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ABSTRACT

In the prostate cancer treatment, brachytherapl witline-125 seeds has been used. lodine-125 s@eds
sealed radioactive sources, made by a titaniumutapentaining the radioisotope inside. In the [fiplhase of
the seeds production, it is hecessary to ensutdhteee is no leakage of the radioactive matefidéakage test
is performed, immersing the seeds in water durihdh@urs and measuring the resulting activity in wager.
This measurement is made in a sodium iodide datélde immersion water is transferred to a platstie with

a cap. The tube is placed by an automated positjosystem, in the detector chamber. This studys dom
determine the best positioning of the tube fordbtection. It is also important to determine thituence of the
positioning variation intrinsic of the automatedsjiimning system during the iodine-125 seeds prodncThe
results obtained will be used as a reference tosathie equipment and process control systemeipthduction
of the iodine -125 seeds.

1. INTRODUCTION

Brachytherapy iodine-125 seeds are sealed radieaciburces used in prostate cancer
treatment, among others. The iodine-125 seed deselby the Radiation Technology Center
(CTR) at IPEN (Nuclear and Energy Research Insijt(it] is made by welding both the
extremes of a titanium tube, with a silver wireidlesthe tube. The welding is made by
plasma or laser process [2]. This silver wire cmstaodine-125 adsorbed in its surface,
resulting in a sealed titanium capsule with theéaigdtope inside. Fig. 1 shows this type of
seed. In the quality control routine during seeddpction, leakage tests are taken to detect
any leakage of radioactive material from inside thanium capsule, avoiding patient
contamination. Leakage tests are carried out aswprdo the International Standard



Organization- Radiation protection — sealed radigasources - ISO 9978 [3]. This standard
recommends different methods of leakage tests eppd sealed radioactive sources. After a
studycarried out at CTR [4], it was decided by the imsnan test.
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Figure 1: lodine-125 seed developed at IPEN.

The immersion test consists of three basic stepthd first step, the sealed source (seed) is
placed inside a plastic vial with water. The tubglaced in an ultrasound washing machine
during 10 minutes. In the second step, the tubéagung the seed and water is left to rest for
24 hours. In the third step, the water is transféto a new tube and the activity of the water
is measured by positioning the tube containingathter inside a sodium iodide detector. The
water activity below 185Bq (5nCi) means there isleekage in the sealed source. Activity
above this value means there is leakage in thesaud it must be segregated, according to
ISO-9978 standard. These three steps are reprdssaitematically in Fig. 2.
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Figure 2: The three steps of the leakage immersidest.

The automated system is composed by electromed@ianid mechanical devices, controlled
by a computer. Those devices have intrinsic positig variations that may cause deviation
of the activity measurement in the detector. Tolwata the influence of the positioning
deviations in the measuring results, a series sdy@swere made.
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2. METHODOLOGY OF ASSAYS

Two different assays took place to evaluate bottioz and horizontal influences of the
positioning system.

2.1 Vertical positioning assay

This assay was about the influence of vertical tpmsng of the sample in the activity

measurement. A tube containing 2 ml water and bah@dine-125 was placed inside the
sodium- iodide detector and changing the vertiaaitpn of the tube, relatively to the

bottom of the well. A series of ten measures waderiar each 1 mm variation in the vertical
position, beginning with position zero (tube in thwtom of the chamber) and ending with 10
mm position, as it is represented in Figure 3. Tasulting average value of the 10
measurement for each positioning was plotted astiasved in Figure 4.
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Figure 3: Vertical positioning in the well detector
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Figure 4: Measured activity with variable vertical positioning in the well detector.
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2.2 Horizontal positioning assay

For this assay the vertical position of the samypds fixed in 2mm above the bottom of the
detector. This is due to the necessary clearanpesigent mechanical damage to the sodium-
iodide chamber. The horizontal positioning assay weade in two different conditions.
Initially the mechanical system was adjusted to {h& tube with the sample inside the
detector hole in its nominal horizontal center. ®@aljusted, the assay consisted in repeat
twenty times the entire process. This process stathiof four steps: first, the system takes
the tube with the sample from a holding supportosd, the system move the tube to the
hole and put it into the detector, third the systagasures the activity and finally the system
take off the tube from the detector and releasetibe. This assay was called “dynamic
assay”. After that, another assay was made. Thendegssay, called “static assay”, consisted
in just one positioning cycle that had the activitgasurement repeated twenty times without
moving the sample. The positioning automated degishowed in Fig. 5.
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Figure 5. Automated device to perform the sample g@sitioning in the detector.

The activity results obtained was plotted, for bédynamic” and “static’ assays and its
influence in the production process was evaludtef.6 shows the results.
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Figure 6: Results obtained for both “static” and “dynamic” assays.

3. CONCLUSIONS

The vertical positioning assay showed a strongiarfte of the vertical position of the sample
relative to the bottom of the detector in the attivmeasurement. For this reason the
mechanical device must put the sample in the hwdeireng a minimum of vertical variation.
The detector calibration must also be performedgusihe same vertical positioning as the
work positioning, to prevent difference betweeniwtgt values. Looking at the results
obtained in the horizontal assay, by comparing “dtatic’ and “dynamic” results, it is
possible to conclude that the deviation due tohibréizontal mechanical positioning system is
not important. The deviation in the detector measant (“static”) itself presented the same
magnitude as the “dynamic” influence. Thereforer¢hés no reason to consider any
correction factor or any special calibration praged to compensate the horizontal
positioning deviation, during the procedures obauwdted system work.

ACKNOWLEDGMENTS

The authors are grateful to Fundacado de Amparsgusa do Estado de Sdo Paulo —
FAPESP for the financial support to the lodine Sderbject.

REFERENCES

1. M. E. C. M. Rostelato, “Development and productmiradioactive sources used for
cancer treatment in BrazilNUKLEONIKA v. 53 n. Z2p. 99-103. 2009.

2. A. Feher, “Development of an encapsulation methgdguplasma arc welding to produce
iodine-125 seeds for brachytheraplyiternational Nuclear Atlantic Conference; Meeting
on Nuclear Applications (INAC), 102011.

3. International Standard Organization, “Radiatiootpction — Sealed radioactive sources —
Leakage test methods”. Feb.15, 1992. (ISO-9978)

4. J. A. Moura, “Leakage test methodology developmenbdine-125 seeds production”.
Progress in Nuclear Energy. 62 Pages 79-82. January 2013.

INAC 2013, Recife, PE, Brazil.



