
35. Graham GD, Burman KD. Radioiodine treatment of Graves' disease; an assessment of

its potential risks. Ann Intern Med 1986;105:900-905.
36. Holm LE, Hall P, Wiklund K, et al. Cancer risk after iodine-131 therapy for

hyperthyroidism. J Nati Cancer Inst 1991;83:1072-1077.
37. Hall P. Berg G, Bjelkengren G, et al. Cancer mortality after iodine-131 therapy for

hyperthyroidism. Int J Cancer 1992:50:886-890.
38. Shore RE. Issues and epidemiological evidence regarding radiation-induced thyroid

cancer. Radial Res 1992:131:90-111.

39. Van Middlesworth L. Effects of radiation on the thyroid gland. In: Siperstein MD. ed.
Adv Intern Med 1989;34:265-284.

40. Dobyns BM, Sheline GE, Workman JB, et al. Malignant and benign neoplasms of the
thyroid in patients treated for hyperthyroidism: a report of the Cooperative Thyrotox-
icosis Therapy Follow-up Study. J Clin Endocrino! Metab 1974;38:976-998.

41. Holm LE. Dahlqvist I, Israelsson A, Lundell G. Malignant thyroid tumors after
iodine-131 therapy; a retrospective cohort study. N EnglJ Med 1980:303:188-191.

42. Hoffman DA. Late effects of 1-131 therapy in the United States. In: Boice JD.
Fraumeni JR. eds. Progress in cancer research and therapy. Radiation carcinogenesis:
epidemiology' and biological significance. Vol. 26. New York, NY: Raven Press;
1984:273-280.

43. Hennemann G. Krenning EP, Sankaranarayanan K. Place of radioactive iodine in
treatment of thyrotoxicosis. Lancet I986;i:1369-1372.

44. Saenger EL, Thoma GE, Tompkins EA. Incidence of leukemia fllowing treatment of
hyperthyroidism. JAMA 1968:205:855-862.

45. Hoffman DA, McConahey WM, Fraumeni JF, Kurland LT. Cancer incidence follow
ing treatment of hyperthyroidism. Int J Epidemial 1982;11:218-224.

46. Hall P. Boice JD, Berg G, et al. Leukaemia incidence after iodine-131 exposure.

Lancet 1992:340:1-4.

47. Hoffman DA, McConahey WM. Breast cancer following iodine-131 therapy for

hyperthyroidism. J Nail Cancer Inst 1983:70:63-67.

48. Goldman MB, Maloof F, Monson RR. et al. Radioactive iodine therapy and breast
cancer: a follow-up study of hyperthyroid women. Am J Epidemial 1988; 127:969-980.

49. Health effects of exposure to low levels of ionizing radiation. BEIR V Report.

Washington, DC: National Academy Press: 1990.

50. Genetic and somatic effects of ionizing radiation. UNSCEAR Report E.86.1X.9. New

York, NY: United Nations; 1986.

Radiation Dose from Breastfeeding Following
Administration of Thallium-201
R. Eugene Johnston, Suresh K. Mukherji, J. Randolph Perry and Michael G. Stabin
Department of Radiology, University of North Carolina School of Medicine, Chapel Hill, North Carolina; and Oak Ridge
Institute for Science and Education, Oak Ridge, Tennessee

Radiation exposure to a breast feeding infant was estimated when
the mother underwent a nuclear medicine procedure using 201TI.
Methods: A lactatingmother was administered111 MBq of 201TIfor

a brain scan. Breast milk samples were collected over a period of
three days, and the rate of 201TI secretion was determined. The

infant was not breast fed during that time. Based on our data, we
determined the time-activity function for radioactivity in the breast
milk. From these data, and assuming an intake of 1000 ml/day, we
calculated the fraction of administered activity that might be taken in
by the infant. We also calculated the intake assuming breastfeeding
delays of 2, 24, 48, 72, 96 and 500 hr. Results: We calculated the
radiation dose to various organs and the effective dose to an infant
and a 1-yr-old for breastfeeding delays of 2 to 500 hr. The effective
dose to a 1-yr-old from an administration of 111 MBq of 201TIto the

mother ranged from 0.90 mSv to 0.00072 mSv, and the effective
dose to a newborn ranged from 1.6 mSv to 0.0013 mSv depending
on delay time. Conclusion: Our estimates of radiation exposure to
an infant from breastfeeding indicate that in this case, a 1-yr-old
would have received less than the NCRP's proposed limit on annual
effective dose to members of the general public of 1 mSv with a 48-
hr delay and no restrictions on holding the child. A newborn would
have received less than the proposed infrequent exposure limit of 5
mSv without any delay or restrictions in breastfeeding.

Key Words: breast milk; radiationdose; radioactivity
J NucÃ­Med 1996; 37:2079-2082

At is generally not desirable to administer radionuclides to
patients who are breastfeeding. In those cases, however, where
it is deemed necessary for the health of the mother to proceed
with a nuclear medicine study, the recommendation often is to
stop nursing for some period of time. The ICRP recommenda
tions (1 ) for cessation of breastfeeding, if any, depend on which
of the defined groups the radionuclide falls into. Thallium-201
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falls into group 1, for which the recommendation is to stop
nursing for a period of 3 wk. This is the most conservative
approach, short of complete cessation of breastfeeding, from the
viewpoint of radiation safety. It may, however, be highly
undesirable for many other reasons. The literature provides
limited data on the secretion of radiopharmaceuticals in breast
milk (2-4). We measured 201T1excretion in breast milk of a

patient after administration of thallous chloride for a brain scan.

MATERIALS AND METHODS
The patient was a 32-yr-old female with a history of a brain

tumor which had been treated with multiple surgical resections and
radiation therapy. The patient was scheduled in the nuclear
medicine clinic for a 20IT1brain scan which was performed with

111 MBq (3 mCi) to evaluate for abnormal uptake which would
indicate residual tumor and serve as a baseline for further imaging.
At the time of the study, the patient was breastfeeding. The child
was a normal, healthy 5-mo-old. The decision to undergo the study
rather than to delay it to a later date was based on the strong desire
of the patient and her family to proceed.

The mother was instructed that she should temporarily cease
breastfeeding and use a breast pump from the time of administra
tion of the radioactivity until we could make a further evaluation.
No restrictions were imposed on holding her infant. Breast milk
samples were collected by the patient at the times she would
normally have breast fed over a period of three days beginning with
the time of administration. Samples from each breast pumping
were collected in 20 ml test tubes, labeled with the date and time
of expression, and refrigerated. The samples were returned to the
nuclear medicine clinic 3 days later. The milk samples and a 20IT1

standard were counted in a scintillation well counter. The milk
sample results were recorded in terms of the radioactive concen
tration (Bq/ml) and decay corrected to the time of administration.
A total of 10 samples were collected over a period of 72 hr from the
time of administration. The corrected radioactivity concentration is
shown in Table 1.
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TABLE 1
Thallium-201 Concentration in Breast Milk (Bo/ml)

Date ofsample12/1912/2012/2012/2012/2112/2112/2112/2212/2212/22Timeofsample5:30

pm12:1
5am5:40

am6:15
pm2:30
am7:00
am7:1

5pm12:15
am7:30
am1:50

pmElapsed

time
(hr)410.7516.1728.753741.553.2558.2565.571.83Bq/ml*32622219912812313410010111587

TABLE 2
Activity Taken in by the Infant Under Different

Interruption Schedules

Interruption time
(hr)224487296500Intake(MBq)0.4420.2830.1970.1400.1010.000399Fraction

of
adm.activity3.88E

-032.35E
-031.56E-031.10E-037.83E

-043.08E
- 06

"Corrected for radioactive decay to the time of administration.

Dosimetry
We had the benefit of one previous case reported in detail in the

literature by Murphy et al. (2) where a lactating patient had been
administered 111 MBq of 2Â°'T1and breast milk samples collected

over some 260 hr. These authors derived a two-component expo
nential function with effective half-times of 1.13 and 15.1 days
describing the secretion rate of 201T1into the breast milk. The

authors also estimated the amount of radioactivity that would have
been ingested by an infant using a model that incorporated
assumptions of timing of feeding and amount of milk taken at each
feeding.

It has been noted in some summaries of observations of activity
excretion in breast milk that the concentrations may vary markedly
between individuals or even in the same individual at different
times (5). For our particular patient we requested that she refrain

from breastfeeding for three days while she collected the milk
samples to allow us to determine her secretion rate of 20IT1.In our

case, the radiation dose to the infant from ingested radioactivity did
not commence until day three. By day three, the concentration of
radioactivity in the milk had decreased by a factor of 4. However,
the remaining radioactivity appeared to have a long retention time.
We fit a two component exponential equation to our data and
obtained the function:

Asueto = 196e<-0063t) + 109e(-Â°Â°l9t),

where Amnk(t) is the activity in the breast milk, in Bq/ml, at time t
(hr), with effective half-times of 11 hr and 36 hr. We then
mathematically sampled this curve every 2 hr, assuming an intake
of 83 ml of milk per feeding (following the example of Murphy et
al. (2), to represent a daily intake of 1000 ml/day, although starting
at 2 hr postadministration rather than at 4 hr) out to the complete
radioactive decay of the 201T1.Although the model is not a typical

feeding schedule, it represents a reasonable upper limit estimate.
From this sampling, we estimated the fraction of the administered

TABLE 3
Radiation Dose Estimates for the One-Year-Old for 111 MBq Thallium-201 Administered to the Mother*

Interruption time

TargetorganAdrenalsBrainBreastsGallbladder

wallLLI
wallSm
intestineStomachULI

wallHeart
wallKidneysLiverLungsMuscleOvariesPancreasRed

marrowBone
surfaceSkinSpleenTestesThymusThyroidUm

bladderwallUterusTotal

bodyEffective
dose2hr1.5E4.3E9.6E1.8E9.3E1.2E4.6E8.7E6.1

E8.0E2.2E1.2E1.2E2.2E1.7E1.1E2.2E8.9E4.3E2.4E1.1E2.6E1.4E2.0E1.4E9.0E-01-02-02-01-01+

00-01-01-01-01-01-

01-01-01-01-01-01-02-01+

00-01+

00-01-01-01-0124

hr9.3E-2.6E-5.8E-1.1E-5.6E-7.5E-2.8E-5.3E-3.7E-4.8E-1.3E-7.4E-7.1

E-1.3E-1.0E-6.5E-1.4E-5.4E-2.6E-1.4E

+7.0E-1.6E

+8.2E-1.2Ã‹-8.6E-5.4E-020202010101010101010102020101020102010002000201020148

hr6.1

E1.7E3.9E7.2E3.7E5.0E1.9E3.5E2.4E3.2E8.7E4.9E4.7E8.8E6.8E4.3E9.0E3.6E1.7E9.5E4.6E1.0E5.4E8.1

E5.7E3.6E-02-02-02-02-01-01-01-01-01-01-02-02-02-02-02-02-02-02-01-01-02+

00-02-02-02-01724.3E1.2E2.7E5.1

E2.6E3.5E1.3E2.5E1.7E2.3E6.2E3.4E3.3E6.2E4.8E3.0E6.3E2.5E1.2E6.7E3.2E7.3E3.8E5.7E4.0E2.5Ehr-02-02-02-02-01-01-01-01-01-01-02-02-02-02-02-02-02-02-01-01-02-01-02-02-02-0196

hr3.1

E8.6E1.9E3.6E1.9E2.5E9.3E1.8E1.2E1.6E4.4E2.5E2.4E4.4E3.4E2.2E4.5E1.8E8.7E4.8E2.3E5.2E2.7E4.1

E2.9E1.8E-02-03-02-02-01-01-02-01-01-01-02-02-02-02-02-02-02-02-02-01-02-01-02-02-02-01500

hr1.2E3.4E7.7E1.4E7.4E9.9E3.7E7.0E4.9E6.4E1.7E9.7E9.4E1.8E1.4E8.6E1.8E7.1E3.4E1.9E9.2E2.1

E1.1E1.6E1.1E7.2E-04-05-05-04-04-04-04-04-04-04-04-05-05-04-04-05-04-05-04-03-05-03-04-04-04-04

The units of absorbed dose (for the individual organs) are mGy; those of the effective dose are mSv.
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TABLE 4
Radiation Dose Estimates for the Newborn for 111 MBq Thallium-201 Administered to the Mother*

Interruption time

TargetorganAdrenalsBrainBreastsGallbladder

wallLU
wallSmall
intestineStomachULI

wallHeart
wallKidneysLiverLungsMuscleOvariesPancreasRed

marrowBone
surfaceSkinSpleenTestesThymusThyroidUm

bladderwallUterusTotal

bodyEffective
dose2hr3.5E

-019.5E
-022.4E
-014.3E
-012.3E

+003.1E
+001.4E
+002.1E
+001.2E
+002.1E
+004.9E
-012.9E
-012.9E
-014.8E
-013.8E
-012.6E
-015.2E
-012.3E
-011.1E

+003.4E
+002.8E
-013.6E

+002.8E
-014.4E
-013.4E
-011.6E

+ 0024

hr2.1

E5.8E1.5E2.6E1.4E1.9E8.4E1.3E7.2E1.3E3.0E1.8E1.7E2.9E2.3E1.6E3.1

E1.4E6.8E2.1E1.7E2.2E2.8E2.7E2.1

E9.6E-01-02-

01-01+

00+
00-01+

00-01+

00-01-01-01-01-01-01-01-01-01+

00-01+

00-01-01-01-0148

hr1.4E3.8E9.8EUÃˆ9.3E1.2E5.5E8.5E4.8E8.3E2.0E1.2E1.2E1.9E1.5E1.0E2.1

E9.3E4.5E1.4E1.1E1.4E1.1E1.8E1.4E6.3E-01-02-02-01-01+

00-01-01-01-01-01-01-01-01-01-01-01-02-01+

00-01+

00-01-01-01-0172

hr1.0E-2.7E-6.9E-1.2E-6.6E-8.8E-3.9E-6.0E-3.4E-5.9E-1.4E-8.2E-8.1

E-1.4E-1.1E-7.3E-1.5E-6.6E-3.2E-9.7E-7.9E

-1.0E

+7.9E-1.2E-9.7E-4.5E-010202010101010101010102020101020102010102000201020196

hr7.1

E-1.9E-4.9E-8.6E-4.7E-6.3E-2.8E-4.3E-2.4E-4.2E-9.8E

-5.8E-5.8E-9.7E-7.8E-5.2E-1.0E-4.7E-2.3E-6.9E-5.6E

-7.2E-5.6E-8.9E-6.9E-3.2E-0202020201010101010102020202020201020101020102020201500

hr2.8E7.6E1.9E3.4E1.9E2.5E1.1E1.7E9.5E1.7E3.9E2.3E2.3E3.9E3.1

E2.0E4.1

E1.9E8.9E2.7E2.2E2.9E2.2E3.5E2.7E1.3E-04-05-04-04-03-03-03-03-04-03-04-04-04-04-04-04-04-04-04-03-04-03-04-04-04-03

The units of absorbed dose (for the individual organs) are mGy, those of the effective dose are mSv.

activity which might be taken in by the infant. We also sampled the
same curve assuming interruption times of 24, 48, 72, 96 and 500
hr. Table 2 shows the amount of activity which would be taken in
by the infant with a 2-hr delay after administration until the first
nursing and with longer interruption times.

Using the Medical Internal Radiation Dose (MIRD) technique
(6) and pediatrie phantoms of Cristy and Eckerman (7), we
estimated radiation doses to a newborn and a 1-yr-old from
breastfeeding with 2, 24, 48, 72, 96 and 500 hr of delayed
breastfeeding following 111 MBq of 20IT1administration. Table 3

shows the radiation dose estimates for the 1-yr-old for intake of
20IT1under the six scenarios studied and assuming an administra

tion to the mother of 111 MBq. We then used weighting factors
from ICRP 60 (8) and recommended by NCRP 116 (9) to
determine the effective dose. Table 4 shows the radiation dose
estimates for the newborn for the same assumptions as Table 3. It
should be noted that our model for 20IT1kinetics is different from

that assumed by Murphy et al. (2 ). Our model is based on the more
recent biokinetic data of KrÃ¤hwinkelet al. (10) and the most
updated information on testicular uptake of 201T1(Thomas S,

personnal communication, 1995). These new data suggest a testic
ular uptake of only around 0.3%, rather than the 1% published in
ICRP 53 (11) and used by Murphy et al., and thus results in a
considerably lower testicular and effective dose.

We made the assumption, as did Murphy et al. (2) that activity
ingested by the infant passes quickly and completely into the
bloodstream. Thus, the dose estimates are identical to those which
would be predicted for an intravenous administration directly to the
infant and are most likely higher than the actual dose. This model
does not make adjustments for any differences in metabolism
between infants and adults.

The external radiation exposure, also estimated by Murphy et al.

(2), monitored radiation exposure at chest level for a number of
patients who received 20IT1.Assuming intimate contact with the

mother during nursing, the estimated total radiation exposure to the
infant was reported as 8.3 /iC/kg (32 mR) for 111 MBq of 201T1

administered to the mother. For the purpose of adding dose and
being conservative, we assumed an external radiation absorbed
dose to the child's total body to be 0.32 mSv (32 mrem). The total

radiation dose to the child is then the sum of the radiation dose
from ingested milk and the external radiation exposure.

CONCLUSION
Measurements from a case where 111 MBq of 2II1T1was

administered to a lactating mother and breast milk samples were
monitored for radioactivity. The estimated effective dose to the
child was calculated and found to range from 0.00072 mSv to
1.92 mSv, depending on the age of the child. NCRP radiation
safety guidelines state that, for the general public, the annual
effective dose limit should be 1 mSv for continuous or frequent
exposure (9). For infrequent exposure, the limit is 5 mSv. Our
estimates of radiation dose indicate that our 5-mo-old infant
would have met the infrequent exposure limit with no interrup
tion of breastfeeding, and a newborn would have met the limit
of 1 mSv with a 48-hr interruption period (both cases assumed
that the mother was allowed to hold the infant).

Consideration must also be made of the patient and child
relationship. If the child is about to cease breastfeeding anyway,
then it would seem the best choice to stop breastfeeding from
the time of radioactivity administration. If breastfeeding is to be
continued, then the choice is complicated by other factors that
may be more important to consider than the risk of radiation
exposure. A compromise can be made by delaying breastfeed-
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ing for a short time to reduce the radiation dose, as shown in
Tables 3 and 4.

The data presented provide further information on the secre
tion rate for 201T1 in breast milk and may be helpful in
establishing safety guidelines for cases involving 201T1admin

istration to lactating patients.
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The isotopes 55Co and 57Co have been evaluated for PET and

SPECT imaging in several clinical brain studies. For clinical applica
tion of cobalt, it is important to know the delivered radiation dose.
The biodistribution of 55Co in both rat and humans after intravenous
(bolus)-administration was studied. Based on pharmacokinetic data,
radiation dose calculations according to the MIRD system are
presented. By combining present measurements with literature data
on ^CoCI;,, the radiation dose delivered by ^CoCIa (T1/278.8 days)
and 57CoCI2 (T1/2 = 270 days) could be assessed. Methods:
Whole-body Co-PET was performed in two healthy volunteers and
one rat after intravenous injection of 37 and 3.7 MBq (1 resp. 0.1
mCi) 55Co, respectively. Blood samples were withdrawn during 300
min in humans. In seven rats the 55Co-biodistribution was deter

mined by postmortem analysis. The residence time of the liver
(critical organ) was determined in rats and humans. Blood partition-
data of 55Co were assessed resulting in basic pharmacokinetic data

in humans. Based on these kinetic data, radiation dose was calcu
lated using the MIRD protocol. Results: In both the humans and the
rat, the liver and bladder retained the highest fractions of 55Co (about

50% resp. 40% of the administered dose). The liver residence time
in humans was 8.6 hr. The free fraction 55Co in the human plasma
was at maximum 12%. The total-body mean transit time was 152
min. The volume of the central compartment = 2.8 liter and the
steady-state distribution volume = 48 liter. Conclusion: From these
results, according to the WHO recommendations for class II studies,
22.2 MBq (0.6 mCi) 55Co and 14.8 MBq (0.4 mCi) 57Co (excluding

any radionuclide contamination) can be used.
Key Words: cobalt-55; cobalt-57; pharmacokinetics;dosimetry
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An the past, cobalt isotopes have been used for radiotherapy
(60Co) and radio-diagnostic purposes (bleomycine-57Co) (1-4).
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Presently, the isotopes 55Co and 57Co are evaluated for brain

imaging in several diseases, including stroke, brain trauma and
multiple sclerosis (5-8). These studies show the potency of

cobalt to detect (small) brain lesions. Because of the limited
availability of PET centers, we included both 55Co (PET-
isotope; T1/2 = 17.5 hr) and 57Co (SPECT-isotope; T1/2 = 270

days) in our study. Cobalt-55-PET has the advantage of high

spatial resolution, absolute quantitation and a relative low
radiation dose. The disadvantage is low availability for clinical
routine application and logistical problems concerning the
relatively short half-life. In contrast, 57Co-SPECT has the

disadvantage of a lower spatial resolution, a lack of quantitative
representation due to the impossibility of attenuation correction
and a relatively high radiation dose. The advantage, however, is
its wider availability and simple logistics due to a much longer
half-life. Cobalt-55 is commonly produced by the 56Fe
(p,2n)55Co nuclear reaction using natural iron as target
material (J). Since the 56Fe(p,n)56Co reaction is unavoid
able, 56Co will always be present as a longer-lived contam

ination (4,5).
For the clinical applications of these cobalt radionuclides, it

is important to estimate the radiation dose to various tissues. To
specify such dose commitments, knowledge of excretion, reten
tion and distribution of cobalt in man is essential. Such
information in man is limited, except that of cobalt as a complex
in vitamin B,2 and bleomycine (1,9,10). Virtually all available
animal data on free (noncomplexed) cobalt were obtained with
60Co in rats (9-16).

In the present study, the in vivo distribution of 55Co follow
ing a (single) intravenous-bolus administration of 55Co was

studied both in healthy volunteers and in rats. Cobalt-55 blood
partition-data were determined. Data obtained from biodistri
bution, in both rat and humans combined with basic pharma
cokinetics of cobalt, were used to calculate the absorbed dose of
CoCl2 according to the MIRD formulation (21 ).
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