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INTRODUCTION
It is the policy of the University of North Carolina at Wilmington (UNCW) to provide a safe and healthy
environment for our students, faculty, staff and visitors.
In keeping with this policy, The University has established a written Radiation Protection Program (RPP)
consisting of this manual in conjunction with the related UNCW and Environmental Health & Safety
Department (EH&S) policy and procedures. The RPP incorporates the requirements of 10A NCAC 15
(North Carolina Regulations for Protection Against Radiation), which may be referred to hereafter
simply as ‘The Regulations’. These requirements encompass both the use of radioactive materials as
authorized under North Carolina Radioactive Materials License 065-0374-1 as well as a combined X-Ray
Registration, 65-E000098, authorizing the use of the specified X-Ray machines/facilities.
To ensure all operations meet the requirements of The Regulations and that all practices and procedures
are in accordance with accepted industry/research laboratory practice, this manual describes all program
elements and includes basic guidance and direction for users of radioisotopes, sealed sources and
machines that generate radiation. Please refer to EH&S RPP Policy/Procedures when additional or more
specific information is needed. If these prove insufficient or inapplicable to your needs; contact the
Radiation Safety Officer (RSO) for assistance.
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PART ONE
RADIATION PROTECTION PROGRAM
SECTION 1
ALARA
It is the policy of UNCW to ensure and maintain exposure to radiation from licensed radioactive
materials and registered X-Ray machines As Low As Reasonably Achievable (ALARA).
The above policy is not simply a ‘philosophy’ as is often described but also codified (See rule
.1603(b) of The Regulations) and having the weight of law. Thus, in addition to the various
categories for exposure (i.e. dose) limits established by The State, as given in Section 5 of this
manual, it is incumbent upon the licensee, UNCW, to keep both individual and collective radiation
exposure as low as we can manage by a thorough and thoughtful implementation of our Radiation
Protection Program and the safe and responsible behavior by those of us who work with, around or
use radioactive materials and radiation; to do what is proper and reasonable to protect ourselves, as
well as members of the public from unnecessary exposure.
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SECTION 2
ADMINISTRATION
2 A - DESIGNATED PERSONNEL
RADIATION SAFETY COMMITTEE (RSC)
A Radiation Safety Committee (RSC) has been established to oversee the use of both radioactive
materials and X-Ray machines. Committee members are recommended by the faculty senate and
appointed by The Chancellor. In addition to the appointed members, the RSO and a member of
UNCW upper administration are included as ex-officio (non-voting) members. The RSC is
responsible for and empowered to:
1) Ensure radiation and radioactive materials use considers practices, procedures and policies
designed to minimize risk of radiation exposure to the authorized users, radiation workers
and members of the public and to ensure exposure to radiation is ALARA.
2) Review all aspects of a prospective Authorized User's (AU) radioactive material ‘Use Permit’
application as well as applications for registration of radiation producing machines and
determine whether to approve, deny or modify a Use Permit application.
3) Ensure inspections for compliance with the NC Regulations and UNCW procedures are
performed, including an annual overall program review and periodic laboratory audits
which are to include radiological surveys of all facilities that contain radioactive
materials or X-Ray machines.
4) Submit radioactive material licensing and X-Ray machine registration requests to North
Carolina Department of Health and Human Services (DHHS), Division of Health Service
Regulation (DHSR), Radiation Protection Section (RPS).
5) Direct the RSO to act as official point of contact for UNCW with RPS and to assist in
performance of the above functions as and when needed to ensure maintenance of the RPP
and UNCW continued compliance with the law.
6) To ensure correction of non-compliance issues/items; enforcement action(s) may be
taken, based on the severity of the non-compliance as described under subtitle
‘Compliance with Program Requirements’.
The composition, duties and working protocol of the RSC are given in EH&S procedure ‘UNCW
Radiation Safety Committee By- Laws’.
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RADIATION SAFETY OFFICER (RSO)
A designated RSO is a requirement of and is named on each radioactive material license issued by
The State. EH&S provides oversight responsibility for daily operations conducted under the
university’s Radioactive Material License and X-Ray Registrations. Thus, the RSO is assigned from
this department and is responsible for implementing and ensuring implementation of various portions
of the RPP, for routine oversight and acts as official liaison to The State as well as between the
various Authorized Users (AU), their personnel and the RSC.
The RSO has the authority to immediately stop work that may present or pose an immediate hazard to
the life or health of a person or persons with regards to radioactivity or radiation. The RSO also has
the authority to seek reasonable remedy directly from the University Chancellor for situations that
arise or could arise that present a significant hazard to the life or health of a person or persons when
all routine and regular means for obtaining a remedy regarding the situation have been exhausted.
The RSO is also considered an Occupational Radiation Worker, as defined below, as he /she can be
expected to work with and/or handle radioactive material, referred to simply as RAM hereafter, and is
subject to the same radiation exposure limits as given under Section 5 of this manual.
Additionally, it is the responsibility of the RSO:
1) To act as the University’s official point of contact for the Radioactive Material License and XRay Registration Programs. The RSO is listed on the Radioactive Material License and in the
application(s) for X-Ray Registrations. The RSC may delegate some functions it is responsible for
to the RSO as needed or desired (Ex. Writing, submitting amendments to the RAM License).

2) To act in the capacity of the ‘operational manager’ for both RAM and X-Ray programs and
perform other related tasks as may be required or needed to maintain compliance with Radiation
Protection Section rules, regulations and policies.
3) Routine operational responsibilities include but are not limited to:
a. Performing routine and special radiological surveys and audits per our license
commitments, UNCW policies and procedures and as needed in keeping with accepted
health physics practice for control of radiation and radioactive materials.
b. Maintaining an exposure monitoring program for occupational radiation workers
including use of personal monitoring devices and/or conduct of radiological surveys to
determine and document the levels of radiation exposure accrued to individuals who work
with radioactive materials or radiation.
c. Ensure members of the general public do not exceed the exposure limits as set forth
for them in The Regulations through performance of radiological surveys and/or other
assessments.
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d. Maintaining a radioactive material inventory tracking program which tracks the
quantities and kinds of radioactivity from point of receipt of the material to point of
disposal. This program includes but is not limited to licensable sources of radioactivity
for both sealed and open form materials.
e. Documenting and maintaining the required written records per Radiation Protection
Section and UNCW policies and procedures, including audits of same for those
records generated by the various UNCW radiological facilities and their AU’s.

4) To attend RSC meetings as an ex-officio member, report on and consult in matters of
radiation safety, including but not limited to; routine program reviews, new authorized user
applications, waste storage and disposal, assessing personnel exposures to radiation for
occupational radiation workers and the general public, etc.
5) Assist with RPP purchase and disposal contracting. Negotiate other services with
contractors, vendors, AU’s and Registrants as may be required or needed.
6) Be available to provide technical assistance and information to UNCW primary
investigators, AU’s, Registrants, radiation workers, members of the RSC and the public
regarding RAM and radiation safety.
7) Assist in development of training programs in RAM use and radiation safety and to
provide instruction for same as needed or required to maintain compliance with The
Regulations and UNCW RPP policy/procedure.
AUTHORIZED USERS (AU)
An ‘Authorized User’ (AU) is a person who works with or oversees work with either radioactive
materials or X-Ray machines. For research institutions, such as UNCW where RAM or radiation is
being used, the term may be used synonymously with ‘primary investigator’ or PI. RAM users are
named on the license, Authorized X-Ray Operators on the X-Ray Registration Form. AU’s and
‘Authorized Operators’ are also considered an ‘occupational radiation worker’, as defined below, and
is subject to the same radiation exposure limits and has the same rights and obligations.
It is the responsibility of each AU or Registrant (as applicable) to notify the RSO immediately when:
1)
2)
3)
4)
5)

A spill of radioactive material occurs.
A person or persons may be injured inside a radiological restricted area.
A fire, flooding or other adverse incident occurs in or nearby a radiological restricted area.
A significant and/or unexpected change in radiation or contamination levels is observed.
Radioactive material is determined to be missing or lost.

Additionally, it is the responsibility of each AU or Registrant (when applicable) to outline in detail;
their expected use of radioisotopes, equipment containing sealed sources of radioactivity or X-Ray
machines. Considerations for safe use and handling shall include but not be limited to the following
areas:
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Design of Workplace
Personnel Monitoring
Area Monitoring
Shielding
Storage of Sources
Source Operations
Waste Collection
Decontamination
Emergency Procedures
Emergency Information
Waste Disposal
Training of Lab Assistants
Training of Students
Maintenance of Required Records

Once satisfactory information is presented to the RSC, they will review and evaluate the proposed
usage and safety measures to determine whether to issue a ‘Use Permit’ (See 2C of this section).
Once issued, the permit is for in-house use only and shall not be construed as the granting of a
Radioactive Materials License or issuance of an X-Ray Registration, which are the purview only of
the State.
Note: X-Ray registrations as issued by the State are based upon the X-Ray machine(s) to be used
within a pre-approved facility. The RSC approves the Use Permit, as given above, with provided
information translated onto the registration application and submitted to the State for issuance of a
registration. This Use Permit may require additional information (to that required on the registration
application) and measures be undertaken by the applicant to ensure safety is consistent within the
UNCW Radiation Protection Program, which policy and procedures are designed to ensure
compliance with all required aspects of The Regulations.
Appendix ‘A’ provides a completed RAM Use Permit application that contains operational
considerations for radiological facilities and which may be used as a template.
OCCUPATIONAL RADIATION WORKERS
The ‘occupational radiation worker’ is a person, such as a lab assistant, associate researcher or a
technician who works with either RAM or X-Ray machines. These personnel require the knowledge
and training or experience to handle radioactive materials and/or operate X-Ray machines. Classroom
training at UNCW is designed to provide sufficient knowledge for general safe handling and use
while On-The-Job training (OJT) is specific to the tasks and /or equipment the worker performs or
uses. Personnel designated as an ‘occupational radiation worker’ (hereafter referred to as radiation
worker) have specific responsibilities, as well as rights under The Regulations and the UNCW RPP.
This designation also allows the worker to receive radiation exposure up to the regulatory limits.
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ANCILLARY PERSONNEL
Ancillary personnel are those persons who do not work directly with (i.e. handle or use) radioactive
material or X-Ray machines but may need to enter radiological restricted areas containing RAM or XRay machines for purposes other than work with the material or radiation. Examples include
educational pursuits, or persons who may be stationed or work nearby such restricted areas. These
personnel also require training regarding basic knowledge of radiation, its properties and potential
hazards (i.e. Awareness Training) so they may perform their duties in a manner as to minimize
radiation exposure along with its associated risks. Radiation exposure limits for ancillary personnel
are the same as for a ‘general member of the public’.
For the purpose of radiation safety the term ‘member of the general public’ is defined under
Section 5, Controlling Exposure/Dose Limits
2B - COMPLIANCE WITH PROGRAM REQUIREMENTS
The North Carolina Regulations for Protection Against Radiation latest edition, the RAM license,
it’s amendments and their respective applications are the legal and overriding documents for all
licensable RAM. This means the license its amendments and commitments made in these applications
carry the weight of law. Either the licensed entity or The State may amend the application.
The X-Ray registration document lists each X-Ray machine allowed for use along with its authorized
users. The registration application includes the design specifications submitted for the facility
containing the machine(s) to be used. The facility design is reviewed by The State prior to issuance of
the registration. X-Ray machine users are expected to adhere to the applicable regulations for the
‘approved’ machine(s) to be used in the ‘approved’ facility.
RPP policy and procedures may be more restrictive (but not less so) than The Regulations. If there is
a conflict between RPP policy and procedures or a Use Permit and The Regulations, or other legal
documents described above occur, the aforementioned legal documents will take precedence over
RPP policy/procedures or the permit except where RPP policy/procedures are more restrictive, in
which situation RPP policy/procedures shall be adhered to unless an appeal is made and approved by
the RSC.
Compliance with The Regulations and UNCW RPP policy/procedures are overseen by the RSC with
the RSO generally acting on their behalf. Facilities and appropriate equipment therein, will be
inspected for compliance through periodic audits and radiological surveys. AU(s), Registrants,
radiation workers and others may also be interviewed as part of the audit process. Failure to comply
with The Regulations or the UNCW RPP may warrant enforcement action classified under the
program as Level A, Level B or Level C and taken in accordance with the following schedule:
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Level A: The highest level of severity: Resulting from a violation that causes an immediate
or high risk to safety, health or the environment, and/or a potential action against UNCW’s
RAM License or an X-Ray Registration. In summary, these violations include but are not
limited to; improper security, improper handling or release of radioactive materials and direct
human exposure to X-Rays used for research without proper authorization or consent. AU’s
or Registrants will be notified immediately in person and in writing if a level ‘A’ infraction
occurs. A level ‘A’ infraction can result in immediate revocation of authorization to use
RAM or X-Ray equipment and will result in immediate notification of all RSC members. If
the infraction is not corrected or an approved schedule of corrective action implemented
within ten days, the Use Permit will be revoked until the AU or Registrant’s privileges are
reinstated by the RSC.
Level B: A less serious infraction that presents a non-immediate risk to health, safety and/or
the environment, but could become a significant problem if not corrected. These violations
include but are not limited to; non-timely training of persons working with radioactive
materials or radiation, not conducting surveys, not wearing dosimeters when required,
improper or missing radiological postings or performing procedures that do not practice
ALARA. AU’s or Registrants will be notified in person and in writing from the RSO or his
designee and the RSC notified of the details of the infraction at its next meeting. If the
infraction is not corrected or an approved schedule of corrective action implemented within
fifteen days, the infraction will be elevated to a Level A.
Level C: A minor infraction, typically a record keeping issue that presents a minimal risk to
health, safety and/or the environment. These violations include but are not limited to; missing
or incomplete survey or inventory records, improper or missing labeling, missing or out of
date documentation as defined under the UNCW RPP. AU’s will be notified in person and in
writing from the RSO or his designee. If the infraction is not corrected or an approved
schedule of corrective action implemented within fifteen days, the infraction will be elevated
to a Level B.
2C - USE PERMITS
Each faculty member who wishes to use radioactive materials or radiation in their work or
research shall apply for a ‘Use Permit’. The Use Permit has three primary components.
1)

Lists the prospective AU or Registrant credentials and prior experience with
RAM or X-Ray machines.

2)

Provides a radiological design layout for the facility in which the material or XRay machines are to be used.

3)

Delineates the research protocol(s) with which RAM or radiation will be used.

The detailed information to be provided is given in Part II ‘AUTHORIZED USER AND
REGISTRANT PROCEDURES’
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Once a faculty or staff member has been named an AU on the RAM License or is listed on an XRay Registration (The Registrant) they will remain until requesting to be removed or when no
work with RAM or radiation has been performed for a period exceeding 12 months. When no
work has been performed, as noted, the AU or Registrant will be contacted to establish whether
they intend to perform any more work with RAM or radiation and if so, when they would expect
to perform this work. If no work is expected to be performed within 24 months from the last use,
action may be taken by the RSC to begin decommissioning of the facility or terminating the
Registration.
Changes, such as increases or decreases in the amount of RAM to be purchased, use of different
isotopes or significant changes in protocols, additional protocols or changes to the facility,
including the layout, etc. will require an amendment to the Use Permit be submitted. Additional
X-Ray machines to be added to a facility also require they be added to the appropriate X-Ray
Registration and thus also require an amendment to the Use Permit.
Use Permits will have a ‘sunset clause’ that assigns either a termination date for the permit or a
date in which the entire permit, as issued, will be reviewed by the AU for accuracy and currency
of content. Information in regards to any significant changes from the original permit should be
submitted to the RSO. The termination or review date should be one year from date of issuance.
Once completed, the Use Permit or any subsequent amendments shall be submitted to the RSO,
who will do a preliminary review of the information provided. Additional information or
clarification thereof may be requested by the RSO before forwarding to the RSC for approval.
Information provided through sunset clause reviews will be handled in the same manner as an
amendment.
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SECTION 3
ANNUAL PROGRAM REVIEW
The RSO will conduct a periodic review, at least annually, of the Radiation Protection Program
at UNCW. The review process shall consist of, at minimum, a review of the written program,
including the Radiation Safety Manual, field audits performed for each facility and their
associated AU(s) and Registrants, training conducted and radiation dose (both internal and
external) accrued to all individuals who come under the program, including an evaluation of dose
to the general public. It is performed to ensure compliance with The Regulations including any
changes to these regulations that may have been implemented since the last review and to
evaluate the effectiveness of the program and its various elements. The results of this review will
be provided to the RSC. A written report shall also be generated that includes the words ‘Annual
Program Review (or APR)’ and the date for the period reviewed. The review shall be maintained
on file with EH&S in accordance with the recordkeeping requirements of The Regulations.
Note: This process will not preclude less thorough but more frequent, periodic laboratory
audits/surveys to be conducted throughout the year, as established by this manual and/or the
RSO, to ensure continual compliance with The Regulations and UNCW RPP procedures.
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SECTION 4
RADIATION SAFETY TRAINING
Section .1003 of The Regulations contains basic guidance in this area.
Purpose
Radiation safety training shall endeavor to provide the basic knowledge and skills necessary for
minimizing the health risk associated with radiation exposure, including that which could occur
due a radiological emergency, to persons who work with or use radioactive materials and
radiation and also to those persons who frequent radiological restricted spaces or work adjacent
to them within UNCW facilities.
To support university faculty, staff and students having specific and/or special training needs in
radiation safety.
To allow unescorted access, as necessary, to radiological restricted spaces within UNCW
facilities.
Objectives
1) To provide occupational radiation worker training for all UNCW faculty, staff, students
and visitors at a level commensurate with the functions they are expected to perform for
the university which is related to their expected use of RAM or work with radiation.
2) To provide awareness level training in radiation safety for all UNCW faculty, staff,
students and visitors who may need to enter radiological areas during the course of duties
which are other than working with RAM or radiation.
3) To provide retraining (refresher) for the above individuals on a two year recurring cycle
for permanent employees who continue to work with or use RAM or radiation, are still
considered as ancillary personnel or if the training received is more than two years from
date of last training.
4) To ensure persons with prior experience and/or training have been trained to a level
commensurate with their expected duties at UNCW through review of their experience
and or training.
5) To provide specific and special (i.e. non-routine) training when needed for particular
departments and/or projects.
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Departmental Training Functions and Responsibilities
Environmental Health & Safety (EH&S):
1) Will provide formalized training in radiation safety at various levels as needed.
2) Will evaluate attendees of formal training to help ensure they can work with and use
RAM or radiation safely, understand the associated risks and their rights and
responsibilities as occupational radiation workers.
3) Will evaluate attendees of formal training to help ensure they can safely work in or
nearby radiological restricted areas through recognition of the hazards and in learning
such behaviors for these areas that minimizes risk.
4) Will, during performance of its periodic oversight audits of radiological facilities, include
interviews of persons in these areas as necessary to ensure training has been completed when
required and to gauge its effectiveness for personnel who have completed it.
Subjects
As presented in the Radiation Safety Training Course(s) outline (See Appendix B for general
list of subjects).
Materials
Courses may be implemented using one or more of the following types of materials:
1)

Written handouts.

2)

Audiovisual slide presentation(s).

3)

Individual program module(s) both written & graphic on disk.

4)

Internet/web program presentation.

Methods
1)

Classroom training whereby EH&S provides the training space, instructors and
training materials in a classroom type setting that may also include classroom
demonstration(s) and hands-on lab or:

2)

On-line training whereby EH&S provides the on-line programming and associated
training materials or:

3)

Self taught module(s) whereby EH&S provides the module(s) with associated training
materials.
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Evaluation
1)

Will be through typical written test using accepted formats for questions such as
multiple choice, true/false, matching and essay or:

2)

Oral interview(s) by the instructor(s) with students to ascertain their level of
understanding of the materials or:

3)

By combination of the above methods or:

4)

For persons who have prior experience or training in radiation safety; reviews of
documentation of their training and/or experience and oral interview.

Acceptance Criteria
1) By written testing method (including on-line and computer module): The student must
receive an overall test score of 70 to be considered competent or:
2) By oral interview: The student must demonstrate to an authorized instructor
understanding of the major subject categories as presented in the formal training and as
given in the Radiation Safety Training Course Outline or:
3) Prior training and experience verified through documentation, such as, certificates,
diploma in accepted field, application/affidavit by individual or written corroboration
through person(s) who know the individual and their related experience.
a) A written statement by either the RSO or Director of EH&S is required for a
person’s experience and/or prior training to be accepted in lieu of EH&S provided
training.
b) Person(s) whose prior training and/or experience have been accepted for initial
training purposes will not be exempt from retraining within the required interval
except as given under Exemption 1 and 5 (below).
Documentation
1) EH&S will maintain on file individual’s records of training provided by the department,
including attendance and completion of formal, as well as any hands-on training, for a
period of five years from the date(s) of the specific training provided.
2) EH&S will maintain on file records of prior training and/or experience as provided by an
individual for a period of five years from the date(s) the corroborating documents were
provided.
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3) Records of specific and/or special project training will be maintained on file with the
related information for the department requesting same or for the special project for
which the training was conducted as follows:
a) Departmental special request; 5 years from date of the particular training
conducted.
b) Decommissioning of any radiological restricted space; three years post NC
Radioactive Materials License termination.
c) All other special projects; 5 years from date of the particular training conducted.
(See Appendix C - Sample EH&S Training Attendance record)
Departments Possessing RAM or X-Ray Machines
1) Will only allow use or handling of RAM or X-Ray machines by individuals who have not
been trained in accordance with this policy through:
a) Direct supervision in the presence of an AU(s) named on the NC Radioactive
Material License or persons listed on a NC X-Ray Registration (i.e. Registrant)
and only:
b) For a period not to exceed 30 days.
2) Will ensure, except as given in item one (1) above, all persons who will use or handle
RAM or work with X-Ray machines are:
a) AU(s) named on the NC Radioactive Material License or:
b) A Registrant on a NC X-Ray Registration or:
c) Are considered adequately trained or experienced as described under the EH&S
section of this policy and:
d) Have successfully completed hands-on training as given in this section and:
e) Are under the supervision of an AU or Registrant.
3) Will provide hands-on training to all persons in their department for tasks that they are
expected to perform and who are not named as an AU on the NC Radioactive Material
License or listed on the NC X-Ray Registration(s) but whom are expected to use or
handle RAM or X-Ray machines.
a) The AU(s) or X-Ray Registrants from the department are responsible for
providing the requisite hands-on training in radiation safety.
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i.

Other Primary Investigators may not provide this training unless named on the
NC License or X-Ray Registration(s).

ii. AU(s) or X-Ray Registrants may not delegate this training to other than a
named AU or Registrant except as given in item b) below.
b) Other qualified individuals in the department may provide hands-on training
through proof of experience and/or training:
i.

By submitting request and supporting documentation to EH&S.

ii. EH&S may then submit, at its discretion, an amendment request to the State to
allow the person, whose credentials are included, authorization to provide
training in radiation safety.
4) Will ensure the following areas are covered in the provided training with radiation safety
considerations being tailored to the specific protocol(s) and/or procedures approved for
use:
a) The applicable sections of this manual for the tasks to be performed.
b) The applicable operation manual(s) for X-Ray machines and other radiological
equipment used directly in the tasks to be performed.
c) Proper use of protective clothing and equipment.
d) Contamination control techniques.
e) Use of survey and counting instruments.
f) Isotopic concentrations and specific activities.
g) Use of containments, such as fume hood, hot sinks.
h) Spill and accident procedure(s).
i) Proper disposal of waste.
j) Maintaining inventory of radioactive materials.
k) Security measures.
5) Will ensure documentation of the hands-on training provided to individuals by:
a) Maintaining a list of subjects covered which meet, at minimum, the above listed
areas.
b) A written record that includes; the name of the AU, Registrant or instructor, the
date the training was conducted, the signature of the trainee and that training was
provided per the attached subject list.
6) Will ensure availability of records of training by:
a) Maintaining a training file at the facility location(s) and by:
b) Submitting copy to EH&S for filing with the individual’s classroom training.
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7) Will provide to EH&S the names of all persons under their cognizance, including
students, who are expected to enter or frequent radiological restricted spaces regularly
(although not for the purpose of use of materials) and to the best of their knowledge;
those persons who may spend normal working hours in areas adjacent to restricted areas
under their cognizance.
Other Supporting Departments
1) Will provide to EH&S the names of all persons under their cognizance, including
students, who are expected to enter or frequent radiological restricted spaces periodically
(although not for the purpose of use of materials) and to the best of their knowledge;
those persons who may spend normal working hours in areas adjacent to such restricted
spaces.
2) Will provide appropriate caution notations, when needed, in their internal procedures and
also through their internal training program as to notification of EH&S: Prior to
performing work such as maintenance, repair, removal or replacement on building
installed systems such as plumbing, heating, A/C and ventilation systems, other
permanently installed components, such as benches, cabinets, machinery, lab appliances
or other equipment which are located inside or traverse through a radiological restricted
area.
Exemptions
The following persons may be exempted from the training requirements as set forth above:
1) UNCW faculty members who have been directly approved as an AU on the UNCW
Radioactive Material License or listed on an X-Ray Registration and have maintained an
active status as to their use of either radioactive materials or X-rays.
Note: Activity status is routinely monitored through the periodic audits conducted by the
RSO as given in Section 8 of this manual.
2) State Inspectors/members of North Carolina Agencies whose mission and expected level
of training meets or exceeds that set forth in UNCW Radiation Safety Training Course
Outline.
3) Persons, such as visitors, who are directly escorted inside radiological restricted areas by
a UNCW faculty or staff member who have been trained per this policy, named on the
UNCW Radioactive Materials License or listed on an X-Ray Registration
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4) Off-campus emergency personnel responding to an emergency that may take them into a
radiological restricted area.
Note: Efforts will be made by UNCW to assist and/or escort these personnel should entry
to a restricted area be deemed necessary. Emergency personnel may also offer, in
advance, proof of similar and acceptable training for a potential future entry into a
radiological restricted area. Training may also be offered and provided to these personnel
by UNCW upon formal request.
5) Training instructors for UNCW Radiation Safety Course(s), the RSO and the Director of
EH&S.
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SECTION 5
CONTROLLING EXPOSURE/DOSE LIMITS
Introduction
Frequently the terms ‘exposure’ and ‘dose’ are used interchangeably in the area of radiation
safety. However, they are not the same thing in a technical sense. Exposure, on the one hand,
refers to how much radiation is being emitted from a source of radiation (i.e. external exposure),
a measure of field strength, so to speak. Dose means ‘the amount of radiation absorbed’ into
matter. Most times we are referring to living tissue (i.e. the body of a person) but it could be any
matter. The sections below refer to ‘dose’ limits because it is the quantity of radiation absorbed
(for any type of radiation), in this case, human tissue.
In considering the (health) risk due to the dangers of radiation we find that we can evaluate that
risk in relative terms based upon the sum of the dose an individual has received or can be
expected to receive over a given time. To understand this better we find it expedient to provide a
brief explanation of the basis for the dose limits and what the meaning of dose is, along with a
few definitions and descriptions of other terms used in this section.
The various categories for the ‘regulatory limits’ pertain to exposure to ‘ionizing radiation’, i.e.
that type of radiation that can cause damage to living tissue due to ionization events in the tissue,
which differs from damage that may be caused by other types of radiation, such as microwave,
electromagnetic and laser radiation, to give several examples. The Regulations (except for those
pertaining to Tanning) are based on protection against ionizing radiation. Thus, the word
radiation, as used in this manual refers solely to ionizing radiation.
Each limit as codified under The Regulations, are based upon the recommendations of the
National Council on Radiation Protection (NCRP), which North Carolina has adopted from those
of the Nuclear Regulatory Commission (NRC) who has passed down its mandate to the State.
Each limit can also be generally described and considered as; an amount of radiation when
absorbed, (either acutely or chronically) that is expected to cause no readily observable biological
effects, (whether latent or immediate) and that poses an acceptably low probability of causing
cancer.
The various categories have differing limits due to the differing sensitivity to radiation of different
parts, including different organs, of the body and also whether the exposure is to an adult, child or
fetus, also due to differing sensitivities. These limits represent the total allowed from all sources, be
they external, internal or a combination thereof, as well as from all types of radiation (Ex. Gamma,
beta, etc.). This total from all sources is termed the ‘Total Effective Dose Equivalent’ (TEDE), and is
inherent to the definition of the limits.
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Internal exposures also have limits established that are listed collectively under the term ‘Annual
Limits on Intake’ (ALIs). The limits are given as a total activity (micro-curies) separated into
categories of oral ingestion and inhalation and are specified for each particular radionuclide that
may be inhaled or ingested and which would cause a Committed Effective Dose Equivalent
(CEDE) equal to the Occupational Dose Limits given below. An internal deposition of
radioactivity in the listed limit quantity would pose the same risk as the equivalent external
exposure limit. Each ALI takes into consideration the organ(s) or tissue exposed and the ‘total
effective half-life’ (i.e. the biological half-life and radioactive half-life combined) for the
radionuclide of concern in determining the dose received. When more than one radionuclide is
concerned in an internal exposure situation, a ratio of each particular nuclide concentration over
its given limit (ALI) is summed for the entire mix of nuclides to determine the CEDE. At
specified quantities any internal dose received must be summed together with the external dose
(i.e. the TEDE) which sum shall not exceed any of the occupational limits.
The list of ALIs can be found in Appendix B of 10 CFR Part 20 (20.1001 - 20.2401)
Maintaining Exposures ALARA
In order to ensure that dose to occupational radiation workers and individual members of the
public are kept within the limits and are ALARA as well; the RSC shall evaluate each Use
Permit Application to ensure that exposure from UNCW licensed operations are minimized.
Additionally, EH&S will periodically survey areas open to the public, including laboratories
where licensed operations may be performed as well as areas adjacent to such restricted areas to
ensure that workers and the public are not being unduly exposed to radiation.
Occupational Dose Limits
The dose limits for adults and minors are established under rule .1604 and .1609 respectively of
The Regulations and are paraphrased below. Note: Sv is the abbreviation for Seivert.
1) An annual limit, which is the more limiting of:
A) The TEDE being equal to 5 rems (0.05 Sv); or
B) The sum of the deep-dose equivalent and the CEDE to any individual organ or
tissue (other than the lens of the eye) being equal to 50 rem (0.5 Sv); and
2) The annual limits to the lens of the eye, to the skin, and to the extremities that are:
A) An eye dose equivalent of 15 rems (0.15 Sv).
B) A shallow-dose equivalent of 50 rems (0.50 Sv) to the skin or to each of the
extremities.
C) A TEDE to an embryo or fetus of 0.5 rem (0.005 Sv).
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Dose Limits for Individual Members of the Public
The definition given in The Regulations: .0104(101) "Public dose" means the dose received by a
member of the public from exposure to radiation or radioactive material released by a licensee
or registrant, or to another source of radiation within a licensee's or registrant's control. It does
not include occupational dose or doses received from background radiation, as a patient from
medical practices, from exposure to individuals administered radioactive material and released
in accordance with Rule .0358 of this Chapter, or from voluntary participation in medical
research programs.
A ‘member of the public’ can, in effect, be any person who has not been classified as a radiation
worker by the organization who is licensed or registered to use RAM or radiation. Members of
the public in this sense are an implied group of persons that may consist of not only persons at
large but also other employees of the licensed or registered organization, co-workers of persons
who are classified as radiation workers and even persons classified as radiation workers
themselves in another organization.
Caution: To be plain and specific, simply calling someone a radiation worker does not make it so
(See Section 4 and also Ancillary Personnel under Section 2).
The establishment of a lower (lesser) limit for members of the public vs. a person considered an
occupational radiation worker is an administrative one based on the current prevailing scientific
wisdom that any exposure to radiation, no matter how small, has some inherent risk, as well as
taking into consideration the ALARA ‘philosophy’ (See Section 1). As members of the public at
large do not receive training and are, in general, not aware of radiological areas where sources of
radiation are used it becomes the responsibility of the Licensee or Registrant to ensure they
remain below the ‘public limit’.
The dose limits for members of the public are established under rule .1611 of The Regulations.
UNCW (i.e. EH&S, AUs and/or Registrants) shall conduct operations so that:
1)

2)

The TEDE to individual members of the public from a licensed or registered operation
does not exceed 100 mrem (1 mSv) in a year.
The above limit does not include any dose contribution from;
a) Background radiation
b) Medical administration of RAM an individual has received
c) Voluntary participation in medical research programs

3)

The dose in any unrestricted area from external sources of radiation does not exceed 2
mrem (0.02 mSv) in any one hour.

Note: Where members of the public (Ex. Students) are allowed access to restricted areas, the
limits for members of the public continue to apply to those individuals. (See Section 4 of this
manual regarding Radiation Safety Awareness Training requirements).
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Compliance requirements to ensure dose limits for members of the public are not exceeded are
established under rule .1612 of The Regulations.
Compliance with the Limits
To demonstrate compliance with the dose limits for individual members of the public UNCW
shall; conduct surveys, as appropriate, of radiation levels in unrestricted and restricted areas or;
(By measurement or calculation) demonstrate that the TEDE to the individual likely to receive
the highest dose from a UNCW licensed or registered operation does not exceed the annual dose
limit.
Additionally; the activities of radioactive materials in effluents released from restricted areas will
be tracked in order to; demonstrate that the annual average concentrations of radioactive material
released in gaseous and liquid effluents at the boundaries of restricted areas does not exceed the
values specified in Table 2 of Appendix B to 10 CFR 20.1001 - 20.2401; and that an individual
who was continually present in an unrestricted area, would not receive a dose from external
sources of radiation that would exceed 2 mrem (0.02 mSv) in an hour and 50 mrem (0.5 mSv) in
a year due to such effluents from our licensed operations.
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SECTION 6
PERSONNEL EXPOSURE MONITORING
It is our goal to ensure that personnel who work with radiation or RAM do not approach the limits as
given above. In order to accomplish this, the following personnel monitoring procedures are
established:
Requirements for Personnel Exposure Monitoring
Appropriate personnel monitoring shall be provided to individuals who:
1.

Are likely to receive a radiation dose in any calendar year in excess of 10 percent of:
a)
b)
c)

2.

Are under 18 years of age and are likely to receive a radiation dose in any calendar year in
excess of:
a)
b)
c)

3.

0.1 rem deep dose equivalent; (whole body)
0.15 rem to the lens of the eyes
0.5 rem shallow dose equivalent (skin, extremities)

Are likely to have an uptake of radioactive material in any calendar year for:
a)
b)

4.

5 rems, total effective dose equivalent, to the whole body;
15 rems, eye dose equivalent, to the lens of the eyes;
50 rems, shallow dose equivalent, to the skin or to each of the extremities

Adults who may received an intake of 10% of the applicable ALIs; and
Minors and declared pregnant women whose intake may exceed a 0.1 rem (100
mrem) CEDE.

An assessment conducted by the RSO (with input from the AU or Registrant when
applicable) determines personnel monitoring is prudent or required, such as for:
a) Operation of specified analytical or medical X-Ray devices (See Section 15).
b) A specific job or task.
c) When additional dosimeters are to be used (Ex. fetal monitoring)
Or when:
d) Variable radiation fields may be encountered.

Notifications and Reports to Individuals
Radiation exposure data for an individual and the results of any measurements, analyses, and
calculations of radioactive material deposited or retained in the body of any individual shall be
reported to the individual in writing when:
1) The individual's occupational dose exceeds 100 millirem TEDE or 100 millirem to any
individual organ or tissue in a calendar year;
Or
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2) When the individual requests an annual dose report.
And
3) When the individual has had an over exposure occur that requires reporting to the State.
Note: For item 3 above, the individual should be sent their exposure report no later
than the report sent to the State.
Each report shall include the following information:
1) The University name and address and the full name of the individual.
2) The individual's exposure information.
3) Contain the following statement: This report is furnished to you under the provisions of
Section 15A NCAC 11 .1000: NOTICES: INSTRUCTIONS: REPORTS AND
INSPECTIONS. You should preserve this report for further reference.
When an individual requests an exposure report who was formerly engaged in work controlled by
UNCW, then;
1) A written report must be furnished within 30 days of the request or within 30 days after the
information has been obtained by UNCW, whichever is later.
2) Cover the period that the individual has requested exposure data for and provide, at
minimum, data for each calendar quarter within the requested period.
3) Include the dates of service of the individual in which they had worked under the UNCW
RPP.
Monitoring Devices
Personnel monitoring devices are commonly referred to as ‘radiation badges’ or more vaguely,
just ‘badges’. To distinguish between other common uses of the latter term this manual will use
the term ‘dosimeter’ in most cases. Dosimeter describes a class of devices that cumulatively
detects exposure to radiation providing an integrated measurement over the time period it is
exposed. They are generally worn by persons to measure dose they have received. Two categories
of dosimeters most commonly used for personnel monitoring are the thermo-luminescent
dosimeter (TLD) and the optically stimulated luminescent dosimeter (Ex. Landauer Luxel
badge). Each type detects radiation by a different method. Both these types can detect gamma,
energetic beta and X-Ray sources of radiation.
The typical dosimeter issued is in the form of a clip-on badge bearing the individual assignee's
name, start date for the monitoring period and a unique identification number. A specialized
form of dosimeter used for extremity monitoring, generally referred to as a finger TLD (or ring
badge) may also be used. All dosimeters currently provided for use are processed and reported
through a NVLAP certified commercial service company.
Note: Dosimeters may also be used on occasion as ‘area monitors’ as they have the capability to
integrate exposure over time providing data that cannot be obtained by typical portable radiation
survey meters.
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General Issuance Criteria
The RSO and the AU or Registrant will propose exposure monitoring requirements to the RSC for
approval during the course of the Use Permit Application for use of RAM or X-Ray machines.
The RSO will issue dosimeters when required or needed. In general, they will be provided for
individuals working with gamma, X-Ray or higher energy beta emitting radio-nuclides.
Dosimeters will not normally be issued to individuals who work solely with low energy beta emitters
such as H-3, C-14 and S-35.
Special placement and/or use of dosimeters, including issuance of additional dosimeters, will be
considered as an optional tool for ensuring radiation exposure is kept below the applicable regulatory
limits including when a female radiation worker declares her pregnancy and wishes to continue
performing her regular duties.
The RSO in conjunction with the AU or Registrant and with approval of the RSC may consider
specific circumstances under which dosimeters need not be worn by individuals who work with
radiation. However, in lieu of personnel monitoring, surveys for radiation levels that estimate the
highest level expected for personnel exposure shall be performed prior to the routine or regular use
of an X-Ray machine or RAM and shall be shown to be below the requirements for the wearing of
dosimeters, as given above. Furthermore, such surveys will be performed periodically to ensure
levels have not significantly changed over time.
Monitoring Protocol
1.

EH&S will request prior occupational dose histories from all past employers of current
UNCW radiation workers. Radiation worker exposure will be limited to 10% of the
occupational dose limit until the current dose history is received. If the history is not received
this 10% limit will remain in place until the current year has ended at which time the limit
will revert to that given in The Regulations.

2.

Dosimeters will generally be exchanged on a monthly basis but may be exchanged
quarterly depending on anticipated exposure levels as evaluated by the RSO. Extended or
varying monitoring periods will generally be avoided but may be used as a cost saving
measure when deemed necessary. Exchange periods shall not exceed a quarterly
frequency.

3.

A record shall be maintained by the RSO which includes the name of each individual issued
a dosimeter, the dosimeter identification number and the date of issuance. The date of return
of a dosimeter will also be recorded in the case of a dosimeter that is not returned in a timely
manner for its routine processing.

4.

All personnel dose records, including bioassay records (See Internal Exposure - Bioassay,
below) shall be maintained by the RSO, who will review the records for exposure levels as
compared to the limits and for unexpected anomalies, inconsistencies or for administrative
errors on the reports.
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5.

Any monitored individual may request his/her current period dose or dose history
(including bioassays performed) be provided to them, which request shall be fulfilled
within a reasonable time frame. Routine monitoring records will be made readily
available for review by monitored individuals either in print or through electronic means.
Personal information regarding the individual (Ex. Social security numbers) will not be
posted for general viewing.

6.

It shall be the responsibility of each individual monitored person to wear and use
dosimeters issued to them properly. (See ‘Use of Dosimeters’ below)

7.

The AU and Registrant are responsible for assuring their radiation workers are wearing
dosimeters appropriately when required and that they are returned to EH&S in a timely
manner for reading.

Use of Dosimeters
When one dosimeter is issued to an individual it is to be worn on the body where radiation exposure
to the trunk of the body (i.e. the head, torso and upper legs and arms) will best represent actual dose
to the wearer overall. This is commonly called the ‘whole body badge’. A dosimeter assigned for
whole body monitoring is not to be used to monitor other parts of the body. A whole body location
is always a requirement when additional dosimeters are used. In this case additional dosimeters will
be issued and assigned for each location on the body that is to be monitored.
Routine placement of whole body dosimeters are on the front of the body between the waist and
the neck. The wearer should avoid practices such as clipping the dosimeter to a lanyard or loose
fitting clothes as distance and angle from the body may affect the reading and not be truly
representative of the actual dose received by the individual. When a protective (leaded) apron is
worn, the dosimeter is to be worn at the collar, outside the apron. In some circumstances, where
exposure of the head and lenses of the eyes is negligible, the badge may appropriately be worn
under the apron. The RSO should be consulted for advice in placement of the whole body
dosimeter whenever non-routine circumstances may be encountered.
Special extremity monitoring dosimeters (finger TLD rings) come in a variety of sizes and may
be worn either on the right or left hand. These ‘rings’ may be issued when there is a need to
handle certain sealed sources of radiation or when manipulating materials that emit energetic beta
radiation (Ex. Phosphorus 32). When wearing finger TLD rings the TLD element (label area)
should be turned toward the palm. Gloves should be worn over the ring when contamination is
possible.
Dosimeters should be stored in a low radiation area (i.e. at natural background levels) when not in
use. This includes placement away from certain electronic devices (Ex. computer monitors). They
should be handled carefully and must not be left where environmental extremes of heat, moisture or
direct sunlight could alter their reliability. Ensure they are not inadvertently washed or dry cleaned.
Dosimeters should be firmly secured when worn, used only for UNCW occupationally related
activities and should not be taken to other than a UNCW occupational location (i.e. home, etc.).
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A radiation worker should not wear a dosimeter when he/she has undergone nuclear medicine
procedures. The RSO shall be informed of any radiation worker who has undergone such
procedures.
The exposure of a personnel monitoring device to deceptively indicate a dose delivered to an
individual is prohibited by The Regulations.
External Exposure Investigational Levels
The RSO will investigate all reported exposures that exceed 1.5 percent of the limits given in Section
5, ‘Occupational Dose Limits’. This investigation will be aimed at improving procedures and work
habits in an effort to maintain dose ALARA.
Internal Exposure Monitoring
It is considered that the potential for an internal uptake of RAM, with subsequent exposure, to
occur due to inadvertent failures of procedures and equipment may increase, when certain
combinations of radio-nuclides, chemical or physical forms and activities are involved. Although
this possibility exists; current UNCW health physics practices and the type of material possessed
support the likelihood that few, if any, procedures currently using RAM would allow for a
significant personnel uptake.
To ensure conditions that could cause a possible uptake, along with consideration of appropriate
measures to prevent or minimize the possibility; a review of any ‘open form’ RAM usage that
appears to have this potential is performed as part of the Use Permit Application. Areas reviewed
to assure that safe use will be routinely maintained are the; specifically associated safety features
written in the protocol(s) submitted, equipment used, facility set-up and the AU staff experience.
A determination for performance of routine internal monitoring (Ex. Bioassays), including the
frequency thereof, is recommended by the RSO, with the input of the RSC.
Bioassays
Some UNCW research protocols currently used do incorporate radionuclide form and activity
combinations that warrant monitoring when certain quantities are used. ‘Standard conditions’ are
listed on the license which state when internal monitoring is required and how it is to be applied.
These conditions are also deemed as policy under this program.
Bioassay is a method of determining the kind, quantity or concentration, and location of
radioactive material in the human body by direct (in vivo) measurement or by analysis of
materials excreted from the body (in vitro) which is the method currently used by UNCW for
determining dose from internal exposure when applicable.
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Performance Requirements
A ‘baseline’ bioassay (i.e. taken prior to working with open form materials at UNCW) should be
conducted for all individuals who meet the criteria for routine bioassay monitoring as given below
under sub-heading ‘Bioassay - Radionuclide Form and Activity Limits’. A baseline bioassay may
also be warranted and requested when an individual who works with radioactive materials does so in
a specific facility that also has individuals working in it who are monitored by bioassay.
Routine bioassay monitoring will be conducted when any individual is working with radionuclide
form/activity combinations exceeding established activity limits as given below. "Working with"
includes withdrawing an aliquot from a stock supply that itself exceeds a limit, even though the
activity actually used is below the bioassay limit.
Specifically, urine bioassays (in vitro) will be performed, when and as required or when deemed
prudent, in the opinion of the RSO, given the types and quantities of open form material that may
be used at a given time at UNCW.
Collection, preparation and temporary storage of urine samples when provided by personnel per
the requirements of the RPP will be directed and overseen by the RSO. Sampling is to be
conducted using a ‘chain of possession’ form to ensure sample quality and integrity is
maintained.
(Appendix D of this manual provides a ‘sample’ chain of possession form)
Measurement and analysis of samples will be performed through the services of an outside
certified vendor. Standard methods for bioassay evaluations are normally sufficient to measure
body or organ uptakes of radio-nuclides to a small fraction of a Maximum Permissible Body
Burden. (See also explanation of ALI above)
In addition to those individuals who are routinely monitored for internal exposure; UNCW will
honor a request that a bioassay be performed for any radiation worker who works with ‘open
form’ material and suspects a possible uptake. Bioassays will also be performed when an incident
occurs that causes or is suspected to have caused a possible uptake.
The RSO will also periodically evaluate and or review:
1) Usage of open form materials possessed, along with particular conditions of use that could
trigger requirements for performing routine bioassays.
2) Routine bioassay monitoring currently being conducted, including, in a timely manner, all
reports on individuals who have undergone bioassay.
4) If an unexpected and serious uptake (i.e. accidental conditions) requires a different form of
detection, measurement and analysis, such as ‘in -vivo’; these services will immediately be
sought out to ensure that the exposure to the radiation worker(s) is quickly and properly
determined, with any remedial actions that could be taken to reduce the dose that could be
accrued.
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Bioassay - Radionuclide Form and Activity Limits
A - Tritium (H-3)
1) Working with 100 millicuries or more of tritium in ‘open form’ at any one time shall
require collection of a urine sample for bioassay within 24 hours, if possible, but not later
than 72 hours.
2) In addition to the conditions of item 1: Continuous use of tritium requires bioassays be
performed at bi-weekly intervals (each two weeks) unless urine concentrations measured
are below 7.5 microcuries/liter which condition allows bioassays to be conducted at
monthly intervals.
3) Intake shall be limited to 8 x 104 microcuries per calendar year.
4) An average concentration in excess of item 3 above shall be reported to Radiation
Protection Section within 30 days.
B - Carbon-14, Phosphorus-32, Sulfur-35
Urinalysis is required within 24 hours, if possible, but not later than 72 hours following suspected
ingestion or inhalation.
C - Other Radio-nuclides and Additional Measures
Additional urinalysis or other type(s) of measurements (Ex. In-vivo body or thyroid count) may be
conducted, depending on the radiological and biological attributes of the specific radionuclide(s) of
concern.
Summation of Internal and External Occupational Dose
It is the policy of UNCW to sum internal and external occupational dose when the radiation
worker requires both internal and external radiation exposure monitoring and when the worker's
intake of the radioactive material(s) yields a total CEDE that exceeds 10% of the prorated yearly
limit for that monitoring period. ALI values as given in Appendix B to 10 CFR 20.1001 20.2401 are used to determine whether the intake limits have been exceeded. When the need to
sum internal and external occupational exposures arises, a written request is made to the
dosimeter provider to update the radiation worker's dose history accordingly.
Example: Monthly urinalysis reveals that a radiation worker has had a 20 microcurie intake of Carbon 14 in
a given month. A total CEDE of 50 mrem is calculated based on this intake. Because the monthly prorated
dose limit to this worker is 400 mrem (5000 mrem/12 months) and 50 mrem exceeds 10% of 400 mrem, it
would be necessary to add this calculated exposure to the worker's permanent dose history

Bioassay results will be recorded and maintained as part of the radiation worker's overall personnel
monitoring history.
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SECTION 7
FETAL EXPOSURE CONTROL
Introduction
UNCW has adopted as policy The National Council on Radiation Protection and Measurements
(NCRP) recommended dose limit, for the entire gestation period, of 500 millirems (0.500 rem) to
the conceptus (embryo/fetus). This policy is enacted to provide additional protection for the more
radiosensitive conceptus, and to establish specific procedures for providing this extra safety
measure.
Assuring an additional level of radiation protection for the conceptus of a radiation worker
requires close cooperation with the RSO. The concerned radiation worker should contact the
RSO as early as possible for the associated safety information as this will maximize the benefits
provided by the information.
Radiation Safety and Related Information
A discussion regarding radiation safety for the conceptus will be scheduled with each radiation
worker who declares her actual, suspected or planned pregnancy. It will be held with the RSO or
a knowledgeable designee along with her supervisor or knowledgeable designee. Topics
discussed will include this policy, radiation safety aspects of the radiation worker’s job, current
annual dose history, the existing potential for occupational radiation exposure and any additional
safety measures to be taken to minimize exposure. A copy of Appendix E, Instruction
Concerning Prenatal Radiation Exposure (From Nuclear Regulatory Commission Regulatory
Guide 8.13) will also be provided.
During the discussion an opportunity to ask questions will be offered. It shall also be noted that
the full cooperation of the radiation worker is expected in order to successfully ensure control of
the conceptus dose and that the worker shares responsibility along with her supervisor and the
RSO.
Note: Radiation safety discussions on this topic and a copy of Appendix E will also be made
available to any other interested party upon request.
Confidentiality Regarding Pregnancy
It is realized that an individual radiation worker may choose to maintain the confidentiality of
their pregnancy status for a time. Regardless, any radiation worker may still obtain conceptus
exposure and related radiation safety information at any time, through the RSO, without
declaring her pregnancy status. However, every potentially pregnant radiation worker is also
urged to consider her supervisor's safety responsibilities and freely involve the supervisor in all
work-related situations. It must also be stated that the University has no obligation to provide
specific radiation exposure precautions for her conceptus until she declares her pregnancy status
to the RSO.
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Declared Pregnancy
When a radiation worker wishes the University to be involved in limiting her conceptus’ radiation
exposure within the 500 millirem dose limit, she must declare her actual, suspected or planned
pregnancy in writing.
As the involvement of supervisory level personnel is also an essential part of the University's safety
management policy, the worker’s supervisor, as well as the RSO, must also be informed. It shall be
pointed out to the worker that no economic penalty or loss of job opportunity will occur as a result of
the declaration and that, if necessary, consideration for a work assignment change, as is consistent
with UNCW personnel policy, may also be useful for controlling radiation exposure.
The ‘safety discussion’ as described above will then be scheduled with the radiation worker, her
supervisor and the RSO or designees. At the end of the discussion, the radiation worker and her
supervisor will be asked to sign a ‘certification’ form declaring the pregnancy and confirming that
this policy has been discussed, a copy of Instruction Concerning Prenatal Radiation Exposure has
been provided, personnel monitoring has been established when necessary and that the supervisor
will be involved in ensuring any recommended additional protective measures are taken from the
time of declaration to the end of the gestation period.
(See Appendix F - Certification Form for the Pregnant Radiation Worker)
Monitoring Requirements
1) When total exposure over the entire gestation period is likely or expected to be equal to or
greater than 100 millirem (0.100 rem) monitoring is required.
2) When monitoring is already being performed for the radiation worker of concern, fetal
monitoring will also be required.
3) Monitoring may also be put into effect upon evaluation of the worker’s particular work
situation, including information brought forth during the radiation safety discussion and the
judgment of the RSO regarding the general welfare of the worker.
Exposure Control and Monitoring Procedures
1) When the ‘declared’ radiation worker is to be monitored for external exposure a ‘fetal’
dosimeter will be assigned with a frequency of change-out of no less than monthly.
2) When the ‘declared’ radiation worker is a user of open form material in quantities that,
on occasion, warranted bioassays in the past; the ‘continuous use’ condition discussed in
Section 6, ‘Bioassay - Radionuclide Form and Activity Limits’ will be put into effect.
3)

For radiation workers who are not currently being monitored either externally
(dosimeter) or internally (bioassay); the RSO will re-evaluate the potential exposure the
worker may face and a determination made as to whether the lower monitoring
requirements for the embryo/fetus would warrant monitoring.
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4) The University's responsibility to ensure the conceptus remains below the 500 millirem dose
limit begins when the radiation worker declares her pregnancy or intended pregnancy in
writing.
5) When the occupational radiation dose of a declared radiation worker exceeds 50 millirems
for any month since declaration:
a.

The radiation worker may request:
(1) Maternity leave (for those employees actually pregnant)
(2) Other paid leave
(3) Leave without pay
(4) Reassignment within their work unit, or
(5) Transfer

b.

A student radiation worker may request:
(1) Reassignment within their work unit, or
(2) Reassignment to research not using RAM or radiation

c.

The supervisor should respond to requests per UNCW personnel policy.

6) In conjunction with the 500 millirem conceptus dose limit, the commitment to ALARA will
be applied.
7) All radiation workers have the individual responsibility of adhering to UNCW radiation
safety procedures contained in the UNCW Radiation Safety Manual and any approved Use
Permit they work under.
Fetal Dose Action Levels
1)

The RSO will investigate all reported external doses in excess of 30 millirems.

2)

External dose reported which is less than 50 millirems in a month will normally be
accepted as that month’s conceptus dose unless unexpected anomalies, inconsistencies
or administrative errors are determined to have occurred and which would have an
effect on the dose as reported.

3) If the dose reported through a personnel radiation monitoring service provider indicates
the possibility of a conceptus dose in excess of the 500 millirem limit:
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a) The radiation worker will not be allowed to continue work with RAM or radiation
until;
b) A special investigation is conducted. The investigation will take into full
consideration the type of energy of radiation involved, protective shielding that
might have mitigated conceptus dose and shielding afforded by the mother's body.
The investigation results will be discussed with the declared radiation worker and
a written report provided, and;
c) If the dose as reported or recalculated by appropriate methodology is still in
excess of the limit, the required notifications to Radiation Protection Section shall
be made.
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SECTION 8
AUDITS, SURVEYS & INSTRUMENTATION
Audits
Periodic audits (inspections) conducted by EH&S are used to evaluate tasks and operations under
the RPP that concern AU/Registrant and EH&S responsibilities. They are performed for a given
facility, location, room or area. In contrast, routine (radiological) surveys concentrate on direct
radiological aspects (i.e. radiation and contamination levels) and are considered a subsidiary
check performed within the framework of a proper audit.
Audits are a valuable method for determining compliance with The Regulations and UNCW RPP
policy and procedure. Audits also provide a method for looking at trends regarding the above so
that corrective actions may be taken to avoid compliance issues but more importantly to aid in
the prevention of incidents which could potentially threaten the safety and or health of persons
who work in or frequent radiological facilities as well as provide a means to evaluate whether
risks associated with RAM or radiation use may affect members of the general public.
The audit should not be considered as a replacement for self-assessments and or surveys
conducted by an AU, Registrant or radiation worker in regards to their own responsibilities under
the RPP.
1)

Routine audits of radiological facilities shall be conducted on a periodic basis and will
consist of at minimum:
a.
b.

A review of the pertinent and required records for the facility being audited.
Evaluation for proper radiological posting of the facility, room or area and labeling of
any applicable equipment and items therein.
c. A performance review of radiation workers at the facility to include their
training/qualifications, use of personnel dosimetry and PPE when applicable.
d. Performance of a radiological survey for levels of radiation when required or applicable.
e. Performance of a radiological survey for levels of contamination when required or
applicable.
f. Documentation of the above items.
2) The frequency of routine audits may be different for different facilities based upon type of
use and whether the facility, room or area is considered as active or inactive. At a
minimum:
a.
b.
c.
d.
e.
f.

X-ray facilities in use will be audited at least once per calendar quarter.
X-ray facilities not in use will be audited at least once per calendar year.
RAM facilities in use will be audited at least once per month.
RAM facilities not in use will be audited at least once per calendar quarter.
RAM storage areas will be audited at least once per calendar quarter.
Temporary use or storage areas will be audited at least once per month.
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3)

Audits may be conducted at greater frequencies than the above when deemed prudent or
necessary by EH&S, the RSO or the RSC.

(See appendix G for sample audit forms for RAM and X-Ray facilities)
Surveys
EH&S Responsibilities
Routine radiological surveys will be conducted in conjunction with audits as required above and
will include surveys of both radiation levels and contamination levels when applicable.
A routine survey will be conducted once per calendar year for registered X-Ray equipment.
Radiological surveys will be also conducted when:
1)
2)
3)
4)
5)
6)
7)

Additions or removal of RAM appear likely to cause significant changes in radiation
levels present in the facility, room or area.
A package of RAM is received at UNCW and in accordance with the requirements of The
Regulations (See also Section 11).
An item or piece of equipment used for radiological work in a restricted area is to be
released for unrestricted use.
Any X-Ray equipment has its location changed, has undergone maintenance or repair
such that the X-Ray tube(s) required realignment, reinstallation or replacement.
Performing monitoring for ‘Compliance With Dose Limits For Members of the Public’,
per rule .1612 of The Regulations.
Performing EH&S procedure ‘Decommissioning (Release) of Radiological Restricted
Spaces and Equipment’.
Otherwise deemed prudent or necessary.

(Appendix ‘H” provides sample radiological survey forms)
AU Responsibilities
It is the responsibility of the AU to routinely monitor contamination levels and evaluate radiation
levels at their facility. ‘Action levels’ are given below as a guide. Radiological surveys may be
qualitative in nature unless the approved Use Permit or research protocol calls for quantitative
assessment of radiation level or radioactivity. Contamination surveys are used to determine
whether gross (relatively high) contamination levels have occurred outside designated use
(contamination) areas and to monitor levels within the restricted area. Radiation surveys, when
applicable are used to determine whether levels have increased significantly due to work with
RAM.
The AU(s) of each facility shall ensure radiation level and /or contamination surveys, as
applicable, are conducted:
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1) Once per week, at a minimum, for all areas of usage when open form RAM has been
used in any given week and after the last use of such RAM for that week. This survey
shall be documented.
2) Whenever sources of RAM are removed from a shielded location or container (beta
or gamma emitters) and when put back or re-shielded.
(Appendix H provides sample radiological survey forms)
Registrant Responsibilities
X-Ray Registrants are not currently required to routinely monitor radiation levels in their
facilities due to the design of the current equipment used which limits radiation output and
‘designed-in’ safety features, which under normal use and conditions further limit significant
radiation exposure outside of the equipment’s physical enclosure.
Registrants must adhere to all manufacturer operating instructions/manuals to ensure the highest
level of safety is maintained.
For Registrants who possess a portable survey meter; spot checks should be made to ensure
X-Ray equipment is operating as expected in regards to radiation levels generated.
Radiation/Contamination Action Levels
The RSO shall be notified whenever:
1)
2)

3)

4)

Radiation levels, as measured qualitatively or quantitatively, reach 5 millirem/hr in a
restricted area.
Radiation levels, as measured qualitatively or quantitatively, reach 3 times normal
background (background in general approx. equals 0.02 mrem/hr, beta-gamma) outside
of a restricted area.
Contamination levels, as measured qualitatively or quantitatively, exceed 200
dpm/100cm sq. outside or inside a restricted area but outside of a designated
contamination area.
Contamination levels, as measured qualitatively or quantitatively, exceed 2000
dpm/100cm sq. inside a designated contamination area.

Note: Notwithstanding safety concerns, relatively higher than normal contamination or radiation
levels may, of course, adversely affect the results of the work or research being conducted.
Decontamination will be initiated when:
1)
2)

3)

Contamination levels, as measured quantitatively, exceed 50 dpm/100cm sq. outside of
a restricted area.
Contamination levels, as measured quantitatively, exceed 200 dpm/100cm sq. inside of
a restricted area but outside of a designated contamination area.
Contamination levels, as measured quantitatively, exceed 2000 dpm/100cm sq. inside of
a designated contamination area.
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Records of Surveys
EH&S will document all radiological surveys performed except for items and equipment used by
the surveyor during the course of the survey. Personal surveys (frisks) also need not be
documented.
AU routine radiological surveys conducted should be documented in order to make other
personnel who use the facility aware of locations and levels of contamination and radiation,
determine trends, show effectiveness of decontamination performed and to provide a detailed
radiological history of the facility, room or area for future decommissioning purposes.
‘Spot checks’ of equipment and personal surveys (frisks) need not be documented.
Record retention times are given under Section 16.
(Appendix H provides samples of radiological survey forms that contain the basics for good
documentation)
Instrumentation
(Rule .1613 of The Regulations provides guidance on types and calibration of equipment used to
detect radiation and/or contamination)
UNCW is committed to ensure that the types of instruments used to monitor radiological
conditions due to our licensed and registered operations are available and proper for the kind of
radiation to be measured and that sufficient numbers are maintained for the expected workload
and in case of instrument failure.
Radiation detection instruments used for quantitative determination of radiation and/or
contamination levels shall be calibrated at a frequency of no less than 1 year intervals. Such
calibrations shall be performed by a Radiation Protection Section listed/authorized vendor
service.
Radiation detection instruments used for qualitative determination of radiation and/or
contamination levels shall be tagged or labeled as for ‘limited use’ or similar verbiage.
Radiation detection instruments that have expired calibrations but are otherwise fully functional
may be used for qualitative determination of radiation and/or contamination levels and shall be
tagged or labeled for ‘limited use’ or similar verbiage.
Radiation detection instruments that are inoperable for purposes of detecting contamination or
radiation shall be tagged or labeled as ‘Out of Service’ or similar verbiage.
Inspections and Operational Checks
Each portable survey instrument used to detect radiation and/or contamination shall be physically
inspected prior to first use for each day used as follows:
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1) A visual check for damage to case, meter face, detector cable(s) or function switches,
knobs, etc.
2) A check to confirm that the calibration is current (if to be used for quantitative
measurements).
Each portable survey instrument used to detect radiation and/or contamination shall be ‘function
checked’ prior to first use for each day used as follows:
1) A battery check
2) Audible output (when available)
3) A radiation response check (to an actual source of radiation) for each detector or
probe to be used with the instrument.
Each portable survey instrument that does not pass the above inspection and checks shall either
be tagged or labeled as for ‘limited use’ or ‘out of service’ depending on which inspection or
checks are not satisfactory. Any instrument that, once in use, appears to be unreliable in making
measurements shall be replaced by another instrument until such time its reliability can be
confirmed.
Instruments used for quantitative determination of contamination levels, either by direct or
indirect (wipe samples) means shall be checked for obvious damage to the machine or system
and function checked in accordance with its operating manual. Machines or systems, such as
liquid scintillation counters (LSC), which have automated self-check systems shall not be used
(i.e. bypassed) if such self-checks show a system failure or failures.
Any operator of a system such as the above should notify other users that the machine or system
is inoperable or now has limitations on its use.
Important Note: Any instrument used to take measurements for a ‘dose of record’ to a radiation
worker or for a person involved in a radiological incident and in lieu of being able to obtain such
measurement through use of personal dosimetry shall not only be calibrated, inspected and
operability checked as committed to above but shall in addition be ‘calibration checked’ to a
source of radiation of known quantity. In order to be considered fully functional for this purpose
the instrument shall be tested to be within +/- 10% of the given source strength by means that
ensure reliable reproducibility of the test (i.e. a fixed geometry) each time it is made. This
calibration check requirement does not apply to measurements made to determine the general
dose to the public.
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SECTION 9
SECURITY REQUIREMENTS
Security requirements for sources of radiation are established under rule .1622 of The Regulations
1)

Open form material will be stored under lock and key in an unmovable container when
not in use. Persons with access to the locked container shall provide their names and
contact information to the RSO. Issuance of key(s) shall be limited only to those
individuals who must access the material for their use. Keys shall not be kept in
conspicuous places whereby persons who do not work with the materials can readily
locate them.

2)

Sealed sources installed in portable field equipment when not in use will be kept in a
locked cabinet within a room with limited access.

3)

Refrigerators used for storage of RAM will be (or be made) lockable.

4)

Rooms and laboratories that contain and/or store open form materials are considered as
‘Restricted Areas’ and should be locked and/or otherwise secured from general entry
when unattended.

5)

X-Ray machines will be kept in a lockable area with limited access. Access may be
limited by mechanical and/or electronic locking devices.

Required Notifications
1)
2)

EH&S shall be informed immediately upon suspected or actual loss or theft of
RAM.
EH&S shall be informed within 24 hours of any suspected or actual breach of a
secured radiological facility.

EH&S should also be notified when:
1)

2)

Inquiries or encounters with the public or press regarding specific information about the
UNCW Radioactive Material License an X-Ray Registration or operations conducted
under these.
An unauthorized access into a restricted area or X-Ray facility occurs.
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SECTION 10
INVENTORY TRACKING AND CONTROL
Introduction
Inventory tracking for all open form (i.e. not sealed) RAM is accomplished through the Radiation
Tracking System (RTS) a web based computer program maintained by UNCW Information
Technology Systems Division. RTS is accessed through the U-Business Login. System
Administrators, the RSO and the AU(s) can access RTS using their university e-mail address and
password once they have been initially entered into the system.
The RTS has multiple functions designed to track RAM from the actual purchase of the material
to the point of disposal through UNCW acceptable waste streams. Tracking shipments of ‘low
level radioactive waste’ (LLRW) to a final disposal facility is handled by the RSO and is not a
function included in RTS.
The RTS, although an automated method of inventory control, simply replaces older paper
methods and is dependent on accurate input by the authorized personnel. It automatically
performs usage calculations based on input and takes into account the radioactive decay of the
available isotopes over time. All RAM input is in units of millicuries. Building sanitary sewer
volumes are pre-input for the ‘disposal to sewer’ function, as calculating effluent activity
concentrations are also a State requirement.
The system is not designed to track ‘splits’ or fractions drawn off from a given stock isotope by
the user. It is the AU responsibility to track such splits from point of creation to point of disposal
within their own facility.
The RTS is a good tool for tracking open form RAM inventory. The RTS, however, is only part
of the whole process of inventory tracking and control. General use of the RTS is integrated into
the policy described below.
Part II of this manual, when completed, will provide specific directions for user input to the RTS.
Currently, if a User has questions about RTS, contact the RSO.
Finally, ‘Sealed Sources of Radiation’ also require inventory and control measures. Required
‘leak testing’ of sealed sources are also included in this subsection below.
Use and Tracking of Open Form RAM
Prior to ordering radioactive materials, the AU will:
Initiate a request to the RSO describing the proposed purchase. Normally a request for purchase
of RAM is input through the RTS. However, should the system be down or experiencing
problems manually completed forms can be used, provided all information as would have been
input to the RTS is included on the manual form(s).
(Appendix I provides a form for a written ‘Request for Purchase of Radioactive Materials’)
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All orders of RAM shall be shipped to the main campus ‘Central Receiving Department’.
To help ensure personnel do not bypass the system or purchase RAM illicitly the UNCW
Purchasing Department by procedure will flag any order appearing to request radioactive
materials or isotopes. Additionally, Warehouse Services are expected to notify EH&S and/or the
RSO of any package received that is labeled as RAM.
A system administrator must set up the specific parameters, such as type, quantities and use
locations of isotopes allowed for each AU. Each parameter can also be edited by an administrator
in order to accommodate new materials or quantities allowed. Once completed, the system is
ready for initial input by the AU which begins the tracking process.
The AU enters information regarding type and quantity of isotope(s) to be purchased along with
vendor information, including the ‘distributor’s’ radioactive material license, expected date of
arrival, etc. Once this information is input an automated notification is sent to the RSO who must
review and approve the purchase.
Note: A request for material should be at least 72 hours in advance of the anticipated arrival date.
The RSO will evaluate whether the order will violate any current license requirements or
radioactive material limits. Once the order is authorized a unique number is assigned to each
isotope/quantity to be purchased which remains actively attached to that isotope until completely
used (i.e. all activity is disposed of). The system then notifies the AU of the approved request for
purchase (For a written request the RSO, or designee will notify the AU that the purchase can be
made).
Note: The RTS will ‘flag’ any pending purchase request that violates either the AU specific
limits established (isotope and activity) or the overall total limit allowed under the license.
When the isotope(s) have been received at the central receiving warehouse an administrative
level system user or the RSO enters the necessary information regarding the package in
accordance with the requirements of Section 11. An automated report or written report, including
all the required information, shall be kept on file for each package of RAM received.
The isotope information is now available on the RTS for the specific AU who purchased the
material and who is thereafter automatically notified (and required) to update their isotope use for
each assigned ‘control number’ once per month.
(Appendix J provides a ‘Radioisotope Inventory Control Form’ when manual tracking may be
required)
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Disposal and Tracking of Open Form RAM Waste
An administrator or the RSO uses the ‘create drum’ function of the RTS to set-up waste tracking for
each facility. Drums (i.e. containers) can be created for solid and/or liquid waste. In general, each
facility has at least one solid waste drum but can have multiple drums to use for tracking waste.
Each drum created has a unique number assigned to it by the system. The isotope and form of
RAM allowed in the drum are also pre-set by an administrator or RSO. New drums once created
become ‘available’ to the AU for disposal input at his/her facility or to EH&S for physical drums
stored in the radioactive waste storage facility.
A third type of drum that can be created in the system is the ‘transfer drum’. This drum does not
have a physical counterpart, unlike the solid or liquid waste drum and so is a virtual drum only.
The purpose and function of the transfer drum is to maintain accurate inventory tracking when
RAM is transferred to another licensee, as opposed to being disposed of.
Special Note: At this time the transfer drum function is not fully operational and inputs should
not be made using this type drum. Contact the RSO if RAM needs to be transferred to another
licensee.
Each facility also has a sewer disposal option for allowable liquid waste that the AU can use to
track disposals to sanitary sewer.
RAM that has been used is ‘virtually’ disposed of into one of several pre-setup waste categories
now available to the AU. The RTS will automatically track waste generated from each assigned
isotope and tally activities to the pre-set drums, as well as sewer disposal concentrations through
AU input.
The AU is responsible for ensuring the actual waste is properly disposed of and that the RTS
system reflects the actual disposal and that all physical containers used for waste are marked with
the RTS assigned drum number.
EH&S can accomplish solid waste consolidation of small waste drums into larger shipping
containers while maintaining accurate inventory tracking through the RTS ‘combine drums’
function. This function tallies one assigned drum’s contents into another while maintaining the
second drums tracking number and storing the first drum’s number and use history.
(See Section 12 for ‘Radioactive Waste Disposal’ policy)
Sealed Sources of Radioactivity
Definition (per The Regulations): "Sealed source" means radioactive material that is permanently
bonded, fixed or encapsulated so as to prevent release and dispersal of the radioactive material
under the most severe conditions which are likely to be encountered in normal use and handling.
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Sealed sources generally fall into two categories. These are normal form and special form. An
example of normal form is the ‘button check source’. These are generally manufactured using
non-licensable quantities of various isotopes. An example of special form is the engineered
source capsule in an LSC used for the device’s daily QA checks. These are generally
manufactured using licensable quantities of various isotopes and can be traced by serial or lot
numbers.
Requirements for sealed sources can be found in many sections of The Regulations. In general
these requirements concern inventory and leak testing and are documented in the standard
conditions listed in our radioactive material license. These requirements are incorporated below.
Inventory and Leak Testing Requirements for Sealed Sources
Manufacturer documentation concerning the make, model, serial number and original
manufacturer leak test for the source should be maintained on file in the RPP files.
Upon receipt of a machine or device which contains a licensable quantity sealed source, EH&S
shall complete an inventory control form. Each form shall contain:
1)
2)
3)

The location of the source.
The source serial or lot number.
The isotope and activity of the source.

Inventories shall be conducted, at a minimum, within six-month intervals from date of receipt
and shall document a physical inspection of the source on the inventory control form that
includes:
1)
2)

The date of the inspection.
The person who made the inspection.

(Appendix K contains a sample ‘Sealed Source Inventory Form’)
All licensable quantity sealed sources in use shall be tested for leakage and/or contamination (i.e.
a leak test) at intervals not to exceed six months, except for alpha emitting sources, which shall be
tested within a 3 month interval. Sources in storage shall be tested prior to first new use, transfer
or disposal if outside of the prior 6 month (or 3 month) test frequency.
Licensable sealed sources of 100 microcuries or less, for beta and gamma emitters, and 10
microcuries or less, for alpha emitters, are exempt from leak tests.
Leak tests will be performed by persons specifically authorized by the Radiation Protection
Section.
Results of leak tests shall be in units of microcuries. If the test reveals the presence of 0.005
microcuries or more of removable contamination the source shall immediately be removed from
service.
A written report shall be made to the Radiation Protection Section within 5 days of determination
that any licensable quantity sealed source failed any leak test.
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SECTION 11
RECEIVING RADIOACTIVE PACKAGES
Requirements for the receipt and opening of packages are established under rule .1627 of The
Regulations.
1) All authorized orders of RAM should be delivered to:
UNCW Central Receiving Department located at:
5179 Lionfish Drive, Wilmington, 28403.
The RSO shall make arrangements with UNCW Central Receiving Department to be
notified of the arrival of a package containing RAM and to take possession of the package
expeditiously.
2) Any package labeled as containing radioactive material shall be monitored as follows:
a) All external surfaces for radioactive contamination.
b) All external surfaces for radiation levels.
Or;
c) Any package known to contain radioactive material; for contamination and radiation
levels if there is evidence of the package being crushed, wet, or damaged.
3) The monitoring shall be performed as soon as practicable after receipt of the package, but not
later than three hours after the package is received at the facility if it is received during
normal working hours or not later than three hours from the beginning of the next working
day if it is received after working hours.
4) UNCW shall immediately notify the Central Receiving Department, the final delivery carrier
and Radiation Protection Section when:
a) Removable radioactive surface contamination exceeds the limits of 220 dpm/100cm sq.
of alpha contamination or 2200 dpm/100cm sq. of gamma-beta contamination; or
c) External radiation levels exceed the limits of 200 mrem/hr; at any point on the surface of
the package.
Notwithstanding the limit for notification in item 4c) above; an investigation shall be initiated by
the RSO when external radiation levels are found to be greater than 2 mrem / hr. at 12 inches
from packages either labeled as containing RAM or known to contain RAM. The investigation
shall concentrate on whether any individual member of the public could have received in excess
of the public limits as described under Section 5 of this manual.
Package surveys should be performed in a non-contaminated low background area. Once surveys
are completed delivery of the package should be made as soon as practicable to the AU who
ordered the package. Packages should not be left unattended. If a personal delivery is not
immediately possible the AU should be contacted and notified that a RAM package has arrived.
Arrangements shall be made to either deliver the package directly to the AU or his qualified
designee or to store the package in a secured facility until delivery can be made.
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SECTION 12
RADIOACTIVE WASTE DISPOSAL
Section .1200 and .1600 of The Regulations contains guidance in the area of waste disposal.
The following requirements are a part of the UNCW waste handling & disposal plan:
A.

Mixed wastes are EPA-hazardous, or toxic chemical/solvents that contain radioactivity.
Disposal of this type waste is very expensive. Many chemicals/solvents are banned from
landfill disposal and solvents containing RAM are not allowed to be incinerated except
by specially permitted facilities.
Generation of "mixed hazardous waste" will be avoided whenever possible.
Use Permit Applications will be evaluated for type and quantities of waste expected to be
generated. Alternate processes that avoid creation of mixed hazardous waste will be
explored.

B.

Solid wastes generally consist of absorbent materials, disposable gloves, and disposable
sample containers (Ex. Scintillation counting vials). This category of waste is generally
termed as Low Level Radioactive Waste (LLRW).
Liquid wastes are not to be disposed of in LLRW containers provided for AU facilities.
Residual liquid left in sample containers after disposal of liquid waste to sanitary sewer is
acceptable but should be kept to a minimum.
When deemed prudent or necessary, non-chemically hazardous radioactive liquids (Ex.
Vacuum pump oil) for disposal, in limited volumes, may be solidified (i.e. absorbed)
prior to disposal. The AU shall contact the RSO regarding consideration for disposal of
any liquid waste through the solid LLRW stream.
All radioactive waste containers provided (or used) shall be clearly labeled as containing
RAM. Containers that are permanently labeled as containing RAM shall be marked as
‘empty’ when not being used. No other type of waste (i.e. general trash, other disposables
used with chemicals, etc.) shall be disposed of in these containers.
The AU shall notify EH&S when their facility radioactive waste container(s) is/are
approaching full capacity. EH&S will pick-up dry solid waste upon request for temporary
storage at the radioactive waste storage facility to await shipment.
The AU shall ensure that each waste container is marked with its unique tracking number,
that the contents of the drum, as to isotope(s) and activity total(s) for each, are marked on
the drum prior to pick-up.

C.

Sealed sources installed in equipment will be purchased with an agreement, whenever
possible, that the sealed source can be returned to the vendor at the end of the useful life
of the source.
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D.

Liquid radioactive waste that is normally generated during the research process and that
generally contains small quantities (microcurie levels) of the original open form material
that has been fractioned off and diluted in a water soluble sample media (Ex.
biodegradable scintillation cocktail) can be disposed to sanitary sewer if it is otherwise
non-hazardous. Contact the RSO prior to any single disposal of a radioactive liquid waste
which activity level is greater than 1 millicurie.
Radionuclide activities disposed to sewer are tracked through the on-line ‘Radiation
Tracking System’ (RTS). This system uses input by EH&S and the AU to track the total
effluent discharged, including the total amount of activity and concentrations for
radioisotopes disposed. Concentration limits are input and maintained by the program
for each isotope allowed, along with a notification (flagging) function to alert the system
administrator (usually the RSO) that a limit is being approached. Each AU or qualified
designee, through the RTS/AU interface, must input all activities for disposed isotopes
each month so that total sewer disposal activity is tracked and recorded. The RSO will
assist in establishing maximum monthly disposal amounts for each AU in order to ensure
overall concentration limits for disposal are not likely to be exceeded.

E.

Storage of LLRW is located in the Radioactive Waste Storage Facility, located at EH&S
waste yard at 1152 Plyler Drive. The concrete building is fenced in with both the building
and fence to be kept locked when not being used and is posted for Radioactive Materials.
EH&S personnel only, have keys to this facility.
Waste is kept in containers that are certifiable under D.O.T. transportation regulations.
All containers containing RAM are to be labeled as such and include a ‘drum’
identification number (Assigned by the RTS) along with information on the type and
quantity of RAM contained in each ‘drum’. Total waste type and quantity is tracked
through the RTS. This system also provides the capability for waste reports to be printed
out and maintained on file.

F.

‘Decay in Storage’, as defined by The Regulations, is a method of disposal for shortlived radioisotopes as ordinary trash and is allowed given all of the following criteria are
met.
1) The isotope has a physical half-life of less than 165 days.
2) The RAM is held for decay a minimum of 10 half-lives.
3) The waste is then monitored for radioactivity at the container surface with a radiation
detection survey meter capable of detecting a dose rate of 0.1 millirem/hr.
4) The monitoring, with no interposed shielding; determines that its radioactivity cannot
be distinguished from the background radiation level.
5) All radiation labels are removed or obliterated.
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6) A record of each disposal is kept for three years that contains:
a.
b.
c.
d.
e.
f.

The date of the disposal.
The date on which the RAM was placed in storage.
The radio-nuclides disposed.
The survey instrument used.
The background dose rate.
The measured dose rate at the surface of each waste container.
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SECTION 13
RESPONSE TO EMERGENCIES
Introduction
Emergencies in or nearby a RAM area or X-Ray facility could take a variety of forms that may or
may not have adverse radiological consequences. An example: Someone gets cut by broken but
‘clean’ lab glassware vs. cut by contaminated glassware. A given emergency may not be
primarily radiological in nature but could increase the potential for adverse radiological
consequences. Example: A small trash can fire spreads to RAM waste container nearby. The
severity of radiological consequences may range from ‘a concern’, i.e. the contaminated cut, to
‘an immediate priority’; an unconscious person in a high radiation area. The appropriate response
depends on the particular radiological hazard faced. Moreover, a proper overall response to an
emergency in or nearby a radiological facility must evaluate and prioritize all actual and potential
adverse consequences and not just the radiological ones.
The current use of RAM and X-Ray machines at UNCW would make it improbable that a serious
radiological emergency (i.e. one likely to cause immediate and/or severe health consequences to
people) could occur. Additionally, radiological consequences more likely to occur, although not
to be overlooked if they do, will probably not be the number one priority for an overall
appropriate emergency response.
However, given the unpredictability of emergencies and the possibility of changes in amounts
and types of materials as well as X-Ray machines in the future; it is prudent to provide general
guidance in responding to several types of radiological emergencies. Specific procedures are
limited to the most likely scenarios, given further below.
Training
Training is one of the more important things we can do in being prepared for an
emergency. There is no quick or easy substitute for training and practice for various
emergency scenarios. The University’s Radiation Safety Training programs, provided
through EH&S, endeavor to provide the basic knowledge and skills necessary to
respond appropriately to radiological emergencies.
Note: Outside responders called in to respond to an on campus emergency may or may
not be trained in handling emergencies that could have adverse radiological
consequences. EH&S is informed by University Police Department whenever such
responders are to arrive on campus.
(See Section 4 of this manual for information on required and available training).
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General Guidance for Emergency Response
In responding to the radiological component of an emergency (which may be the only
component); the type and quantities of RAM possessed, as well as the location and concentration
of RAM should be considered. The types of X-Ray machines used at an X-Ray facility should
also be considered. The AU or Registrant for the particular facility would have the most current
knowledge of the type and amounts of use. For RAM, the RTS can provide a quick estimate on
type and quantity.
Basic steps to take and/or consider are given directly below. These steps would also apply to
most other emergencies. Two of the more likely radiological emergency scenarios have guidance
provided under ‘Likely Emergency Situations’.
‘WENS’ EMERGENCY PROCEDURE
o
o
o

o

Warn others in immediate vicinity
Exit to nearest safe area
Notify emergency personnel
o (Day) EH&S at 962-3057
o (Night) University Police (962-2222)
o Principle Investigator (if available)
Standby (for further instructions, interview)

Note: The above ‘procedure’ is also discussed with University employees who attend
Radiation Safety Awareness Training (See also Section 2, Ancillary Personnel)
Emergency Type and Scope
A fire, power failure or a medical emergency if in or nearby a restricted area or X-Ray facility are
possibilities that could have radiological consequences.
Emergencies that require, receive or trigger a response from off-site responders (Ex. Fire Dept.,
EMS, Hazmat Team, etc.) are covered in the University’s All Hazards Emergency Operations
Plan. Section 10 of this plan considers hazardous materials emergencies which would include
those with a radiological component. EH&S maintains this plan that can be viewed on the EH&S
web-site at: http://www.uncw.edu/ehs/
The above web page also contains emergency numbers including the University Emergency HotLine as well as links to all of the University’s emergency management partners.
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EH&S Emergency Response
EH&S should be notified for any emergency. The timing or sequence in which EH&S is notified
is dependent on the particular type emergency. For radiological emergencies most likely to occur;
EH&S has additional equipment (Ex. radiation detectors), spill mitigation supplies and types of
PPE (Ex. Respirators) ready for deployment. EH&S will also provide additional expertise and
information regarding, among other situations, radiological emergencies when an off-site
response occurs.
Likely Emergency Situations
Spills
 A spill of a radioactive liquid should be evaluated first as to its constituents other than the
radioactivity content.
 Hazardous chemicals or toxins which also contain RAM should generally be handled
according to these hazards first, as these would present a more immediate danger in most
situations likely at UNCW.
 Personnel chemical or toxic exposures are priority.
 Once any danger from chemicals or toxins is addressed the radioactivity content and
volume of spilled liquid to contend with should be addressed.
All AU’s and radiation workers are expected to be able to handle a small spill with available
materials including, personal protective equipment (PPE). For a larger spill or one which
contains a high concentration of radioactivity (Ex. Spill of the source vial/container from which
fractions are taken); request additional help (See WENS procedure above). If you or others have
been contaminated notify EH&S immediately and begin the procedure for ‘Personnel
Contamination’ below.
 All spills involving RAM shall be reported to EH&S.
 All spills shall be documented as to location, size/area, type and content of radioactivity.
(The RSO will provide guidance in documentation as needed)
Spill Procedure (SWIM)
Stop or control the source of the spill
Warn others in the vicinity
Isolate the affected area
Mitigate Consequences
1. Contain further spread of radioactivity
2. Decontaminate the area
Tips: When decontaminating; work from outside to inside of spill area (or from low level to high
levels of contamination). Have a preset ‘spill kit’ available.
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Note: A minor activity and/or volume of RAM which accidentally or inadvertently ‘escaped’ during
normal operations and is inside a designated area for open use (Ex. Marked bench top with
absorbents in place, fume hood with catch basin or drain(s) to sanitary sewer, etc.) generally would
not be considered as a spill.
Personnel Contamination
Response priorities when an incident of personnel contamination occurs are the same as for
Spills above. AU’s and radiation workers should be able to handle a minor incident of personnel
contamination with available materials including, personal protective equipment (PPE).
 All incidents of personnel contamination shall be reported to EH&S.
 All incidents of personnel contamination shall be documented as to location on the body,
approximate area contaminated, isotope(s) and estimated amount of activity that got on or
into the body. (The RSO will provide guidance in documentation as needed)
Whenever an incident of personnel contamination has caused radioactive material to enter the
body through ingestion, inhalation, injection or absorption, the RSO will ensure that the affected
individual is evaluated to determine whether and what kind of internal exposure may have
occurred. Bioassay monitoring will be performed as needed in order to determine the internal
exposure to the individual.
(See Section 6 subtitle; ‘Internal Exposure Monitoring’ for Bioassay requirements)
The following procedures are to be used when other hazardous chemicals are not of priority
concern. Drench showers or eye wash stations used to rinse other hazardous substances from the
body will usually also remove contamination from RAM.
Decontamination Procedure
a) When a small area(s) of the body are contaminated;
1. Use soap or mild detergent and lukewarm water to gently wash the contaminated
area. Scrubbing that can cause abrasion of the skin is to be avoided. Rinse water can
go to sanitary sewer.
2. Monitor with a survey meter when the isotope(s) of concern are gamma or high
energy beta emitters.
3. Repeat step1 and 2, (one cycle) until the survey meter shows levels are at
background or when a subsequent cycle shows no further reduction in levels of
contamination.
4. If contamination is due to a low energy beta emitter repeat step1 at least three times.
5. Place any contaminated clothes articles in a plastic bag and mark as
‘radioactive’.
6. Notify EH&S.
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b)

When the eyes are contaminated;
1.
2.
3.
4.
5.

c)

Proceed to the nearest eye wash station, with assistance if possible.
Rinse for 15 minutes.
Monitor as in a) 2.; repeat rinse.
Treat non-eye areas the same as in step a)
Notify EH&S.
When a large area of the body is contaminated;

1.
2.
3.

If other hazardous substances are involved; proceed to the nearest drench
shower. Remove clothes and thoroughly rinse.
Place any contaminated clothes articles in a plastic bag and mark as
‘radioactive’.
Notify EH&S.

If no other hazardous substances are involved;
1.
2.

Notify EH&S for further instructions.
The RSO will assist, directly or indirectly, with decontamination.

Potential Overexposure
An exposure to an individual(s) which is likely to exceed or has exceeded any of the applicable dose
limits (including a member of the public) shall be reported to EH&S immediately.
The RSO shall immediately initiate an investigation to determine the potential dose that could have
been received, make any required notifications and seek additional expertise as needed to ascertain
whether the individual(s) are in danger of any immediate health effects. If it appears there may be a
possibility of immediate effects the RSO shall take action to obtain appropriate emergency medical
treatment/observation.
Follow-up: Exceeding of a dose limit does not necessarily mean the individual(s) exposed are in
immediate danger. However, it does point up the fact that the Radiation Protection Program has
failed in some aspect, even if the exposure were a direct result of a personal error. A review of the
RPP must be performed with a focus on preventing recurrence of any similar situation.
Required Notifications
EH&S shall be informed immediately of any of the following conditions:
1) Potential radiation exposure exceeding the limits.
(See Section 5, Controlling Exposure/Dose Limits)
2) Theft or loss of control of radioactive material.
The RSO or designee will determine whether and when 24 hour or other notification must be made
to the NC Radiation Protection Section.
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Note: Evacuation of a building due to an emergency could pose a security risk if radiological
facilities or work therein is left unattended and unsecured. (See Section 9, Security Requirements)
Planning for AU/Registrant Specific Facilities
Each Use Permit Application shall include applicable information regarding response to
emergencies that could occur in the AU or Registrant’s facility. The information will at a
minimum, cover:
A.

For RAM Users; Immediate response to:
1.

Fire in the vicinity of the restricted area

2.

Radioactive spill or personnel contamination

3.

A potential exposure to an individual which could exceed any of the applicable
dose limits (including a member of the public)

4.

A power failure

5.

Evacuation of the building

6.

Medical emergency in a restricted area

7.

Theft or loss of RAM

B. For X-Ray Registrants; Immediate response to:
1. Fire in the vicinity of the X-Ray facility
2. A potential exposure to an individual which could exceed any of the applicable dose limits
(including a member of the public)
3. A power failure
4. Evacuation of the building
5. Medical emergency in an X-Ray facility
6. Emergency shutdown of the X-Ray unit(s).
C. A notification procedure for any applicable emergency above.
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SECTION 14
DECOMMISSIONING OF RAM USE AND STORAGE AREAS
Introduction
The term decommissioning as most commonly used regards the termination of a radioactive
material license. However, in practicality there are many instances where it is desirable to have
restricted area controls lifted from only part of the facility under a RAM license. This is
recognized by The State. Therefore, this section addresses ‘release‘ of specific and individual
permanent areas established under the license that use or store RAM. The intent of
decommissioning is to ensure that the particular area, room, building or facility of concern
remains under control of the RPP until such time that it is deemed fit for unrestricted use (i.e.
Use by the general public).
Note: See Section 15 for Termination of an X-Ray Registration.
Decommissioning Process
Decommissioning is both a physical and administrative process. There are strict radiological
criteria to be met before a ‘release’ from controls can be allowed. NC Radiation Protection
Section policy requires written substantiation that these criteria have been properly met prior to
authorizing the removal of controls from a given facility or area that is restricted.
The RSC shall be notified by the AU in advance of; any expected change of a facility location,
discontinuance of RAM use for greater than 12 months or when leaving the employ of the
University. This notification will trigger the decommissioning process.
The RSC will inform the RSO who will then arrange to meet with the AU to determine the amounts
and types of RAM currently possessed by the AU, the extent and type of RAM use areas (Ex. Loose
surface contamination areas, fume hoods, hot-sinks, etc.) and what equipment (Ex. Centrifuges,
vacuum pumps, pipettes, etc.) has been used with RAM and may be contaminated. Any equipment
containing sealed sources of radioactivity will also have a determination made as to whether this
equipment will be stored, transferred to another licensee or disposed of.
To the extent possible the RSO will review all extant records regarding the facility from its
inception for; past spills, the general history of isotope use and any modifications that were made up
to the last use of RAM.
The AU is responsible for decontamination of the facility. The RSO will consult as necessary with
the AU as to methods and effectiveness of same.
EH&S will provide radiological survey assistance during the decontamination process.
The RSO is responsible to ensure that the facility is able to be released for unrestricted use by
initiation and completion of EH&S procedure Decommissioning (Release) of Restricted
Radiological Spaces and Equipment.
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The RSC will review the decommissioning survey package generated and authorize the RSO to
submit the request to The State to release the facility.
Once the decommissioning has been approved by Radiation Protection Section all postings,
markings, labels and notices of a radiological nature should be removed from the
decommissioned building, lab room, etc.
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SECTION 15
X-RAY REGISTRATION & USE REQUIREMENTS
Introduction
Use of X-Ray generating equipment, like radioactive materials, is governed and controlled by 10A
NCAC 15; The Regulations. This section contains information pertaining to the requirements for
obtaining, making changes to or terminating an X-Ray registration. X-Ray facilities are those
facilities that use X-Ray generating equipment for medical, industrial or research purposes. The XRay requirements also apply to particle accelerators with maximum beam strength of less than 1
MeV. X-Ray equipment is regulated by NC Radiation Protection Section, Radiology Compliance
Branch.
Note: Accelerators with maximum beam strength greater than 1 MeV are regulated by license under
NC Radiation Protection Section, Radioactive Material Branch.
Although the fundamental radiation protection rules are addressed in section .1600 of The
Regulations and are incorporated throughout this manual, this section contains additional information
on requirements pertinent to use of X-Rays (and other ionizing radiation types) on human subjects
and for ‘radiation generating devices’ (RGD) used for analytical purposes, as well as training
requirements specific to X-Ray machines & systems.
Definitions
Registrant; means UNCW and may also include the name of the department who operates an X-Ray
facility.
Primary Operator; means a person or persons, who by reason of training, experience and approval
through UNCW’s RSC, is responsible for proper and safe operation of an X-Ray machine and/or
facility.
Authorized Operator; means a person or persons, who by reason of training and/or experience, may
operate an X-Ray machine under the supervision of a Primary Operator.
Note: See also the glossary at the end of this manual for additional definitions used in
this manual.
Registration
Section .0200 of The Regulations contains additional guidance in this area.
Persons interested in operating a facility using X-Ray machines/devices should contact the RSO
prior to beginning the project. A summary of the registration requirements follows:
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The initial registration process for X-Ray machines is basically a two phase process. The first
phase is the design and review/approval for the facility in which the X-Ray machine(s) are to be
used. The UNCW department requesting its first registration of X-Ray equipment for a given
location will require the services of a Certified Health Physicist (CHP) or Radiological Engineer
who must also be registered with the State. This person’s task is to assist in designing the facility,
ensuring that proper radiation safety considerations are correctly integrated into the design. The
design may require and include special walls and /or partitions to provide sufficient shielding of
X-Rays that could expose ancillary personnel or members of the public nearby. NC Radiation
Protection Section maintains a listing of registered service providers and consultants that can be
viewed on their web-site.
When the design is completed, the information provided by the registered service provider
should be reviewed by the requesting department to ensure it meets the department’s needs and
then be submitted by the department to the State. In addition to specifying the exact type and
number of X-Ray units expected to be installed, the design provided should detail the physical
characteristics of the space, including the location of any required shielding, along with the
calculations used to determine the amount and location thereof. The State then reviews/approves
this ‘design plan’.
Once the design plan is approved, any construction required for the facility along with
installation of the X-Ray equipment may begin. Upon installation, the manufacturer or distributor
of the equipment sends a report to the State notifying them of the make, model and serial
number(s) of machine(s) delivered.
The second phase, registration of the X-Ray machine(s) and its associated facility, is required
within 30 days after initial operation. ‘Initial operation’ means first use of any X-Ray machine for
its expected routine purpose. Installation and set-up testing can be performed without first
registering the machine(s).
To register the first X-Ray machine and the facility; an ‘NC Registration Form’ must be
submitted with all requested information completed. Any additional accompanying instructions
with the form shall also be followed. Documentation is also required that addresses
implementation of a radiation safety program and any specific requirements or procedures for the
machine(s) intended for use. A copy of this radiation safety manual should provide the radiation
safety information needed to address the radiation safety program requirement under an X-Ray
registration.
To complete the registration application, the name and signature of an appropriately trained and
experienced person responsible for radiation safety is required on the form.
The RSO is normally the person responsible for radiation safety at UNCW and thus would also
normally sign the registration form. However, given the particular project, equipment and
expected use, another trained and experienced person involved in the facility may be needed to
sign the registration form. Once a registration is issued for a new facility, additional X-Ray
machines can be added to the facility later by amending the registration.
Important Note: While additional X-Ray machines may be added to a facility and the registration
amended, it is imperative to consider possible increased exposure to persons in, nearby or
adjacent to the facility, which may require a reassessment of the design as was originally
approved.
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Changes to an X-Ray facility require written notice to NC Radiation Protection Section. This
includes changes to any information provided on the ‘Notice of Registration ‘as well as any
significant physical changes to the facility, its program or procedures. Advise the RSO if your
facility is expected to undergo any structural modification or its operation is expected to change
significantly or if information on the registration form is no longer accurate. Also note that a new
location for an X-Ray machine usually means a new facility and a new registration.
Installations, Calibrations and Repair
It is illegal to perform any installation of X-Ray equipment or to perform calibrations (other than
routine quality assurance checks - a ‘QA’ calibration) or repairs on existing registered equipment
unless you are a ‘registered service provider’ with the State. In most cases the manufacturer or
distributor of your equipment is registered and can provide a maintenance/service contract to
perform these services. Contact the RSO if you need assistance or advice in locating a registered
service provider for your equipment.
Moving an X-Ray machine that is not designed to be portable may require that equipment to be
recalibrated. This can include a move from one side of a room to another. Repairs to an X-Ray
machine that can affect its X-Ray tube require recalibration. Please contact the RSO if you expect
to move or repair your machine.
Transfer or Disposal of X-Ray Machines
The RSO must be notified prior to any transfer or disposal of an X-Ray machine. Compliance
with The Regulations requires written notice to NC Radiation Protection Section that includes
the name and address of any transferee required to be registered, as well as the make/model and
serial number(s) of the machine(s) transferred. For disposals, the RSO will be responsible to
ensure that the X-Ray generating tube(s) in the device are inoperable and thus incapable of
causing anyone exposure to radiation.
If transfer or disposal of an X-Ray machine(s) eliminates the need to maintain the facility for
which it was registered, the registration should be terminated. Termination notices must also be
in writing. Inform the RSO if you intend to cease all operations at your facility.
Research or Medical Use of X-Rays on Human Subjects
Section .0600 of The Regulations contains additional guidance in this area.
A physician licensed through the State of North Carolina, pursuant to the requirements of the
State Statutes governing such, must authorize any intentional exposure to radiation for research
or medical purposes through a written prescription or order for same.
When the same conditions of exposure, including the expected dose and part(s) of the body
exposed, apply to multiple human subjects a ‘blanket’ prescription or order may be issued with
the condition that the specific exposures to be received are reviewed by the responsible physician
on a periodic basis, which frequency should not be less than once per year.
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Any change to an existing protocol which changes the location on the body to be exposed or the
expected dose to be received requires a new prescription or order be written by the responsible
physician.
The addition of a new protocol, even if the dose or part of the body exposed does not change,
requires a new prescription or order be written by the responsible physician.
An ‘informed consent form’ explaining the nature of the research study and the intentional
exposure(s) required, shall be signed by each prospective research subject prior to any exposure
they may receive.
Note: The above requirements do not replace, and are in addition to, any other requirements of
UNCW, including those of the IRB.
Research and Medical Records of Human Subjects
(See Section 16 of this manual for additional record keeping requirements)
All research or medical records involving radiation exposure to a human subject are to be
considered confidential. Security measures, such as locking file cabinets with limited access,
should be taken to ensure this confidentiality. Confidential files should be marked to distinguish
them from other documents on file unless the storage location is reserved for confidential files
only. Only persons who need access for the specified research purposes of the university and
those needing access for ensuring compliance with regulatory agencies and university policy
should be allowed to review records that contain the personal information and identities of the
research or medical subjects.
All records pertaining to the intentional radiation exposure to human subjects should be
maintained by the UNCW organization generating these records for a minimum of 10 years.
Operation of Human Diagnostic X-Ray Machines
All persons who will perform hands-on operation of a diagnostic X-Ray machine (Ex. DXA
Scanner) are considered occupational radiation workers and are thus subject to the occupational
exposure limits as delineated in Section 5 of this manual. The wearing of personnel monitoring
devices used to measure personal radiation exposure due to operation of a diagnostic X-Ray
machine are a requirement by policy of NC Radiation Protection Section for equipment currently
in use at UNCW.
Other than the research subject, only the authorized operator of the equipment shall be in the
room during the portion of the research protocol requiring radiation exposure. The operator will
ensure that any part of their own body, including their extremities, is not directly exposed to the
X-Ray beam (Scattered radiation is not considered part of the ‘useful beam’). If this is not
possible for particular exposures then the use of lead shielding shall be considered. You must
contact the RSO prior to any intentional exposure to an X-Ray operator to the direct (i.e. useful)
beam.
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Only documented and IRB approved research subjects shall be exposed directly to the X-Ray beam.
The exposure shall be the minimum required for a good quality image. Deliberate radiation exposure
for training, demonstration or other non-research purposes is strictly prohibited and illegal.
An authorized operator shall maintain a continuous direct visual and audio contact with the research
subject (or patient) during the time he/she is being actively exposed to X-rays from a diagnostic XRay machine. The means used may be through the direct presence of the operator or remotely by
electronic means, such as a camera and intercom system.
Operation of Analytical X-Ray Machines
(See section .0800 of The Regulations for additional requirements for analytical X-Ray equipment)
Equipment used for analytical purposes and not intended for intentional human exposure to radiation
are defined as Radiation Generating Devices or RGD’s. This definition incorporates any device that
generates X-rays during its operation, even if the X-rays are incidental to the primary purpose of the
device. An example of the latter is an electron microscope. This sub-section delineates additional
requirements to those found elsewhere in this manual, such as personnel monitoring, audits and
surveys, registration and general use of X-Ray devices and record keeping requirements.
A test of the device’s interlocks, shutters and warning lights shall be conducted annually. (See also
radiation survey requirements in section 8 of this manual).
For portable hand-held ‘open beam’ devices a ‘ring dosimeter’ shall (also) be provided to the
operator(s) of the device. It is UNCW policy that whenever a ring dosimeter is issued an
accompanying whole body dosimeter should also be issued.
Training
In addition to the requirements as given in Section 4 of this manual the following requirements
are given for operators of X-Ray machines/equipment.
All operators of X-Ray equipment are required to be trained in the operating and safety
procedures for the specific equipment. A copy of these procedures shall also be available to any
operator of the equipment. Operator training may be accomplished through the manufacturer of
the equipment, a registered service provider or by personnel who have been trained by either
method above. The training provided must be documented and include the date and name of the
person(s) trained. Operators shall also be trained in radiation safety to the level acceptable for an
‘occupational radiation worker’.
In addition to the above training requirements; operators of ‘analytical’ X-Ray equipment (Ex.
Rigaku XRD) shall operate strictly within the given operating procedures unless written approval
specifying any deviation has been obtained from the RSO. Likewise, no person shall bypass a
safety device attached to this equipment without prior written approval from the RSO.
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SECTION 16
RECORDKEEPING
Introduction
The common saying that ‘if you didn’t write it down it didn’t happen’ applies especially in the
highly regulated discipline of radiation safety. The Regulations include specific rules regarding
the type of and retention period for certain records to be kept. Section .1600, ‘Standards For
Protection Against Radiation’ include many, but not all, of the recordkeeping requirements.
This section addresses only regulatory recordkeeping requirements. Additional records required, as
may be addressed elsewhere in this manual or by EH&S policy and procedure, are made and kept in
support of the UNCW RPP overall. Contact the RSO if you are unsure about particular records to
keep or how long to keep them.
State inspectors make routine inspection visits once in approximately 5 years to determine whether
we are in compliance. The relatively brief and infrequent visits make proper recordkeeping of
particular importance in their evaluation of our program. Additionally, and potentially of more
significance, is that the records we keep can be used to evaluate the causes of an incident that may
have or could affect someone’s health. Poor recordkeeping, on the other hand, can open up the
University to unforeseen legal liability.
Required Program Records
The following records shall be maintained until the license is terminated:
1. The Radiation Safety Manual.
2. Written procedures and policies regarding the provisions of the RPP.
3. Results of surveys used to determine the dose from external sources when personnel
monitoring has not been used or when personnel monitoring results cannot otherwise be
used in whole or part.
4. Measurements and calculations used in the assessment of internal dose, including records
for respiratory protection equipment and any measures used or taken.
5. Results of bioassays performed.
6. Measurements and calculations used to evaluate the release of radioactive effluents to the
environment.
The following records shall be maintained for three (3) years from when the record was made:
1)

The APR, periodic facility audits, and any other reviews of program content and
implementation.
2) Radiological surveys other than item 3 above.
3) Radiological instrument calibrations.
4) Results of testing of safety devices for analytical radiation generating devices (RGD’s)
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Required User Records
The records listed below are required to be on-hand at the facility of use. EH&S will also maintain a
full copy of the regulations and all information required for items A2-A6 of these records. The AU
and Registrant shall keep all required records readily accessible to workers and inspectors. EH&S
may perform, at their convenience, routine inspections of the user's records during normal working
hours.
A. Each AU should maintain the following records at their facility of use location:
1.
2.
3.
4.
5.
6.

A current copy of applicable sections of The Regulations.
A current copy of the UNCW Radiation Safety Manual.
A current copy of the UNCW Radioactive Materials License or X-Ray Registration.
A copy of the most up to date Notice to Employees posted in a conspicuous location.
A list of the currently qualified radiation workers.
A copy of the current use protocol(s).

In addition to the above; users of gas chromatographs or other analytical machines containing a
licensable quantity radioactive sealed source should maintain a use log detailing date, time and
person who used the machine.
In addition to record items A1 - 6 above, each X-Ray Registrant shall maintain;
A. for human use:
1. A copy of the physicians X-Ray prescription.
2. A copy of each subject’s informed consent form.
3. A copy of each X-Ray machine’s operating parameters posted in a conspicuous
location.
4. A log of all subjects who were X-Rayed.
5. A copy of the machine user manual.
B. for analytical use:
1. A log book detailing use by whom, maintenance, quality control tests, problems, etc.
2. An emergency shutdown procedure for the machine(s) in use.
3. A copy of the machine user manual.
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PART II
AUTHORIZED USER AND REGISTRANT PROCEDURES
(UNDER DEVELOPMENT)

Appendix A - Sample Completed RAM Use Permit Application

Appendix B

Radiation Safety Training Course Outline
Occupational Radiation Worker & Awareness Levels

Awareness Level Objectives:
* What is radiation
•What do the various warning signs mean
•How can you recognize the hazards
•What to do in an emergency
•Where to go for additional information
Training Expectations
•Awareness of the hazards
•Designed for persons who could receive incidental exposure
•Must re-take or test out every two years
•End of course exam (10 questions)
What is Radiation
•Radiation is energy in the form of particles or rays
•Naturally occurring
•Minerals
•Cosmic Radiation
•Radiation v/s contamination
•Principle of ALARA
•Magnitude at UNCW
What do the Warning Signs Mean
•General Sign types
•Notice, Caution, Warning, Danger
•Types of radiation signs
•Caution Radioactive Materials
•Caution X-Ray (x-rays generated when operating)
•Caution Radiation Area (greater than 5 mrem/hr)
•High Radiation Area (greater than 100 mrem/hr)
•Other Signs & labels (tape, waste, packages, notice to employees)
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Hazards & Recognition
•Recognition
•Posted area signs & attached labels
•Designated buildings
•Typical Hazardous Areas & Items
•Containers, Sinks, Hoods, Refrigerators
•Lab equipment (vacuum pumps, pipettes, glassware)
•Waste receptacles
Radiological Emergencies
•Emergencies with potential radiological consequences
•Injured Person in Restricted Area
•Chemical Spill (may also be radioactive)
•Loss of Power in Restricted Area
•Unattended & unsecured Restricted Area
Emergency Procedures
•Warn others in immediate vicinity
•Exit to nearest safe area
•Notify emergency personnel
•(Day) EH&S at (3057)
•(Night) University Police (2222)
•Principle Investigator (if available)
•Standby (for further instructions, interview)
Additional Help
•Principle investigator (first recourse)
•EH&S Department 962-3057
•NC DHHS, Division of Health Service Regulation, Radiation Protection Section
Summary awareness Level Training
(Radiation workers receive this part as well. Ancillary personnel training is completed at this
point)
•What is Radiation
•Various warning signs
•Ways to recognize hazards
•Emergency procedures
•Where to go for additional help
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Radiation Safety Training - User Level Training
Objectives:
•Radiation basics
•What is radioactivity
•Where does radioactivity occur
•Radioactive decay, Half-life
•Interactions with matter and biological effects
•Units & measurement of activity and exposure
•Radiation protection options
•UNCW radiation protection plan
Training Expectations
•
Understand UNCW’s Radiation Protection Program
•
Designed for users
•
Must also have laboratory specific training
•
Must re-take or test out every two years
•
End of course exam (25 questions)
Radiation Basics
•Stable v/s unstable isotopes
•Unstable atoms seek to be more stable
•Atomic Structure
•Neutrons, Protons, Electrons
•Naturally occurring radiation
•Minerals (NORM)
•Cosmic radiation
•Also in a variety of man-made items
•Dishes, Bricks, Lantern mantles, Smoke detectors
Radiation Basics (Cont.)
•Types of decay
•Alpha (+2) two protons & neutrons (Helium)
•Beta (-1 or +1) electron or positron emitted from nucleus
•Gamma (No charge) leaves the nucleus due to excess energy
•X-rays (No charge) emitted when electron falls to a lower orbit in the atom
•Half-life (time that it takes for an isotope to decay to half of its original activity)
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Radiation Basics (Cont.)
•Units of measure
•Activity (disintegrations per unit time)
•Curie = 3.7x1010 DPS
•Millicurie, microcurie, nannocurie,
•micromicrocurie (picocurie)
Comparison of Typical Isotopes
Isotope
Half-life (days)

Decay Type

H-3

4492

Low-E Beta

C-14

2092883

Low-E Beta

P-32

14.3

High-E Beta

P-33

25.3

High-E Beta

S-35

87

Low-E Beta

Ca-45

165

High-E Beta

Na-22

950

Gamma/Beta

•Interactions with matter
•Charged Particles
•Direct ionization
•Alpha & beta
•Electromagnetic
•Indirect ionization
•Gamma rays & x-rays
•Biological aspects of radiation
•Chemical interactions (with water)
•Cells are 80% water
•Production of “free radicals” (H+ & OH-)
•Secondary reactions (creation of hydrogen peroxide)
•Cell membrane rupture
•Mutation (interaction with DNA/RNA)
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Detection and Measurement
•Direct surveys (survey meters)
•Indirect surveys (liquid scintillation counter)
•Considerations for both
•Counting efficiency
•2 ∏ v/s 4∏
•Speed of survey
•Methodology
•Cross contamination
•Dosimetry- Exposure/Dose Units
•Roentgen (2.58x10-4 Coulomb/Kg air) limited use
•Rad (Roentgen Absorbed Dose – 100 ergs/gm)
•REM (Rad equivalent man- 100 ergs/gm tissue)
•Types of dosimeters
•Film Badges
•TLD
•Optical Luminescent
•Locations (whole body and extremity)
•ALARA and risk
•Not a clear relationship between dose and risk
•Regulatory Dose Limits
•.100 rem/ yr. to general public (non occupational)
•Or 2mrem in any one hour
•5 rem/yr. to whole body
•50 rem/yr. to organs, extremities, skin
•15 rem/yr. to lense of eye
•.500 rem/yr. for declared pregnancy (Gestation period)
•< 18 yrs then 10% of above limits
Dose/Risk Theories
•Linear non-threshold
•Threshold
•Linear Quadratic
•Hormesis
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Radiation Protection Options
•Time
•Limit the time you are exposed
•Preplan for complex/long procedures
•Distance
•Do not loiter in restricted areas
•The inverse square law
•Shielding
• Density vs. Exposure
•Bremsstrahlung radiation
UNCW’s Radiation Protection Program (RPP)
•Radiation Protection Manual
•Administration
•Application procedures
•Training
•Storage
•Monitoring
•Receiving
•Disposal
•Recordkeeping
•Emergencies
•Program Review
•Pregnant Personnel Dose Policy
RPP – Administration
•Users
•Submit use protocols, experience with radiation
•Use consistent with regulations and application
•Radiation Safety Committee/RSO
•Review Authorized User applications
•Take enforcement actions
•Radiation Safety Officer
•Conduct monthly/annual inspections & reviews
•Act as user/RSC/RPS liaison
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RPP – Administration (cont.)

•NC DHHS – Division of Health Service Regulation
•Inspect every 5 years
•Review license program every 5 years
•Review applications for program changes
•Regulatory authority in NC
User Application Procedures
•Format, Users, Locations, Funding
•Processes, Monitoring Equipment
•Protective Equipment, Personnel Monitoring
•Training, Disposal, Review Process
•RSO review, Radiation Safety Committee Review
•Radiation Protection Section Review
Training
•Awareness Training
•Conducted by EH&S
•Renew every 2 years
•User Training
•Conducted by EH&S
•Renew every 2 years
•Laboratory Specific Training
•Conducted by Principle Investigator
•Update when changed
Storage
•Signage, Security, Shielding
Monitoring
•Surveys
•AU Radiation survey after each use
•AU Wipe survey after equipment or work area changes
•EH&S performs routine radiation, wipe surveys and leak tests
•Dosimetry
•Need determined when new employees added
•For x-ray, high energy beta or gamma emitters
•Birth date, social security number & previous dose
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Monitoring (Cont.)
•Bioassay
•When using any quantity of I-125
•Greater than 100 mCi of H3
•Upon a known or suspected exposure
RAM Package Receipt
•EH&S will receive all packages of RAM
•Radiation level & wipe survey of package
•Assign inventory tracking number
•Delivery ASAP to AU
•Immediately notify EH&S of any unopened or unsecured package labeled radioactive
Radioactive Waste Disposal
•No mixed waste (hazardous and radioactive)
•No liquid waste in the dry waste containers
•Discharge liquids to the sanitary sewer
 EH&S performs waste concentration calculations
 Within regulatory limits
 Decay In Storage
o radiation at background level
o 10 half lives, remove/destroy all labels
Recordkeeping
•Users should maintain the following
•Copy of NC License and User License
•Copy of Radiation Protection Manual
•Posted copy of Notice to Employees
•List of currently trained personnel
•EH&S will maintain
•Routine survey and leak test results
•Receipt/shipment of RAM records
•Personnel exposure records
•Records for dose to members of the public
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Emergencies
•Speak with your Primary Investigator (AU) for specific responses for the following emergencies
•Fire (call 4911, secure and evacuate)
•Spills (remain in area, decontaminate,call for assistance)
•Potential over exposure (contact EH&S or 4911)
•Power failure (emergency power available/needed?)
•Building evacuation (secure area)
•Medical emergency (call 4911, secure, call EH&S)
•Theft or loss of RAM (Immediate: call 2222 and EH&S)
Annual Program Review
•Conducted by RSO
•Review of facilities
•Review of procedures
•Review of exposures
•Other commitments under license
Pregnant Employees/Students
•Must declare pregnancy in writing
•Control exposure to less than 500 mrem
•Employee options if decide to avoid any occupational exposure during pregnancy
•Maternity leave
•Other paid leave
•Leave without pay
•Reassignment
•Transfer
Summary/Conclusion
•Radiation physics basics
•Units of activity, dose
•Personnel exposure monitoring
•Radiation protection methods
•UNCW radiation protection plan components
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Appendix C - EH&S Training Attendance Record

Appendix D - Chain of Possession Form

Appendix E

Nuclear Regulatory Commission
Regulatory Guide 8.13
Instruction Concerning Prenatal Radiation Exposure
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Appendix F

CERTIFICATION
I hereby certify that I am pregnant or am planning pregnancy. I have received a copy of
Instruction Concerning Prenatal Radiation Exposure, any/all changes regarding the UNCW
Personnel Monitoring Program as it applies to me has been discussed and will be applied as
discussed. I have been given an opportunity to ask questions concerning the safety aspects of
radiation dose to the embryo/fetus.

Signed: ____________________________________________
Date: _____________________

Supervisor: ________________________________________
Date: _____________________

RSO or Designee: ___________________________________
Date: _____________________

Return to:

University of North Carolina at Wilmington
Radiation Safety Officer, Environmental Health & Safety Department
601 S. College Road
Wilmington, NC 28403-5974
(910-962-7892)

Appendix G- Audit Forms for RAM and X-Ray Facilities
UNCW LABORATORY & RESTRICTED SPACES AUDIT
Hall/Room
Department
Principal Investigator(s)
Lab Representative

Isotope

/

PRIOR DEFICIENCY ITEMS
Resolution

If Not Corrected Then By:

GENERAL RECORDS:
S*

U*

N*

ITEM REVIEWED
Authorization & Protocol On-Hand (reviewed)
Inventory Records Updated
NC Regs & NC RAM License On-Hand
P.I. Surveys
Training of RAM workers documented
Radiation Safety Manual Available

Comments

RADIATION AND GENERAL SAFETY:
S

U

N

Space

RADIOACTIVE MATERIAL:
Possession Limit
(Y/N)
Usage/Requirements
Special Requirements:

Animal Use

Hoods

Bioassays required?

Survey meter required?

Ring Badges

LSC Required

Sealed sources

Item/Issue

Date

(circle one ) Not / Approved

ITEM REVIEWED
Postings (doors, refrigerators, NTE)
Required Labeling
Security (Lab entry/egress, RAM storage)
PPE (lab coats, gloves, safety glasses)
Shielding used
Survey & counting instrumentation available
Survey instrumentation calibrated
Personnel dosimetry used
Personnel dosimetry stored properly
Bioassays routinely conducted
Hoods (used, certified)
Food & drink in approved areas only
Other Hazards observed

Comments
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S

U

N

WASTE DISPOSAL
Item Reviewed
Proper Waste Receptacles Available
Disposal via ordinary trash (DIS) records
Sewer Disposal to Labeled Hot-Sink
Liquid Storage (Doubly contained)

INSPECTOR’S SURVEYS
S
U
N
Item Reviewed
Radiation Levels (mR/hr)

Comments

Comments

Contamination Levels
(dpm/100cm sq)

RAM Workers:
Name

Training Record

Dosimetry

Work w/ C-14 or
H-3 (dates)

Bioassay dates

ADDITIONAL COMMENTS:

Date Performed: ________________________ Survey Instrument Used (make/model/Ser.#): _________
Person Performing: ____________________

Counting Instrument Used (make/model/Sn): _________

RSO Review (Init./Dt.): _______/__________
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UNCW X-RAY LABORATORY AUDIT
Hall/Room
Department
Principal Investigator(s)
Lab Representative

/

Model/ Sn

Make

Item/Issue

Date

(circle one ) Not / Approved

X-RAY EQUIPMENT:
(Y/N)
Usage/Requirements
Special

Human/Animal Use?
Requirements:

Survey meter required?

Exposure Badges?

PRIOR DEFICIENCY ITEMS
Resolution

If Not Corrected Then By:

GENERAL RECORDS:
S*

U*

N*

ITEM REVIEWED
Protocol On-Hand (exp. date)
NC Regs Available
Radiation Safety Manual Available
Machine User Manual Available
Physician Authorization

Comments

RADIATION AND GENERAL SAFETY:
S

U

N

Space

ITEM REVIEWED
Postings , NTE
Machine Exposure Parameters Posted
Personnel Dosimetry Used
Personnel Dosimetry Stored Properly
Survey instrumentation available
Survey instrumentation calibrated
Shielding used
P.I. Surveys
Security (Lab entry/egress )
Training of occupational workers documented

Comments
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INSPECTOR’S SURVEYS
S
U
N
Item Reviewed
Radiation Levels (mR/hr)

Comments

Occupational Workers:
Name

Training Record

Dosimetry

ADDITIONAL COMMENTS:
Note: GM survey instruments under respond to X-Rays by approximately 50%

Date Performed: ___________________ Survey Instrument Used (make/model/Ser.#):________________
Person Performing: ______________________ RSO Review (Init./Dt.): _______/__________
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Appendix H

Radiological Survey Form Examples
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Appendix I
MEMORANDUM
TO:

George Accattato
Radiation Safety Officer

FROM:

_________________________________
Principal Investigator

DATE:

__________________________

SUBJECT:

Request for Purchase of Radioactive Materials

I would like to place an order for ____
(radioisotope) from ______________________________ (vendor).This radioisotope will be in the
form of _______________________________(quantity and chemical). I would like to place the
order on __________________(date). The radioactive material will be received, used stored and
disposed of in accordance with the conditions of my application and the UNCW Radioactive
Materials License.

The shipment is expected to arrive on _______________ (date) by

___________________(courier). Please notify me as soon as possible following your review to see
if it may be ordered in accordance with our license.

License Review by RSO:
Reviewed on: _______________________ (date)
Reviewed by: ______________________ (person)
Licensed material:
Within licensed quantity:
Used by licensed investigator:
Investigator status current:

Appendix J

RADIOISOTOPE INVENTORY CONTROL FORM
Isotope/Compound_____________________
Activity______________________
Vendor______________________________
Building/Room_______________
PO #________________________________
User________________________
Control #____________________
Date

Isotope
Used

Isotope
Remaining

*Wipe
Test
Date*

Decay
(since last use)

Waste
Disposed
to Sewer

Waste
Disposed to
Drum

User Name

* Please retain wipe test results with the UNCW Radioisotope Inventory Control Form

Appendix K
SEALED SOURCE INVENTORY FORM
Isotope _______________________
Manufacturer ____________________
Machine Type ____________________

Date Sighted

Signature

Activity______________________
Building/Room ________________
User _________________________

Date Sighted

Signature

GLOSSARY OF TERMS AND ACRONYMS
A. Selected definitions from 15 NCAC 11- The Regulations
"Analytical RGD equipment" means equipment that uses electronic means to generate ionizing
radiation for the purpose of examining the microstructure of materials, i.e. x-ray diffraction and
x-ray spectroscopy.
"Analytical RGD system" means a group of local and remote components utilizing x-rays to
determine the elemental composition or to examine the microstructure of materials.
"Annual limit on intake" (ALI) means the derived limit for the amount of radioactive material taken into
the body of an adult worker by inhalation or ingestion in a year. ALI is the smaller value of intake of a
given radionuclide in an effective dose equivalent of five rems (0.05 Sv) or a committed dose equivalent of
50 rems (0.5 Sv) to any individual organ or tissue. (ALI values for intake by ingestion and by inhalation of
selected radionuclides are given in Table 1, Columns 1 and 2, of Appendix B to 10 CFR 20.1001 20.2401).
"Annually" means either:
(a) at intervals not to exceed 12 consecutive months; or
(b) once per year at the same time each year (completed during the same month each year over a
period of multiple years).
"Authorized user" means an individual who is authorized by license or registration condition to use a
source of radiation.
"Background radiation" means radiation from cosmic sources; naturally occurring radioactive materials,
including radon (except as a decay product of source or special nuclear material); and global fallout as it
exists in the environment from the testing of nuclear explosive devices or from past nuclear accidents such
as Chernobyl that contribute to background radiation and are not under the control of the licensee or
registrant. "Background radiation" does not include sources of radiation regulated by the agency.
"Becquerel" is the SI unit of radioactivity. One becquerel is equal to one disintegration per second (s-1).
"Bioassay" or "radiobioassay" means the determination of kinds, quantities or concentrations, and, in some
cases, the locations of radioactive material in the human body, whether by direct measurement (in vivo
counting) or by analysis and evaluation of materials excreted or removed from the human body.
"Committed dose equivalent" (HT,50) means the dose equivalent to organs or tissues of reference (T) that
will be received from an intake of radioactive material by an individual during the 50-year period
following the intake.
"Committed effective dose equivalent" (HE,50) is the sum of the products of the weighting factors
applicable to each of the body organs or tissues that are irradiated and the committed dose equivalent to
these organs or tissues (HE,50 =Σ wTHT,50).
"Curie" is the special unit of radioactivity. One curie is equal to 3.7 x 1010 disintegrations per second =
3.7 x 1010 becquerels = 2.22 x 1012 disintegrations per minute.
"Diagnostic x-ray system" means an x-ray system designed for irradiation of any part of the human body
for the purpose of diagnosis or visualization.
"Dose" (or radiation dose) is a generic term that means absorbed dose, dose equivalent, effective dose
equivalent, committed dose equivalent, effective dose equivalent, or total effective dose equivalent, as

defined in other Items of this Rule.
"Dose equivalent" (HT) means the product of the absorbed dose in tissue, quality factor, and all other
necessary modifying factors at the location of interest. The units of dose equivalent are the rem and sievert
(Sv).
"External dose" means that portion of the dose equivalent received from radiation sources outside the
body.
"Extremity" means hand, elbow, arm below the elbow, foot, knee, or leg below the knee.
"Gray" (Gy) is the SI unit of absorbed dose. One gray is equal to an absorbed dose of one joule/kilogram
(100 rads).
"Internal dose" means that portion of the dose equivalent received from radioactive material taken into the
body.
"Lens dose equivalent" or "LDE" applies to the external exposure of the lens of the eye and is taken as the
dose equivalent at a tissue depth of 0.3 cm (300 mg/cm2).
"Member of the public" means any individual except when that individual is receiving an occupational
dose.
"Natural radioactivity" means radioactivity of naturally occurring nuclides.
"Occupational dose" means the dose received by an individual in the course of employment in which the
individual's assigned duties involve exposure to radiation or radioactive material from licensed and
unlicensed sources of radiation, whether in the possession of the licensee or registrant or other person.
Occupational dose does not include dose received from background radiation, as a patient from medical
practices, from exposure to individuals administered radioactive material and released in accordance with
Rule .0358 of this Chapter, from voluntary participation in medical research programs, or as a member of
the general public.
"Public dose" means the dose received by a member of the public from exposure to radiation or radioactive
material released by a licensee or registrant, or to another source of radiation within a licensee's or
registrant's control. It does not include occupational dose or doses received from background radiation, as
a patient from medical practices, from exposure to individuals administered radioactive material and
released in accordance with Rule .0358 of this Chapter, or from voluntary participation in medical research
programs.
"Quarter" means a period of time equal to one-fourth of the year observed by the licensee or registrant
(approximately 13 consecutive weeks), providing that the beginning of the first quarter in a year coincides
with the starting date of the year and that no day is omitted or duplicated in consecutive quarters.
“Quarterly" means either: (a) at intervals not to exceed 13 weeks; or (b) once per 13 weeks at about the
same time during each 13 week period (completed during the same month of the quarter (first month,
second month or third month) each quarter over a time period of several quarters.
"Rad" is the special unit of absorbed dose. One rad is equal to an absorbed dose of 100 ergs/gram or 0.01
joule/kilogram (0.01 gray).
"Registrant" means any person who is registered with the agency as required by provisions of these Rules
or the Act.
"Registration" means registration with the agency in accordance with these Rules.

"Regulations of the U.S. Department of Transportation" means the regulations in 49 CFR Parts 100-189.
"Rem" is the special unit of any of the quantities expressed as dose equivalent. The dose equivalent in
rems is equal to the absorbed dose in rads multiplied by the quality factor (1 rem = 0.01 sievert).
Note: See Definition under rule .104 (122) for: Quality Factors and Absorbed Dose Equivalencies
"Residual radioactivity" means radioactivity in structures, materials, soils, groundwater, and other media at
a site resulting from activities under the licensee's control. This includes radioactivity from all licensed and
unlicensed sources used by the licensee, but excludes background radiation. It also includes radioactive
materials remaining at the site as a result of routine or accidental releases of radioactive material at the site
and previous burials at the site, even if the burials were made in accordance with the provisions of Section
.1600 of this Chapter.
"Restricted area" means an area, access to which is controlled by the licensee or registrant for purposes of
protecting individuals against undue risks from exposure to radiation and radioactive materials. Restricted
area does not include areas used as residential quarters, but separate rooms in a residential building may be
set apart as a restricted area.
"Roentgen" (R) means the special unit of exposure. One roentgen equals 2.58 x 10-4 coulombs/kilogram
of air.
"Sanitary sewerage" means a system of public sewers for carrying off waste water and refuse, but
excluding sewage treatment facilities, septic tanks, and leach fields owned or operated by the licensee.
"Sealed source" means radioactive material that is permanently bonded, fixed or encapsulated so as to
prevent release and dispersal of the radioactive material under the most severe conditions which are likely
to be encountered in normal use and handling.
"Sealed source and device registry" means the national registry that contains all the registration certificates,
generated by both NRC and the Agreement States, that summarize the radiation safety information for the
sealed sources and devices and describe the licensing and use conditions approved for the product.
"Semiannually" means either: (a) at intervals not to exceed six months; or (b) once per six months at about
the same time during each six month period (completed during the sixth month of each six month period
over multiple six month periods).
"Shallow-dose equivalent" (Hs), which applies to the external exposure of the skin of the whole body or
the skin of an extremity, is taken as the dose equivalent at a tissue depth of 0.007 centimeter (7 mg/cm2).
"Sievert" is the SI unit of any of the quantities expressed as dose equivalent. The dose equivalent in
sieverts is equal to the absorbed dose in grays multiplied by the quality factor (1 Sv = 100 rems).
"Source of radiation" means any radioactive material, or any device or equipment emitting or capable of
producing radiation.
"Stochastic effects" means health effects that occur randomly and for which the probability of the effect
occurring, rather than its severity, is assumed to be a linear function of dose without threshold. Hereditary
effects and cancer incidence are examples of stochastic effects.
"Total effective dose equivalent" (TEDE) means the sum of the deep-dose equivalent (for external
exposures) and the committed effective dose equivalent (for internal exposures).
"Toxic or hazardous constituent of the waste" means the nonradioactive content of waste which,
notwithstanding the radioactive content, would be classified as "hazardous waste" as defined in G.S. 130A-

290(8).
"Whole body" means, for purposes of external exposure, head, trunk (including male gonads), arms above
the elbow, or legs above the knee.

B. Definition of Selected Terms [As Used in This Manual]
“Open form material” means; radioactive material that is not permanently sealed or encapsulated and is in
a form that is designed for use in en-vivo or en-vitro research or otherwise used in partial amounts rather
than as part of a device or a whole.

C. ACRONYMS [As used in this manual]
ALARA - As Low As Reasonably Achievable
APR - Annual Program Review
AU - Authorized User or Registrant (As named on our license or registrations)
IRB - The UNCW Internal Review Board
LLRW - Low Level Radioactive Waste
NVLAP - (NIST) National Voluntary Laboratory Accreditation Program
PPE - Personal Protective Equipment
QA - Quality Assurance
RSO - Radiation Safety Officer
RAM - Radioactive Material
RSC - Radiation Safety Committee
RPP - Radiation Protection Program
RPS - (State) Radiation Protection Section
RTS - Radiation Tracking System
RSM - Radiation Safety Manual
‘The Regulations’ - 10A NCAC 15 (North Carolina Regulations for Protection Against Radiation)

