
Line-spread functions and energy spectra for
commercially produced â€˜@@iwere obtained on an
Anger scintillation camera using three differ
ent collimators. images of a thyroid phantom
were also obtained using the same collimators.
Although the 529-keV gamma ray of 1237has a
relative intensity of only about 1 %, it and other
high-energy but law-abundance gamma rays seri
ously degrade images by virtue of septum pene
tration through thin-wall collimators. Use of the
pinhole collimator minimizes this problem.

Iodine-I 23 is regarded as a more ideal radioiso
tope of iodine than â€˜@Ifor in vivo measurements,
particularly thyroid imaging (1â€”5). Its charged-par
tide emission is minimal and radiation dose to the

patient is much less than with 131!. Iodine-l23 has
a short half-life (1 3.3 hr) and the most abundant
gamma ray at 159 keV is comparable to the 140-
keV gamma of @@â€˜Tc.It might be assumed, there
fore, that 1231could be imaged with the same low
energy parallel-hole collimators as used for 99mTc.
However, there are also higher energy gamma-ray
transitions from â€˜231, as well as isotopic impurities
such as 130j 124j 126!, and 131j (6â€”8). Low-energy
collimators are very ineffectual in collimating these
higher energy gamma rays, and even though such
gamma rays amount to only a small percentage
relative to the I 59-keV primary gammas at the
source, a large fraction of these penetrate the colli
mator and cause interactions in the scintillation crys
tal. The problem of septal penetration has previously
been discussed by Weliman, et al with respect to
scanner collimators and the use of a pinhole colli

mator on the Anger gamma camera (2,3) . Photo

electric interactions from high-energy gammas may

be eliminated by energy discrimination. At an energy
of approximately 500 keV, however, the probability
of a Compton-scattering event in the crystal is high.

Some of these Compton events will deposit an energy
in the crystal that falls within the 159-keV photopeak
window of the single-channel analyzer and will there
fore not be discriminated against. Image degradation
due to this effect was studied using several collima
tors with the Anger scintillation camera.

MATERIALS AND METHODS

A multichannel analyzer was used in conjunction
with an Anger scintillation camera (Searle Radio
graphics, Inc. Pho/Gamma HP) to obtain data on
energy spectra, line-spread function (LSF) , and
images of a Picker thyroid phantom filled with about
Â½mCi of 123! Data were taken on the following
Searle Radiographics collimators : (A) high resolution
(Part # 82 174 1) ; (B) 4,000-hole collimator (Part
#820719); and (c) pinhole collimator (Part
#820728). The septa of Collimator A are 0.010-
in. thick lead whereas the septa of Collimator B

are 0.030-in. thick.
The 1231 used for this study was obtained from

Medi+Physics, Inc. The radionuclide composition
at calibration time was specified as (A) 1231> 95%;
(B) 1241 < 1%; (C) 1261 < 0.5%; (D) 1301 < 3%;
(E) 131J < 0.5%. Data were taken within 2â€”3 hr

of calibration time.
The line source consisted of a glass capillary tube

12 in. long having 1.0-mm inside diam, and was

filled with approximately Â½ mCi of 1231. Data for
[SF were taken with the line source at a distance
of 2 in. from the collimator face. Data were taken
both in air and with 1@ 6-in.-thick Lucite interposed
between line source and collimator as scattering ma
terial. Data on energy spectra were taken with about
Â½ mCi of 12:q in a small glass bottle placed at the
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energy gammas, emitted by 123! itself and other
impurities, the predominant one being 130!. The
gamma-ray transitions from the various isotopes are

tabulated in Table 1. The most significant high-energy
gamma from 1231is that at 529 keV which occurs in
1.08 out of 100 decays of 123!.

It is well known that scattering in the patient de
grades image quality. It should be noted, however,
that the degrading effect of the high-energy gammas
arises predominantly from Compton scattering in
the NaI crystal itself after penetrating the thin-wall
septa of the collimator. Since the parallel-hole colli
mators attenuate the 159-keV gammas by a factor
of about 1.2 x 10@ and 529-keV gammas by only
approximately 10', the number of 529-keV gam
mas reaching the Nal crystal compared with the 159-
keV gammas will be significant.Whereas the proba
bility of a 159 keV being stopped in a Â½-in. Na!
crystal is about 80% , the probability of a S10-keV
gamma undergoingCompton scattering in the crystal
with escape of the secondary photon is also signifi
cant, being about 18% (9). Many of these Compton
scattering events will deposit an energy in the crystal
that is accepted by the energy analyzer with a win
dow set around the 159-keV photopeak. Although
a high-energy gamma could undergo backscattering

woo in the patient and travel toward the camera with an

energy close to the 159-keV acceptance window,
such gammas would again be greatly attenuated by
the collimator.

As well as yielding degraded image quality, use
of the high-resolution and 4,000-hole collimators
will result in reduced counting-rate capability at high
counting rates because of the large number of events
outside the acceptance window which have to be
evaluated and rejected. From the energy spectra of
Fig. 1, it was determined that the ratio of counts
falling outside a 20% window centered around the
I 59-keV photopeak to the number of counts falling

inside the window was 6.3 for the high-resolution
collimator, 3.3 for the 4,000-hole collimator, and
0.49 for the pinhole collimator. These ratios, how
ever, would be different in the presence of scattering
material.

The line-spread function in air for the three
different collimators are graphed in Fig. 2. Again,
the energy window was 20% centered around the
photopeak. For the high-resolution collimator the
counts in the wings of the LSF begin at a level cor
responding to 15% of the peak counts and are due
to the high-energy gammas. In contrast, the septum

penetration on the high-resolution collimator for a

line source of 9OmTc only begins at the 0.5 % level
of the counts in the peak. For the 4,000-hole colli
mator with its 0.30-in. septa, the wings of the LSF
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FIG. 1. Energyspectraof Medi+Physics1â€•l-sodiumiodideob
tamed on Anger scintillation camera through three different col
limators in air. Source to collimator distance was 2 in. Top: semi
logarithmic plot; Bottom: linear scale.

same distance. Pictures of a thyroid phantom con
taming 1231 were also taken at the same distance
from each collimator.

RESULTS AND DISCUSSION

The energy spectra obtained on the scintillation
camera through the various collimators are shown
in Fig. 1 in both linear and logarithmic fashion for
clarity. For the high-resolution and 4,000-hole col
limators the 159-keV photopeak is superimposed
upon a high Compton-scattered background from
the higher energy gammas, arising both from 1231
itself and from other isotopic impurities of iodine.
The data of Fig. I indicate that the Compton back
ground for the high-resolution collimator is 2Â½
times that of the 4,000-hole collimator.

For the high-resolution collimator it was empiri
cally determined that only about one-third of the
counts falling in the 20% window centered at 159
keV were owing to true 159-keV gamma ray transi
tions from 123! The rest came from Compton
scattering events in the scintillation crystal of higher
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No. oftransitions!Gamma.ray100
decays ofisotopeenergy(or
relativeintensityIsotope(keV)in

O/.)a1.@l

(Ref. 6)
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TABLE1. GAMMA-RAYTRANSITIONSFROM
VARIOUSISOTOPESOF IODINE

AND THEIRABUNDANCE

159.0 99.3
183J 0.03
192.7 0.03
248.3 0.067
281.0 0.067
346.6 0.10
440.4 0.36
505.6 0.26
529.0 1.08
538.5 0.27

624.9 0.067
6873 0.025
736.1 0.034
784.4 0.042

â€˜@â€˜l(Ref.7) 602.7 100
645.76 18.0
722.72 21.0
890.0 0.4
968.2 0.8

1,045.2 0.8
1,325.6 1.5
1,368.5 5.0
1,450.0 1.1
1,500.0 6.0
1,691.0 21.0
1,900.0 0.8
2,091.1 3.0
2,293.6 2.3
2,740.0 0.9

â€˜@I(Ref. 8) 388.5 33.0
492.0 1.9
666.2 29.1
7533 3.7

880.5 03
1,377.9 0.0012
1,420.1 0.28
2,044.1 0.0037

1301 (Ref. 7) 419 36

538 100
669 100
743 87

1,150 12
1311 (Ref. 7) 80.16 2.6

177.19 0.3
272.45 0.07
284.31 5.9
318.14 0.09
325.80 0.24
364.49 79.0
503.13 0.35
637.01 6.7
642.80 0.2
722.92 1.8

* Note that relative intensity in percent is not necessarily

the same as No. of transitions/100 decays of the isotope.

amount to about 3% of the peak. The pinhole colli
mator gives the best LSF with 1231,having wings that
begin at a level about 0.5 % of the peak counts.

The varying quality of images of a thyroid phan

MILLIMETERS

FIG.2. Line-spreadfunctions(LSF)ofâ€˜@â€˜I-linesourceonvan
ous collimators; line source was 2 in. from collimator in air.

tom taken using the different collimators may be
seen by examining Fig. 3. The degrading effect of
septum penetration is quite apparent in the image
taken with the high-resolution collimator; the area
surrounding the thyroid contains many counts in the
background. Only the largest cold nodule is barely
perceptible. The 4,000-hole collimator greatly re
duces the background due to septum penetration
but the resolution is poor. In contrast, the image of
the â€˜23I-filledthyroid phantom taken with the pin
hole collimator shows little degradation due to sep
tum penetration and has good resolution. The thick
walls of the pinhole collimator greatly reduce the
ratio of high-energy gammas to 159-keV gammas
getting to the crystal. Scattering material interposed
between the 1231source and collimator increased the
image degradation but it is again stressed that the
predominant effect due to the high-energy gammas is
from Compton scattering in the Na! crystal itself
and not Compton scattering in the patient or source.

The absorbed patient radiation dose ( 10) associ
ated with the administration of 1 mCi of van
ous isotopes of iodine is given in Table 2. Using
maximum allowable radiocontaminant levels at cali
bration time, the radiation dose to the patient for a
100-@@Cialiquot was calculated by Medi+Physics
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FIG.3. ImagesofPickerthyroidphantomobtainedwiththree
different collimators at distance of 2 in. in air. Each image con
tains 100,000 counts.

TABLE2. ABSORBEDRADIATION DOSE
ASSOCIATEDWITH 1 mCj
OF EACH ISOTOPE (10)

Rads/mCi

Radionuclide Thyroid Whole body

â€œ1 20 0.07
â€˜@â€˜I 1,200 14.2
â€˜@I 2,300 5.5
1301 1 86 0.85

@ 2,100 3.6

1231 COLLIMATOR CONSIDERATIONS

the counts in the window were from true 159-keY
gamma rays for the source a few inches from the
high-resolution collimator. Therefore, it may be
roughly estimated that if 123! were to be obtained
pure, the fraction of true primary gammas falling
in the 159-keY window would only be increased
from 35 to 58% in the case of the high-resolution
collimator.

In conclusion, satisfactory images of 123!may be
obtained for small organs such as the thyroid gland
using the pinhole collimator. However, imaging 123!
over a large field of view with a thin-wall parallel
hole collimator may result in poor image quality
because of septum penetration. The 4,000-hole col
limator should give acceptable images in some situ
ations using 123!. It should also be noted that the
intrinsic camera resolution for the 159-keV 123!

gamma ray is better than for the 140-keV 9amTc
gamma ray. Furthermore, the organ specificity for
iodine should also give better clinical image quality
using 123! over 9nmTc in thyroid imaging with the
pinhole collimator (1).
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for its 1231to be 6 rads to the thyroid and 0.03 rads
to the whole body. Although â€˜@Â°!is the highest im

purity at approximately 3% , it contributes only
about 0.56 rads of the 6-rad dose to the thyroid. It
would seem that 130! is not a bothersome impurity

from the standpoint of patient dose but rather from
the standpoint of collimation. Its half-life of I 2.3 hr
is almost identical to that of 123!, and it has gamma
raysof419,538,669,743,and 1,150keY.

Examination of the energy spectrum of the 123!
sample measured with a Ge(Li) detector by Medi+
Physics indicated that the Compton-scattered back
ground falling in the 159-keV photopeak from gam
mas attributable to 1301 would be about 1.8 times
that attributable to higher energy gammas of 123!
itself. Contributions from other isotopes were about
a factor of 10 lower. It was experimentally deter
mined on the Anger camera that only one-third of
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