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A. INTRODUCTION

NRC is proposing to amend the patient release criteria“ip IOWﬁFR Part 35,
"Medical Use of Byproduct Material." The proposed Secti ‘

follows:

ee control any
-permanent implants
]méffective dose
equivalent to an individual from ure to the released patient is
not likely to exceed 5 millisi s (0.5 rem) in any one year.

(b) If the total effectiVé dos 5edhiva1ent to any individual other
than the patient is 1jke1j“%nﬁgﬁéeed 1 millisievert (0.1 rem) in a
year from a single aﬂminiﬁ@ration, upon release the licensee shall:

(a) A licensee may authorize release from
patient administered radiopharmaceutical
containing radioactive material if"

s

(1) Provide the patient with written instructions on how to

“patient and the calculated total effective dose equivalent to
the individual Tlikely to receive the highest dose.

This regulatory guide is being issued in draft form to involve the public in the early stages of the develop-
ment of a regulatory position in this area. It has not received complete staff review and does not represent
an official NRC staff position.

Public comments are being solicited on the draft guide (including any implementation schedule) and its associ-
ated regulatory analysis or value/impact statement. Comments should be accompanied by appropriate supporting
data, Written comments may be submitted to the Regulatory Publications Branch, DFIPS, Office of Administra-
tion, U.S. Nuclear Regulatory Commission, Washington, DC 20555. Copies of comments received may be examined
at the NRC Public Document Room, 2120 L Street NW., Washington, DC. Comments will be most helpful 1f received

Y August 29, 1994,

Requests for single copies of draft guides (which may be reproduced) or for placement on an automatic distri-
bution Tist for single copies of future draft guides in specffic divisions should be made in writing to the
U.S. Nuclear Regulatory Commission, Washington, OC 20555, Attention: Office of Administration, Distribution
and Mail Services Section.




This guide is being developed to provide guidance on determining the 1\J/
" potential doses to an individual likely to receive the highest dose from

exposure to the patient, to establish appropriate activities and dose rates

for release, to provide guidance on instructions for patients on how to main-

tain doses to other individuals as low as reasonably achievable, and to

describe recordkeeping requirements. For summaries, Table 1 1ists the gamma

ray constants and half-lives of commonly administered radionuclides, and

Table 2 lists activities above which records and instructions should be

prepared and the does rates below which patients may be released.

Regulatory guides are issued to describe and make available to the
public such information as methods acceptable to the NRC staff for imple-
menting specific parts of the Commission’s regulations, techniques used by the
staff in evaluating specific problems or postulated accidents, and guidance to
applicants. Regulatory guides are not substitutes for regulations, and
compliance with regulatory guides is not required. Regulatory guides are
jssued in draft form for pubTic comment to involve the public in the early

stages of developing the regulatory positions. Draft regulatory guides have
not received complete staff review and do not represent official NRC staff \L/
positions.

The information collections contained in this draft regulatory guide are
covered by the requirements in the proposed 10 CFR 35.75, which have been
submitted to the Office of Management and Budget for review and approval.

B. DISCUSSION

This guide lists activities for commonly used radionuclides and their
corresponding dose rates with which a patient may be released in compliance
with the dose limits in the proposed Section 35.75.

The activities were calculated by using, as a starting point, the method
discussed in National Council on Radiation Protection and Measurements (NCRP)
Report No. 37, "Precautions in the Management of Patients Who Have Received
Therapeutic Amounts of Radionuclides" (Ref. 1).



Table 1

Gamma Ray Constants and Half-Lives

of Commonly Administered Radionuclides

Specific Specific
Half- Gamma Ray Half- Gamma Ray
Radio~ Life Constant Radio- Life Constant
nuclide (days)' | (R-cm®/mCi-h) nuclide (days)* (R-cm®/mCi -h)
Ag-111 7.5 0.2} Re-188 0.7 0.26*
Au-198 2.697 2.3¢ " Sc-47 3.43 0.56*
Cu-64 0.53 1.2} " Sm-153 1.95 0.447°
I-125 60.2 1.112 " Sr-89 52.7 NA®
I1-131 8.05 h__; 2.2} ”Tc—99m 0.25 0.607’
Pd-103 17. 0.86° Yb-169 31.8 2f38a
Re-186 3.7 | 0.2 ﬂ |
— 'From Reference 2.

*From Reference 3. The constant given is a dose rate constant that takes into
account the attenuation of gamma rays within the implant capsule itself.

*From Reference 4. The constant given is a dose rate constant that takes into
account the attenuation of gamma rays within the implant capsule itself.

‘From Reference 5.

*Calculated by Radiation Internal Dose Information Center, Oak Ridge Associated
Universities, Oak Ridge, Tennessee.

°From Reference 2. Not applicable (NA), 0.91 MeV gamma (0.009%, with Y-89m).
’From Reference 6.

°From Reference 7.



Table 2
Activities for Which Records and Instructi
and Dose Rates Below Which Patients

ons Should Be Prepared,
May Be Released’

Column 1? Column 2° Column 3° Column 4°

Activity Below Dose Rate at | Activity Above Dose Rate at

Which Patients 1 meter at Which 1 meter

May Be Released | Which Instructions to Above Which

Patients May | Patients and Instructions
Be Released Records Should and Records
' Be Prepared Should Be
Prepared

Radio-
nuclide mCi GBq mrem/hr mCi GBq mrem/hr f
Ag-111 390 14 8 77 2.9 2
Au-198 93 3.4 21 19 ! 0.69 4
Cu-64 230 8.4 28 45 1.7 5
1-125 8.7 0.32 1 1 0.06 0.2
[-131 33 1.2 7 6. 0.24 1
Pd-103 40 1.5 3 7.9 0.29 0.7
Re-186 780 29 16 160 5.8 3
Re-188 790 29 21 160 5.9 4
Sc-47 300 11 17 60 2.2 3
Sm-153 660 25 30 130 4.9 6
Tc-99m 960 36 58 190 7.1 11
Yb-169 7.6 0.28 2 1.5 0.06 0.4

This table does not include radionuclides not regulated by NRC such as
In-111, T1-201, or Ga-67.
2yalues have been rounded to two significant figures.

3Most values have been rounded to the nearest whole number.



NCRP Report No. 37 uses the following equation to calculate the exposure
until time t at a distance r from the patient: '

34.6MQ,T, (1-e7**/™)

D(t) = - (Equation 1)
r
Where D(t) = accumulated exposure at time t, in roentgens,
IF = specific gamma ray constant for a point source, R/mCi-h
at 1 cm,
Q, = initial activity of the point source in millicuries,

at the time of the release,
T, = physical half-life in days,
r = distance from the point source to the point of interest
in centimeters,
t = exposure time in days.

h-]

This guide uses the NCRP equation (Equation 1) in the following manner
to calculate the activities at which patients may be released.

® The dose to an individual 1ikely to receive the highest dose from
exposure to the patient is taken to be the dose to total decay.
Therefore, (1-e%°*/™) jis set equal to 1.

® It is assumed that 1 roentgen is equal to 1 rem.

® Table 2 assumes, for radionuclides with half-lives greater than
1 day, that the individual likely to receive the highest dose from
exposure to the patient would receive a dose of 25 percent of the
total dose to decay (0.25 in Equation 2) at a distance of
100 centimeters.* For radionuclides with half-lives less than

*Selection of 25 percent of the "reference dose" for estimating the
maximal 1ikely exposure is an intuitive judgment based on time-distance
combinations believed to occur when instructions to spend as little time as
possible to the patient are given. A study by Harbert and Wells (Ref. 8)
indicated that actual doses to family members of patients who had been treated
for thyroid carcinoma was less than the predicted dose based on 25 percent of
the reference dose.



1 day, the factor 1.0 is used in Equation 3 because the assumption
that the time that individuals will spend near the patient will be
limited is not valid when most of the dose is delivered in a
relatively short time.

° The doses are calculated using the physical half-life of the
radionuclide as given in Table 1 and do not account for the
biological half-1ife of the radionuclide.

For radionuclides with a half-1ife greater than 1 day:
34.6IQ,T, (0.25)
D(e) = (Equation 2)
(100 cm)?

For radionuclides with a half-1ife less than 1 day:

34.67Q,T
D) = — " (Equation 3)
(100 cm)?

Equations 2 and 3 calculate the dose from external exposure to gamma
radiation. The equations do not account for internal intake by household
members and members of the public because the dose from intake by other
individuals is normally expected to be small (less than a few percent)
relative to the gamma dose.** Further, the table and the methods used do
not apply to the release of breast-feeding mothers if they continue to
breast-feed. It should be noted that there could be a significant exposure to
a breast-fed child.

The gamma ray constants and half-lives for typical radionuclides used in
nuclear medicine and brachytherapy procedures are given in Table 1. The gamma
ray constants used for iodine-125 (I-125) and palladium-103 (Pd-103) take into
account attenuation of gamma rays within the implant capsule itself. All the

**There has been only a limited attempt to empirically measure the
thyroid burden among family members associated with patients treated for
hyperthyroidism or thyroid cancer. Existing information suggests that thyroid
doses from contamination leading to internal exposure are likely to be less
than external exposures. The addition of such a thyroid dose to the total
effective dose equivalent (TEDE) by means of the thyroid weighting factor of
0.03 would, on the average, increase the TEDE by less than 3 percent.
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other gamma ray constants in the table assume no attenuation of the gamma
rays.

C. REGULATORY POSITION

1. ACTIVITY LEVELS

1.1 Activities for Release of Patients

Licensees may demonstrate compliance with the dose limit in the proposed
Section 35.75 for release of patients from licensee control if the amount of
the specific radionuclide in the patient’s body at the time of release is less
than the value in Column 1 of Table 2 or if the dose rate at 1 meter is less
than the value in Column 2 of Table 2 for that radionuclide.

If radioactive materials are to be administered to a mother who is
currently breast-feeding, several alternatives are available. First, the
licensee may determine that the quantity and type of radionuclide administered
is not likely to result in a dose to a breast-fed infant exceeding
5 millisieverts (0.5 rem); this is unlikely to be the case for most
administrations of radioiodine. A second alternative is for the mother to
stop breast-feeding the infant for a predetermined period of time. A third
alternative is to postpone the administration unti! the mother has stopped
breast-feeding. References on the transfer of drugs and other chemicals into
human milk and the cessation of breast-feeding after administration of
radiopharmaceuticals to mothers can be used by licensees to determine whether
it is necessary to stop breast-feeding (Refs. 9, 10, and 11).

The radionuclides currently used in medical diagnosis and treatment
deliver the majority of their dose through an external dose pathway
(e.g., radiation from the patient’s body that exposes someone standing
nearby). If a radionuclide is, for example, a beta emitter, other pathways of
exposure may need to be considered. The values in Table 2 do not take these
other pathways into account, and licensees should refer to Regulatory
Position 1.3 for further information.



1.2 Activities Requirin structions and Records

Licensees may use the values in Column 3 or Column 4 of Table 2 to
determine when instructions should be given to patients and when records
should be kept in accordance with the proposed Section 35.75(b). Column 3
provides activities above which an individual could receive a dose of
1 millisievert (0.1 rem) or more. Column 4 provides corresponding dose rates
at 1 meter, based on the activities in Column 3.

1.3 Calculations Based on Case-Specific Factors

Licensees may calculate the maximum likely dose to an individual exposed
to the patient on a case-by-case basis to account for factors specific to a
patient. In such cases, licensees may be able to release a patient with
radioactive material in excess of the activity listed in Table 2 and still
demonstrate compliance with the annual dose limit. Licensees may take into
account the effective half-1ife of the radioactive material and other factors
that may be relevant to the particular case.

If the activity administered exceeds the activity listed in Table 2 for
recordkeeping, but a case-specific calculation indicates a dose less than
1 millisievert (0.1 rem) that appears to not need a record, a record should
sti11 be maintained to ensure compliance with the proposed Section 35.75. The
record should clearly identify the specific assumptions used in the
calculation. ‘

For case-specific calculations, written instructions should specifically
address the case-specific factors that were assumed in calculating the dose to
an individual.

Appendix A provides procedures for performing case-specific dose
calculations, and it describes how various factors may be considered in the
calculations.

1.4 Multiple Administrations

To prevent a dose in excess of 5 millisieverts (0.5 rem) in any 1 year
to an individual as a result of exposure to a patient containing radioactive
- material, licensees should sum the doses from all administrations of all



radionuclides to the patient in the year for which the record is maintained.
(The proposed Section 35.75(b) would require a record of the released patient
if, for a single administration, the dose to any individual other than the
released patient is likely to exceed 1 millisievert (0.1 rem) in a year.)

2. INSTRUCTIONS FOR PATIENTS TO BE RELEASED

If the total effective dose equivalent to an individual exposed to a
patient is likely to exceed 1 millisievert (0.1 rem) in a year from a single
administration, the proposed Section 35.75(b)(1) would require that the
released patient be given instructions on how to maintain doses to other
individuals as low as reasonably achievable.

The instructions should be specific to the type of treatment given, such
as permanent implants or radioiodine for hyperthyroidism or thyroid carcinoma,
or they may include additional information for individual situations. The
instructions should include a contact and phone number in case the patient has
any questions. Instructions should include, as appropriate, the need for

L Maintaining distance from individuals, including sleeping
arrangements and avoiding public transportation,
L Stopping breast-feeding if appropriate,

L Avoiding public places (e.g., grocery stores, shopping centers,
theaters, restaurants, and sporting events),

® Maintaining good hygiene, and

L 2 The length of time precautions should be taken.

Not all these precautions are necessary for every patient; patients
should be given specific instructions that are applicable to their particular
situation.

The Society of Nuclear Medicine published a pamphlet in 1987 that
provides information for patients receiving treatment with radioiodine
(Ref. 12). This pamphlet was prepared jointly by the Society of Nuclear
Medicine and the NRC. The NRC considers the instructions in this pamphlet to
be acceptable instructions for patients, provided specific information is
given to patients regarding any case-specific factors. However, licensees may



develop their own instructions, addressing the items discussed in the above
paragraph as appropriate.

Sample instructions for patients who have received permanent implants
are given in Appendix B.

3. RECORDS

If the total effective dose equivalent from a single administration,
upon the patient’s release, to any individual other than the patient is likely
to exceed 1 millisievert (0.1 rem) in a year, the licensee must maintain for
3 years a record of the released patient and the calculated total effective
dose equivalent to the individual likely to receive the highest dose.

For example, if a patient is administered 185 megabecquerels
(5 millicuries) of iodine-131 (I-131), the maximum dose to another individual
is not likely to exceed 1 millisievert (0.1 rem). Column 3 of Table 2 lists
an activity of 240 megabecquerels (6.5 millicuries) or more as the activity
corresponding to a dose at which a record should be kept and instructions
should be given to the patient. Hdwever, if the patient is administered
555 megabecquerels (15 millicuries) of iodine-131, the dose to another
individual is considered 1ikely to exceed 1 millisievert (0.1 rem). In this
case, the licensee is required to maintain a record of the dose and provide
the patient with instructions.

Records should include (1) the patient’s name, (2) the radioactive
material, (3) the administered activity, (4) the date and time of
administration, (5) the date and time of release, (6) the estimated dose to an
individual exposed to the patient, and (7) whether instructions were given to
the patient. If the dose to the individual most 1ikely to receive the highest
dose from exposure to the patient is determined by using Table 2 in this
guide, the licensee should so state in the record and should state whether the
activity or the dose rate from the table was used. If the dose was determined
by a case-specific calculation, the licensee should maintain a record of the
calculation, including the assumptions used in calculating the dose.
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D. IMPLEMENTATION

The purpose of this section is to provide information about the NRC
staff’s plans for using this draft regulatory guide.

This draft guide has been released to encourage public participation in
its development. Except in those cases in which an applicant proposes an
acceptable alternative method for complying with specified portions of the
Commission’s regulations, the method to be described in the active guide
reflecting public comments will be used in the evaluation of a licensee’s
compliance with Section 35.75.

11
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APPENDIX A
PROCEDURES FOR CALCULATING DOSES BASED ON CASE-SPECIFIC FACTORS

There may be situations in which a licensee may release a patient with
an activity higher than the values listed in Table 2 for a specific
radionuclide. Licensees may calculate potential doses to individuals exposed
to patients receiving treatment with radioactive material on a case-by-case
basis to account for certain factors specific to an individual. Such factors
include (1) the effective half-life of the radioactive material, (2) exposure
factors, and (3) other factors that may be relevant to the particular case.

The proposed Section 35.75 would require that a record of the release of
the patient and the evaluation of the dose to an individual likely to receive
the highest dose from a patient be maintained if the dose would exceed
1 millisieverts (0.1 rem).

The following equation may be used to calculate doses based on
case-specific factors:

34.6IQ,T,E
D(t) = ——— (Equation A-1)
(r)?
Where D(t) = dose to total decay,
F = specific gamma-ray constant,
Q, = initial activity at the start of the time interval,

T, = physical half-life,

E = exposure factor that accounts for the different
occupancy times and distances when an individual
is around a patient. This value is typically 0.25
when the distance is 100 cm.

r = distance. This value is typically 100 cm.
1. EFFECTIVE HALF-LIFE

A licensee may take into account the effective half-life of the
radioactive material to demonstrate compliance with the dose 1imits to members



of the public stated in the proposed Section 35.75. The effective half-1life

is defined as: [_L
T.xT,
Terr = —— (Equation A-2)
T, + T,
Where T, = biological half-life of the radionuclide,
T, = physical half-1ife of the radionuclide.

Using the effective half-1ife, Equation A-1 becomes:

34.6MQ,T,,, (E)
D(t) = = (Equation A-3)
r

with the factors defined as above and T, is the effective half-life.

For radioiodine, the effective half-life comprises the effective
half-1ife of extrathyroidal iodide and the effective half-life of iodide
following uptake by the thyroid. The extrathyroidal and thyroidal fractions L\L
of iodide are F, and F,, respectively. The effective half-1ife for F, and F,
can be calculated with the following equations:

Ty X T,
Tiepe = —— (Equation A-4)
T, + T,
Tee X T,
Toury = —— (Equation A-5)
Tee + T,
Where T,, = biological half-life for extrathyroidal iodide,
T,. = biological half-life of iodide following uptake by the thyroid,
T, = physical half-life of iodine-131.

Average values of 5 hours and 68 days may be used for T,, and T,,,
respectively, for radioiodine. A maximum daily thyroidal uptake of iodide of



30 percent may be used (Reference A-1). Therefore, the extrathyroidal
fraction of iodide is 70 percent.

Example: Calculate the maximum 1ikely dose to an individual exposed to a
patient who has been administered 100 millicuries (3,700 megabecquerels) of
jodine-131 for the treatment of thyroid cancer.

Solution: In this example, we will account for elimination of iodine-131 from
the body by using the biological half-lives appropriate for thyroid cancer to

calculate the dose. It will be necessary to consider the different biological
half-lives for thyroidal and extrathyroidal iodine. The following assumptions
are made in this example:

Physical half-life of Iodine-131, T, . . .. ... ... ... .. 8.0 days
Extrathyroidal fraction, F, . . . . . . S e e e e e e e e e e e e 0.7
Biological half-life of extrathyroidal fraction, T,, . .. . . .. 0.21 day
Effective half-1ife of extrathyroidal fraction, T,,,, . . . . . . .. 0.2 day
Thyroidal fraction, F, . . . . ... ... ... ... ....0.3
Biological half-life of thyroidal fraction, T, . . . . . . . . . .. 68 days
Effective half-life of thyroidal fraction, T,,,, . . . . . . . . . . 7.2 days
Specific gamma ray constant, ' . . . . . . . ... .. ... 2.2 R-cm®/mCi-h

For the first 24 hours after administration, the effective half-life,
Teees Will equal the physical half-1ife because no correction has been made for
loss of iodine from voiding of the bladder.

The dose for the first 24 hours is given by

34.6I'Q,T,(0.25) (1-e™°-****/%)
D(t) = (Equation A-6)
(100 cm)?

Substituting the values from above gives

34.6(2.2R-cm*/mCi-h) (100 mCi)(8d)(0.25) (1-e o211/ ey

Pt dan) = (100 cm)?




therefore,
D(1 day) = 0.126 rem (1.26 mSv) L\J

To calculate the dose from the end of the first day until total decay,
it can be assumed that the extrathyroidal iodine has been totally voided and
will not contribute to the dose. A1l the dose after the first day will come
from the thyroidal iodine.

It is first necessary to calculate how much thyroidal iodine will be
present at the end of the first day. The equation is:

Q(1 day) = QjF,e™®- e/ Teers (Equation A-7)

If t = 1 day and T,,,, = 7.2 days are substituted into Equation A-7, the
activity is

Q(1 day) = 100 mCi (0.3)(0.91)
= 27.2 mCi (1,006 MBq)

The dose from the end of the first day to total decay can now be [\J/
calculated using Equation A-6 [(1-e°°/™) is set equal to 1 since the dose
is to total decay]:

34.6(2.2R-cm*/mCi-hr) (27.2 mCi)(7.2d)(0.25)

D(1d—o) =
( ) (100 cm)?

D(1d-0) = 0.373 rem (3.73 mSv)

Adding the dose of 0.126 rem (1.26 millisieverts) from the first day to
the dose of 0.373 rem (3.73 millisieverts) for day 1 to total decay yields a
total dose of 0.499 rem (4.99 millisieverts). Thus, the maximum likely dose
to an individual exposed to a thyroid cancer patient administered
100 millicuries (3,700 megabecquerels) of iodine-131 is about 0.5 rem
(5 millisieverts). Therefore, thyroid cancer patients administered
100 millicuries (3,700 megabecquerels) of iodine-131 or less would not have to
be confined and could be released under the proposed Section 35.75, assuming

Ll



that there is documentation of the validity of the foregoing assumptions in
the individual patient’s case and that the patient is given instructions.

2. EXPOSURE FACTOR

The distance and the time that other individuals will spend in the
proximity of the patient may occasionally be taken into account when
determining the dose to an individual. If the patient is living alone, will
have few if any visits by family or friends, will not be returning to work
immediately, and will be generally isolated from other people, the exposure
factor can be decreased by a factor of two (for example, from the general
value of 0.25 to 0.125). This would allow an individual to be released with
an activity that is higher than that specified in Table 2 in the regulatory
guide. On the other hand, if the patient needs extensive care at home, the
exposure factor will have to be increased to account for the increased
exposure of the individual caring for the patient.

If this option is used in calculating the dose, the licensee should
state in the record why a lower exposure factor was justified.

Example: Calculate the maximum 1ikely dose to an individual exposed to a
patient who has received 10 millicuries (370 megabecquerels) of iodine-131.
The patient lives alone and will not be working.

Solutfon: The dose is calculated using Equation A-1:

34.6IQ,T,E

O(t) =
(r)?

Since the patient lives alone and will not be returning to work, and
therefore will not be around the public, the exposure factor can be reduced to
0.125:

(34.6) (2.22R-cm?/mCi-hr) (10 mCi)(8.05d)(0.125)

D(t) =
(100 cm)?

D= 0.077 rem (0.77 mSv)



Since the dose is less than 1 millisievert (0.1 rem), the patient may be
released and instructions to the patient are not required. Because the l\J/
administered activity would indicate instructions and a record to be ‘
maintained based on the values in Table 2, it is recommended that a record of
the calculation be maintained to ensure compliance with the dose limits in the
proposed Section 35.75.

Example: Calculate the maximum 1ikely dose to an individual exposed to a
patient who has received 10 millicuries (370 megabecquerels) of iodine-131.
The patient requires extensive care because of other medical conditions.

Solution: Since the patient needs extensive care, the exposure féctor will
have to be increased to account for the increased time the primary caregiver
will spend near the patient. An exposure factor of 0.5 is used in this

example:
D (34.6) (2.2R-cm?/mCi-hr) (10 mCi)(8.05d)(0.5)
(100 cm)®
D= 0.304 rem (3.04 mSv) l\J/

Since the dose exceeds 1 millisievert (0.1 rem), the licensee must
provide the patient with written instructions, and a record of the released

patient is required.

3. OTHER FACTORS

3.1 - Attenuation of the Radijation in the Body

Licensees may take into account attenuation of the radiation by the
patient. The fraction of the dose that results after attenuation by the body
may be calculated using the following equation:



D= De™ (Equation A-8)

Where D = dose after attenuation,
D, = dose before attenuation,
M = linear attenuation coefficient of tissue,
x = thickness of tissue covering the implant.

Also, the dose before attenuation is, from Equation 2 in the guide:

34.6IQ,T, (0.25)
D, = (Equation A-9)
2
(100 cm)

Substituting Equation A-9 for D, in Equation A-8, the dose after attenuation
becomes
34.6Q,T, (0.25)(e™)

D = (100 om)? (Equation A-10)
cm

Example: Calculate the maximum 1ikely dose to an individual exposed to a
patient who has received a permanent implant of 60 millicuries
(2,220 megabecquerels) of iodine-125. The following factors apply:

F=1.11 R-cm?/mCi+hr,
T, = 60.2 days,
g =0.387/cm (Ref. A-1),
5 HVLs = 9 cm (assume 5 Half Value Layers;

1 Half Value Layer for iodine-125 = 1.8 cm).

There is a significant reduction in the exposure rate from the shielding
effects of the source capsule. The I' of 1.11 R.cm®/mCi-h for iodine-125
already accounts for the reduction in exposure rate from attenuation by the
source capsule.

Based on empirical assessment involving patients with implants, tissue
shielding for iodine-125 is likely to exceed 5 or more half-value layers.



Solution: The dose is calculated using Equation A-10:

34.6(1.11R-cm®/mCi-hr) (60 mCi)(60.2d)(0.25) (e ©-27/m® em)

(100 cm)?

o
L]

107 rem (1.065 mSv)

Therefore, a patient who has received a permanent implant of
60 millicuries (2,220 megabecquerels) of iodine-125 may still be authorized
for release. The licensee must provide the patient with instructions and
maintain a record that documents the validity of the foregoing assumptions in
the individual patient’s case.

3.2 Internal Dose

Internal dose may be a consideration with certain radiopharmaceuticals
now being developed, such as radiolabeled antibodies, or those that are
developed in the future. Many of the radionuclides used in radiolabeled
antibodies are predominantly beta or alpha emitters, which emit few gammas.

One way of evaluating the internal dose is to compare the internal dose
with the annual Timit on intake (ALI) value in 10 CFR Part 20. A rule of

thumb is to assume that the individual 1ikely to receive the highest dose from

exposure to the patient will receive an internal dose of 1-millionth of the
activity that is in the patient. This rule of thumb was developed in

Reference A-2 for cases of worker intakes during normal workplace operations,

worker intakes from accidental exposures, and public intakes from accidental
airborne releases from a facility, but it does not specifically apply for
cases of intake by an individual exposed to a patient. However, two studies
(Refs. A-3 and A-4) regarding the intakes of individuals exposed to patients
administered iodine-131 indicated that internal doses are negligible compared

to external doses and that intakes were of the magnitude of one 1-millionth of

the quantity in the patient. For additional discussion on the subject, see
Reference A-1.



Thus, a rough estimate of the effective dose equivalent can be
calculated from the following equation:

-6
p, . >rems Q10 (Equation A-11)
ALl
Where D, = the internal effective dose equivalent to the individual

exposed to the patient in rems,
Q = the activity in the patient at time of release in .
microcuries,
ALI = the occupational inhalation annual limit on intake from
Appendix B of Part 20,
5 rems = the dose from an intake of one ALI,
10°¢ the assumed fractional intake.

For example, assume that 30 millicuries (30,000 microcuries) iodine-131
was administered to a patient. If 1-millionth of the administered activity is
taken in by another individual, the activity would be 0.03 microcuries. The
stochastic ALI for iodine-131, 200 microcuries, corresponds to an effective
dose equivalent of 50 miliisieverts (5 rems). Thus, the individual would
receive a dose of about 75 microsieverts (0.75 millirem). In this case, the
internal dose would be considerably less than 1 percent of the assumed
5 millisieverts (0.5 rem) external gamma dose.. Internal doses may be ignored
in the calculations if they are likely to be less than 10 percent of the

external dose since they would be significantly less than the uncertainty in
the external dose.
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APPENDIX B

SAMPLE INSTRUCTIONS FOR PATIENTS RECEIVING PERMANENT IMPLANTS

A small radioactive source has been placed (implanted) inside your body. The
source is actually many small metallic pellets or seeds, which are about 1/3
to 1/4 of an inch long, similar in size and shape to a grain of rice. To
minimize exposure to radiation to others from the source inside your body and
to yourself if the source falls out or comes out, you should do the following:

® Stay at a distance of feet from
for days/weeks.
Minimize time with children and pregnant women for days/weeks.
Do not hold or cuddle children for days/weeks.
Avoid public transportation for days/weeks.
Examine any bandages or linens that come into contact with the implant
site for any pellets or seeds that may have come out of the implant
site.
° Take the following action if you find a seed or pellet:
e Do not handle it with your fingers. Use something like a
spoon or tweezers to place it in a jar or other container
that you can close with a lid.
® Place the container with the seed/pellet in a location away
from people.
® Notify _ , at (phone number) for further
instructions as soon as possible.

If you have any questions, contact the following individual(s):

Name Phone number Beeper number
Name Phone number Beeper number



REGULATORY ANALYSIS

"Regulatory Analysis on Criteria for the Release of Patients
Administered Radioactive Material" (NUREG-1492, S. Schneider et al., 1994),
provides the regulatory basis for this guide and examines the costs and
benefits. A copy of NUREG-1492 is available for inspection and copying for a
fee at the NRC Public Document Room, 2120 L Street NW., Washington, DC.
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