant to

C.22(d) or specific licensees.
Definitions
1. Device - Any piece of equipment designed to utilize a radioluminous source.

2. Radioluminous source - A source consisting of a radioactive material firmly
incorporated in solid and/or inactive material, or sealed in a protective envelope
strong enough to prevent any leakage of the contained radioactive material to the
environment under ordinary circumstances of use and incorporating a phosphor for
the purpose of emitting light.

General Criteria

The manufacturer, assembler, or distributor shall submit sufficient information re-
garding each type or model of device for the evaluation of the device. Such
information shall include:

1. Identification

Identify the radioactive source(s) and the device(s), respectively, by model number
or other specific model designation.

2. Proposed Use

Describe the proposed use of the device and identify the environments and operat-
ing conditions expected during normal conditions of use. Include descriptions of
the types of users, locations of use, possibilities of use in other products, and
circumstances of normal use. In addition, describe severe conditions, including
accidents or fires, likely to occur in use and possible diversion from intended use.

3. Radioactive Material

Identify the radioactive material, chemieal and physical form of the radioactive
material, the details of the method of incorporation and binding of the radioactive
material into the source, activity per source, and the number of sources in the
device.

4, Construction

(a) Submit engineering drawings of the device, identifying all material of con-
struction, dimensions, methods of fabrication and means for incorporating
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5.

7.

10.

the radioactive material into the device.

() Include a detailed description of all special design features which protect the
radioactive material from abuse and minimize the radiation hazards,
Describe in sufficient detail so that the nature, function and method of
operation are clearly defined.

Human Access

Describe the degree of access of human beings to the device during normal
handling and use.

Useful Life
Indicate the expected useful life of the device.

ANSI Classification Designation

State the American National Standards Institute (ANSI) classification designation
of the source and the device if the device is classifiable by a current ANSI
standard.

Labeling and Instructions for Use

Submit facsimiles of the labeling or marking to be placed on each device, and
copies of the manual that will accompany the device.

Availability of Services

Submit information regarding the availability of the following services to the
device user:

(a) Installation and relocation;

(b) Initial radiation survey;

(¢) Leak testing;

(d) Repair, periodic maintenance and shutter checks;

(e) Source exchange;

{f) Emergency procedure; and

(@ Disposal.

Note: If the device is to be distributed to person(s) generally licensed pursuant to
C.22(d), the manufacturer shall provide assurance that the above services are
available.

Additional Information

Submit any additional information, including experimental studies and tests, which
will facilitate a determination of the safety of the device.

D. Maximum tit

Not applicable for this Guide.
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E. Prototype Evaluation

L

2.

A minimum of 2 devices shall be evaluated. Prototype devices tested shall be of
the same design and fabricated in & manner that can be duplicated in production
units, especially as to materials, tolerances and methods of construction. Any
change in design or method of fabrication which could affect containment, or
shielding, or the safe operation of the device requires reevaluation of the new
prototype incorporating such echange. The eppropriateness and reproducibility of
the test conditions, accuracy of the observations, and interpretation of the
results, are among the points to be considered. In some cases, it may be desirable
to have tests carried out by qualified independent laboratories.

The manufacturer, assembler, or distributor shall submit information including:
{a) Maximum radiation levels at 5 and 25 centimeters from any external surface

of the device averaged over an area not to exceed 10 square centimeters, and
the method of measurement.

(b) Results of tests performed on sources that establish the integrity of the

source construction and seal under the most adverse conditions of use to
which the device is likely to be subjected. These prototype tests should,
insofar as possible, reflect the actual conditions of use and as & minimum
shall meet the designated usage classification according to the current ANSI
Standard entitled "Classification of Sealed Radioactive Sources".

{e) Results of tests performed on devices that establish the effectiveness of the
containment, shielding, and other safety features under both normal and
severe conditions of handling, storage, use, and disposal of the device and as a
minimum shall meet the designated usage classification according to current
ANSI Standard entitled "Classification of Radioactive Self-Luminous Light
Sources,” provided the means for assigning such a classification is described.

(d) A safety analysis based on the evaluation of the ability of the final design to
withstand the normal conditions of handling, use, storage and disposal, and
the effects on containment and shielding of abnormally severe conditions of
use and disposal, as well as fires end accidents which are likely to be
encountered by the device when used for its designed purpose. Aging effects
are of particular importance.

(e) For devices intended for distribution to persons generally licensed pursuant to
C.22(d), sufficient information to provide reasonable assurance that:

(i) the device can be safely operated by persons not having training in
radiological protection;

(i) under ordinary conditions of handling, storage, and use of the device, the
radioactive material contained in the device will not be released or
inadvertently removed from the device, and it is unlikely that any person
will receive in any period of one calendar year an external radiation dose
or dose commitment in excess of the following organ doses:

Whole body; head and trunk; active blood-
forming organs; gonads; or lens of eye..... 0.5 rems

Hands and forearms; feet and
ankles; localized areas of skin
averaged over areas no larger
than 1 square centimeter ..« e os . 7.5 rems

Otherorgans..c..eeevecsss 3 rems
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F, Quality Control

H.

1.

2.

3.

Each manufacturer, assembler, or distributor, shall describe the quality control
procedures to be followed in the fabrication and assembly of the devices and the
quality control standards for maintaining source design specifications.

Each manufacturer, assembler, or distributor, shall describe the assay method
used to determine the radicactive content of the source. The assay shall be
traceable to a National Standard.

Each manufacturer, assembler, or distributor, shall perform a leak test on each
source by applying procedure(s) in the current ANSI Standard entitled
"Classification of Sealed Radioactive Sources". Acceptability of source leakage
shall be indicated by removal of less than 0.005 microcurie.

Labeling and Instructions for Use of Device

L

2.

3.

The label or marking shall consist of the name, trademark, or symbol of the
manufacturer, assembler, or distributor, the type and amount or radioactive
material, the date of measurement, the standard radiation symbol, and the words,
"CAUTION - RADIOACTIVE MATERIAL. The label or marking must be durable
enough to remain legible for the useful life of the device and be readily visible.

For devices intended for distribution to persons generally licensed pursuant to
C.22(d), the label shall indicate, in addition to the information in (1) above, the
following statement in the same, or substantially similar form:

The receipt, possession, use, and transfer of this device, Model , Serial
No. , are subject to a general license or the equivalent, and the
regulations of a Licensing State. This label shall be maintained on the device
in a legible condition. Removal of this label is prohibited.

Each distributor shall provide with each device:

(a) A certification that the sealed source has been appropriately tested for
leakage and contamination within 6 months of date of transfer.

(b) A certificate of assay for each source,

(c) Instructions for the safe handling and usage of the device.

Transfer Reports

1L

2.

Submission of transfer reports is not required for devices for which distribution is
limited to specific licensees. :

Each manufacturer, assembler, or distributor, shall file a quarterly report, in
duplicate, with the State, specifying the total quantity of radioactive material
transferred to persons generally licensed. The report shall identify each general
licensee by name and address, and individual by name and/or position who may
constitute a point of contact between the State and the general licensee, the type
and model number of device transferred, and the type and quantity of radioactive
material contained in the device. If one or more intermediate persons will
temporarily possess the device at the intended place of use prior to its possession
by the user, the report shall include identification of each intermediate person by
name, address, contact, and relationship to the intended user. If no transfers have
been made to persons generally licensed under C.22(d), SSRCR, during the
reporting period, the report shall so indicate. The report shall cover each
calendar quarter and shall be filed within 30 days thereafter. The State will
forward one copy of the réport to the Bureau of Radiological Health, Food and
Drug Administration, Rockville, Maryland 20857. The Bureau of Radiological
Health will send copies of the report to all States.
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NATURALLY OCCURRING AND ACCELERATOR-PRODUCED RADIOACTIVE MATERIALS

NARM GUIDE 8
ELECTRONIC AND ELECTRICAL DEVICES

A. Scope

B.

This Guide provides criteria for the evaluation of electronic and electrical devices
containing radioactive material. These devices include electron tubes, fluorescent
lamp starters, gas discharge lamps, vacuum tubes, electrie lamps, germicidal lamps,
piezoelectric ceramics, and spark gap irradiators.

Since the Suggested State Regulations for Control of Radiation (SSRCR) do not provide
for the distribution of electronic and electrical devices containing NARM to persons
exempt from regulation or to general licensees, the distribution is limited to specific
licensees.

Definitions

1. Electron tube(s) - includes spark gap tubes, power tubes, gas tubes including glow
lamps, receiving tubes, microwave tubes, indicator tubes, pickup tubes, radiation
detection tubes, and any other completely sealed tube that is designed to conduect
or control electrical currents. -

2. Spark gap irradiator - & passive device, containing radioactive material attached
near a spark gap to enhance reliability of ignition.

General Criteria

The manufacturer, assembler, or distributor shall submit sufficient information
regarding each type or model of device for the evaluation of the device. Such
information shall include:

1. Identification

Identify the radioactive source(s) and the device, respectively, by model number
or other specific model designation.

2. Proposed Use

Describe the proposed use of the device and identify the environments and
operating conditions expected during normal conditions of use. Include
descriptions of the types of users, locations of use, possibilities of use in other
products, and circumstances of normal use. In addition, describe protable effects
of severe conditions, including accidents or fires, and possible diversion from
intended use.

3. Radioactive Material
Identify the radioactive material, chemical and physical form of the radioactive
material, the details of the method of incorporation and binding of the radioactive
material into the source, activity per source, and the number of sources in the
device.

4. Construction

(2) Submit engiheering drawings of the device, identifying all materials of
construction, dimensions, methods of fabrication and means for incorporating

8-1



164

S.

7.

the radicactive material into the device,

(b) Include a detailed description of all special design features which protect the
radioactive material from abuse and minimize the radiation hazards,
Describe in sufficient detail so that the nature, function, and method of
operation are clearly defined.

Human Access

Describe the degree of access of human beings to the device during normal
handling and use,

Useful Life

Indicate the expected useful life of the device. .
ANSI Classification Designation

State the American National Standard Institute (ANSI) Classification designation
for the source or device if applicable,

Labeling and Instructions for Use

Submit facsimiles of the labeling or marking to be placed on each device, and
copies of the manual that will accompany the device.
{

Additional lnformatlon

Submit any additional information, including experimental studies and tests, which
will facilitate a determination of the safety of the device.

D. Maximum Quantity
Not applicadble for this Guide,

Prototype Evaluation

L

2,

A minimum of 2 devices shall be evaluated, Prototype devices tested shall be of
the same design and fabricated in a marmer that can be duplicated in production
units, especially as to materials, tolerances, and methods of construction, Any
change in design or method of fabrication which could affect containment,
shielding, or the safe operation of the device requires reevaluation of the new
prototype incorporating such change, The appmfriateness and reproducibility of
the test conditions, accuracy of the observations, and interpretation of the
results, are among the points to be considered. In some cases, it may be desirable
to have tests carried out by qualified independent laboratories.

The manufacturer, assembler, or distributor shall submit information including:

(a) Maximum radiation level at 1 centimeter from any external surface of the
device averaged over an area not to exceed 10 square centimeters, and the
method of measurement,

() Results of tests performed on sources that establish the integrity of the
source construction and seal under the most adverse conditions of use to
which the device is likely to be subjected. These prototype tests should, i~
sofar as possible, reflect the actual conditions of use and as a minimum shall
meet the designated classification according to the current ANSI Standard
entitled "Classification of Sealed Radioactive Sources",
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{¢) Procedures for prototype testing of the device to demonstrate the effective-
ness of the containment, shielding, and other safety features under both
normal and severe conditions of handling, storage, and use of the device.

(d) Results of the prototype testing of the device, including any change in the
form of the radioactive material contained in the device, the extent to which
the radioactive material may be released to the environment, any increase in
externel rediation levels, and any other changes in safety features,

(e} A safety analysis based on the evaluation of the ability of the final design to
withstand the normal conditions of handling, use and storage, and the effeets
on containment and shielding of abnormally severe conditions of use,
including fires and accidents, Aging effects are of particular importance,

Quality Control

L

2.

3.

Each manufacturer, assembler, or distributor shall describe the quelity eontrol
procedures to be followed in the fabrication and assembly of the devices and the
quality control standards for maintaining source design specifications.

Each manufacturer, assembler, or distributor shall describe the assay method used
to determine the radioactive content of the source. The assay shall be traceable
to & National Standard.

‘Each manufacturer, assembler, or distributor shall perform a leak test on each
source by applying procedure(s) in the current ANSI Standard entitled "Classifica-
tion of Sealed Radioactive Sources". Acceptability of source leakage shall be
indicated by removal of less than 0.005 microcurie.

Labeling and Instructions for Use of Device

L

2.

The label or marking shall consist of the name, trademark, or symbol of the
manufacturer, assembler, or distributor, the type and amount of radioactive
material, the date of measurement, the standard radiation symbol, and the words,
"CAUTION-RADIOACTIVE MATERIAL". The label or marking must be durable
enough to remain legible for the useful life of the device and be readily visible,

Each distributor shall provide with each source/device:

(a) A certification that the sealed source has been appropriately tested for
leakage and contamination within 6 months of date of transfer.

{b) A certificate of assay for each source,

(¢) Instructions for the safe handling and usage of the source/device.

H. Transfer Reports
Not epplicable to this Guide,
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NATURALLY OCCURRING AND ACCELERATOR-PRODUCED RADIOACTIVE MATERIALS
NARM GUIDE 9
LEAK TEST KITS AND SERVICES

A, Scope

This guide provides criteria for the evaluation of leak test kits and leak test services
to be used for or in the assessment of leakage from sources of radioactive material,

B. Definitions

1. Leak test certificate - The written report of the analytical results of the leak test
sample.

2. Leak test kit - Includes collection medium (filter paper, cotton swab, activated
charcosl, ete.) and instruction for obtaining the test sample and for submitting it
for analysis.

3. Leak test service - Includes the kit, analysis of test sample and reporting of '
results.

C. General Criteria

The leak test service company shall submit sufficient information to enable evaluation
of each type of kit and service. Such information shall include:

1. Identification

Identify the kit by type and identification number or other specific model
designation,

2. Proposed Use
Describe the proposed use of the kit and service.

3. Radioactive Material

Identify the type of radioactive material(s) for which the kit is designed to be
used. ldentify the type of radioactive material(s) for which the service is
designed,

4. Description of Kit and Service

Identify the method of performing the leak test, Such tests shall meet or be
equivalent to the tests specified in American National Standards Institute (ANSI)
reports entitled "Classification of Sealed Radioactive Sources” and/or "Leak
Testing Radioactive Brachytherapy Sources." The information to be submitted
shall:

a) Describe in detail all components of the kit. Submit drawings or facsimilies
of the kit.

b) Include copies of instruction for performing sample collection directly from
the sources or elsewhere. In cases where the sample will not be taken
directly from the source, drawings showing the proper site(s) for sample
collection shall also be included. Instructions shall also be provided for
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returning the test sample to the leak test service company for analysis.
These instructions shall include the performance of a radiation survey of the
test sample for compliance with U.S. Department of Transportation or Postal
Service Regulations,

¢) Identify all instrumentation that will be used for analysis of the test samples,
The identification shall include the manufacturer and model number of each
instrument, the types and energies of detectable radiation, and the efficiency
and minimum sensitivity of the instrument for each type of radioactive
material to be tested and the frequency of calibration. As a minimum, the
instrument must be capable of detecting 0.0005 microcurie of the radioactive
material being tested or in the case of radium-226 brachytherapy sources, the
leakage of radon—222 at the rate of 0.0001 microcurie per 24 hours.

d) Describe in detail the procedure for performing the analysis on the leak test
samples,

e) Identify calibration standards to be used in the analysis of each material to be
tested. Such standards shall be traceable to a National Standard.

f) Include sample calculations showing conversion from raw counting data to
units of microcuries.

g Include copies or facsimilies of leak test certificates, Such certificates shall
identify (1) the name and address of the customer, (2) the date the sample was
collected, (3) the individual collecting the sample, (4) the person performing
the analysis, (5) the date the analysis was performed, (§) the unique
identification of the source tested, (7) the radioactive material and mass
number contained in the source, and (8) the result of the test expressed in
microcuries, Actual test results shall be reported unless such results are less
than 0.0005 microcurie or in the test for radon-222 leakage, 0.0001 microcurie
per 24 hours.

5. Additionalvlnformation

Submit any additional information which will facilitate a determination of the
adequacy of the kit and/or service,

Maximum Quantity
Not applicable to this Guide,

Prototype Evaluation

Not applicable to this Guide.

Quality Control

The leak test service company shall describe the quality eontrol procedures to be
followed in the evaluation of each leak test sample,

Instructions for Use
See Section C.4{b) of this Guide.

Records/Reports

A written report of the leak test results shall be furnished to the customer. In
addition, immediate notifieation by telegraph or telephone shall be given to the
customer for each leak test exceeding 0.005 microcurie; or in the case of radium-226
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brachytherapy sources, those exceeding 0.001 microcurie of radon-222 per 24 hours.

The leak test service company shall maintain records of the results of each leak test
analysis performed. These records shall include the information specified in C.4(g) of
this Guide.
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NATURALLY OCCURRING AND ACCELERATOR-PRODUCED RADIOACTIVE MATERIALS

A.

NARM GUIDE 12
IN VITRO TEST KITS

Scope

This Guide provides criteria for the evaluation of in vitro test kits econtaining
radioactive material. The Suggested State Regulations for Control of Radiation
(SSRCR) provide for the- distribution of in vitro test kits eontaining radioactive
material to persons exempt from regulation pursuant to C.4(b), to persons generally
licensed pursuant to C.22(i), and to specific licensees.

Definitions

In vitro test kit (kit) - & package containing the necessary components, at least one of
which is radioactive, to perform clinical or laboratory tests not involving internal or
external administration of radioactive material, or the radiation therefrom, to humans
or animals.

General Criteria

The meanufacturer, assembler, or distributor shall submit sufficient information
regarding each type or model of kit for the evaluation of the kit. Such information
shall inelude: ,

1. Identification
Identify the kit by model number or other specific model designation.

2. Proposed Use

Describe the proposed use of the kit and identify the environments and applieation
conditions expected during normal conditions of use. Include descriptions of the
types of users, locations of use, possibilities of use in other products, and
circumstances of normal use. In addition, deseribe- the probeble effects of severe
conditions, including accidents and fires, and possible diversion from intended use.

3. Radioactive Material

Identify the radioactive material, chemical and physical form of the radioactive
material, activity per vial or test unit, and the number of vials or test units per
kit or package.

4. Construction

(e) Submit engineering drawings of the Kkit, identifying all materials of
construction, dimensions, methods of fabrication and means for incorporating

the radioactive material into the kit or package.

(b) Include a detailed description of all specigl design features which protect the
radioactive material from abuse and minimize the radiation hazards.
Describe in sufficient detail so that the nature, function, and method of
application are clearly defined.

5. Human Access

Deseribe the degree of access of human beings to the radioactive material during
normal handling and use.
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6.

7.

9.

Useful Life
Indicate the expected useful life of the kit.

ANSI Classification Designation

Not applicable to this Guide.

Labeling and Instructions for Use

Submit facsimiles of the labeling or marking to be placed on each vial or test unit
and the kit package and copies of the instructions for use, storage, and disposal
that will accompany the kit.

Additional Information

Submit any additional information, including results of experimental studies and
tests, which will facilitate a determination of the safety of the kit.

Maximum Quantity

L

2.

3.

For kits intended for distribution to persons exempt from regulation pursuant to
C.4(b) SSRCR, the quantity of radioactive material per kit shall not exceed that
listed in schedule B, Part C, SSRCR. No more than 10 exempt quantities shall be
sold or transferred in any single transaction. However, an exempt quantity may
be composed of fractional parts of one or more of the exempt quantity provided
the sum of the fractions shall not exceed unity.

For kits intended for distribution to persons generally licensed pursuant to C.22(i),
SSRCR, the quantity of radioactive material per each separately prepackaged unit
shall not exceed 10 microcuries of cobalt 57.

For kits intended for distribution only to persons specifically licensed, a maximum
quantity per kit is not applicable.

Prototype Evaluation

L

2.

A minimum of 2 kits shall be evaluated. Prototype kits tested shall be of the
same design and fabricated in a manner that can be duplieated in production units,
especially as to materials, tolerances and methods of construction. Any change in
design or method of fabrication which could affect containment, shielding, or the
safe use of the kit requirss reevaluation of the new prototype incorporating such
change. The appropriateness and reproducibility of the test conditions, accuracy
of the observations, and interpretation of the results, are among the points to be
considered. In some cases it may be desirable to have tests carried out b

qualified independent laboratories. :

The manufacturer, assembler, or distributor shall submit information ineluding:

(a) Maximum radiation level at any external surface of the package averaged
over an area not to exceed 10 square centimeters, and the method of
measurement.

(b) Results of tests performed on kits that establish the integrity of the kit
construction and seal under the most adverse conditions of use to which the
device is likely to be subjected. These prototype tests should, insofar as
possible, reflect the actual conditions of use.

() A safety analysis based on the evaluation of the ability of the final design to
withstand the normal conditions of handling, use and storage, and the effects
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on containment and shielding of abnormally severe conditions of use,
including fires and accidents.

(d) For kits intended for distribution to persons exempt from regulation pursuant
to C.4(b), or to persons generally licensed pursuant to C.22(i), sufficient
information to provide reasonable assurance that the kit can be safely used by
persons not having training in radiological protection.

Quality Control

L

2.

Each manufacturer, assembler, or distributor shall describe the quality control
procedures to be followed in the fabrication and assembly of the kits and the
quality control standards for maintaining kit design specifications.

Each manufacturer, assembler, or distributor shall deseribe the assay method used
to determine the radioactive content of the kit. The assay shall be traceable to a
National Standard.

Labeling and Instructions for Use of Kit

1.

2.

The label shall consist of the name, trademark, or symbol of the manufacturer,
assembler, or distributor, the type and amount of radioactive material, the date of
measurement, the standard radiation symbol, and the words "CAUTION -
RADIOACTIVE MATERIAL" and "NOT FOR INTERNAL OR EXTERNAL USE IN
HUMANS OR ANIMALS". A readily visible label shall appear on each prepackaged
unit and must be durable enough to remain legible for the useful life of the kit.

For kits intended for distribution to persons exempt for regulation pursuant to
C.4(b), in addition to the labeling information required by (1) above, the label
affixed to the prepackaged unit or an accompanying brochure, shall:

(a) state that the contents are exempt from Licensing State requirements;

{5) bear the words "Radioactive Material - Not for Human Use - Introduction into
Foods, Beverages, Cosmetics, Drugs, or Medicinals, or into Products
Manufactured for Commercial Distribution is Prohibited - Exempt Quantities
Should Not Be Combined";

() set forth appropriate additional radiation safety precautions and instructions
relating to the handling, use, storage, and disposal of the radioactive
material.

For kits intended for distribution to persons generally licensed pursuant to C.22(i),
in addition to the labeling information required by (1) above, the label affixed to
the prepackaged unit, or an accompanying brochure, shall contain the following
statement or a substantially similar statement:

This radioactive material may be received, acquired,
possessed, and used only by physicians, clinical laboratories or
hospitals and only for in vitro clinical or laboratory tests not
involving internal or external administration of the material,
or the radiation therefrom, to human beings or animals. [Its
receipt, acquisition, possession, use, and transfer are subject
to the regulations and a general license of a Licensing

State.

Name of Manufacturer
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4.

L

2.

In addition to the specific labeling required in 1, 2, and 3 above, the label or
accompanying brochure shall contain adequate information as to the precautions
to be observed in handling,storing, and disposing of the radicactive material,

H. Transfer Reports

Submission of transfer reports is not required for kits distributed to general or
specific licensees.

For kits transferred to persons exempt from regulation pursuant to C.4(b);

(a)

®)

(e)

Each kit shall be separately and individually packaged. Not more than 10 such
packaged kits shall be contained in any outer package. The outer package
shall be such that the dose rate at the external surface of the package does
not exceed 0.5 millirem per hour.

Each manufacturer, assembler, or distributor shall maintain records
identifying, by name and address, each person to whom a kit is transferred.
These records shall include the kinds and quantities of radioactive material
transferred.

Each manufacturer, assembler, or distributor shall file an annual summary
report, in duplicate, with the State specifying the total quantity of
radioactive material transferred. Each report shall cover the calendar year
and shall be filed by January 3! of the following year. If no transfers of
radioactive material have been made during the reporting period, the report
shall so indicate. The State will forward one copy of the report to the Bureau
of Radiological Health, Food and Drug Administration, Rockville, Maryland
20857. The Bureau of Radiological Health will send copies of the report to all
States.
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RATIONALE FOR NARM GUIDES
July 3, 1977

INTRODUCTORY NARM GUIDE

Products containing naturally occurring radioactive materials, primarily
radium, have been wused for- consumer, industrial or medica! applications since
the early 1900%. Accelerator-produced radioactive materials have impacted
on the marketplace within the past decade. Naturally occurring and accelerator-
produced radioactive materials are collectively referred to as NARM. The popula-
tion exposed to radiation from NARM products consists of millions of people.
Most of these people are members of the general public who have consumer products
that are radioactive and present a minimal degree of radiation exposure to
the individual. Personne! working in medical and industrial facilities are
also exposed to radiation from NARM sources and devices.

Since NARM is not comprehensively controlled by the Federal Government,
the regulation of NARM has been left to the discretion of each State. To pro-
mote national uniformity, the Conference of Radiation Contro! Program Directors
(CRCPD) established a Task Force in 1975 to develop uniform guidance for evalua-
tion of NARM sources and products. The members of the Task Force included
representatives of the CRCPD, Bureau of Radiological Health/FDA, Nuclear Regula-
tory Commission, and the Environmental Protection Agency. The Bureau of Radio-
logical Health/FDA funded the Task Force activities. These Guides are compatible
with existing guidance and procedures developed by the Nuclear Regulatory Commission
(NRC) for other radioactive materials, e.g, byproduct and source materials.
The Guides reflect recommendations and suggestions of the American National
Standards Institute (ANSI) and the National Council on Radiation Protection
and Measurements (NCRP). Also, the manufacturer is requested to describe the
assay method used to determine the radioactive content of the source. The
assay shall be traceable to a National Standard.

The NARM Guides classify NARM sources or products into 12 categories and
provide criteria for evaluating a given NARM product regarding (1) manufacturer
identification and model number, (2) results of radiation measurements, (3) labell-
ing of name and amount of radicactive material, and (4) licensing recommendation
for product control. The "Introductory NARM Guide" also presents a format
on the "regulatory process" to appropriately control the manufacture, assembly,
distribution, and use of a NARM product in conjunction with the Suggested State
Regulations for Control of Radiation (SSRCR) and Radioactive Materials Reference
Manual (RMRM).

NARM GUIDE NO. | - Calibration and Reference Sources Containing Radium-226
for Distribution to Persons Generally Licensed Pursuant to C.22(g), SSRCR

B. Definitions

The basis for the definitions of "Capsule,” "Device" and "Source holder"”
is ANSI Report N5.10 - 1968. The definition of "Sealed source" is based on
the definition given for this item in Title 10, Code of Federal Regulations,
10 CFR 34,2 (e). The definition for "Plated alpha source" is similar to the
definition of "Sealed source” in the SSRCR; since a "Plated alpha source" is
a matrix form designed to prevent the leakage and dispersal of radioactive material.
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C. General Criteria

The request for information on the NARM product regarding its identification,
use, construction, ANSI classification and labelling provide a " reference basis
for the radiological evaluation of the product. The description, function,
and use of the source/device is to be clearly stated. From this information
and its subsequent evaluation, the control agency can determine that the source/de-
vice may be used safely within regulations of the Agency or provisions of the SSRCR.

D. Maximum Quantity

The rationale for specifying five microcuries as the maximum quantity of
a calibration or reference source incorporating radium-226 is that five micro-
curies is a wusable quantity applied in the common practice of standardizing
radiation survey instruments, and that use of this quantity over many years
has attested to its acceptability. The maximum quantity allowed by C.22(g)(5Xi)
SSRCR for americium-241 (10 CFR 31.8(cX1)), plutonium (10 CFR 70.19 (cX1)) and
radium-226 is five microcuries in such sources.

E. Prototype Evaluation

The reason for performing items E.l(a) - (e) in that given order is because
C.28(f) SSRCR requires the applicant to satisfy the general provisions of 10
CFR 70.39 which in turn requires that the five prototype tests be conducted in
this sequence.

In item E.2, 0.005 microcurie of radioactivity has been specified as the
leak test limit; since it has been a long standing practice by industry and
regulatory agencies to accept this limit. It is cited extensively throughout
NRC regulations and ANSI standards, e.g., 10 CFR 32.59 and N44.,2 - 1973,

F. Quality Control

The rationale for specifying 0.0005 microcurie ({(item F.3) as the lower
limit of instrumentation detection is that the concept of the instrumentation
as bheing capable of detecting one order of magnitude less than the specified
removable radioactivity contamination limit is recommended by ANSI N44.1 - 1973,
Such instrumentation is readily available on the market.

NARM GUIDE NO. 2 - Sealed Sources
E. Prototype Evaluation

Measurements at the distances of 5 and 30 centimeters from any external
surface of the source averaged over an area of 100 square centimeters for deter-
mination of maximum radiation levels are specified in item E.l. The distance
of 5 centimeters satisfies the geometry limitations in the practical use of
many radiation survey instruments, The distance of 30 centimeters approximates
12 inches cited in D.204(a) SSRCR (10 CFR 20.204(a)). ANSI N#3-3,2 (draft
9/24/76) specifies 100 square centimeters as the maximum area for averaging
radiation measurements. Radiation instruments meeting this criterion are commonly
available; therefore, special instruments are not required.

F. Quality Control

The basis for the leakage rate of less than 0.001 microcurie of radon
in 24 hours for radium-226 sources intended for brachytherapy (item F.3) is
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that paragraph 3.2.2 of ANSI N44.2 - 1973 specifies this leak test criterion
of | nanocurie (0.001 microcurie) in 24 hours for radon.

H. Transfer Report

The rationale for not requiring transfer reports (item H.l1) for sources
distributed only to specific licensees is not a contradiction of A.4 SSRCR
which requires that licensees (e.g., manufacturers) maintain records for the
receipt, transfer and disposal of all radiation sources. In this case, persons
who use the radiation source are specific licensees; hence, are known to, and
routinely inspected by, the authorizing agency. There is no further need to
identify specifically licensed source/device recipients.

NARM GUIDE NO. 3 - Gas and Aerosol Detectors for Distribution to Persons Exempt
from Regulation Pursuant to C.#(c)3) SSRCR

B. Definitions

The definition of "Gas and aerosol detector” (item B.2) is taken from
AEC Licensing Guide - Exemption of Gas and Aerosol Detectors Containing Byproduct
Material, dated October 10, 1969, which applies to the exemption of gas and
aerosol detectors containing byproduct material.

C. General Criteria

The reason for requesting descriptions of the types of users, locations
of use, possibilities of use in other products and circumstances of normal
use (item C.2) is that these data are necessary for evaluation of the detector.
Further, this language tends to promote uniformity with the NRC regulation
and licensing guides for gas and aerosol detectors containing byproduct material.

An example of a special design feature (item C.4(b)) is a one-way screw
or other access limiting tool which may be incorporated in the device.

The kinds of information requested in items C.6 and C.7 can be used to
estimate the amount of radicactive material to ultimately be disposed to the
environment and allow regulatory agencies to anticipate potential problems.

D. Maximum Quantity

The rationale for specifying a maximum quantity of 0.1 microcuries of
radium in gas and aerosol detectors (item D) is that this amount is consistent
with the Nuclear Energy Agency draft standard, April 1976, on ionization chamber
smoke detectors intended for unrestricted distribution.

E. Prototype Evaluation

The basis for specifying a minimum of two prototype detectors (item E.1)
for evaluation is given In the test specification procedures for evaluating
brachytherapy sources in ANSI N&4.1 - 1973. It may be advisable to have an
independent evaluation performed by an outside laboratory under certain circum-
stances. These kinds of tests are also required of byproduct devices in AEC
Licensing Guide - Exempt.on of Gas and Aerosol Detectors Containing Byproduct
Material dated October 10, 1969 (See item B.2 of NARM Guide 3).

The distances of 5 and 25 centimeters from any external surface of the

detector averaged over an area not to exceed 10 square centimeters for deter-
mination of the maximum radiation levels are specified in item E.2(a), These
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distances and this area. are specified in 10 CFR 32,26(bX6) by the NRC for
similar detectors containing byproduct material, The -rationale for requesting
information on aging effects (item E.2(e)) is based on the requirement for
gas and aerosol detectors containing byproduct material in the above referenced
AEC licensing guide dated October 10, 1969.

APPENDICES

Appendix A for this Guide is based