
THE UNIVERSITY OF NEW MEXICO
HEALTH SCIENCES CENTER

COLLEGE OF PHARMACY
ALBUQUERQUE, NEW MEXICO

Correspondence Continuing Education Courses
for

Nuclear Pharmacists and Nuclear Medicine
Professionals

VOLUME IX, NUMBER 1

Current Practice for the Release of Patients
Administered Radioactive Materials

By:

Steven G. Marsh, MS
The Ohio State University Medical Center,

Columbus, OH
and

Robert E. Reiman, MD
Duke University Medical Center,

Durham, NC

The University of New Mexico Health Sciences Center College of Pharmacy is approved by the
American Council on Pharmaceutical Education as a provider of continuing pharmaceutical
education.  Program No. 039-000-01-002-H04.  2.5 Contact Hours or .25 CEUs.





Current Practice for the Release of Patients
Administered Radioactive Materials

By:

Steven G. Marsh, MS
Robert E. Reiman, MD

Coordinating Editor and Director of Pharmacy Continuing Education
William B. Hladik III, MS, RPh

College of Pharmacy
University of New Mexico Health Sciences Center

Managing Editor
Julliana Newman, ELS

Wellman Publishing, Inc.
Albuquerque, New Mexico

Editorial Board
George H. Hinkle, MS, RPh, BCNP

William B. Hladik III, MS, RPh
Jeffrey P. Norenberg, MS, RPh, BCNP

Laura L. Boles Ponto, PhD, RPh
Timothy M. Quinton, PharmD, MS, RPh, BCNP

Guest Reviewer
Jeffry A. Siegel, PhD

President & CEO
Nuclear Physics Enterprises

216 Society Hill
Cherry Hill, NJ 08003

While the advice and information in this publication are believed to be true and accurate at press time, the author(s),
editors, or the publisher cannot accept any legal responsibility for any error or ommissions that may be made. The

publisher makes no warranty, express or implied, with respect to the material contained herein.

Copyright 2001
University of New Mexico Health Sciences Center

Pharmacy Continuing Education
Albuquerque, New Mexico



CURRENT PRACTICE FOR THE RELEASE OF PATIENTS 

ADMINISTERED RADIOACTIVE MATERIALS

STATEMENT OF OBJECTIVES

The purpose of this continuing education lesson is to increase the reader’s knowledge and

understanding of the newly adopted Nuclear Regulatory Commission guidelines for the release

of patients who have been administered radioactive material.

On completion of this material, the reader should be able to:

1. Describe the 1997 NRC regulations for the diagnostic and therapeutic uses of

radionuclides in accordance with release criteria as stated in 10 CFR 35.75.

2. Describe methods for demonstrating compliance with 10 CFR 35.75 regulations.

3. Discuss advantages/disadvantages of the new “dose-based” limits.

4. Discuss the four criteria used in the release of patients administered radioactive

materials.

5. Describe and discuss calculaion methods and asumptions for the release of patients

based on administered radioacivity and patient specific dose calculations.

6. Describe and discuss four criteria for instructions.

7. Describe and discuss content of written instructions.

8. Describe and discuss records of release and minimum information required.



COURSE OUTLINE

I. INTRODUCTION

II. THE CHANGING REGULATORY
CLIMATE

III. NRC REVISED REGULATION
10 CFR 35.75

IV. HOW LICENSEES CAN
IMPLEMENT THE NEW
REGULATIONS

A. Criteria Used for the Release of
Patients Administered Radioactive
Material

B. Required Instructions

C. Maintenance of Required Records

D. Computation of Dose to Exposed
Individual

V. PRACTICAL APPLICATION OF
THE CRITERIA

VI. EXAMPLES

VII. DISCUSION
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CURRENT PRACTICE FOR THE
RELEASE OF PATIENTS

ADMINISTERED RADIOACTIVE
MATERIALS

By:
Steven G. Marsh, MS, and 

Robert E. Reiman, MD
From the Ohio State University Medical

Center (Marsh), Columbus, OH, and Duke
University Medical Center (Reiman),

Durham, NC.

INTRODUCTION
Radiopharmaceuticals are unique

among therapeutic agents in that they do not
limit their effects to the patient undergoing
treatment, but may directly affect the health
and safety of individuals who associate with
the patient.  For example, a patient being
treated with radioiodine for thyroid carcinoma
may expose family members, friends,
coworkers and other members of the public
to both gamma radiation and to radioactive
contamination that is excreted in urine, per-
spiration and saliva.  For many years, treat-
ment with radiopharmaceuticals required
hospitalization of the patient until the
retained radioactivity decreased to certain
acceptable levels.  In 1997, new risk-
informed rules were implemented by the
United States Nuclear Regulatory
Commission (NRC), which significantly
modified the conditions under which patients
were required to remain in medical isolation.  

Because radiopharmacists and other
nuclear medicine professionals will be
involved in counseling patients and families
with regard to the precautions that are sug-
gested following release from medical isola-
tion, it is important that they become familiar
with the rationale for the precautions, and the
ways in which they are implemented.  In this
lesson, we will (a) review the regulatory
basis for the release of patients, (b) review
the ways in which the NRC expects licensees

to comply with the new regulatory guidance,
(c) demonstrate ways in which licensees can
comply with the requirements and (d) present
evidence that the new release regulations are
effective in reducing radiation exposure to
individuals to acceptable levels.

THE CHANGING REGULATORY
CLIMATE

Regulations governing the release of
patients who receive radiopharmaceuticals
from medical isolation or confinement were
implemented because of concerns regarding
stochastic radiogenic risks for those individ-
uals exposed to such patients.  These risks
include carcinogenesis and germ cell muta-
genesis.  These regulations, which remained
in effect until 1997, established the retained-
activity limit for patient release for 131I of
30 mCi (or a maximum dose rate of 5 mrem
per hour at one meter) in the United States.

The development of new radiophar-
maceuticals for therapy, along with the goal
of optimizing clinical efficacy, cost-effec-
tiveness and accessibility, led to an effort to
develop regulations based on sound dosimet-
ric and radiobiological principles.  The origi-
nal 30 mCi limit for 131I proved to be a rea-
sonable value based on actual measurements
of exposure rates in the proximity of hyper-
thyroid patients following 131I treatment.
These measurements indicated that an aver-
age retained activity of 29 mCi yields an
effective dose of 0.5 rem to family mem-
bers.1-3 This result was based on an assump-
tion of complete in vivo physical decay with
no biological elimination of the radioactivity.
Although these assumptions may be appro-
priate for patients who have an intact thyroid,
they are not valid in post-thyroidectomy
patients being treated for metastatic thyroid
cancer, who characteristically have relatively
low retained activities. Their external expo-
sure rates, normalized to administered activ-
ity, are considerably lower than those
encountered in benign thyroid disease
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patients.  Estimates of retained activities of
up to 200 mCi resulted in estimates of effec-
tive dose of 0.5 rem to the family members of
thyroid cancer patients treated with 131I.2,3

In May 1997, the NRC amended its
regulations with regards to the release of
patients administered radioactive material,
specifically 10 CFR 35.75.4 This new ruling
established release criteria based on the
potential effective dose equivalent to individ-
uals exposed to the radioactive patient, rather
than the patientís retained activity or the dose
rate at one meter.  This permitted considera-
tion of patient-specific kinetic and dosimet-
ric data.  The new regulation stipulates that
the anticipated dose to individuals exposed to
patients administered radioactive materials
must be less than 0.5 rem.  This dose-based
limit better expresses the NRC’s concerns
with the health and safety of individuals who
may be exposed to the patient.  This is
reflected in guidance provided by the NRC’s
Regulatory Guide 8.39 entitled “Release of
Patients Administered Radioactive
Materials.” 5

Regulatory analysis concluded that
the new dose-based limit is acceptable
according to current radiation protection
principles.6 Anticipated benefits from the
change included an improvement in the
patients’ quality of life, a decrease in the
number of required hospital admissions and
ultimately a contribution toward the mini-
mization of national health care costs. 

NRC REVISED REGULATION
10 CFR PART 35.75 

The revised 10 CFR Part 35.75
applies to patients containing radioactive
material in the form of permanent implants
and radiopharmaceuticals.  This revision
allows the license holder to release a patient
from its control when the total effective dose
equivalent (TEDE) to exposed individuals as
a consequence of the release is less than  5
mSv (500 mrem).

In implementing this regulatory
requirement, the NRC regulations stipulate
that three guidelines be observed.  First, a
licensee may authorize the release from its
control any individual who has been admin-
istered radiopharmaceuticals or permanent
implants containing radioactive material if
the TEDE to any person from exposure to the
released patient is not likely to exceed 5 mSv
(500 mrem).

Second, a licensee shall provide the
released individual with instructions, includ-
ing written instructions, on actions recom-
mended to maintain doses to exposed indi-
viduals as low as reasonably achievable (the
ALARA concept).  These instructions are to
be given to individuals if the TEDE to any
exposed individual has the potential to
exceed 1 mSv (100 mrem).  If the individual
is breast-feeding, and if the dose to her child
due to uninterrupted nursing could exceed
1 mSv (100 mrem), then special instructions
must be issued.

Third, each licensee is required to
maintain a record, for three years after the
date of release, of the basis for authorizing
the release of an individual if the TEDE is
calculated using patient-specific parameters
such as effective half-life and consideration of
tissue shielding.  The licensee is also required
to maintain a record documenting that instruc-
tions were provided to a breast-feeding
woman if the radiation dose to the infant or
child from continued breast-feeding could re-
sult in a TEDE exceeding 5 mSv (500 mrem).

HOW LICENSEES CAN IMPLEMENT
THE NEW REGULATIONS

According to Regulatory Guide 8.39
“Release of Patients Administered Radio-
active Material,” patients may be released
based on any of the following criteria:
• Administered radioactivity,
• Retained radioactivity,
• Measured dose rate, and
• Patient-specific dose calculation.
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The most straightforward method
employs the administered or retained
radioactivity as the basis for the release.
Assumptions include a point-source patient
geometry, no attenuation by tissue or other
shielding, an occupancy factor of 1.0 (at a
distance of 1 meter) if the physical half-life
of the radionuclide is less than one day
and 0.25 if the half-life is greater than one
day, and no biological elimination. Licensees
can use a “default” table provided in
Regulatory Guide 8.39, a portion of which is
reproduced in Table 1.  For example, an

administered 131I radioactivity under 33 mCi
is acceptable for the release of patients from
the licensee’s control.  This method may also
be employed to release patients from hospi-
talization when the retained radioactivity has
fallen below the tabulated values, regardless
of the administered activity.  Note that no
values are listed in Regulatory Guide 8.39
for pure beta emitters such as phosphorus-32,
yttrium-90 or strontium-89.  This is due to
the very low external radiation hazard posed
by patients who have been treated with these
radionuclides.

Patients may also be released based
on the measured dose rate at one meter.
Table 1 gives the dose rates below which
patients may be released from medical isola-
tion for selected radionuclides.  For example,
a patient who has been administered 131I may
be released when the dose rate falls below
7.0 mrem per hour.

Licensees may release patients with
radioactivity or dose rates greater than those
listed in Regulatory Guide 8.39 if a case-spe-
cific dose calculation is performed.  This
type of calculation permits the use of patient-
specific factors such as tissue attenuation
and biological clearance.  Utilizing data pub-
lished in NRC Regulatory Guide 8.39 for
uptake fractions and effective half-lives for
131I thyroid cancer and hyperthyroidism
patients, calculations demonstrate that up to
221 mCi of 131I sodium iodide may be admin-
istered for thyroid cancer, and up to 57 mCi

may be administered for hyperthyroidism if
an occupancy factor of 0.25 is assumed.  This
method can be applied to other labeled
agents, as long as specific biological clear-
ance data are available.  Biological clearance
data obtained from a group of patients may
be applied to individuals, and in those
instances for which a case-specific calcula-
tion applies to more than one patient release,
the calculation need not be performed repeat-
edly. For example, by applying the formula
and parameters found in Regulatory Guide
8.39, all thyroid cancer patients could be
released without any calculation if the
administered activity is less than 221 mCi or
the dose rate at one meter was less than 48.5
mrem/h (assuming an occupancy factor of
0.25).  Alternatively, a patient’s specific indi-
vidual clearance curve, as measured with a
tracer dose prior to therapy, may be used to
calculate the limiting dose for that patient.

Table 1. Examples of Radionuclide Activities & Dose Rates for Authorizing Patient Release

Radionuclide Radioactivity at or below which Dose rate @ 1 meter, at or below which
patients may be released patients may be released

(GBq) (mCi) (mSv/hr) (mrem/hr)
131I 1.2 33 0.07 7
153Sm 26 700 0.3 30
99mTc 28 760 0.58 58
198Au 3.5 93 0.21 21
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Use of this method should always be applied
to research or IND applications for investiga-
tional therapeutic radionuclides.

REQUIRED INSTRUCTIONS TO
PATIENTS

Written instructions should be specif-
ic to the patient’s clinical diagnosis, and
should not compromise the patient’s care or
the judgment of the physician.  For 131I
patients, written instructions are required if a
patient-specific dose calculation is per-
formed, if the dose rate at 1 meter is greater
than 2.0 mrem/hr or if the administered activ-
ity is greater than 7.0 mCi (see Table 2).
Criteria for other radiopharmaceuticals are
listed in Regulatory Guide 8.39.  The content
of the written instructions should include
precautions to reduce the spread of contami-

write the proper ALARA patient guidelines
to be followed, as well as the length of time
for each instruction to be followed.8

Additional instructions must be
issued to women who are nursing, if the dose
to the infant would exceed 1 mSv (100 mrem)
if nursing were continued.  The administered
activities of 131I and other selected radionu-
clides that would result in doses to the infant
exceeding 1 mSv are listed in Table 3.  The
instructions to nursing mothers should
include guidance on the discontinuation or
interruption of breast-feeding, and the poten-
tial adverse effects to the infant if the instruc-
tions are not followed.  For any given radio-
pharmaceutical, these effects include injury
to the blood-forming elements in the bone
marrow, the bone surfaces and any tissues

5

nation, minimizing time spent in public
places including sporting events, shopping
centers, theaters and public transportation,
the importance of maintenance of distance
from others, and the avoidance of sleeping
together for a specific time period.  The
patient must also be instructed in regards to
the time period during which these instruc-
tions should be observed.

The NRC has stated that the instruc-
tions provided in a pamphlet published by the
Society of Nuclear Medicine are sufficient in
fulfilling the requirement for written instruc-
tions.7 Revisions in this pamphlet over the
years now require the treating physician to

that might preferentially concentrate the
ingested radioactivity.  It is noteworthy that the
radioactivity values listed in Table 3 fall within
the range of administered activities for diag-
nostic studies as well as therapeutic proce-
dures.  In the specific case of 131I, which
accounts for the vast majority of radionuclide
therapy procedures, the nursing mother should
be advised of the potential for adverse effects
to the infant’s thyroid gland, including hypo-
thyroidism or the development of thyroid cancer
later in life.  If the dose to the infant were to
exceed 5 mSv, then documentation that
instructions were provided must be maintained
for at least three years following release.

Table 2. Activities and Dose Rates for Selected Radionuclides That Require Instructions

Radionuclide Radioactivity above which Dose rate @ 1 meter above which
instructions are required instructions are required

(GBq) (mCi) (mSv/hr) (mrem/hr)
131I 0.24 7 0.02 2
153Sm 5.2 140 0.06 6
99mTc 5.6 150 0.12 12
198Au 0.69 19 0.04 4



MAINTENANCE OF REQUIRED
RECORDS

If the release was based on either
patient-specific dose calculation or dose rate,
records must be maintained for a minimum
of three years.  No records are required if the
release is based on the administered (or
retained) activity, and the activity is less than
the levels found in Regulatory Guide 8.39
(33 mCi for 131I).  Records should include a
patient identifier, radionuclide, date and time
of administration, administered radioactivity,
date and time of patient release, estimated
dose to exposed individuals and the method
employed to calculate the dose.  The descrip-
tion of the method should include patient-
specific factors such as any changes in occu-
pancy factor (the fraction of a day during
which an individual is within one meter of
the patient) or biological clearance parame-
ters.  Similarly, documentation of required
instructions provided to breast-feeding
women must be maintained for three years
(see Table 3).

COMPUTATION OF DOSE TO
EXPOSED INDIVIDUALS

A central tenet of the “dose-based”
limit is the requirement that the licensee
quantitatively estimate the radiation dose to a
person who spends time in proximity to a
patient emitting penetrating radiation. The
dose to an exposed individual depends upon
many factors.  These include the exposure

rate constant of the radionuclide (the expo-
sure rate, in roentgens per hour, measured at
one centimeter from a source of one milli-
curie activity), the physical half-life of the
radionuclide, the biological clearance of the
radiopharmaceutical and its metabolic prod-
ucts, the distance the person is from the
patient, and the fraction of the total t time
spent at that distance (occupancy factor).  In
theory, the total dose is the time integral of
the dose-rate as measured at the spatial posi-
tion of the person relative to the patient.
Since the spatial position varies unpre-
dictably with time, it would seem that the
problem is intractable.  In practice, simplify-
ing assumptions can be made which make
the computation of the dose to an exposed
individual practical.

The factor “34.6” is a product of the
conversion of days to hours (24.0) and the
total integral of the exponential function
(inverse of the natural log of 2.0 =1.44).

For example, suppose a patient con-
tains 33 millicuries of 131I, and an exposed
individual stands one meter away from the
patient for six hours per day, seven days per
week for one year.  Suppose there is no bio-
logical excretion of radioiodine.  If the expo-
sure constant for 131I is 2.2 R / hr per mCi at
one cm, what is the total dose to the exposed
individual over the one-year period?  In this
case, E = 0.25, T = 8.06 days, t = 365 days
and Qo = 33 mCi.  Substituting into the above
formula, we see that the exponential term

6

Table 3. Radiopharmaceutical Activities That Require Instructions and Records When
Administered to Patients Who Are Breast-Feeding an Infant or Child

Radiopharmaceutical Radioactivity above which Radioactivity above which a
instructions are required record is required

(MBq) (mCi) (MBq) (mCi)
131I Sodium Iodide 0.01 0.0004 0.07 0.02
67Ga Citrate 1 0.04 7 0.2
201Tl Chloride 40 1 200 5
99mTc Pertechnetate 100 3 600 15



essentially vanishes, since t >> T, and that
D(t) = 0.5 rem.  This is the origin of the
33-millicurie “default” value for 131I given in
Table 1.  Other radionuclides will have dif-
ferent exposure rate constants and different
physical half-lives.  This will result in a wide
range of values for permissible retained
radioactivity at the time of release; however,
all releases would be based on the same max-
imum permissible radiation dose (0.5 rem).
In practice, a licensee would assume that D(t)
is 0.5 rem (or some other lower target value)
and solve the above equation for Qo to obtain
the maximum permissible retained activity at
release.

The above calculation assumes that
the patient is a point source, that there is no
biological clearance of radioactivity and that
the patient’s tissue is not attenuating the
gamma radiation.  Because the patient indeed
provides some self-shielding, and most
radionuclides are subject to biological clear-
ance processes, the above computation is
quite conservative.  In practice, the actual
dose will be lower.  For this reason, the NRC
has enabled licensees to modify the assump-
tions underlying the above calculation so that
patient-specific factors may be taken into
account.  The patient-specific calculation of
the dose to exposed individuals may incorpo-
rate the use of any of four patient-specific

factors including:
1. Retained Radioactivity: May be

instead of administered radioactivity.
2. Occupancy or Exposure Factor

(E): Assumes individuals will spend variable
distance and time in the proximity of the
patient.  A value of 0.25 may be used without
justification.  A patient who lives alone and
is generally isolated from other people would
enable a value of 0.125 to be used with justi-
fication.  A patient requiring extensive care
while at home would require a higher value
of the occupancy factor (perhaps 0.50 - 0.75)
to account for the increased exposure of the
individual providing care.

3. Effect ive Half-Life  (T EFF):
Licensees can use a measured TEFF instead of
the physical half-life (Tp) of administered
radionuclide.

4. Attenuation or Shielding by
Tissue: Licensees can use a measured dose
rate, since this measurement includes attenu-
ation by the patient’s tissues.  In this case, the
dose rate, in rem per hour as determined by
using a calibrated ion chamber at one meter
from the patient, would replace the term
ΓQo / r 2 in the above equation.

The dose limit of 0.5 rem, as set forth
in the regulatory criteria, is expressed
as TEDE.  The TEDE is not a directly meas-
urable physical quantity.  It is a weighted

7

The following formula may be used to calculate potential exposure to exposed
individuals, if biological clearance is not taken into account:

D (t) =  
34.6 Γ Q0TE (1-e-0.693 t / T )

r2

Where D (t) = Accumulated dose to time t, in rems
T = Physical half-life in days
E = Occupancy factor that accounts for different occupancy times and distances

when individual is near patient.  For example, if the individual spends 6 hours
per day at 1 meter from the patient, then E = 6 / 24, or 0.25

Γ = Exposure rate constant for a point source, R / hr per mCi x hr at 1 cm
Q0 = Initial activity at the start of time interval
t = Exposure time in days
r = Distance in centimeters, 100 cm (1 meter) is usually used



average of the radiation-absorbed doses to a
number of tissues that are considered to be
significant with regard to genetic effects and
the induction of cancer.  In order to correctly
calculate TEDE, one must know the radiation
doses due to (1) external gamma radiation
emitted by the released patient and (2) inter-
nally deposited radionuclides that are a con-
sequence of ingestion of contamination
derived from the urine, saliva and perspiration
of the released patient.  A rigorous computa-
tion of TEDE is very difficult, and requires
mathematical techniques not readily available
to most licensees.  However, the NRC permits
licensees to use simplifying assumptions
when computing the TEDE.  First, the contri-
bution to TEDE from external radiation may
be derived from a single measurement of the
dose rate, taking into account the physical or
effective half-life, using a suitably calibrated
ion chamber at a point one meter from the
patient.  This will result in an overestimation
of the external component, since the target
individual’s muscle and adipose tissue will
reduce the radiation dose to bone marrow,
lung, gonads and other biologically signifi-
cant tissues through  attenuation.  Although
not strictly correct, this “point measurement”
approximation of the TEDE will result in a
conservative estimate of the dose to exposed
individuals.  Second, the contribution to
TEDE due to the internalization of contami-
nation may be neglected if its estimated con-
tribution to the total dose is less than 10% of

the external dose estimate, according to
Regulatory Guide 8.39.  This is based on
observations of low thyroid uptake of 131I in
family members of patients treated for hyper-
thyroidism or thyroid cancer with radioiodine
and released. Therefore, licensees can usually
use the measured dose rate at 1 meter from
the patient, in conjunction with the physical
or effective half-life, as the sole basis for the
computation of TEDE.

Appendix B of Regulatory Guide 8.39
demonstrates how licensees may calculate
the external radiation dose to exposed
individuals from patients who have been
treated with 131I sodium iodide for hyperthy-
roidism and metastatic thyroid carcinoma.  A
three-component model (Equation B-5,
Appendix B), which accounts for radioactivi-
ty retained during an initial non-void period,
clearance via urinary and gastrointestinal
routes and retention by intact thyroid gland or
thyroid remnants, is used to estimate the total
dose to an exposed individual from the time
of administration to total decay.  The parame-
ters of the model include the effective half-
time and fractional uptake of each compo-
nent, which are tabulated in Table B-1 of
Appendix B.  Using the maximum permissi-
ble dose of 0.5 rem, Equation B-5 may be
solved for the maximum permissible adminis-
tered activity or maximum permis-sible expo-
sure rate at one meter.  Table 4 below shows
the results of such calculations  assuming
three different occupancy factors.
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Table 4. Computation of Maximum Administered 131I Activity and Initial Dose Rate at
1 Meter for Different Occupancy Factors

Thyroid Carcinoma Hyperthyroidism

Occupancy Maximum Dose rate at 1 Maximum Dose rate at 1
factor activity at meter (mrem/hr) activity at meter (mrem/hr)

release (mCi) release (mCi)

0.125 304 66.8 101.4 22.3

0.25 221 48.6 57 12.4

0.50 143 31.4 30.0 6.6



PRACTICAL APPLICATION OF THE
CRITERIA

Application of these new criteria may
seem complicated, especially with regard to
the provision of “customized” instructions to
individual patients.  However, it is possible to
use look-up tables, spreadsheets, databases
or Internet-based applications to streamline
the procedure.9,10 In addition, Zanzonico and
co-workers have done extensive work to
develop a generalized algorithm for deter-
mining the time of release and the duration of
precautions for radionuclide therapy patients
and their families.11 Application of such algo-
rithms will provide an improved basis for
release times and consistency to the post-
release instructions.

A straightforward procedure using a
questionnaire and a template set of instruc-
tions is presented below.  This procedure
reflects the practice of one of the authors
(SGM) and colleagues at the Ohio State
University Medical Center. 

1. Patient identified by his/her physi-
cian as a candidate for radionuclide therapy.

2. Physician indicates the radionu-
clide and radioactivity to be administered. 

3. Prior to scheduling the radionu-
clide therapy, patient is asked to complete a
two page questionnaire (see Figure 1) which
solicits information regarding the individ-
ual’s general health, family members present-
ly at home, sleeping arrangements, pregnan-
cy status for any individuals sharing the
home, type of work performed, medical con-
ditions which may require extensive  medical
care and travel arrangements for returning
home.

4. Medical physicist reviews ques-
tionnaire and determines if patient is candi-
date for treatment as an outpatient. If patient
is eligible for release as outlined in 10 CFR
Part 35.75, a dose estimate is performed to
ensure no individual receives a dose greater
than 0.5 rem from exposure to the patient.

5. Prior to the administration of the

radiopharmaceutical, the patient is asked to
review written instructions (see Figure 2) for
the purpose of ensuring the radiation dose to
exposed individuals is less than 0.5 rem.

6. Patient is asked to sign the written
instructions and a copy provided.

7. After the patient receives the
radiopharmaceutical, the patient is surveyed
with an ion chamber and the results recorded
on a patient release form.

Figure 1 is an example of the type of
questionnaire that would be filled out by
the authorized nuclear medicine physician,
the radiation safety officer or other appropri-
ately designated personnel while interview-
ing the patient.  The questionnaire depicted
in Figure 1 is used by one of the authors
(SGM) at the Ohio State University Medical
Center.  The information collected is useful
in assisting the physician and radiation
safety officer in making a general assessment
of the patient’s suitability for release, select-
ing the appropriate occupancy factors for use
in estimating the dose to exposed individuals,
and in providing additional guidance to
the patient when reviewing the written
instructions.

The sample post-discharge instruc-
tions shown in Figure 2 are also used at the
Ohio State University Medical Center.  They
provide the patients with ways in which they
can modify their normal interactions with
friends, colleagues and family members so
that the radiation exposure to others is mini-
mized.  This set of instructions is specific to
131I, which is the radionuclide used in virtual-
ly all the therapeutic procedures performed
in the United States for which written
instructions are required.  This institution-
specific set of instructions is similar to that
found in the pamphlet published by the
Society of Nuclear Medicine7 mentioned ear-
lier.  The medical physicist as identified in
the “Special Instructions” section would pro-
vide the lengths of time that the patient
should avoid certain interactions with others.

9
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*Patient-specific; required only for anti-lymphoma antibody treatments.

**Patient-specific; required only for hyperthyroidism treatments.

Household Information

Type of Dwelling: !Single-Family "Multi-Family "Apartment "Dormitory

Is anyone in the household: Pregnant # Breastfeeding #

Enter Data on Household Members:

An alternative approach to generating
the required instructions and documentation
involves the use of an on-line form accessed
via the Internet.  Radiation safety personnel
can enter the required patient-specific
information, dates, exposure rates and
effective half-lives via radio buttons, text
boxes and check boxes.  This information is
electronically submitted to a Web server,
which computes the expected radiation dose
to exposed individuals and the lengths
of time the patient should observe certain

precautions.  These values are used to
produce a suitable ìpost-discharge instruc-
tionsî document that can be printed from the
Web browser.  Similarly, the program can
generate the required documentation of the
expected dose and the method of calculation.
This approach is used by one of the authors
(RER) at Duke University Medical Center.
A portion of Duke’s on-line form, which
includes textboxes, radio buttons and check-
boxes used for data entry, is depicted in
Figure 3.

14

Figure 3. A Portion of Duke University’s Online Form

Activity Activity at Time of Release Exp. Rate *Effective half-life **Thyroid Uptake
Administered (mCi): Release (mCi): (mR/hr): (days): Value (%):

PATIENT: Household Member 2: Household Member 3: Household Member 4:
"Male !Female "Male !Female "Male !Female "Male !Female

Age Age Age Age

Household Member 5: Household Member 6: Household Member 7: Household Member 8:
"Male !Female "Male !Female "Male !Female "Male !Female

Age Age Age Age

Transportation/Visitors/Work/School Information

Transportation Home: Visitors (check all that apply):

"Private Car, Alone Regular # Children # Pregnant #
!Private Car, Shared (less than 50 miles) Breast-feeding #
"Private Car, Shared (50-200 miles)
"Private Car, Shared (over 200 miles)
"Public Conveyance (airplane, bus, train)
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The estimated dose to exposed individuals for this patient due to external gamma
radiation is given by:

DE = 34.6 x (10.0 mrem/hr) x [0.97 x (3.0 d x 0.25) + 0.03 x (8.04 d) x 0.75]
DE = 314 mrem

EXAMPLES
To illustrate the principles outlined

above, we present three examples of how
they may be implemented to release patients
and provide them with appropriate home-
going instructions.

(1) A 47-year-old man is treated for
lymphoma with a monoclonal antibody
labeled with 131I.   He lives with his wife and
a 19-year-old daughter.  Despite his illness,

greater than the default 7.0 mrem per hour
(see Table 1), then the release must be docu-
mented, and the documentation maintained
for at least three years.  Because the dose rate
exceeds 2 mrem per hour (see Table 2), the
patient must be supplied with written post-
discharge instructions (see Figure 2), a copy
of which must be maintained for three years
along with the dosimetry documentation.

he is active and continues to work as a park
ranger.  Measurement of the clearance of
antibody with a small test dose demonstrated
a single-exponential clearance with an effec-
tive half-life of 3.0 days in this patient.
Immediately after administration of the ther-
apy dose, the medical physicist measures the
dose rate at a distance of 1 meter from the
patient and determines it to be 10.0 mrem per
hour.  What will be the expected TEDE for
individuals exposed to this patient?  Is he a
candidate for immediate release?

This patient is capable of self-care
and has simple home and employment situa-
tions.  Therefore, the default occupancy fac-
tor of 0.25 may be used for the single-expo-
nential component in the dose calculation.  In
addition, it is assumed that the patient does
not void for the first eight hours following
administration.  This requires inclusion of a
second component in which the only clear-
ance is by physical decay.  For this compo-
nent, an occupancy factor of 0.75 is recom-
mended. (see Regulatory Guide 8.39).

Because the calculated TEDE is less
than 0.5 rem, this patient is a candidate for
immediate release.  Since the release is based
on an effective half-life rather than the
default physical half-life, and a dose rate

(2) A 28-year-old woman is being
evaluated for a possible recurrence of
Hodgkin lymphoma.  She is given 4.0 milli-
curies of 67Ga-gallium citrate intravenously
and told to return in 48 hours for an imaging
procedure.  Following administration of the
radiopharmaceutical, she tells the technolo-
gist how much she enjoys nursing her
3-month-old infant.  What instructions
should she be given?

In general, it should be determined if
the patient is nursing or pregnant before
administering radioactive material, to permit
an informed decision as to whether or not to
defer the procedure.  In this case, the admin-
istered activity of 67Ga is well above the level
for which instructions to nursing mothers
must be supplied (0.2 millicuries; see Table
3).  Nursing should be interrupted until the
retained activity is less than 0.04 mCi
(Regulatory Guide 8.39,Table 3, Column 1).
This patient should be instructed to discon-
tinue breast-feeding her child for at least one
month, and documentation of this event
should be maintained for at least three years.

(3) A 75-year-old male patient is
being considered for treatment for thyroid
cancer with 200 millicuries of 131I sodium
iodide following total thyroidectomy.  He is



incontinent of urine and requires extensive
home nursing care from his daughter.  Two
children, aged 10 and 12, also live with him.
Is this patient a candidate for immediate
release?  If not, when could he be released?

In this case, an occupancy factor of
0.25 at 1 meter would not be appropriate,
given the requirement for extensive nursing
care.  A value of 0.50 is chosen instead.
According to Table 4, the maximum adminis-
tered activity for an occupancy factor of 0.50
is 143 millicuries.  This patient would not be
a candidate for immediate release if a treat-
ment activity of 200 millicuries were used.
In addition, this patient’s incontinence sug-
gests that the potential for ingestion of con-
tamination may present a significant risk to
the daughter and small children in the house-
hold.  To be conservative, the treating physi-
cian and radiation safety officer decide that
release at the default dose rate for which
instructions are required, but not documenta-
tion (2.0 mrem per hour for 131I), is appropriate.
In this case written post-discharge instruc-
tions should include additional precautions,
such as wearing protective gloves when han-
dling disposable diapers or linens.

DISCUSSION
The revised dose-based release criteria

have several advantages over the older
activity- and dose-rate-based criteria.  Most
importantly, required hospital stays are
reduced, which will help minimize health
care costs and may also provide emotional
benefits to patients and their families.6 The
radiation exposure to the occupationally
exposed health care workers who care for
these patients will be reduced.  The primary
disadvantage of releasing patients (who have
received radioactive material) into the unre-
stricted environment is the higher exposure
to radiation to other individuals than those
incurred if the patient remained isolated in an
institution.  However, with proper instruc-
tion, the doses to those people who live with

the patient should remain low.  Indeed,
Grigsby and colleagues at the Washington
University School of Medicine recently fol-
lowed 65 family members of 30 outpatients
who were treated with 131I sodium iodide for
thyroid cancer.  Despite administered activi-
ties between 76 mCi and 151 mCi, the aver-
age measured dose to family members was
only 0.24 mSv (24 mrem), with a maximum
of 1.09 mSv (109 mrem).12

A dose-based release criterion has an
advantage over the activity-based criteria in
that it standardizes the conditions for release
among the growing number of radionuclides
being used in nuclear medicine practice, par-
ticularly for therapy.  Patients can now be
released from licensee control regardless of
the quantity of radioactivity they receive as
long as the total dose to an individual is less
than 500 mrem.  These revised regulations
make it possible to perform some radionu-
clide therapy procedures on an outpatient
basis.  This should improve the utilization of
newer forms of therapy for bone pain pallia-
tion and treatment of solid and hematologic
cancers.13

Authorized users of radioactive mate-
rials in the eighteen states under the jurisdic-
tion of the Nuclear Regulatory Commission
must follow the new regulations.  Users in the
32 Agreement States should verify that their
state authorities have amended their regulations
to incorporate these changes, and amend
their institutional license conditions if required.

As discussed above, the methods of
calculating the potential dose to individuals
exposed to the patient permitted by the new
regulations can be expected to result in an
overestimation of absorbed dose due to sim-
plifying assumptions.  Sparks and col-
leagues, using powerful Monte-Carlo dose
calculation methods, have demonstrated that
the use of a single measurement of dose-rate
at 1 meter from the patient overestimates the
TEDE by about 60%.14 It is possible that
improvements to the computation of TEDE

16



can be made to address the issues (including
attenuation and variable organ geometry)
which lead to overly conservative estimates
for the potential radiation dose.  Even with-

out such refinements, straightforward appli-
cations of the new release criteria provide a
much-improved method for patient care,
while assuring the safety of the public.
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QUESTIONS

1. Which of the following radionuclides
does NOT present a significant EXTER-
NAL radiation hazard to members of the
public?

a. Iodine-131 
b. Iridium-192
c. Iodine-125
d. Strontium-89

2. Under the patient release criteria adopted
by the NRC in 1997, what is the maxi-
mum exposure an individual may receive
from patients who have been adminis-
tered radioactive material?

a. 5000 mrem
b. 5 rem
c. 500 mrem
d. 100 mrem

3. Based on the release criteria employed
PRIOR TO 1997, the licensee could
release a patient containing radioactive
material under which of the following
body burden / dose rate conditions?

a. 300 mCi or 50 mrem/hour @ 1 meter
b. 3 mCi or 500 mrem/hr @ 1 meter
c. 30 mCi or 5 mrem/hr @ 1 meter
d. 0.3 mCi or 0.5 mrem/hr @ 1 meter

4. In what section of the Code of Federal
Regulations (CFR) is the “Release of
Patients Administered Radioactive
Material” addressed?

a. 10 CFR 20.1902
b. 10 CFR 35.75
c. 10 CFR2
d. 10 CFR 35.900

5. Which of the following phrases does the
acronym “ALARA” represent? 

a. As Long As Required by
Administrators

b. As Limits And Records Agree
c. As Low As Reasonably Achievable
d. As Long As the Regulators aren’t

Aware

6. Written instructions must be given to
individuals whenever the dose (TEDE) to
exposed individuals may exceed ______.

a. 10000 mrem
b. 1 rem
c. 10 rem
d. 100 mrem

7. Above what dose (TEDE) to an infant
or child as a result of breast-feeding
should instructions be given to the
nursing mother?

a. 5000 mrem
b. 50 rem
c. 100 mrem
d. 10 mrem

8. Which of the following is currently NOT
a criteria for the release of patients
administered radioactive material?

a. release based on administered
activity 

b. release based on a patient specific
dose calculation

c. release based on retained activity
d. release based on the total counts

obtained from whole body imaging
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9. Which of the following doses (TEDE) to
the infant or child as a result of continued
breast-feeding requires the licensee to
maintain records?

a. 500 mrem
b. 5 rem
c. 100 mrem
d. 5000 mrem

10. How long must the licensee maintain
records which authorizes the release of
an individual after the date of release
based on the calculated TEDE?

a. 10 years
b. 1 year
c. 3 years
d. 3 months

11. Which of the following methods below is
NOT acceptable for calculating the
TEDE?

a. Considering shielding by tissue
b. Using the effective or biological

half-life
c. Using an occupancy factor of less

than 0.25 @ 1 meter without
justification

d. Using an occupancy factor of greater
than 0.25 @ 1 meter

12. Adoption of the new dose-based release
criteria were based on all the following
EXCEPT:

a. Comments from interested parties
b. Accepted principles of radiation

protection
c. Vote by a subcommittee of the

Senate
d. Recommendations of the Advisory

Council on the Medical Uses of
Isotopes

13. All of the following are DISADVAN-
TAGES of the old activity-based release
criteria EXCEPT:

a. Were appropriate for 131I only
b. Required hospitalization for almost

all thyroid cancer patients
c. Added to the cost of medical care
d. Did not consider stochastic

radiogenic risks

14. Which of the following is NOT an advan-
tage of the new dose-based release criteria?

a. Fewer patients require hospitalization
b. Patients can be released from

hospitalization earlier
c. NRC has provided dose and activity

tables for common radionuclides
d. No documentation is required

15. The contents of written instructions to
patients should include:

a. Measures to reduce the spread of
contamination

b. Minimizing time spent in public
places

c. The length of time the patient should
follow the precautions

d. All of the above

16. Which of the following is the primary
reason for giving written instructions to
patients who have been released in accor-
dance to 10 CFR Part 35.75?

a. Avoiding legal liability by the licensee
b. Providing the patient with methods

to reduce exposures to members of
the general public

c. Providing the patient with instructions
which would increase exposures
above the 500 mrem TEDE

d. Helping to increase the effect of the
therapeutic radionuclide
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17. Which of the following criteria may NOT
be used for the release of patients admin-
istered radioactive material?

a. Release based on an administered
activity

b. Release based on a measured dose
rate

c. Release based on an estimated dose
to individuals exposed to the patient

d. Release based on expiration of the
patient’s health insurance

18. Model post-release instructions for
patients may be found in a pamphlet
published by the:

a. Justice Department
b. Bureau of Alcohol, Tobacco and

Radioactive Materials
c. Society of Nuclear Medicine
d. Nuclear Regulatory Commission

19. According to Regulatory Guide 8.39, the
maximum administered (or retained)
radioactivity for which a licensee could
permit the release of a patient receiving
iodine-131, without a dose-rate measure-
ment or patient-specific calculation, is:

a. 66 mCi
b. 133 mCi
c. 7 mCi
d. 33 mCi

20. According to Regulatory Guide 8.39, the
maximum dose rate at 1 meter for which
a licensee could permit the release of a
patient receiving iodine-131, without a
patient-specific calculation, is:

a. 7.0 mrem/hr
b. 10.0 mrem/hr
c. 7.0 mrem/min
d. 1.0 rem/hr

21. How long are records required to be kept
after the date of release for patients
released based on a measured dose rate or
a patient-specific dose calculation?

a. 5 years
b. 3 months
c. 6 months
d. 3 years

22. For what minimum period of time are
records documenting that instructions
were provided to breast-feeding patients
required to be kept after the date of
release if a child or infant were to receive
a TEDE of 500 mrem from the continua-
tion of breast-feeding?

a. 3 years
b. 3 months
c. 3 days
d. 3 weeks

23. What piece of information is NOT
required to be recorded if the patient is
released based on a patient-specific
calculation of the anticipated dose to an
exposed individual?

a. Patient’s ethnic background
b. Patient identifier
c. Estimated dose to exposed individuals
d. Radioactive material, activity, date,

and time of administration
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24. Which of the following calculation
methods may be employed, if the patient
is released on a patient-specific dose
calculation?

a. Occupancy factor at 1 meter is 1.0,
if the physical half-life is less than
one day 

b. Consideration of shielding by
drywall in the patient’s dwelling

c. Occupancy factor at 1 meter is 0.10,
if the physical half-life is greater
than one day

d. Occupancy factor at 1 meter is 0.10,
if the physical half-life is greater
than eight days

25. The new dose-based criteria reflect the
NRC’s concern for:

a. The health and safety of physicians
administering radioactive materials

b. The health and safety of the public
c. The rising cost of radiopharmaceuticals
d. The rising cost of regulatory

administration
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