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1. Introduction
1-125 has been widely used in nuclear medicine and as a tracer in different experiments. The dose
equivalent to the thyroid from internal contamination of 1-125, can be estimated by in-vivo
monitoring of the thyroid or through bioassay of urine The in-vivo monitoring of the thyroid can be
carried out by counting the photon emission from the decay of the 1-125 , by a Nal(Tl) detector
calibrated with a thyroid phantom. This direct method is sensitive , but due to the low photon energy
(27keV to 35keV), the counting efficiency depends strongly on the variations of the thyroid mass ,
thyroid depth below the surface , thyroid shape and detector position . It is estimated that the
uncertainty of the activity determination can reach several hundred precents .
A method for absolute determination of the activity of a 125I source based on the counting rate values
of the 27 keV photons and the 54 keV coincidence photo peak, which diminishes the geometry
dependence of the counting efficiency , was applied to determine the uptake of 125I in human
thyroid.

In this work we checked also the application of the absolute determination method with high
sensitivity phoswich detectors.We compare the results of calculations of internal exposure to 125I for
a real case, evaluated by the absolute determination method and by the direct method.

2. Materials and Methods
2.1 The direct method

The present thyroid monitoring system is based on a low background phoswich detector , 5" in
diameter, connected to a gamma spectrometry analyzer , which are part of a Whole Body
Counter (WBC) system . The WBC system is placed in an "old" iron (before the radioactive
fallout age) shielded room ,with wall thickness of 20cm .
In routine work , the system is calibrated with a neck phantom made of PVC as shown in fig. 1 ,
and with a lOcc bottle witch simulates the thyroid, containing a calibrated solution of 1-125.
The calibration is performed for a distance of 5cm between the detector and the thyroid
phantom .
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Fig. 1: The neck phantom

Because phantoms can not completely simulate the real organs and because of the geometry
differences from person to person, it is estimated that the uncertainty of the activity determination
can reach from 60% (ref. 1) to 300% (ref.2) .
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2.2 The absolute method
This method is based on the counting rate values of the 27 keV photons and the coincidence
photon peak at 54keV (ref.3). It is based on the principle that if a radionuclide emits two
photons in coincidence , a measurement of its disintegration rate in the photopeak and in the
sum-peak can determinate it's absolute activity.
When using this method , parameters such as thyroid geometry, self absorption or thyroid
position relative to the detector, seemed to have a minor influence on the results . However,
when the coincidence rate is very low, the application of this method is limited because of the
poor counting statistics in the coincidence peak.
If Nl is the net counting rate (cps) of the 27keV photons and N2 the net coincidence rate (cps),
the source activity A (in Ci) can be determined by using the equation (ref 3):

A =
(Nl + 2* N2f

4*^2*3.7*10'°
In our work we checked the geometrical limitations of this method with respect to the following
parameters:
* The distance between the thyroid and the detector.
* The thyroid dimensions.
* The thickness of the absorber between the detector and the thyroid.

The measurements were performed with a lmm thick Nal(Tl) 3" diameter detector and with
a phoswich detector of 5" diameter . We used AMERSHAM calibrated solution of 1-125 and
bottles with different volumes from Ice to 50cc , representing the thyroid gland (according to
the ICRP the thyroid mass of the reference man is 20gr) and with the phantom shown in fig. 1.

3. Results
The absorption influence was checked with aluminum absorbers up to 1600gr/cm2 The activity

was calculated and the uncertainty of the activity determination was estimated .
The effect of the absorption of the photons in the media between the detector and the thyroid gland ,
and the effect of thyroid distance from the detector, is seen in fig.2 and fig.3 .These measurements
were performed with the lmm thick Nal(Tl) detector of 3" diameter and with the phoswich detector,
using a point source and a bottle of 8.5cc volume containing calibrated solution of 1-125 .
Fig.2 shows the ratio Ai/Ao as a function of the absorber (aluminum) thickness when measured with
the 3" Nal(Tl) detector. Ai is the activity obtained using the equation given above with an absorber
placed between the source and the Nal(Tl) detector , Ao is the actual activity (these definitions
apply to all figures).
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fig. 2: Ai/Ao as function of absorber
thickness (point source. 3" Nal(Tl) detector)
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fig. 3: Ai/Ao as function of 8.5cc source distance
from the detector
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It can been seen that the presence of the absorber between the source and the detector, has a
limited influence on the activity determination, and the maximal deviation is 4% at 1600mg/cm2

aluminum, which is equivalent to 1 6 cm of tissue
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Fig.3 shows the ratio Ai/Ao as a function of the distance of a 8.5cc bottle containing 1-125 solution
from the phoswich detector and from the Nal(Tl) detector. The error does not exceed 5% up to a
distance of 5cm for the Nal(Tl) detector and 10 cm for the phoswich detector .

The results in fig.2 and fig.3 indicate that within the ranges shown in the figures , activity evaluation
can be performed with good accuracy, without specific calibrations, although the count rates change
by factors of 10 to 20. Also, it seems that for the larger phoswich detector, the error is smaller .

Table 1 shows the influence of the thyroid mass ,simulated by different volumes of vials,
on the accuracy of the absolute determination method. Ai is the activity obtained using the equation
given above and Ao is the actual activity. These measurements were performed with the 3" Nal(Tl)
detector .

Table 1: The influence of the thyroid volume on the accuracy of the absolute determination method.

Volume of the vial
(cc)

8.5

20

50

Volume of the
solution (cc)

1
2
4
6
8
10
15
20
50

Ratio Ai/Ao

1
1
1

0.98
0.97
0.97
0.95
0.93
0.78

It can been seen that the volume of the source has only a limited influence on the activity
determination up to a volume of 20 cc. It is estimated that when using larger detectors such as the 5"
phoswich detector, the error due to the geometry is even smaller .

Fig.4 shows the influence of the thyroid distance from the phoswich detector on the accuracy of the
absolute determination method when using the neck phantom described in fig. 1 and a lOcc bottle .
For the parameters range given , it is expected that the error of the activity determination, when
using the absolute method, is up to 10%.

Fig4: Ai/Ao as function of phantom thyroid distance from phoswich detector
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We estimate that when monitoring a real uptake case , the distance , thyroid volume and absorption
uncertainties are within the ranges mentioned above , and thus a maximal error of 10% is to be
expected .
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We have monitored the thyroid of a worker which was exposed accidentally to 1-125 , and
determined the uptake by the absolute method and by the direct method ( based on phantom
calibration ). Fig.5 presents the activity estimates performed using the two methods at different times
after exposure .
It can be noticed that there is a systematic difference when using the two methods which is
approximately a factor of 6 . Because of the strong influence of the different parameters on the
activity determination when using the direct method , we attribute the factor of 6 to the experimental
uncertainties of the calibration and measurement processes , and estimate that the true values are
obtained when applying the absolute method .
The rate of decrease of the 1-125 content in the thyroid with time is in good correlation with the
theoretical curve (ref.5).
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The internal exposure was calculated according to the ICRP 54 Iodine Model and recommendations
using the CINDY software (ref 4) to both direct and absolute determination method . The calculated
committed dose equivalent for the thyroid according to the absolute determination method is 26mSv
and according to the direct method 150mSv. As mentioned above, we suppose that the value of
25mSv is the true value .

4. Conclusions

The absolute method can be employed for evaluation of the activity in thyroid with a maximal
error of 10% , within the mentioned limitations. The results indicate that there is a significant over
estimation of the thyroid activity when using the direct method , because this method can not
compensate for the geometry differences between different persons and the calibration phantom .
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