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Abstract

Four commercially available thyroid phantoms were evaluated to determine
the effect that choice of phantom would have on the determination of 1-125
activity in the thyroid. Efficiency calibration values for a 5.0-cm diameter
1-mm thick Nal (Tl) detector were determined as a function of distance from
the phantom along the central axis and at angles up to 45 off axis using I-
125 as the radionuclide of interest. The results indicate that substantial
variations in the estimate of radioactivity in the thyroid will occur based on
choice of calibration phantom. Using the Humanoid System, Inc. Realistic
Phantom as the reference phantom, one could experience differences in estimat-
ed activity in the human thyroid that range from 0.86 to 2.94.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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Introduction

The Internal Dosimetry Progran at Brookhaven National Laboratory has usad
direct measurement of 1-125 in thyroid as a method to determine thyroid dose
and the effectiveness of the radiation control program for a nuriber of
years. During this period, three different phantoms have been used to cali-
brate the 1-125 monitoring instruments, lach phantom vas purchased and used
in an effort to obtain a better approximation of the human condition. This
study was conducted to document the differences in system response that could
be expected as a result of using any of che four phantoas and co define ;he
magnitude of the error associated with subject-to-detector alignment which may
vary from that used to calibrate the detector. The data collected by this
effort is also applicable for the error determination required by the Draft
ANSI N13.30 document, "Performance Criteria for Radiobioassay," (AN3I86).

Instrumentation

In the early phases of the direct measurement program, a Nuclear Associ-
ate single-lobe and a Girdler and Company modified Bomab neck phantom were
evaluated. It was determined that the modified Bomab phantom provided a
better estimate of the human physiology and was used for instrument calibra-
tion during the period 1979 to 1983. Figures la and lb are representations of
the Nuclear Associate phantom, while Figures 2a and 2b describe the modified
Bomab phantom (Sh81). The major problems associated with the first phantom
were the single-lobe design, the thickness of the lobe, and the mass of the
organ—approximately 30 grams when the lucite container was filled with
water. It was thought that using a central axis calibration geometry placed
coo nucVi activity within the .solid angla of the detector. Ths lodifiad 3onab
phantom, although anatomically similar to the body, had its problems, too.
The twin-lobe design and separation were based on Standard Man (ICRP75);
however, the mass of the lobes was still about 30 grams, the lobe thickness
ras slightly acre than Standard Man, and the tissue layer in front of the
lobes ranged from 1.6 to 2.7 centimeters instead of the 0.4 to 2.0 centimeters
described in Standard Man (ICRP75). Despite these deficiencies, the phantou
presented a reasonably correct distribution of activity to the detector.

In 1983 an Atomic Products dual-lobe phantou was purchased and is shown
in Figure 3 (La83). The butterfly design added further reality to the
phantom. However, this phantom did not simulate Standard Man in several
areas: the mass of the phantom was still about 30 grams, there were large
solid structural plugs in the centers of each lobe, the tissue layer in front
of the phantom was only 0.3 cm and there was no curvature to the phantom.
This later difference from standard man had the effect of bringing more
activity into the solid angle of the detector than would be expected in a
human subject. In an effort to approximate the tissue layer of Standard Man,
a 1.27-cm-thick piece of lucite was added to the face of the Phantom. This
phantom was used between 1983 and 1985, until a Humanoid phantom aanufactured
by Humanoid Systems, Inc. was purchased. The Humanoid phantom is shown in
Figure 4 (RL85) and, in theory, is the phantom which best approximates the
human body. This phantom features tissue-equivalent material of varying
thickness that covers the 20-gram thyroid lobes, butterfly construction of the
thyroid lobes, approximately correct lobe thickness, and a slight curvature of
the neck cover tissue. This phantom is currently in use at BNL.



Instrumentation (continued)

During the entire period when phantoms changed rather frequently, the
detector/analysis system has repained constant. The detector was a 5-cia-
diameter, l-am-thick Nal(Tl) detector with a 0.025-mu aluminum or beryllium
window. The analysis software was a sodium iodide matrix reduction program
called ALPHA-M (Du79).

Experimental Design

The objectives of this work were to compare the detector response of each
phantom at various source-to-detector distances and to determine the position-
al error associated with off-central axis alignment of the detector with the
phantom. The last parameter was deemed important because of the difficulty in
defining the precise location of the thyroid in the human subject. Table 1
presents the detector efficiency for 1-125 as a function of distance for the
four phantoms under evaluation. Table 2 present the ratio of detector-phantom
response for the detector response with the Humanoid phantom. The Humanoid
phantom was selected as the reference phantom, based on its use by the NRC-
Battelle Bioassay Testing Program. The Draft ANSI Ml3.30 Standard (ANSI86)
will require testing based on the Nuclear Associate single-lobe phantom.

The data indicate that the choice of calibration phantom will substan-
tially affect the activity identified as a thyroid burden. Table 3 summarizes
the quantity that would be reported for a unit thyroid uptake and the relative
bias acceptance criteria of the Draft ANSI M13.30 standard. Only the modified
Bomab phantom did not meet the current precision requirements although it did
provide a conservative estimate of the thyroid burden.

The single-lobe, dual-lobe, and modified dual-lobe Atomic Products phan-
toms all yield calibration factors which met the precision requirements. Only
the dual-lobe Atomic Products (unmodified) did not present a conservative
estimate of the thyroid burden relative to the estimate obtained using instru-
mentation calibrated with the Humanoid phantom.

In addition to the question of bias, there is uncertainty associated with
the ability to position and reproduce the calibration geometry for a human
subject. In an effort to quantify this variable, the Bomab and Humanoid
phantoms were evaluated to determine the deviation in the calibration factor
as a function of off-central axis detector alignment. Figures 5 and 6 depict
the change in detector response for the Bomab and Humanoid phantoms, respec-
tively. In evaluating the Bomab phantom, the detector was placed 15, 30, and
45 degrees off-axis at a source-to-detector distance of 0, 4, and 8 centi-
meters. The maximum deviation observed was less than ±20%.

For the Humanoid phantom, the detector was moved in 2 centimeter incre-
ments (without rotation) over the entire thyroid area at source-to-detector
distances of 4, 8, and 10 centimeters. The maximum deviation was observed
when the detector was placed 2 centimeters below the center of the thyroid and
4 centimeters to the left of the center. The range of reponses was +19 to
-52%. The typical response deviation would be +20%.



Conclusions

The data collected in this investigation indicates that choice of phantom
could be a large source of error in determining thyroid burdens. One could
expect variations of -16 to +30% based on this parameter if commercial
phantoms are used. Homemade versions of phantoms could produce larger errors
as evidenced by the data from the modified Bonab phantoms. The error associ-
ated with the positional uncertainty is likely to be smaller and on the order
of ±20%. One should also note that out to 30 centimeters, there appears to be
no convergence of the calibration factors. Thus, source to detector distance
did not compensate for differences in calibration factors associated with each
phantom. The main factor effecting calibration factors determined through the
use of different phantoms was the amount of tissue equivalent material that
existed between the source and the detector. Those phantoms with more absorb-
er in front of the thyroid than the Huiaanoid phantom had a lower detector
response and thus a higher estimate of the thyroid burden.

In conclusion, the commercially available phantoms used in this evalua-
tion were adequate to pass the proposed bias requirements in ANSI -V13.3O. The
unresolved issue is the question of how accurately any of these phantoms
depict the human situation on a case-by-case basis. The data obtained from
this calibration study would suggest that this error could be as high as a
factor of tnree.
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Figure la - Schematic Diagram of Nuclear
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Figure 5 - Instrument Response as a Function
of Phantom - Detector Orientation
for the Modified Bomab Phantom
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DISPLACEMENT VARIATIONS

Numbers on figure are percent
9 deviations from point of

measurement.

Dots are 2 cm apart
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-33.9 -31.5 -22.6 -30.5 -35.2

Source to Detector

Distance = 10 cm

-30.8 -26.3 -23.3 -23.2 -30.0

Figure 6 - Instrument Response as a Function of
Off-Axis Displacement for the
Humanoid Phantom
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Table 1

Detector Efficiency as a Function of Phantom and Source-to-Detector Distance

Source-to-
detector
distance

cm

2

4

6

8

10

20

30

Nuclear
Associates
single-lobe
phantom

Modified
Bomab
dual-lobe
phantom

< X-ray and gamma

0.0222

0.0146

0.00983

0.00715

0.00524

0.00187

0.00078

0.0113

0.00853

0.00629

0.00486

0.00381

0.00149

0.00076

Atomic
Products
dual-lobe
phantom

response per

0.0356

0.0241

0.0163

0.0114

0.00835

0.00267

0.00127

Modified
Atomic
Products
dual-lobe
phantom

disintegration

0.0231

0.0151

0.0101

0.00731

0.00541

0.00134

0.00090

Humanoid
dual-lobe
phantom

0.0332

0.0207

0.0141

0.0101

0.00726

0.00232

0.00110

Totes: The detector was a 5 a s ! an >7aI(TX) crystal- The source as 1-
125. The photons used to determine the efficiency included the 35.5
keV gamma ray and the x-rays at 27 and 31 keV.
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Table 2

Detector Efficiency Relative to the Humanoid Phantom

Source-to-
detector
distance

cm

2

4

6

8

10

20

30

Relative Rest)

Nuclear
Associates
single-lobe
phantom
•

0.67

0.71

0.70

0.71

0.72

0.81

0.71

onse - comparisi

Modified Atomic
Bomab Products
dual-lobe dual-lobe
phantom phantom

relative response

0.34

0.41

0.45

0.48

0.53

0.64

0.69

an phantom

1.07

1.16

1.16

1.13

1.15

1.15

1.16

efficiency

Modified
Atomic
Products
dual-lobe
phantom

0.70

0.73

0.72

0.72

0.75

0.79

0.82

Humanoid
dual-lobe
phantom

1.0

1.0

1.0

1.0

1.0

1.0

1.0

humanoid phantom efficiency
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Table 3

Reported Thyroid Burden for Unit Activity in the Thyroid

Source-to-
detector
distance

cm

2

4

6

8

10

20

30

Nuclear
Associates
single-lobe
phantom

1.49

1.41

1.43

1.41

1.39

1.24

1.41

Modified
Bomab
dual-lobe
phantom

2.94

2.44

2.22

2.08

1.89

1.56

1.45

Atomic
Products
dual-lobe
phantom

— oq —

0.94

0.86

0.86

0.89

0.87

0.87

0.86

Modified
Atomic
Products
dual-lobe
phantom

1.43

1.37

1.39

1.39

1.33

1.27

1.22

Humanoid
dual-lobe
phantom

V

1.00

1.00

1.00

1.00

1.00

1.00

1.00

Draft ANSI N'13.30: Response criteria should be -0.25 to +0.5 of known
value. In this case, the acceptance criteria would be
0.75 to 1.5 Bq.
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