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Preface

This Radiation Safety Guide, edited by the Health Physics Staff and approved

by the University Radiation Safety Commi ttee and the Committee on Occupational
Safety and Health, sets forth the modus operand{ for all those who want to use
any "Source of Radiation" at Princeton University. The Guide is applicable
only to ionizing radiations. Guidelines for the safe use of non-ionizing radi-
ation, such as microwaves, lasers, etc., appear in a separate guide entitled,
"Safety in the Use of Non-ionizing Electromagnetic Radiation,"available from
the Office of Occupational Health and Safety.

Most of the rules and regulations included in this Guide are binding on the
University and the "Authorized User" by reason of their enactment in govern-
ment reqgulations and the University licenses. Every attempt has been made

to include in the Guide sufficient information to enable a "User" to comply
with the regulations by simply following the Guide. In cases of doubt, the
reader is advised to consult the basic regulations or the "Health Physicist."
The Guide also contains appendices which provide basic and useful information.
Throughout the Guide, the terms "shall" and "must" are used in the obligatory
sense; "should" and "may" are used in the permissive sense.

The rules, regulations and procedures described in this Guide are applicable
in their entirety to all persons and departments at Princeton University with
the exception of the Plasma Physics Laboratory. That Laboratory is a major
Department of Energy contractor and as such is not subject to the licensing
requirements and other regulations promulgated by the Nuclear Regulatory
Commission or the New Jersey State Department of Environmental Protection.
Consequently, while the University health and safety policy is applicable

to the Plasma Physics Laboratory, much of the detail and most of the pro-
cedures described in this guide are not.
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1., RADIATION SAFETY PROGRAM

A.

Introduction

In September 1971 a consolidation and reorganization of
the Princeton University safety organization was completed, and
a comprehensive, integrated occupational health and safety
program established. This was done, in the words of former
President Goheen, "... to better carry out the responsibility
we [the University] assume to prevent, to the best of our
ability, injury and death to students, staff and members of the
general public...and to enable the institution to discharge
its legal, moral and regulatory obligations more effectively
and efficiently.” Since radiation safety is an integral part
of the University's health and safety program, an understanding
of the overall structure and organization is essential to an
understanding of the radiation safety program.

The four primary components or elements of the University's
safety organization include a University Committee on Occupa-
tional Safety and Health, responsible for policy; an Office of
Occupational Health and Safety, responsible for monitoring the
implementation of the Committee's decisions; a network of
"Departmental Health and Safety Coordinators"; and an explicit
statement of health and safety policy.

The University Committee on Occupational Safety and Health is
appointed by the Dean of the Faculty on behalf of the President
and consists of faculty, research staff members, and University
administrators and those ex officic members necessary for the
conduct of the Committee's business. The Committee normally
meets several times during the academic year and is responsible
for developing health and safety policy, advising the Fresident
and monitoring the progress of the health and safety program.
A list of the membership is included in Appendix A.

The Office of Occupational Health and Safety is a division of
the University's Health Services. Its staff, consisting of
health physicists, industrial hygienists, safety engineers, a
sanitarian and supporting clerical and technical staff,
functions in an advisory and consultive capacity. They assist
the academic and operating departments in the implementation of
the health and safety policy and in maintaining compliance with
all applicable Federal, State and local health and safety
requlations and standards. The health and safety staff
provides a variety of services, consultations, evaluations and
audits. The Director of the Office of Occupational Health and
Safety is responsible to the Director of the University Health
Services who, in turn, is responsible to the Vice President for
Administrative Affairs. The Director also serves as Executive
Secretary for the Committee. A Tist of the senior Occupational
Health and Safety staff is included in Appendix A.

October 23, 1985
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The "Departmental Health and Safety Coordinator" is the
individual, or individuals, designated by the department
chairman or office head, who acts on behalf of the department
in health and safety matters. The coordinator is the primary
1iaison between the department and the Occupational Health and
Safety staff and is generally responsible for becoming familiar
with departmental activities involving actual or potential
hazards. Coordinators in departments using "Sources of
Radiation" have additional responsibilities described below.
In the absence of an appointed coordinator, health and safety
matters are referred directly to the chairman or office head.

The health and safety policy of Princeton University is
to provide, to the best of the University's ability, a safe and
healthful environment, free from recognizable hazards for
students, staff and visitors, and to comply with all applicable
safety and health regulations and standards.

Radiation Safety Program
1. Policy and Purpose

Princeton University's radiation safety policy is an
extension of the previously stated occupational safety and
health policy and applies to the use of "Sources of
Radiation" in the various teaching, research and operating
activities. The purpose of the radiation safety program is
to provide a structure and organization which ensures
continuing implementation of the radiation safety policy
throughout the University. The objectives of this program
are:

a. to make every reasonable effort to maintain radiation
exposures, and releases of radioactive material in
effluents to unrestricted areas As Low As is Reasonably
Achievable (ALARA). The concept of ALARA is applied
taking into account the state of technology and the
economics of improvements in relation to benefits to
the public health and safety, and other societal and
socioeconomic considerations;

b. to ensure control of the possession and use of "Sources
of Radiation™ in University teaching, research and
operating programs to minimize, insofar as practi-
cable, hazards to personnel and loss of property
arising from the use of such materials; and,

c. to ensure compliance with all Federal, State and local

laws covering the use of such materials, machines a..d
devices.

October 23, 1985
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Radiation Safety Committee

The Radiation Safety Committee is appointed by the Dean of
the Faculty on behalf of the President on recommendation of
the Chairman of the Committee on Occupational Safety and
Health. It consists of faculty, research staff members,
and University administrators, several of whom are knowl-
edgable in the safe use of "Sources of Radiation," and
certain ex officio members. The Radiation Safety Committee
develops and recommends radiation safety policy to its
parent committee and monitors the progress and continuity
of the radiation safety program. Additionally, and in
accordance with the requirements of the various University
radioactive materials licenses, the Committee reviews and
either approves or denies applications for proposed
usage of "Sources of Radiation." Since most of the work of
this Committee 1is done on a continuing basis, formal
meetings of the Committee are infrequent, normally one or
two per yazar., A Tlist of the membership is included in
Appendix A.

Health Physics Section

The "Health Physicists” and supporting technical staff
comprise the Health Physics Section of the Office of
Occupational Health and Safety. The Head of the Health
Physics Section reports to the Director of the Office of
Occupational Health and Safety. The "Health Physicists"
are listed in Appendix A.

The health physics staff provides a variety of radiation
safety services, evaluations and audits, all directed
towards assisting the "Authorized User" and his or her
department in implementing the radiation safety policy and
in controlling exposure to radiation and radioactive
materials. The group functions with a strong service
orientation, informing the "Authorized User" of his or her
obligations and assisting the "User" to anticipate and
identify potential radiation safety problems. In carrying
out these responsibilities, every reasonable effort is made
to relieve the research and operating staffs of as much of
the mandated administrative and record keeping detail as
is possible. In addition, a number of technical measure-
ments and evaluations are made as a service to the "Author-
ized User." However, it is neither possible nor desirable
to relieve the "Authorized User" of the binding
responsibility to ensure that "Sources of Radiation" under
his or her control are used safely and in accordance with
all applicable rules and regulations.

October 23, 1985
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Health Physics Section Responsibilities

The responsibilities of the Health Physics Section include:

administration of the five University licenses

control of acquisition of "Sources of Radiation" in
accordance with provisions of the various licenses

maintenance of all centralized records required
by regulation and pertinent to the radiation safety
program

administration of the centralized personnel monitoring
program

administration of the centralized radiocactive waste
program

provision of radiation safety consultations and
participation in preoperational research planning with
faculty, research personnel and support staff

inspection and surveys of laboratories and areas where
"Sources of Radiation" are used

conducting radiation safety training seminars, assist-
ing the "Authorized User" din instructing radiation
workers, and auditing overall compliance with the
radiation safety training policy

advising and assisting University personnel regarding
the shipment of radioactive materials and monitoring
all outgoing and certain incoming shipments of radioac-
tive material

performing required leak tests for all "Sealed Sources"

collection and dissemination of radiation safety
information including radioisotope fact sheets,
regulatory changes, health and safety advisories, etc.

provision of assistance and advice in all radiation
emergencies and supervision of special decontamination
operations

performing first echelon maintenance and periodic
calibration of laboratory survey equipment

investigation and analysis of radiation incidents
including, for example, spills of radioactive materi-
als, releases, etc., and development of recommendations
to prevent reoccurrences

October 23, 1985
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o. auditing the progress and continuity of the radiation
safety program

p. developing and refining radiation detection, shielding
and health protection techniques

q. when appropriate, representing the University at public
hearings concerned with questions of radiation safety

r. provision of advice and assistance to academic and
operating departments for the acquisition of
radiation detection and dosimetry equipment

s. provision of assistance in the design of new and
renovated laboratories in which "Sources of Radiation"
are to be used

t. acting as primary liaison between the University, the
"Authorized Users" and the various regulatory agencies
and accompanying regulatory personnel during their
inspection of any University operation.

Radiation Safety Responsibilities of the "Departmental
Health and Safety Coordinator"

The role of the "Departmental Health and Safety Coordina-
tor" has been described elsewhere; however, there are
specific responsibilities in those departments where
"Sources of Radiation" are used. These include:

a. reviewing and approving, denying or acknowledging, on
behalf of the Department, applications for authoriza-
tion for "Sources of Radiation";

b. arranging for the appointment of an alternate coordina-
tor during an extended absence, The Office of Occupa-
tional Health and Safety should be notified of all such
appointments and the effective dates; and,

c. other duties as assigned by the department chairman.
Broad License

The existence of a comprehensive University radiation
safety program enables the University to hold a Nuclear
Regulatory Commission broad byproduct materials license.
Under this concept the Nuclear Regulatory Commission
delegates its responsibility to Ticense the possession and
use of radioactive materials to the University Radiation
Safety Committee in accordance with the procedures and
guidelines established in this Guide and in the Universi-
ty's license application. This concept has over the

October 23, 1985
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years contributed to the effectiveness of the University's
radiation safety effort, it is more economical and it
provides for more effective control and higher degree
of radiation safety. An internal licensing capability
also reduces the time required to obtain an authorization
number (license) from months to weeks with obvious benefits
to one interested in research.

October 23, 1985



2. DEFINITIONS

When any of the following defined terms appear in the text of this
Guide, their meaning is as defined below, and they appear within
quotation marks, and the first letter of each word is capitalized.

A-

"Airborne Radioactivity Area"

Any room, enclosure, or operating area in which airborne
radioactive materials exist or are likely to exist in concen-
trations in excess of the amounts specified in Table 1, Column
1 of Appendix B, or in which they exist in concentrations which
when averaged over the number of hours in any week during
which individuals are in the area, exceed 25 percent of the
amount specified above.

"Authorized User"

The individual who has been authorized (licensed) by the
Radiation Safety Committee to possess and use "Sources of
Radiation." This includes individuals possessing Authorization
Numbers and/or Limited Possession Numbers and individuals
authorized to possess and/or use "Radiation Producing Machines
and Devices."

"Byproduct Material

Any radioactive material (except "Special Nuclear Material)
yielded in or made radioactive by exposure to the radiation
incident to the process of producing or utilizing "Special
Nuclear Material."

"Controlled Area"

See "Restricted Area."

"Departmental Health and Safety Coordinator"

The individual(s), appointed by the department chairman or
office head, who is responsible for the departmental health
and safety effort and who is the department's primary liaison
with the staff of the Office of Occupational Health and Safety.
"Generally Licensed Devices"

Devices and equipment into which radicactive materials are
built, the distribution of which to the general public is

authorized under the terms of a general license, in accordance
with 10 CFR Part 31.

October 23, 1985
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"Health Physicist"

An individual who, on the basis of professional training
and qualifications, 1is designated by the Director of the
Office of Occupational Health and Safety to advise faculty
and staff on radiation safety.

"High Radiation Area"

Any area, accessible to personnel, in which there exists
radiation at such levels that a major portion of the body may
receive in any one hour a dose in excess of 100 millirems.

"Human Use"

The intentional internal or external administration of radia-
tion or radioactive material to human beings.

NOTE: Any such contemplated use shall first be discussed with
the Human Use and Radiation Safety Committees, both of which
shall make a recommendation to the University Research Board.
In addition, specific licenses for "Human Use" have to be
obtained from the Nuclear Regulatory Commission and/or the
State of New Jersey.

"Limited Possessor"

One who has been issued a Limited Possession Number by the
Radiation Safety Committee.

"Personnel Monitor Contact"

The individual designated by a department to assist the Office
of Occupational Health and Safety staff with the internal
administration and logistics of the department's personnel
monitoring program,

"Principal Investigator"

An individual, holding a faculty or research position, who is
immediately responsible for the conduct and the safety of a
research project.

"Radiation Area"

Any area, accessible to personnel, 1in which there exists
radiation at such levels that a major portion of the body may

receive in any hour a dose in excess of five millirems or in
any five consecutive days a dose in excess of 100 millirems.

October 23, 1985
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"Radiation Producing Machine or Device"

A machine or device capable of generating radiation, such as
X-ray producing machines, particle accelerators, high voltage
power supplies, electron microscopes, high voltage rectifiers,
high voltage projection equipment, and other types of high
voltage machines.

In general, each single unit capable of producing radiation
must be considered as a separate device; however, at the
discretion of the "Health Physicist," a number of units which
form an administrative, spatial, or functional entity, and
which may be combined, modified, and/or separated during the
course of a research program, may be considered one device.

"Radiation Worker List"

A 1ist generated and maintained by the Office of Occupational
Health and Safety on which the "Authorized User" provides the
names and supplemental information for individuals working
with "Sources of Radiation" under his or her authorization.

"Restricted Area"

Any area, access to which is controlled by the department or
"Authorized User" for the purpose of protecting individuals
from exposure to radiation and radioactive materials. The
State of New Jersey uses the term "Controlled Area."

NOTE: "Restricted Area" includes all "Radiation Areas," "High
Radiation Areas,”" rooms or areas in which there are present
radioactive materials in such quantities that "Caution:
Radioactive Material" signs are required in accordance with
Section 9 of this Guide, and certain other areas which may be
so defined by the '"Health Physicist."

"Sealed Source"

A radioactive material that is permanently bonded or fixed in
a capsule or matrix designed to prevent release and dispersal
of the radicactive material under the most severe conditions
which are likely to be encountered in normal use and handling
and which is used in that configuration.

"Source Material”

Uranium or thorium or any combination thereof, in any physical
or chemical form; or ores which contain by weight 0.05 percent

or more of uranium, thorium, or any combination thereof.

"Source Material™ does not include "Special Nuclear Material."

October 23, 1985
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"Sources of Radiation"

Radioisotopes, radioactivated materials (by irradiation or by
exchange processes), "Radiation Producing Machines or Devices,"
"Generally Licensed Devices," and those quantities of radio-
jsotopes defined by regulation to be exempt quantities.

"Special Nuclear Material”

Plutonium, uranijum-233, uranium enriched in the isotope 233
or in the isotope 235, or any material artificially enriched
by any of the foregoing, but does not include “Source Materi-
al." :

"Unrestricted Area"

Any area, access to which is not controlled by the department
or the "Authorized User" for the purpose of protecting individ-
uals from exposure to radiation and radioactive material.
Areas not owned by the University are unavoidably classified as
unrestricted.

"User"

A person using "Sources of Radiation” at Princeton University.
This includes all "Authorized Users" and all persons using
"Sources of Radiation" under the supervision and/or authoriza-
tion of an "Authorized User."

"10 CFR Part 19," "10 CFR Part 20"

A shorthand notation for Parts 19 and 20 of Title 10 of the
Code of Federal Regulations. Title 10 contains the regula-
tions dissued pursuant to the 1954 Atomic Energy Act and is
presently administered by the Nuclear Regulatory Commission.
Part 19, entitled "Notices, Instructions, and Reports to
Workers; Inspections," and Part 20, entitled "Standards for
Protection Against Radiation," are two parts of Title 10.
Other parts of general interest include Part 30: "...Domestic
Licensing of Byproduct Material, " Part 33: "Specific Domestic
Licensing of Broad Scope for Byproduct Material," and Part 71:
"Packaging of Radioactive Material for Transport and Transpor-
tation of Radioactive Material...."

October 23, 1985
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3, RESPONSIBILITY FOR COMPLIANCE WITH UNIVERSITY AND GOVERNMENT RADIA-
TION SAFETY REGULATIONS

A.

Ultimate Responsibility

Departmental chairmen and laboratory directors bear the ulti-
mate responsibility for radiation safety, for the enforcement
of the recommendations of the Radiation Safety Committee, and
for the enforcement of University and government regulations.

Responsibilities of the Health Physics Section

The Health Physics Section of the Office of Occupational Health
and Safety holds only consulting and advisory roles in relation
to the University teaching, research and operational staff. If
the "Health Physicist" finds that an improper or hazardous prac-
tice or condition exists, he or she shall recommend corrective
action to the individuals involved and to the "Authorized User."
If the practice or condition remains uncorrected, the "Health
Physicist" will discuss the situation with the "Departmental
Health and Safety Coordinator," the departmental chairman, and/
or the laboratory director. If the practice or condition con-
tinues to exist, and the condition is serious, it will be refer-
red to the Radiation Safety Committee and, if need be, other
University officials, as appropriate, for action.

Committee Attention

Questions relating to radiation safety or matters related to
the radiation safety program may be brought before the Radia-
tion Safety Committee by either departmental chairmen or "Auth-
orized Users," or by the Secretary of the Committee who shall
entertain suggestions from all interested parties.

Government Regulations
1. Federal Law

The use of "Byproduct Material"” is subject to the regulations
promulgated by the Nuclear Regulatory Commission in "10 CFR
Part 19" and "10 CFR Part 20" and 10 CFR Parts 30, 31, 33,
and 71. In addition, the use of "Source Material" and
“Special Nuclear Material" is subject to the regulations in
10 CFR Parts 40 and 70.

2. State Law
At Princeton University the use of naturally-occurring and
accelerator-produced radioactive materials and the use of

padiation Producing Machines and Devices" are subject to
the regulations contained in the New Jersey Radiation Pro-

December 5, 1979
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tection Code promulgated in Title 7, Chapter 28 of the
New Jersey Administrative Code.

License Conditions

Each license issued by the Nuclear Regulatory Commission and the
State of New Jersey, under which individuals at Princeton Univer-
sity are authorized to possess or use "Sources of Radiation,"
contains several conditions to which "Authorized Users" are
bound. An "Authorized User" is bound to the conditions of the
applicable Ticense.

December 5, 1979

-



i,

LU o ) ) -1

’

{4, AUTHORIZATION FOR RADIOISOTOPES (INCLUDING ACTIVATED MATERIALS) AND
AUTHORIZATION PROCEDURES

A. Authorization

1.

A1l persons planning to possess or use radioisotopes at
Princeton University must obtain prior approval of the
Radiation Safety Committee and/or the "Health Physicist"
for each radioisotope. Persons not qualified for authori-
zation, according to the requirements stated in Section B
below, must use radioisotopes only under the supervision
of an "Authorized User."

The first step to obtain authorization is the filing of an
application through the Office of Occupational Health and
Safety. Applicants are advised that the application
process may take several weeks (or longer if an amendment
to a University license must be obtained) and are, there-
fore, urged to submit their application sufficiently in
advance of the planned starting date to avoid delays. The
filing of an application sets in motion a procedure which
provides for a thorough review of the radiation safety
aspects of the proposed usage. The final step in the
procedure is the issuance by the Office of Occupational
Health and Safety of an Authorization Number or a Limited
Possession Number,

Temporary Approval

The "Health Physicist" is authorized by the Committee to
grant a temporary approval, if specifically requested by
the applicant. However, such approval is granted at the
discretion of the "Health Physicist" and is dependent upon
receipt of a completed application. Temporary approval is
valid for 30 days and is normally issued within 36 hours of
receipt of a properly completed application.

Duration of Authorization

Each Authorization Number and Limited Possession Number is
coterminous with the applicable University license or
terminates with the severance from the University of the
"Authorized User." In some instances specific expiration
dates are established at the request of the "Health
Physicist."

Revocation
The Committee has the right and responsibility to revoke

any authorization granted by it if, in its opinion,
sufficient justification exists for such action.
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Amendments

Any change in the use of a radioisotope from that described
in the application shall be discussed with the "Health
Physicist." Significant changes which could affect radia-
tion safety, such as the use of an open source as opposed
to a "Sealed Source," the 4n vivo use of radioisotopes in
animals as opposed to 4n vitho work, use of dry powders
instead of a less hazardous form, etc., require an amend-
ment. Any such amendments may be approved by the "Health
Physicist" except that the "Health Physicist" has the
option to refer proposed changes to the Radiation Safety
Committee. Increases in the amount of radioisotope
authorized for use require a new application.

B. Classes of Authorizations: Description

1.

Authorization Numbers

There are two kinds of Authorization Numbers: one for
Radioisotopes and one for Activations. They are distin-
guished as follows:

a. A Radioisotope Authorization Number authorizes posses-
sion and use of the requested amount of a specific
radioisotope (and its daughters) in accordance with
the statements and representations made in the applica-
tion. Radioisotopes are generally acquired by purchase
from a commercial supplier.

b. An Activation Authorization Number authorizes activa-
tion of a sample for radioisotope production in an
accelerator, reactor, etc., and subsequent possession
and use of the product radioactivities in accordance
with the statements and representations made in the
application. Several types of activations are recog-
nized and are explained in paragraph 3 below.

c. Only persons who are "Principal Investigators," hold
a faculty or research position, and have had signifi-
cant previous experience with radioisotopes similar
to those being requested may apply for an Authorization
Number. However, upon recommendation of the Department
Chairman and with concurrence of the "Health Physi-
cist," the requirement for a faculty or research
position may be waived provided the applicant has had
extensive radioisotope experience or the radiological
hazards associated with the use of the radioisotope are
minimal.,
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The amount of radioactive material and the scope
of work permitted under an Authorization Number is, in
general, limited by the terms and conditions of the
relevant University license.

2. Limited Possession Numbers

d.

A Limited Possession Number is a restricted or limited
Authorization Number. The scope of the activities
permitted and the required qualifications of the
applicant differ in the following ways:

1) The applicant does not have to meet the qualifica-
tions established for a "Principal Investigator."
Less emphasis is placed on previous experience
with "Sources of Radiation." Therefore, the scope
of work permitted is restricted.

2) The maximum amount of radioactivity authorized for
use by an individual holding a Limited Possession
Number is limited to 100 times the amount listed
in column A of Appendix C of a single radioisotope
or the equivalent prorated quantity of several as
illustrated in the footnote to Appendix C, except
that the total amount for any radioisotope may
not exceed 15 mCi. However, persons holding
at least one valid Authorization Number and
therefore meeting the qualifications of a "Princi-
pal Investigator" may hold an unlimited number of
Limited Possession Numbers, provided no single
gquantity authorized exceeds the amount described
above for a single radioisotope.

3) Limited Possession Numbers are issued at the
discretion of the "Health Physicist" and without
Committee review, although the Committee is
periodically informed of all new Limited Possession
Numbers issued. The "Health Physicist" may, at
his or her discretion, elect to require full
Committee review.

Limited Possession Numbers are also issued to authorize
possession of "Generally Licensed Devices," such as
smoke detector heads, spark gaps, thickness gauges,
etc., which contain radiocactive material. The licenses
for all such devices have general requirements, the
specifics of which are dealt with in the application
process.

October 23, 1985
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3. Categories of Activation Authorizations

a. An "onsite-internal" activation for radioisotope
production is one performed at a University facility
by and for University personnel and their collabora-
tors. Persons desiring authorization must obtain an
Activation Authorization Number.

There is also the case of "onsite-internal” irradiations not
performed for the specific purpose of radionuclide production,
which may cause the incidental activation of target holders,
machine components, shielding, etc., e.g. target irradiations to
produce secondary particle beams. The irradiation may be arranged
at the discretion of the "Authorized User'" responsible for the
facility, and no Authorization Number is issued, provided the
irradiation meets the following criteria:

1) it is performed with the active participation of
an individual associated on a full-time basis with
the University facility at which the dirradiation
is done; and,

2) no activated material will leave the facility
in which the material was incidentally produced.

The "Authorized User' may, however, request a review
of the proposed irradiation by the "Health Physicist"
and the Radiation Safety Committee. The "Authorized
User" has the responsibility for radiation safety,
including the inventory and management of any radio-
active materials produced.

b. An "onsite-external' activation is one performed at a
Princeton University facility to produce radioactive
materials used by non-University personnel at either
an on- or off campus location. Regardless of where
the material is ultimately taken, any person desiring
such an activation must file an application for an
Authorization Number with the Radiation Safety Commit-
tee through the Office of Occupational Health and
Safety.

If the proposed use includes any transport of the
activated material outside the facility at which it
was produced, a formal agreement (part of the applica-
tion procedure) must be executed by a duly authorized
representative of the applicant's organization.
Certain conditions regarding such activations have
been established by the New Jersey Bureau of Radiation
Protection. These are:
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1) The person desiring the activation must demonstrate
to the Office of Occupational Health and Safety
that his or her organization is duly authorized to
possess and use the requested materials under the
provisions of an appropriate government license.

2) The "Health Physicist" is responsible for reporting
the transfer on the next monthly radioisotope
invgntory and the next State Report, indicating the
amount of activity, and the date of transfer, the
recipient, and the address of organization.

c. An "offsite" activation is one performed for Princeton
University personnel at an off campus facility not
owned or operated by the University when the resulting
radioactivity, however small or purified, is to be
brought on campus. Persons desiring such an activation
must obtain an Activation Authorization Number,

How to Apply for Authorization

1.

Obtain the necessary forms from the Office of Occupational
Health and Safety and discuss the proposed work with the
"Departmental Health and Safety Coordinator" and the
"Health Physicist."

Complete the forms, making sure that they are consistent
with the guidelines given in Section B above for Authoriza-
tion Numbers or Limited Possession Numbers. Please type or
print in black ink.

Consult with the "Health Physicist" to review the proposal
and to obtain any assistance needed to complete the
application.

Sign the completed application and obtain the signature
of the "Departmental Health and Safety Coordinator" (or in
his or her absence the signature of the department chair-
man). Forward the completed application to the Office
of Occupational Health and Safety.

Processing and Review of Applications for Authorization

1.

Authorization Numbers

Upon receipt of a completed application:

a. The "Health Physicist" reviews the application,
interviews the applicant, inspects the proposed

facilities, and, on the basis of the information
obtained, recommends either that the application be

October 23, 1985
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approved, conditionally approved, or denied. At this
time, if requested, the thirty day temporary approval
will be considered.

b. Copies of the application with the "Health Physicist's"
recommendations regarding approval or denial, any
conditions suggested by the "Health Physicist," and all
supporting documentation are sent to the Radiation
Safety Committee.

c. Each member of the Committee reviews the application
and may approve, conditionally approve, or deny it.
Since an application must be unanimously approved by
all available Committee members, a reasonable attempt
js made to remove any objections and resolve any
concerns. Before making a final decision, committee
members are urged to discuss with the "Health Physi-
cist" and the applicant any conditions they wish to
impose and objections which could lead to a denial.
The Committee members sign the application, annotating
it with any comments or conditions, and return it to
the Office of Occupational Health and Safety. Denials
must be specifically indicated.

d. Following final processing and review of the applica-
tion, the applicant is notified by memo that the
application has been approved and authorization
granted. Copies are sent to the Chairman of the
Radiation Safety Committee and "Departmental Health and
Safety Coordinator." This memo indicates the Authori-
zation Number that has been assigned, the relevant
University license, and any conditions or other
pertinent information. A copy of the application and
all supporting documentation is also returned to the
"Authorized User."

e. If the application is denied, a copy of it and all
supporting documentation is returned to the applicant,
indicating the reasons for denial. The applicant may
appeal the decision at a special meeting of the
Radiation Safety Committee, requested through the
Secretary of the Committee.

Limited Possession Numbers

The procedure followed for a Limited Possession Number is
the same as that for an Authorization Number except that:

a. The application and supporting documentation is not
distributed to the Radiation Safety Committee and the
Committee does not review the application.

b. The Committee is notified of all Limited Possession
Numbers issued by the "Health Physicist.”
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AUTHORIZATION AND REGISTRATION FOR "RADIATION PRODUCING MACHINES
AND DEVICES"

Authorization to use "Radiation Producing Machines and Devices" is
handled similarly to that for radioisotopes. However, there are sub-
stantial inherent differences which arise from such factors as the
length and uncertainties of the acquisition process and the complex-
ity of installation. These result in the continuing involvement of
the "Health Physicist" with the individual acquiring the machine or
device, culminating in a final authorization after the machine or
device has been installed and tested. The procedures which follow
have been devised to take into account these differences and to al-
Tow some flexibility in the process.

A. Approval

A1l persons planning to possess or use "Radiation Producing Ma-
chines or Devices" must first consult with and obtain the appro-
val of the "Health Physicist" before purchasing, accepting, or
receiving as a gift any such machine or device.

B. Authorization Procedure

The procedure for obtaining authorization to use "Radiation Pro-
ducing Machines and Devices" is handled as follows:

1. Prior to the acquisition of such a machine, the individual
who will be responsible for the machine or device must con-
sult with the "Health Physicist."

2. The "Health Physicist" reviews with the individual the in-
tended use, the safety specifications of the machine or
device, the rules and regulations pertaining to the opera-
tion of the machine or device, and other aspects of radia-
tion safety.

3. On the basis of the information obtained during the discus-
sions, the "Health Physicist" issues an initial authoriza-
tion which permits acquisition to proceed. The initial
authorization takes the form of a memo to the individual
which states that acquisition of the machine or device is
approved and which details the conditions, if any, under
which acquisition is authorized. '

4. The individual notifies the Office of Occupational Health
and Safety when the machine or device arrives so that he or
she may review plans for installation with the "Health Phys-
jcist." At this time such factors as the adequacy of shield-
ing, direction of the beam, and occupancy of adjoining areas
are considered.

December 5, 1979
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5. Final authorization to use the machine or device is given
by the "Health Physicist" after compliance with the appro-
priate regulations has been demonstrated and after initial
radiation surveys have demonstrated that the machine or
device can be operated safely. At the discretion of the
"Health Physicist," final authorization to use the machine
or device may be referred to the Radiation Safety Commi ttee.

6. Authorization for a machine or device constructed at the
University follows the procedures given above except that
contact between the responsible individual and the "Health
Physicist" is more continuous and extensive.

State Registration

Every "Radiation Producing Machine or Device," with the exceptions
noted below, must be registered with the State of New Jersey's Bur-
eau of Radiation Protection within 15 days of its initial instal-
lation. Electrical equipment, not primarily intended to produce
radiation, which generates radiation levels of 0.5 mrem/hour or less
at 5 cm from any readily accessible surface and machines or devices
in storage do not need to be registered. The registration process
is performed by the Office of Occupational Health and Safety which
maintains the centralized records. An initial registration fee

and an annual fee are assessed by the State for each registered
nRadiation Producing Machine and Device" and are ultimately paid by
the department and/or "Authorized User." The Office of Occupational
Health and Safety must also be notified when a machine or device is
disassembled, taken out of service, sold, transferred, or discarded
so that the State can be notified.

Requirements

The requirements for labelling, warning signs, procedures, and
dose limits for "Radiation Producing Machines and Devices" are
given in Section 16.

Purchase Orders

Under a formal agreement between the Purchasing Department and the
Office of Occupational Health and Safety, requisitions for the pur-
chase of x-ray diffraction machines, electron microscopes, and

other types of "Radiation Producing Machines and Devices" are for-
warded to the Office of Occupational Health and Safety for approval.
Because there may be requirements and State specifications of which
the purchaser is unaware, it is in the purchaser's best interest to
confer with the "Health Physicist" before a price quotation or de-
1ivery date is requested.

Changes in Responsibility or Location
The Office of Occupational Health and Safety must be promptly noti-

fied of changes in responsibility for and location of such machines
or devices.
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THE "AUTHORIZED USER'S" RESPONSIBILITIES

A'

Acquisition of Authorization

Before any person can begin work with "Sources of Radiation,"
he or she must satisfy the Radiation Safety Committee and/or
the "Health Physicist" through the authorization process that
he or she is qualified by training and experience and that the
Jaboratory is properly equipped to handle them safely. Persons
not meeting the requirements for authorization must work with
"Sources of Radiation" only under the supervision of an
"Authorized User."

Supervisory Responsibility

The "Authorized User" assumes responsibility for the actions
of those persons using "Sources of Radiation" under his or her
supervision.

Familiarity with Radiation Safety Guide

The "Authorized User" shall become acquainted and comply with
the Radiation Safety Guide and shall ensure that other persons
under his or her supervision also are acquainted and comply
with this Guide. The Radiation Safety Guide must, at all
times, be available to these persons.

Compliance with Government Regulations

The "Authorized User" shall become acquainted and comply with
all applicable government regulations and shall ensure that
all persons under his or her supervision also are acquainted
and comply with them,

Radiation Safety

The acceptance of an authorization obligates the "Authorized
User" to ensure radiation safety to him or herself, to all
others who can be affected by the presence or use of his or
her "Sources of Radiation,” and to University property. Prior
to short absences the "Authorized User" shall appoint a
specific individual to be responsible for radiation safety in
his or her absence. An extended absence of the "Authorized
User" necessitates a change in responsibility which, in
general, means that another individual must obtain the neces-
sary authorization.

Records
"Authorized Users" are obligated to maintain certain records.
These include those items needed for orderly management of the

laboratory such as receipt, use, transfer and disposal records.
The "Authorized User" must also keep those records needed to
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demonstrate an adequate level of radiation safety, such as
survey records.

Survey Instruments

The "Authorized User" shall acquire or have available and
shal]l maintain survey instruments appropriate for the radiation
in use.

Reporting of Incidents

The "Authorized User" shall report to the Office of Occupation-
al Health and Safety any loss or theft, incident, accident,
major spill, etc., involving "Sources of Radiation.”" Such
incidents are normally discussed with the Radiation Safety
Committee by the "Health Physicist.”

Training and Orientation of Personnel
1. Radiation Workers

The Health Physics Section provides radiation safety
training which meets the requirements of 10 CFR Part 19,12
and other Nuclear Regulatory Commission regulatory guidance
in the training area. It 1is the responsibility of the
"Authorized User" to ensure that all persons using radio-
isotopes under the provisions of his or her authoriza-
tion attend the mandatory training sessions offered by
the Health Physics staff.

The Health Physics staff training sessions are offered to
all new radiation workers on a monthly basis. Addition-
ally, all radiation workers are required to attend a
refresher training session once a year.

Several of the user departments provide excellent supple-
mental training in addition to the mandatory training
described above. All radiation workers must satisfy the
requirements established by their department with respect
to training.

2. Ancillary Personnel

The Health Physics staff works with the Public Safety and
Building Services departments to establish and implement
radiation safety training programs appropriate to the
needs of the department and which meet the requirements
of 10 CFR Part 19.12 and other Nuclear Regulatory Commis-
sion regulatory guidance in the training area. All New
employees in these departments who frequent areas where
radioactive materials are used must attend initial radia-
tion safety training sessions offered as part of new
employee orientation. Additionally, these personne’ must
attend refresher training on an annual basis.

October 23, 1985
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"Radiation Worker List"

The "Authorized User" is responsible for reporting the names of
all radiation workers under his or her supervision to the
Office of Occupational Health and Safety so that essential
radiation safety services, such as personnel monitoring,
bioassay services, radiation safety training, prenatal exposure
information for women, and special services, are provided for
these workers,

To this end the Office of Occupational Health and Safety sends
to each "Authorized User," three times a year, a '"Radiation
Worker List" update to which names can be added or deleted.
However, an "Authorized User" should report changes in labora-
tory personnel immediately, without waiting for the arrival of
the "Radiation Worker List" wupdate, so that the essential
services can be provided most efficiently.

Exposure Control

The "Authorized User" has the responsibility to control work
assignments and to ensure that work is carried out in such a
manner that the radiation dose to any person from external
"Sources of Radiation" and internally deposited radionuclides
under his or her control does not exceed the dose limits listed
in Appendix D.

Emergency Response

The "Authorized User" is responsible for establishing radiation
emergency procedures appropriate to the activities in his or
her laboratory, and is responsible to ensure that all individu-
als under his or her supervision are familiar with these
procedures and those described in OHS-HP Form #400 and in
Section 17 of this Guide., Section 17 provides guidelines which
may be useful in formulating emergency procedures for some of
the common types of radiation emergencies.

Terminations

In the event that an "Authorized User" severs his or her
association with the University or discontinues work with
"Sources of Radiation," he or she shall inform the Office of
Occupational Health and Safety, shall ensure that proper and
safe disposal and/or transfer of "Sources of Radiation" is
affected, and shall ensure that his or her facility is left in
a radiologically safe condition.

September 15, 1989
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RADIOISOTOPE ACQUISITION

A.

Purchase

Radioisotopes may be purchased by any "Authorized User" with
authorization for the specific radioisotope being ordered; the
quantity of the order must be such that the amount ordered
when added to the amount present in the "Authorized User's"
current inventory (including wastes on hand) does not exceed
the authorized possession limit.

1.

Purchase Requisitions

AT requisitions for radioisotopes must have the explicit

approval of the Office of Occupational Health and Safety
before they can be processed by the Purchasing Department.
Purchase requisitions are completed and processed as follows:

a.

The "Authorized User" completes the purchase requisition,
making certain that the quantity and the radioisotope are
clearly indicated, and includes the appropriate Authori-

_zation or Limited Possession Number and his or her sig-

nature. A designated representative of the "Authorized
User" may sign requisitions only if the Office of Occu-
pational Health and Safety has been notified in writing
by the "Authorized User" that the individual is so per-
mitted.

The "Authorized User" must become familiar with the
arrangement for processing purchase requisitions with-
in his or her department, since departmental ordering
procedures vary.

Following internal handling of the requisition, the blue
copy of the requisition is sent to the Office of Occupa-
tional Health and Safety who verifies that the "Author-
ized User" is authorized for that radioisotope and the
possession 1imit is not exceeded. The approved requisi-
tion is then sent to the Purchasing Department.

Phone Orders

Orders which must be expedited are placed in the following
manner:

a.

The "Authorized User" or designated representative phones
the Purchasing Department, providing the buyer with all
the necessary information about the order.

The "Authorized User" or designated representative phones

the Office of Occupational Health and Safety, providing
the name of the "Authorized User," the name of the caller

December 5, 1979
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(if not the "Authorized User"), the radioisotope, and
the quantity to be ordered.

c. The Office of Occupational Health and Safety verifies
authorization for the radioisotope and checks that the
possession limit is not exceeded. The Office of Occu-
pational Health and Safety phones the Purchasing Depart-
ment to verbally approve or disapprove the order. The
Purchasing Department will phone the order to the ven-
dor only after approval of the order by the Office of
Occupational Health and Safety has been received.

d. The "Authorized User" or designated representative com-
pletes a purchase requisition as described in paragraph
1.a above, clearly indicating that "this order is a con-
firmation of a phone order placed on (fi1l in the speci-
fic date)."

e. The process is completed as described in paragraphs 1.b
and 1.c above.

Loans and Transfers

Loans and transfers of radioisotopes are permitted only to
"Authorized Users." The Office of Occupational Health and
Safety must be notified when transfers are made of such size
that inventory and control procedures or health and safety
considerations are affected. Off-campus transfers must have
the prior approval of the Office of Occupational Health and
Safety, and written approval of the recipient organization
must be provided to the Office of Occupational Health and
Safety.
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8, RECEIPT AND OPENING OF PACKAGES CONTAINING RADIOISOTOPES

A.

Requirements

Paragraph 20.205 of "10 CFR Part 20" places certain requirements
on the recipients of packages containing radioactive material.
These requirements, which are primarily designed to cause the
detection of leaking packages and packages with excess radiation
levels, include the leak testing of certain packages and the
monitoring of radiation levels for other packages within a speci-
fied time after receipt. The "Authorized User" is responsible

to see that these requirements are met. However, the Office of
Occupational Health and Safety assists the "Authorized User® in
meeting these requirements by setting up a procedure in which,
after notification by the "Authorized User" of a package receipt,
the Office of Occupational Health and Safety monitors the pack-
age and keeps the required records. Paragraph B describes the
categories of packages for which monitoring is required and de-
tails the procedure to be followed after the receipt of such
packages.

The majority of packages containing radiocactive material received
at the University do not require the monitoring specified by reg-
ulation, but there are procedures which should be followed when-

ever any such package arrives. These procedures are provided in

Paragraph C.

Package Categories and Monitoring Requirements
1. Categories of Packages
a. "Monitoring exempt" packages are those which do not re-
quire Teak testing or radiation surveys after receipt.
They are described as follows:
1) Packages containing no more than 10 mCi of
radioactive material consisting solely of
tritium, carbon-14, sulfur-35, or iodine-125
2) Packages containing only radioisotopes with
half-Tives of less than 30 days and a total
quantity of 100 mCi or less

3) Packages containing only radioactive material
as gases or in "special form "*

4) Packages containing the following:

a) 0.01 mCi or less of transuranium radio-
isotopes and certain isotopes of actin-

*'special form" refers to radioactive material which is solid or encap-
sulated and so designed that the radioactivity is not released under
a series of rigorous tests which are described in 10 CFR Part 71.

December 5, 1979
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jum, protactinium, radium, uranium, and thorium.
The "Health Physicist® should be consulted for
specific information.

b) 0.1 mCi or less of certain isotopes of argon,
barium, bismuth, europium, krypton, lead, pro-
tactinium, radium, radon, strontium, thorium,
uranium, and xenon. The "Health Physicist”
should be consulted for details.

c¢) 1 mCi or less of all other radioisotopes

5) Packages containing only radioactive material in
other than liquid form and not containing more
than 1 mCi of the radioisotopes listed in 4.a
above, 50 mCi of the radioisotopes listed in 4.b
above, or 3 Ci of all other radioisotopes.

The following table Tists the “monitoring exempt" pack-
age quantities for the radioisotopes most commonly re-
ceived at the University, assuming the package contains
1iquid, as is the usual case.

| "Monitoring Exempt”

Radioisotope . Quantity (mCi)
Carbon-14 % 10
Chromium-51 | 100
Cobalt-60 1

; Iodine-125 % 10

| Manganese-54 E 1

| Mercury-203 E 1
Phosphorus-32 'l 100

© sulfur-35 i 10

i Tritium % 10

Questions about other cases and radioisotopes should be
referred to the "Health Physicist.”
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c. "Monitoring required" packages are all packages which
do not meet the requirements for "monitoring exempt"
packages. Leak testing is required for all such pack-
ages, and radiation surveys are required for certain
of these.

Procedure for Receipt of "Monitoring Required" Packages

a. The "Authorized User" is advised by the Office of Occu-
pational Health and Safety when a purchase order is
placed that the package will require monitoring by the
Office of Occupational Health and Safety upon receipt.

b. The "Authorized User" must notify the Office of Occupa-
tional Health and Safety when the package arrives so
that the package can be monitored within the required
period of time. That period of time is within 3 hours
of receipt normally or within 18 hours of receipt if
the package arrives after normal working hours.

c. The monitoring is performed by the Office of Occupational
Health and Safety. The package must not be opened be-
forehand.

General Procedures for Opening Packages

1.

Reports of damaged or leaking packages must be made promptly
to the Office of Occupational Health and Safety. The "Health
Physicist" reports the receipt of damaged or Teaking packages
to the appropriate regulatory agency.

Do not allow yourself to be enticed by the vendor into return-
ing a damaged or incorrect shipment unless you are certain
that the item can be returned safely and legally. It is not
recommended that a practice be made of returning damaged or
incorrect shipments of radioactive material. However, their
return is possible under certain conditions. Packages that
have been opened or damaged must not be returned without prior
consultation with the "Health Physicist" to determine whether
or not the return shipment can be made legally. The "Health
Physicist" should also be consulted prior to the return of un-
opened packages to advise on the legal requirements of the
return.

The opening of packages must be done only in a properly equip-
ped laboratory and by the “"Authorized User" or by an adequate-
1y trained individual designated by the "Authorized User."

The opening of packages should be done in a fume hood, and

full use should be made of protective clothing and protective
equipment such as shields, tongs, etc.
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. Before any attempt is made to open a package, the packing

1ist, which is usually attached to the exterior of the pack-
age, should be reviewed to verify that the order's radioiso-
tope content, quantity, and chemical composition are correct.
Errors with respect to these items sometimes occur, and it is
easier to return an unopened package. If the package is un-
familiar, seek out any special opening instructions.

. The exterior of the package should be Teak tested by using an

absorbent material to wipe the surface and counting the mater-
jal for radioactivity. As the package is opened, each succes-
sive layer of packing material should be leak tested, if prac-
tical. Significant removable contamination should be reported
to the Office of Occupational Health and Safety. Removable
contamination on the outer surface of the package in excess of
0.01 uCi per 100 cm? must be reported immediately to the Office
of Occupational Health and Safety.

. Radiation levels at the outer surface of the package should

be measured, and instances of unusual or excessive dose rates
should be reported to the Office of Occupational Health and
Safety. Dose rates in excess of 200 mrem/hour at the package
surface and 10 mrem/hour 3 feet from the package surface must
be reported immediately to the Office of Occupational Health
and Safety. Measurements of radiation levels for even those
packages for which external radiation is not expected, such as
tritium, may reveal the occasional package which contains the
wrong radioisotopes.

. If the packing slip was packed inside the outer package, ver-

ify that the contents of the package are correct as ordered
before opening any inner container. Remove the inner contain-
er and verifv the contents as labelled against the packing
slip, checking for radioisotope content, quantity, specific
activity, chemical composition, and physical form.

. Determine the dose rate from the inner container and take

appropriate precautions. Supply additional shielding as
needed.

Leak test the inner container for gross contamination, making
certain to check for broken seals, breakage, loss of contents,
or change in color of the absorbent material around the con-
tainer.

Dispose of unneeded contaminated packing materials as radio-
active waste.

Deface or remove radioactive material Tabels on any empty, un-
contaminated package before placing the package in the non-
radioactive waste. If a package has been established to be
uncontaminated, cost considerations indicate that the package
should be discarded as ordinary trash.
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After Hours Receipt

The receipt of packages containing radioactive materials after
hours, i.e., after receiving areas have closed for the day or
weekend, rarely occurs, and arranging for their receipt at such
times is not encouraged. "Authorized Users" and the Purchasing
Department should provide the radioisotope supplier with the
operating hours of the receiving room to which the package is

to be sent and should instruct the supplier to have the shipment
arrive during these hours. It is possible that, due to inclement
weather, a late delivery, or other unforeseen circumstances, a
package may be received after hours. To properly handle such sit-
uations the following procedures have been estabiished with the
Security Department, which, on occasion, may be asked to accept
such packages.

1. If a "User" becomes aware that a shipment will arrive late
and it is important that the materials be received that same
day, he or she should contact the Office of Occupational
Health and Safety and the Security Department at its non-
emergency telephone number and provide the following infor-
mation:

a. The name of the radioisotope supplier
b. The name of the delivery service, if known

¢. The name of the individual to whom the package is
addressed

d. The telephone number(s) where that individual can
be contacted when the package arrives

e. Specific instructions on handling the package
f. The radioisotope and quantity

2. In the event a package containing radioactive materials is
delivered to the Security Office, regardless of whether the
package's arrival was expected, the Security Department will
make every reasonable effort to contact the "Health Physicist"
and the individual to whom the package is addressed.

3. The "User" to whom the package is addressed or the "Author-
ized User," if the addressee is not available, is respon-
sible to remove the package from the Security Office at the
earliest possible time.

Other Requirements

Paragraph 20.205 of "10 CFR Part 20" specifies other requirements,
such as arrangements for the receipt of packages containing very
large amounts of radioactivity. Such packages are not normally -
received at the University, and the "Health Physicist" will dis-
cuss any special requirements for the receipt and handling of
unusual packages during the authorization procedure.

December 5, 1979
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Q, POSTING, LABELLING, TAGGING, AND SIGNALLING REQUIREMENTS
A. Posting of Required Documents

By regulation each laboratory using "Sources of Radiation" must
have posted certain documents. The specific documents to be
posted vary, depending on whether the "Sources of Radiation"
used by the "Authorized User" are regulated by the Nuclear
Regulatory Commission (NRC) or by the State of New Jersey and
under which license the laboratory operates. These documents
must be posted in a conspicuous place where they will be seen
by all persons working in or frequenting a "Restricted Area.”

The following listing describes the documents which must be
posted for each of the various Federal or State licenses under
which an "Authorized User" may operate. If the "Authorized
User" operates under more than one license or category, all the
relevant categories described below apply. The Office of
Occupational Health and Safety will supply the "Authorized
User' during the authorization process or machine registration
process with the documents appropriate to his or her activi-
ties.

1. Laboratories in which NRC licensed "Byproduct Material" is
used must have posted:

a. Form NRC 3, "Notice to Employees"

b. OHS-HP Form #400, "Accident Procedures and Emergency
Phone Numbers"

c. OHS-GS Form #31, "Emergency Information"

d. Additionally, the following documents need not be
posted but a notice¥* must be posted which describes the
documents and states where they may be examined:

i) "10 CFR Part 19" and "10 CFR Part 20"
ii) Princeton University Radiation Safety Guide
iii) NRC Broad License #29-05185-24

2. Laboratories in which NRC Tlicensed "Source Material" is
used must have posted:

a. Form NRC-3, "Notice to Employees"

b, OHS-HP Form #400, "Accident Procedures and Emergency
Phone Numbers"

c. OHS-GS Form #31, "Emergency Information”

*A poster suitable for this purpose is provided to the "Authorized
User" during the authorization process.

September 15, 1989
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d. Additionally, the following documents need not be
posted, but a notice* must be posted which describes
the documents and states where they may be examined:

i) ™10 CFR Part 19" and "10 CFR Part 20"
ii) Princeton University Radiation Safety Guide
iii) NRC License #SUD 381

Laboratories in which NRC Jlicensed "Special Nuclear
Material” is used must have posted:

a. Form NRC-3, "Notice to Employees"

b. OQHS-HP Form #400, "Accident Procedures and Emergency
Phone Numbers"

c. OHS-GS Form #31, "Emergency Information"

d. Additionally, the following documents need not be
posted but a notice* must be posted which describes the
documents and states where they may be examined:

i) "0 CFR Part 19" and "10 CFR Part 20"
ii) Princeton University Radiation Safety Guide
iij) NRC License #SNM 356

The laboratory in which the device known as the Gammator B
irradiator is used must have posted:

a. Form NRC-3, '"Notice to Employees"

b. OHS-HP Form #400, '"Accident Procedures and Emergency
Phone Numbers"

c. OHS-GS Form #31, "Emergency Information"

d. Additionally, the following documents need not be
posted but a notice* must be posted which describes the
documents and states where they may be examined:

i) ™10 CFR Part 19" and "10 CFR Part 20"
ii) Princeton University Radiation Safety Guide
iii) NRC Broad License #29-05185-25

Laboratories in which radioisotopes regulated by the State
of New Jersey (naturally-occurring radioisotopes or
accelerator-produced radioisotopes) are used must have
posted:

*A poster suitable for this purpose is provided to the "Authorized
User" during the authorization process.

September 15, 1989
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a. Form BRP-D14, "Notice to Employees"

b. OHS-HP Form #400, "Accident Procedures and Emergency
Phone Numbers"

c. OHS-GS Form #31, "Emergency Information”

d. Additionally, the following documents need not be
posted, but a notice* must be posted which describes
the documents and states where they may be examined:

i) New Jersey Radiation Protection Code
ii) Princeton University Radiation Safety Guide
iii) New Jersey License #80066

Laboratories in which "Radiation Producing Machines or Devices"
are used must have posted:

a. Form BRP-D14, "Notice to Employees”

b, OHS-HP Form #400, "Accident Procedures and Emergency
Phone Numbers"

c. OHS-GS Form #31, "Emergency Information"

d. Additionally, the following documents need not be
posted, but a notice* must be posted which describes
the documents and states where they may be examined:

i) New Jersey Radiation Protection Code
ii) Princeton University Radiation Safety Guide

Design Specifications for Signs, Labels, Tags, and Signals

A1l signs, labels, tags, and signals, used to indicate the
presence of '"Sources of Radiation" or to post an area as a
"Radiation Area," "High Radiation Area," or "Airborne Radioac-
tivity Area" must conform with "10 CFR Part 20" or the New
Jersey Radiation Protection Code as appropriate.

Caution: Some commercially available items may not meet
specifications.

Posting of Radiation Areas
1. FEach "Radiation Area" as defined in Section 2 shall be

conspicuously posted with a sign or signs bearing the
radiation symbol and the words:

*A poster suitable for this purpose is provided to the "Authorized
User" during the authorization process.

September 15, 1989
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CAUTION
RADIATION AREA

Each "High Radiation Area" as defined in Section 2 shall
be conspicuously posted with a sign or signs bearing the
radiation symbol and the words:

CAUTION
HIGH RADIATION AREA

NOTE: Access to "High Radiation Areas” shall be interlock-
ed in such a manner that: 1) the radiation level is
reduced to the point that the person(s) entering the area
shall absorb less than 100 mrem/hour, or 2) a visible
and/or audible signal shall make the individual and the
supervisor of the activity (experiment, radiation producing
machine, etc.) aware of the entry and the existing danger,
or 3) the area shall be maintained locked except during
periods when access to the area is required, with positive
control over each entry.

An area established as a '"High Radiation Area" for less

than 30 days must be posted but requires only direct
surveillance to prevent unauthorized entry,

Each "Airborne Radiocactivity Area" as defined in Section 2
shall be conspicuously posted with a sign or signs bearing
the radiation symbol and the words:

CAUTION

AIRBORNE RADIOQACTIVITY AREA

Posting of Areas Containing Radioactive Materials

Each entrance to areas or rooms in which radioactive material
is used or stored in an amount greater than 10 times that
Tisted in column A of Appendix C (except that the amount for
natural uranium or thorium is 100 times that given in Appendix
C) shall bear a clearly visible label bearing the radiation
symbol and the words:

CAUTION
RADICACTIVE MATERIAL

October 23, 1985
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E. Labelling of Equipment and Containers

1. Any equipment (vaults, refrigerator, etc.) or container in
which radioactive material is stored or used in an amount
greater than that listed in column A of Appendix C (except
that the amount for natural uranium or thorium 1is ten
times that given in Appendix C) shall bear a durable,
clearly visible label bearing the radiation symbol and the
words:

CAUTION
RADIOACTIVE MATERIAL

This label shall, when practicable, also identify the
radioisotope, the amount in Curie units, and the date of
assay.

The outside of a shielded container must also bear this
label as well as the inner container.

2. Labels are not required on laboratory containers such as
beakers, flasks, test tubes, etc., used transiently in
laboratory procedures under supervision or if the concen-
tration of the radioactive material in the container does
not exceed that specified in Table I, Appendix B.

F. Tagging of "Sealed Sources"

A11 "Sealed Sources" shall bear a durable, legible and visible
tag permanently attached to the source, The tag shall be at
least one inch square, shall bear the standard radiation
symbol and at Teast the following:

CAUTION - RADIOACTIVE MATERIAL - DO NOT HANDLE
NOTIFY CIVIL AUTHORITIES IF FOUND
NOTE: Properly designed tags are available from the Office of
Occupational Health and Safety. If tagging is not feasible or
desirable due to source design, properly inscribed pressure-
sensitive tape is also available.
G. "Radiation Producing Machines and Devices"
There are special requirements for labels, signs, and signals

for "Radiation Producing Machines and Devices." The details
are found in Section 16,

October 23, 1985
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10, LABORATORY PROCEDURES FOR RADIOISOTOPES

A.

Radioisotope Inventory

In each laboratory a Radioisotope Inventory Log shall be
maintained, containing an inventory of radioisotopes, noting
the element, its mass number, date received, amount received,
dates of withdrawal for use and amount withdrawn, date of
disposal of waste, manner of disposal, and estimated amount of
waste. In short, a continual record must be maintained from
receipt to disposal or decay.

The maintenance of an inventory of target activity levels for
the targets which are routinely activated and investigated at
the Jadwin Cyclotron is difficult because of the broad spectrum
of activities and activity levels met in these targets.
However, it is possible to estimate activity levels or to
express the data in mr/hour at some specified distance. It is
necessary that a record be kept indicating the disposition of
these materials.

Reports

At present, two monthly reports must be filed by the "Author-
jzed User" with the Office of Occupational Health and Safety:
an inventory of radioisotopes on hand and a summary of radioi-
sotope disposals. The State of New Jersey requires that all
radioactive materials be registered, but the Office of Occupa-
tional Health and Safety has negotiated an agreement whereby
the State will accept a periodic inventory report in lieu of
the radioisotope registration requirement. The Office of
Occupational Health and Safety collects and collates the
inventory data from all "Authorized Users" and files the
required State Report. The "Authorized User's" inventory
report (using OHS-HP Form #201) is filed with the Office of
Occupational Health and Safety no later than the eighth day of
each month and identifies all radioactive material on hand,
including wastes. The forms for these reports are available
from the Office of Occupational Health and Safety. '

Survey Equipment

A person using open or "Sealed Sources," opening packages
containing radioisotopes, or performing physical or chemical
manipulation of radioisotopes must have immediately available a
suitable, operative radiation detector. This detector must be
able to indicate either dose rate or activity as may be proper
considering the nature and activity of the source.

September 15, 1989
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Operational Work Area Surveys

1-

al

Survey Requirements

In addition to the routine surveys made by the Health
Physics staff, laboratory personnel manipulating open
sources of radioactive materials shall conduct operational
work area surveys. Surveys must be performed:

1) at the end of an experimental procedure and at the
end of each day for multi-day procedures;

2) during the manipulation of millicurie quantities of
open sources (the frequency and exact timing of
this type of survey is left to the judgement of the
individual performing the experiment);

3) during and following the opening of radioactive
material packages; and,

4) following withdrawals from stock sources containing
millicurie quantities.

b. Records of such surveys must be kept, The records
should include the name of the surveyor, the date, the
survey results, whether positive or negative, and
follow-up actions taken if contamination is found.

Removable Contamination Limits
Removable contamination on surfaces, e.g., floors, walls,

etc., in restricted areas in excess of the following.limits
requires prompt decontamination:

Low Risk
Beta, Gamma Beta, Gamma
Alpha or X-ray or X-ray
Emitters Emitters Emitters*
Surfaces in
the Restricted 220 dpm/ 2,200 dpm/ 22,000 dpm/
Area 100 cm? 100 cm? 100 cm?

However, prompt decontamination is encouraged at 100 dpm/
100 cm® for all beta, gamma or X-ray emitters and at 10
dpm/100 cm® for alpha emitters.

*Low risk beta, gamma, or X-ray emitters are those isotopes

with beta energies less than 0.2 MeV, and/or gamma or X-ray
emissions less than 0.1 R/hr at 1 meter per curie and with
permissible air concentrations greater than 107 ¢ micro-
curies per milliliter,

October 23, 1985
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E. Personal Surveys
1. Survey Requirements

a. When manipulating open sources of radiocactive material,
thorough surveys of one's person and clothing must be
performed:

1) at the end of an experiment and at the end of each
day for multi-day procedures;

2) during manipulation of millicurie quantities of
open sources (the frequency and exact timing of
this type of survey is left to the judgement of the
individual performing the experiment);

3) during and following the opening of radicactive
material packages;

4) following withdrawals from stock sources containing
millicurie quantities; and,

5) prior to exiting the restricted area.

b. Records of such surveys must be kept. The records
should include the name of the surveyor, the date, the
survey results, whether positive or negative, and the
follow-up actions taken if contamination is found.

2. Contamination Limits

The 1imits for contamination on personal protective
clothing and the skin are:

Low Risk
Beta, Gamma Beta,Gamma
Alpha or X-ray or X-ray
Emitters Emitters Emitters*
Personal
Protective 220 dpm/ 2,200 dpm/ 22,000 dpm/
Clothing 100 cm® 100 cn’ 100 cm?
220 dpm/ 220 dpm/ 2,200 dpm/
Skin 100 cm® 100 cm? 100 cm’

*low risk beta, gamma, or X-ray emitters are those isotopes
with beta energies less than 0.2 MeV, and/or X-ray emis—
sions less than 0.1 R/hr at 1 meter per curie and with
permissible air concentrations greater than 107 micro-
curies per milliliter.

October 23, 1985
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Skin contamination in excess of these limits requires prompt
decontamination. Contamination on clothing in excess of these
1imits requires prompt removal. However, prompt decontamination
of personal clothing is encouraged at 220 dpm/100 cm for all
beta, gamma, or X-ray emitters and at 22 dpm/100 cm for alpha
emitters. Decontamination of the skin is encouraged at any level
of contamination.

Smoking and Eating Restrictions

Smoking, eating and drinking in radioisotope laboratories where open
sources are used is prohibited. Food for human consumption shall not
be placed or stored in any equipment such as refrigerators, freezers
or ovens in which radioisotopes are stored or used.

Protective Clothing

Appropriate protective clothing, including gloves, a full-length
Jaboratory coat, shoes and socks, should be worn at all times for
work with any open radioactive source. Gloves, a full-length
laboratory coat, shoes, and socks are required to be worn by any
person handling open radiocactive sources in the following quantities:

1. 20 uCi or more of P-32 (2 or more times the quantity given in
Column A of Appendix C)

2. 20 or more times the quantity given in Column A of Appendix C,
for all other radioisotopes

Wearing sandals or open-toed shoes, when handling the quantities
specified in items 1. and 2. above, is prohibited.

In-house Movement of Radioisotopes

Radioisotopes moved within a building should be moved in such a way
that no radioactive material can be readily released from its
container under normal conditions and with sufficient forethought to
minimize the spillage of radicactive material. The inner container
must be marked "RADIOACTIVE" during transport and shielding must be
provided as needed. Radioactive material may not be left unattended
during transit. These precautions become especially important when
radioactive material is moved through unrestricted areas.

NOTE: Section 14 describes requirements for the intra campus and off
campus transportation and shipment of radioactive materials.

March 25, 1987



I.

(; L _ . ) 10.5

Fume Hoods and Glove Boxes

Experiments involving the use of open radioactive sources which
could result in airborne radioactivity should be carried out in
fume hoods or glove boxes. Because even ordinary laboratory
manipulations can result in the reclease of airborne radioac-
tivity, all "Users" are strongly urged to use a chemical fume
hood or glove box for any physical or chemical manipulation
of radioisotopes.

Any use of a biological safety cabinet for radioactive mate-
rials should be discussed beforehand with the "Health Physi-
cist." Biological safety cabinets may not be suitable, for
instance, for volatile substances such as radioiodine, since in
many cases some air from the cabinet is exhausted to the room.

Except as noted below, hoods for radioisotope work must have an
average face velocity of at least 50 linear feet per minute.
Experiments involving alpha-emitting radioisotopes and radioi-
odines must be performed in hoods with an average face velocity
of at least 95 linear feet per minute. Hood and glove box
surfaces should be protected to prevent contamination of
fixed surfaces that may be difficult to decontaminate.

In consideration of University maintenance personnel who may be
called to repair possibly contaminated hoods, all hoods which
have been used for radioisotope work are labelled by the Office
of Occupational Health and Safety, "This Hood used for Radioac-
tive Material." Any "User" who wishes to use an unlabelled
hood for radioisotope work should obtain the proper Tabel from
the Office of Occupational Health and Safety.

Airborne Radioactivity

For experiments that may result in the release of airborne
radioactive material, a routine air sampling and bioassay
program may be required. No operation may be planned and
performed that will knowingly result in the release of airborne
radioactivity in excess of permissible levels given in Appen—
dix B.

Caution: It should be remembered that the use of volatile or
powdered radioisotopes may result in significant airborne
concentrations of radioactive material.

Pipetting

Mouth pipetting of radioactive material is prohibited.

October 23, 1985
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Dummy Runs

Work which requires extensive physical and/or chemical manipu-
lation of radioisotopes should not be performed with radioac-
tive material until the techniques, procedures, and equipment
have been tested in a "dummy" or trial run.

Working Surfaces

A1l work involving physical or chemical manipulation of open
radioactive sources shall be performed directly on work
surfaces suitable for containment of contamination and easy
decontamination. The lining of work surfaces with plastic
backed absorbent paper has been found to reduce the spread of
contamination.,

Labelling

Although labelling of equipment and containers is required only
under certain conditions (see Section 9), it is good practice
to label all contaminated objects and work surfaces to indicate
the presence of radiocactive material. Such labelling reduces
confusion and prevents others from unsuspectingly using
contaminated equipment.

Opening of Shipments

The opening of shipments of radioisotopes must be done in a
properly equipped laboratory and only by the "Authorized User"
or by an adequately trained individual designated by the
"Authorized User." Additional details are found in Section 8.

Security

Access to "Restricted Areas" must be controlled, and visitors
should be supervised by a member of the laboratory staff who
is familiar with the activities of the laboratory. Radio-
isotopes shall not be left unattended in places where unauthor-
jzed persons may gain access to them. Uncccupied Taboratories
in which radioactive material is stored shall be locked or
otherwise secured to prevent unauthorized access to the
material.

Special Equipment and Requirements

In cases where the use of radioactive material presents unique
or unusual hazards, special radiation safety equipment,
precautions, and procedures may be required as determined in
consultation with the "Health Physicist." These might include
specialized shielding and equipment, clothing, monitoring
equipment, etc. Such requirements are generally made condi-
tions of approval for authorization.

October 23, 1985
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Animal Use and Care

The use and care of animals used for .u vivo experiments with
radioisotopes must be done in compliance with the provisions of
the Animal Welfare Act of 1970 and amendments thereto, as
determined by the Animal Care Subcommittee of the University
Research Board. In addition to those requirements, considera-
tion must be given to the special problems of animal waste
collection, the disposal of carcasses, airborne radioactivity
resulting from exhaled radioactive materials, and the cleaning
and decontamination of cages. Required precautions, as
determined by the "Health Physicist," are generally made
conditions of approval for authorization.

October 23, 1985
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EXTERNAL DOSE CONTROL AND PERSONNEL MONITORING

A,

Control

As a matter of policy and practical necessity, the "Authorized
User" must be the individual responsible for controlling the
dose received by personnel under his or her supervision and/or
using "Sources of Radiation" under his or her authorization so
that no person receives a total dose in excess of the maximum
permissable limits specified in Appendix D. The total dose
includes both that due to exposure to external "Sources of
Radiation" and exposure to internally deposited radioisotopes.
The monitoring of radiation dose provides information essential
to the control process. The program under which external dose
js monitored is described below while the program under which
the dose due to internally deposited radioisotopes is monitored
is described in Section 12.

External Monitoring Requirement

By regulation any person who receives or is likely to receive
more than 25 percent (5 percent for minors) of the maximum
permissible dose (see Appendix D) or who enters a "High
Radiation Area" must be provided with and must wear personnel
monitoring devices. Additionally, persons manipulating
millicurie quantities of Phosphorous-32, Iodine-125, or other
sources that may cause significant hand exposure shall be
provided with and must wear finger dosimeters. The "Authorized
User" is responsible for ensuring that persons under his
or her supervision and/or using "Sources of Radiation" under
his or her authorization are provided with suitable personnel
monitors and that these monitors are actually worn when
appropriate. Any question of interpretation of this section
shall be referred to the "Health Physicist."

Centralized Personnel Monitoring Program

The Office of Occupational Health and Safety administers a
centralized personnel monitoring program which is utilized by
all laboratories requiring personnel monitoring. In the
operation of this program the Office of Occupational Health and
Safety provides, upon request, personnel monitors for routine
and temporary use, distributes personnel monitors to the
departments, collects personnel monitors from the departments
after use, ships the monitors to the personnel monitoring
service vendor for interpretation, receives and distributes the
dose reports to the departments, maintains centralized records,
investigates unusual or excessive doses, and honors requests
for dose history summaries. The "Authorized User" continually
reviews the need for personnel monitoring and requests person-
nel monitoring service from the Office of Occupational Health
and Safety, notifies that office when service is no longer
needed, arranges for the distribution and collection of
personnel monitors in accordance with departmentally

October 23, 1985
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established procedures, reviews the reports of personnel
monitoring results for the purpose of controiling dose, and
takes positive action to ensure that all monitored individuals
under his or her supervision are informed of their dose status.
In certain departments, individuals designated as "Personnel
Monitcr Contacts" coordinate the distribution and collection of
monitors and receive dose reports from the Office of Occupa-
tional Health and Safety. It is up to the "Authorized User" to
make arrangements with the "Personnel Monitor Contact" regard-
ing receipt of the dose report.

There are certain features of the personnel monitoring program
which concern the "Authorized User" and all monitored indivi-
duals. These are:

1. The University is required to control the expcsure of the
individual radiation worker to "Sources of Radiation" at
Princeton University so that his or her total occupational
dose, including the dose due to radiation exposure outside
the immediate control of the University (e.g., at other
universities, national laboratories, second jobs, etc.)
does not exceed the maximum permissible limits specified in
Appendix D. University employees, students, faculty, etc.,
must, therefore, promptly report to the Office of Occupa-
tional Health and Safety any occupational dose received
under conditions outside the University's control and
should request that all dose information be routinely sent
to the Princeton University Office of Occupational Health
and Safety. '

2. A cumulative summary of the occupational radiation dose
received by any individual monitored for exposure to
radiation at Princeton University 1is available from the
Office of Occupational Health and Safety upon request.
Such a summary is also available at any time following the
termination of the individual's employment. The request
for the cumulative summary must include the dates of
employment, department of employment, and social security
number.

3. Any individual who has been monitored for exposure to
radiation during a calendar quarter in which he or she
terminates employment at the University, at the time of
termination, may request a summary of the dose received
during that quarter. This information may be requested of
the worker by subsequent employers during that calendar
quarter.

Suspected Overexposures
1. If it appears that an individual has received or is

suspected of receiving a dose greater than the maximum
permissible dose limits specified in Appendix D, the Office

QOctober 23, 1985
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of Occupational Health and Safety must be notified immedi-
ately. The "Health Physicist" will take steps to determine
the actual dose, investigate and document the circum-
stances, file reports if required, and recommend corrective
or preventative action.

2. Individuals who are believed to have been overexposed shall
be suspended from further work with "Sources of Radiation"
pending the outcome of the "Health Physicist's" investiga-
tion.

Exposure of Minors

Because the allowable dose to persons under 18 is limited to
102 or less of the limits specified in Appendix D, it is
recommended that minors not be employed as full-time radiation
workers.

Exposure of Pregnant Women

There are special requirements relating to the dose Timits for
pregnant women (see Appendix D). Because of this, each female
radiation worker, at the time of the beginning of work with
"Sources of Radiation," is provided by the Office of Occupa-
tional Health and Safety with an information packet discussing
the risks of prenatal exposure and the special requirements.
A female radiation worker who discovers she is pregnant is
strongly encouraged to discuss future work assignments with
the "Authorized User.,"

Exposure of Visitors

1. The host, i.e. the person visited, bears the responsibility
of ensuring that his or her visitors, who may include
guests, maintenance and repair personnel, etc., are
informed of the hazards, comply with all applicable rules,
requlations, and procedures, and wear personnel monitors
when appropriate.

2. There are very few circumstances in which any real contri-
bution to the scientific community can result from the
visit of a child to a "Restricted Area." For this reason,
such visits shall be discouraged and should not be permit-
ted without benefit of careful consideration. Prolonged or
frequent visits by children to "Restricted Areas'" are
prohibited.
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INTERNAL DOSE CONTROL AND BIOASSAYS

A.

Control

As a matter of policy and practical necessity, the "Authorized
User" must be the individual responsible for controlling the
dose received by personnel under his or her supervision and/or
using "Sources of Radiation" under his or her authorization so
that no person receives a total dose in excess of the maximum
permissible limits specified in Appendix D. The total dose

‘includes both that due to exposure to internally deposited

radioisotopes and exposure to external "Sources of Radiation."
The monitoring of radiation dose provides information essential
to the control process. The program under which the internal
dose is monitored is described below. The program under which
the external dose is monitored is described in Section 11.

Exposure investigations, regulatory notifications and physician
referrals all depend on the outcome of bioassays performed as
required by this section. The University is legally required
to initiate these actions via license conditions and the
regulations in 10 CFR Part 20. The cooperation of the "Princi-
pal Investigator" and the individual 1is essential to ensure
compliance with this section of the Radiation Safety Guide.

Internal Monitoring Requirement

The "Authorized User" is responsible for ensuring that persons
under his or her supervision or using radioisotopes under his
or her authorization are provided with bioassay services.
Arrangements for biocassays are made by contacting the Office of
Occupational Health and Safety when the criteria given below
are met.

Bioassays commonly involve urinalysis, external counting of the
thyroid, breath analysis, or whole body counting.

1. Special Bioassays

Bioassay analyses may be required of any person or
persons who:

a. have been exposed to air or water concentrations of
radicactive material equal to or 1in excess of 25
percent of those specified in Table I of Appendix
B, or

b. have been involved in a spill, an idincident, or
other occurrence during which radioactive material
may have been taken into the body either by
inhalation, ingestion, or by absorption through the
skin or a wound.
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2. Routlneihioassays - :
The use of any radioisotope may require that routine
bioassays be required upon the determination of the
" S J " s .
Health Physicist.” Such a determination has been made
for certain uses of tritium and radioiodine; the

criteria for bioassay for these radioisctopes are
described below: '

a. Tritium

Routine bioassays are required for those persons
who handle tritium under the following conditions:

1) Use in an open room or on a bench top with
possible release*

Amount Requiring

Form Routine Bioassay**
H-3 gas in a sealed vessel 1Ci
Nucleotide precursors 10 mCi
HTO and other forms 100 mCi

2) Use in an adequate fume hood with possible
release¥*

Amount Requiring

Form Routine Bioassay**
H-3 gas in a sealed vessel 10 Ci
Nucleotide precursors 100 mCi
HTO and other forms 1Ci

3) The "Health Physicist" may determine, depending
on handling procedures and other conditions,
that bioassays are required for the use of
smaller or greater amounts of tritium.

*Possible release means that the possibility of a significant
airborne release of radioactive material exists because 1) the
techniques used to process the material may create an aerosol, 2)
the material is inherently volatile, or 3) the techniques used to
process the material may increase its volatility.

**The amount requiring routine bioassay is considered to be either
1) the amount handled at any one time by an individual who uses
tritium on an infrequent basis, or 2) the cumulative amount of
activity handled during any one month when small amounts of
tritium are used on a frequent basis,
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4) Frequency of Routine Bioassays

Routine bioassays samples should be submitted
within 48 hours of the initial exposure to
tritium and then once a month while routine use
of tritium continues. When work with tritium
is on an infrequent basis (less frequently than
every two weeks) bioassays should be performed
within 72 hours of the end of the work period
during which tritium is handled.

5) Types of Required Bioassays

The tritium bioassay program for each individu-
al should consist of the following bioassays:

a) Baseline (within one month prior to the
beginning of any tritium use requiring
bioassay)

b) Routine

c) Post operational (within one month follow-
ing last tritium use)

d) Follow up (to follow the course of a
significant uptake of tritium)

b. Radioiodine
Routine bioassays are required for those persons
who handle I1-125 or I-131 under the following
conditions:

1) Use in an open room or bench top with possible

release¥®

Amount Requiring
Form Routine Biocassay**
Volatile 1T mCi
Bound to non-volatile agent 10 mCi

#Possible release means that the possibility of a significant
airborne release of radioactive material exists because 1) the
techniques used to process the material may create an aerosol, 2)
the material is inherently volatile, or 3) the technigues used to
process the material may increase its volatility.

#*The amount requiring routine bioassay is considered as the
cumulative quantity handled by an individual during a 3-month
period or on one or more occasions in that period by opening
stock reagent containers from which radioiodine may escape.

113478
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2)

3)

4)

5)

Use in an adequate fume hood with possible
release¥

Amount Requiring

Form Routine Bioassay**
Volatile 10 mCi
Bound to non-volatile agent 100 mCi

The "Health Physicist" may determine, depending
on handling procedures and other conditions,
that bioassays are required for the use of
smaller or larger amounts of radioiodine.

Frequency of Routine Bioassay

Routine bioassay for I-125 should be performed
within 6 to 72 hours after the initial exposure
to radioiodine and then once every three months
provided the results of the initial routine
bioassay are negative and routine use contin-
ues. When work with I-125 is on an infrequent
basis (less frequently than every two weeks),
bioassays should be performed within 10 days of
the end of the work period in which the I-125
is handled.

Routine bioassays for I-131 shall be performed
within 6 to 72 hours after initial exposure and
then once a month provided the results of the
initial routine are negative and routine use
continues. When work with ~-131 is on an
infrequent basis (less frequently than every
two weeks) bioassays shall be serformed within
6 to 72 hours of the end of the work period in
which I-1317 is handled.

Types of Bioassays Required

The bioassay program for each individual should
consist of the following bioassays:

*Possible release means that the possibility of a significant
airborne release of radioactive material exists because 1) the
techniques used to process the material may create an aerosol, 2)
the material is inherently volatile, or 3) the techniques used to
process the material may increase its volatility.

**The amount requiring routine bioassay 1is considered as the
cumulative quantity handled by an individual during a 3-month
peciod or on one or more occasions in that period by opening
stock reagent containers from which radioiodine may escape.
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6)

a)

b)
c)

d)

e)

) ) 12.5

Baseline (within one month prior to the
beginning of any use of radioiodine
requiring bioassay)

Routine

Post iodination (within 6 to 72 hours of
the end of a procedure in which 5 mCi or
more of free iodine is used)

Post-operational (within one month follow--
ing the last possible exposure to radio-
jodine, when work is being discontinued)

Follow—up (to follow the course of a
significant uptake of radioiodine)

Depending on the nature of the work and if a
significant uptake of radiociodine is found
for one individual, other persons who frequent
the laboratory may be required by the "Health
Physicist" to obtain bioassays.

October 23, 1985
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LEAK TESTING REQUIREMENTS FOR “SEALED SOURCES" AND "GENERALLY
LICENSED DEVICES"

A. "Sealed Sources"

1. Initial Test

a.

Unless a certificate is available indicating that a
leak test has been made within the last six months,
each "Sealed Source" obtained from another organiza-
tion shall be tested, prior to use, for contamination
and/or leakage. The exceptions to this requirement
are those "Sealed Sources" which

1) contain only tritium

2) contain only radioisotopes with a half-life of
thirty days or less

3) contain radioactivity consisting.entirely of a
gas.

A1l “"Sealed Sources" fabricated by University person-
nel must be inspected and tested for construction de-
fects, contamination, and leakage immediately after
fabrication and prior to use or transfer. If the test
reveals any construction defects or 0.005 uCi or great-
er of contamination, the source must be repaired and/or
decontaminated and retested before use.

2. Periodic Leak Test

a.

Each "Sealed Source" shall be tested for contamination
and/or leakage at intervals not exceeding six months,

except that sources designed for the purpose of emit-

ting alpha particles shall be tested at intervals not

exceeding three months unless exempted below.

"Sealed Sources" are exempt from the required periodic
leak test if:

1) they contain only tritium

2) the half-life of the contents is thirty days
or less

3) they contain 100 uCi or less of beta and/or
gamma emitting material or 10 uCi or less of
alpha emitting material

4) the activity consists entirely of a gas.
For "Sealed Sources" fabricated by University person-
nel, the "Health Physicist" may, at his or her discre-

tion, elect to require periodic leak testing,'regard—
less of the source's activity or characteristics.
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3. "Sealed Sources" containing plutonium, regardiess of
activity, are not exempted from any of the tests de -
scribed in paragraphs 1 and 2 above.

4. Plated sources of alpha emitting materials, while not
technically "Sealed Sources," must be leak tested in
accordance with the requirements of paragraphs 1 and 2
above.

5. “Sealed Sources" containing radioisotopes licensed by
the State of New Jersey shall not be opened.

“Generally Licensed Devices"

By the licensing arrangements through which "Generally Li-
censed Devices" are manufactured and sold, special leak testing
or inspection requirements may be imposed on the manufacturer

or owner. The "Authorized User" must bring such requirements

to the attention of the Office of Occupational Health and Safety
when the device is obtained.

Leakage Defined

If any of the required tests indicate the presence of 0.005
uCi or more of transferable radioactivity, the source is
considered leaking or contaminated and shall immediately

be withdrawn from service and be either decontaminated
and/or repaired and retested, or disposed of as radioactive
waste or returned to the supplier as appropriate. For
information on returning sources see Sections 8 and 14.

Filing of Report

In the event a source is determined to be contaminated and/or
Teaking, a report must be filed within five days with the
Nuclear Regulatory Commission or the State of New Jersey
indicating the test results, the equipment used and the
corrective action taken.

Performance of Test

The Office of Occupational Health and Safety performs the
required leak tests for all University "Sealed Sources" and,
when required, "Generally Licensed Devices," maintains the
required records, suggests corrective actions where indicated,
and files the necessary reports. To assist in the implemen-
tation of this service each "Authorized User" must:

7. inform the Office uf Occupational Health and Safety in

writing of the receipt or manufacture of a new source
or of plans to dispose of an old source

December 5, 1979
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provide the Office of Occupational Health and Safety
with a copy of the test certificate received with pur-

chased "Sealed Sources"”

make expeditiously available, preferably at a central
point, sources and devices for the scheduled tests.

December 5, 1979
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TRANSPORTATION AND SHIPMENT OF RADIOACTIVE MATERIALS

The "Authorized User" is responsible for insuring that radio-
active materials moved between buildings on campus or transported
off campus by individuals under his or her authorization are
transported in accordance with all applicable regulations, in-
cluding those set forth in this Guide.

A.

Intra Campus Transportation

" imited quantities" of radioactive material, as defined in
paragraph C.2.a of this section, may be transported between
buildings on campus provided the following conditions are met:

1. Radioactive material must be moved in such a manner that
material cannot readily be released from the package
under normal conditions.

2. A liquid, gas or dispersible solid must be transported
in a suitable vessel with an outer container wall of
Teak-resistant, non-shatterable material.

3. A liquid must be packaged with sufficient absorbent mat-
erial to completely absorb twice the volume of 1liquid,
e.g., approximately a 4.5:1 ratio by volume for fine grade
vermiculite.

4. The inner container must be clearly marked with a "Radio-
active Materials" label listing the amount and identity of
the radioisotope.

5. Adequate shielding must be provided when appropriate.

6. The inner container must be placed within a closed, strong
outer package known to be free of contamination.

7. The outer package must bear a notice that the Office of
Occupational Health and Safety (provide a phone number )
should be notified if the package is found.

If it is necessary to transport more than a "1imited quantity"”

of a radioisotope or a radioisotope not included in the "Timited
quantity" definition,the "Health Physicist" must be notified
beforehand.

Off Campus Transportation

Radioisotopes transported to or from destinations outside the
University or transferred from one University campus to another
shall be packaged and transported in accordance with all perti-
nent regulations. See paragraph C for details. In addition:

1. An individual preparing a radioactive substance for ship-
ment shall have the responsibility to insure full compliance
with pertinent regulations with respect to packaging, mark-
ing,labelling, shipping papers for the package and pla-
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carding and routing for the transport vehicle, where
applicable.

An individual affiliated with the University who will
transport radioactive material prepared for shipment by an
individual or agency not associated with the University

has the responsibility to become acquainted with regulations
relating to transportation of the material in question

to satisfy him or herself that the conditions of packaging
and transport comply with those regulations.

The "Health Physicist" should be consulted well in advance
of the transport of any radioactive material so that the
"Authorized User" who is transporting the material can be
made aware of the specific regulations and requirements ap-
plying to the planned shipment. In planning for the trans-
port of the material, allowances should be made for the
time needed to obtain proper packaging and to obtain ad-
vance permission to travel on certain roads, bridges and
tunnels, all of which may take several weeks.

When radioactive material is transported in a private ve-
hicle, the material shall be in the charge of an individual
knowledgeable about and familiar with radioisotopes. Per-
sonnel monitors should be worn by driver and passengers

when appropriate. The radiation dose to the driver and pas-
sengers must be considered, and the package should be located
and adequately shielded so that the dose to the occupants

is minimized.

In addition to the markings and labels required by law, a pack-
age transported in a private vehicle by an individual affil-
iated with the University shall be marked with a label bear-
ing the name and University address of the owner, a statement
that the contents may be dangerous if removed, and asking that
the Princeton University Office of Occupational Health and
Safety be notified if the package is involved in an accident
or if the package is found. Phone numbers should be provided
on this label. It is preferable that the package not be left
in an unattended car, but if it is absolutely necessary, the
package shall be locked in the car, preferably in the trunk.

When an individual not associated with the University trans-
ports radioactive material from the University, such actions
are done with the understanding that the individual and his
or her parent organization are responsible to insure full
compliance with all regulations pertinent to the shipment of
the material.

Selected Shipping Regulations

1.

General Comments

A complex body of regulations governing highway, rail, air
and water transportation of radioactive materials has been
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promulgated by Federal, State and local authorities. The
regulations are revised often, and new ones are added. Due
to this and their volume and variety, any attempted abstract
of the regulations runs the risk of misleading oversimplifi-
cations. The following commments are intended as a guide
for preliminary planning; final details should be checked
with the "Health Physicist" at the earliest possible date.

Selected Department of Transportation (DOT) Regulations

The Nuclear Regulatory Commission has ruled that DOT regula-
tions, which appear in Title 49 of the Code of Federal Regu-
Jations Parts 171 through 178, apply to both the interstate
and intrastate transportation of radioactive materials. Addi-
tionally, most state and local authorities use the DOT regu-
lations as a starting point for their own rules. The most
widely appropriate regulations are summarized below, subject
to the qualification indicated in paragraph 1 above.

a. Exemptions (49 CFR 173.391)

Certain shipments of radioactive materials are exempt
from all of the requirements which normally apply to

such transportation only if they meet all of the fol-
lTowing conditions:

1)  The shipment must contain a "limited quantity" of
radioisotopes. A "limited quantity," for the radio-
isotopes most commonly used at the University (i.e.,
millicurie or less.

2) The packaging must consist of a strong, tight pack-
age such that there will be no leakage of radio-
active material under normal conditions of trans-
portation.

3)  The dose rate at any point external to the pack-
age shall not exceed 0.5 mrem/hour.

4)  There must be no significant removeable surface
contamination on the exterior of the package.

5) The outside of the inner container must be marked
"Radioactive."

6) Shipping papers describing the material and bear-
ing the proper certifications must accompany the
package. (49 CFR 172.200-172.204)

b. A1l shipments of radioactive materials not meeting the
conditions given above must be packaged, marked, labelled,
placarded and provided with shipping papers as described
below:
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1)  The outer package must be one of several types,
closely described by the regulations, approved for
radioactive materials (49 CFR 173.394-396). No
dimension may be less than 4 inches, and the out-
side of the package must incorporate a security seal
(49 CFR 173.393).

2) Liquid radioactive materials must be packaged within
a leak- and corrosion- resistant inner container, sur-
rounded by enough absorbent material to absorb at
Teast twice the volume of the 1iquid radioactive
contents (49 CFR 173.393 (g) ).

3) Radiation levels may not exceed 200 mrem/hour at any
point on the outer package surface or 10 mrem/hour
at 0.92 meters from the package, unless the transport
vehicle meets the criteria for a "sole use" vehicle
(49 CFR 173.393 (i) ).

4) There must be no significant removeable surface
contamination on the exterior of the package
(49 CFR 173.393 (h) and 173.397).

5) The package must be labelled with "Radicactive White-
I," "Radioactive Yellow - II," or "Radioactive
Yellow - III" labels, depending on the external rad-
jation levels (49 CFR 172.403).

6) The package must be marked with the proper shipping
name of the material and any other required markings
(49 CFR 172.300-172.310).

7) The package must be accompanied by shipping papers
describing the hazardous material and bearing the
required certifications (49 CFR 172.200-172.204).

8) A vehicle transporting a package bearing "Radioactive
Yellow - III" labels must be placarded on four sides
(49 CFR 172.500-172.556).

3. Postal Service Regulations (39 CFR Parts 14 and 15)

"Limited quantities" only of radioactive material, as defined
above, may be shipped through the mail, with requirements

similar to those .of the DOT for shipping "limited quantities.”
Packages shipped by the Postal Service must prevent leakage of
the contents during normal postal handling, and the inner con-
tainer must be labelled "Radioactive Material- No Label Required.”
A1l other requirements are the same.

4. Regulating Agencies

Agencies involved in the regulation of the transportation of
radioactive materials include:

a. Nuclear Regulatory Commission
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United States Department of Transportation
New Jersey State Bureau of Radiation Protection
New Jersey Department of Transportation
United States Postal Service

New Jersey Highway Authority

New Jersey Turnpike Authority

The Port Authority of New York and New Jersey
Triborough Bridge and Tunnel Authority

New York City Department of Health

New York Thruway Authority

Federal Aviation Agency

United States Coast Guard
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RADIOACTIVE WASTE DISPOSAL

There are strict requirements placed on the University regarding
the manner and methods used for the disposal of radioactive wastes.
These apply to the entire University as the licensee. In order to
comply with these requirements the following procedures are estab-
Tished.

A. Centralized Radioactive Waste Disposal Program

The Office of Occupational Health and Safety administers a
centralized radioactive waste disposal program which is used

by all persons and groups with disposal needs. The items
listed below describe general features of the program, while
detailed waste disposal procedures are provided in paragraph D.

1. Waste collection is made by the vendor normally on the
fourth Monday of each month. Requests for waste pickups
and replacement waste containers are arranged by calling
the Office of Occupational Health and Safety no later than
noon of the Thursday prior to the scheduled pickup. Non-
routine waste pickup can be arranged for other than sched-
uled times if necessary. However, such special requests
should be held to a minimum.

2. A1l radioactive experimental wastes and first rinses shall
be placed in radioactive material waste containers.

3. The date, radioisotope and amount of radicactive materials
placed in these waste containers must be recorded on the
tag fastened to the can. A reasonable estimate of the
activity is sufficient if an accurate figure is not pos-
sible. Waste containers will not be accepted by the ven-
dor unless they are accompanied by a completed tag.

4. Radioactive material waste containers should not be used
for non-radioactive wastes nor should they be used as dis-
posal containers for other toxic wastes.

5. Each radioactive material waste container in the laboratory,
once it has been designated for use for a particular type
of radioactive waste, i.e., dry solid waste, small volume
1iquid waste, etc., as described in paragraph D, should
be Tabelled to indicate its designation.

6. The chemical compatibility and hazard characteristics of
radioactive wastes placed within the same container should
always be considered.

7. Radioactive material waste containers shall be placed in a
safe location to prevent damage and should be kept separate
from waste cans for non-radioactive material to avoid cross-
contamination.
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8. Careful consideration should be given to external dose
rates created by the addition of gamma, neutron and high
energy beta emitters to the waste containers. It may be-
come necessary to shield the materials or the waste con-
tainer or to relocate the container to a Tess accessible
area. The vendor cannot, by regulation, remove containers
with dose rates in excess of 200 mrem/hour on contact and/or
10 mrem/hour at 1 meter.

9. Only authorized radioactive material waste containers pro-
vided by the vendor or approved by the "Health Physicist"
may be used for waste shipment. The use of other than
authorized containers for waste storage within the lab-
oratory is discouraged, since custodial personnel are
trained to recognize the authorized containers, but may
be allowed after consultation with the "Health Physicist.”

10. Each waste container used for radioactive waste collection
in labs and each container used for the subsequent ship-
ment of wastes shall be inspected for corrosion or dam-
age which could affect the integrity of its containment,
prior to its being placed in service. Containers used
for the local collection of wastes and/or for extended
periods of time shall be inspected regularly. Containers
whose integrity is suspect shall not be used for waste
collection or shipment.

11. The contents of each radiocactive material waste container
shall be inspected by a laboratory or departmental repre-
sentative prior to pickup by the vendor to insure that the
wastes are properly separated into the appropriate container
in accordance with ‘the packaging requirements found in
paragraph D.

Sanitary Sewage System

Use of the University sanitary sewage system as a primary means
of radioisotope waste disposal is prohibited. This is necessary
because the permissible water concentrations established by
Federal and State laws are lov. and because the complexity and
size of the University sanitary sewage system preclude the estab-
lishment of monitoring systems. However,some disposal to the
sanitary sewer is unavoidable and is permitted subject to the
following conditions:

1. No radioactive material may be placed in the sanitary
sewer unless it is readily soluble or dispersible in water.

2. The total of all daily disposals made by each "Authurized
User" and all persons using radioisotopes under his or her
authorization must be limited to less than the amount speci-
fied in column A of Appendix C, provided the identity and
quantity of the radioisotope is relatively well-known, and
provided the "User" provides sufficient Tocal dilution to

December 7, 1979



o

L% - 2) ) 15.3

insure compliance with the daily concentration Timits set
forth in Table I of Appendix B. A record of such disposals
shall be kept and reported monthly to the O0ffice of Occu-
pational Health and Safety on OHS-HP Form #203.

3. In order to insure compliance with the University monthly
average concentration and yearly total (1 Curie) limit, the
Office of Occupational Health and Safety each month computes
and records the concentrations and cumulative total quantity
disposed. The input data for each calendar month, including
negative reports, shall be provided on OHS-HP Form #203 by
each "Authorized User" generating such waste. The report is
due at the Office of Occupational Health and Safety no later
than the eighth day of the following month.

Incineration and Burial

There are no facilities at the University for incineration or
burial of radioactive wastes.

Radioactive Waste Disposal Procedures

The following procedures are required by the waste disposal
service vendor to insure that University radioactive waste is
suitable for burial at the limited number of burial sites within
this country. Wastes received at these sites are subject to
inspection, and severe repercussions, including litigation,
fines, and refusal to accept future waste shipments from the
University, may result if our waste is found to be improperly
packaged. Before the waste disposal service vendor can accept

a waste container for pickup, the "Authorized User" or a depart-
mental representative must sign a certification that the waste
has been properly packaged. The container must also be labelled
with one of several markings described below, which is also a
certification that the container has been packaged in accordance
with the instructions of the date shown.

Specific departmental arrangements for the disposal and collec-
tion of radioactive waste vary and should be carefully checked
with the "Departmental Health and Safety Coordinator" and/or
the departmental administrative officer. A1l steps in the
following procedures, including selection of a waste container,
designation of the container for a particular type of waste,
lining of the container, layering with vermiculite, keeping
account of and 1imiting the amount of liquid that goes into

a container, labelling, etc., are done by either the "Authorized
User" or the departmental representative, depending on specific
departmental procedures.

As procedures are revised and transmitted to the Office of Occu-
pational Health and Safety by the waste disposal service vendor,
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the revised procedures will be sent as soon as possible

to “"Authorized Users" and other appropriate persons. These
pages in the Guide will be revised and furnished to all
appropriate persons as soon as possible.

The following pages contain detailed waste disposal pro-

cedures provided by the contracted waste disposal vendor
and are subject to periodic revision.

September 15, 1639
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The procedures which follow are those transmitted to the
University by the waste disposal service vendor on December
3, 1979. A1l waste picked up after January 1, 1980 must

be in compliance with these procedures.

1. Classification of Wastes for Transportation

Most of the radioactive waste generated at the University
falls into the transportation classification of "low
specific activity" (LSA), and the containers routinely
provided by the waste disposal service vendor are suit-
able only for that classification. Additionally, the
procedures described in paragraphs 2, 3, 4, and 5 below
assume that the waste can be properly described as LSA
material. If radioactive waste does not meet the fol-
lowing criteria, the O0ffice of Occupational Health and
Safety must be notified promptly so that alternative
waste disposal procedures may be arranged.

LSA material consists of the following materials:

a. Uranium and thorium ores and concentrates of
those ores

b. Unirradiated natural or depleted uranium or
unirradiated natural thorium

¢. Tritium oxide in aqueous solution in concen-
trations not exceeding 5 mCi/m]

d. Material in which the activity is essentially
uniformly distributed and in which the esti-
mated average concentration does not exceed,
for the radioisotopes most commonly used at
the University (i.e., 3H, 1%C, 32p, 355, %“Ca,
60Co, 1251, 137Cs), 300 uCi per gram of con-
tents. If it is necessary to dispose of a
radioisotope not 1isted here, the "Health
Physicist" should be consulted beforehand.

e. Objects of non-radicactive material externally
contaminated with radioactive material, pro-
vided the contamination is not readily dis-
persible and the contamination, when averaged
over an area of 1 m2, does not exceed 1 uCi/
cm2, for those radioisotopes mentioned above.

2. Dry Solid Waste (DSM 12/79)

a. Dry solid wastes are disposed of in the 5, 30,
or 55 gallon dry waste containers provided by
the vendor. These drums may be filled to
capacity as long as the following weights--
100, 280, or 400 pounds respectively -- are not
exceeded.
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Dry solid waste containers are meant only -
for dry waste, and therefore, free liquids, rnj
1iquids in vials or other containers, or ta
liquids absorbed on other material, regard-

less of volume and including droplet amounts,

must not be placed in dry waste containers.

The container must be Tabelled "DSM-12/79" to
indicate compliance with these procedures.

3. Small Volume Liquid Waste (SVL 12/79)

a.

Small volume liquid waste refers to closed
vials, containers, devices, etc., which con-
tain any liquid in amounts less than 50 mi,
or open pipettes, syringes, tubes, etc.,
which contain droplets of liquid.

Small volume liquid wastes are placed in the
30 or 55 gallon containers provided by the
vendor. The containers must first be lined
with a 4 mi1 thick or two 2 mil thick poly
Tiners. The container is then filled with
alternating layers of Grade 4 agricultural
vermiculite and waste material, beginning
and ending with vermiculite. The container

must eventually contain enough vermiculite \
to absorb twice the total amount of 1iquid
present.*

An alternative method to lining the whole con-
tainer is to use individual 4 mil or double

2 mil bags, provided each bag is layered as
described above,

The liner or bags must be sealed prior to waste
collection.

The container must be labelled "SVL-12/79" to
indicate compliance with these procedures.

4. Llarge Volume Liquid Waste (DWLVL 12/79)

a.

The vendor supplies the University with a liquid
waste container, consisting of a 30 gallon drum
filled with vermiculite, which is, in turn, over-
packed with a 55 gallon drum. The space between
the two drums is filled with vermiculite. The
1iqurd waste is poured directly into the bung
hole of the 30 gallon drum 1id. Since no more

*This is approximately a 4.5:1 ratio by volume for Grade 4 agricultural

veriwiculite.

December 7, 1979



"R - ) ) 15.7

than 10 gallons of 1iquid may be added to
each 30 gallon container, a careful record
must be kept, listing the volume of each dis-
posal of liquid to the container.

b. An alternative method acceptable to the ven-
dor is to use one gallon polyethylene bottles
filled with vermiculite.** These bottles are
used in the laboratory as bench top waste con-
tainers. After filling, these bottles are
sealed with plastic or metal caps and placed
into a specially prepared liquid waste con-
tainer. Vermiculite is then placed between
the one gallon containers.

c. The pH of all liquid disposed must be between
6.0 and 9.0.

d. The container must be labelled "DWLVL-12/79"
to indicate compliance with these procedures.

5. Animal Carcasses or Biological Waste (DWAC 12/79)

a. Animal carcasses or biological waste are dis-
posed of in a special double-walled 55 gallon
container,

b. The inner 30 gallon container is lined with a
4 mil or double 2 mil poly liner. The lined
container is then filled with alternating layers
of a vermiculite-Time mixture (using at least
1 part 1ime for every 10 parts of vermiculite)
and waste.

c. After the liner and 30 gallon container are
sealed, vermiculite is placed around and covering
the 30 gallon container.

d. The container must be labelled "DWAC-12/79" to
indicate compliance with these procedures.

6. There must be no mixing of waste categories within each
waste container,

7. Non-routine waste disposal situations, such as odd-
shaped, exotic, or unusually large materials, require
that the Office of Occupational Health and Safety be
contacted as soon as the disposal need is recognized
to arrange for special handling through the waste
disposal service vendor.

**Available from the Office of Occupational Health and Safety, pre-

filled with vermiculite, prelabelled, and provided to the departments
at cost.
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REQUIREMENTS AND PRECAUTIONS FOR THE USE OF "RADIATION PRODUCING
MACHINES AND DEVICES"

Radiation can be produced by certain pieces of electronic apparatus,
including high voltage power supplies and other high voltage equip-
ment with an associated vacuum, as a by-product of operation. Ques-
tions concerning the suspected emission of radiation from equipment
should be directed to the "Health Physicist."

A.

Analytical X-Ray Installations

The State of New Jersey has set forth requirements for "ana-
lytical x-ray equipment," and the "Authorized User" is respon-
sible to insure that these requirements are met.

1.

Definition

"Analytical x-ray equipment" means any device or combina-
tion of devices utilizing x-rays to determine the micro-
scopic structure or composition of material, including
but not limited to, x-ray diffraction, x-ray spectro-
scopy, x-ray fluorescence or fluorescence x-ray spectro-
scopy equipment. Electron microscopes are not regarded as
analytical x-ray equipment.

General Requirements

a.

Warning Signs and Lights

A11 "analytical x-ray equipment" must have the fol-
lowing items:

1)

2)

A clearly visible label, near any switch ener-
gizing an x-ray tube, which bears the radiation
symbol and the words: "Caution: This Equipment
Produces X-Rays When Energized. To Be Operated
Only By Authorized Personnel "

A clearly visible label, near the x-ray tube
housing, which bears the radiation symbol and
the words: "“Caution: High Intensity X-Ray
Beam "

a clearly visible fail-safe* warning light, near
any switch energizing an x-ray tube, labelled
with these words: "X-Ray On "

*As used for the purposes of Section 16, "fail-safe" means that all fail-
ures of warning and safety systems that can reasonably be anticipated will
cause the equipment to fail in a mode such that personnel are safe from

exposure to radiation.
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4) a clearly visible fail-safe warning 1ight in a conspic-
uous place near the x-ray tube which indicates when the
x-ray tube is producing x-rays.

b. Operating Procedures and Dose Limits

A11 analytical x-ray equipment must have the following items
and meet the following requirements:

1)

2)

7)

Written operating and alignment procedures provided by
the manufacturer or the person in charge of the unit

Procedures such that the dose received by the operator
during operation and alignment does not exceed 37.5
mrem in one hour to the hands and forearms and 2.5 mrem
in one hour to the whole body or lens of the eye

A radiation survey to insure that the dose rates trans-
mitted through the beam stop or from other components of
the unit, such as high voltage rectifiers, do not exceed
the 1imits set forth in Subchapter 21 of the N.J. Radia-
tion Protection Code

Finger or wrist personnel monitors for all persons who
operate, repair or align this equipment

A radiation survey each time a new installation is placed
into operation or each time changes are made that could
affect the degree of radiation protection

A1l safety devices, either required by the regulations
or provided at the time of the equipment's installation,
must be maintained in a fully functional condition.

Safety devices must be tested at least once every six
months and records kept of the testing.

3. Requirements for Open Beam X-Ray Systems

An open beam system is a system for which it is possible to place
any part of the body in any possible x-ray path. In addition to the
general requirements found in paragraph 2 above, the following re-
quirements must be met:
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a. Safety Devices

The following items are required:

1)

b. Dose

A clearly visible warning indicator near each
x-ray tube shutter, which indicates when the
shutter is open

A barrier between the "Radiation Area" and the
"Restricted Area"

For new x-ray equipment acquired after February
1, 1980, and for older equipment transferred
from one user to another after February 1, 1980,
there must be:

a) a guard or interlock to prevent entry of
any part of the body into the primary beam

b) A beam shutter for each port of the tube
housing. The shutter must be interlocked
so that the port will be open only when the
collimator or apparatus coupling is in place.
Shutters at unused ports must be secured.

Rates

A1l parts of the system, except the tube housing,
shall be constructed so that, with all shutters
closed, the stray radiation measured 5 cm from
any surface does not exceed 0.25 mrem/hour.

The x-ray tube housing shall be constructed so
that, with all shutters closed, the leakage
radiation measured 5 cm from its surface does
not exceed 2.5 mrem/hour.

Requirements for Enclosed Beam X-Ray Systems

An enclosed beam system is a system in which all possible
x-ray paths are fully enclosed so that any part of the body
cannot enter the enclosure. In addition to the general
requirements found inparagraph 2 above, the following
requirements must be met:

a. Safety Devices

There must be:
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1)  Enough interlocks to prevent the generation of x-rays
or the emergence of the primary beam when any section
of the enclosure is opened during routine operation,
alignment or maintenance he

2) A chamber or coupled chambers enclosing the radiation
source, sample, detector and analyzing crystal, which
cannot be entered by any part of the body during nor-
mal operation

3) A sample chamber closure with a fail-safe interlock so
that no x-ray beam can enter an open sample chamber.

Dose Limits
The equipment must be so constructed that the dose rate due

to leakage radiation at 5 cm from any accessible surface does
not exceed 0.25 mrem/hour during normal operation.

B. General Labelling and Warning Sign Requirements

1.

Any "Radiation Producing Machine or Device," even if the pro-

duction of radiation is incidental to the device or machine's
purpose, must be labelled on the control panel or a conspic-

uous surface with a label stating that ionizing radiation is

produced when the machine or device is in operation. Labels

may be obtained from the Office of Occupational Health and

Safety. )

The provisions of Section g apply to all "Radiation Producing
Machines and Devices."

General Precautions

1.

Analytical x-ray equipment is capable of producing primary
or diffracted beams of radiation that are hazardous because
of the extremely high exposure rates. Data on the radiation
hazards from such equipment is included in Appendix I.

Analytical x-ray equipment should be placed in a room separate
from other work areas whenever possible.

when not in operation,equipment whose primgry purpose is the
production of radiation should be secured in such a way as to be
accessible to, or operable by, authorized personnel only.
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Equipment whose primary purpose is the production of radia-
tion should not be left operating unattended unless there
are suitable indicators present to show that the equipment
is switched on. Open beam equipment should never be left
unattended during operation without adequate safeguards.

Tampering with interlocks is strongly discouraged, but it
is recognized that there may be times when such tampering
is unavoidable. Explicit steps must be taken to inform
all "Users" of the machine or device that the particular
interlock is inoperable, and a sign with the individual's
name and description of the status of the interlock must
be placed on the equipment.

When "Radiation Producing Machines or Devices" are used

by several people, there must be effective communication

on the status of the machine or device, particularly during
repair and modification operations.

Radiation surveys should be made after each modification
of apparatus. ‘

It is strongly recommended that a suitable ratemeter with
audible output be present in any area in which open beam
analytical x-ray equipment is used. A properly placed

ratemeter may provide an audible warning that such equipment

is producing radiation.
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17, EMERGENCY PROCEDURES

A,

Assistance for any emergency, including one involving radia-
tion at the University, is obtained by dialing 8-3333 (or 3333
for a call from a Plasma Physics Laboratory phone) and provid-
ing the information requested. The "Authorized User" respon-
sible for the laboratory or facility should also be notified.

Abbreviated radiation emergency procedures (OHS-HP Form #400)
are posted in each laboratory.

Radiation Emergency Guidelines

In the event a radioactive substance escapes from its normal
confines (by spill, evaporation, vaporization, combustion,
escape of gas, liquid or solid, etc.) in an amount which may
exceed ten times the quantities listed in column A, Appendix C,
the "Health Physicist" shall be notified promptly. Immediately
after the occurrence of the incident and pending the arrival of
the "Health Physicist" certain steps, as described below,
should be taken. Although each incident is unique, and some of
the following steps may not apply or other actions may be
called for in a particular emergency situation, the actions
listed here provide good guidelines for appropriate preliminary
emergency response.

1. Minor Spill
A minor spill involves the spill of radioactive material in

such quantities or- under such circumstances that a sig-
nificant internal or external radiation hazard is not

created, and which will not produce significant airborne

contamination. If a minor spill occurs,
a. Notify all other persons in the room at once.

b. Limit the number of persons in the area to those
needed to deal with the spill.

c. Don protective clothing.

d. Take immediate steps to confine the spill. For liquid
spills drop absorbent paper on the spill. For dry
spills, dampen thoroughly or place damp absorbent
materials over the spill, taking care not to spread
the contamination. Water may generally be used except
where chemical reaction with water would generate an
air contaminant. 0i1 may then be a reasonable
substitute.

e. Delineate and block off the contaminated area to
insure that others will not walk through the area.

f. Do not allow anyone to leave the contaminated area
without being monitored. Make note of the names of
all persons involved with the spill.
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A major spill of radioactive material occurs in such quanti-
ties or under such circumstances that a significant internal
or external radiation hazard to personnel, including those
outside the immediate vicinity of the spill, exists, but which
does not produce significant airborne contamination. If a
major spill occurs:

a. Notify all persons not involved in the spill to vacate
the room at once.

b. If the spill is liquid, and the hands are protected,
right the container.

c. If the spill is on the skin, flush thoroughly.

d. If the spill is on clothing, discard outer or protective
clothing at once.

e. Vacate and secure the room to prevent re-entry. Keep the
area clear of spectators.

£.  Limit the movement of persons involved in the spill to a
specified area of assembly to prevent the spread of contam-
ination. Do not allow anyone to leave the area of assembly
without being monitored. Make note of the names of all per-
sons involved in the spill.

Possibility of Airborne Contamination

An airborne release of radioactive material may occur due to evapora-
tion; vaporization; explosion; combustion; formation of a smoke, dust or
spray; gas escape, etc. If an airborne release occurs:

d.

b.

Evacuate all persons from the room or area immediately.
Shut all doors to the room or area.

Post guards, as needed, to insure that no one re-enters the
room or area and to keep the general area clear of spectators.

Assemble all persons who were present in the room or area at

the time of the incident. The place of assembly should be

near the contaminated area to minimize the spread of contami-
nation, but far enough removed to prevent continued involve-
ment. Do not permit these persons, except in instances of clear
medical emergency, to leave the place of assembly until after
the "Health Physicist" has arrived.

If contamination of the skin or clothing is known or suspect-
ed, begin personal decontamination as follows:

1) Remove all contaminated clothing.

2)  Wash contaminated areas of skin with mild soap and water,
Do not allow anyone to remain in or re-enter the area in which
airborne contamination occurred unless it is certain that the

person has adequate respiratory and personal protection.
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4, Contamination of Wounds

Flush contaminated minor cuts with Targe volumes of
tepid running water, while spreading the edges of
the gash.

5. Ingestion of Radioisotopes
Unless vomiting is contraindicated:

a. Induce vomiting by placing a finger well back in the
throat.

b. Have the victim drink a pint of water, and induce
vomiting again.

6. First Aid

When a serious injury requiring prompt first aid has occurred,
the first aid should not be delayed or withheld because of
the possibility that the victim is contaminated. Protective
clothing is generally available and should be worn when
appropriate.

Radiation Emergency Follow-up

The guidelines provided above describe immediate action to be
taken by laboratory personnel before the arrival of the "Health
Physicist." The "Health Physicist" will assist in the manage-
ment of the incident by providing additional monitoring capa-
bilities as necessary, assessing radiation doses (both internal
and external), recommending decontamination plans, investigating
the incident, providing required documentation, and developing
recommendations to prevent reoccurrences.

Spilis of Small Quantities of Radioisotopes

The spill of a radioisotope in an amount less than ten times
the quantity indicated in column A of Appendix C need not

be treated as an incident for the purposes of this section.
The area must be decontaminated and the matter should be dis-
cussed with the "Health Physicist."

However, cases involving the contamination of the skin and
the ingestion or inhalation of radioisotopes, regardless of
the quantity, must be reported to and discussed with the
"Health Physicist."”

Emergencies in Unattended Facilities

Emergencies in laboratories and other facilities may occur at
times, such as after normal working hours and during weekends

and holidays, when no knowledgeable personnel are present. In
these cases it is imperative that persons possessing specific )
knowledge of the facility and current knowledge of its activities
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be contacted at the earliest possible time. This is important
to insure the safety of those attempting to cope with the
emergency, and to permit an effective response which will
minimize the adverse effects of the emergency on ongoing
research and operational activities. For these reasons the
"Authorized User" must post, on or near the entrance to each
facility in which "Sources of Radiation" are used, a completed
OHS~GS Form #31. This form is used University-wide and is
readily recognized as a source of emergency information. This
form:

1. provides names and phone numbers of the "Authorized User"
and other knowledgeable personnel

2. identifies special or unique hazards

3. provides special instructions for emergency response per-
sonnel. :

After Hours Notification

For emergencies which occur during other than normal working
hours, emergency assistance is requested as described in
paragraph A, and the "Health Physicist" and the "Authorized
User" should be contacted. Names and phone numbers for the
“Health Physicist" are given on OHS-HP Form #400, while names
and phone numbers for the "Authorized User" are provided on
QHS-GS Form #31.
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18, MEDICAL CONSIDERATIONS

A.

B.

Radiation Incidents

1.

2.

3.

4.

Notification

In the event of a suspected or known high exposure to
external radiation or a significant uptake of radio-
isotopes, the Office of Occupational Health and Safety
and the Isabella McCosh Infirmary must be notified
immediately.

Overexposure

Persons with a known or suspected high exposure to
external radiation shall report to the Isabella McCosh
Infirmary.

Contamination

a. Any person who reports to the Isabella McCosh In-
firmary with minor injuries and suspected minor
radioactive contamination should make the possibi-
Tity of contamination known to the receptionist and
the examining physician.

b. I[f Tocal efforts at decontamination have failed,
individuals who are personally contaminated, but
otherwise uninjured, shall be taken directly to
the Princeton Medical Center.

Serious Traumatic Injury

If a seriously injured person who is known or suspecte:
of being contaminated or having been overexposed to
radiation is taken to the Princeton Medical Center, in-
formation about the contamination or overexposure mui:
be communicated to first aid and rescue personnel an<
the Medical Center.

Slit-Lamp Eye Examinations

1.

A11 personnel potentially exposed to fast neutrons to
the extent that they require personnel monitoring are
provided with slit-lamp eye examinations for incipient
cataracts at the following times:

a. at initiation

b. at intervals of approximately two years

c. at termination,

For the purposes of this section, initiation and termi-
nation shall be deemed to occur at the beginning and

end, respectively, of the individual's potential expo-
sure to fast neutrons.
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The Office of Occupational Health and Safety schedules the
eye examinations with a local opthalmologist at no expense
to the examinee. The medical 1ecords are maintained by the
Isabella McCosh Infirmary.

The "Authorized User" must report changes in personnel to
the Office of Occupational Health and Safety as early as
possible to facilitate scheduling of initial and termina-
tion examinations.
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LABORATORY DESIGN AND ORGANIZATION

One of the most effective ways of controlling exposure to radia-
tion, particularly exposure to internally deposited radioisotopes,
is through proper design and organization of the laboratory.

A.

Design and Planning

Departments and "Authorized Users" planning new construction
or renovations of facilities to be used for the storage or use
of "Sources of Radiation" should obtain the advice of the
"Health Physicist" as early as possible, preferably in the
planning stage.

Organization

A laboratory in which "Sources of Radiation" are to be used
or stored should be carefully organized, and consideration
should be given to keeping it physically and operationally
separate from personnel and functions which are not involved
with the "Sources of Radiation." Establishing a laboratory
for the use of "Sources of Radiation" in the corner of an
ordinary laboratory as an afterthought is strongly discour-
aged. Such an action is acceptabie only if the activity

with "Sources of Radiation" is and will remain at a low
Tevel, and if all persons having access to the laboratory are
thoroughly oriented. The best time to develop an organiza-
tional plan is prior to the application for authorization for
radioisotopes or prior to obtaining authorization for a
"Radiation Producing Machine or Device." The "Health
Physicist” should be consulted at the earliest possible time
for advice on organization.
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20, FINANCIAL CONSIDERATIONS

A, Distribution of Contracted Service Costs

1.

Under terms of a policy promulgated by the University
Research Board, certain clearly identifiable and basic
costs arising from the use of "Sources of Radiation"
are distributed on a monthly basis among those depart-
ments for which such services are provided. These
generally are contracted service costs and at present
include:

a. personnel monitoring
b. radioactive waste disposal
c. slit-lamp eye examinations

d. New Jersey State registration and annual fees for
"Radiation Producing Machines and Devices "

e. radiological bioassays.

In the interest of economy and operating efficiency, the
Office of Occupational Health and Safety functions as

a central clearing house in these matters. The office
administers and monitors the various yearly orders and
maintains the mandated recordkeeping aspects of the
radiation safety program.

Only the actual basic costs of the above services are
distributed by this procedure. No overhead charges or
operating costs of the Office of Occupational Health
and Safety are included.

B. Procedure for Monthly Cost Distribution

1.

The costs to be distributed are determined by those
invoices of contracted services paid by the Controller's
Office during the preceding month and which appear on

the Occupational Health and Safety Office's Monthly
Statement of Account. There may have been other con-
tracted services rendered for which invoices have not
yet cleared the Controller's Office. These costs are
generally included in the following monthly distribution.

A copy of the analysis of costs to be distributed is
provided for the Controller's Office. A more detailed
analysis is prepared for each department, identifying
the various film badge accounts, number and size of
various waste containers removed, names of persons re-
ceiving slit-lamp eye examinations, and other
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information helpful to the departments. These de-
tailed analyses are sent to a designated representa-
tive, usually the "Department Health and Safety Co-
ordinator," with a request that the representative in-
form the Controller's Office of the account number or
numbers against which these charges are to be applied.

3. Departments establish their own means of applying
their internal costs distribution among the "Author-
jzed Users" and make their own arrangements with the
Controller's Office for notification of these internal
distributions.

4. The departments are responsible for informing the 0ffice
of Occupational Health and Safety of any changes in
their designee. Such notification should be made by
memorandum to the Occupational Health and Safety Office.

Financial Planning

Persons planning to use "Sources of Radiation" in their re-
search or work are advised to give careful consideration to

the financial aspects of such an undertaking. These costs

can be considerable and might include the costs of monitor-
ing equipment such as portable monitors and air samplers, signs
and labels, protective equipment, etc., in addition to the
monthly distribution of contracted services. Departments are
advised to consider the costs involved in decommissioning a
laboratory or moving a facility to a new quarters.
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21, MISCELLANEOUS
A. Maintenance Work

Departments in which "Sources of Radiation" are used shall
insure that University maintenance personnel are informed of
that fact and that they are advised to consult with the
"Authorized User" and the "Health Physicist" before commenc-
ing work. Maintenance work and certain custodial services,
such as repairs to fume hoods in which radioactive materials
have been used, plumbing repairs to sinks, janitorial services
during the cleanup of spills, etc., should be done only

after such consultation with, and in some cases, under the
direct supervision of Health Physics personnel.
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APPENDIX A
COMMITTEE ON OCCUPATIONAL SAFETY AND HEALTH (AS OF SEPTEMBER 15, 1990)

e 2 RS - ~—

Professor Sam B. Treiman Office: (609) 258-43
Ph.D. (PhysicCs) University of Chicago Home : —jf%]
Professor of Physics — ,

Chairman, ﬂhiversity Research Board
Chairman -of the Committee
336 Jadwin Hall

Professor Steven L. Bernasek Office: (609) 258-4986_ -
Ph.D. {(Chemistry) University of Home :
California-Berkeley

Professor of Chemistry
13B Frick Chemical Laboratory

Mr. Jack C. Faust “Office: (609) 258-5294
M.S. (Health Physics) Rochester University . Home :
Executive Secretary to the Committee

ex oéé icio as Director,
ice of 0ccupat1ona1 Health and Safety
112B Chemical Sciences Building

Professor Jane Flint Office: (609) 258-6113
Ph.D. (Biochemistry) University of London Home : | ‘ ::7

Professor of Molecular Biology

ex officic Member of the Committee as
Chairperson of the Radiation Safety Committee

234 Lewis Thomas Laboratory

- Mr. Clyde W. Hall Office: (609) 258-3078
B.A. (Business Administration) Pace University - Home :
Risk Manager _

Treasurer's Office
2 New South Building

Mr. Eugene J. McPartland Office: .(609) 258-3421 ;
M.B.A. (Business Administration) George wash1ngton _Home :
University

Vice President for Facilities
MacMillan Building

Katherine B. Norcross  — Office: (609) 258-2504
J.D. (Law) Depaul University Home : - None
University Counsel
Office of Legal Services
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COMMITTEE ON OCCUPATIONAL SAFETY AND HEALTH (Continuedi

Louis A. Pyle, Jr., M.D. - ' Office: (609) 258-3555
M.D. (Medicine) Columbia University Home : ‘ 2
Director, University Health Services

Isabella McCosh Health Center

Mr. Joseph Stencel- ) Office: 9) 243-2529
e M.A. (Physics) Vanderbilt Universit Home :
Manager, Safety Office ‘ :
D-41-2

Plasma Physics Laboratory "D" Site

Mr. Jerrold L. Witsil : Office: 9) 258-5040
' B.S. {Criminology and Correction) Florida State Home :
University '
" ‘Director of Public Safety
Stanhope Hall '

Mr. Thomas H. Wright,-Jr. © Office: (609) 258-5560
J.D. (Law) Harvard University Home : 74 -
Vice-president, General Counsel and Secretary ‘ ’

318 Nassau Hall
RADIATION SAFETY COMMITTEE* (as of September 15, 1990)

Professor Jane Flint Office: 09) 258-6113
Ph.D. (Biochemistry) University of London Home :
Professor of Molecular Biology -

-7 Chairperson of the Committee and ex officic member
of the Committee on Occupational Safety and Health
234 Lewis Thomas Laboratory o

Mr. Jack C. Faust Office: (60 -
M.S. (Health Physics) Rochester University Home
Executive Secretary to the Committee .
ex officic member of the Committee on
Occupationat-Safety and Health— .
112B Chemical Sciences Building

*The Chairman of the Radiation Safety Committee and the Director of the Office of
Occupational Health and Safety are members of the Committee on Occupational Safety
and Health. Appointments normally run from July 1 through June 30 of the following
year; however, in order to ensure continuity, appointments do not expire until
appointment of the new Committee is completed.
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RADIATION SAFETY COMMITTEE* (Continued)

Professor Peter Jaffe
Ph.D. (Environmental Engineering)
Vanderbilt University
Assistant_Professor of Civil Engineering
‘& Operations Research
E-330 Engineering Quadrangle

Professor Timothy L. Manser
Ph.D. (Biology) University of Utah
Assistant Professor of Molecular Biology
148 Lewis Thomas Laboratory

Mr. Robert R. Milwicz )
M.S. (Radiological Health) Rutgers University
University Health Physicist
Radiation Safety Officer
A-15 Chemical Sciences Building

Mr. Joseph Stencel
M.A. (Physics) Vanderbilt University
Manager, Safety Office -

D-41-2 : L
Plasma Physics Laboratory "D" Site

Office
Home

Office
Home

Office
Home

Office
Home,

.
.
3
.
.
.
P
.
-
-
.
.
.
.
.
.

(609' 258-4653

—-§609i 258-3216
(609i 258-5294

1609) 243-252%!

*The Chairman of the Radiation Safety Committee and the Director of the Office of
Occupational Health and Safety are members of the Committee on Occupational Safety
and Health. Appointments normally run from July 1 through June 30 of the following

_year; however, in order to ensure continuity,
 appointment of the new Committee is completed.

OCCUPATIONAL HEALTH AND SAFETY SENIOR STAFF**

Mr. Jack C. Faust
(See page A.1.)

Mr. Gregory D. Cantrell
Assistant Safety Engineer

Mr. George A. Dendrinos

B.S. (Environmentai Sciences) Rutgers University

Candidate for M.S. in Radiation Science
Assistant Health Physicist

Home

Office:

Home

Office:

(Eog) 25ﬁ-iii4 |

Home

appointments do not expire until

Office: -(sogi iis-szé4

609) 258-5294

**xA11 of the offices of the Occupational Health and Safety Staff are located in the

Chemical Sciences Building, Forrestal Campus.
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OCCUPATIONAL HEALTH AND SAFETY SENIOR STAFF* (Continued)

Mrs. Sharon L. Elkettani : Office: (609) 258-5294
M.S. (Industrial Hygiene) University of Pittsburgh Home : _ 2
Assistant Indystrial Hygienist

Mr. Thomas L. Grieco Office: (609) 258-5294
B.A. (Business~Administration) Rutgers University Home :

. University Safety Engineer _ -

Mr. Robert R. Milwicz Office: 8-

(See Page A.3.) Home : o

=1

Mr. Donald G. Robasser ) Office: (609) 258-5294
M.S. (Public Health) University of Michigan Home : )

“University Sanitarian

Mr. Michael D. Soucie Office: (609) 258-5294
M.S. (Health Physics) University of Florida . Home : ’
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APPENDIX 8
Ceoncentrations in Air and Weter Above Natura! Backgreund — Continued
[See notes at end of appendix)
1 ‘ |
! | able | Table !
I - -
Eloement (otomic number) isotope ' ! Column 1 Column 2 Column 1 Column 2
| Air Water Aie Water
! + (uCi/m1)(uCi/ml)(uCi/mly(yCi/ml)
Sremine (35) Br 82 s 1 x10°¢ 8 x10°? 4x10° 3 x10 ¢
[ 2%10°7 110 3 6 x10°"* 4x10 *
Cadmium (48) Cd 109 s | 50 510 2 x10°* 2410 ¢
| 7 10! S <10 3xi0* 2x10 ¢
Cd 115m 1 4x10" 7 <107 1x10°* °  3x10 3
i 4x10? 7 10 ¢ 1x10°° I x10 3
Cd 115 H 2x10 7 1 x10 3 8-10 " 3«03
( 2x1077 . 1x10? 610" 4x10°
Colcium (20) Ca 43 H axio! I <10 ¢ 1x10° 9 <10 *
! 1%10 7 s x10°? 4x10 * 2x10 ¢
Ca 47 s 2~v10 "’ 1 x10 ? 610 "* 5x10 *
I 2~x10 7 3 %10 3 6 <107’ 3x10 !
Callifornium (98) Cf 249 s 2 x10°" 1 x10° 4 $ <10 " 410 ¢
I 1x10° 7 x10°4 3xi10°M 2~10 !
< Ct 250 s s v10°M 410 ¢ 2 <10 ® 110 ¢
= [ 1 x10° 1 7 x10 ¢ 3x10 " Ixio
3 Ct 251 H 2 x10°1? 1x10°¢ 6 x10 ' ax10*
« ! 1 %1079 8 %10 ¢ 3xi107M 3 x10 ¢
uw Ct 232 xS 6 10" 2x10°¢ 2 x10°Y 7 .10 ¢
0 ¥ 3vio 2.10°¢ 1xto " 7 x10*
R Cf 253 $ $x16"% 4 x10? 310" 1x10 ¢
{ $x10" 4x10? axwo" 1 x107¢
Ct 254 s 5%<10 7 . 4x10 ¢ 2 %10 1 1x10 7
| §x10 " 4x10°* 2x10° "1 1x10 7
Corbon (6) . C 14 ] 4 x10°¢ 2x10 2 121077 8 x10°¢
(CO3) Sub sx10? 1 x3107¢
Corium (58). . Ce 14} s 4x10 7 3 %1073 2 x10°¢ 9 x10 ?
I 2x1077 : 3Ix107? $x10°"  ®xi0 ¢
Ce 143 s 3x10 7’ 1x10°? 910" + a4ax10?
! 2x1077 ° 1x107? 7 x10™* 4 x10°3
Ce Y44 s 1x10°% © 31074 3 x10°1"° 11078
[ 6x10°" 3 xi0™* 2 x10°% 1 x10°%
Cosium (53) B EREL s 1 x107F . 7 x107? 4x1077 ° 2x107?
[ axto* 3Ix107? 1 %1077 9 x10 ¢
Cs 134m S 4 %1078 2 x107" 1 x10°¢ 6 x107?
[ 6 x107¢ 3 x10°!? 2x10°7 1 x107?
Cs 134 S 4x107" ;| 3 x107¢ X107 . ex107¢
i 1310 ! 1x1073 4107 . &4 x107}
Cs 138 4 5x10°7 . 3Ix107? 2x10°* | 1x107¢
] ? x10°* 7 x107? IxX1I0* 2x10°¢
Cs 136 s 4x1077 ' 2x10°? 1x10°* ?>10°}
: 2x10°7 ©  2x107? 6x10* | ¢x10
Cs 137 S 6x107" © 4x10°¢ 2x10* 2xi0°!
t 1x107' - 1x1073 8 x10°' 4 %10 3
Chlerine (17) .. .} €136 s 4x10°7 - 2x107? 1x10°% | 8 x10°?
' i 2x10°¢ « 2x1073 8 x10°' 6 x1073
C1 38 H Ix107* ! 1x107? 9 x10°* . 4x107¢
1 2x10°¢ | 1x107? 7 x107¢ ¢ 4x1074
Chwemium (24).... . | C 51 H 1x10°% ~  $x107? 4 x10°? 2x107?
1 2x10°¢ . §x107? 8 x10™° 2x10°?

NRC Printing Date:
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{See notes at end of appendix)

APPENDIX B

Concentratiens in Alr and Water Abeve Notural Background —Centinuved

Elamont (atemic number)

lsotepe !

Table |

Table Il

Celumn 1 ;

Alr |

Column 2

Water

i
i
I
i
1

Column 1

Air

. Column 2

Water

Cobelt (27). . ..

Copper (29)

Cwrivm (96). .

25 FR 10914

Dysprosivm (66)

Einsteinivm (b’)

Erbivm (68)

Evrepium {63)

NRC Printing Date:
11/30/88

Co 57
Ce 58m
Co 58
Co &0
Cv 64
Cm 242
Cm 243
Cm 244
Cm 243
Cm 246
Cm 247
Cm 248
Cem 249
Dy 168
Dy 166
Es 253
Es 254m
€s 254
Es 255
Er 169
Er I
Ev 152
(1/2=9.2 hre)
kv 152
(T/2 =13 yrs)
Ev 154

Ev 155

— e A—M—nTn

—u_n—u"m-vt"vl“m—mru—u‘m—u‘u-u—m—m-u-m—u—m

3x107¢ !
2x10°7
2x10°%
9 x107¢
s x10°7
5 x10°"
3 x107?
9 x10"*
2x10°¢
1x10°¢
1 x10°1%
2x10 ©
610 17 !
1 x10°1°
9 x10-"?
1 %1071 ¢
$xt10~12
1 x10°1°
§xto~"
1 x10°1
5 x1071
1 xt0'0
6 x10°1
1 x10°"
1 X104
1x10°3
I x10°¢
2x10°¢
2x10°7
2x10°7
8 x10° @
6 x10 '°
sxi10*
6x10*
2x10 V.
1 %107 |
5x10 ¥
4x10°"
6 x10°’
4x10 7
7 x10°?
6x10°7
4x10 7
sxwo’? !
1 x107 !
2x10°8 |
4x10° |
7x10° ‘

*xi0?
7x10?*

2x107?
1 x10°?
8 x10°?
6 x107?
4 x1073
3 xi10°?
1 x10°?
1x10°?
1 %1072
6 x107?
7 x10°¢
7 x10°¢
1 x107¢
7 x10°¢
2 x10°¢
8 x10°¢
1 x107¢
8 X107
1 x107¢
B x107¢
1 x10°¢
6 x10°¢
1 x10°%
4 x107?
6 x10'?
6 x10°?
1 x10°?
1t x107?
1 x10°?
1 x107?
7 x10°¢
7 x10 ¢
3 x10 ¢
5 xi0 ¢
4x10 ¢
4 x10 ¢
8 »10°¢
s x10°
Ix10?
3x10°?
3 xi10?
3 x10?
2x10?
210 ?
2 x10?
2x10?
& x10 ¢
é x10 ¢
&x10?
¢ x10°?

|
|
|

1 x10°?
6 x10°*
6 x10°7
I x10°7
3Ixi10¢
2 x10
1 x10°?
I x10°%
7 x10™?
4 107"
4 107"
& xto™v
2x10°9
3 x10°1
3 x10°Y
Ixio™M

2x10-" |
4 x10717

2x1078
4 x10°%
2x10°1
4 x107"
2 %101
4 310"
4 x10°’7
4 31077
9o x10°*
7x10¢
s x10™*
7 x10°*
axwo"
2x10 "

2x10 '°

2x%0 ®
&6x10 "
4x10°%?
2xmwe "
1x10 "
2x10 "
txi0 !
2x10 ¢
2x10 ¢
1 %107
1x10 ¢

4 x10 W

& x10 '
1 x10 %
2x10 '
Ixio*
Ix10°

(uCi/ml).(uCi/ml)](uCi/ml)l (,C1/a)

5 %107
4 x10°¢
3 x10°3
2x107?
1 x10°¢
9 x10°3
5§ x107
3 xio
I x107¢
2xt0°¢
2 %1079
2 %109
8§ x10°*
2x10°!
7 x107¢
I x10°3
4 x10°¢
3 x10°!
4 <107
3 107}
4x10°¢
2x10'!
4x10°7
1 x107¢
2 x1073
2x107?
4 x10°¢
4 x10°¢
4 1073
4 x10°%
2 x10° 3
2 %1073
2 x10°3
2 »x10?
1 x10° 3
1 x10 ¢
3 x10°
I x10
9 x10
® <10
1 x10
1 x10
6 X0
& <10
8 >10
2 x10
2~10
2 x10°
2 %10
2 x10°¢

A W W LA s m W W
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{See notes at end of appendix)

APPENDIX 8

Cencontrations in Air and Water Above Natural Background —Centinued

N

i [
| ‘. Table | i Yable It
| i
! , | |
Element (atomic number) | Isetope ' Coelumn 1 | Column 2 l Column 1! Column 2
|
Air Water ! Air ! Water
+ (pCi/ml)SuCi/ml)(uCi/ml)(uCi/nl}
[ . .
Formium (100) . ......| Fm 254 s ! 6 %107 4 %107 2x10™ ' 1,107
o 1l 7x100 . ax107 ' 2x107, 1xic
Fm 2358 S o2x10°Y 1 1 x107Y 1 exi07® ! 3Ixi107?
T RS [ 2 1%107% | 4x107° | 3x107
Fm 256 $ . 3x107 ! 3x107% 1 1x107'% ) 9x107’
: vl 2xom Ix107s ! extovt 9x1077
[ﬂuoﬂno(’) F1s s | §x107¢ © 2x107? | 2x1077 | #x107¢
bl axies t v xe | 9xiwom - sxi07
‘ Gadelinium (64) Gd 153 s o2x107 ; 6x107 1 g x107? 2x10™*
| 9x10' . exi07 | 3x107 | 2xi0™
Gd 159 $ | $x1077 0 2x107 . 2x10 , #x10°7
( ' ax107 1 2axi0r !y xi07 8 x10°?
Gellivm (31) Ge 72 s 2<107 ' 1x107? s x10™* |  4x107?
1l o2axye7 T ixio7? 6x10~ i 4x10°?
< Germenium (32) ‘ [ TR 4] $ 1 1x1070: sx107T 4x1077 . 2x107
= ! 6 x107¢ $ x10"? 2 %1077 2 x107?
EOMJU” . LAV 198 s | 1x10°¢ 5x1077 | 4x10* ' 2x107¢
o« ! f I 6x10°7 4 %1073 | 2x107* ! 1 x107¢
v | Av 198 s | 3xi0-7 . 2x107 1 1 x107t 1 5 %1078
& t, 2x1077 ' ax107 0 ex10” | sxi07
Au 199 s | 1xto $x107! . 4x107 2x10™
! ‘ 8107 4x10°7 | 3x107" 2 %10
Hatnium (72) l Hf 181 4 4 <107* 2x10°0 ! 1 x107 7 x107*
| £ 7xior i o2xi00 g ozxiet lo7xi0
Helmium (67) | Ho 166 s 2 %107 9x107* . 7x10™ . 3Ix107}
; 1| 2xw07  exi10m  exi0™ | 3x107
Hydrogen (1) H3 $ ' §x100¢ . 1x107! 2x1077 | 3x1073
‘ (! $x107 ¢ 1x107' ¢ 2x1077 | 3x107
‘ hb! 2 %10 ? 4x107% | ..
Indium (49) {In 113m s E8x10¢  4x107? 3x1077 | 1x107?
‘ 1 7x10°¢ . ax107? 2x1077 | 1x107
lin 114m $ . 1x1077 ° 8x10°¢ 4x107 ' 2x107
‘ ) 2x10° '+ S$x10°¢ 7x10°% i 2x107!
L in 118m s  2xi10° Ix10% . 8x10™* | a4xi0¢
| t 7 2x107* . 1x107? 6 x10°* l 4x10°¢
lunns s ° 2x107 ; 3xW0 ! exi0™ 9 x107*
] 3x10°% © 3x1077 . 1x¥0™* | exio7’
ledine (33) 1128 1 54107 | 4xV0? $x107" | 2x1077
! ] 2x10°7 | #x10 | 6x107  2x10°*
1126 ] $x107 : Sx10?! | exi0o™", 3xi07’
1 11 3x107 ] 3x107 1 1x10°* . ex10°
1129 $ i 2x10' ' I1x10% ¢ 2x10°M| &xio®
: 1 7x107t T 6x10?  2x107 | 2x107
ltnx S, X107 . 6x107 . 1x107®,  3x107
1 i 3x107 0 2x10? " 1x107? | 6x107
| s , 2x107 " 2x10°? 3Ix107 | 8x10°*
1132 ;
! t . exi10’ | Sx10°7 3x107* | 2x107¢
‘1133 $ . 3Ix0t; 2x107 4x10% 1107
) I ' 2x10’° ixt03 | 7x10% | axi07!
. 1134 s $<107  ax107 ! exi0™ + 2x107

NRC Printing Date:
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APPENDIX 8
Concentrations in Air and Water Above Natural Bockgreund —Centinued

(See notes at end of appendix}

! \
Table | l Table {!
P !
Eloment (atemic number) isotope ' Column ! Ceolumn 2 ! Column 1 i Column 2
Air Water Air l Water
+ (pCi/ml)(uCi/ml)(yCi/ml) (uCi/ml)
' t
. f
lodine ($3). .. ........ RERED ! 3 x107¢ 2x107% | 1 x1077 \ 6 X104
1138 s 1x1077 7 x10°4 1 x10™* 4 x10°*
' 4x1077 2 x107) 1x10°8 | 7 x307¢
idivem (7). . wreo 1 1 x10°¢ 6 x107? 4 x10°! 2 xX1074
l 4 %1077 $ %1073 1 x10°¢ 2 %1074
Ir 192 3 1 x10°7 1x10°? 4x10* 4 x10°!?
[ 3x10°* 1x107? 9 x107'® 4 x10°%
r 194 s 2 x107? 1 x107? sx10* | 3Ixi07
| 2 x107? 9 x10° ¢ 5 %107 | 3xi07!
on (26). ... . . .| Fe S8 H 9 x10°? 2 x10°? 3 x10°¢ 8 %10
| 1 x107¢ 7 x107? 3 x1w0-* ‘ 2x10°?
Fe 59 s 1xt10°?7 2 x107? 5x107" | 6 x10°¢
[ 8 x10°* 2x1073 2x107™* | S x107%
Krypten (36).. . .. . .| Kr85m Sub 6 x10°¢ . 1 %1077
p! Kr 85 sub 1x107* | . L. 3 x1077 |
2 Kr 87 Sub 1x107 | . 2 x107
- Kr 88 Svb 1x10°¢ i . ... .| 2xim07 | v
wisnthenun. (S7). . . . .} La 140 S 2x'0"? 7 xX10°¢ $ %107 ©  2x107%
0 1 1 x1077 7 x10°* ax10* | 2x107
Clend (82). . . . . Pb 203 H Ix107¢ 1x107? | 9xi0° I ax10°¢
' 2 x107¢ 1 x107? 6 x107* | 4 x107¢
Pb 210 s 1 x10°° 4 x107¢ 4x107'7 1 x10°7
t 2 x10°% 8 x107? s x10°1 2 x10°¢
Pb 212 s 2 x10°° 6 X107 6 x10°'° 2 x10°¢
| 2 x10°! $ %1074 7 x10°"° 2 %107?
Lutetivm (7V). . .. ... .| w177 s 6 x10°7 3 x107? 2 x107! 1x107¢
1 5 %1077 3 x107? 2 x10°! 1 x10°*
Wanganese (25) . . .| Mn 32 s 2 x10°7 1 %1073 7 x10°! 3x10°¢
t 1x10°7 ? x10™! s x107* 3 x10°8
' Mn 54 s 4 x10°7 4 x1073 1 x10 ¢ 1 x10°4
! 1 4 %107 3 x107? 1 x107° 1 X107
| Mn 86 H sx10°7 | 4xio™? 3 x10°¢ 1x10
| 51077 3 x10™¢ 2 x10°* 1 X107
Mercury (80) ... ... . | Hg 197m s 7 x10°7 6 x107? 3 x10-* 2 x107¢
[ s x1077 $ %1073 3 x107t 2 %1074
Hg 197 s 1 x107¢ 9 x107? 4 X108 I X107
: t 3 x10™* 1 %1077 9 %10t § X107
Hg 203 H 7 x107* 8§ x10°4 2 %10~ 2 x1073
1 1 %1077 3 x107? 4 %107 1 %107
Molybdenum (42) .. ...| Me 99 s 7 x1077 s x10™? 3 x10™* 2 x10~¢
t 2 %107 1x107? 7 x10™* 4 x10°8
Needymiom (60) ......} Nd 144 s 8 xt10°% 2 x107? 3xi10° " 7 x107%
| Ix107" 2 %1073 1 x107" 8 %108
Nd 147 s 4 %1077 2 x16? 1510 | 6x107}
! 2x1077 | 2x107 sx10™ | 6xi07!
Nd 149 $ 2 x10°* 8 x10™? éx107* + 3 x107¢
! 1x107¢ 8 x107° $x107 | IxW
NRC Printing Date:
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[See notes at end of appencix)

APPENDIX B

Conconmrations in Air end Water Absve Netural Background —Continved

|

25 FAR 10914

NRC Printing Date:
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‘ Teble | | Tabile Il
| !
Element (atemic number) Isotepe } I Column 1 Column 2 | Column 1 Column 2
! 1 i
i ,l Air i Water ! Air : Water
+ (]_(Ci/ml)(uCi/ml)(uCi/ml)(pCi/ml)
3 1
. - i x
Neptunium (93) {szzr s | axiom! exios i 1x10m | 3x107
! 1 Ix10 . 9x10*: 4ax107?! 3x10°
| Np 239 s axm*l 4107 | 3xi107 1x107¢
! ) 7 x10°7 4x107  2x10° 1 %1074
Nickel (28) | NI $9 s 5x107 ! 6x10% | 2xi0" 2x10°¢
! ' 8x107 | ex10r | 3x100 ! 2x107
Ni 63 5 6x10' | gx107¢ + 2x10° 3x10 4
| 3x1007 § 2x10°7 I ix10¢ . 7x10°
Ni 63 s 9x10°7 1 4x10 , 3Ix10Y i §x10°
. | 5x107 1 3x107 | 2x10¢ | 1x10
Niobium < Nb 93m S | YX107 ) 1x107 i 4xi0* 4x10 ¢
(Columbivm) (41). Co D axier ' yer o sxier | e x10 4
' Nb 95 s $x10°7 | 3x1077 , 2x10°' | 1 xip-e
: | tx1077  axie7? | 3x107° 1 x107
: Nb 97 s 6x107 | IxX10°7 | 2x1077 . 9x10°¢
: 1 [OSx10¢ , 3ax1077 1 2x107 1 9xige
Osmium (76) Os 185 S Sx1077 : 2axi0d | 2v10' 7100
1] sx100 | 2x107 1 2x10 7 k100
Os 191m S| 2x10°% 1 7x107 { 6x1077 - 3x10°
j | ; ¥x10 7 x10? Ix077 - 2x1079
| Os 191 s . I1xi0¢ 5 x10°? ! 4x107" | 2x10¢
| b, 4x107 Sx1073 - 1x107 | 2x10¢
[ Os 193 s 4x10°? ' 2x107 © 1 x107 | ex10 ¢
| I | axw? ! 2xi10 [ 9x10 ' T sx10°¢
Patiadium (46) * Pd 103 S | Ix107 ax107 , §x107 3x10 ¢
, I 7x107 . gx107 i 3Ix10 ¢ 3 %1074
" pd 109 s | ex1077° 3x107 ! 2x10  exi0°s
: o] 4x107 L 2x1073 1 1 X107t . 7 x10°
Phosphorus {18) P32 H S 7x10 ¢ s X100 T 2x10°* 2x10°%
: f COEX10Y 1 710 e 3xi10°* 2 x10 $
Platinum (79) Pt 191 S ¢ BxW07 . 4x10? . 3xi0! 110 ¢
' t i 6x107 ' 3x10°* 2x10°* 1 x107¢
( Pt 193m $ 1 TX104 " 31077, 2x10 ¢ 1x107?
I i1 sxie 0 3xier i axier | 4 xie-s
; P193 s 1.0 ' 3107 4100 9.10 ¢
o 30 s qvioe | 240
" P 197 m § - 6x10° Ix10 . 2x107 1x10°?
: t 1 sxiev 3x10% 7 2x10°7 1 9 x107¢
P 197 S | 8ax107 . ax10° IxW0'  1x10¢
1 I 6x10°7 1 3IxI0YT : 2x1I0Y 1 1xiQ
Piutonium (94) . Py 238 s 2x10 % Ix104 ; 7x10°%: §xi0 4
: t D 3mens exi0¢ ! 1xi0n: 3x108
Pu 239 S 0 2x1071 1104 | 6x10% ] sxigs
[ | 4x10" ° 8x10¢ ' Ix10%: 3x10
Py 240 s i 2x10°7 . 1x10 ¢ oex10 M S0
. I 4x10M ] 8x10¢ I1x'10'7: 3xi0 s
i Py 241 s 9xI0 " . T3 ¢ 3x107. 2x10-¢
{ . 4x10" 4x10? , 1x10* '

1x103
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APPENDIX B
Cencentretiens In Air and Woter Abeve Noturs! Backgreund —Centinved
[Sees notes at end of appendcix]
] ] n
‘ Table | Table (I
; !
| , . s
8 * (atomic ber) ! Isetepe ! ': Col 1 | Cel 2 ! Ceol 1 | Celumn 2
° i ! .
I l| Air l Water J Air ) Water
i + _uCi/ml)prx/ml)(uCi/mlﬁ(uCi/ml)
L .
) .
Pivtonium (94) . _ .. . Pv 242 s 2x10°17 1 I xI0 ¢ 6xIDTM!  SXi107s.
5 0 ax10°" | exi0™ | 1xt0?{ 3Ixi107*
Py 243 s 2 x10~ 1x10°? |  6x107? 3 x10°
( 2 %107 1x10t | gxi10¢ I 3xi1074
Py 244 s 2x10°17 | 1 x1074 & x1071* 4 x10-¢
| Ix10°" | 3 X107 1 x10°12 1 %1073
Pelenium (84). . | Pe 210 s 8 x10~W 2 x10°? 2x10 " 7x10 7
1 2 x10~® 8 x10°4 7 xto~" 3 x107*
Potassium (19) . . . .| K 42 s 2x107¢ oxtod | 7xi0" 3 x10°*
[ 1 x1077 6x10°¢ | 4x10™ 2x10°*
Prasesedymium (39) . .| Pr 142 s 2x1077 9® X107 7 x10™* 3xtio?
' 2 x10°7 #x10™¢ | Sx10" 3x10°?
Pr 143 s 3x10°? 1x10°3 1108 8 x10
i | 2 %1077 t x107? | 6 x10™ 5 x10°?
Promethium (61) \ Pm 147 s 6 x10-t 6x10? | 2x107! 2x10 ¢
p-4 I 1x10°7 | 6x10? 2 x10°* 2x10 ¢
8 | Pm 149 s 3x107 | 1x1073 l 1x107° | 4x107
z | t 2x1077 | 1x10% . 4x107 | 4x10°¢
U Preteactinium (91) ...: Pa 230 s 2x10°* 7x1073 - 6x107" 2 %10 ¢
ir. ! 1 8 x10°" 7x107? | 3Ix0°M | 2x10°¢
h | pa 231 s X107 | 3Ix1070 1 4xiot | 9x10 7
: 1 i 1x1071 $x10¢ | 4xi0"; 2x10?
Pa 233 s | exio”’ 4x107 © 2x10° | V1x10 ¢
; [ 2 x10°? Ix107? © &x10° 1x10 4
Radium (88) . Re 223 s 2x10"* 2x10°% | ex10" | 7x107
* ) 2x10°% | 1x10°¢ | ex1077| 4x107
i Ra 224 s s x10™* 7x107% . 2x10°W 2 x10°¢
| I 7x107® | 2axi0™¢ : 2x107M | Sx10 ¢
| ke 2206 s ax:oj: 4x107? 3x:01: :x:g:
: ! $ x10” ?x10°¢ . 2x10° %10~
! na 228 s 7 x10™" 8 x10~? i 2 x10°" 3 x10°t
% ! 4 x107" 7x107¢ ;  1x10°% 3 x10°7
Redon (88). . . | Rn 220 3 3x1077 i 1x107
- . " Ra 2223 ese --03 x 104 . ! :x:g.: o 10
x107¢ 2x107? | X110~ x10~
Rhenium (75} . . . . . Re 183 ls :xm_’ 2x107] pxrom L oexe
| re 126 s 6x1077 | 3x103 | 2x107 ! 9x10°t
: ' 2 x1077 1t x10°? e x10™* ;| Sxt0”
i Re 187 s #x107¢ | 7x1077 | 3Ix1077 | 3x10?
| ] sx1077 | 4x107? 2x10™ | 2x107?
_Re 188 s 4 %1077 2 x107? 1 x10°¢ 6 x10 *
I ' 2 x10~7 ’xw1 :xm: ?xuj
. . | RR103m s 8 x10°} 4x107" | x x
Rhedium (45) ! i & x107% Ixt0™' 1 2x10°¢ 1 xlO:’
| R 108 [ 8 x10~7 ax10? | 3xi0”* 1 Xx10°¢
‘ 1 $ x10°7 Ix107 | 2x10°" lno:
- - -9 7 x10°
7 . Rb 86 s 3 x10°? 2 x107? 1 x10
Rubldivm (37) ! ! 7 x10~ 7 x10°¢ 2 %107 2 xlo_’
| ny 87 s sx10-7 | 3x107 | 2x107* | 1x10°¢
l t 7 x10°* 8 x107? 2 x10™ 2 %10
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APPENDIX 8
Cencentrations in Air and Water Above Natural Backgreund —Ceontinued
[See notes at end of appendm)
' Toble ! i Table I
| !
Elemont (atemic number) | Isotepe ! Col 1 « Col 2 Celumn 1 | Col 2
: |
; . Alr | Weter | Alr Water
! + SuC1/ml)(pCi/ml%(uCilml$(uCi/nl)
R i
Ruthenium (44) "Re 97 s 2x10 ¢ 1 x10°? sx10¢ | axi0s
| i © 2107 1 x10-? 6 x10°% 3 x10-¢
| Ru 103 S C 8$x10°7 2x107? 2 x10°¢ 8 x10° 9
' 8 x10°* 2 x107? Ix10° 8 X101
Ry 105 s 7 1077 3 %1073 2 x10°¢ 1 X107
1 s x10°’ 3 x10°3 2 x10°* 1 %107
Ru 106 s 8 x10°* 4107 $x10°* 1 x10-¢
{ | Yoexi0t 3 x10 ¢ 2x10°° | 1 x107
Samerivm (62) | Sm 147 s . 7xwoM 2x10? 2x10°'? | 6x107!
i Ix10-1 2 x10°? *x10 7 x10°?
Sm 181 s 6 x10°¢ 1x10°? 2 x10™? 4x10¢
0 i xien7 1x10°? § %10~ 4x10 ¢
im 153 s $ x10°7 2x10°? 2 x10~t 8 x10°}
' 4x10°7 2x1077 | 1x107 8 x107*
2 Scandium (21) tle 48 $ 2x10°7 1 x10™? 8 x10™* 4 x10°*
2 0 | 2x10° 11072 1 $x107" . 4 x107
= e 47 s | e&xi0? 3 x107? 2x10°* | 9x10°
x - b1 8§x1077 | 3Ix1073 | 2x107' . ex10°?
o | e 48 S ) 2x1077 1 #x107¢ ! ex10™ | 3x10°
& : 1l 1x1077 1 ex10t |l sx10°t , 3x10°t
Selenium (34) L Le?8 s ; 1 x107¢ 9x10°? | 4x107¢ | 3x10¢
; ! . Ix1077 1 gxi0 4x107* i 3x107¢
Silicon (14) $' 3 S | exi0¢ I x107? 2 %1077 | ® %10 ¢
1 [ 1x107 6 x197? IXI0' | 2x10¢
Silver (47) Ag 105 S 6x1077 ! 3Ix10"* ¢ axi07' ¢ ) xi0¢
bt ex107 ' 3x107 ! 3xi0~ | 1 x10-
Ag 110m s  2x1077 ?x10"* 7 x10~* 3 x10°¢
[ i 1 x107¢ ® <1074 3 %1079 I x1074
Ag 11} s | 3x1077 1 %1073 1 x107¢ 4x1074
1 ' 2x107? 1 %1073 s xt10™* 4 x10™4
Sedium (11) Ne 22 ] | 2 %107’ 1x107? & x10™ 4 x10™*
' I ¢x10? ? x10™¢ 3 x1071 3 x107*
. Ne 24 S . 1x107¢ 6x10™ | 4 x10- | 2x107
' { P 1x107? 8 x10°¢ $x10 | 3Ix107°
Swontium (38) . Sr 85m s | 4xi07® 2 %107 1 %107 7 x10™
I t M 54 [ ) 2 x10™! 1x107¢ 7 %107
! 8 85 s | 2x107 | 3x107 8 x10~* 1x10°
| ( I IX167 | $x107 | 4x10™ | 2x10-
| Se g9 H i axio! 3 x10°¢ Ix1071° !  3xi0-
I ax10m | oexieve | pxiet | 3 %107
$r 90 $ . 1x10” 1x10°% | 3xi10~" 3 x10~7
! ! l $x10° 1x10? 2x10°° | 4 x10"?
| S+ ¢ s | a&xim0”? 2x10™ | 2 x107* 7 x107?
| 1 ;. 3501077 1x1077 ° ¢x10~* §x10°3
| sr 92 S © 4x1077 1 2x107 ' 2x107 | 7x107s
j | (o Ix1077 0 2ax10 T 1 x107 6 x10°%
Sulfur (16) | 538 S ¢« 3Ixie~? 2 x10-? * %10~ 6 x10*
1 | 3xw0? s x10™? *x10™* 3 x1074
Tentsium (73) ! Ta 182 S i 4xi0° 1x10°? 1x10™ 4 %1071
: 0 axter | oaxior | opxioen i g xa0-

Printing Date:
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APPENDIX B

[See notes at end of appendix]

--- 25 FR 10914—-—

Element (stemic number) . isetepe '
Thorium (90) l Th 234 lS
[ Thutium (69) Tm 170 f
! Tm 171 'S
! Tin (80) | Sm 113 H
' sn 128 ;
Tungsten (Wolfram) (74) : w s ls
Wi
w187 'S
Uranivum (92) U 230 IS
U 232 'S
U 233 ‘S
we| U 234 ;‘
ws| U 238 ;‘
U 236 IS
we{ U 238 ;‘
U 240 'S
»8| U-nerursl ls‘
Venedium (23) vV 48 ls
Xenen (34) Xe 131m ;vh
Xeo 133 Sub
Xe 133m Sub
Xe 138 Sub
Yttorblum (70) Yb 178 IS
Yivium (39) Y 0 S
Y 9m 'S
Yye 'S
Y92 s
Yo :S

NRC Printing Date:
11/30/88

Table |

Column 1

Ale

6x10 ¢
3x10 ¢
4x10}
3 <107t
1 x10 7
2 x10°7
4 x1077
5x10°¢
t x10 ?
o gx10 ¢
2x10°¢
1 x10 7
8 x10°7
1 x10°7
4x10°7
Ixio~’

o 3x1ow
oy xio o

1 x10° "
3xio "
5§ x10°1°
1 107
& x10°"

§ 10"
1 x107"
6 x10°"
1 %107
7 xi0o™"
1 %107
2x10°7
2x10°7
1 %10
1 x1071°
2x%x10°7
6x10°¢
2 x10°3
tx10 9§
1 %10 ¢
4x10 ¢
7 x10 ?
6 x10”7
1 %1077
1x10°7
2x10?
2 x10°?3
4 %10
3 x10™
4x10°7
3xi0°’
2 x10°7
tx10 "’

!

1 x10°%

Column 2

Woter

5x10 ¢
5 x10 ¢
1x107?
1t x10 9
1 x10 ?
1 x107?
2x10 3
2x1073
5 x10°¢
5 x107¢
1 x10?
1 x1072

4 x107?

3 x10°?
2x10?
2 x1¢7?
1 x10°¢
1 x10°¢
8 x16° ¢
8 x107*
9 x107¢
9 x107¢
9 x1ne
9 x107*
| S
8 x1C™¢
1 x167*
1 x107?
1 x10™?
1 xg?
1 x107?
1 x1073
¥ xi0™?
1 x107?
® x10™¢
8 x107¢

I x107?
Ix107?
6 %107
& x10°¢
tx10°!
1 x107!
8 x10°¢
8 x10°¢
2 x107?
2 x107?
8 x107¢
8 x10°¢

Cencentratiens in Air end Water Above Natural Background —Continued

Tabile I

Column 1

Air

Column 2

Water

t ﬂuci/ml)‘(uCi/ml);(uCi/ml):(uCi/ml)

2x10*
1xto0*
1x10°
1 x10°°
4 x10"°
$ x10°*
1 x10°°
2x10°*
4 %107
axi0*
8 x10°¢
4 x10°°
3 xi10°!
4x107°
2x107*
t x10°¢

1 x10°" |

4 x10~4
Ix107"
¢xio™"
2x10°"
4 x1071
2xio™"
4 x107"
2 x1o~"
4 x10°1
2 x1o~"
4 x10°"1
3 x1o™M
& xi0™Y
8 <10~
6 x10™°

$ 1071

$x1071
6x10™*
2x10"*
4 x1077
3 x10”7
3 x10”7
1 %1077
2x10°!
2x107t
4 x10”*
3 x10™
8 xi10”7
6107
1 x18™
1 x107°
1x107"
1 xt0~*
€10~
$x10™

2 x1074
2x10 3
§x10
5x10 ¢
3 x10°¢
5 x107
9 x10 3
8 x10 !}
2 x10 ¢
2 x10°3
4 %10
3I x10 ¢
T x10°¢
¥ x107¢
7 x10°%
6 x10 *
5 x10°*
5 x10°*
3 x107!
3 x10°¢
Ix107!
3 xt10°?
axio!
Ixio?
3 x107?
Ixio?
s x1074
3 x10°?
4 x107?
4 x107*
3 xi10™!
Ixi07?
3 x1078
I xi0™*
3 x10°?
3Ix10?4

1 %1071
1 x107¢
2 x10°?
2 %1074
3 x107?
3 x10™?
Ix10°?
3 x107¢
& x10°3
6 x10™?
Ixic?
3 xto~?
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APPENDIX B

Cencentrations in Air ond Weter Abeve Notural Backgreund —Centinved

. Yable | i Table Il
] !
Eloment (etomic number) Isetope ! Col ] Col 2 ' Column Column 2
!
Air . Water | Air ; Water
ﬁpCl/ml)(uCi/ml%(uCi/ml)(uC1/ml)
Zine (30) Zn 65 s ' wx10, 3x103 i 4xt0™' . )xi07¢
t 1 6x10' ! sxi07 . 2x10"* 2 %107
In 69m $ . 4x107 . 2x107 ' 1xi10°¢ 7 x10°%
il axwor axie | oixiot i ex107
1 2n 69 s 1 7x10% ) sx107' | 2x1077 ! 2x107
' ] »9x10° 1 81077 P ax1077 2 x107%°
Zirconium (40) | 2r 93 s Tx107 1 2x1077 ' 4 x10™ o x107¢
< l ! Ix1077 1 2axto? | 1xi07® 8 x107¢
2 | 2r 98 s . 1xi107’ 2x10°7 | 4x107 & x10~*
= 1 o axtot ' 2x107? 1 x10”* 6 x1073
x 1r 97 s ' 1x107 ! sx10¢ i 4xi0°? | 2x107
. 1 9x10' . §x10¢ : 3x10" 2 %10
™~ Any single radienuclide sub | 1 x10 " o3Ixot |
not listed above with ! | i
decay mode other than ' ' l
alpha emission or ' : '
spentaneous flssion ! L ‘
and with radioactive i i '
haif-tife less than 2 ; ; l |
hours. ‘ :
Any single radionuciide 'oax107t | 9x10°¢ 1 x10°%° 3 x10°¢
not listed above with ! :
decay mode other than ! ) . '
aipha emission or i f
spontaneous fission ! , 1
and with radieactive | ! !
half-life grester than 2 ) .
hours.
Any single radienuclide éx1o " 4x10’7 2x10 %' 3Ix10°!

not listed above, which
decays by cipha emis- |
sion or spentaneeus i
fission. .

'Soludle (S). Insoludle (1)
Qup” means that values grven arg 10f SUDMErsion n g

semispnencal infinite cioud of arbome matenal.

3 These radon concentrations are appropri-
ate for protection from radon-222 combdioed
with its short-lived daughters. Alternatively,
the value in Table I may be replaced by one-

< third (13) "working level” (A “working
© level” is defined as any combination of short-
o lived radon-222 daughters, polonjum-218,
0 jead-214, bismuth-214 and polonium-314. in
@ one liter of air, without regard to the degree
®_ of equillbrium, that will result in the ulti-
< mate emission of 13 x 10 MeV of alphs
particle energy.) The Table II value may be
repiaced by one-thirtieth ('An) of & “working
level.” The limit on radon-223 cobcentrations
in restricted areas may be based On an an-
nual average.

NRC Printing Date:
11/30/88

$4. Por soluble mixtures of U-238, U-234
and U-236 In air chemical tozicity may be the
limiting factor. I¢ the percent by weight (en-
richment) of U-235 is less than B, the cone
centration wvalue for a 40-hour workweek,
Table I, is 0.2 milligrams uranium per cubic
mater of air average. For any enrichment,
the product of the averags concentration and
iime of exposurs during a 40-hour workweek

< shall not exceed 8x10-* BA ,Ci-hr/ml, where
N 8A is the apecific activity of the uranium ine
@ haled. The concentration value for Tabdble II is
U 0.007 milligrams uranium per cubic meter of
2 atr. The specific activity for natural uranjum
! 18 6.TTX 10" curies per gram U. The specific
sctivity for other mixtures of U-238, U-238
and U-234, If not known, shall be:
SA=36X107 curles/gram U dapisted
! 8A= (044038 E+0004 I} 104 0%

where E is the percentage by weight of U-238.
l:nrnnd a8 percent.

*Amended )7 FR 23319,

**Amended 39 FR 23990;

designated 40 FR 50704,
***Amended 40 FR SO704.
tAmended 3% FR 29114,

tAmended 39 ER 25461 redesignated

40 FR S0704.

December 20,
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NOTE TO APPEND ‘ 4 ')

DIx B 3. If sny of the conditions specified below
NotE: In sny case where there 13 a mixturs in sir orj 876 Inet, the corresponding values specified

¥ater of more than one radionuctide, the limiting values| Delow may be used in lleu of those specified

for purposes of this Appendix should be determined ax| in paragraph 2 above.

follows:

1. If the identity and conecentration of esch radionu- 8. 1f the identity of each radionuclide in
clide in the mixture are known. the limiting values| D€ IDIZtUre is known but the concentration
should be derived as follows. Determine, for sach ra-] ©f €De Or mors of the radionuclides {n the

-
= dionuclide in the mixture, the ratio between the quantity © mixture
8 rrmm in the mixture and the ltmit otherwn?: "“"""311!1“ for t:h‘n::uﬁ:'?.' ::' concentration
= Jished in Appendix B for the specific radionuciide when & in Appendix “B" b ¢ limit specified
@ not tn s roixture. The sum of such ratios for sl the ppendix “B” for the radionuclide in the
w ndl?nuc)udes in the misture may not exreed 17 (ie, T MIXTUre having the lowest concentration
“unity’). lUmit; or
& Exaweir: If redtonuclides A, B, and © are present ©
in conceptrations Ca, Cy. and Cc. and if the upplicahle £ th:' m‘ﬁﬂm’ '“ '“hbm‘:‘:"k‘:' in
MPC's, are MPC,4, and MPCa, 1 MPC - * own
tively, then the oor:eenlnuom sl:ull"tl;c Hmuedc L‘:‘x;;:l thltu:e?l}.n radicnuclides specified in Ap-
the following reiationship exists: pen B” are not present in the mixture,
~ Ca e 30 :onee:tnﬂon Umit for the mixture is
P ot o A TLY £ | ¢ lowest concentration limit s
MPC. MPCy MPCe Appendix “B" for any mionueudmﬁ
-r- U eithee the Biertire o The coreentent n of any Bot kn to be absent from the mixture;
O ralion: 0AC bl estedlE ds soe kauen, U iiting
z e G purpees o Appendiz 1t nal! be:
c For purposes of Table I, Col. 18 X 10-8
o b. Por purpozes of Table I, Col. 2—4 X 10-7
8 ¢. Por purposes of Table II, Col. 1—2 X 10-%
L d. For purposas of Table 11, Col. 2-—3 X 10

Tablel Tabke 1

& Elament (stomic aumber) and isotops

Colums 1 Column 2 Column 1 Column 2
Alr GCiml) ] Water | Alr(uCi/ml}| Water
WCliml) {uCi/ml)

If 1t is xrown that 6r 90, 1125, 1126, 1129, I 131, (1183,
table 1f oniy), Pb 210, Po 210, At 211, Ra 223, Ra 22¢,
Ra 226, Ac 227, Ro 228, Th 23, Pa 231, Th 32, Th-
nat. Cm 248, C1 254, and Fin 256 are not present. . ... X104 IX 104

If it 3 known that Sr 90, 1 129, £ 126, | 129, (1 131, 1 133,
table Il only), Pb 210, Po 210, Ro 223, Ra 226, Ra 228,
Pa 231, Tb-nat, Cm 248, C( 254, and Fm 258 are not

) . 4310~ 2104

30 FR 15801
&
G
52
i
2
Z
)
8
8
B
g
3
E
g
]

X104 X10-7
3X10-¢ 1X10~

not prescnt
If1¢ is known that (I 129, table 11 only),
228 are not present
1f it is known thal sipha-emitters snd Br 90, I 1%, Pb
210, Ac 227, Ra 228, Ps 230, Py 241, snd Dk 249 are not
PIrEBEIL. .« oceeceeceenoeranessrnsnninensarananecasasces X0~ 1374 1 T TR
If it i3 known that aiphs-emitiers and Pb 210, A¢ 227,
R 228, and Pu 24l are not present......ccemeumennnne. IX10-0 1X10-1
I it s known that alpbsemitiers and Ae 227 are not

PPOBBNL . . o eeeecccoanaccmsoonesosoiasssosnnnmesssocsan Ixio-a 1X10-0
11t is known that Ae 227, Th 230, Pa 231, Pu 238, Py
239, Pu 240, Pu 242, Pu 244, Cm 248, Cl 240 and C1 251
are ook pr ) X108 IxXws ... aseeace

4. If & mizture of radionuclides consists of
ursnium and its daughters in ore dust pricr
to chemical separation of the urantum from
the ore, the valuss specified below may be
used for uranjum anc its daughtars through
radium-226, instead of thoss from paragraphs
1,3, or 3 above.

40 FR 50704'

—

.

a. For purposes of Table X, Col. 1—1X10-
»Ci/ml gross alpha activity; or §X10-2 Ci/
ml natural uranium: or 70 micrograms per
cubic meter of alr natural uranjum,

. FPor purposes of Table IT, Col. 1=3 X 10~
aCi/ml gross alpha activity; or 3X10-¥ 40/
m! patural uranium: oFf § micrograms per
L cubic meter of air patural uranium,

8. Por purposss of this @bdte, s radio-
nuclide may be consideresd as not present in
a mizture if (a) the ratio of the concentra-
tion of that radicauclide in the mixture
(Ca). to the concentration umit for that
radionuclide specified in Table I of Ap-
pendix B (MPCai) doss not exoeed Me

. (Lo pre-S<5) nd (b) the sum of such
zratios for all the radionuclides considered as
:‘l‘ot present Lo the mixtures does not excesd

39 FR 23990

26 FR 1104

C. C»
oo R tERGY 0o SX)-
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Arrensix C
Material Microcuries
Americium-241 .01
Anumony-1232 100
Antimony-124 10
Antimony-128 10
APSENIC-T3 o icemecercanmeannae 100
ArsemiceT4 cocennooaan 10
Arsenic-78 __....ooo... 10
Arsenic-T? . ocaeoian. 100
Bartum-131 ..... 10
“arrvens 1V 3 1]
Banum-140 ... W
Bismuth-210 _. 1
Bromine-82 ........ 10
Cadmtum-109 ...... 10
Cagnmium-115m ... 10
Cadmium-118 .. een cccaveecnan 100
CalClum-45 o ueecrcceccccoccoonnn 10
[oARTUTYE: TR i P 10
CArbon-ld . .cccccccnceccesconcann 100
Cersttt=l4] ceeececocccrvenven ee- 100
Cenium-143 ccvciaacccacen cvenea 100
certum-144 __ - 1
Cesium-131 ... .. 1. 000
Cosium-1341M  ceecrcenoncan 100
Cosiuim=-13¢ .. ccrernmmcecnrccaceen 1
Ceatlin«138 L iccccecmcaccaseca 10
Cesium-1360 oo 10
Cesium=137 iemccvcnaa 1¢
Chilorine-36 .. 10
Chlorime-38 _. 10
Chromium-51 . - 1,000
CoDAIt-S8m . . ucee.. 10
Cobait-58 ....._. 10
Cobalt-60 ...... 1
Copper-64 .. ..ocevecacenan 100
Drsprosatun=165 .e.cccencaccnenes 10
Dysprosinm-166 ... 100
Erbaumn-189 .o o.euceaoae 100
Erdium-1?7l iiermcccecenncnoon 100
& Europium-i52 3 Nooooceoncccne- 100
& Earopium=132 13 Yo ceeciencnane 1
E Europiim-iS¢ ceeecmcacacioaanens 1
< Europnim=488 ceeeececacaan-ae .- 10
w Fluonne-18 ... c.cecececancan .- 1,000
8 Gadolinwn-133 ... - 10
Gadolimmam-159 ... - 100
Galliu-T2 .. ceiiemceemaccnsannn 10
Germainium=Tl .o cccecccccnns 100
Gold-19B .eceicaecmar iacmemmecsnn 100
Gult=ifD ... cecrccicccnmcacsmenn 100
Hafuiam-181 ... -—- 10
Holminm-166 ... - 100
Hydrogen-3 ... --- 1,000
Indin=113m .. - 100
Ingium=-114IN covceeeccacn - 10
Indivm-118m ccvcancncaeans .- 100
INuMelld (ecocrcvncecansonncan 10
ladine-125 1
fudine-126 1
Ivdine- 129 0.1
Icdine-131 1
Iodine-132 10
fodine-133 1
lodine-134 10
lodine-135 10
Indiumei82 .. cecicacenn 10
Intdiume194 . ccemccncan 100
176N-85 .evecicrrcenccscocesmanne 100
IPCL-5Y ... iiccevevnmcconononman 10
Kripton-B5 . cccrececocncncacancns 100
Krypton-87 ...... 10
Lan:hanum-140 .. 10
LutetiimelT? cecvevecccccnccnens 100
Manganese-52 .. 10
Manganese-34 ...c.o... 10
Manuanese-56 ... ..... 10
percury-15Tm ccecoee ecccammsesee 100
Mercury«197 ... 100
Mercury-203 10
Molvbdenwine! 100
Neodvmium-i47 ..... 100
NeodvmMum=149 ..ccececavavacecnns 100
NickeleSY L Leeiiiaanas 100
Nickel«63 .. oiiaanaan 10
Nickei-63 ..... eecsemesstan 100
Niobunn-$am . 10
Niomnm-$§ .. 10
Niobium-7 . 10
Osmium-188 .... 10

»4"
S

NRC Printing Date:
11/30/88

.

A
Material Microcurise
olmlum-lllm'----.---..-.---.--. 100
Osmium-3181 ..... 100
Osmium-198 ........ 100
Palladium-103 ..ceccann- 100
Palladium-100 .. 100
Phosphorus-33 .. 10
Platinum-191 ..a.... 100
PAtinUM=103M cccecccccncne 100
Platinum-193 ....... ceerene 100
Platinum-197m .. 100
Platinum-187 ... PRSP [
PIULONIUM-2I9 ccccecncccancnmoeaa ox
Polonium«310 .c.cccac. g1
Potassium-42 co.... 10
Praseodymium-143 . 100
Praseodymium-143 300
Promethium-147 ceaeea- eoccomccna 10
Pro hium-148 - - 10
Radium-228 .01
Rhentum-188 100
Rhenium-188 100
Rhodium-103M ..cccvecencaccccncan 100
Rhodium-108 100
Rubidium-88 10
Rubidium-87 10
RuUtNeNiUM 9T cecececccncancanean 100
Ruthenium=103 ceccvcccccccacanaa 10
Rutheniumel08 caceccccvccncccans 10
Ruthenium-108 .. 1
Samarium-3181 . 10
Samarium-163 . 100
Scandium48 ..... 10
Scandium-47 100
Scandiume48 ...ce... neccacsssenve 10
Selenium-78 10
Silicon-31 o 100
Sitver-106 10
Stiver-110M cecae. meercssscmmacane 1
Silver-11] cicucccncanconcacess 100
Sodium-24 .. 10
Strontium-8% 10
¥ Strontium-89 ...... - 1
N Strontium«00 ce-ceccaacas 0.1
% stronuume$l -—... 10
x Strontium-92 ..... 1c
b SuIphureds .cccccenncccconacacas 100
B TudtalumelB? coceccecccaancanace 10
TechNethum-98 occcecccccancanan 10
Technetium-$7m .. 100
TechnetiUMme87 ccccemcevonmmccasen 100
Technetium-89m . - 100
Technetium-99 ..... 10
Tellurium-125m _. 10
Tellurium-127m ... 10
Tehurium=«127 ae--- 100
Tellurinm-120m ..... aves 10
Tellurium-129 -..... ceee 100
Tellurium-13im a.... anes 10
Telirime132 ccvecvacoconcconnnn 10
Terbium-160 .. -30
Thullium-200 .. 100
Thallium-201 .. 100
Thalllum-202 .. 100
Thalliume204 ccceecceccccocccennn 10
SATRorium (DAtUTal)leccanacosneas. 300
Thulium-170 10
Thullum-171 ... 10
Tin-113 .. 10
Tin-128 .. 10
Tungsien-} 10
Turusten-18% oo ceececeaee - 10
Tungsten-187 ...... 100
ranjum (Bstural)s. 100
Uramiume233 ccveccaccccrccncanans .01
Urahiin=234- Uranium-23% .c...- .01
VanagiiimedBd ..ccecceccncnccna .- 10
Xen n-13lm - ceeeee 3,000
Xennn-133 ..
Xenon-138 ...
Yiterbium-173
Turium-so ......
Yitrtumedl cocanee
Yutrtum-92 ...... -
Titrium-93 .
Zinc-88 ...
Z'nc-89m .
Zine-60 ...
2irconium-8I ...
Zircontum-88 cccenaccec-ee
Zirconium+9? eecccuscccncracscccn

)
£
2

) B.13

Any upn smitting radicnuciide

iistad above or miztures of

phn emitters of UNknown com-
J400 —ccccmanacaon .01

Aay Mloauclm other than alphs

emitting radionuclides, not listed
above or mixtures of bets emit-

{_ ters of unknown composition... .1

43 FR 71762

Note.—For purposes of § 20.303, where -
~ there is invoived a combinstion of isotopes in
known amounts, the limit for the combination
should be derived as [oliows. Determine, for
each {sotope in the combination. the retio
between the quanlity present in the
combination and the limit vitherwise
esiablished for the specific isotope when not
in combination. The sum of such retios for all
the isotopes in the combination may nut
exceed “1” (Le. “unity”}

]
1Based on alpha disintegration rete of

Th-233, Th-230 and their daughter products.

5B3ased on alpha disintegration rts of
T-338, U-334, and U-338,
¢ Amended 3o FR 16800
os Amended )9 FR 23990,
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APPENDIX D.—UNITED STATES NUCLEAR REGULATORY CoMmiSSION REGIONAL OFFICES

Telephone
Addresses (24 hours)
Regon t Connectiat, Deisware, District of Coksmbia. Maine. | USNRC, 475 Aflendate Road. (215) 337-5000
Marylena, Massachusetts, New Hampstwe, New Jersey, New | King of Prussia, PA 19406, (FTS) 346-5000
Yorx, Pennsyivania, Rhode tsiand, and Vermont
Pegon i Alsbama, Floride. Georgia. Kentucky, Mismesippi, North | USNRC, 101 Marnetta Street, NW, (404) 331-4503
Carcina. Puertt Rico, South Carolina, Tennssses, Virgnia, | Suile 2900, Atlamta, GA 30323. (FTS) 2424503
Virgn islancs, and West Virginia.
Regon Ht Wircm, indiane, lows, Michigan, Minnesota, Missouri, | USNRC, 799 Roosveit Road, Glen (708} 790-5500
Ohuo, snd Wisconein, ’ Elyn, IL 80137. (FTS) 388-5500
Regon [V: Arkansas. Coiorado, ideho, Kansas. Louisiang, Mon- | USNRC, 611 Ryan Plaza Drive, Sute {817) 8608100
tana. Neoraska, New Mexico, North Dakots. Okishoma, South 1000, Ariington, TX 76011. (FTS) 728-8100
Dexota. Texas. Utah, and Wyoming.
Regon 1¥: Feig USNRC, Region IV Ursnium Recovery {303) 236-280S
Fieid Office, 730 Simms Steet, (FTS) 776-2805
P.O. Box 25325, Denver, CO 80225,
Regon V- Alaska. Arzors. Caifornia, Hawai, Nevada, Oregon, | USNRC, 1450 Masia Lane. Suite 210, 415) 843-3700
Pacfic Trust Termones, and Washington. Wainut Creek, CA 94536, (FTS) 483-3700

NRC Printing Date:
10/31/89
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APPENDIX C
Basic Quantities and §gg1:8urdens for Various Radioisotopes
- ? _ .
Radioisotope(a)(b) Basiccglggziiy(c) Haxiﬁﬁ%uggrgis-
(Ci) sib]e(gedy Bur-
den (LCi)

Americium-241 0.01 0.05
Antimony-122 100 ———
Antimony-124 10 10
Antimony-125 10 40
Arsenic-73 100 300
Arsenic-74 10 ---
Arsenic-76 10 —-
Arsenic-77 | 160 _——
Barium-131 10 -
Barium-133 ! 10 ——-
Barium-140 10 ; 4
*Beryllium-7 50 é 600
*3ismuth-207 0. 2
Bismuth-210 1 % 0.04
Bromine-82 10 i 10
Cadmium-109 10 20
Cadmium-115m 10 . ? 3
Cadmium-115 100 ; ---
Calcium-45 10 30
Calcium-47 10 | 5
Carbon-14 100 300

December 5, 1979
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L § o 3 )
o (a)(b) . Co]umn-A (c)] 'CoTumn B.
Radioisotope Basic Quantity Maximum Permis-
(uCi) ‘sib1e(ggdy Bur-
; den (uCi)
—_— i
Cerium-141 100 | 30
Cerium-143 100 % _——
Cerium-144 ] i 5
Cesium=-131 1000 i 700
Cesium-134m 100 | -
Cesium-134 1 f 20
Cesium-135 ; 10 i 200
Cesium-136 é - 10 é 30
Cesium-137 % 10 % 30
Chlorine-36 | 10 | 80
Chlorine-38 § 10 % ——-
*Chromi un-51 | 50 ; 800
*Cobalt-57 i 0.1 i ———
Cobalt-58m i 10 ; —
Cobalt-58 | 10 % 30
Cobalt-60 | 1 | 10
Copper-564 100 % ———
Dysprosium-165 10 E -
Dysprosium-166 100 i _——
Erbium-169 100 2 _—
Erbium-171 : 100 | -
Europium-152 (9.2hr) 5 100 | .
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Radioisotope(a)(b) Basiccglgwgfi (c) .Column B.
Y Maximum Permis-
(uCi) vsiglﬁ(ggdy(ngs
o
Europium -152 (13 yr) : 1 : 20
Europium-154 E 1 ? 5
Europium-155 é 10 é 70
*Fluorine-18 ; 50 % ———
Gadolinium-153 % 10 | 90
Gadolinium-159 100 | -
Gallium-72 | 10 | -
*Germanium=-68 | 0.1 % -
Germanium-71 ? 100 E _—
Go1d-198 | 100 % -
Go1d-199 | 100 é _——-
Hafnium-181 10 é 4
Holmium-166 100 : -
Hydrogen-3 1000 | 1000
*Hydrogen-3 _ 250 1000
Indium-113m 100 -——-
Indium-114m 10 6
Indium-115m 100 -
Indium-115 10 30
Iodine-125 | 1 3.8(e)
Iodine-126 | 1 1
Iodine-129 E 0.1 3
Iodine-131 | 1 0.7
.
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Radioisotope(a)(b) | Basigoéﬁgzt?ty<c) Maxggl;mgeémis-
(uCi) glg}g)Bo?yc??r-
H
Iodine-132 10 | 0.3
Iodine-133 1 1 0.3
Iodine-134 10 0.2
Iodine-135 10 0.3
Iridium-192 10 6
Iridium-194 100 -
*Iron-55 50 1000
Iron-59 10 20
Krypton-85 100 _—
Krypton-87 10 ——
Lanthanum-140 10 ——-
Lutetium-177 100 _—
*Manganese-52 1 —
*Manganese-54 0.1 } 20
Manganese-56 10 ! -
Mercury-197m 100 4
Mercury-197 E 100 | 20
Mercury-203 | 10 : 4
Molybdenum-99 } 100 : 8
Neodymium-147 ; 100 f 19
Neodymi um-149 i 100 | .-
Nickel-59 | 100 1000

Nickel-63 10 200
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e ') C.5
Column A Column B
Radioisotope(a)(b) Basic Quantity(c) Maximum Permis-
(uCi) Zzg}g)Bo?yC?gr-
u
Nickel-65 100 e
Niobium-93m 10 200
Niobium-95 10 40
Niobium-97 10 -
Osmium-185 10 -
Osmium-191m 100 _—
Osmium-191 100 -
Osmium-193 100 ———
*Palladium-103 50 20
Palladium-109 100 _—
Phosphorus-32 10 6
Platinum-191 100 —
Platinum-193m 100‘ _———
Platinum-193 100 70
Platinum-197m 100 ———
Platinum-197 100 ——
Plutonium-239 0.01 0.04
Polonium-210 0.1 0.03
Potassium-42 10 ——-
Praesodymium-142 100 -—
Praesodymium-143 100 _——
Promethium-147 10 60
Promethium-149 10 ——-
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Radioisotope (@) (b)

Column A

Column B

iBasic Quantity(c) Maximum Permis-

(uCi) 3ith)Body Bur-
en (uCi)
*Radium-226 + daughters | 0.1 ; 0.1
Rhenium-186 100 ; _—
Rhenium-188 100 é ——
Rhodium-103m 100 E -
Rhodium-105 100 ; —_—
Rubidium-86 10 i 30
Rubidium-87 10 % 200
Ruthenium-97 ; 100 é —
Ruthenium-103 | 10 ? -
Ruthenium-105 ; 10 % —-
Ruthenium-106 g 1 f ——-
Samarium-151 é 10 ; 100
Samarium-153 i 190 5 —
Scandium-46 é 10 ; 10
Scandium-47 % 100 | o
Scandium-48 % 10 ; -
Selenium-75 i 10 % 90
Siticon-31 i 100 f -
*Silver-105 E 1 -
*Silver-109 % 0.1 -
Silver-110m f 1 —-
Silver-111 100 -
*Sodium-22 10 10
Sodium-24 10 ---
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Radiod (a)(b) _Column A ( )i _ Column 8
adioisotope Basic Quantity Maximum Permis-
(uCi) ;Zlgts)BO?yc?L)lr-
. ! u
; i

Strontium-85 10 60
Strontium-89 1 4
Strontium-90 0.1 2
Strontium-91 10 _—
Strontium-92 10 _—-
Sulphur-35 , 100 90
Tantalum-182 10 7

*Technetium-96 1 _——
Technetium-97m 100 —
Technetium-97 100 60
Technetium-99m 100 -
Technetium-99 10 -
Tellurium-125m 10 20
Tellurium-127m 10 7
Tellurium-127 100 —_——
Tellurium-129m 10 3
Tellurium-129 100 -
Tellurium-131m 10 ——-
Tellurium-132 10 _——
Terbium-160 10 20
Thallium-200 100 ---
Thallium-201 100 ---
Thallium-202 100 ===
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& < y
Radioisotope(a)(b) Basigoéﬂg:t?ty(c) Max1;8;ug2r$1s-
(uCi) S1bl8 Body Bur-
den (uCi)
Thallium-204 10 10
*Thorium (natural) 50 0.01
Thulium-170 10 9
Thulium=-171 10 90
Tin-113 10 30
Tin-125 10 _—
Tritium (See Hydrogen-3)
Tungsten-181 10 ——
Tungsten-185 10 ——-
Tungsten-187 100 _—
*Jranium {natural) 50 0.005
Uranium-233 0.01 0.05
Uranium-234-Uranium-235 0.01 0.03
*VYanadium-48 1 _—
Xenon-131m 1000 _—-
Xenon-133 100 _——
Xenon-135 100 ——-
Ytterbium-175 100 ——-
Yttrium-90 10 —
Yttrium-91 10 5
Yttrium-92 ! 100 _—-
Yttrium-93 | 100
Zinc-65 ! 10 60
Zinc-69m 100 0.7
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Column A Column B
Radioisotope(a)(b) Basic Quantity(c) Maximum Permis-
(uCi) sib}e Body Bur-
den (uCi)
Zinc-69 1000 0.8
Zirconium-93 10 100
Zirconium-95 10 20
Zirconium-97 10 ----
Any alpha emitting radionuclide 0.01 —
not 1isted above or mixtures of
alpha emitters of unknown com-
position
Any radionuclide other than 0.1 ----
alpha emitting radionuclides,
not 1isted above, or mixtures
of beta emitters of unknown
composition

*State-licensed radioisotopes (see footnote b).

(a)

The preceding table contains all radioisotopes listed in Appendix
C of "10 CFR Part 20" and paragraphs 4.19, 4.20, and 10.9 of the
New Jersey Radiation Protection Code.

(b)

The possession and use of naturally-occurring and accelerator-pro-
duced radioisotopes are regulated by the State of New Jersey.
Those radioisotopes for which the source is known to be primarily
naturally-occurring materials or accelerator production, and are
thus most likely to be subject to State jurisdiction, have been

marked with an asterisk.

For those cases in which a radioactive

material is known to have been produced in an accelerator or ob-
tained from naturally occurring material and the radioisotope is
not marked in the table with an asterisk, the "Health Physicist”
must be consulted to obtain the correct basic quantity.

(c)

For the purposes of Sections 4 and 9, where there is involved a
combination of radioisotopes in known amounts, the 1imit for the
combination should be derived as follows:

Determine, for each radioisotope in the combination, the ratio be-
tween the quantity present in the combination and the 1imit other-
wise established, in the table , for the radioisotope when not in
combination. The sum of such ratios for all the radioisotopes

in combination may not exceed "1."
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EXAMPLE: If an individual holds a Limited Possession Number for

(d)

(e)

2 mCi of C-14 and 10 mCi of H-3, he or she must be quali-
fied and apply for an Authorization Number in order to
possess more than 1.3 mCi of S-35. This is determined

as follows:

2000 uCi 1%C , 10,000 uCi °H , 1300 uCi 35S _ 4
10,000 uCi 15,000 wCi 10,000 wCT

The denominator in each of the above ratios was ob-
tained by multiplying figures in the table by 100 or
using a maximum 1imit of 15 mCi as indicated in Section
4.

The values for maximum permissible body burden are taken from "Re-
commendations of the International Commission on Radiation Protec-
tion (ICRP): Report of Committee II on Permissible Dose for Internal
Radiation," 1959. Maximum permissible body burden is defined as
that amount of the radioisotope which, when continuously present

in the body, will result in the maximum permissible dose rate to

the critical organ, that organ of the body whose damage by radia-
tion results in the greatest damage to the body. The values for
maximum permissible body burden in this table are for the case

where the radioisotope is present as a soluble compound.

The value for maximum permissible body burden for I-125 does not
come from the 1959 ICRP report but is, instead, an approximate
value derived from the maximum permissible concentration of I1-125
in air established by the Nuclear Regulatory Commission.
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APPENDIX D

Maximum Permissible Doses and Concentrations

External Dose

The maximum permissible dose (MPD) as established by "10 CFR Part 20"
and the New Jersey Radiation Protection Code is as follows:

Rem Per Rem Per Cumulative
Calendar | Calendar | Life Total
Year Quarter Rem
Whole Body Exposure; head 5 1.25 <5(N-18)
and trunk; active blood- where N is
forming organs; lens of age at last
eyes; or gonads birthday
Hands and forearms; feet 75 18.75
and ankles
Skin of whole body 30 7.5

Internal Dose

Internal occupational doses are limited by established controls
over the concentration of airborne and waterborne radiocactive
materials. The limits are specified in Table I, Appendix B. The
1imits set forth in Appendix B are based on a 40 hour week, and
an adjustment shall be made in the concentration limits if the
number of exposure hours is either greater or less than 40 in

any seven consecutive days.

Minors

The permissible dose limits for minors, persons under 18 years of
age, are as follows:

a. Dose limits for external radiation are 1imited to 10 percent
or less of the limits specified in paragraph 1 above.

b. Exposure limits for airborne and waterborne concentrations of
radioisotopes are those specified in Table II, Appendix B. The
concentration may be averaged over periods not greater than
one week.

Pregnant Women and Women of Child-Bearing Age

The dose limits for pregnant women are determined by consideration

December 5, 1979



D.2

v U : 3 !

of the dose to the unborn child. The maximum dose received by the
fetus, as a result of an occupationally received dose to the mother,
shall not exceed 500 mrem. Since women of child-bearing age may

be pregnant without realizing it during the first months of preg-
nancy, they may wish to routinely use the dose limits for pregnant
women.

"Unrestricted Areas"”

Radiation levels in excess of the following are not permitted in
“Unrestricted Areas"”

a. radiation levels which, if an individual were continuously pre-
sent in the area, could result in a dose to the individual in
excess of two millirems in any one hour; or

b. radiation levels which, if an individual were continuously
present in the area, could result in a dose to the individual
in excess of 100 millirems in any seven consecutive days; or

c. radiation levels which could result in an individual receiving
a dose in excess of 500 millirems in one calendar year.

Effluents

Permissible concentrations in effluents released (air and water) to
unrestricted areas are those specified in Tahle II of Appendix B.
The concentration limits may be averaged over one year for the
entire University. This paragraph does not apply to disposals to
the sanitary sewers which are described in Section 15.

~

Medical Exemptions
None of the Timits in this appendix are to be interpreted as apply-

ing to the intentional exposures of patients to radiation for the
purpose of diagnosis or therapy.
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APPENDIX E

Roentgens, Rads, Rems, and other Units

Roentgen (R)

The Roentgen (R) is the special unit of exposure, which is the measure
of the ifonization produced in air by x or gamma radiation. Exposure
is the sum of the electrical charges on all jons of one sign produced
in air when all electrons liberated by photons in a volume element

of air are completely stopped in air, divided by the mass of the air
in the volume 2lement. Specifically, the Roentgen is defined as

2.58 x 16°% Coulombs of charge produced by x or gamma rays per kilo-
gram of air. Thus, the Roentgen characterizes a radiation field by
an indirect measurement of an effect, namely, the jonization produced
in air.

The Roentgen has several limitations. For example, it is limited to

x or gamma radiation; it is impractical above several MeV; and more
importantly, it is not a measure of absorbed dose. It is retained

and used because it is satisfactory for most gamma energies encoun-
tered and because measurement of air ionization is still widely used.

Rad

The energy actually absorbed by a sample or a biological system is
obviously more important than the effect the incident energy has on
air, especially when attempting to relate dose and effect. For this
reason the concept of absorbed dose is used; i¥.e., the energy ab-
sorbed per unit mass. An absorbed dose applies to the energy de-
posited by any kind of radiation in any kind of material. The special
unit of absorbed dose, the rad, is equivalent to the absorption

of 100 ergs of energy per gram of material,

Relationship Between the Roentgen and the Rad

It can be shown that one gram of air will absorb 87 ergs of energy
and that one gram of soft tissue will absorb 96 ergs of energy when

exposed to a radiation field which produces an exposure of one Roentgen.

This is true to within two percent for gamma energies from 0.1 MeV

to 3 MeV. Thus, for many practical health physics problems, over the
range of energies usually encountered, the rad and Roentgen are often
used interchangeably.

Rem

For radiation protection purposes it is useful to define a quantity,
the dose equivalent, which describes the effect of radiation on tis-
sue. Equal absorbed dosés of radiation may not always give rise to
equal risks of a given biological effect, since the biological effec-
tiveness may be affected by differences in the type of radiation or
irradiation conditions. Thus, the dose equivalent is defined to be
the product of the absorbed dose and a modifying factor or factors:

Dose Equivalent = Absorbed Dose (rads) x Quality Factor,
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where the quality factor, the most commen modifying factor, takes
into account the relative effectiveness of the radiation in pro-
ducing a biological effect. The special unit of dose equivalent is
the rem.

5. Quality Factor

The values for quality factor given in the table below are those re-
commended by the International Commission on Radiological Protection
in ICRP Publication 26:

Type of Radiation Quality Factor (QF)
X Oor gamma rays 1
Beta particles, electrons 1
*Neutrons and protons of unknown energy 10

Singly charged particles of unknown energy
with rest mass greater than 1 amu 10

Alpha particles 20

Particles of multip'e or unknown charge of
unknown energy 20

*QF is a function ¢~ energy. The values of QF for neutrons and pro-
tons of known energy are found in ICRP Publication 21. The QF for
neutrons is also tshulated in Appendix G.

The value of the qu.iity factor for each type of radiation depends

on the distribution .{ the absorbed energy in a mass of tissue. For
example, the increzsed effectiveness of neutrons relative to gamma
rays is believed tc e reiated to the higher specific ionization of
the recoil protons liberated by neutron bombardment as compared to
the specific ionizarion of the secondary electrons arising from gamma
ray irradiation. Tihe values of quality factor are known to vary

with the biological effect being observed, and in some cases are
still a matter of controversy for the same biological effect.

Curie (Ci)

The Curie is the special unit of activity,which is a measure of the
amount of radioactivity present in a substance. One Curie is that
amount of radioactive material which will produce 3.70 x 1010 nu-
clear transformations (disintegrations) per second.

New Units
The International Commission on Radiation Units has called for a con-
version from the present radiation units to the Systéme Internationale

system of measurements. These new units will be phased into use and
will replace the old units over the next few years. They are:
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Quantity

1 Bequerel (Bq) = 1 disintegration per second; replaces the Curie.

Exposure

No special unit; Coulombs per kilogram will be used instead of the
Roentgen.

Absorbed Dose

1 Gray (Gy) = 10% ergs per gram; replaces the rad as a unit.

Dose Equivalent

1 Sievert (Sv) is equivalent to 100 rems, but replaces the rem as
a unit.
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APPENDIX F

Gamma and Beta Dose Rate Data

1. Gamma dose rate data

A11 values are given in mrem/hour for the distances specified.
Roentgens have been converted to rads (soft tissues) and then
to rems using a QF of 1.

a. Gamma dose rates per millicurie for various gamma energies
assuming 1 gamma ray per disintegration:

Photon Energy Dose Rate

(MeV) (mrem/hr @ 30 cm)
0.02 2.1
0.03 0.92
0.05 | 0.42
0.10 0.49
0.20 1.1
0.30 1.8
0.50 3.1

, 0.60 3.7

; 0.80 4.8
1.0 5.8
1.5 7.9
2.0 9.7

! 3.0 12.8 |

j

Adapted from Table A-3 in The Physics of Radiology by H. Johns
and J. Cunningham, Charles C. Thomas, Publisher (1974).
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Gamma dose rates per millicurie for some commonly used gamma
emitters:

Dose Rate (mrem/hr/mCi) |

Radioisotope @ 30 cm @ 100 cm

7Be ~ 0,32 ~ 0.03

2%Na 20 1.8

Sicr 0.17 0.02

ShMn 5.0 0.45

59Fe 6.8 0.61

60(o 14 1.3
12571 ~ 0.75 ~ 0.07
1311 2.3 0.21
137¢s 3.5 0.32
203Hq 1.4 0.12
226Ra3 and 8.8 0.79

L Daughters

Adapted from Radiological Health Handbook, 1970 edition.

A useful rule of thumb for estimating the dose rate from a
point source gamma emitter:

mrem/hr @ 30 cm = 6 (A) (E)

where A = source activity in millicuries
E = total gamma energy per disintegration in MeV

Over the energy range 0.07 to 4 meV this yields a value within
+ 20% of the true value.
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2. Beta dose rate data

a. Beta dose rates to skin from a 1 millicurie unshielded
point source, neglecting air absorption:

| Maximum Beta Energy Dose Rate @ 10 cm

: (MeV) (rem/hr/mCi)
0.25 2.2
0.30 _ 3.4
0.40 5.0
0.50 5.2
0.60 5.1 |
0.80 4.9
1.0 4.6 |
1.5 4.0 %
2.0 3.6 |

from "Rough Estimates of Beta Doses to the Skin" by W.G.
Cross, Health Physics, ll.(453), 1965.

b. A useful rule of thumb for estimating the skin dose
rate from a beta particle emitter (assuming one beta
particle per disintegration):

The dose rate from an unshielded point source is
5 rem/hour/millicurie at 10 cm.

This yields values good to within a factor of two, for

beta emitters with a maximum beta energy greater than
300 KeV.
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APPENDIX G

Neutron Dose Data

Conversion factors and effective quality factors for neutrons,
as recommended by the International Commission on Radiation
Protection in ICRP Publication 21

Neutr?;es?ergy (neutrggg;ggsiogecfggsoarem/hr) | Effecfaye l
2.5 x 10~8(thermal) 260 2.3
1 x 1076 220 2

1 x 1074 240 2
0.01 280 2
0.1 48 7.4
0.5 14 11

1 8.5 10.6
2 7.0 9.3
5 6.8 79
10 6.8 6.8
20 6.5 6.0
50 6.1 5.0

(a) Maximum dose equivalent divided by the absorbed dose at
the depth where the maximum dose equivalent occurs.

The Nuclear Regulatory Commission has set forth a similar but some-
what more conservative table, which indicates the neutron flux
equivalent to 100 mrem in 40 hours, in "10 CFR Part 20." The

data in the table above have been chosen for inclusion, however,
because they are based on more current information and because
effective quality factors are prov1ded in the ICRP table. It
should be noted that the NRC, using the information from the table
in "10 CFR Part 20," states that, when the energy distribution is
unknown, 14 x 108 neutrons/cm2 shall be assumed to be equivalent

to one rem.
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3. Averaged neutron dose per unit flux for several neutron sources.

Data provided by M. Awschalom.

(0-24 MeV)

Source mrem/n/cm?2
239py-Be 3.5 x 10-5
235y (Fission) 2.8 x 10-°

1/E spectrum 7.9 x 1076

4. Dose rate from 1 Curie 23%Pu-Be source:

2.2 mrem/hr @ 100 cm

based on typical emission rate of 2 x 108 n/sec.
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APPENDIX H

S

Relative Hazard from Absorption of Various Radioisotopes into the

(

H.1

Body'@

Activity Ranges(c)

t

Hazard Classes for Ygsious Low Medium High
Radioisotopes Level Level Level
Very High Hazard
A. 210pg,227Ac,228Th,230Th,237Np,238py,| Up to 10 uCi Over
_ 100 uCi to 1 mCi
239py,240py,241py,242py,242Cn, 10 mCi
transuranium elements
*B, 210pp,226Ra,228Ra,241Am
High Hazard
A. %5Ca,%0Sp,1291,210B§,224Ra,233y, Up to 100 uCi Qver
1 mCi to 10 mCi
22Na ,465¢,60C0,106Ry,1257,1311, 100 mCi
137 (g, lu4Ce
Medium Hazard
A. 14C,3157,32p 355 36(C1,47Sc,S5Fe, Up to 1 mCi to Qver
10 mCi 1 Ci 100 mCi
89Sy, 90y, 20477 ,220Rp, 235y
*B 2uNa, “ZK,HBV,SICF,S“Mn,SGMn,59Fe,
S“Cu,552n,85Rb,99Mo,1°9Cd,113Sn,
Low Hazard
A. 3H,18F,59Nj,69Zn,71Ge, 238U, Nat- Up to 10 mCi Over
100 mCi to 1 Ci
ural Th, Natural U, Noble Gases 10 Ci

*B.

7Be

*Emits gamma radiation in amounts significant for external exposure
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Adapted from NBS handbook #92, "Safe Handling of Radiocactive
Materials," March 1964

The estimated relative hazards of radionuclides are based on
their physical properties and their maximum permissible con-
centrations in air and water. The classifications above are
for soluble forms of the radionuclides and take into account
the types of compounds in which the nuclides are encountered,
their specific activity, their volatility, and the maximum
permissible dose limits.

The levels within the activity ranges refer to the degree of
protection required against internal deposition for the quanti-
ty of radioisotope present. The ranges overlap at the upper

and the lower end of each level, indicating that there are no
sharp transitions between the quantity levels, group classifi-
cations, or associated protection techniques. Modifying factors
may be applied to the quantities handled, according to the
complexity of the handling operation. The following table in-
dicates .how the quantities listed above might be modified, ac-
cording to the tvpe of operation:

Use Modifying Factor

;Storage only x 100

Simple wet operation x 10

Normal chemical operation x 1

Complex chemical operation .

with high spill risk. X 0.1
'$fmp1e dry operation X 0.1

Dry, dusty operation X 0.01

The amount of activity handled and the type of operation per-
formed will affect the protective techniques designed into a
laboratory, such as floor, wall, and work bench finishes, venti-
lation, fume hoods, and other items including shielding and
glove boxes.

As an example of how the table might be used, consider the fol-
Towing situation:

Suppose the "Health Physicist" has determined that, in order

for an individual to receive an Authorization Number for a quan-
tity of I-125 that corresponds to a high level of activity, an
individual's lab must possess a charcoal filtered glove box.
Since the table indicates that the use of more than 10 mCi of
I-125 is considered a high level of activity, the "Health Physi-
cist" would require a researcher planning to use 20 mCi of I-125
in normal chemical operations to have a charcoal filtered glove
box. If, on the other hand, the researcher plans only to store
the 20 mCi of I-125, a glove box would not be required because
the modifying factor of 100 for storage raises the activity
equivalent to a high level to more than 1 Ci.
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APPENDIX I

Hazards of Analytical X-Ray Equipment

Sources of Radiation

The National Bureau of Standards Handbook 111 provides the following
information on the sources of radiation hazards from analytical x-ray
equipment.

Hazardous radiation may come from the following sources:
1. The primary beam

The primary beam is most hazardous because of the
extremely high exposure rates. Exposure rates of
4 X 105 R/min at the port have been reported for

ordinary diffraction tubes.

2. Leakage or scatter of the primary beam throtgh-
cracks in i11 fitting or defective equipment

The leakage or scatter of the primary beam through
apertures in i1l fitting or defective equipment can
produce very high intensity beams of possibly small
and irregular cross section.

3. Penetration of the primary beam through the tube
housing, shutters or diffraction apparatus

The hazard resulting from peretration of the useful
beam through shutters or the x-ray.tube housing is
slight in well designed equipment. Adequate shielding
is easily attained at the energies commonly used for
diffraction and fluoresence analysis.

4. Secondary emission from the sample or other material
exposed to the primary bLeam

5. Diffracted rays

Diffracted beams also tend to be small and irregular
in shape. They may be directed at almost any angle
with respect to the main beam, and occasiorally in-
volve exposure rates of the order of 80 R/h for short
periods.

6. Radiation generated by rectifiers in the high voltage
power suppiy '

Radiation from the high voltage power suppiy may result
from gassy rectifiers. The effective potential is twice
the potential applied to the x-ray tube. This condition
can arise at any time and the only effective counter-
measure is to shield the assembly that contains the
rectifiers.

December 5, 1979



1.2 ¢C o

B. Typical Exposure Rates

1. The following table provides information on t}picaT exposure
rates measured in and near diffractometers and spectrometers.

Point of measurement

Appr?xsmate exposure
rateld

(mR/second)

| Inside specimen chamber of

! spectrometer 10,000

. Inside crystal chamber of _

' 'spectrometer 5 i
Outside exit-window of < = ° é
spectrometer 0.0005 !

. .At-open port of diffraction =

-+ ~tube “tower D 2,900
At sample position of diffrac-
tometer 5
At receiving slit of diffrac-
tometer 0.5
At exit collimator of Debye-
Scherrer Camera (with no colli-
mator in position) 100

(a)

Assuming maximum tube operation

Adapted from “Incidence, Detection and Monitoring of Radiation from
X-Ray Instrumentation" by R. Jenkins and D. Haas in X-Ray Spectrometry,

4 (33), 1975.
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2. The following table provides information on typical exposure
rates measured under various conditions, using a copper target:

- KvP mA R/min* Filter |
35 18 2000 None
'35 15 360’ Nickel
- .41..35 30 .. f.—-600- 1}~ —Niekel- ~—
35 19 2900 ~:-[s5-Nickel
50 40 620 | " Vanadium

* measured at 6 inches from tube port.: .-

Taken from "X-Ray Diffraction and Other Analytical X-Ray:Hazards: A
Continuing Problem" by J. Lubenau et al. (1967), a paper .presented

at the 1967 Health Physics Society Annual Meeting.

113478
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