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os

The Honorable Dale E. Klein, Ph.D. :
Chairman, US Nuclear Regulatory Comrmsswn
Washington, DC 20555-0001

Dear Chairman Klein:

Enclosed please find a reprint of an article that appeared in the December 2007 issue of
Health Physics (Siegel JA, Marcus CS, and Stabin MG: Licensee over-reliance on
conservatisms in NRC guidance regarding the release of patients treated with I-131.
Health Phys. 93(6):667-677; 2007). This paper exposes extreme problems with the
underlying assumptions, calculations, and scientific and medical bases of NUREG-1556
Volume 9, Appendix U, “Model Procedures for Release of Patients or Human Research
Subjects Administered Radioactive Materials”.

Other guidance sources are available from the professional literature, such as the Society
of Nuclear Medicine’s Guide for Diagnostic Nuclear Medicine and Radiopharmaceutical
Therapy, authored by Jeffry A. Siegel and published in 2004. At least four previous '
letters have been written to NRC about NRC guidance on this issue, as well as a letter by
the Society of Nuclear Medicine and the American College of Nuclear Physicians, but
there has been no effort by NRC to rectify the problems with Appendix U. We

appreciate that NRC guidance is not a regulatory requirement and that licensees may use
other methods to comply with patient release pursuant to 10 CFR 35.75. However, many
licensees unfortunately do rely on this guidance and thus it does become, for many, a de
facto regulatory requirement. :

We request that you review our attached paper and on the basis of the points made and
literature reviewed, determine if Appendix U is appropriately written. It is our position
that this Appendix has a limited useful purpose in helping licensees comply with NRC
regulations, as other more scientifically valid approaches have been presented in the
literature, as already described.

If you would like to discuss this issue, we would be pleased to be available to you. Dr.
Marcus may be reached at (310)277-4541 and csmarcus@ucla.edu, and Dr. Siegel may
be reached at (856)983-4652 and nukephysics@comcast.net.




Thank you for your attention and consideration.

- Sincerely,

(ltass

Carol S. Marcus, Ph.D., M.D.
Prof. of Radiation Oncology and of Radiological Sciences, UCLA

Jeffry A. Siegel, Ph.D.
President and CEO
Nuclear Physics Enterprises

4 Wedgewood Drive
Marlton, NJ 08053

Encl: Health Physics reprint
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Paper

LICENSEE OVER-RELIANCE ON CONSERVATISMS IN NRC
GUIDANCE REGARDING THE RELEASE OF PATIENTS
TREATED WITH 1

Jeffry A. Siegel,* Carol S. Marcus,’ and Michael G. Stabin®

Abstract—Medical licensees are required to comply with US.
Nuclear Regulatory Commission (NRC) regulations pertaining
to the release of patients administered radioactive material.
However, use of the associated NRC guidance expressed in
NUREG-1556, Volume 9, is completely optional and has been
shown to be overly conservative. Rigid adherence to the
guidance recommendations has placed an undue burden on
nuclear medicine therapy patients and their families, as well as
licensees responsible for ensuring compliance with NRC re-
quirements. More realistic guidance has been published by
other responsible professional societies and will be presented

" in this work. These more realistic calculations allow for higher

releasable activity levels than the widely adopted NUREG
levels, particularly for thyroid cancer patients. The guidance-
suggested releasable activity limit is similar to our calcula-
tional result for hyperthyroid patients, 2.1 GBq (57 mCi)
compared to 2.3 GBq (62 mCi), but is significantly lower for
thyroid cancer patients, 6.6 GBq (179 mCi) vs. 16.9 GBq (457
mCi) using the regulatory definition of the total effective dose
equivalent (TEDE). Higher limits are both possible and rea-
sonable, if the permissible extra-regulatory definition of the
TEDE is used in which the effective dose equivalent (EDE),
rather than the deep-dose equivalent (DDE), is determined.
We maintain that professionals evaluating compliance with the
NRC requirements for patient release, pursuant to 10 CFR
35.75, should use the procedures presented here and not rely
automatically on the NUREG.

Health Phys. 93(6):667-677; 2007

Key words: nuclear medlcme, dosimetry; safety standards;
medical radiation

INTRODUCTION

U.S. Nucrear. Regulatory Commission (NRC) regula-
tions for the release of patients administered radioactive
material, pursuant to 10 -CFR 35.75, authorize patient
release according to a dose-based limit, i.e., the dose to
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other individuals exposed to the patient (U.S. NRC
1997). The dose-based limit, which replaced the activity-
or dose-rate-based release limit, <1,110 MBq (30 mCi)
or <0.05 mSv h™' (5 mrem h™") at 1 m in 1997, better
expresses -the NRC’s primary concern-for the public’s
health and safety and makes good scientific sense. A
licensee may release patients, regardless of administered
activity, if it can be demonstrated that the total effective
dose equivalent (TEDE) to another individual from
exposure to a released patient is not likely to exceed 5
mSv (0.5 rem).

Individuals exposed to released radionuclide therapy
patients can potentially receive radiation doses by two
distinct sources: external exposure and internal intake.
The TEDE concept makes it possible to combine these
dose components in assessing the overall risk to the
health of an individual. The TEDE, pursuant to 10 CFR -
20.1003, is equal to the sum of the deep-dose equivalent
(DDE), due to external exposure, and the committed
effective dose equivalent (CEDE), due to internal intake.
Thus, TEDE = DDE + CEDE.

U.S. NRC regulations, pursuant to 10 CFR 20.1101,
require that applicants and licensees develop, document,
and implement operating policies and procedures as part
of an overall radiation protection program that will
ensure compliance and the security and safe use of
licensed materials. These radiation protection policies
and procedures for their implementation are neither
detailed in the regulations nor required to be submitted as
part of the license application (Siegel 2004). Some
practitioners have developed their own radiation protec-
tion programs, but most have relied on mode! procedures
published by the NRC in guidance documents. There is
no question that licensees must comply with NRC
regulations, but doing so by adopting regulatory guid-
ance is not necessary: The NRC will accept alternative
approaches, but a large number of licensees know that
use and adoption of NRC-proposed guidance will clearly
provide an acceptable approach to the NRC and many
licensees are not able to devote the time or resources

uction of this article is pronikiiad.



668 ' Health Physics

necessary to establish their own alternative implementing
procedures and policies. Although guidance documents
do not contain . regulatory requirements, if licensees
commit to following these procedures they will become
-conditions of their licenses. '

We do not take issue here with the NRC regulations
related to patient release. We do, however, note that the
associated NRC guidance for licensee compliance with
10 CFR 35.75 as promulgated in NUREG-1556, Vol. 9,
Rev.1, Appendix U, Model Procedure for Release of
Patients or Human Research Subjects Administered Ra-
dioactive Materials, has been shown to be overly con-
servative and places a high burden on nuclear medicine
therapy patients and their families, as well as on licensees
who adopt the guidance. A series of published studies
and guidelines issued by other responsible professional
societies has provided guidance in compliance with the
applicable NRC requirements at a clearly lower burden
to all parties involved. Substitution of these approaches
for those in the NUREG will provide a clear benefit to
patients and their families, and will make the job of
licensees easier as well. We will confine our arguments
to the release of patients who have received oral Na'*'I
for the treatment of thyroid cancer or hyperthyroidism,

but note that the rationale of the arguments applies also

to other radionuclide therapy agents.

The purpose of this work is to critically evaluate the
compliance-implementing procedures as proposed in the
NUREG and to suggest alternative compliance methods.
We examine the guidance methods to assess the external
dose component, the internal dose component, and thus
the TEDE, and by so doing, demonstrate that the guid-
ance procedures are overly conservative and introduce an
unnecessary regulatory burden 'not codified in NRC
requirements. We propose alternative procedures to en-
able licensee compliance with 10 CFR 35.75, and we
recommend that all licensees use these procedures in-
stead of automatic reliance on the NRC guidance docu-
ments.

PATIENT RELEASE BASED ON NRC
GUIDANCE

The external dose component (DDE)
NUREG-1556, Vol. 9, Rev.1, Appendix.U (U.S.

NRC 2005) provides model procedures for calculating .

the external dose to others from exposure to released
patients. According to the NUREG, compliance with the
NRC regulatory dose limit requirement can be demon-
strated by licensees by either: (1) using provided default
tables for activity or dose rate at 1 m for a variety of
radionuclides; or (2) performing a patient-specific dose
calculation.

December 2007, Volume 93, Number 6

Use of the “default” values. The “default” patient

- release values are based on integration of external dose to

a maximally exposed individual to total decay after

release of patients receiving radioactive material. Two

very conservative assumptions are involved in modeling
this dose in NUREG-1556, Vol. 9: 1) that the activity in
the patient can be represented as an unshielded point
source; and 2) that removal of activity from the patient is
only due to physical decay of the radionuclide involved.
This approach fails to consider the distributed nature of
most radiopharmaceutical agents and does not account
for the often significant biological elimination that di-
minishes activity levels in the patient (and thus dose rates
outside the patient) over time. This method is highly
over-conservative for *'I sodium iodide. Therapy pa-
tients receiving 'I do not retain 100% of the radioac-
tivity for the physical half-life of the radionuclide (8 d);
rather, a significant portion of the administered activity is
not taken up by the thyroid gland and is rapidly excreted.

or "I, the 5 mSv dose limit is predicted in the NUREG
to be achieved with an administered activity of 1,221
MBgq (33 mCi), or a dose rate of 0.07 mSv h™! (7 mrem
h™") at 1 m, for both thyroid cancer and hyperthyroid
patients, representing a value of 4.10 X 107> mSv MBq ™!
(15.2 mrem mCi~') (this dose per unit administered
activity is an order of magnitude higher than if a
patient-specific dose calculation is performed; compare -
to values given below based on eqn 1). In essence, use of
NRC “default values” for Na''l represents a return to the
historical “30-mCi rule” and is quite regressive, espe-
cially since there is no credible origin or scientific basis
for this rule (Siegel 2000). Further, empirical data re-
cently obtained by measurement of the dose received by
family members of thyroid cancer patients receiving "'
(Grigsby et al. 2000) support and confirm that the use of
a 1,221 MBq activity limit for all patlents is overly
conservative.

Clearly, use of only mmple knowledge of adminis-
tered activity, without consideration of such things as
radionuclide clearance from the body and the patient’s
lifestyle, require issuance of patient instructions to main-~
tain doses to others that are as low as is reasonably
achievable (ALARA) that would have to be in place for
an extremely long time. Rational analysis suggests that
the use of overly simplistic “point-source-radioactive-
decay-only” models will significantly overestimate doses
to others from Na''I (and many other radiopharmaceu-
ticals), and this has been confirmed by actual measure-
ments (Grigsby et al. 2000). Thus, there is no question
that patient-specific dose calculations that would permit
the release of patients from radioactive isolation with
more than 1,221 MBq must be performed for '*'I therapy
patients to provide a more complete and appropriate

Copyright £ by the Health Physios Secisty. Uneuthorized reproduction of this adicle is prohibited.



Release of patients treated with >' @ J. A. SIEGEL ET AL. 669

estimation of dose (and patient release instructions) to

individuals likely to be exposed to the patient.

Use of the patient-specific dose calculation. The
“patient-specific” dose equation provided in the NUREG
that can be used to estimate the likely external exposure
to total decay, i.e., DDE at infinite time or DDE(®) in
mSv (mrem), to an individual from a released radionu-
clide therapy patient receiving oral Na"'l for thyroid
cancer and hyperthyroidism is:

DDE() = [34.6I'Q,}/(100 cm)*{ E,T,(0.8)
: P
[1 _ e—0‘693(TNV)ITP]+e_0.693(TNV)/TpE2F|Tleff

+ e OBIWILE, F 2 Toeie}s (1)
where:

34.6 = conversion factor of 24 h d™' times total
integration of decay (1.44);

I' =exposure rate constant for an unshielded
point source, for *'1 = 0.595 mSv cm’
MBq ' h™' (2,200 mR cm? mCi~' h™');

Qo = administered activity in MBq (mCi); '
E, = occupancy factor for first 8-h non-void pe-
riod = 0.75;
T, = physical half-life in days = 8.04 for "'
0.8 = an assumed factor indicating that 80% of the
administered activity is removed from the
body only by the physical half-life of "'
during the non-void period;
Ty = non-void period in days = 0.33 (8 h);

E, = occupancy factor from 8 h to total decay =
0.25;

F, = extrathyroidal uptake fraction = 0.20 in hy-

perthyroid patients = 0.95 in thyroid cancer

patients;

T, = effective half-life of extrathyroidal compo-
nent = 0.32 d in hyperthyroid patients =
0.32 d in thyroid cancer patients;

F, = thyroidal uptake fraction = 0.80 in hyperthy-
roid patients = 0.05 in thyroid cancer pa-
tients; and

T, = effective half-life of thyroidal component =
5.2 d in hyperthyroid patients = 7.3 d in
thyroid cancer patients.

Eqn (1) represents the dose to an individual likely to
receive the highest dose from exposure to released "'l
patients as it is.taken to be the dose to total decay. The
equation contains 3 components: (1) a non-void period
for the first 8 h after administration; (2) an extrathyroidal
component from 8 h to total decay; and (3) a thyroidal
component from 8 h to total decay. Eqn (1) can be solved

Copyugnl Dy thg Heaith Fhysica ¢

for the external dose component per unit administered
activity, Q.
In the case of thyroid cancer patients:

e DDE()/Q, (mSv MBq™") = 2.06 X 1072 {0.135 +
0.0739 + 0.0887} = 6.12 X 10™* mSv MBq—'; and

e DDE()/Q, (mrem mCi~") = 7.61 {0.135 + 0.0739 +
0.0887} = 2.27 mrem mCi™’,

where the percentages of the total dose due to the
non-void, extrathyroidal, and thyroidal components are
45%, 25%, and 30%, respectively.

In the case of hyperthyroid patients:

e DDE(«)/Q, (mSv MBq™") = 2.06 X 107 {0.135 +
0.0739 + 0.0887} = 2.39 X 107> mSv MBq™/; and

e DDE()/Q, (mrem mCi~") = 7.61 {0.135 + 0.0156 +
1.01} = 8.84 mrem mCi~’,

where the percentages of the total dose due to the
non-void, extrathyroidal, and thyroidal components are
12%, 1%, and 87%, respectively.

These 2 equations can be solved for the maximum
allowable administered activities for authorizing patient
release based on the 5 mSv regulatory dose limit. Eqn (1)
can also be solved for the maximuin allowable dose rates
at 1 m, given by 'Qy/(100 cm)’. These values are shown
in Table 1.

These activity limits, as well as those in later
sections, can be applied to all patient releases. According
to the NUREG, the parameter values in eqn (1) are
“acceptable” values (e.g., the occupancy factors and the
representative uptake fractions and effective half-lives)
to be used in class-specific dose calculations for patients
with thyroid cancer and hyperthyroidism. Thus, individ-
ual dose calculations need not be performed on a case-
by-case basis for these patients, unless a specific pa-
tient’s situation warrants the use of parameter values
different from those used in eqn (1). For example, the
licensee may select more realistic uptake fraction and
effective half-life values from the scientific literature or
choose to measure the biokinetics in individual patients,
measure the dose rate and/or use an occupancy factor
<0.25, if appropriate. In these cases, as stated in the
NUREG, a patient-specific calculation would be required

Table 1. Maximum activities and dose rates at 1 m for authorizing
patient release for thyroid cancer and hyperthyroid patients (based
on eqn 1).

Activity in GBq Dose rate in mSv h™*

(mCi) (mrem h™")
Thyroid cancer 8.2 (221) 0.49 (49)
Hyperthyroidism 2.1(57) 0.12 (12)

society. Lnsuthorized rapraduction of thiz articls is prohiitad
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in place of the use of the class-specific values given in
Table 1.
This class-specific approach is highly conservative

and unnecessarily restrictive. Several assumptions were'

made by the NRC in assigning values to the parameters
used in eqn (1). The two biggest contributors to the

conservatism are: 1) use of the exposure rate constant, -

which is an unshielded point source value; and 2) use of

an 8-h non-void period and associated 0.75 occupancy .

~ factor. Since a patient is not adequately represented as an
unshielded point source (particularly with respect to their
extrathyroidal activity distribution), an exposure rate
constant accounting for radionuclide distribution "and
patient attenuation must be used since without such
considerations unrealistic and unnecessarily conservative
results will be obtained, perhaps as high as a factor of 2
(Sparks et al. 1998; Siegel et al. 2002a).

During the first 8 h after administration, 80% of the
'] administered is assumed to be removed from the
body at a rate determined only by its physical half-life to
account for the time of the "*'I to be absorbed from the
stomach to the blood and the holdup of iodine in
the urine while in the bladder. The remaining 20% of the
administered activity must be associated with some
unknown’ physiological mechanism as it is unaccounted
for during this initial 8-h non-void period. It is important
to note that there are no scientific data to support the

notion of a “non-void” period of any significant length. -

Patients are hydrated before the administration of Na''I

and are strongly urged to drink plenty of fluids for several
days afterwards. Patients often void before even leaving the
Nuclear Medicine service, and frequently thereafter. Na™'I
is absorbed within 1015 min after an oral administration
(Loevinger et al. 1988) and upon reaching the blood is
immediately filtered out by the kidneys; with large fluid
intakes, the patient may typically void hourly.

"A recent international controlled study of iodine
biokinetics in radioiodine therapy of thyroid cancer
(Hiénscheid et al. 2006) indicated that the whole body
retention of radioiodine was generally described by a
biexponential activity-time curve, with no significant

activity excretion time delay, based on whole-body "

probe and gamma camera scanning measurements. The
total body residence times obtained (mean value of
24.1 h in hypothyroid patients) were in good agreement
with the value of 23.2 h, a value that would be calculated
based on the NRC guidance representative values for a
2-component total body retention curve involving extra-
thyroidal "and thyroidal components. In addition, this
latter total body residence time of 23.2 h with an
associated activity excretion of 48% at 8 h, correspond-
ing to generally hypothyroid patients, is in excellent
agreement with that reported in MIRD Dose Estimate

" received oral Na

December 2007, Volume 93, Number 6

Report No. 5 (Berman et al. 1975) for the case of a
maximum thyroid uptake of 5% in euthyroid patients. It
should be noted that mean whole-body residence times
have been observed to be longer for hypothyroid (24.1 h)
than euthyroid (17.3 h) patients (Hénscheid-et al. 2006).
Thus, established models and recent data indicate that
approximately 50% of the administered activity is ex-
creted from the body during the NRC’s presumed non-
void period in the case of a thyroid cancer patient.

The inclusion of the non-void component in eqn (1)
has a profound effect on the estimated dose an individual
is likely to receive, particularly from released thyroid
cancer patients. As demonstrated above, 45% of the total
dose is attributable to the non-void component for these
patients (Siegel 1999); thus, its inclusion represents an
additional factor of 2 conservatism as the 8.2 GBq
activity limit in Table 1 is likely to result in a dose of
only 2.75 mSv, equal to 3.35 X 107" mSv MBq ™' (1.24
mrem mCi™’). In support of this claim, a regulatory .
analysis on the revised 10 CFR 35.75 completed in 1996
(Schneider and McGuire 1996) made no mention of an
initial non-void period and estimated, for example, that
based on use of only a two-component model consisting
of thyroidal and extrathyroidal biokinetics, the maximum
likely dose to total decay to individuals exposed to a
thyroid cancer patient would be 2.48 mSv from a 7.4
GBq activity administration, equal to 3.35 X 107* mSv
MBq~' (1.24 mrem mCi~"). For hyperthyroid patients,
inclusion of the non-void component has minimal effect
(as demonstrated above, the percent of the total calcu-
lated dose attributable to this initial non-void period is
12%) and is really not necessary as it is mathematically
redundant; approximately 14% of the administered ac-

" tivity is excreted from the body at 8 h based on the

NUREG representative uptake fractions and effective
half-lives. _

Direct measurements are the best way to obtain the
dose any individual is likely to receive based on the reality
of daily life. Dosimeter measurements obtained in 65
household members of 30 patients who received outpatient
1] therapy for thyroid carcinoma indicated that-the mea-
sured radiation dose was on average a factor of 10 lower
than the radiation dose predicted based on eqn (1) (Grigsby
et al. 2000). These empirical data are further evidence
demonstrating the overly conservative nature of the dose
calculation as implemented through use of egn (1).

The internal dose component (CEDE)
NRC guidance in NUREG-1556, Vol. 9, Rev.1,

Appendix U uses the following equation for the likely
internal dose component (i.e., CEDE) for individuals

who may come in contact with a released patient who
131[. ) X .
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Release of patients treated with '1 @ J. A. SigGEL ET AL. 671

e CEDE (Sv) = 0y (MBq) X 107° X 1.43 X 1072
Sv MBq~'; and
e CEDE (rem) = Q (mCi) X 107° X 53 rem mCi ™",
(2)

where 107° is the NRC assumed fractional intake and
143 X 107* Sv MBq ™' (53 rem mCi™') is the dose
conversion factor to convert an intake of 'l in MBq
(mCi) to a CEDE in Sv (rem). It is obvious from this
equation that the predicted internal dose component per
unit activity will always be a constant value of 1.43 X
107" mSv MBq™! (0.53 mrem mCi™'). Thus, unlike the
guidance for the external dose component, which permits
variability and thus patient-specificity, only a fixed or
case-specific internal dose component is considered for
both thyroid cancer and hyperthyroid patients.

A common “rule of thumb” is to assume that no
more than 1 millionth of the activity being handled will
become an intake to an individual working with the
material. This heuristic was developed for cases of
worker intakes during normal workplace operations,
worker intakes from accidental exposures, and public
intakes from accidental airborne releases from a facility
(Brodsky 1980), but it does not specifically apply for
cases of intake by an individual exposed to a patient.
Admittedly, there are limited data for thyroid uptakes in
family members exposed to Na*'l patients. Two studies
performed in the 1970’s (Buchan and Brindle 1970;
Jacobson et al. 1978) on the intakes of individuals
exposed to patients administered "*'I indicated that in-
takes were generally on the order of 1 millionth of the
activity administered to the patient and that internal
doses were far below external doses. Based on these two
studies, NUREG-1492 (Schneider and McGuire 1996),
the regulatory analysis for 10 CFR 35.75, concluded that
internal doses are likely to be much smaller than external
doses and much smaller than the public dose limit, and
therefore did not consider internal exposures in their
analyses. In addition, the National Council on Radiation
Protection and Measurements (NCRP) addressed the risk
of intake of radionuclides from patients’ secretions and
excreta in NCRP Commentary No. 11, Dose Limits for
Individuals Who Receive Exposure from Radionuclide
Therapy Patients and concluded that “a contamination
incident that could lead to a significant intake of radio-
.active material is very unlikely.”

As given in eqn (2), NRC guidance recommends use
of 107’ for the assumed fractional intake. According to
NRC, this value was chosen in order to account for the
most highly exposed individual and to add a degree of
conservatism to the calculation. However, no such

“highly exposed” individual has ever been found, and no
documentation substantiates that this “factor of 10”
conservative approach is advisable, necessary, or accu-
rate.

‘The total effective dose equivalent (TEDE)

Summing the values of DDE(e) per unit administered
activity, based on the patient-specific dose calculation given
by eqn (1) and the CEDE pér unit administered activity
values based on eqn (2), the TEDE per unit administered
activity is given as follows.

In the case of thyroid cancer patients:

e TEDE/Q, (mSv MBq™") = 6.12 X 10™* mSv MBq™' +
1.43 X 10™* mSv MBq™'; and

e TEDE/Q, (mrem mCi™") = 2.27 mrem mCi~' + 0.53
mrem mCi ™.

In the case of hyperthyroid patients:

e TEDFE/Q, (mSv MBq™") = 2.39 X 107> mSv MBq™' +
143 X 10™* mSv MBq™; and

e TEDE/Q, (mrem mCi™") = 8.84 mrem mCi~' + 0.53
mrem mCi™%.

Using this approach, the internal dose component will
always be 23% (1.43/6.12) and 6% (1.43/23.9) of the
external dose component for thyroid cancer and hyper-
thyroid patients, respectively, irrespective of the admin-
istered activity.

NRC guidance states that when the internal dose
component is less than 10% of the external component, it
does not need to be considered (U.S. NRC 2005). Thus,
internal contamination will never have to be considered
for hyperthyroid patients whereas the summation of
internal and external dose components will always be
required for thyroid cancer patients if a patient-specific
dose calculation is performed. In the case of the NUREG
default-value approach, the TEDE is assumed to be equal
to the external dose “because the dose from intake by
other individuals is expected to be small.” The values in
Table 1 are therefore valid for the release of hyperthyroid
patients, e.g., the maximum releasable activity is 2.1
GBq. However, the Table 1 values cannot be used for
thyroid cancer patients, e.g., the maximum releasable
activity of 8.2 GBq is not applicable. The dose calcula-
tion approach will always result in a maximum releasable
activity for thyroid cancer patients of 6.6 GBq (179 mCi)
(the constraint that the CEDE is always 23% of the
DDE(=), which forces a DDE of approximately 4.05
mSv and an associated CEDE of 0.95 mSv to be in
compliance with the 5 mSv TEDE limit). Although not
applicable, if the same logic is followed, but this time
with the constraint that the CEDE always be 6% of the
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DDE(), the maximum releasable activity for hyperthy-
roid patients would be 2.0 GBq (53 mCi).

The advice requiring inclusion/exclusion of the .

internal dose component in the NUREG for the TEDE
calculation has no basis in regulatory requirements; in
fact, it adds an “extra-regulatory” burden on licensees. It
is also incorrect as it may violate NRC regulations. For
example, Example 4 in the NUREG uses the “default”
value external dose of 5 mSv for a 1,221 MBq "I
administration and determines a CEDE of 0.17 mSv.
Since the internal dose is only 3% of the external dose, it
is stated that the CEDE determinations are never neces-
sary in the TEDE calculation if the default-value ap-
proach is taken; however, the TEDE will exceed the
regulatory limit of 5 mSv (5§ mSv + 0.17 mSv = 5.17
mSv) and the licensee would be in violation of NRC
regulations.

The maximum activity release values given in this
section are based on the assumption that the “patient-
specific” dose calculation approach (use of eqns 1 and 2)
used for determination of the TEDE is accurate. As
described above, the NUREG approach is, at the very
least, unjustifiably conservative, potentially by a factor
as high as 4 in the case of thyroid cancer patients. The
conservatism is due mainly to the assumption of an
essentially non-existent non-void period, the use of an
exposure rate constant representing an unshielded point
source for the extrathyroidal activity biodistribution, and
the use of an intake value of 107°. The more appropriate
maximum fractional intake value of 107° should be used
since this level is seldom, if ever, exceeded by the
reported data. This “seldom exceeded” criterion was used
in the NUREG in Footnote 1 of Table U.6 for selection
of the thyroid uptake fraction in the hyperthyroidism
case. The impact of these assumptions in the case of
hyperthyroid patient release is much less significant
since we have shown that the majority of the calculated
total dose to others (i.e., 87%) is due to the thyroidal
component.

When data are not available, use of conservative
calculations may be reasonable, as they can identify or
rule out a potential problem and may be used to add a
margin of safety to procedures that do not have well-
defined outcomes. However, when data are available, as
they are in the case of patients treated with Na'*'I for
thyroid cancer and hyperthyroidism, the overuse of
conservatism does not serve the goal of radiation protec-
tion practice, which is to provide optimization of radia-
tion doses (economic, social, and other factors consid-
ered) within a system of dose limitation. Massive
conservatism violates the principle of optimization and
places an undue burden on those enforcing dose limits
and on those subject to the limitations; in this case,
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radionuclide therapy patients and their families. Impor-
tantly, the regulations, pursuant to 10 CFR 35.75(a), do
not require any calculational conservatism, let alone that
promulgated in the NUREG; licensees must only dem-
onstrate that the TEDE to any other individual from
exposure to a released patient is not likely to exceed 5
mSv. Maintaining this calculated dose to others ALARA
is the purpose of the required instructions, pursuant to 10
CFR 35.75(b). In point of fact, a patient receiving 1,221
MBq of "' for hyperthyroidism can potentially expose
individuals to a larger radiation dose than a patient
receiving 7.4 GBq of "' for thyroid cancer if appropriate
instructions are not provided, due to the much longer
retention of a significant fraction of *'I in the body in the
former case.

Therefore, we recommend that licensees perform
more realistic calculations (e.g., use of an appropriate
shielding factor for the exposure rate constant, no non-
void period, use of a fractional intake value of 107°) and
not simply automatically adhere to the approaches pro-
vided in the NUREG in order to permit realistic release
limits and patient instructions that still are clearly in
compliance with NRC regulations.

PATIENT RELEASE BASED ON SNM/ACNP
GUIDANCE

One alternative approach to that given in NRC
guidance that can be used for patient release has been
proposed in a Society of Nuclear Medicine and American
College of Nuclear Physicians (SNM/ACNP) guidebook
(Siegel 2004). Using eqn (1), but substituting an expo-
sure rate constant equal to 0.459 mSv cm> MBq™' h™!
(1,700 mR cm®* mCi™' h™") (Carey et al. 1995), a
non-void period of 1 h, and an occupancy factor of 0.25
during this period, the maximum allowable activities and-
dose rates for authorizing patient release are given in
Table 2.

In our opinion, licensees can quite justifiably use the
values in Table 2 as their basis for patient release. The
maximum activity and dose rate values are higher in
Table 2 than in Table 1 due to the use of less conservative
and more realistic parameter values. It should be noted
that this method assumes that the TEDE is equal to the
external dose. This is because the internal dose was

Table 2. Maximum activities and dose rates at 1 m for authorizing
patient release for thyroid cancer and hyperthyroid patients (based
on SNM/ACNP guidebook).

Activity in GBq Dose rate in mSv h™!
(mCi) ' (mrem h™Y)
Thyroid cancer 18.2 (493) 0.84 (84)
Hyperthyroidism 3.0 (80) 0.14 (14)
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considered to be negligible due to the use of an intake
factor of 107°. This is certainly a preferred approach to
that given in the NUREG as it results in more realistic
activity and dose rate release limits.

PATIENT RELEASE BASED ON
METHODOLOGY DESCRIBED IN THIS WORK

We recommend that the patient-specific dose calcu-
lation be performed as follows:

TEDE = DDE() + CEDE,

where:
DDE(w) = [34.6 TQg)/(100 cm)?
X 0.25{F|T1cﬂ' X 0.6+ F2T26ff} (la)

and
CEDE = Q, (MBq) X 107*
X 1.43 X 1072Sv MBq™!. (2a)

Eqn (la) includes only 2 components representing the
thyroidal and nonthyroidal biokinetic components (the
non-void period has been eliminated), the factor 0.6
represents a more accurate correction to the exposure rate
constant given in eqn (1) (Siegel et al. 2002a) for the
extrathyroidal component (the exposure rate constant is
appropriately applicable only to activity confined to the
thyroid gland), and F and Ty are the same as those used
in eqn (1) for thyroid cancer and hyperthyroid patients.
Note that eqn (2a) recommends use of an intake factor
equal to 1075,

Upon rearrangement and summation of egns (la)
and (2a), the TEDE per unit administered activity is as
follows.

In the case of thyroid cancer patients:

e TEDE/Q, (mSv MBq™") = 2.82 X 10~* mSv MBq™*
+ 1.43 X 107° mSv MBq~'; and
e TEDE/Q, (mrem mCi™') = 1.04 mrem mCi~' + 0.053

mrem mCi™'.

In the case of hyperthyroid patients:

e TEDE/Q, (mSv MBq™") = 2.16 X 10~* mSv MBq™' +
1.43 X 107 mSv MBq™'; and

e TEDE/Q, (mrem mCi~") = 7.99 mrem mCi™' + 0.053
mrem mCi . :

In both cases the internal dose component does not have
to be taken into account, as it will always be less than
10% of the external dose component. The maximum
activities for authorizing patient release are 17.7 GBq
(481 mCi) and 2.3 GBq (63 mCi) for thyroid cancer and
hyperthyroid patients, respectively, based on the DDE. A

better approach would be to neglect the “10% of the
external dose” NUREG guidance as discussed above and
include the internal dose component in the calculation. The
maximum activities for authorizing patient release are then
16.9 GBq (457 mCi) and 2.3 GBq (62 mCi) for thyroid
cancer and hyperthyroid patients, respectively, based on the
TEDE.

These activity limits are still conservative as they
are based on the use of the DDE for the TEDE, which
does not account for attenuation and scatter within the
exposed individual (pursuant to 10 CFR 20.1003, the
DDE is the dose equivalent at a tissue depth of 1 cm), and
therefore only approximates the likely surface entrance
dose to the exposed individual (Sparks et al. 1998). In
situations where doses are calculated rather than mea-
sured, we recommend that licensees use the EDE in place
of the DDE in the TEDE determination, and according to
an NRC Regulatory Issue Summary (U.S. NRC 2003) no
prior NRC approval is required. The EDE has been

" reported to be a factor of 0.6, on average, less than the

DDE for "'l (Sparks et al. 1998). Using this permissible
extra-regulatory definition of the TEDE (i.e., TEDE =
EDE + CEDE), the maximum activities for authorizing
patient release are 27.2 GBq (739 mCi) and 3.8 GBq (103
mCi) for thyroid cancer and hyperthyroid patients, respec-
tively. The administered dosages for these patients will
virtually always be less than these activity limits, indicating
that all patients are immediately releasable based on patient-
specific calculations according to NRC regulations.

NRC regulations pursuant to 10 CFR 35.75(b) also
require that released individuals be provided with instruc-
tions on actions recommended to maintain doses to others
ALARA. Pursuant to 10 CFR Part 20.1003, ALARA means
making every reasonable effort to maintain exposures to
radiation as far below the dose limits as is practical. NRC
has stated that “dose” in this context means the TEDE.
Internal and external doses are not minimized separately,
and ALARA efforts should be directed at minimizing their
sum, the TEDE. Since the internal dose is such a small
fraction of the external dose, the TEDE can be most
effectively minimized by efforts to minimize the external
dose component through adequate patient instructions. A
three step approach is necessary (Siegel et al. 2002a):

1. An evaluation of individual’s living and working
conditions must be performed to ascertain whether or
not the patient can be safely released;

2. An appropriate patient-specific dose calculation
should be performed to ensure that no individual will

* likely be exposed to a dose in excess of 5 mSv; and

3. Written, not just oral, instructions that are simple and
clear must be provided so that the patient can limit the
radiation dose to others to as low as reasonably
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achievable. The Authorized User (AU) physician
must be satisfied that patient compliance with these
instructions is highly likely.

Each of these three steps is equally important. Just
because patients are releasable based on the patient-
specific dose calculation does not mean that these pa-

“tients should necessarily be released. For example, it is

important to know if infants, young children, or pregnant
women reside in the released patient’s home (or are
likely to come in contact with the patient) in order to
conclude that the patient should be released and/or in
order to provide meaningful instructions to minimize
exposure to these individuals, which in the professional
opinion of the AU physician will be comprehended by
the patient and likely complied with. Any licensee
releasing patients without giving due consideration to the
three steps above should be considered to be not in
compliance with 10 CFR 35.75 [licensees must also
‘maintain a record of the basis for authorizing patient
release pursuant to 10 CFR 35.75(c)}. Clearly, regula-
tions will not prevent all unintended exposures. The
underlying premise of NRC regulations is that AU
physicians will understand radiation safety principles and
practices and will make appropriate decisions. Licensees
have certain responsibilities and need to implement
policies and procedures to ensure adequate and effective
radiation safety practices.

The NUREG is of limited value in providing appro-
priate and adequate patient instructions. As a good
example, the suggested durations of the instructions
provided for the occupancy factor selection in Section
B.1.2 do not differentiate between thyroid cancer and
hyperthyroid patients. As demonstrated by our analyses
of eqn (1), 30% of the total dose is attributable to the time
period from 8 h post-administration to total decay in the
case of thyroid cancer patients, while 87% of the total
dose is delivered over this same time period for hyper-
thyroid patients. It seems appropriate, therefore, that the

Table 3. Summary of maximum releasable activities.
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times necessary for the relevant instructions to remain in
effect should differ for these two groups of patients.
Finally, it is important to note that radioactive articles in
the household trash of patients are sometimes appearing
at solid waste landfills that have installed radiation
monitors to prevent the entry of any detectable radioac-
tivity. Even though the radioactivity levels potentially
contained in any household waste of patients released in
accordance with 10 CFR 35.75 pose an insignificant
hazard to the public health and safety or to the environ-
ment, professionals can take steps to avoid issues with
landfill owners and operators and even individual states
(Siegel and Sparks 2002). It is probably wise to instruct
patients to avoid or minimize use of items that cannot be
disposed of via plumbing (toilet, sink, dishwasher, wash-
ing machine), such as plastic utensils and paper plates
(Siegel 2004).

SUMMARY OF MAXIMUM RELEASABLE
ACTIVITIES

Table 3 summarizes the maximum releasable activ-
ities for both hyperthyroid and thyroid cancer patients
presented in this work.

All values in Table 3 were determined based on an
occupancy factor of 0.25 for the extrathyroidal and
thyroidal components. If a licensee determines that a
lower occupancy factor (e.g., 0.125) is justified for a
particular patient, then even higher activities would be
calculated.

THE LICENSEE’S ROLE IN PATIENT RELEASE

More realistic calculations allow for even higher
releasable activity levels, particularly for thyroid cancer
patients. The guidance approach involving patient-
specific dose calculations results in a releasable activity
limit similar to our calculational approach for hyperthy-
roid patients (2.1 GBq vs. 2.3 GBq), but the activity limit

Activity in GBgq (mCi)

Method (TEDE definition) Hyperthyroidism Thyroid cancer
1. NUREG
a. Default value (TEDE = DDE) 1.2(33) 1.2 (33)
b. Calculation (TEDE = DDE) 2.1(57) 8.2 (221) (NA)Y*
c. Calculation (TEDE = DDE + CEDE) 2.0 (53) (NA) 6.6 (179)
2. SNM/ACNP
Calculation (TEDE = DDE) 3.0 (80) 18.2 (493)
3. This work
a. Calculation (TEDE = DDE) 2.3(63) 17.7 (481)
b. Calculation (TEDE = DDE + CEDE) 2.3(62) 16.9 (457)
c. Calculation (TEDE = EDE + CEDE) 3.8(103) 27.2(739)

?NA = not applicable.
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for thyroid cancer patients is significantly lower (6.6
GBq vs. 16.9 GBq) using the regulatory definition of the
TEDE. The similarity in the hyperthyroid case is due to
the fact that the majority of the estimated dose to others
is due to the thyroidal component and the overly conser-
vative assumptions made in guidance have minimal
effect. If a licensee chooses to replace the DDE with the
EDE, then the release limits are even higher (27.2 GBq
and 3.8 GBq for thyroid cancer and hyperthyroid pa-
tients, respectively) and now significantly different even
for hyperthyroid patients. Thus, it is reasonable to ask the
question, “Why have licensees broadly adopted the
NUREG guidance for patient release?”

Given that regulatory requirements for patient re-
lease have historically been unrealistically conservative
and that the current NUREG guidance procedures are
still - overly conservative, particularly with regard to
thyroid cancer patients, it is difficult to justify providing
such information to nuclear medicine physicians to
.determine patient release limits. Perhaps many licensees
have adopted these procedures because most of their
clinical treatments involving Na“'l can be managed
under the guidance release limits of either: 1) 1,221 MBq
based on the default-value approach; or 2) 2.1 GBq and
6.6 GBq using the patient-specific caiculational dose
approach, for hyperthyroid and thyroid cancer patient
treatments, respectively. Rarely, they might argue, is
there a .need for hyperthyroid treatments involving

- >1,221 MBq or thyroid cancer treatments with >6.6
GBq and, therefore, the higher activity release limits in
our recommended approaches may not be required. The

important point is that, quite distinct from medical-

judgments by physicians in deciding what activity pre-
scription is best suited for their patients, the activity
release limits we have determined here from a radiation
safety perspective pose little or no adverse impact on the
public health and safety. Many institutions are providing
thyroid cancer treatments based on a dosimetric ap-
proach, rather than an empiric fixed activity, generally
involving an activity prescription >7.4 GBq, and these
institutions need not be subjected to an unnecessary
“tie-down” license condition preventing them from re-
leasing their patients with activities greater than 6.6 GBq.

If more realistic activity limits, as presented and
-discussed in this work, were given to physicians by their
Radiation Safety Officers (RSOs), higher activity admin-
istrations might be more routine. For example, treating
autonomous hyperfunctioning nodules. with empiric
fixed dosages of "*'I that have been determined solely on
the basis of the quantity-of activity that would not require
hospitalization (currently believed by many to be 1,221
MBgq) is a common practice. However, for large nodular
thyroid glands, administered dosages, if calculated based

on volume and fractional uptake of iodine, could exceed
this activity limit (Iagaru and McDougall 2007). It is
important to note that RSOs are not required to blindly
accept and adopt optional NRC guidance, but they are
required to release radioactive patients in a manner that
complies with 10 CFR 35.75 and, therefore, must be
proficient in determining the likely dose to others from
exposure to such released patients. We have shown that
less conservative activity levels can achieve these goals.
RSOs generally are not able to devote the time or

- Tesources necessary to perform complex modeling cal-

culations to verify the adequacy of NUREG recommen-
dations. Thus, it is common practice for licensees to
simply adopt NRC guidance documents without critical
assessment of their strengths and weaknesses. Uniform
adoption of a single standard across the profession also
facilitates the work of NRC inspectors. We have dem-
onstrated, however, that a more scientifically sound but
still easily implementable approach, i.e., one not requir-
ing patient-specific biokinetic studies and dose calcula-
tions, can achieve the same goals as use of the NUREG,
and lessen the burden on licensees, patients, and others.

CONCLUSION .

Licensees must comply with NRC regulations but
are under.no obligation to adopt. NRC guidance. Pres-
ently, there appears to be ‘a considerable degree of
confusion as to what is required by the regulations and
what is optional, i.e., guidance. Rigid adherence to the
guidance recommendations has placed an undue burden
on nuclear medicine therapy patients and their families, -
as well as licensees responsible for ensuring compliance
with NRC requirements. We have shown that guidance-
suggested releasable activity limits are similar to those
we have calculated for hyperthyroid patients, 2.1 GBq
(57 mCi) vs. 2.3 GBq (62 mCi), but are much lower for
thyroid cancer patients, 6.6 GBq (179 mCi) vs. 16.9 GBq
(457 mCi) using the regulatory definition of the TEDE.
Higher limits are both possible and reasonable, if the

‘permissible extra-regulatory definition of the TEDE is

used in which the EDE, rather than the DDE, is deter-
mined. We maintain that professionals evaluating com-
pliance with 10 CFR 35.75 should use the approaches
presented here to comply with NRC requirements. These
approaches are easily implementable by licensees, as
they do not require patient-specific biokinetic studies and
dose calculations. ‘ _

A repeat of the quiescence with which NRC’s
“30-mCi rule” was accepted by those in the radiation
safety community is not justified. As chronicled by
Siegel (2000), this activity limit, lacking scientific justi-
fication or evidence demonstrating it would actually
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presént a hazard to the public health and safety, was

responsible for inappropriately low treatment activities,
unnecessary patient hospitalizations and increased health
care costs for over 50 y.

Use of the 1,221 MBq activity (or 0.07 mSv h™" at
1 m dose rate) patient release limit based on the NRC
guidance “default” approach should never be employed
" by any licensee permitted to release patients pursuant to
10 CFR 35.75. These values indicate lower limits for
- which NRC does not believe it necessary to perform
patient specific calculations to demonstrate that others
potentially exposed to a released patient will not likely
receive a radiation dose that exceeds 5 mSv. However,
the assumptions made by the NRC in arriving at these
guidance values are inaccurate and unjustifiably conser-
vative. Even if a licensee were to follow the patient-
* specific dose calculational approach provided for in
NRC’s NUREG guidance document, thyroid cancer and
hyperthyroid patients receiving greater than 6.6 GBq and
2.1 GBq, respectively, would always have to be hospi-
talized. There is also no scientific basis or justification
for these so-called “forced activity level” confinements.
The NUREG patient release methodology also intro-
duces a regulatory burden not as yet codified in NRC
requirements. Indeed, patients, particularly thyroid can-
cer patients, can be released in accordance with NRC
regulations with much higher activities, as demonstrated
in this work, without adversely impacting on the public
health and safety.

Patients and their families share the largest burden
when overly restrictive release criteria are enforced.
Alternative guidance for patient release by stakeholder
professional organizations is available for use (Siegel
2004). Licensees may adopt and implement the approach

presented here, or they could develop their own appro-

priate approach given that a wealth of scientific literature
now exists (Siegel et al. 2002b; Mathieu et al. 1999;
Barrington et al. 1999; Zanzonico et al. 2000; Venencia

et al. 2002; Siegel et al. 2002a). Possible consequences of -

overly rigid adherence to the NUREG procedures include
the under-treatment of patients, issuance of overly restric-
tive release instructions, and unnecessary confinement of
patients to hospital beds. The significant and unjustified
additional cost to patients and their loved ones, the require-
ment for hospitals to prepare and decontaminate unneeded
rooms so that staff can receive unnecessary radiation expo-
sures, and the adoption of substandard patient release
policies associated with licensee adherence to NRC patient-
release-guidance should be critically re-evaluated given the
guidance presented in this work. These procedures are in
compliance with NRC requirements and their use can lessen
the burden on licensees.

Copyiight © by the Mealth Physic

December 2007, Volume 93, Number 6
REFERENCES

Barrington SF, O’Doherty MJ, Kettle AG, Thomson WH,
Mountford PJ, Burrell DN, Farrell RJ, Batchelor S, Seed P,
Harding LK. Radiation exposure of the families of outpa-
tients treated with radioiodine (iodine-131) for hyperthy-
roidism. Eur J Nucl Med 26:686-692; 1999.

Berman M, Braverman LE, Burke J, Groot LD, McCormack KR,
Oddie TH, Rohrer RH, Weliman HN, Smith EM. MIRD Dose
Estimate Report No. 5: Summary of curmrent radiation dose
estimates to humans from ‘2L, 1, 21, "%, ¥, |, and " as
sodium iodide. J Nucl Med 16:857-860; 1975.

Brodsky A. Resuspensxon factors and probabllmes of intake of
material in process (Or “Is 10°¢a magic number in health
physics?”). Health Phys 39:992-1000; 1980.

Buchan RCT, Brindle JM. Radioiodine therapy .to outpa-
tients—the contamination hazard Br J Radiol 43:479-482;
1970.

Carey JE, Kumpuris TM, Wrobel MC. Release of patlents
containing therapeutic dosages of iodine-131 from hospi- -
tals. J Nucl Med Technol 23:144-149; 1995.

Grigsby PW, Siegel BA, Bakér S, Eichling JO. Radiation
. exposure from outpatient radioactive iodine '] therapy
for thyroid carcinoma. JAMA 283:2272-2274; 2000.

Hanscheid H, Lassmann M, Luster M, Thomas SR, Pacini F,
Ceccarelli C, Ladenson PW, Wahl RL, Schlumberger M,
Ricard M, Driedger A, Kloos RT, Sherman SI, Haugen BR,
Carriere V, Corone C, Reiners C. lIodine biokinetics and
dosimetry in radioiodine therapy of thyroid cancer: proce-
dures and results of a prospective international controlled
study of ablation after thTSH or hormone withdrawal.
J Nucl Med 47:648-654; 2006.

Jagaru A, McDougall IR. Treatment of thyrotoxicosis. J Nucl
Med 48:379-389; 2007.

Jacobson AP, Plato PA, Toeroek D. Contamination of the
home environment by patients treated with iodine-131:
initial results. Am J Public Health 68:230-235; 1978.

Loevinger R, Budinger TF, Watson EE. MIRD primer for
absorbed dose calculations. New York: The Society of
Nuclear Medicine; 1988.

Mathieu I, Caussin J, Smeesters P, Wambersm A, Beckers C.
Recommended restrictions after '*'I therapy: measured
doses in family members. Health Phys 76:129-136; 1999.

Schneider S, McGuire SA. Regulatory analysis on criteria for
the release of patients administered radioactive material.
Washington, DC: U.S. Nuclear Regulatory Commission;
NUREG-1492 (Final Repon), 1996.

Slegel JA. Outpatlent radionuclide therapy In: Radiation
* protection in medicine: contemporary issues. Proceedings
of the Thirty-Fifth Annual Meeting of the National Council
on Radiation Protection and Measurements. Washington,
DC: NCRP; Proceedings No. 21; 1999: 187-199.

Siegel JA. Tracking the origin of the NRC 30-mCi rule. J Nucl
Med 41:10N-16N; 2000. .

Siegel JA. Nuclear Regulatory Commission regulation of
nuclear medicine: Guide for diagnostic nuclear medicine
and radiopharmaceutical therapy. Reston, VA: Society of
Nuclear Medicine; 2004.

Siegel JA, Sparks RB. Radioactivity appearing at landfills in
household trash of nuclear medicine patients: much ado
about nothing? Health Phys. 82:367-372; 2002.

Siegel JA, Kroll S, Regan D, Kaminski MS, Wahl RL. A
practical methodology for patient release after Tositu-
momab and **'I-Tositumomab therapy. J Nucl Med 43: 354——
363; 2002a.

5 Society. Unauthorizer reproduntion of this article is prohibited.



Release of patients treated with *'1 @ J. A. SrEGEL ET AL. 677

Siegel JA, Marcus CS, Sparks RB. Calculating the absorbed dose
to others from the radioactive patient: line source model versus
point source model. § Nucl Med 43:1241-1244; 2002b.

Sparks RB, Siegel JA, Wahl RL. The need for better methods
to determine release criteria for patients administered radio-
active material. Health Phys 75:385-388; 1998.

U.S. Nuclear Regulatory Commission. Criteria for the release
of individuals administered radioactive material. Washing-
ton, DC: U.S. Nuclear Regulatory Commission; 10 CFR
Parts 20 and 35: 62 FR 4120; 1997.

U.S. Nuclear Regulatory Commission. Use of the EDE in place
of the DDE in dose assessments. Washington, DC: U.S.
Nuclear Regulatory Commission; NRC Regulatory Issue
Summary 2003-04; 2003.

U.S. Nuclear Regulatory Commission. Model procedure for
release of patients or human research subjects administered
radioactive materials. Washington, DC: U.S. Nuclear Reg-
ulatory Commission; NUREG-1556, Vol. 9, Rev. 1, Appen-
dix U; 2005.

Venencia CD, Germanier AG, Bustos SR, Giovannini AA,
Wyse EP. Hospital discharge of patients with thyroid
carcinoma treated with "*'1. J Nucl Med 43:61-65; 2002.

Zanzonico PB, Siegel JA, Germain JS. A generalized algorithm
for determining the time of release and the duration of
post-release radiation precautions following radionuclide
therapy. Health Phys 78:648-659; 2000.

Cogyinget € ay e maalln B opsics Sosish. UoFUinonZe Earmtuchon of this article s prohititet,

x



