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Abstract 

Hydroxyapatite is suitable adsorbent for heavy metals and radionuclides due to its large surface area, 
high stability under redox conditions. SnCl2 for its reducing properties is used in biomedical applications and 
industrial technologies, for its reducing properties. The adsorption of TcO4

- to the HA samples, prepared by wet 
precipitation method, was studied by the d radio-indication method. Radionuclide 99mTc was used as radioisotope 
indicator. The effect of contact time on the adsorption of 99mTcO4

- ions on the Sn-HA was studied. Sn2+ ions 
reduced Tc (VII) to Tc (IV) forming TcO2, TcO(OH)2 or more precisely TcO2·2H2O, which can be adsorbed on 
the surface of the HA, or to form complexes on the surface of the hydroxyapatite. 
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Introduction and the formula of the main aims 

Radionuclides and heavy metals are ultra-wide group of substances toxic to organisms 

and polluting the environment. Typical representants of them are Hg, Cd, Pb, Cr etc. The 

toxic substances also include some trace elements found in vivo. For example Ni, Cu, Zn, Sn 

which can also have negative impact on health as in the case of an exposure to heavy metal or 

radionuclide [1,2]. 

Due to the increasing demands of industry and medicine the result is overproduction of 

radionuclides and heavy metals. These elements have a high ability to bind on the smallest 

particles, and thereby to complicate the decontamination process. 

Hydroxyapatite (HA) is a basic natural inorganic component of vertebrate’s support 

system. The proportion of HA in bones is 60% and in the tooth enamel it is 90% [3]. 

 HA have some good properties e.g. biocompatibility, low density, chemical stability, 

osteoconductivity, non-toxicity, etc. HA is used as bone substitute material, such as filling of 

defects in dental and orthopaedic surgery. HA forms a direct chemical bond with the tissue 

and so the implant can be easily incorporated into bone [3,4,5]. Moreover, HA for its 

chemical stability in oxidation-reduction reactions, low solubility in water, high surface area 

and the buffering properties. It is used as the adsorbent of the radionuclides and heavy metals. 

HA has in its structure spaces for cations and anions replacing reactions. Moreover, it is 

capable to adsorb on the surface divalent metal cations - Sr2+, Cu2+, Sn2+, Ni2+, etc. The 

cations are adsorbed by coprecipitation, ion-exchange reactions, substituting calcium cations 

with other metals contained in the HA, by forming complexes on the surface of HA [6]. To 
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the structure of HA can be incorporated anions such as carbonates, fluorides and sillicates and 

it is realised by heterogeneous ion exchange [7]. 
99mTc is the most used radioisotope in medicine. 99mTc with a half-life of 6.01 hour is readily 

available and is suitable for diagnostic and therapeutic procedures. Technetium emits γ-

radiation with energy of 140 keV (89%), which is used in detecting by gamma camera [6]. 

Aim of this work was to prepare nanoparticles of hydroxyapatite with Sn2+ ions by 

adsorption on hydroxyapatite and by wet precipitation method with the addition of different 

concentrations of Sn2+ ions and prepared adsorbents to characterize and determine their use. 

 

Materials and methods  

Chemicals and materials 

Chemicals used in the experiments were of analytical grade by Lachema NP, Czech 

Republic and by SLAVUS Ltd., Slovak Republic. 99mTc – radioisotope was used of 99Mo / 
99mTc generator DRYTEC (2.5 to 100 GBq), GE Healtcare, @ 1200 GMT. Hydroxyapatite 

(HA1) was by Sigma - Aldrich Chemie GmbH, Germany. 

Adsorptions experiments 

Adsorption of technetium in the form of pertechnetate anion on hydroxyapatite 

samples was studied by the radio-indication method. As radioisotope indicator was used a 
99mTc pertechnetate anion. Sorption experiments were performed by batch method in a plastic 

tube with a stopper at room temperature. The ratio of liquid to solid was 100:1. 

The effect of the contact time on adsorption technetium was studied on HA1, HA2, 

HA3 and A4.  The 30 mg HA were added to 3 ml of the aqueous phase labelled with d 
99mTcO4

-. The mixture was stirred for 10 – 120 min. with a constant rate on a laboratory 

extractor. After adsorption, the mixture was centrifuged at 6000 rpm-1 for 10 minutes. 

Subsequently, it was taken aliquots of the supernatant, which was used for the measurement. 

The samples were measured on an automatic gamma counter Wizard 1470, Perkin Elmer. The 

relative error of measurement was < 1%. 

 

Results and discussion 

Commercial hydroxyapatite – HA1 containing bound Sn2+ ions is a good adsorbent for 
99mTcO4

- (Fig.1). The pertechnetate anions were not adsorbed on the HA, which did not 

contain Sn2+ ions. HA1 with Sn2+ ions adsorbed 97.8% - 99.8% TcO4
- anions. It can be 

assumed that there is not anion exchange, but Sn2+ ions reduced Tc (VII) to Tc (IV) forming 
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TcO2, TcO(OH)2 or more precisely TcO2·2H2O, which was adsorbed on the surface of the 

HA, or to a complex formed on the surface of the HA. The equilibrium of adsorption was 

already achieved at 10 minutes contact time (Fig.1). 

Samples of HA2 with gradually increasing concentrations of Sn2+ ions have very good 

sorption properties. Adsorption of 99mTcO4
- ions on the HA2 was ranged from 98.3% to 

99.6%. The adsorption equilibrium was stable after 10 minutes (Fig.1).  

Samples of HA3 had a high percentage of adsorption of technetium, which ranged 

from 76.01% to 98.14%. After the adsorption equilibrium percentage of adsorption of 

pertechnetate ions was increased with increasing concentration of Sn2+ ions in hydroxyapatite 

HA3, in order of 0 mol% to 8 mol% (Fig.1). 

The best adsorption properties had apatite A4a. The percentage of adsorption ranged 

98.3 – 99.9% followed by apatite from A4b to 96.9% to 99.4%. For apatites A4a and A4b 

adsorption equilibrium was reached after 10 minutes. Sorption properties of A4e were 

comparable to A4c equilibrium. After approximately 20 minutes. As early as in 10 minutes, 

the percentage of adsorption was greater than 90%. The lowest percentage of adsorption had 

apatite A4d and the equilibrium was reached after 40 minutes. The percentage of adsorption 

was between 69.6% and 90.5% (Fig.1). 

The initial pH value of aqueous phase was 6.5 before adsorption and after the 

adsorption the final pH was 7. 
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Tab. 1 The percentage adsorption of 99 mTcO4
- on sample HA1 , HA2 , HA3 and A4a– f . 

 
 

10 min. 
20 

min. 
30 

min. 40 min. 60 min. 120 min. 

R [%] 

HA1 

0mol% comHA 1,5 -0,1 51 4,8 0,1 5,9 

2mol% comHA _Sn2+ 99,2 99,3 99,3 99,7 99,4 99,5 

6mol% comHA_ Sn2+ 98,6 99,4 98,9 99,1 99,1 98,1 

8mol% comHA_ Sn2+ 99,1 99,8 98,5 99,3 99,3 97,9 

HA2 

0 mol% Ca(OH)2_H3PO4 13,56 10,1 6,7 14,1 32,8 45,4 

2mol% Ca(OH)2_H3PO4_Sn2+ 98,7 99 98,6 99,1 98,4 98,7 

6mol% Ca(OH)2_H3PO4_Sn2+ 99 99,6 98,5 99,3 98,7 98,6 

8mol% Ca(OH)2_H3PO4_Sn2+ 99,2 99,7 99 99,4 98,2 98,6 

HA3 

0mol% CaCl2_K2HPO4 85,9 89,7 90,8 92,1 86,1 86 

2mol% CaCl2_K2HPO4_Sn2+ 89,7 90 92,4 92,2 91,4 91,8 

6mol% CaCl2_K2HPO4_Sn2+ 76,01 88,6 90,8 95,4 96,6 97,6 
8mol% CaCl2_K2HPO4_Sn2+ 79,9 88,9 92,7 97,4 97,6 98,1 

A4a SnCl2.2H2O_H3PO4_0,1M.NaOH 99,9 99,6 99,4 99,4 98,3 98,9 

A4b SnCl2.2H2O_H3PO4_1M.NaOH 96,9 99 99,4 99,3 99,2 98,4 

A4c SnCl2.2H2O_Na2HPO4.2H2O 92,5 96,9 97,4 97,6 95,5 96 

A4d SnCl2.2H2O_H3PO4_1M.KOH 69,6 86,6 90,3 90,5 86 87,6 

A4e SnCl2.2H2O_K2HPO4_KOH_SC 97,6 97,5 97,1 97,4 95,9 95,9 

A4f SnCl2.2H2O_K2HPO4_KOH_VC 98,4 98,4 98 98,4 97 97,5 

 

 

 
Fig. 1 Dependence of the percentage adsorption of contact time 
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Conclusion 

Samples of HA were prepared by wet precipitation method. Sn-hydroxyapatite was 

prepared in two ways – by adsorption of Sn2+ ions on the surface of hydroxyapatite (HA1) 

and by incorporating of Sn2+ ions into the crystal lattice of hydroxyapatite (HA2 and HA3). 

Sn-apatites (A4a–f) were prepared by wet precipitation method as well. Molar representation 

of Sn2+ ions in the samples of hydroxyapatite was 0 mol%, 2 mol%, 6 mol% and 8 mol%, 

wherein the ratio of the Sn + Ca / P = 1.67. 

Sorption experiments were performed by batch method. Adsorption of technetium in 

the form of pertechnetate anion on samples of hydroxyapatite was studied by the radio 

indication method. 99mTcO4
- was used as radiotracker. The effect of contact time pertechnetate 

anions on Sn-hydroxyapatite with different molar representation of Sn2+ ions was studied. The 

contact time for adsorption of 99mTcO4
- anions was 10 to 120 minutes. The time to reach 

equilibrium was longer than 10 min. for HA and over, 30 min for HA2. The equilibrium of 

HA3 was dependent on the molar representation of Sn2+ ions in the crystal lattice. The 

percentage adsorption was enhanced with increasing addition of Sn2+ ions in following order 

HA3 < A4 < HA2 < HA1. It can be assumed that there is not anionic exchange, but Sn2+ ions 

reduce of pertechnetate to form TcO2, TcO(OH)2 or more precisely TcO2·2H2O, and which 

can be adsorbed on the surface of the HA, or to form complexes on the surface of 

hydroxyapatite. The concentration of Sn2+ ions did not significantly affect the ability to 

adsorb a reduced form of pertechnetate. The results confirmed that the hydroxyapatite with 

the addition of Sn2+ ions is acceptable adsorbent of 99mTc. This Sn-hydroxyapatite application 

represents a possible perspective use in the area of nuclear medicine or in case extraction of 

technetium from waste. 
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