
The neutron and gamma photon doses corre
sponding to the neck and eye level from an
â€œ1AmO2 source used in thyroid studies have
been theoretically estimated. The radiation haz
ard to the patient is found to be not significant.

Americium-241 sources with activities of a few
curies are used for x-ray fluorescent scanning of the
thyroid gland (1 ) . The 59.6-keV gamma photons
emitted by 241Am are used to excite the characteristic
x-ray emission of iodine atoms in the thyroid. A
typical source for these studies is a pellet compressed
from 241AmO2and aluminum powder; the powdered
aluminum acts as a binder. In such a matrix alpha
particles from 241Am can cause a neutron flux
through (a,n) reactions with the aluminum and oxy
gen atoms of the source complex. This neutron flux
(2) is of some concern from the viewpoint of radia

tion protection. Robinson et al (2) measured the
neutron flux with a neutron â€œremcounter.â€• The rem
counter is too large (about 9 in. in diameter) for
making measurements at the short distances from the
source corresponding to the neck and eye regions. As a
check, we thought it worthwhile to calculate the neu
tron dose theoretically from the known (a,n) cross
sections of aluminum and oxygen.

METHOD OF CALCULATION

The neutron yields and spectra resulting from the
interaction of alpha particles with aluminum and
oxygen were calculated separately and then added
together to get the overall neutron yield and spec
trum. Among the natural oxygen isotopes, 18@is the
chiefcontributorto neutronyield from the 241AmO2
source. Oxygen-16, although overwhelmingly abun
dant (99.759% ), has a threshold of 15.2 MeV for
the (a,n) reaction. Since the abundance and the
(a,n) cross section of â€˜@Oare only about 15% and
10% , respectively, of those of the@ isotope, neu
tron contributions from 170 can also be disregarded.

The calculations were done for the type of source
described by Robinson et al (2) . The activity of
241Am was 5 Ci, and the source was shaped as a
cylinder whose active area was 1.75 in. in diameter
and 0.75 in. thick. Since no information was given
on the ratio of Am to Al atoms, it was taken to be
1:20 since the Am:Be ratio in Amâ€”Be neutron
sources is known to vary between 13 and 30. From
these data the number of Am, 0, and Al atoms per
cubic centimeter of source were calculated.

The neutron yield per alpha particle from the
source is given by

â€˜EmaxY=NJ @an(E)dE
E, @dE1

L@-i
(1)

where N is the number of target nuclei (aluminum
or oxygen) per cubic centimeter; ffa.i,(E) is the neu
tron-production cross section of the target material,
in barns per atom; E is the energy of the alpha par
tide; dE/dx is the stopping power of the source
material (the AmO@â€”Almixture) for an alpha par
tide of energy E; E@is the threshold alpha energy
for neutron production; and Emax @5the maximum
energy of the emitted alpha particles.

The neutron spectrum (3) is given by

FEmax@ = NJ P(En,E)ffa.n(E)dE
E@ IdEl â€˜

(2)

where p(E,@,E) is the probability that a neutron of
energy E,, per unit energy interval is produced when
an alpha particle of energy E interacts with the tar
get medium. These probabilities were calculated as
suming that the neutron is emitted isotropically in the
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center of mass system. The stopping power of the
source material, in erg/cm, is given by

2.97@ 10â€”i(ln E â€”26.26)@ (3)

where E is in MeV. The number of oxygen and
aluminum nuclei per cubic centimeter were found to
be 2.61 X 1020 and 2.61 X 1021, respectively.

The 27A1(a,@)30Preaction. The threshold alpha
energy for neutron production is 3.00 MeV and the
reaction has a negative Q value of 2.7 MeV.
The emitted neutrons have a maximum energy of
only 2.4 MeV. We used the cross-section data of
Williamson, Katman, and Burton (4) . The neutron
yield for a 5-Ci source was calculated to be 1.04 X
10@neutronspersecond.Theneutronspectrumpro
duced in this reaction is shown by the continuous
line of Fig. 1. The average kerma per unit neutron
flux, maximum permissible flux density, average
quality factor, andmodifyingfactor for the eyelens
calculated for this spectrum are, respectively, 2.40
x 10@rad,25.6neutrons/cm2-sec,10.3,and1.1.
The basic data needed for the averaging process were
the kerma values of Ritz et al (5) , the maximum
permissible fluxes and quality factors from the NCRP
(6), and the modifying factors given by the ICRP (7).

The 180(a,n)2Ne reaction. The yield due to this
reaction was calculated from the figure for neutron
yieldsof 238PuO2sourcesgivenby Taherzadeh(8):
2.24 X 10_8 neutrons per alpha. The number of
oxygen nuclei per cubic centimeter in Pu02 is 5.04
x 1022.Itsstoppingpower,inerg/cm,is

1.68 :@ 10â€”2(lnE â€”27.34). (4)

Thus, the neutron yield for the 5-Ci Am02â€”Al
source from the 18O(a,n)22Ne reaction was 1.23 X
1o:t neutrons/sec, which is quite low compared with
the yield of the aluminum reaction. The neutron
spectrum for the 180(a,n)21Ne reaction is taken to be
the sameas that measuredfor a Pu02 sourceby Neff
et al (9) . The 18O(a,n) reaction simply adds a high
energy tail to the 2TAl(a,n) neutron spectrum, and
the combined spectrum for the two reactions is shown
by the dashed line in Fig. 1. The kerma and other
parameters for the combined spectrum are the same
as for the 2TAl(a,n) spectrum.

RESULTS AND DISCUSSION

The total neutron output for the 5-Ci source comes
out to be 1.16 X 10@neutrons/sec, which is low
compared to the measured yield of 3.22 X l0@neu
trons/sec (10) . The theoretical yield does not in
crease very much if the aluminum content is in
creased. Even when the Al: Am ratio is increased
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FIG. 1. Neutronspectrumof AmOr-Alsource.

from 20 to I 000, the yield goes up by only 40%.
Even though the number of aluminum nuclei per
cubic centimeter increases, the stopping power of
the medium also increases, and the neutron yield is
a function of both, as shown by Equation 1. The
higher measured yield could be due to impurities of
low atomic number in the source.

The neutron dose equivalent at a distance of 2.5
in. along the axis of the source (corresponding to
the surface of the neck ) is calculated to be 2.1
mrem/hr. No measured data corresponding to this
point are available. At 6 in. the calculated neutron
dose is 0.4 mrem/hr, whereas the measured dose is
,@, 1 .2 mrem/hr. This difference is consistent since

the measured neutron yield is greater by a factor of
3 than our theoretical yield. At a point correspond
ing to the eye (0.5 in. along the source axis and 6
in. from the axis), the calculated dose equivalent
comes out to be 0.33 mrem/hr. Even if a 15-Ci
source is used and one accepts the measured values,
the doseequivalentsat the neck and eye regions
amount to about 20 and 3 mrem/hr, respectively.

The only significant radiation, in terms of the dose
to humans, is gamma radiation. Robinson et al (2)
pointed out the origins of the various photons ob
served in the gamma spectrum of the source. How
ever, the relative yields of gamma photons are such
that only the 59.6-keV gammas emitted by 241Am
(these are used to excite the thyroidal iodine) con
tribute significantly to the dose. The gamma photon
dose at a distance of 2.5 in. along the axis (corre
spondingto the neck region) is 3.5 rad/hr for the
5-Ci source, allowing for the self-shielding and at
tenuation in the stainless-steel outer covering of the
source but without taking into account any collima
tor that may be used. The gamma dose to the eye
in the absence of a collimator may be as high as
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500 mrad/hr. Since the average scan will take a
maximum of 30 mm, the dose to the neck amounts
to about 1.8 rad.

Since the patient will probably not be subjected to
this typeof examinationrepeatedly,oneneednot be
unduly worried about this localized dose to the pa
tient. If a collimator is used, the dose is bound to
be lower. On the other hand, the technical staff must
take proper precautions since they will handle the
source more often. Clearly, the source must be
kept in a properly shielded container when not in
use.
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