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ABSTRACT 
 
Bioactive glass seeds synthesized by the sol-gel technique with Si:Ho:Ca composition with natural holmium 
incorporated were irradiated in the TRIGA type nuclear reactor IPR-R1@100kW, in the central thimble where 
the thermal neutron flux is 2.8x1012 

scm
n

.2  and the epithermal neutron flux is 2.6 X 1011
scm

n
.2 . After an 8 hour 

irradiation time, with an induced activity close to  110MBq/seed, a set of seeds was submitted to Gamma 
Spectrometry Analysis in a counting system with an HPGe detector, ORTEC electronic instrumentation and a 
Camberra Multichannel Analyser, to determine all radionuclides present on the sample as well as its individual 
activities. Special attention was paid on the discrimination of Si, 40Ca, 44Ca, C and Ho as the other expected 
elements like 48Ca, 2H and 18O were present in traces or have very short half-lives. The second sample was 
submitted to Plasma spectrometry to determine the 166Ho concentration in weight. The third sample was 
submitted to an X-ray spectrometry in a JEOL-JXA-8900RL equipment to determine its qualitative chemical 
composition, in order to evaluate impurities and nominal composition. It was determined that most of the 
activity, after decaying of short half-life elements, was due to 166Ho present on the sample, with a well-
characterized β and gamma spectra. The homogeneity of the seeds was tested on the X-ray spectrometry, and 
verified that there is no discrepancy in composition from distinct seeds or in a same seed. The results are 
relevant on the investigation of the viability of producing 166Ho radioactive seeds for oncological implants. 

 
 

1. INTRODUCTION 
 
The cancer is a disease that affects great part of the world population indiscriminately. The 
longevity extends the exposition of the people to carcinogenic agents contributing for the 
increase of the incidence of the disease in the modern world [1]. Therefore, besides to the 
search for a longer life, the society must improve the techniques of treating this disease. One 
of the efficient ways of tumor control is the application of implants of radioactive seeds into 
the tumor in order to produce a high local and controlled absorbed dose, capable of 
eliminating cancerous cells preserving the surrounding healthy tissue.  
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The radioactive seeds for brachytherapy currently used are made of titanium capillary tube 
with 0.8 millimeters of diameter filled with a ceramic glass cylinder in which radioactive 
iodine (I-125) is adsorbed. The radionuclide I-125 has a half-life of 59.4 days [2] and decays 
by electronic capture, emitting 35.5 keV gamma-rays among other X-ray characteristic 
emissions [3]. The number of metallic capsules implanted is close to one or two hundred 
units. The 100 capsule dimension of 4,5mm x 0,8mm and large number, together with their 
indefinitely permanence in the organ, may produce unfavorable clinical situations. Therefore, 
those facts justifies the development of new materials to hold radioactive elements into the 
tumors, mainly gathering β radiation emitters that generate high doses with a limited range, 
definitely preserving the healthy tissue adjacent to the tumor. The suggestion of 
biodegradable and biocompatible radioactive ceramic seeds for brachytherapy has early been 
suggested by the NRI/PCTN research group at the end of 1998, RECOP project submitted to 
FAPEMIG [4] [5]. Two research lines have been developed: i) ceramic based on sol-gel 
processing, and ii) hydroxyapatite marked to beta-emitter radionuclides [6] [7]. 
 
The element Holmium-166 incorporated in bioactive glasses produced by the sol-gel [8] 
technique provides a suitable solution for producing new materials for seed implants applied 
to brachytherapy. Those materials have reduced seed dimension, incorporated β particle 
emission of high energy and γ radiation of 80 keV, and short-half life. After its radioactive 
decayment, its possible solubility in corporeal fluid shall be acceptable [9]. These suitable 
properties suggest that the seeds shall be investigated deeply. In near future, those seeds may 
provide an efficient radiation therapy for many types of tumors. The seeds performance on 
animal implants, its biocompatibility and degradability, will also provide information for a 
system which can incorporate holmium-166, and also other radionuclides which are subject 
of study in the NRI/PCTN research group. 
 
 

2. MATERIALS AND METHODS 
 
A set of seeds synthesized by the sol-gel technique will be produced with silicon, holmium 
and calcium chemical elements presented as SiO2, Ho(NO3)3 and CaO, respectively. These 
seeds will be characterized both physicaly and chemicaly by different analytical techniques 
and later a sample will be irradiated in a research reactor for determination of the induced 
activity and the presence of contaminant radionuclides.  
 
The dimensional characterization and electronic microscopy images will be taken from the 
set of seeds. The chemical characterization of the seeds will be made using the x-ray 
spectrometry analysis in JEOL-JXA-8900RL spectrometer. 
 
In the preparation of the bioactive glass seeds by sol-gel technique [4], natural holmium will 
be added in order to achieve concentration of 20% in weight. As the sol-gel technique 
involves physical transformations in the material it is important to verify the final 
concentration of the holmium element in the seeds. Based on this purpose, Plasma 
Spectrometry technique shall be used. 
 
The induced activation will be performed on a set of seeds and gamma spectrometry will be 
taken. The following method will applied. A set of three micro seeds was irradiated in the 
research TRIGA type reactor, IPR-R1 in an irradiation position in which thermal neutron flux 
is 2.8x1012

scm
n

.2  and the epithermal neutron flux is 2.6x1011
scm

n
.2 [10]. It is important to 
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consider the epithermal neutron flux in the calculation of the induced activity because the 
neutron absorption cross section for 166Ho in this range of energy is 670 barn whereas for 
thermal neutrons is 58 barn. The induced activity will be, therefore, obtained to a large extent 
through the epithermal neutron flux. The induced seed activity submitted to the IPR-R1 
reactor neutron flux is given by the expression [11]:  
 

( ) ( )[ ] ][)1( )()(
0 BqeeIN

A

m
A dtt

epithA
⋅−⋅− ⋅−⋅Φ⋅+Φ⋅⋅⋅

Θ⋅
= λλ

γγσ   (1) 

 
where m is the mass of the element to be irradiated in grams, the factor Θ is isotopic 
abundance of target nucleus, A is the atomic mass of the element, NA is the Avogadro's 
number, Φth is the thermal neutron flux, Φepi is epithermal neutron flux, σγ is the neutron 
capture cross section of the target nucleus in cm², Iγ is the resonance integral for the 
epithermal neutron flux of the target nucleus in cm ², λ is the decay constant of the produced 
radionuclide, t is the time of irradiation in seconds and td is the time to decay after irradiation 
in seconds. 
 

3. RESULTS 
 
 
3.1. Dimensional characterization and electronic microscopy.  
 
Based on a set of 20 seeds, the following average dimensions were obtained: 
 

Weight - 1.81±0.09 mg 
Diameter - 0.75±0.06 mm 
Length - 1.62±0.08 mm 

 
The diameter of the seeds allows to set an application tool with a lower diameter than the I-
125 ones, minimizing the effect of needling the tumor that may produce a spilling of tumoral 
cells in the blood vessels and the consequent production of metastasis. 
 
Images by electronic microscopy in longitudinal cuts in two seeds had been made using the 
X-ray spectrometer JEOL-JXA-8900RL, in which the physical homogeneity of the seed can 
be observed.  
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Figure 1. Image by electronic microscopy in cross section of the seed sample. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Image by electronic microscopy in longitudinal cut of the seed sample. 

3.2. Chemical characterisation of the seeds. 

 
The chemical characterization of the seeds was made using the X-ray spectrometry analysis 
in JEOL-JXA-8900RL spectrometer. The presence of the chemical elements Homium, 
Calcium, Silicon and Oxygen was evident, uniformly distributed throughout the seed as 
shown in the spectra collected in a randomly chosen point of the sample. The other spectra 
were not presented due to their large similarity to each other. The amplitude of the 
corresponding peaks of each element points out, comparatively, the concentration of the 
element in the analyzed point. Oxygen, holmium, calcium and silicon keep peaks with 
constant intensity throughout the seed, suggesting a high level of homogeneity.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



INAC 2007, Santos, SP, Brazil. 
 

Figure 3. X-ray emission spectrum collected in a randomly chosen point of the seed 

sample. 

 
Figure 3 shows the X-ray emission spectra. The element gold is present due to the conducting 
film laid over the sample to make it thermal conductor. 

3.2. Determination of holmium concentration in the seeds. 

 
The result of the analysis from plasma spectrometry technique is shown in Table 1. 
 

Table 1 

 

Analysis technique Holmium concentration in weight (%) 

Plasma spectrometry 

ICP/AES – SPECTROFLAME 

Analytical Instruments 

 

23±3 

 
 
3.3 Induced activation and gamma spectrometry 

 
The activity related to 166Ho to each 1.81mg seed, calculated by the expression (1) compared 
with the measured value, are shown in Table 2.  

 

Table 2 

 

 153
Sm activity (mCi) / (MBq) 

Calculated 2.52 / 68 

Measured 3.57 / 96 

 
 

Table 3 

 

Nuclide Half-life Activity after 2 hours 

MBq/seed 

Si-31 157.3 min 0.004997 

Ca-41 103000 a 0.0 

Ca-45 162.61 d 0.000014 

Ca-47 4.536 d 0.000001 

Ca-49 8.718 min 0.001388 
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The gamma spectrometry analysis demonstrates that the highest present activity in the seeds 
is due to 166Ho. The gamma radiation spectrum of this sample of seeds is shown in Figure 6 
where peaks of higher activity correspond to the energies of gamma radiation emitted by 
166Ho. Other expected radionuclides, such as 31Si, 41Ca, 49Ca, have short half-life or their 
precursors have low neutron capture cross section. Table 3 shows induced activity of these 
nuclides calculated through expression (1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Gamma spectrometry of the seed sample. 
 
 

4. CONCLUSIONS  
 
 
The use of 166Ho in brachytherapy is very interesting due to the characteristics of this 
radionuclide that are: β particle emission with maximum energy of 1854keV, 80keV gamma 
radiation emission and half-life of 26.8 hours. These characteristics provide high dose rate in 
the tumor and reduce the treatment time. Further studies in vivo should demonstrate the 
efficiency of the therapy as well as permit adjustments of the activity that will provide the 
application of therapeutical dose. 
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