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SUMMARY 
 

1.  BACKGROUND 
During the period 3 to 7 April 2006, representatives of the Coordinated Research Project (12 of 

the 13 participating institutions) met at the European Institute of Oncology, Milan, Italy, to review the 
progress of the CRP to date, provide detailed lectures and interim reports, to discuss progress to date 
and to prepare detailed work plans for the next stages of this research. 

 
Interest in radionuclide therapy using unsealed radioactive sources is rapidly increasing 

throughout the world and offers important new opportunities for therapy in nuclear medicine, 
oncology and other specialties. The introduction of these new technologies requires the routine 
availability and reasonable costs of a variety of therapeutic radioisotopes.  Such therapeutic 
radioisotopes are required for the treatment of cancer, palliation (bone pain and liver cancer) and for 
therapy of rheumatoid arthritis.  Another emerging technology is the use of therapeutic radioisotopes 
for bone marrow ablation prior to marrow rescue. 

 
Therapeutic radioisotopes of current interest for the above applications include 166Ho, 131I, 177Lu, 

186Re, 188Re, 153Sm and 90Y. Rhenium-188 and Yttrium-90 are of particular interest for targeted therapy 
because they are available with high specific activity from radionuclide generator systems which have 
long useful shelf-lives. Radioisotopes having short half-lives ranging from a few hours extending to a 
few days are useful for radionuclide therapy. Since the use of short-lived radioisotopes for 
radionuclide therapy has severe constraints - including the transportation and need for frequent 
shipments – the availability of generator systems which have long useful shelf-lives offers a 
particularly important opportunity to have therapeutic radioisotopes available in developing countries 
on a routine basis. The availability of these generator systems is necessitated by the fact that research 
reactor and accelerator production facilities are often not available in developing regions and the 
importation of radioisotopes is very expensive. For the above reasons, research conducted in this CRP 
is focused on the optimization of the 188W/188Re and 90Sr/90Y generators that provide the carrier free 
188Re and 90Y therapeutic radioisotopes, respectively.   

 
Yttrium-90 is a generator-derived therapeutic radioisotope of enormous interest (T1/2 64.1 h, 

Eβmax 2.28 MeV), and is a pure β particle-emitting radioisotope formed by the decay of 90Sr (T1/2 28 y). 
The 90Sr parent radionuclide is formed in high yield from uranium fission and because of the long 
physical half-life, a single batch can essentially be used indefinitely, which is an important advantage.  
Although it is readily available in large quantities in high level radioactive waste, the extensive 
processing and purification which are required to recover the high purity 90Sr require the availability of 
specialized facilities to provide the 90Sr with high radionuclidic and chemical purity required for 
generator fabrication.  The 90Y already has an established efficacy for the targeted therapy of cancer 
using peptides, for instance, and for treatment of arthritis, bone pain palliation, etc., and is used at 
several centers throughout the world.  

 
The technology required for fabrication of 90Sr/90Y generators is considerably different than that 

used for the 188W/188Re and 99Mo-99mTc generators. In principle, the 90Sr/90Y generators could be used 
for several months to several years due to the long half-life of the 90Sr parent. The use of a generator 
for such a long time poses a significant challenge since the quality control of the eluted 90Y is a key 
issue because the permissible levels of the long-lived 90Sr parent are extremely low. One of the key 
requirements for clinical use of this generator is the necessity of having methods available for 
estimation of the parent radionuclide in such small concentration in the final product. For these 
reasons, there is thus an important need to develop suitable physico-chemical quality control 
procedures and define specifications for assessing and confirming the purity of the 90Y daughter 
product prior to clinical use.  

 
 



 

                

A key goal of this CRP is to assess a systematic evaluation of the one- and two-column cation 
exchange/extraction chromatographic systems, the high binding capacity inorganic adsorbent 
generators and the membrane-based generator systems. An additional goal is to assess, develop and 
provide well-defined purification and quality assurance guidelines and procedures. 

 
Rhenium-188 (T1/2 16.9 h, Eβ,max 2.12 MeV;  Eγ 155 keV (15%) is another useful therapeutic 

isotope. The 188W parent is produced by double neutron capture of 186W in research reactors that have 
a minimal thermal neutron flux >8x1014 n.cm-2.sec-1, which is required to produce a specific activity of 
> 0.3-0.4 Ci/g. Even at high thermal neutron flux of  1015 n.cm-2.sec-1  that are available at the reactors 
at Dimitrovgrad, Russia (SM),  Oak Ridge, US (HFIR), Mol, Belgium (BR2) - only relatively low 
specific activity (4-5 Ci/g 186W per Cycle) 188W is available because of the low production cross 
sections and other factors.  Tungsten-188 cannot be accelerator-produced.  One goal of this CRP is to 
assess the lowest possible flux that would produce 188W of sufficient specific activity for fabrication of 
generators, in order to potentially use reactors in as many Member States as possible. The limiting 
factor will be the maximal generator volumes, which can be effectively concentrated to high 188Re 
specific volume. Reactor-produced 188W is being provided as a radiochemical for preparation of the 
generators at the participant institutions. The processed 188W can be used directly for loading on an 
alumina column or can be used in the form of a suitable gel. A disadvantage for the chromatographic-
based 188W/188Re generator is the relatively high bolus volumes that result from the high amounts of 
alumina required to adequately bind the relatively low specific activity 188W. Post elution 
concentration is thus required to obtain high specific volume solutions (mCi/mL).  

 
An additional goal of this CRP is to extend the use of gel-type technologies and post-elution 

concentration techniques for concentration of the low specific volumes of 99mTc that are obtained from 
elution of 99Mo-99mTc generators prepared from low specific activity 99Mo produced from neutron 
activation of Mo. As an alternative to alumina-based chromatographic type 99Mo/99mTc generators, 
developments of high capacity adsorbents for 99Mo such as a zirconium polymer are being evaluated. 
The use of such generators precludes the requirement for fission-produced 99Mo and would allow 
production using low-moderate thermal flux research reactors in the Member States. The availability 
of this bolus concentration methodology will also be useful for extending the useful shelf life of the 
99Mo-99mTc generator prototypes. Development of 99Mo-99mTc column chromatography generators 
using zirconium polymer or other similar adsorbents in tandem with post elution concentration 
techniques may be possible for the use of generators up to 1 Ci using (n,γ) activated 99Mo. Because of 
this enormous advantage to have available the generators fabricated from low specific activity 99Mo, 
this technology is being explored as part of this CRP, in addition to using these developments for 
preparing 188W/188Re capable of giving radioactive concentration adequate for therapy while using 
188W obtained from medium flux reactors. 
 
2. OBJECTIVES OF THE CRP  
 The objectives of this CRP are to evaluate various generator and concentration technologies for 
the 188W-188Re, 99Mo-99mTc and 90Sr-90Y generators, to optimize generator fabrication and use, to 
standardize quality control techniques for the eluted radionuclides and to provide standardized 
procedures to participating laboratories. The following issues will be addressed during the CRP. 
 

• Development of reproducible methodologies for the preparation of 188W-188Re, 99Mo-99mTc 
and 90Sr-90Y generators.  

• Development and evaluation of chromatography adsorbents (Zr/Ti composites) having higher 
binding capacities and demonstration of their utility in the preparation of column generators 
for 188Re and 99mTc. 

• Comparison and optimization of technologies for post elution concentration of 188Re and 99mTc 
in order to improve the radioactive concentration.    

• Development of quality control techniques and specifications for generator eluted 
therapeutic radionuclides. 
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2.1  Objectives of second RCM 
 

• Presentation of the status of the work and results of technical projects at the various 
participating institutions 

• Discussion of the technical and collaborative progress in the context of the objectives of the 
CRP 

• Discussion on practical issues required for the implementation and use of these technologies 
• Preparation of a detailed Work Plan for the final CRP period. 
• Preparation of a report summarizing the work conducted during the initial CRP period. 
• Identification of further requirements/supplies to be provided by IAEA to the participants 

 
3. ACTIVITIES CARRIED OUT DURING THE FIST PART OF THE CRP 
3. 1  Summary of work accomplished in the participating laboratories 
 
BRAZIL 

 
The objective of this project is to develop techniques for the preparation of 188W-188Re and 90Sr-

90Y generators at IPEN-CNEN/SP. Brazil received 188W and 90Sr from the IAEA and started the 
research concerning the development of the generators. An alumina based 188W-188Re column 
generator was developed and results showed that the elution efficiency was higher than 80% and 
elution yield higher than 90% in 6 ml eluent volume. A gel generator was also prepared with an 
elution efficiency higher than 65% and elution yield higher than 80% in 6 ml. Labelling of HEDP was 
performed with the product from both generators demonstrating the good quality of the 188Re eluted. 
The 90Sr received was used for calibrating the equipments used for measuring total activity and beta-
counters. Several studies were performed for the concentration of 99mTc eluted from a gel generator. 
The best results of retention were obtained with anion exchange resins and work is on the way 
concerning the elution of 99mTc from these resins. A concentration system similar to the one used in 
the 188W- 188Re generator supplied by Oak Ridge was also tested with promising initial results.   
 
CUBA 

 
In this first part of the co-coordinated research programme the evaluation of two 90Sr-90Y 

generators with two different amounts of radioactivity was completed. Different chelating agents were 
evaluated in order to determine the feasibility of substituting EDTA as the chelating agent used to 
elute 90Y from the generator. The behavior of 90Y yield and 90Sr breakthrough of both generators 
during the evaluation period was evaluated. A quality control procedure was devised for the 
determination of the chemical purity of the final product regarding EDTA content at ultra trace levels 
(10-8 M).  During this first part of the CRP, 400 mCi of 90Sr was supplied by the IAEA. A protocol 
based on results of previous studies was developed to prepare and operate a higher activity generator 
(250 mCi) which will be evaluated during the second part of this CRP.   
 
GERMANY 

 
Different methods are used for the loading of sterile radionuclide generators. The arrangement of 

necessary boxes and laminar flow modules was discussed for the aseptic loading process of the 
inactive sterile generator and for the loading processes which include steam sterilization of the loaded 
column or the loading solution in vials. The aseptic procedure enables a complete automation process 
and a continuous production process. The radiation exposure of the staff can be reduced to a minimum 
by suitable automation. The integration of a steam sterilization step into the production process causes 
a discontinuous process. Furthermore, the automation of the assembling steps after the steam 
sterilization is relatively costly and complicated. The experience with a facility for the aseptic loading 
process was discussed in detail. Especially the possibility of the installation of an online process and 
the choice of suitable in-cell equipment is considered and recommended. 



 

                

 
INDIA 

 
The main focus of the work done in India has been on the development of two generators viz. 

supported liquid membrane (SLM) based generator system for 90Y and a column chromatographic 
generator for 188Re. 90Sr recovered from HLLW using multi-step process employing the separation 
techniques such as solvent extraction, ion-exchange and precipitation was used for obtaining 90Y, 
while 188W was obtained through the IAEA. The 188W was used for in-house development of a 188W-
188Re generator employing a technique similar to that used for 99mTc followed by post elution 
concentration.  Both the generator systems were evaluated for the separation yields and the products 
were characterized for radiopharmaceutical applications. The results from these studies and the areas 
needing further development along with the future plans of the work were described. 
 
INDONESIA 

 
The aim was to evaluate the use of PZC (Poly-Zirconium Compound) as an 188W adsorbent in the 

preparation of the 188W/188Re generator system. The generator column was prepared in dry bed system 
containing product reaction of PZC-tungstate. An extensive study on high activity (> 785 MBq of 
188W) generator system was carried out focusing on the performance parameters, such as 188Re yields, 
tungsten breakthrough and elution profiles. Experimental results show that the dry-bed generator 
affords high radioactivity concentration of 188Re. A preliminary study to prepare an 
electrochromatography column for 90Sr-90Y generator was also carried out by observing the separation 
of 90Sr and 90Y using paper electrophoresis method at the voltage of 200 V,  electrophoresis time of 1 
hour, and buffer citrate solution. 

 
ITALY 

 
In the first part of the project, a prototype of the new design 90Sr/90Y generator has been 

constructed. The basic idea behind the new generator system was to have a safety column to assure 
90Y eluate free of 90Sr which is the mandatory requirement towards potential future clinical 
applications. Therefore, a very accurate method to determine the possible 90Sr breakthrough must be 
developed. To this end, the evaluation of the correct instrumentation available at the Institution for 
liquid scintillation counting was initiated. With the receipt of a calibrated 90Sr/90Y source from the 
IAEA, measurements on the mixture of the two radioisotopes and on pure 90Y samples were carried 
out and quenching curves were generated. 

 
KOREA 

 
In this project new ionic liquids were synthesized, fully characterized and evaluated for 90Sr and 

90Y separation. Dichloro-poly(oxyethylene) was synthesized by chlorination of polyethylene glycol. 
Treatment with imidazole and sodium ethoxide provided the 1N,1N'-poly(oxyethyl)-diimidazole, 
which was then converted to ionic liquid-type crown ether (ILCE) with the reaction of dichloro-
poly(oxyethylene).  Further, the anion of ILCE was exchanged by anion exchange method.  
Ultimately, a very efficient synthetic pathway was developed for ILCEs which have various physical 
and chemical characteristics by the modification of polyethylene glycol chain length and anions.  85Sr 
was successfully extracted into cyclo-bis-{1N,1N'-[(3,6,9-trioxa)-1,11-undecyl]}-diimidazolium 
chloride {[(3,2)OEtIm][Cl]} phase, but it was not extracted into [(2,2)OEtIm][Cl], [(3,3)OEtIm][Cl] and 
[(4,3)OEtIm][Cl]. 

 
MEXICO 

 
The aim of the present work was to prepare 188W/188Re generators based on 188W-

heteropolytungstate and hydroxyapatite in order to evaluate their feasibility to provide acceptable 
yields of 188Re. Titanium and zirconium 188W-tungstate were synthezised at different pH of the 188W-
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tungstante solutions and the 188W/188Re generators were constructed. Hydroxyapatite is an anion 
exchanger. 

 
A study of the sorption behavior of W and Re on hydroxyapatite in NaCl medium was evaluated 

by batch experiments. Results demonstrated that 188Re is not adsorbed whereas 188W is strongly 
adsorbed in NaCl. From these data, hydroxyapatite 188W/188Re generator systems were then 
constructed and eluted in NaCl solutions. The titanium and zirconium 188W-tungstate, and 
hydroxyapatite based 188W/188Re generator performances were presented in the meeting.   
 
POLAND 

 
Using the available generator column and the lead shielding used in standard 99Mo/99mTc generator 

(fission 99Mo) an 188W/188Re generator was prepared. In the first CRP meeting we presented data 
obtained when sodium acetate was used as the eluent. In the current work the 0.9% NaCl has been 
used to elute the generators. The elution of the generator can be completed in about 4 ml of eluate 
(elution yield > 95%) giving the radioactive concentration of around 100-120 mCi/ml, which is 
sufficient for most of the applications and no consecutive concentration is required. Depending on the 
needs, the elution can be performed twice a week. The received eluate is sterile that gives the 
possibility of its use directly after the elution. Stability of generators (radiochemical, radionuclidic and 
chemical purities;  188W breakthrough; and  sterility and bacterial endotoxins level) have been tested 
over the period of up to 10 months use; and no deviations from its regular performance have been 
observed. In the above conditions the highest nominal activity of 188Re received from a generator is up 
to 500 mCi at the calibration date assuming the specific activity of 188W used for its fabrication to be 
around 5 Ci/g of W. Further studies on generator parameters optimization are in progress. 

  
The extraction chromatography technology (hot-cell scale) for production of 90Y from 90Sr is 

working at POLATOM providing the carrier-free 90Y for radiolabelling of patient therapeutic doses.  
The methods for quality control of 90Y have been elaborated based on this technology. Further 
experiments will be carried out in order to design the portable 90Sr-90Y generator.  

 
RUSSIA 

 
During the reported period, the facility for 188W production has been completed and put into 

operation by RIAR. According to the SM reactor operation schedule, 10 batches a year can be 
produced and processed, each of 30 Ci at EOB, which provides delivery of up to 200 Ci of product a 
year. The production capacity can be increased by request. The specific activity of 188W at regular 
irradiation cycles (19-20 effective days) is 5.5-6 Ci/g at EOB and more than 4.2 Ci/g at delivery. If 
required, targets can be irradiated for a longer time (2 irradiation cycles) resulting 188W specific 
activity increase up to 10 Ci/g at EOI and more than 7 Ci/g at delivery. Shipments of 188W solution to 
Cuba, Brazil, Korea, India, Indonesia, Poland and Mexico were implemented during the first year of 
the CRP.  

 
188Re concentrating system intended for tandem use with a clinical scale alumina based 188W/188Re 

generator was evaluated. The system is based on preliminary removal of salt components of 188Re 
eluate (NaCl) by passing it through a cation exchange Dowex-50 resin in Ag+-form followed by 
sorption of rhenium in the small column of alumina. Distribution of 188Re between alumina and NaCl 
solutions was studied by varying salt concentration and pH. It was found that the only chemical form 
of alumina applicable for effective concentration is the acidic form. Removal of salt components 
(NaCl) from eluate is necessary for effective concentrating of 188Re; sodium chloride concentration 
should be decreased to 0.001 mol/l. A dynamic capacity of Dowex-50 in Ag+ form with regard to 
sodium chloride was evaluated to be 0.8-1.1 mg-equivalents per ml of resin. It was demonstrated that 
rhenium loss is negligible at desalination and the solution is not contaminated with silver ions as well. 
It was demonstrated that conductivity of eluate running out from the desalination column is only a few 
mS at normal column operation. Exhausting the column capacity leads to a sharp increase of the eluate 



 

                

conductivity. This phenomenon can be used to control desalination process ensuring effective sorption 
of rhenium by concentrating column, reliability and safety of the entire concentrating system. 

 
During the report period parameters of 99Mo produced by irradiation of natural molybdenum oxide 

in the high-flux SM reactor have been studied. In the regular irradiation cycles 99Mo specific activity 
was up to 20-25 Ci/g for in-core irradiation positions, and up to 3 Ci/g for reflector irradiation 
positions. Trial batches of 99Mo were produced and supplied for loading centralized (extraction type, 
centrifugal) generator of 99mTc; the eluate has passed pre-clinical and clinical studies and received 
approval for clinical use in Russia.   
 
USA 

 
The role of the Oak Ridge National Laboratory (ORNL) in this CRP has focused on providing 

technical guidance, training and information with regard to the 188W-188Re generator system and the 
post-elution concentration of 188Re to high specific volume solutions suitable for radiopharmaceutical 
radiolabeling.  Detailed information and guidance has been provided to several participants on the 
fabrication, set-up, and daily use of the alumina-based generator system and for 188Re concentration.  
In addition, Dr. Fabiola Monroy-Guzman from Mexico, was a guest investigator at ORNL for ten 
weeks in the summer of 2005 where she evaluated the 188W binding affinity of a variety of 
hydroxyapatite preparations and the performance of generators prepared from these materials using 
various eluants. As described below, discussions have also been pursued for the identification of 
funding for collaborators from Brazil and Korea to work at ORNL for joint evaluation of potential 
improvements of the 188W-188Re generator system. 
 
VIETNAM 

 
The chemical synthesis of the zirconium adsorbent (PZC) polymer compound for the preparation 

of PZC based chromatographic 99mTc generators was studied. Chemical composition and molecular 
structure were stated and physicochemical characteristics (ion exchange property and behaviour in the 
aqueous solution) of PZC studied.  Mo-adsorption of PZC in different Mo-solutions and 99mTc elution 
of 99Mo-PZC column were investigated. A good relationship between the W- or Mo-content of 
adsorption solution and the adsorption capacity, adsorption percentage, chemical breakthrough and 
relevant radionuclide elution yield was found. Mo- adsorption capacity of around 285 mg of Mo per g 
of PZC and 99mTc elution yield of higher than 90% were achieved with PZC adsorbent. 99Mo 
breakthrough of 0.015% and Molybdenum element breakthrough of around 2 µg Mo/ml were found in 
99mTc eluate. W- adsorption capacity of about 520 mg of W per g of PZC and 188Re elution yield of 
higher than 80% were also achieved with PZC adsorbent. 188W breakthrough of 0.015% and Tungsten 
element breakthrough lower than 5 µg W /ml were found in 188Re eluate. 
 
3. 2 Radioisotopes Provided by IAEA 
 

During the initial stage of the CRP, both 188W and 90Sr were provided to investigators for 
experimental work. The details of which are summarized in Table 1. 
 
Table 1 Radioisotopes provided to CRP investigators  
 

NUCLIDE Brazil Cuba China Italy India Poland ROK Mexico Vietnam Indonesia 
90Sr (mCi) 50 400** * 0.12 * 100 50 * * 50 
188W (mCi) 210 200 * * 200 200 200 200 * 200 
 
* Radioisotopes not requested 
** Part provided as part of an IAEA TC project 
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The high specific activity 188W was supplied by RIAR which is one of the participants of this CRP.  
90Sr was purchased from a commercial supplier. 
 
 
 
3.3  Activities proposed for first year and completed 
 
 A list of activities proposed in the first year work plan and completed are listed below. 
 
3.3.1  188W/188Re generator 
 
 Evaluation of generator adsorbents: 

• Mexico performed systematic studies to evaluate the usability of hydroxyapatite as an 
adsorbent for 188W.   

• Brazil and Mexico performed studies concerning the preparation of alumina and gel 
adsorbents 

• Vietnam and Indonesia carried out studies for estimating the capacity of PZC for adsorption 
of 188W 
 

188Re Concentration methods: 
• Post elution concentration studies were carried out in India, Russia and Brazil 
• Poland implemented the post concentration system using commercially available mini-

columns  
 
  Synthesis and characterization of adsorbents: 

• Investigation for the 99Mo adsorption capacity, elution profiles/yields of 99mTc, and 
breakthrough of 99Mo using locally prepared PZC was carried out in India and Vietnam 

 
Post-elution concentration of pertechnetate eluted from 99mTc generator 
• Post elution concentration studies for concentrating 99mTc were carried out in India and 

Brazil 
 

3.3.2  90Sr-90Y Generator  
• Column generator was prepared in Cuba, Italy and Poland  
• Extraction Chromatography generator was studied in Korea 
• Membrane generator studies were performed in India 

 
3.3.2.1 Recovery of 90Sr from high level waste  
 

• Studies have been carried out to optimize and scale up the process developed and used in 
India to recover 90Sr from high level waste.   

 
3.4  Cooperation among participants  
 

• The Brazilian participant is seeking a scientific visit (4 weeks) at Oak Ridge National 
Laboratory (ORNL) USA on the development of 188Re generator technology 

• A student from Brazil received a fellowship from Brazilian Science Foundation for a PhD 
studies in Italy working with 188Re. The involved laboratories are University of Ferrara and 
European Institute of Oncology, Milan.  

• A student from Brazil, IPEN, is pursuing funding to support the research visit of several 
months to ORNL.  

• The inter-governmental program exists to initiate cooperation between Russia and Brazil in 
the field of radionuclide production and application, allowing for continued cooperation 
between corresponding participants in generator technology development.  



 

                

• The exchange of experience has been established between Poland and Germany on the 
practical aspects of 188W/188Re handling at the end-user laboratory, there is also the co-
operation between the two participants on the automation of the generator production. 

• Mexican participant spent 10 weeks at ORNL as a guest researcher and investigated the 
adsorption capacity of hydroxyapatite for 188Re under bilateral collaboration (FUMEC-
AMC). 

• Poland and Italy will co-operate on the protocols for assessment of  90Y solution quality 
• Italy will continue to advice and give the technical assistance to Cuba for the 90Sr/90Y 

generator development 
• There is a plan in Mexico for another fellowship application on the 188W/188Re tungsten 

generator using alumina. The Mexican group also is interested in establishing a co-
operation plan with RIAR, Russia. 

• Germany will provide the information about 188Re solution concentration to Russia and 
99mTc solution concentration to Brazil. 

• A Korean researcher is pursuing an IAEA fellowship to work at the ORNL on the 
evaluation of zirconium compounds. Korea will supply ionic liquid-type crown ethers for 
the evaluation of their 90Sr recovery to Indonesia, Poland and India. 

• An Indonesian researcher is seeking for a fellowship in Italy or Poland on methods for 
quality control of generator produced radionuclides and labeling of peptides with 90Y and/or 
188Re.  

• Vietnam would like to share the experience in the field of inorganic polymer material 
synthesis with other countries.  There is also a need for sending one of the research staff 
members from Vietnam for training in the 90Sr/90Y generator preparation in Poland or one of 
the other experienced laboratory  

• There is an offer from Techne Generator Inc., Japan to provide PZC to the interested 
participants which was welcomed by many participants. The address of the interested 
participants will be communicated to a representative of this company. The participants 
may have to share the data with the company. However, this will not be under any 
confidentiality agreement as the data will also be used and published under the CRP. 

• Russia will continue to supply 188W to the participating laboratories, supported by the 
IAEA, to help continue this research within the CRP. 

 
 
4.  WORK PLAN FOR THE SECOND PART OF THE CRP 
4.1  Work Plan for 188W-188Re Generator 
 
 The work plan for the 188W-188Re generator agreed by the participants is given below.  
 

• Evaluation of Adsorbents for generator (Mexico, Brazil, Vietnam, Korea, Indonesia, 
Poland) 

 
 Systematic studies will be carried out using alumina and polymeric zirconium composites. 
 

• 188Re Concentration (Brazil, Russia, Poland, India, Vietnam) 
 

Concentration systems compatible with the generator systems based on alumina, gel and other 
adsorbents will be studied in detail to provide information on in-house preparation of the system 
components. The participating laboratories will develop generator systems and evaluate the quality of 
the end products. Poland will test the commercial system developed at ORNL, USA and Russia is 
going to develop the automation of the system they have already developed for the 188Re 
concentration. 

 
•  Generator fabrication (Poland, Brazil, Cuba, Korea) 
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Some countries are already on their way to prepare 188W/188Re generators for research 

applications, education and training.  
 
In addition, several 188Re labelled therapeutic agents of interest are being prepared and evaluated 

in animal models and potential interest from the clinical community is being assessed for potential 
clinical evaluation and registration. In particular, Cuba and Korea are expected to perform the first 
clinical trials. 

 
For a continuation of providing technical guidance, it is expected that collaborative and training 

opportunities will be established at ORNL for participating scientists from Brazil and Korea for the 
further evaluation of the Objectives summarized earlier for the 188W/188Re generators. In addition, 
ORNL will complete the design and installation of a semi-automated current Good Manufacturing 
Practice (cGMP) capability for the processing of the reactor-produced 188W and for fabrication of the 
188W/188Re generators.  One goal will be to provide details and specifications to the participating sites 
for potential in-house fabrication of the 188W/188Re generators using this simple technology. 

 
4.2 Workplan for 99Mo /99mTc generator  
 

• Russia plans to initiate regular production and supply of 99Mo to provide centralized 99mTc 
generator using (n,γ) activated 99Mo prepared in the high flux reactor.  Russia will continue 
the preparation of new adsorbent. Russia will investigate the 99mTc  elution performance  of 
PZC based  99mTc generator of radioactivity higher than 300 mCi. 

 
4.3 90Sr/ 90Y Generator  
 

The work on the development of 90Sr-90Y generator will be continued. Several participants have 
fabricated and evaluated good quality generators loading up to 100 mCi of 90Sr. Work so far 
completed includes studies on different separation techniques and evaluation of the efficacy of these 
separation techniques to potentially provide 90Y product which has properties suitable for therapeutic 
applications. There is need for scaling up the level of operation of the generator for making adequate 
quantities of 90Y for therapy. 

 
For clinical applications of 90Y, quality control will be given the top priority. Methods will be 

developed for quick and routine quality control of the product, which will be directly applicable at 
clinics. The generator systems will be scaled up and automated. The detailed work plan is given 
below: 
 
Column Generator (Cuba, Italy, Brazil, Poland) 
 

• Studies will be continued on the preparation of column generator using cation exchange 
organic resins and on the evaluation of those already scaled up. Special attention will be 
focused on the generator shelf-life at higher loadings, post-elution treatment, strontium-
breakthrough, etc.  

 
Membrane Generator (India) 
 

• Two stage supported liquid membrane based generator system will be used for routine 
separation of carrier-free 90Y in acetate medium at 10-20 mCi level. The system will be 
scaled up at least to the 100 mCi level. Attempts will also be pursued to develop suitable 
QC procedures for the estimation of 90Sr contamination in 90Y. 

 
Extraction Chromatographic Generator (Poland) 
 



 

                

• Poland already had developed a separation technique for bulk isolation of 90Y from 90Sr 
based on extraction chromatography. The 90Y prepared is suitable for therapeutic 
applications. Based on this experience, efforts will be made to fabricate generators that 
could be more widely used.  

 
Separation and Purification of 90Sr from High Level Waste (India, Korea, Russia and Indonesia) 
 

• Separation and purification of 90Sr will be carried out using methods like solvent extraction, 
ion exchange and precipitation in combination with radiochemical separation. Relatively 
newer strontium-specific reagents such as ionic liquid type crown ethers will also be used 
for the separation. 

 
4.4   Automation 

 
The preparation of the radiopharmaceutical labelled with beta-emitters of high beta-energy has 

to be carried out under consideration of the requirements for the radiation protection of the personnel 
and the GMP-regulations. The radiation protection of the personnel can be realized through following 
measures: 

 
- Shielding of the radioactivity amount through a combination of plastic material and then lead 

(minimizing of the Bremsstrahlung) 
- Remote controlled handling of the radioactive material with suitable distance tools or in 

shielded boxes with manipulators 
- Process automation to minimize the manual operations 
- Choice of material with the highest radiation stability and devices with a long operation time 

and possibly maintenance-free. 
 
The GMP-requirements can be ensured with following measures: 
 

- Installation of the units of boxes and laminar flow modules in rooms with the required clean 
room class 

- Automation of the process as complete as possible 
- Boxes equipped with a filter system that meet the required clean room classification 
- The production devices has to meet the requirements of the GMP-regulations 
 

Efforts will be made to incorporate some of the above aspects in the generator and facility design. 
 
5.  HIGHLIGHTS OF THE DISCUSSION 
5.1  Quality control of 90Y eluted from in-house fabricated generator 
 

The issue of possible 90Sr contamination in the eluate coming from a 90Sr/90Y generator has been 
widely discussed by all participants. It has been shown that according to international regulatory 
agencies the 90Sr content in the 90Y for human use has to be below 10–5%. This means to establish a 
method capable to determine less than 0.01 µCi of 90Sr in 100 mCi of 90Y. All participants 
acknowledged that this task is one of the key issues in the development of an in house 90Sr/90Y for 
clinical applications. Discussion on the above involved the issue whether the liquid scintillation 
counting of 90Sr in equilibrium was sufficient for quantifying the 90Sr content. Finally, it was agreed 
that it is necessary to have the spectrum available of a pure freshly separated 90Sr standard for the 
determination of 90Sr in the secular equilibrium. Therefore, the participants who will be working on 
this task will proceed following these two lines. One, to adapt a chromatographic technique to separate 
90Sr from 90Y in order to obtain a source of pure 90Sr and second, to find a method to decrease at least 
10-6 fold the 90Y content in a sample eluted from the generator. Other innovative ideas will also be 
explored. 
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5.2  Adsorbent  
 

Alumina is a commonly used adsorbent for 99Mo/99mTc and 188W/188Re radionuclide generator 
production.  

 
However, its relatively low adsorption capacity limits it to be used for adsorbing low specific 

parent radionuclides produced by (n,γ) reactions for production of some useful radionuclide generators 
systems such as 188W/188Re and 99Mo/99mTc. Among capable adsorbents of higher adsorption capacity 
having high potential use in the radionuclide generator production, alternative adsorbents such as 
Zirconium- or Titanium-Molybdate gels and polymer zirconium compounds (PZC) have been 
investigated by participant countries. 

 
A PZC adsorbent was successfully synthesized by participant countries. From the research work 

performed by participants, it has been shown that the PZC adsorbent have high Mo and W adsorption 
capacity, around 280 mg Mo/g PZC and 520 mg W/g PZC, respectively. This adsorbent has good 
performance for 99mTc and 188Re elution. Elution yields of more than 80% for both radionuclides and 
low parent nuclide breakthrough were achieved with these PZC adsorbent-based generators. However, 
the generator performance of these sorbents still requires improvement, especially for the preparation 
of 188W/188Re radionuclide generator which is currently available using Alumina. Other adsorbents 
such as hydroxyapatite and zirconium composite are subject for further evaluations.  
 
6.  RECOMMENDATIONS 
• The participants expressed the need to receive further supplies of high specific activity 188W, and 

90Sr solution to continue the experimental program initiated within the CRP. 
 
• The verification of separation techniques used for separation of 90Y from 90Sr created the 

analytical problem if the sensitivity for detecting 90Sr in 90Y at the level of 10-5% is required. One 
of the possible ways to verify if the separation is adequate would be to use 85Sr as a spike. 85Sr is a 
gamma-emitter of suitable energy for measurement by gamma-spectrometry and can be easily 
produced in one of the participating laboratories by irradiation in the nuclear reactor. The 
possibility of providing this radionuclide to the interested participant laboratories will be 
considered under the CRP with the IAEA support.    

 
• Since the measurement of radioactivity and radionuclidic purity of 90Sr and 90Y (pure beta 

emitters) is a demanding task for a laboratory which is not routinely using the liquid scintillation 
methods, it is recommended the participants be provided with standard solution of 90Sr in 
equilibrium with 90Y, accompanied by the Standard Source Certificates from an authorized 
laboratory, for calibration of measuring equipment in participants laboratories.  

 
7.  CONCLUSIONS 

Participants made comprehensive presentations covering the work performed at each of the 
participating MS. A few of the participants had the availability of 90Sr through local sources, where as 
most others got 90Sr through IAEA. 188W required for all the participants were provided by IAEA.  

 
Several methods for separation of 90Y from 90Sr were evaluated by the participants. These included 

extraction chromatography using ion exchange resins, lanthanide selective resins (Eichrom) or by 
supported liquid membrane separation techniques. Quantitative separation of 90Y could be achieved in 
most separation techniques, however, a major issue to be addressed is the QC of the eluted 90Y. 90Sr 
contamination in eluted 90Y has to be less than 10-5 % or less than 0.1 nCi/mCi. Estimation of such low 
concentration of 90Sr poses a real challenge. It was agreed that attention will be given to address this 
issue. 

 



 

                

Most participants could make the 188W-188Re generator using the 188W provided through the CRP. 
Thanks to the already available technology developed by ORNL for this generator, most participants 
could use the information provided during the first RCM, supplemented by the vast literature in this 
area for developing the generator.  

 
While acidic alumina was used as the adsorbent by most participants as the generator column 

matrix, several other adsorbents such as hydroxyapatite, polyzirconium composite (PZC) etc. were 
explored by the participants. The quality control of 188Re is fairly straight forward due to the presence 
of identifiable photopeaks due to the decay of 188Re. 

 
The interest for the use of (n,γ) produced 99Mo for production of generator is still continuing and 

the feasibility of using high flux reactors like the SM Dimitrovgrad site for production of HSA 99Mo 
was discussed during the meeting.  

 
Considering the several advantages especially related to the waste generation, using (n,γ) 99Mo is 

still an option to be explored for the preparation of 99mTc generators. The participants expressed the 
need to continue to explore the possibility of developing better adsorbents and/or post elution 
concentration techniques for achieving the above goals. 

 
The Work plan made for the second half of the CRP addresses all the above issues.  
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DEVELOPMENT OF RADIONUCLIDE GENERATOR TECHNOLOGIES FOR 
THERAPEUTIC RADIONUCLIDES: FIRST YEAR REPORT - IPEN – BRAZIL 
 

J. A. OSSO Jr., A. OLIVEIRA, B. S. MARCZEWSKI, V. MORAES, F. CAMARGO, 
R.C. NIETO, K. N. SUZUKI, C. R. B. R. DIAS, N. C. SILVA, A. L. C. P. LIMA, B. L. 
FAINTUCH, J. MENGATTI, E. BORTOLETI, N. P. SOSA, C. P. G. DA SILVA, 
Radiopharmacy Center – Institute of Energetic and Nuclear Research – IPE N-CNEN/SP, 
São Paulo – Brazil 

 
Abstract.  The objective of this project is the development of techniques for the preparation of 188W-188Re and 
90Sr-90Y generators at IPEN-CNEN/SP. IPEN has a Research Reactor that has been recently upgraded to 4.2MW, 
and its Radiopharmacy Center has an established radioisotope production program to supply 
radiopharmaceuticals to the Nuclear Medicine community in Brazil. The research will have two fronts: one with 
the intention of developing generators with high specific activities of the parent radionuclides, supplied from 
abroad and the other one dealing with the development of a 188Re gel type generator, using the experience 
acquired by IPEN during the past years with the 99mTc gel generator project. Quality control procedures will be 
developed to assure the purity of the daughter products, and special attention will be given concerning the post 
concentration of 188Re, and consequently 99mTc eluted from gel generators.  

 

1. RAW MATERIALS RECEIVED FROM IAEA  
During this first year of the project two radioactive samples were received by IPEN-

Brazil: 188W and 90Y.  The characteristics of these materials were: 
 
• 188W: 210 mCi, 1.025 mL, calibrated on 23.05.2005.  
• 90Sr: 50 mCi, 5 mL, calibrated on 05.08.2005. 
 
No adsorbent materials were received as initially arranged during the first meeting. 
 

2. 188W-188RE 

2.1 Evaluation of Adsorbents for 188W-188Re generators 
 

The generators were prepared only with alumina as follows: Alumina was previously 
conditionated at pH 1.5 with 0.1M HCl, dried and generators were prepared with 2 g of 
alumina. A known volume of 188W solution was taken, the pH adjusted to 2.0 with 8M HCl. 
This solution (1 mL) was loaded into the column and elutions were performed with a solution 
of 0.9% NaCl. Figures 1 and 2 show a summary of the results of the elutions. Elution 
efficiency was higher than 80% and elution yield higher than 90% in 6 mL. The results of the 
quality control tests showed the good quality of the generators.  

 A series of labeling experiments were performed with 188Re eluted from these in house 
prepared generators in order to prove its quality. In one of experiments, HEDP was labeled 
with  188Re using a liquid kit containing 30 mg of HEDP, 3 mg of ascorbic acid and a variable 
amount of the reducing agent, SnCl2.2H2O, with a total volume of 1.0 mL. The labeling took 
place with 30 min of heating (100oC) and 60 min of cooling. Figure 3 shows the results of this 
particular experiment. The results were in very good agreement with the ones obtained using 
188Re eluted from a commercial 188W-188Re generator supplied from Oak Ridge. 

 



15 

0.0

0.5

1.0

1.5

2.0

2.5

1 2 3 4 5 6

Saline solution 0.9% (mL)

Ac
tiv

ity
 (m

Ci
)

2nd elution
3rd elution
4th elution
1st elution  
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Fig. 2. Elution profile of alumina based 188W-188Re generators.  

 



 

                

Studies are being carried toward the analysis of the adsorption capacity of W on 
alumina, and the best pH conditions for this adsorption. 
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Fig. 3. Variation of the labeling yield of HEDP-188Re with the amount of tin chloride.   

 
2.2 Preparation of a gel type 188W-188Re generator 

The gel generator studied in this work was the zirconium tungstate (WZr), based on the 
project developed at IPEN concerning the production of a gel based 99Mo-99mTc generator. 
Tungsten trioxide was dissolved with 2M NaOH, 1.0 mL of the 188W supplied by IAEA was 
added and the pH adjusted to 4 with 2M HNO3. A solution of ZrOCl2.8H2O (pH 1.5) was added with heating at 50oC and stirring. The pH was adjusted to 4.5 with 2M NaOH. After the 
reaction, the gel was filtered, dried, cracked with saline solution and dried again. The dry gel 
was loaded into a proper column previously loaded with 1 g of Al2O3, and the generator eluted with known volumes of saline solution. 

 
The performance of the generator was good, with elution efficiency higher than 65% 

and elution yield higher than 80% in 6 mL. 
 
The gel of WZr was characterized as follows: 1-structure identification: X-Ray 

diffraction with alpha CuK radiation; 2-particle size determination: Sieve distribution 
apparatus, weighing the sieves before and after the distribution; 3-determination of W and Zr: 
Neutron activation analysis and UV-visible spectrometry. 

 
The results were very good. X-ray diffraction studies showed that the WZr had an 

amorphous form. The particle size distribution was appropriate to give a good performance of 
the gel type generators, with most of the particles in the range between 150 and 300 µm. The 
amount of W and Zr in the gel was 37% and 43%, respectively. 



17 

 
For the gel generators, labeling of HEDP with eluted 188Re was performed. The results 

were promising compared with the ones obtained with 188Re eluted from a generator prepared 
in Oak Ridge and eluted with the in house alumina based generator. 

 
2.3 Quality control of 188Re 

 The quality control of 188Re eluted in both type of generators consisted of: 1-
radiochemical purity: paper chromatography; 2- chemical purity: the presence of W, Al and 
Zr was measured by UV-visible spectrometry; 3- radionuclidic impurity: 188W breakthrough 
was measured by γ-spectroscopy. 

 
The results of the quality control were very good for both generators. The level of 188Re 

as perrenate was higher than 99%, the 188W was lower than 10-5% and the level of W, Al and 
Zr were bellow the ones recommended. 

 
3. 90Sr- 90Y 
 

During this first year, the activity of 90Sr received was used for calibrating the 
equipments used for measuring total activity and beta-counters. The Radiopharmacy Center of 
IPEN had no experience with pure beta-emitters. The results showed that the equipments can 
now be used, and the experiments of preparing the generators will start next January. One 
molecule was chosen as standard for the quality control of 90Y eluted: citrate. IPEN nowadays 
imports 90Y-citrate and distributes to the clinics. 

 
4. 99mTc CONCENTRATION 
 

Several studies were performed for the concentration of 99mTc eluted from a gel 
generator. Many adsorbents were used after elution of the generator with different solvents. 
The results can be seen in Table 1. 

 
Table 2. Results of retention of 99m Tc in different adsorbents. 

SOLVENTS ADSORBENTS SALINE WATER KETONE 
Anion exchange resin Retention 100% Retention  100% Retention 100 % 
Cation exchange resin Retention 30% Retention 32% Retention 36% 
Alumina Retention 40% Retention 37% Retention 42% 
Acid SepPak Retention 14% Retention 64% Retention 0% 
Neutral SepPak Retention 34% Retention 30% Retention 67% 

 
The best results were obtained with anion exchange resins. Table 2 shows the results of 

the experiments related to the elution of 99mTc from anionic resins. 
 



 

                

Table 3. Results of elution of 99m Tc from anionic resins. 
ANIONIC 

RESIN (ML) 
CONDITIONING 

SOLUTION ELUENT ELUTION YIELD 
(%) 

0.2 10 mL saline 
5 mL water 0.2 M NaI 8.2 

0.1 10 mL saline 
5 mL water 0.2 M NaI 35.5 

0.06 5 mL saline 
2,5 mL water 0.4 M NaI 74.6 

0.06 5 mL saline 
2,5 mL water 0.4 M sodium citrate 0 

0.08 15 mL water 
 0.4 M NaI 65.0 

 
The results so far show a strong adsorption of 99mTc by the resin, and even anions with 

higher affinity with the resin are not being exchanged by the pertechnetate. 
 
The quality control of 99mTc eluted from anionic resins showed a low level of Mo (< 3 

ppm) and Zr (< 5 ppm), 99Mo bellow the permissible level and radiochemical purity higher 
than 99%. 

A concentration system similar to the one used in the 188W – 188Re generator supplied by 
Oak Ridge was also tested. It consists of a cation exchange column Maxi-clean IC-Ag (Alltech 
Associates,Inc.), followed by an anionic column AcellTM Plus QMA (Waters Corporation). 
The retention of 99mTc was very high (higher than 95%) and the elution profile can be seen in 
Figure 4. 

0
10
20
30
40
50
60
70
80
90

0 1 2 3 4 5 6 7 8

Volume (mL)

El
uti

on
 yi

eld
 (%

)

 
Fig. 4. Elution profile of 99mTc from the concentration system developed at Oak Ridge. 
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The results seemed very promising, with 79% of the activity being eluted in the first 2 
mL of saline solution. 

 
5. WORK PLAN 
5.1 188Re 
5.1.1 Development of methodology for the preparation of 188W – 188Re chromatographic 
generators based on alumina 
� Tests for assembling of a generator based on alumina, with the already existent 

know how of IPEN; 
� Conclude the experiments for measuring the adsorption capacity of W on alumina; 
� Establishment of quality control methods: radiochemical, radionuclidic and 

chemical purities, with the already existent knowhow of IPEN; 
� Labeling experiments with HEDP-188Re to assure the generator quality. 
 

5.1.2 Development of methodology for the preparation of 188W-188Re chromatographic 
generators based on special manufactured high capacity adsorbers 
� Receive adsorbers from Korea and Vietnam; 
� Preliminary tests for assembling of a generator based on high capacity adsorbers; 
� Labeling experiments with HEDP-188Re to assure the generator quality; 
� Extend this technology for 99Mo-99mTc generators 
 

5.1.3 Development of methodology for the preparation of 188W-188Re gel type generators 
based on a WZr gel 
� Assemble of 188W-188Re gel type generators based on a WZr gel with the highest 

possible activity, with the already existent know how of IPEN; 
� Establishment of quality control methods: radiochemical, radionuclidic and 

chemical purities, with the already existent knowhow of IPEN; 
� Labeling experiments with HEDP-188Re to assure the generator quality. 

 
5.2 Development of methodology for the preparation of 90Sr-90Y generators, together with 
the establishment of quality control techniques to assure the quality of the eluted 90Y 
� Tests for assembling of a generator based on a cation exchange resin; 
� Studies of quality control methods: radiochemical, radionuclidic and chemical 

purities; 
� Labeling experiments with citrate-90Y to assure the generator quality. 

 
5.3 Development of technologies for post elution concentration of 188Re and 99mTc eluted 
from gel type generators 
� Optimization of the studies concerning the post concentration of 99mTc eluted from 

a MoZr gel type generator already produced; 
by IPEN, with the results been adapted for 188Re; 
� Quality control of concentrated 99mTc and 188Re. 
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PREPARATION OF A NEW KIND OF INORGANIC ADSORBENT FOR 90Y 
GAO HUI-BO, BAI HONG-SHENG, JIN XIAO-HAI, YIN WEI, HAN LIAN-GE, FAN 
HONG-QIANG,  
Beijing Atom High-Tech.Co.Led. CIAE Beijing China 

 
Abstract.  In recent years 90Y has been attracted researcher’s attention for targeted radionuclide therapy. 90Y 
nuclide is sourced from the decay of 90Sr, while 90Y is separated from 90Sr -90Y generator. Before it can be safely 
employed in clinical applications, the 90Y must be made free of 90Sr, an isotope known to cause bone marrow 
suppression. In addition, any trace elements, which could interfere with the radiolabeling process by competing 
with 90Y for binding sites, must be removed. In this case, the synthesis of inorganic adsorbents is very important 
for preparation of 90Sr -90Y generator, which have good radiation and thermal stability, low toxicity and fast 
reaction kinetics. The other form of 90Y generator adsorbents have much more shortcomings to be overcame, so 
the new inorganic adsorbents used for 90Y generator to reach to the medical application requirement may be 
developed. 

1. INTRODUCTION 
 
90Y is a high-energy beta emitter that is finding use in the treatment of certain forms of cancer. 

90Y decays by pure beta emission with a physical half-life of 64.2 hours to stable 90Zr. The average 
energy of the beta emissions from 90Y is 0.937MeV, with an effective path-length of 5.3mm, which 
means that 90% of the energy is absorbed with a sphere with a 5.3mm radius. 90Y is a short-lives 
daughter product of the radioactive isotope 90Sr, an abundant fission product of 235U. 90Sr has a half-
life of approximately 28 years. The decay of 90Sr proceeds according to the following scheme: 

 In order to use 90Y in the treatment of cancers, it is necessary to obtain a very pure source of the 
isotope that is free from the parent 90Sr. This is essential because 90Sr has a 28 years half-life and is 
likely to accumulate in the bone if inadvertently introduced into the body. The maximum tolerable 
amount of 90Sr fixed in the bone is only 2µCi and consequently great care needs to be performed to 
achieve the necessary 90Sr/90Y separation to ensure minimal introduction of 90Sr into the body during 
the 90Y radiotherapy.  

 
Commonly, 90Y has been separated from 90Sr by precipitation [1], ion-extraction [2], solvent 

extraction [3,4], liquid membrane separation technique [5], and various form of chromatography. But 
all the methods mentioned above suffer from one or more of the following drawbacks. The first 
drawback is that the concentration of trace elements is too high and the trace elements compete with 
90Y for binding sites, resulting in a decrease in 90Y labeling. The second drawback is that ion-
extraction resins gradually lose capacity due to radiation damage. So ion exchange is considered 
suitable only for purifying and separating subcurie quantities of 90Y. The last drawback is that 
separating 90Y in acceptable purity and quantity while minimizing 90Sr breakthrough requires using a 
series of long ion-exchange columns and impractically large volumes of eluent.   

Herein, we need an uncomplicated procedure of generating 90Y that produced a pure, high yield 
product that is suitable for medical application while at the same time to be minimized waste products, 
so it is important to develop a new kind of inorganic adsorbent for separation of 90Y from 90Sr in a 
form of 90Sr-90Y generator, This kind of inorganic adsorbent is zirconium dioxide containing partial 
yttrium oxide, and the inorganic adsorbent is produced by the method of co-precipitate. The inorganic 
material has a high selectivity for 90Y and a low selectivity for 90Sr. So it is possible to use for 
separation of 90Y from 90Sr. 



 

                

 
2. EXPERIMENTS 
 
2.1 Reagents and instruments 
2.1.1 Reagents 

The main reagents contain Sr(NO3)2, Y(NO3)3·6H2O, ZrOCl2·8H2O AgNO3 and ammonia water which are A.R grade. 
 

2.1.2 Instruments 
X ray powder diffraction instrument (XRD-6000, Japan), Transmission Electron 

Microscope (TEM-1910, Perkin-Elmer), Electric furnace and Stainless steel wire mesh sieve 
are used. 

 
2.2 Preparation of the inorganic adsorbent 
 

An aqueous solution containing 95% by mol of zirconium oxychloride and 5% by mol 
of yttrium nitrate was neutralized by adding 28% ammonia water to obtain a precipitate. The 
obtained precipitate was washed with deionized water until the washing fluid no longer 
became clouded by the sliver nitrate aqueous solution. The washed precipitate was evaporated 
with a hot air dryer at 1200C. And the slurry was still dried. After drying, the dried matter was 
pulverized with a mortar and sieved with a 100-mesh stainless steel wire mesh sieve. 
Subsequently, the powder was calcinated at 6000C. Thereafter, the composition and 
microstructure of the powder was revealed by means of testing methods of XRD and TEM. 
The results were shown in FIG.1 and FIG.2. 

 
2.3 Adsorbent property analysis  
 
2.3.1 Distribution coefficient of 90Sr and 90Y (aqueous phase) 

 
0.1g adsorbent (100-200mesh) was weighed and put it into a test tube, 20mL 

(0.2mmol/L) Sr(NO3)2 or Y(NO3)3 was added. The solution acidity was 0.001mol/L. The 
mixture was agitated for 24 hrs. Sr2+ or Y3+ concentration of the super natant was determined 
with ICP-AES and calculated distribution coefficient (Kd). The data was shown in the Table I.  
2.3.2 Adsorbent capacity analysis 

 
1.0g adsorbent (100-200mesh) was added into a test tube. The carrier solution of Y 

(NO3) 3 and 90YCl3 solution (eluent of 90Y generator) was used as a tracer (bremsstrahlung 
measurement). The static adsorption capacity of Y was 0.61mmol/g. The results are shown in 
the Table II.  
 
2.3.3 Effect of acidity on the distribution coefficient of Sr2+ and Y3+ 
 

The experimental method was the same as section (2.3.1). The medium solution acidity 
was 0.001, 0.01, 0.1 and 1.0 respectively. The distribution coefficient of Sr2+ and Y3+ was 
determined, the results were shown in the Table III. 
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2.3.4 Effect of high dosage radiation on the adsorbent 
 

1.0g adsorbent (100-200 mesh) was added into a test tube, γ radiation was reached up 
2.3×107 Gy to stop, and then to determined distribution coefficient. The data were shown in 
the Table IV 
 
3. Experimental Results 
 

The composition and microstructure of adsorbent was analyzed by means of XRD and 
TEM. The results were shown in FIG.1 and FIG.2. The FIG.1 was revealed that the powder 
took a pure tetragonal phase even calcinated at 600oC, which has been an improved specific 
surface area. And the Fig.1 was as same as the standard diffraction graph of the ZrO2 powder. From the FIG.2, the tetragonal phase of the adsorbent was proved again. 
 

 FIG.1 The XRD graph of ZrO2 adsorbent prepared with co-precipitate method 
 

 FIG.2 The TEM graph of ZrO2 adsorbent prepared with co-precipitate method 



 

                

 
3.1 Distribution coefficient of 90Sr and 90Y was shown in the Table 1 
 
Table 1. Distribution coefficient of 90Sr and 90Y (0.001mol/L HNO3 aqueous phase) No.  Kd (mL/g) 

Y3+ 4.6×103 1 Sr2+ 0.1 
Y3+ 4.4×103 2 Sr2+ 0.2 
Y3+ 4.8×103 3 Sr2+ 0.1 

 
3.2 Adsorption capacity of Y3+ was shown in the Table 2 
 
Table 2. Adsorption capacity of Y3+ 

No. (mol/g Y) 
1 0.61mmol/g 
2 0.53mmol/g 
3 0.58mmol/g 

 
3.3 Effect of medium acidity on distribution coefficient 
The results were shown in the Table 3. 
 
Table3: Effect of medium acidity on distribution coefficient 
Concentration 
(mol/L) 

 0.001 0.01 0.1 1.0 
Kd (mL/g) Y3+ 4.6×103 3.0×103 1.6×102 0.8×102 

 Sr2+ 0.1 0.08 0.08 0.05 
 
3.4 Effect of γ ray high dosage on distribution coefficient 
 
Distrbution coefficient of 90Sr and 90Y post γ ray radiation was shown in the Table 4. 
 
Table 4. Distribution coefficient of Sr2+ and Y3+ post γ ray radiation  

No.  Kd (ml/g) 
Y3+ 4.6×103 1 Sr2+ 0.1 
Y3+ 4.4×103 2 Sr2+ 0.2 
Y3+ 4.8×103 3 Sr2+ 0.1 

 
4. Initial conception design of 90Sr-90Y Generator 
 

The first of all, The 90Sr/90Y stock solution must be purified with a nitrate precipitation 
in 80% nitric acid with a stable Sr carrier, and after that by two homogeneous chromate 
pricipitation with barium carrier, the Sr is finally recovered from the chromate filtrate by 
precipitation of Sr(NO3)2 in a 20% nitric acid. 
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The next step, the purified 90Sr (Sr carrier) is recovered to the nitrate and to allow for 

the regrowth of 90Y, then to use for preparation of 90Y generator. Two inorganic adsorbent 
columns in series will be used for 90Y generator system. 
 

 FIG.3 90Sr-90Y conception generator system 
 
5. CONCLUSION 
 
• Consideration of two inorganic adsorbents connected in series that does not eliminate any 

of three value cation ions in the stock solution, so the stock solution must be purified with 
a precipitation process, the purified 90Sr solution can be repeatedly used as 90Y generator 
mother solution. 

• The initial experiments have been shown, the new inorganic adsorbent could be used for 
90Y generator system to separate 90Y from 90Sr/90Y mixture solution. 

• 90Y distribution coefficient reached to a grade of 4×104, double columns in series could be 
separated 90Y from 90Sr solution to meet the medical application. 

• More details of generator preparation, column elution properties and quality control will 
be carried out in next step. 
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DEVELOPMENT OF A REPRODUCIBLE METHODOLOGY FOR THE 
PRODUCTION OF 90Y FROM A 90SR/90Y CHROMATOGRAPHIC GENERATOR  

A. XIQUES CASTILLO  
Centro de Isótopos, Havana, Cuba 

 
Working plan of the contract 
 1- Accomplishment of a complete stability study on the 100 mCi 90Sr/90Y generator (90Sr 

breakthrough, 90Y elution efficiency, estimation of absorbed dose and its relation with 
these two variables). 

2- Evaluation of the use of scavengers to improve the performance of the generator. 
3- Evaluation of the possibility of using another chelating agent instead of EDTA. 
4- Conditioning of a glove box to fulfil technical and radiation safety requirements for 

production scale-up. 
5- Acquisition of 90Sr and 85Sr activity and other reagents 
6- Scale-up of 90Sr i.e. 90Y activities. 
7- Evaluation of scaled-up generator performance, paying attention to 90Sr     

breakthrough and 90Y elution efficiency. 
8- Development and/or implementation of quality control methods or procedures for the 

determination of: 
a. Radionuclidic purity using liquid scintillation counting (a radiochemical 

separation procedure is necessary) 
b. Chemical purity regarding the presence of chelating agent (EDTA or other) 

used as eluant by means of High Performance Liquid Chromatography. 
c. Chemical purity regarding trace metal content in the final product. 
d. Sterility and pirogenicity of the Y-90 solution for in vivo use. 

 
The overall objective of this project is supported on studies conducted on two generators of 
different activities, one of 8 mCi (0.3 GBq) and the other of 100 mCi (3.7 GBq).  
Work done up to date 
Task 1, 2 and 4 
Stability studies on the two generators were concluded. Figures 1 and 2 show the elution 
efficiencies of the two generators during their exploitation. The 0.3 Gbq 90Sr activity 
generator performed very nicely throughout the evaluation period while the higher activity 
one started this behaviour after the addition to the eluting solution of a scavenger (its effect is 
still being studied). Another very important issue to be evaluated in a generator is the parent 
isotope breakthrough.   On Figures 3 and 4 these parameters are presented as a function of the 
absorbed dose on the generator which has been estimated by Montecarlo calculation. The 
yellow line represents the pharmacopoeia limited 90Sr/90Y ratio. As a general rule although Sr-
90 total content in the eluate is higher for the 3.7 GBq generator the Sr/Y ratio is smaller. 
Above 8 MGy this relation rises fast and keeps this tendency which indicates that generator 
shelf life has ended. This result matches very well with reports that at doses 1-10 MGy the 
loss of exchange capacity of organic resins are important and affects retention of parent 
nuclides and suggests that dose estimation can be used to foresee generator useful time.  
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Figure 1.  Y-90 elution profile of a 0.3 GBq 90Sr/90Y generator. Eluating agent: 6 mmol, 
pH=4.5 EDTA solution.  
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Figure 2. Y-90 elution profile of a 3.7 GBq 90Sr/90Y generator. Eluating agent: 6 mmol, 
pH=4.5 EDTA solution. 

 
The generators of 8 mCi (0.3 GBq) and 100 mCi (3.7 GBq) were dismantled after 2737.6 

days (7.5 years) and 2214.7 days (6.1 years) of exploitation respectively. Elution of the parent 
radionuclide (90Sr) from the columns was performed by changing pH of EDTA eluting 
solution from 4.5 to 11.5. Flow rate was adjusted to 0.2 mL/min and 1 mL fractions were 
collected. pH of effluent was also measured using pH strips of narrow range. 



 

                

 
0.3 GBq Generator

0,0
2,0
4,0
6,0
8,0

10,0
12,0
14,0
16,0
18,0

1,2 212,5 344,3 445,9 605,7 825,6 1173,6 Dose (Gy)

Ar
bit

ra
ry

 un
it

Sr
Sr/Y
Sr/Y = 10 -̂5

 Figure 3. 90Sr breakthrough behaviour of a 0.3 GBq 90Sr/90Y generator. Eluating agent: 6 
mmol, pH=4.5 EDTA solution. 
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Figure 4. . 90Sr breakthrough behaviour of a 3.7 GBq 90Sr/90Y generator. Eluating agent: 
6 mmol, pH=4.5 EDTA solution 

 
Figure 1 shows the elution profiles of both generators and Figure 2 the pH profile. In the case of 

pH the higher extreme value of the range determined by pH strips was taken in order to make a 
graphic representation. As can be seen 90Sr elution profiles are quiet different for both generator which 
is related to the pH of the effluent solution. This suggests the formation of weakly acidic functional 
groups proportionally to radiation damage, which is more extensive in a 3.7 GBq generator. However 
90Sr recovery in both cases is above 97% in a relatively small volume. This means that after generator 
shelf life has expired, 90Sr can be recovered quantitatively to be reused. 
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Figure 5.  Elution profiles  of 90Sr from column generators. Eluting solution: 6 mmol 
EDTA, pH 11.5. Flow rate : 0.2 mL/min. 
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Figure 6. pH profiles of effluent solutions from generators obtained during elution of 90Sr with 6 
mmol , pH=11.5 EDTA solution.  

 
Task 3 

So far we have been working with 90Sr/90Y chromatographic generator using the Dowex 
50Wx8 resin and the EDTA as eluant. EDTA is a strong chelating agent that has to be 
completely removed from the 90Y solution after its elution from generator. Any presence of 
EDTA may affect labelling yield and/or alter biodistribution of the 90Y-radiopharmaceutical. 
For this reason in accordance to task number 3, different chelating agents were selected for 
evaluation of a 0.3 GBq (8 mCi) 90Sr activity generator that has been under exploitation in our 
laboratory for about 7 years.  

 



 

                

The variables used to evaluate these complexing agents were elution yield, 90Sr 
breakthrough and elution volume. Elution profiles were acquired for each using two different 
flow rates (0.4 mL/min and 3 mL/min). The type and concentration of chelators were selected 
among those reported in several publications although some modifications were made 
because of the differences in the ionic form of the resins used (Table 1). The sequence of 
application of each chelating agent corresponds to the order showed in Table 1. Usually the 
column was washed with a column volume of the chelating agent solution and then was let to 
stand for at least 24 hours before the next elution was done. 

 
Table 1 Composition of the different eluting agents used in the study 

Chelating agent Reference 
EDTA disodium salt 0.6 mMol/L, pH=4.5 [1] 
Sodium acetate 0.6 Mol/L, pH=5.57  [2] 
Sodium acetate 0.6 Mol/L pH=5.57: Methanol (70:30) [3] 
Sodium citrate  0.5 %, pH=5.5 [4] 
Sodium oxalate 1 %,  pH=6.5 [5] 

 
Figure 7 shows the elution profiles obtained for each chelating agent at a flow rate of 0.4 mL/min. 
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Figure 7 Elution profiles of a 0.3 GBq 90Sr/90Y chromatographic generator using 
different eluting agents at a flow rate of 0.4 mL/min. 

 
As can be seen EDTA, acetate:methanol, citrate and oxalate gave quite similar elution profiles, 

while sodium acetate seemed to be the best option for obtaining the smallest elution volume. However 
from table 2 it can be seen that by using sodium acetate as eluting agent the second smallest elution 
yield is obtained. The mixture Sodium acetate 0.6 Mol/L pH=5.57: Methanol (70:30) gave the lowest 
elution efficiency.  
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At the time of elution the column was full of air-bubbles. It seems that methanol was evaporating 
during the time the solution was let to stand in the generator which could explain the poor elution 
yield. This suggests as well that acetate:methanol may not be an appropriate eluant for this type of 
generator if one intends to milk it once a week or less often . 

 
Table 2. Yttrium-90 elution yields obtained for a 
0.3 GBq 90Sr/90Y chromatographic generator using 
different eluting agents.  

Chelating agent 
Elution 
yield (%) 

EDTA 101,4 

Sodium acetate 45,0 

Sodium acetate:methanol 8,9 

Sodium citrate 99,7 

Sodium oxalate 41,0 

 
From the point of view of 90Sr-breakthrough the election of sodium acetate is not either very much 

favoured. Previous the use of this agent the 90Sr content of each eluate of the generator was below 10-5 

mCi.  
Table 3. 90Sr contents of eluates from a 0.3 GBq 90Sr/90Y chromatographic 
generator for an elution sequence using different eluting agent 

Elution order Eluting agent 
90Sr-breakthrough 

(mCi) 

1 EDTA  8,4E-06 

2 Sodium acetate  1,8E-03 

3 Sodium acetate:Metanol 1,1E-02 

4 Sodium Citrate 5,4E-03 

5 Sodium Oxalate * 

6 Sodium Oxalate 3,8E-03 

7 EDTA  1,7E-02 

8 Sodium Citrate 9,1E-02 

9 Sodium acetate  1,7E-01 

10 EDTA  1,2E-01 
* the sample spilled out during chemical treatment 

 



 

                

 
Table 3 shows the results obtained for 90Sr-breakthrough when the generator was submitted to 

an elution sequence. The exact measure of the influence of each eluant in the 90Sr content can not be 
determined or concluded from these few trials.  However it can be seen that after the generator was 
milked with sodium acetate 0.6 Mol/L  (elutions 2 and 9) the amount of  90Sr increases significantly or 
in other words it is being washed out from the column. The apparent contradiction with other authors 
like for instance Chinol et al. [2] about the efficacy of sodium acetate in the separation of 90Y from 
90Sr in a generator may be explained by the column cross linking and/or mesh size of the resins used. 
The higher these two parameters are the higher is the selectivity of the resin and consequently the 
relatively high concentration of Na+ ions in the eluting solution (sodium acetate 0,6 Mol/L) may not 
affect 90Sr-binding to column. 

 
From this study it can be concluded that EDTA and sodium citrate gave the best results 

regarding 90Y elution yield. However further experiments should be carried out to determined which 
eluting agent provides the smallest 90Sr-breakthrough. 

 
Task 4 

Since radiological safety is a main concern several measures are being taken into two principal 
directions: Shielding of generator and purification columns and redesigning of production scheme. For 
shielding 5mm pyrex glass tubes are used around every column. This brings a 78 times reduction of 
dose rate in contact with column while allows to keep visual control during manipulation (elution, 
purification).  The redesign part is still going and depends among other things on further scaling of 
90Sr activity, acquisition of a new radiochemical fumehood, etc. 

 
Tasks 5 - 7 

Strontium-90 (14,8 GBq) required for scaling of  Ytrium-90 production was supplied by IAEA. 
Based on results of the studies performed under tasks 1-3 a protocol was established for the 
preparation and exploitation of  9,3 GBq generator (250 mCi). This generator is under evaluation at 
the moment and another similar activity generator assemble is being planned for the immediate future. 
 
Task 8 

A lot of work has been done on quality control procedures. Radionuclidic purity of elution, i.e. 
Strontium-90 content is being measured by liquid scintillation procedure, however all measurements 
are performed only after the 90Y present in sample is the one in equilibrium with the contaminant 90Sr. 
This requires a  waitng time of at least 3 months. For this reason a radiochemical separation procedure 
is being developed 

Chemical purity regarding EDTA presence in the final solution is very critical as this may affect 
the labelling of some radiopharmaceuticals and/or their biodistribution. Only methods like Gas 
Chromatography (GC) and High Performance Liquid Chromatography (HPLC) can provide low 
enough detection limits. HPLC has the advantage over GC that no long pre-treatment of the sample 
may be required. Keeping this in mind a published procedure [6] was worked out. In this case the 
mobile phase which consisted of 0.02 M formate buffer, pH 3.3  was substituted for a Triethylamine 
phosphate buffer which is as well an ion-pairing buffer. The gist of the method consisted in the 
detection by UV at a wavelength of 258 nm of the Fe-EDTA complex using a phase reverse column 
and an ion pairing buffer. Solutions ranging from 10-4 – 10-8 Mol/L were prepared from a standardized 
solution of EDTA 0.01 Mol/L was used. Samples injected in the column were prepared by mixing 
same volumes of an added EDTA solution and a solution of 10-4  Iron(III) acetate. The flow rate used 
throughout the analysis was 1 mL/min. For the recording of the spectrum a Chromatopac R4AX 
integrator from Shimadzu was used.  
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Figure 8 Chromatograms from two samples of  EDTA: a) EDTA 10-8 Mol/L + Iron(III) 

acetate 10-4 Mol/L, b) EDTA 10-8 Mol/L + Iron(III) acetate 10-4Mol/L. 
Mobile phase: Triethylamine phosphate 0,025 Mol/L pH=3,3. Stationary 
Phase: column C18 Nucleosil 100 250x4.6 mm.  

 
 
As can be seen from figure 8 even at EDTA concentrations as low as 10-8 Mol/L a “good signal” is 

obtained so this method can be used for the detection of ultratrace amounts of EDTA on the final 
product (90YCl3). The analysis of several samples collected from different runs has shown that not 
detectable EDTA (< 10-8Mol/L) is present in the final solution. 

The trace metal content has been evaluated for only a few metals. Although a detailed and 
systematic analysis is pending, the good results on the labelling of DOTA coupled molecules indicates 
that the overall amount is very low. Sterility and pirogenicity determination are also to be solved. 
 
Conclusions 

• Stability study required to initiate scaling up of 90Y production has been 
accomplished. 

• Protocol for the construction and operation of higher activity generator has been 
established which is going to be evaluated. 

• A 250 mCi (9,3 GBq) acivity generator has been assembled increasing the weekly 
disponibility of Y-90 from 50-60 mCi o 220-240 mCi. Further increase is being 
planned for the immediate future. 

• Radiological safety regarding expected increase in dose to personnel (mainly in 
hands) with scaling-up is being  taken care of. 

• Some quality control procedures to assure clinical usage of Y-90 has been 
stablished although some are not ready yet. 
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AUTOMATION IN GENERATOR TECHNOLOGY 
D. NOVOTNY, G. WAGNER, Hans Waelischmiller GmbH, Rossendorfer Ring 42, D-
01328 Dresden, Germany 

 
Abstract.  Different methods are used for the loading of sterile nuclide generators. The arrangement of 
necessary boxes and laminar flow modules is discussed for the aseptic loading process of the inactive sterile 
generator and for loading processes which include the steam sterilization of the loaded column or the loading 
solution in vials.   The experience with a facility for the aseptic loading process is illustrated with the detailed 
description of an new online loading process. 
 

1. INTRODUCTION 
The facilities for the production of sterile chromatographic nuclide generators have to meet the 
requirements for the radiation protection of the personnel and the Good Manufacturing Practice 
regulations for the pharmaceutical production. The loading process of the nuclide generator is carried 
out in lead shielded box units in combination with laminar flow units. The shielding of the production 
facilities and of the generator itself depends on the processed radioactivity amount. Different methods 
for the loading of the generator column can be applied. On the one hand the aseptic loading methods 
based on the sterile filtration is used and on the other hand the loading method on the basis of the 
steam sterilization of the loaded column respectively the loading solution. The advantages and 
disadvantages of the different methods are discussed relating to the necessary production time, the 
possibility of the process automation, the costs for the installation and the room availability. 
 As an example the experience with an online process for the aseptic loading of the sterile 99mTc-
generator, which is nearly one year in operation, is in detail discussed. 
2. VARIANTS OF THE FACILITIES FOR THE PRODUCTION OF STERILE NUCLIDE 
GENERATOR OF THE CHROMATOGRAPHIC TYPE 

The loading of a chromatographic generator can be carried out with an aseptic procedure or with 
procedures which include the steam sterilization of the loaded column or of the loading solution filled 
in closed vials. The process steps are quite different and require different equipment inside the boxes. 
The automation of the process is much more difficult especially for the procedures which include the 
steam sterilization of the loaded chromatographic column. The requirements for the installation of the 
box and laminar flow units for all loading methods differ in generally in the integration of a double 
door steam sterilizer in the whole arrangements.  

 
2.1 Small scale production – aseptic loading procedure on the basis of sterile    filtration 
 
The small scale production means a production charge size up to 25 generators.  The aseptic loading 
procedure is characterized by following general production steps: 

• Preparation of the inactive and sterile generator 
• Transfer of the bulk radioactivity into the dispensing cell 
• Preparation of the loading solution – adaptation of the required pH-value and radioactive 

concentration 
• Dispensing of the loading solution in the required portions 
• Sterile filtration of the loading solution and loading of the generator column 
• Washing of the generator column 
• Packaging of the generator 



 

                

 
In the figure 1 a simple box arrangement for the necessary radioactive works is recommended. 

This box arrangement can be installed in one room. This room should possibly meet the requirement 
of the clean room class C.  

 
The preparation of the complete inactive and sterile generator has to be carried out in another 

room. The processing of the bulk radioactivity, the preparation and dispensing of the loading solution 
takes place in the dispensing box. The sterile filtration and the loading and washing of the generators 
is carried out in the loading box under a laminar flow module. The loading box is connected over a 
double door lock with a laminar flow module. The inactive and sterile generators are transferred with a 
special carriage from another clean room in the production room and placed on a special tray under the 
laminar flow module outside of the box unit. The tray is then moved into the loading box through the 
double door lock. The shielding of the boxes can be between 5 and 10 cm lead and the boxes are 
equipped with ball tong manipulators. This is a relatively cheap and simple facility and can be 
installed on a small room area. The in-air and exhaust air ducts are equipped with HEPA-filters. In the 
chapter 3 the experience with such a facility for the production of 99mTc-generators is in detail 
discussed. 

 
The advantage of this boxes and laminar flow module arrangement is that the costs for this facility 

are low, the installation is possible where only small room areas are available. The further advantage is 
that this process can be automated with low costs and the radiation exposition of the personnel is low 
because only minimal manual assembling works at the loaded generator are needed. 

 
The disadvantage of this process facility is that the preparation of the inactive and sterile generator 

and the packaging of the loaded generator are carried out in separate rooms that means you have to 
transport the generators manually from room to room. Furthermore this process arrangement allows 
only the loading of 3 to 4 generator which are placed on the tray. Because of that you have a 
discontinuous loading and packaging process and need more production time in comparison to a 
continuous process run. 

 
2.2. Large and small scale production – aseptic loading procedure on the basis of  sterile 
filtration 

 
The small scale production means a production charge size up to 25 generators and the large scale 

production a production charge size up to 250 generators. The aseptic loading procedure is 
characterized by following general production steps: 

 
• Preparation of the inactive and sterile generator 
• Transfer of the bulk radioactivity into the dispensing cell 
• Preparation of the loading solution – adaptation of the required pH-value and radioactive 

concentration 
• Dispensing of the loading solution in the required portions 
• Sterile filtration of the loading solution and loading of the generator column 
• Washing of the generator column 
• Packaging of the generator 
 
In the figure 2 the box arrangement for the necessary radioactive works is recommended for a 

small scale and a large scale production. The difference between the large scale and the small scale 
production exist in the different thickness of the lead shielding and the lead glass windows and the use 
of different types of manipulators. For a large scale production you need a lead shielding with the 
thickness of 15 to 20 cm and master slave manipulators.  In the case of the large scale production it is 
possible that you need instead 2 shielded boxes more boxes connected together. 
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The dispensing box and the line with the loading box should be installed in two separate but 

neighbouring rooms with different clean room classifications. The clean room class D is sufficient for 
the room with dispensing box while the room with the loading box should have at least the clean room 
class C. The equipment inside the boxes is similar for the small or large scale production.  

 
With this arrangement of boxes and laminar flow modules it is possible to carry out a continuous 

production process. The loading box and the laminar flow modules are connected with a roller 
conveyor for the generator trays. The preparation of the inactive and sterile generators is carried out 
under one of the laminar flow modules. These inactive generators are transferred with trays into the 
loading box over a double door lock. After the loading and washing the loaded generators are 
transferred again over a double door lock to the second laminar flow module for the final assembling 
works. Then the closed generators are transported with the roller conveyor to the packaging room. 

 
The advantage of this box and laminar flow module arrangement is that you can arrange a 

continuous preparation. The preparation of the inactive generator, the loading and washing process 
and the packaging process are carried out without manual transport works, which is very advantageous 
to meet the GMP regulations. You can avoid the heavy manual works and minimize the radiation 
exposition of the personnel through the possibility of the automation of all process steps.  

 
The disadvantage of this process arrangement is that you need a big area of connected rooms and 

that the costs for the installation of such a facility are relatively high especially if you need master 
slave manipulators and thick lead glass windows.  

 
2.3 Large and small scale production – steam sterilization of loaded column or the      
loading solution 

 
Besides the aseptic loading process for the chromatographic generator there are two other methods 

for the generator production - the steam sterilization of the loaded column and after that the final 
assembling of the complete generator under aseptic conditions and the dispensing of the loading 
solution in closed vials, steam sterilization of these vials and loading the generators corresponding to 
the elution process. 

 
The general box and laminar flow arrangements for these processes are recommended in the 

figures 3 and 4. The general difference between the arrangements for the aseptic loading process and 
these processes is that the dispensing box is connected with the loading box through a double door 
steam sterilizer. The important process steps for the generator loading process including the 
sterilization of the loaded column are: 

 
• Transfer of the bulk radioactivity into the dispensing cell 
• Preparation of the loading solution – adaptation of the required pH-value and radioactive 

concentration 
• Dispensing of the loading solution in the required portions 
• Loading and washing of the columns 
• Steam sterilization of the loaded columns 
• Assembling of the sterilized column in the generator shielding and assembling of the needle and 

filter system 
• Packaging of the generator 
 
Concerning the box shielding, the use of different manipulator types and the ventilation system you 
need the same parameters as mentioned for the arrangements for the aseptic methods in chapter 2.1 
and 2.2. The disadvantage of this procedure is that you have extensive, manual assembling works on 
the loaded generator. You have to carry out these works under the conditions of the clean room class 
A and can not avoid a relatively high radiation exposition of the personnel especially of the hands.  



 

                

 
The automation of these active assembling works is very expensive and is only acceptable for big 
production charge sizes. A further disadvantage of this procedure is that you need time for the steam 
sterilization process. The whole process time will be longer than for the aseptic loading procedure.  

Another variant to include the steam sterilization into the loading procedure is that you first 
dispense the necessary portions of loading solution in vials. After the steam sterilization of the vials 
you can carry out the loading and washing process corresponding to the elution process. The separate 
steps of this procedure are: 
• Preparation of the inactive and sterile generator 
• Transfer of the bulk radioactivity into the dispensing cell 
• Preparation of the loading solution – adaptation of the required pH-value and radioactive 

concentration 
• Dispensing of the loading solution in the required portions into vials 
• Steam sterilization of the vials with the loading solution 
• Loading and washing of the generators according the elution procedure into the loading cell 
• Final assembling of the generator 
• Packaging of the generator 

 
This procedure can be automated very easily. Furthermore it is advantageous that you minimize the 
radiation exposition of the personnel.  
The disadvantage of this method is that you have a lot of solid radioactive waste (vials), a loss of 
loading solution remaining into the vial (ca. 5 - 8 %) and you have a longer production time because 
the steam sterilization process. 
 
3. Practical experience with an online procedure for the generator loading 
 
A small large scale facility for the production of sterile 99mTc-generators were designed, manufactured 
and installed. Meanwhile this facility is nearly one year in operation. On the basis of the experience 
with this facility the aseptic loading procedure were step by step improved and the present results will 
be reported in this report.  
In the figure 6 the box and laminar flow arrangement according the scheme in figure 1 is shown. The 
facility consist of a dispensing box with two ball tong manipulators and a loading box with two ball 
tong manipulators and a laminar flow module in the front of this shielded box unit. The facility is 
installed in a small room. The box shielding consists of a 10 cm thick lead brick walls. The rear wall is 
vertically moveable. The boxes are equipped with in-air and exhaust air filters of the classification of 
HEPA-filters. 
 

The in-cell procedure is in a large extent automated to a so-called online procedure. In the figure 5 
the computer controlled system on the touch screen of the computer is shown. The computer of the 
installed activimeter is used for the online software, too. The aim of the online procedure is that the 
operator has not to handle the radioactive material inside the box except the container with the bulk 
activity. The operator has to fix the container with the bulk activity in a special device. After opening 
of the flask with the bulk material the further transfer of the radioactive material and handling of the 
radioactive material will be carried with the online procedure. The pumps, valves and the mixer are 
switched by pressing the corresponding picture on the touch screen. The dispensing of the loading 
solution is carried out with the syringe pump. The syringe pump can be operated also on the touch 
screen. The calibration of the syringe pump is with a special software on the touch screen possible. 
The loading adapter and the vacuum adapters are moved pneumatically by pressing a bottom in the 
box control panel. The switching of the adapters can be integrated in the computer controlled system 
but then you need a second touch screen monitor. 
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In the figure 7 the special three way valve, small and big membrane pumps are shown. These devices 
are commercially available. The valves works in such a way that you can switch only two different 
connections. If you need only a simple switch for one line then you block one of the two connections. 
The connection to the tubes is realized by luer lock connectors. The installed pumps are membrane 
pumps and are equipped also with luer lock connectors.  
 
The mixer for the preparation of the loading solution is shown in figure 8. It is a commercially 
available magnetic stirrer and heater. In the normal production run only the stirring is needed. If you 
want to use the heater you can switch the heater with help of the manipulator. The stirrer is equipped 
with a special holder for a glass beaker or plastic beaker. An insert with the necessary connectors for 
the different tube connections is installed on the top of the beaker. A moveable EDOS-dispenser, 
Eppendorf pipette for taking measuring samples and pH-electrode are installed over the mixer. 
The syringe dispenser consists of a step motor and a commercially available 10 ml plastic syringe. The 
syringe can be changed very easily. The dispenser is shown in figure 9.  

The prepared loading solution is dispensed with the syringe dispenser into the funnel (see figure 
5). The funnel is connected with the sterile loading adapter via a special sterile filter 
(hydrophobic/hydrophilic). The loading adapter is also connected via a hydrophobic sterile filter with 
the membrane pump 3 (see figure 5). The loading solution is sucked from the funnel into the loading 
adapter. Then the loading adapter is pneumatically connected with the generator inlet needle and then 
the vacuum adapter is pneumatically connected to the outlet needle of the generator. The loading 
solution is sucked through the sterile generator. The arrangement of the adapter system is shown in the 
figure 10. The washing process is carried out in the next generator position with a 20 ml vial filled 
with sterile saline and a vacuum adapter. Only the loading and washing procedure is carried out in the 
loading box under a laminar flow module. All other in-cell equipment is installed into the dispensing 
box. 

You can load and wash 4 generators which are placed on a moveable tray. If the loading procedure 
for these 4 generators is finished the tray is transferred over a double door lock to the laminar flow 
module outside the shielded boxes.  The assembly of the loaded generator is completed . After transfer 
of the ready generator to a transport carriage 4 new sterile and inactive generators are placed on the 
tray and you can start the loading procedure for the next 4 generators. 
 
  Dispensing box Loading box    Laminar flow module 
 
 
 
 
 
 
 
 
 
 

Figure 1: Small scale production – aseptic loading procedure on the basis of sterile    filtration –    
installation in one room  
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Figure 2: Large and small scale production – aseptic loading procedure on the basis of  sterile 
filtration– installation in two rooms 

  Roller conveyor 
 
 Room 1 Room 2 
 Laminar flow module or box 
 
 
 Steam sterilizer 
 
 
Dispensing Loading box 
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Figure 3: Large and small scale production – steam sterilization of the loaded column or the loading 

solution dispensed in vials ( variant I ) 
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Figure 4: Large and small scale production – steam sterilization of the loaded column or the loading 
solution dispensed in vials ( variant II ) 

 

 Figure 5:  Computer controlled loading procedure on the touch screen 



 

                

 

 
 

Figure 6: Front view of an installed small scale production facility– aseptic loading 
procedure on the basis of sterile filtration (dispensing box, loading box and laminar flow 

module) 
 

 
 

Figure 7: Three way valve, small and large membrane pump with luer lock connectors 
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Figure 8 : Mixer (magnetic stirrer and heater) with beaker holder, beaker and beaker insert with luer 

lock connectors 

 
 

Figure 9 : Syringe dispenser 
 
 



 

                

 
 

Figure 10 : Loading adaptors with sterile filters and pneumatically moveable adaptor holders 
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1. INTRODUCTION 
 The utilization of radioisotopes for diagnosis and therapy of various disease conditions 
in health care is one of the important programmes in India. Research reactors largely meet the 
country’s demand for reactor-produced radioisotopes. A few radioisotopes are obtained 
through import. High Level Liquid Waste (HLLW) generated from spent fuel reprocessing is 
also being explored as a source of useful radioisotopes such as 137Cs, 90Sr, 90Y, 147Pm, 144Ce 
etc., after recovering them in a suitable form [1-3]. In a radioisotope generator, the radioactive 
equilibrium (transient or secular) between a long-lived parent radionuclide and its short-lived 
daughter nuclide is exploited for reaping the daughter product repeatedly at appropriate time 
intervals, for several times. Often, the daughter nuclide is selectively milked out from the 
generator making use of the difference in their chemical properties.  
 In this co-ordinated research programme, our main focus is on the development of two 
generators viz. supported liquid membrane (SLM) based generator system for 90Y and a 
column chromatographic generator for 188Re. 90Sr recovered from HLLW using multi-step 
process employing the separation techniques such as  solvent extraction, ion-exchange and 
precipitation was used for obtaining 90Y while, 188W, obtained through the IAEA from 
Dimitrovgrad, Russia (FSUE, ‘State Scientific Centre of Russia-Research Institute of Atomic 
Reactors’, Division of Radionuclide Sources and Preparations), was used for in-house 
development of a 188W /188Re generator employing a technique similar to that used for 99mTc 
followed by post elution concentration.  Both the generator systems were evaluated for the 
separation yields and the products were characterized for radiopharmaceutical applications. 
The results from these studies, the areas needing further development along with the future 
plans of the work are described. 
 
2. Developments of Generators 
2.1 Supported Liquid Membrane (SLM) based 90Sr/ 90Y generator system 
2.1.1 Single Stage SLM Generator 

A Single stage membrane based system employing 2-ethylhexyl 2-ethylhexyl 
phosphoric acid (KSM-17) as carrier supported on a polytetrafluoro ethylene (PTFE) 
membrane to obtain carrier free 90Y was described in the last meeting [4 ]. This generator is 
being used regularly since the past 4 years, to obtain ~370-740MBq (~10-20 mCi) 90Y every 
week from purified 90Sr separated from HLLW. The 90Y obtained from this generator system 
is free from 90Sr as validated by following the activity decay (almost complete decay of β-
activity after about 26 days) and also by analysis by paper chromatography, paper 
electrophoresis etc. The product is separated as YCl3 or Y(NO3)3 in 1M HCl/HNO3 medium 
depending on the requirement [5]. The schematic diagram of this generator system is given in 
Fig. 1. 



 

                

 
Fig.1:   Schematic Diagram of a Single Stage SLM Generator 

Normally, the generator is operated for ~3-4 hours to obtain highly pure 90Y. However, 
under these conditions only ~40% of 90Y is transported to the receiver. It was felt important to 
increase the yield to > 90% before scaling up and automation and work was directed towards 
modification of the generator towards this aim. Therefore, automation and scaling up studies 
could not be completed during this period.  

The various parameters influencing the transport of 90Y across the membrane, such as, 
transport time, acidity in the feed compartment, acidity in the product compartment, nature of 
the feed/receiver phase and concentration of the radionuclide had been optimized earlier to 
obtain 90Y of high purity. Invariably, >90% yield of 90Y was associated with 90Sr 
contamination which is not tolerable, as 90Sr is a bone seeker. A two-stage SLM generator 
was hence designed and tested to explore the possibility of getting higher yields of adequately 
pure 90Y. Additionally, attempts to obtain 90Y as acetate were also made, since Y-acetate 
would be preferred in comparison with Y-nitrate or Y-chloride of high acidity, for 
radiolabeling bio-molecules with 90Y.  

 
2.1.2 Development of a two-stage SLM Generator system 

A two-stage SLM generator system was designed on the basis of the solvent extraction 
properties of two organophosphorous extractants viz. 2-ethylhexyl 2-ethylhexyl phosphonic 
acid (KSM-17-acidic) and octyl(phenyl)-N,N-diisobutylcarbamoylmethylphosphine oxide 
(CMPO-neutral) for strontium and yttrium under varied conditions of acidity.  CMPO is well 
known solvent for the extraction of  tri-, tetra- and hexavalent metal ions from nitric acid 
medium [6,7]. Data with strontium and yttrium from conventional solvent extraction studies 
using these solvents under different experimental conditions were used in designing this 
system. A brief summary of these findings are listed below.  

• When KSM-17 was used, 90Sr+2 did not get extracted when present in acidic aqueous 
form (4M HNO3 to pH 3, HNO3). Extraction of 90Y+3 was nearly as poor as 90Sr+2 
under highly acidic conditions (1-4M HNO3) while was better in the pH range (pH, 1-3) giving separation factors of the order of 104. 

• In the case of CMPO, Sr+2 did not get extracted under acidic conditions of 1-4M 
HNO3 while 90Y+3 extraction increases with increasing concentration of HNO3. 
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• Y+3 when present in high concentration of nitrate gets extracted into the CMPO 
containing organic phase, which can be back extracted or stripped into aqueous phase 
with lower concentration of nitrate. In the case of acidic extractant, KSM-17, 
extraction of trivalent metal ion is favoured at lower concentration of nitric acid, 
which is stripped at higher concentration of nitric acid [8,9]. Molecular structures of 
the two solvents are given below. 

 
 
 

 
 

Using the extraction properties of the above two solvents as a guide line, further studies 
were carried out to optimize the transport of 90Y and 90Sr using single stage as well as two 
stage transport cells to select the best transport conditions for 90Y without permeation of 90Sr 
in the final product.  Since transport data for the SLM cell containing KSM-17 as carrier is 
readily available [1], more attention was focused on SLM cell employing CMPO as carrier.  
2.1.2.1 Transport studies 

a. Transport through single stage membrane 
In SLM based separation, one of the parameters on which the transport rate of the metal 

ion depends is the concentration of the carrier. Our earlier experience on the use of CMPO 
shows that 0.8M CMPO in n-dodecane as the optimum carrier concentration for the transport 
of trivalent metal ions from 3-4M HNO3 [10]. Similar extraction behaviour is seen for 90Y3+ 
also from nitric acid medium. The transport of 90Y3+ present in 4M HNO3 through SLM 
containing CMPO (at 0.2M and 0.8M CMPO in n-dodecane) into a receiver compartment 
with 1M CH3COOH are presented in Fig. 2.  
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Fig. 2, Transport of 90Y through CMPO based SLM using acetic acid 

as receiver phase 
 

It is seen that as time increases, 90Y transport increases. More than 90% of 90Y can be 
transported within 4 hours when carrier concentration is 0.8M CMPO in n-dodecane as 
against ~40% with 0.2M CMPO. Near quantitative transport is observed in about 5 Hrs. For 
higher rates of transport, 0.8M CMPO in n-dodecane was used as carrier in further transport 
studies. 

 
Transport of 90Y from 4M HNO3 when different forms of acetate such as acetic acid, 

sodium acetate and ammonium acetate were used as strippant in the receiver compartment 
separated by the SLM with 0.8M CMPO in n-dodecane, was studied with time and these 
results are presented in Fig. 3. Among the three, acetic acid is found to be the most efficient 
with >95% transport of 90Y in about 5 hours. In the case of ammonium acetate, initially the 
transport rate is comparatively slower but in about 7 hours, yield of separation is almost equal 
to that of acetic acid. Sodium acetate shows about 90% transport under identical conditions. 
Based on these results, acetic acid was chosen as the strippant for further studies.  
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Fig. 3. Transport of 90Y from 4M HNO3 using different forms of acetate 

          
The effect of the concentrations of acetic acid in the receiving phase was also studied 

and it was seen that ~60% of 90Y gets transported in ~6 hours  when 0.5 M acetic acid is used 
while this increases to >95% with 1M acetic acid within 5 hours (Fig. 4).  
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Fig. 4, Effect of the CH3COOH concentration in the transport of 90Y through  

CMPO based SLM  
Encouraged by the above results with single cell transport studies using KSM-17 and 

CMPO as carriers, a two stage transport cell was fabricated with three compartments of 5 mL 
capacity each. The schematic diagram of the cell is given in Fig. 5. 



 

                

 

Fig. 5, Schematic Diagram of a two stage Membrane Cell 
 
b. Transport through two stage membrane 
Transport of pure 90Y  

In these studies the transport of 90Y is carried out using a two stage transport cell 
containing three compartments of capacity 5 mL each for feed, intermediate phase and 
product respectively. Initially, pure 90Y at concentration of ~420MBq/L (11.36 mCi/L) was 
spiked in nitric acid (pH 2) and introduced in the feed compartment. 4M nitric acid was used 
in the intermediate compartment and 1M acetic acid in the product compartment. KSM-17 
based SLM was used in between feed and intermediate compartment whereas CMPO based 
SLM was used in between intermediate and final product compartment. The transport of 90Y 
was monitored by following the β-activity in each compartment with time, which is depicted 
in Fig. 6. 90Y is found to be transported quickly in the beginning, as seen from the reduction 
of activity by >50%, within 30 minutes. As the concentration of the 90Y in the feed 
compartment decreases, its rate of transport is also reduced. In about 7 hours >80% of the 
initial 90Y activity is transferred to the product compartment.  
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Fig. 6, Transport of 90Y from 4M HNO3 using CMPO based SLM 

 
Transport of 90Y from 90Sr/90Y mixture 
Subsequently, this two stage generator cell was used for the separation of carrier free 90Y 
from 90Sr-90Y mixture. 90Sr solution in equilibrium with 90Y in HNO3 adjusted to pH 2 was used in the feed compartment separated from the intermediate compartment containing 4M 
HNO3 by KSM-17 impregnated PTFE membrane. CMPO impregnated PTFE membrane 
separates the intermediate from the third receiver compartment containing 1M acetic acid. 
The passage of 90Y monitored as β-activity in each compartment as a function of time is given 
in Fig.7. 
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Fig. 7, Separation of 90Y using two stage SLM based generator system 

 



 

                

These results clearly indicate that quantitative transport of 90Y from feed compartment 
takes place within about 4 hour.  Thereafter, the activity in the feed compartment remains 
constant.  The β-activity in the intermediate compartment rises initially than decreases due to 
its transport through CMPO based SLM in the second stage to the product compartment. 
However, the β-activity in the final product compartment increases at a slower rate compared 
to the intermediate compartment and after about 7 hours, this rate decreases further. More 
than 40% of the total beta activity is transported in the product compartment in about 10 
hours, which indicates >80% yield of 90Y separation. This slow rate of transport towards the 
end can be attributed to the lower concentration gradient.  

For selective and faster 90Y transport, an alternative approach has also been worked out 
in which two single stage membrane cells are used sequentially (Fig. 8). 90Y is efficiently 
transported through    KSM-17 based SLM in the first stage. The product 90Y in the second 
stage is further transported through CMPO based SLM. The generator operated in this mode 
has shown >95% yield for 90Y separation in ~10 Hrs.  
  

 
Fig. 8, Schematic Diagram of a two stage Membrane Cell operated in sequential mode 

 
Results of the 90Y transport in two stages using two single stage cells in sequential mode 

are depicted in Figs. 9 and 10. Thus, in this improved generator system, the transport of 90Y is 
achieved quantitatively in the first stage from a source phase at lower concentration of nitric 
acid (pH 2) to a higher concentration of nitric acid (3-4M) through a PTFE membrane with 
KSM-17 carrier. In second stage, 90Y is transported through another PTFE membrane with 
CMPO carrier to the product compartment containing the acetic acid. The second stage acts as 
barrier that does not allow 90Sr contamination in the product even if the generator system runs 
for prolonged operation for 90Y separation. 
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Fig. 9, Transport of 90Y in first stage using KSM-17 carrier 
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Fig. 10, Transport of 90Y in second stage using CMPO carrier  

Thus, by careful optimization of the configuration of the membrane cells and time, it is 
possible to obtain carrier free 90Y in high yields free from 90Sr, in a form suitable for direct 
labeling. 
 
Quality of the 90Y 

The radiochemical purity of 90Y was assayed by radiometric method. The β activity of 
the product plotted as a function of time (Fig. 11) indicated T1/2 of ~64 hours confirming the 
absence of radionuclides, other than 90Y in the product.   The initial β activity of about 105 
cpm on the planchette was found to decay to the background activity after about 26 days.   



 

                

 

Fig. 11, Decay curve of carrier-free 90Y produced from two stage SLM Based 
90Sr-90Y Generator system 

 
This modified version of the SLM based generator system is superior to our previous 

system in terms of quality, yield and chemical form. This technique is also amenable for 
scaling up. 90Sr separated from HLLW constitutes an ideal feed for generation of carrier-free 
90Y, which can be repeatedly milked after allowing for its growth. In essence, carrier-free 90Y 
can be separated from 90Sr using a two stage supported liquid membrane based generator 
system employing KSM-17 as carrier in the first stage and CMPO in the second stage. Second 
stage acts as a barrier for 90Sr in case it accompanies the 90Y in the intermediate compartment. 
The yield of the generator system is found to be >95±4% (n=4) in about 9-10 hours. The 
product is free from radiochemical impurities and is suitable for use in bio-medical 
applications. 

Future Plans 
• Automation of the SLM generator system. 
• Scaling up of the generator to at least up to 100 mCi level. 
• Testing the acidic carrier D2EHPA in place of KSM-17. 
• Concentration factors of the product by optimizing the size of the cell compartments. 

 
2.2   188W/188Re Generator  

 188Re is an attractive radionuclide for therapy, both owing to its physical properties (T1/2 6.9 h, Eβ-max 2.12 MeV and 15% Eγ 155 keV suitable for imaging) as well as its analogy with 
99mTc, a nuclide that belongs to the same Group and widely used for diagnosis.  
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The matched pair of 188Re and 99mTc provides advantages in both preparation of the 

radiopharmaceutical because of the similar chemistries as well as for ascertaining the in-vivo 
behaviour of the radiolabeled bio-molecule. Most often, 188Re is obtained from a 188W/188Re 
generator system as natural Re has many stable isotopes leading to multiple radionuclides on 
neutron irradiation. The generator system has adequately long shelf life and ‘carrier free’ 188Re-
perrhenate as sodium perrhenate can be obtained at will. However, the parent 188W (T1/269.4d) is obtained by double neutron capture reaction on 186W target (natural abundance 28.6%) which 
necessitates irradiation in a nuclear reactor with high neutron flux of >5×1014-1015n.cm-2.s-1. 

 
2.2.1 Development and Characterization of alumina based column generator 

 An alumina based chromatographic 188W/188Re generator system analogous to the 
alumina based 99Mo/99mTc generator was developed in-house, which yielded ‘carrier free’ 
188Re-perrhenate on elution with normal saline. 
 Active acidic aluminium oxide, (100-200 mesh-Brockman grade-1) for 
chromatographic analysis, was purchased from Prabhat Chemicals, Mumbai, India.. 188W  of 
specific activity 216.8GBq (5.86 Ci)/g of W [on reference date] as sodium tungstate in 0.26M 
NaOH [35mg W/mL,  concentration:7.6GBq (0.205Ci)/mL] was from FSUE ‘State Scientific 
Centre of Russia-Research Institute of Atomic Reactors’, Division of Radionuclide  Sources 
and Preparations, Dimitrovgrad, Russia and supplied by the IAEA.  

 
The pH of the Na188WO4 solution (0.26M NaOH) was adjusted to 2-3 with 0.1N HCl.  

The 188W activity was measured in a pre-calibrated dose calibrator prior to loading by taking 
an aliquot for dose estimation. The desired amount of activity was calculated and loaded 
under controlled vacuum (flow rate 1 mL/min.) on the pre-conditioned alumina column, 
placed in a pre-assembled shielded generator-housing unit.  The column was washed with 
100 mL of normal saline. After allowing growth of 188Re, the elution profile of 188Re in 
normal saline was determined by collecting fractional eluates.  The generator was eluted each 
day with 10 mL of normal saline. Few elutions of 188Re were carried out initially without a 
post purification bed of acidic alumina (2g) and there after all elutions were carried out along 
with alumina purification bed. The radiochemical purity of eluted 188Re perrhenate in 0.9% 
NaCl as tested by paper chromatography [ITLC] was greater than 99%. The radionuclidic 
purity of the 188Re eluate was checked by γ-spectrometry using HPGe detector coupled to a 
multi-channel analyzer. 

 
Both 2.4GBq and 0.6GBq 188W/188Re generators performed very well with mean 

elution yields of perrhenate at 82.5±1.89% (n=10) and 83.3±3.23% (n=16) respectively. 188W 
breakthrough was less than 10-3% in both the cases. The data obtained are summarized in the 
tables given in the Appendix-1.  Fig. 12 represents the elution profile of 188Re in normal 
saline from the 0.6GBq 188W/188Re generator.  



 

                

 
Elution profile of 188Re from 4g acidic alumina bed 
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Fig. 12, Elution profile for 188Re 

 
2.2.2 Post-elution concentration of 188Re-perrhenate 

Since 188W produced by double neutron capture reaction is of low specific activity, a 
large amount of alumina is needed to bind the 188W, which in turn leads to large volumes of 
eluent to separate 188Re to yield dilute 188Re. Since high radioactive concentrations of 188Re 
are needed for therapeutic applications, post-elution concentration is an essential requirement 
for this generator.  There are reports in the literature [11,12]  for  effective post-elution 
concentration of 188Re using tandem ion-exchanger columns. The reproducibility of the 
concentration procedure was established and a relatively less effective concentration 
procedure using Dowex1×8 and AgCl column has also been studied. Here, we report the 
concentration procedure of 188Re using ion-exchanger column. The principle of post-elution 
concentration of ‘nca’ 188Re-perrhenate is based on its selective retention on a tiny anion 
exchanger column and subsequent recovery in a small volume of a suitable eluent. This 
concentration of perrhenate is possible only when the 188Re eluate is free from any other 
macroscopic anionic species.   
 
2.2.2.1 Using IC-Ag and Accell plus QMA Sep-Pak anion exchanger column 

Cation exchanger, Maxi-Clean IC-Ag, was procured from Alltech Associates, USA. 
Accell plus QMA (Quaternary methyl amine) Sep-Pak anion exchanger cartridge was from 
Waters Corporation, Milford, USA. The Maxi-Clean IC-Ag cartridge was conditioned by 
passing 5 mL of normal saline followed by washing with 5 mL of de-ionised water. 188Re 
eluate obtained from 188W/188Re generator in 10 mL normal saline solution was freed from 
macroscopic Cl- ions as AgCl precipitate by passing through an Alltech IC-Ag+ cation 
exchanger cartridge. Perrhenate eluate free from any macroscopic chloride anion was then 
passed through the small Accell plus QMA Sep-Pak anion exchanger cartridge (130 mg) to 
retain perrhenate, which was subsequently re-eluted with very small volume (1 mL) of normal 
saline. The effluent from IC-Ag cartridge and few mL de-ionised water washing was 
measured to assess any loss of 188Re activity in the concentration process and disposed off 
appropriately. The results of these studies are shown in Table 1.  
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The results on post-elution concentration of 188Re-perrhenate using IC-Ag and Accell 
plus QMA Sep-Pak anion exchanger column are satisfactory. 
TABLE 1, Over all performance evaluation: Post-elution concentration of 188Re-perrhenate 
by using IC-Ag and QMA Sep-Pak anion exchanger column 

188W act. 
on col. 
(MBq) 

188Re 
Growth 
period (h) 

Theo.188Re 
act. 

(MBq) 
Final 188Re  
activity 
(MBq) 

188Re 
elution yield 

(%) 
188W 
B.T. 

137.64 123 130.98 103.23 79 4.2×10-4 

134.68 48 114.33 92.50 81 4.3×10-4 
132.09 48 112.11 88.80 79 - 
128.02 72 118.40 98.42 83 - 
126.91 20 81.03 60.31 74 4.5×10-4 
123.21 70 113.59 88.60 78 - 

Primary 188Re eluate volume: 10mL in normal saline 
Final 188Re eluate volume: 1mL normal saline 
pH of final eluate: 5-6 
 
2.2.2.2 Using Dowex 1×8 and AgCl column 
  Anion exchanger, Dowex 1×8 (Cl- form, 200-400 mesh), capacity 3-5 meq/dry g (dg) 
was procured from Sigma. Extra pure AgCl salt was procured from a commercial source, 
Loba Chemie Pvt.Ltd, Mumbai.  

10-12 mg of Dowex 1×8 resin was taken in a 1-2 mL syringe and filled in a 
polypropylene tube (~8×1mm) with a few mL of water. The other end of the tube was packed 
with glass wool. Both ends of the tube were fitted with miniature barbed polypropylene 
fittings. 10 mL of normal saline solution was passed through the resin column and washed 
with 5 mL water (~5 bed volumes of resin column). 

1-1.5 g of commercial AgCl salt was taken in a glass column (12×8mm) with a sintered 
disc (G-2), closed with silicon rubber septum, washed with a few mL of de-ionised water and 
used.   
2.2.2.3 Sorption and elution of 188Re-perrhenate 

20-40 mL of 188Re eluate in normal saline obtained from the generator is passed through 
the Dowex 1×8 anion exchanger column (placed in an appropriate shielding) at the flow rate 
of 2-3 mL/minute using controlled vacuum. The activity in the effluent from the Dowex 1 
column and in the subsequent washings with a few mL of de-ionised water is measured to 
assess the adsorption of the pertechnetate. These are treated as radioactive waste and 
appropriately disposed off.  The no-carrier-added 188Re-perrhenate adsorbed on the tiny anion 
exchanger column is re-eluted with 5-6 mL of 0.2M NaI solution. This is passed through the 
AgCl column (1g, 12×8mm) placed in a   proper shielding (6-7 mm Pb). The effluent is 
collected in a 10 mL vial along with a column washing of 1.5-1.8 mL de-ionised water and 
collected in the same vial. The pertechnetate is obtained in the eluate, free from iodide 
(removed as AgI precipitate) and in a ready -to- use form (isotonic with normal saline) for 
radiopharmaceutical use.  



 

                

 
The elution profile of 99mTc from the Dowex 1×8 anion exchanger column with 0.2 M 

NaI was determined by collecting 1 mL eluate fractions and is shown in Fig. 13.  Table 2, 
represents the results on these studies. 

 
Table 2, Over all Performance evaluation: Post-elution concentration of                            
188Re-perrhenate using Dowex 1×8 and AgCl column 
188W act. on 

col. 
(mCi) 

188Re 
Growth 
period (h) 

Theo.188Re 
act. 
(mCi) 

Primary 
188Re eluate 
vol.(mL) 

Final 188Re 
activity 
(mCi) 

188Re 
elution 
yield 
(%) 

Loss of 
188Re 
activity 
(%) 

243.83 120 232.36 20 161.32 69 6.7 
239.02 48 202.76 40 130.24 64 17 
234.21 48 198.69 40 113.59 57 25 
166.50 1085 95.09 20 87.69 92 12.1 
145.04 45 120.62 40 69.96 58 22 

Same anion exchanger was repeatedly used after washing with 5 mL of de-ionised water. 
Final 188Re eluate volume: 6.5mL normal saline, 
188W B.T.  < 10-4%, pH of final eluate~ 5-6 
 

There is a loss (6-12% in case of 20 mL primary eluate volume and 17-25% in case of 
40 mL primary eluate volume) of 188Re activity observed in case of post-elution concentration 
of 188Re-perrhenate using Dowex 1×8 and AgCl column. This experiment was carried out to 
establish the concentration process in case of larger 188Re eluate volumes obtained from larger 
alumina bed size 188Re generators.  Further experiments are planned to standardize the 
concentration process.  

Elution profile of 188Re in 0.2M NaI from 
10mg (8-12x1mm) Dowex-1x8 column
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Fig. 13, Elution profile for 188Re 
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FUTURE PLANS 
• Improvements in the yields during post elution concentration of ReO4-   by Dowex 1×8 and 

AgCl column. 
• Automation in the existing generator system. 
• Scaling up of the generator. 
• Alternate option for 188Re- Gel generator system. 
  
3. PREPARATION AND EVALUATION OF 188RE-TIN COLLOIDS FOR 
TREATMENT OF LIVER CANCERS 

 The 188ReO4- activity eluted [925 MBq (25mCi)/10 mL] from the 188W/188Re generator 
prepared in-house is used in these studies.   
 
3.1 Preparation of 188Re-tin colloid 
 
 About 74MBq of 188ReO4- was mixed with 1 mL of carrier ammonium perrhenate (1 
mg/mL). To this 1 mL of stannous chloride solution (10 mg/mL) was added. The reaction 
mixture was heated in a boiling water bath for 1 hour. The 188Re-tin colloidal precipitate was 
washed twice with 1 mL saline in order to remove any free perrhenate. The radiochemical 
yield was determined as the % of radioactivity associated with the 188Re-tin colloid. 
Radiochemical purity was determined by Instant Thin Layer Chromatography (Saline). The in 
vitro stability studies of the 188Re-tin colloid was carried out in saline at room temperature by 
incubating 188Re-tin colloid in 1 mL of saline and determining the percentage of radioactivity 
leached out from the radiolabeled colloid.  
 

3.2 Biological Evaluation in Animals Bearing Hepatic Carcinoma 
 
 Rats bearing hepatic carcinoma were obtained from Advanced Centre for Treatment, 
Research and Education in Cancer, Mumbai. The rats were fed orally with N, N-Diethyl 
nitrosoamine (DEN) for one month in order to induce hepatic cancers. 
 
 Four rats were injected with ~250 µCi of 188Re-tin colloids after anaesthetizing them 
and the injection of radioactivity was done via the hepatic artery. 4 rats were kept as controls 
without any radiation treatment in order to compare the effect of radiation on the liver cancer 
cells.  After one month of treatment, one control and one treated animal were sacrificed along 
with a normal rat (no induction of liver cancer) and histopathological sectioning was carried 
out in order to determine the effect of radiation. 
 
3.3 Results 

188Re-tin colloid could be prepared in >95% yield and the radiochemical purity was 
>99% as determined by ITLC (Saline) (Fig. 14) wherein the radiolabeled colloid remained at 
the point of application (Rf =0.0) while the free perrhenate moved towards the solvent front 
(Rf =1.0). The radiolabeled colloids were stable for 48 h at room temperature when stored in 
saline.  



 

                

 
Histopathological sections from the liver cancer animals treated with radiation showed 

some therapeutic effect of radiation (Figs.15-17).  Fig. 18 is the scintigraphic images of the 
rat at 3 h and 24 h post injection show the localized activity in the liver. Further studies are 
being carried out in order to determine the efficacy of 188Re-tin colloid for treatment of liver 
cancers.  
 
FUTURE PLANS 

• Further studies for biological evaluation in rats bearing liver cancer  
• Clinical trials to establish the utility of 188Re-Sn colloid for treatment of liver cancers 

in humans. 
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Fig. 14, ITLC Pattern in saline of 188Re species; 188Re-tin colloid and 188Re-perrhenate 

 
Fig. 15, Histopathology section from control animal 

(Animal with liver cancer but with no radiation treatment, 10× magnification) 
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Fig.16, Histopathology section from                          Fig.17, Histopathological 
             animal  liver with carcinoma                   section normal rat liver  
             treated with radiation,  
                                                     (10× magnification) 
 

 

 

 

 

 

 

 

 

 

 

 

              (After 3 h  of post injection)                                       (After 24 h of post injection) 
Fig. 18,  Scintigraphic imaging of liver at 3 h and 24 h of post injection 
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Appendix-1 
Performance evaluation of GBq 188W/188Re generator  

 
188W act. 

on 
col.(MBq) 

188Re 
Growth 
period (h) 

Theo.188Re 
act. 

(MBq) 

188Re 
eluted 
(MBq) 

188Re 
~Yield 
(%) 

188W  
B.T (%) 

 
Remarks 

596.44 
590.89 

- 
23 

- 
358.53 

- 
304.88 

- 
85 

- 
- 

- 
- 

590.52 24 367.78 311.91 85 -  
584.23 25 372.22 315.61 85 8.3×10-5 99.2%RCP in 

saline  
567.58 68 521.70 451.03 86 - ,, 
509.12 260 460.65 414.40 90 - ,, 
489.14 96 464.35 384.80 83 8.4×10-5 ,, 
483.96 24 301.55 244.94 81 8.4×10-5 ,, 
460.65 118 439.19 367.78 84 1.7×10-3  
455.84 26 296.74 238.65 80 7.2×10-3 With 2gAl2O3 
451.03 24 280.83 226.44 81 4.7×10-4 ,, 
446.59 24 277.50 224.22 81 - ,, 
429.20 92 408.85 334.85 82 - ,, 
424.02 28 275.65 231.25 80 - ,, 
415.51 48 368.15 281.20 80 - ,, 
364.45 312 323.01 287.86 89 4.8×10-4 ,, 

 



 

                

 
188W act. 
On col. 
(MBq) 

188Re 
Growth 
period (h) 

Theo.188Re 
act. 

(MBq) 

188Re 
eluted 
(MBq) 

188Re 
~Yield 
(%) 

188W  
B.T (%) 

 
Remarks 

2405.00 
2380.95 

- 
24 

- 
1482.22 

- 
1221.00 

- 
82 

- 
- 

- 

2356.90 24 1467.42 1198.80 82 - - 
2333.22 24 1450.40 1184.00 82 - - 
2245.90 92 2131.20 1794.50 84 - - 
2220.00 28 1502.20 1235.80 82 - - 
2197.80 24 1357.90 1095.20 81 2.9×10-5 - 
2175.60 24 1354.20 1087.80 80 1.9×10-4 - 
2157.10 19 1161.80 962.00 83 3.3×10-4 With 2g 

Al2O3 
1924.00 293 1720.50 1494.80 87 3×10-4 ,, 
1813.00 140 1720.50 1424.50 83 3×10-4 ,, 
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NEW DESIGNED 90SR/90Y GENERATOR AND 90SR BREAKTHROUGH 
DETERMINATION 

M. CHINOL, European Institute of Oncology, Milan, Italy 
 
Abstract: A prototype of the new design 90Sr/90Y generator has been constructed. The basic idea behind the new 
generator system was to have a safety column to assure 90Y eluate free of 90Sr which is the mandatory 
requirement towards potential future clinical applications. Therefore, a very accurate method to determine the 
possible 90Sr breakthrough must be developed. With the receipt of a calibrated 90Sr/90Y source from the IAEA, 
liquid scintillation counting on the mixture of the two radioisotopes and on pure 90Y samples were carried out 
and quenching curves were generated. 

Project: A prototype of a new designed 90Sr/90Y generator system for the production of high quality 
90Y for labeling clinically useful biomolecules has been constructed (see Fig.1). 
The generator consisted of two glass columns 6.0 cm long and 0.8 cm of diameter with a frit at the 
bottom and fitted at both ends with plugs. Both columns were mounted vertically and connected in 
series with small diameter plastic tubing. The inlet and outlet of the generator were fitted with needles. 
The AG 50-W X16 (200-400 mesh, H+ form) cation exchange resin with high degree of cross-linking 
was first washed with 1.0 M NaOH to convert the resin to the sodium of cross-linking was first 
washed with 1.0 M NaOH to convert the resin to the sodium form and was then washed free of excess 
base with distilled water. 740 MBq of 90Sr in 0.5 ml of 1 M HNO3 was added to a 20-ml beaker along 
with 3 ml of 0.5 M of sodium acetate buffer at pH 5.0 and then adjust the pH to 5.0 with 1.0 M NaOH 
solution.  
Three grams of cation exchange resin was added and the suspension stirred slowly overnight. The pH 
of suspension was unchanged throughout. The first glass column was then loaded with 3 g of resin 
containing the 90Sr. The column was washed with several columns of 0.5 M NaAc buffer pH 5.0 to 
remove the traces of unbound 90Sr. The second column loaded with same cation exchange resin 
without 90Sr was connected with first one by means of small diameter tubing. The generator system 
was placed in a fume hood. During each elution a sealed glass vial containing 5.0 ml of 0.5 M acetate 
buffer at pH 5.0 was inserted in the inlet needle followed by insertion of a 20 ml vacuum glass vial at 
the other end. 

 
Fig. 1.  A 90Sr/90Y generator system comprising a cation-exchange resin column containing the loading 

90Sr solution and a second column containing the cation-exchange resin free from 90Sr. 



 

                

 
The performance of generator system was evaluated at regular intervals since its construction. The 
elution efficiency was high with more than 90% of 90Y activity eluted with 5.0 ml of 0.5 M acetate 
buffer at pH=5.0-5.5. 
The 90Y, as acetate salt, has been used to label a DOTA conjugated somatostatin analogue with good 
radiochemical purity. However, prior to move on with the construction of a larger scale generator it 
was felt that the issue of 90Sr content in the 90Y eluate should be addressed. 
The purpose of building an in house 90Sr/90Y generator is to have on demand a safe source of 90Y 
activity for labeling clinically useful compounds. 
In order to use the eluted 90Y activity it is mandatory to have in place a method to determine with 
accuracy the 90Sr breakthrough from the generator. 
The evaluation of the correct instrumentation available at the Institution for liquid scintillation 
counting was initiated.  
A liquid scintillation analyzer (Tri-Carb 2800 TR) and liquid scintillation cocktail (Ultima Gold XR) 
were available.  
The first experiments were aimed at making quenching curves using a pure source of 90Y and to store 
them in the memory of the instrument to be used subsequently to correct the measurements in the 
samples. 
Then, a pure sample of 90Y which was available at the Institution was analyzed and the spectrum was 
recorded (Fig. 2 top). Then, with the arrival of a calibrated source of 90Sr/90Y from the IAEA, 
measurements on the mixture of the two isotopes were carried out (Fig.2 bottom). 
 

90Y CL Log

90Sr / 90Y CL Log

90Y CL Log

90Sr / 90Y CL Log

 
Fig. 2. Liquid scintillation counting 

Old samples (ten years old) of 90Y which were stored at the Institution were also analyzed. One sample 
(15/03/1996) showed the presence of 90Sr but at the moment any quantification was impossible. 
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90Y Sample 1: 30/07/1996    90Y Sample 2: 15/03/1996 
 



 

                

IONIC LIQUID-TYPE CROWN ETHER AS A NOVEL MEDIUM FOR 
LIQUID/LIQUID EXTRACTION OF METAL IONS 

SANG HYUN PARK and SEUNG HO JANG, Korea Atomic Energy Research Institute, 
Republic of Korea 

 

  
Abstract. Dichloro-poly(oxyethylene) was synthesized by chlorination of polyethylene glycol.  And it was 
treated with imidazole and sodium ethoxide to give the 1N,1N'-poly(oxyethyl)-diimidazole, which was then 
converted to ionic liquid-type crown ether (ILCE) with the reaction of dichloro-poly(oxyethylene).  Further, 
anion of ILCE was exchanged by anion exchange method.  Ultimately, we developed a very efficient synthetic 
pathway for ILCEs which have various physical and chemical characteristics by the modification of 
polyethylene glycol chain length and anions.  85Sr was successfully extracted into cyclo-bis-{1N,1N'-[(3,6,9-
trioxa)-1,11-undecyl]}-diimidazolium chloride {[(3,2)OEtIm][Cl]} phase, but it was not extracted into 
[(2,2)OEtIm][Cl], [(3,3)OEtIm][Cl] and [(4,3)OEtIm][Cl]. 

The interest for radiopharmaceuticals for the treatment of serious illness such as cancer and 
rheumatism has increased during the last decade.  Radioisotopes of Strontium-90, Rhenium-186, 
Samarium-153, Yttrium-90 and Holmium-166 are currently used in the routine practice of medical 
clinics.  Strontium-891 is a radionuclide which has been used for palliative treatment of bone cancers 
and treatment of prostate cancer.  Strontium-90 is a parent nuclide of 90Y-generator which is being 
used as a radiotherapeutic nuclide.2  Accordingly, many methods for those radioisotope extractions 
have been proposed with growth of nuclear medicine. The 89/90Sr can be extracted by using crown 
ethers.  The crown ethers 18-crown-6 (18C6), dicyclohexano-18-crown-6(DCH18C6), and 4,4’-(5’)-
di-(tert-butylcyclohexano)-18-crown-6 (Dtb18C6) have been studied for the extraction of Sr2+ from 
aqueous solutions.3  In the absence of the extractant, the distribution ratio for the metal ion indicates a 
strong preference for the aqueous phase.  In a typical liquid/liquid extraction experiment, the crown 
ether resides in the hydrophobic extraction phase and serves to dehydrate and complex the metal ions 
while removing them from the aqueous phase.4,5  To enhance the efficiency of such a process, an 
organic solvent is selected to sustain the biphasic system while maximizing the hydrophobic and 
complexing properties of the extracting phase.  However, the volatile organic compounds (VOCs) 
commonly employed in traditional liquid/liquid separations can have high hazard ratings and low flash 
points, indicating associated health and safety concerns.  While liquid/liquid separations utilizing VOC 
diluents have extensive applications in industry from chemical synthesis to hydrometallurgy, the end 
result of such practices often generates volumes of contaminated solvent.  Ending the reliance on 
separations that consume large quantities of VOCs has become a target area for emphasis in the 
development of “Green” industrial processes that are inherently safer and are less polluting. 6-10 In 
recent years, ionic liquids have attracted much attention as recyclable media for organic synthesis and 
solute-solvent interaction.3,11-13  They are considered as green solvents since they are non-volatile, non-
flammable, non-toxic, thermally stable and recyclable. Limited solubility of ionic species in nonionic 
organic solvents is the main problem associated with conventional solvent extractions.  Therefore, 
synthesis of new ionic liquid-type crown ethers was performed for liquid/liquid extraction of metal 
ions. The new crown ethers have a large polyoxyethelene ring, which are capable of interacting with 
metal ions to produce a complex of associates. Certain modifications can be made to produce a 
molecule designed for optimal results for specific applications.  The goal is a development of novel 
sequestering agents to achieve the extreme selectivity required to extract specific radionuclides. 
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Synthesis of ionic liquid-type crown ethers (ILCEs) 
A. Synthesis of cyclo-bis-{1N,1N'-[(4,7-dioxa)-1,8-octyl]}-diimidazolium chloride;[(2,2)OEt-
Im][Cl] (1) 

SOCl2
pyridine ClCl

OO
HOOH

OO
N N+ H

OO

N
N

N
N

CH3CN
Cl-Cl-

+ +

EtONa
EtOH

(1a)

(1b)

+

OO

N
N

N
N

O O

(1a)

(1)  
(a) Synthesis of synthesis of 1,8-dichloro-3,6-dioxaoctane (1a) 
To a solution of triethylene glycol in benzene was added pyridine and thionyl chloride to give 
compound 1a. 
1H NMR (CDCl3) : 3.55-3.57(m, 4H, OCH2), 3.60-3.69(m, 4H, OCH2), 3.76(t, 4H ClCH2)  
(b) Synthesis of 1N,1N'-[(3,6-dioxa)-1,8-dioxtyl]-diimidazole (1b) 
To a solution of imidazole (13.62 g, 0.20 mol) in 100 ml of absolute ethanol was added compound 1a 
(18.71 g, 0.10 mol) and sodium ethoxide. The mixture was stirred and refluxed for 6 hr until a white 
solid was deposited. After cooling the mixture to room temperature, the solid was filtered.  The filtrate 
was concentrate under reduced pressure and purified by a column chromatography with silica gel 
(CH2Cl2/MeOH=50:50 vol%) to afford compound 1b (22.50 g, 0.089 mol, 89%). 
 1H NMR (CDCl3) : 3.54-3.56(m, 4H,), 3.66(t, 4H, 4.5 Hz), 3.91(t, 4H, ), 7.98(d, 4H, 1.8 Hz), 9.40(s, 
2H, 1.8 Hz) 
(c) Synthesis of cyclo-bis-{1N,1N'-[(4,7-dioxa)-1,8-octyl]}-diimidazolium chloride;[(2,2)OEt-Im][Cl] 
(1) 
To a solution of compound 1b (13.62 g, 0.20 mol) in 250 ml of anhydrous acetonitrile was added 0.2 
mol of compound 1a.  And the reaction mixture was refluxed for 24 hr. After cooling it to room 
temperature, the reaction mixture was concentrated and purified by a column chromatography on silica 
gel and activated carbon (CH2Cl2/MeOH=50:50 vol%) to afford compound 1 (36.0 g, 0.089 mol, 78%) 
as colorless high viscous liquid. 
  1H NMR (CDCl3) : 3.53-3.56(m, 8H,), 3.66(t, 8H, 4.5 Hz), 3.92(t, 8H, 4.5 Hz), 7.98(d, 4H, 1.8 Hz), 
9.40(s, 2H, 1.8 Hz). 



 

                

B. Synthesis of cyclo-bis-{1N,1N'-[(3,6,9-trioxa)-1,11-undecyl]}-diimidazolium chloride;[(3,3)OEt-
Im][Cl] (2) 

SOCl2
pyridine N N+ H

CH3CN

EtONa
EtOH

(2a)

(2b)

+ (2a)

ClCl

O O
O

HOOH

O O
O

O OO

N
N

N
N

O OO

N
N

N
N

O OO
(1)

Cl-Cl-
+ +

 
(a) Synthesis of 1,11-dichloro-3,6,9-trioxaundecane (2a) 
Compound 2a (84%) was prepared in the same way as 1a from tetraethylene glycol. 
 bp 65 ~ 68 ℃ (0.1 torr), 112 ~ 113 ℃(0.8 mmHg); IR(neat): 1456, 1353, 1300, 1249, 1200, 1105, 
851, 666 cm-1; 1H NMR (CDCl3): 3.56-3.58(m, 4H), 3.64-3.74(m, 8H), 3.78(t, 4H, 4.5 Hz). 
(b) Synthesis of 1N,1N'-[(3,6,9-trioxa)-1,11-undecyl]-diimidazole (2b)  
Compound 2b (85%) was prepared in the same way as 1b from 2a. 
 1H NMR (CDCl3) : 3.57-3.61(m, 4H), 3.65-3.75(m, 4H), 3.88(t, 4H, 4.5 Hz), 4.61(t, 4H, 4.6 Hz), 
7.99(d, 4H, 1.8 Hz), 9.45(s, 2H, 1.8 Hz) 
(c) Synthesis of cyclo-bis-{1N,1N'-[(3,6,9-Trioxa)-1,11-undecyl]}-diimidazolium chloride;[(3,3)OEt-
Im][Cl] (2) 
Compound 2 (72%) was prepared in the same way as 1 from 2a and 2b. 
 1H NMR (CDCl3) : 3.53-3.59(m, 8H), 3.65-3.74(m, 8H), 3.86(t, 8H, 4.5 Hz), 4.61(t, 8H, 4.5 Hz), 
7.92(d, 4H, 1.8 Hz), 9.43(s, 2H, 1.8 Hz). 
C. Synthesis of cyclo-{1N,1N'-[(3,6,9-trioxa)-1,11-undecyl]-3N,3N'-[(3,6-dioxa)-1,8-octyl]}-
diimidazolium chloride;[(3,2)OEt-Im][Cl] (3) 

OO
OO

N
N

N
N N

N
N
N

CH3CN+

OO
O

(2a)

(1b)
(2)

Cl-Cl-
+ +

 
Compound 3 (81%) was prepared in the same way as 1 from 1a and 2a. 
 1H NMR (CDCl3): 3.48-4.01(m, 20H), 4.61(t, 8H, 4.5 Hz), 7.91(d, 4H, 1.8 Hz), 9.41(s, 2H, 1.8 Hz) 
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D. Synthesis of cyclo-{1N,1N'-[(3,6,9,11-tetraoxa)-1,14-undecyl]-3N,3N'-[(3,6,9-trioxa)-1,8-
octyl]}-diimidazolium chloride;[(4,3)OEt-Im][Cl] (4) 

O OO

N
N

N
N

O
Cl

O
O
Cl

O

O
O

O
O

O OO

N
N

N
N

CH3CN+

(4)

(2b)

Cl-Cl-
+ +

 
Compound 4 (64.6%) was prepared in the same way as 3. 
1H NMR (CDCl3): 3.31-3.40(m, 28H), 4.58(t, 8H, 4.5 Hz), 7.91(d, 4H, 1.8 Hz), 9.42(s, 2H, 1.8 Hz) 
E. Synthesis of [(a,b,c,···)OEt-Im][Cl] (5), (6) 

a
OO

O O

N
N

N
NCl-

+ +

b

a
OO

N
N

N
N O O

Cl Cl
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+ CH3CN
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Cl-
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O O
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N
N

+ +

n

(6)

OO

N
N

N
N +
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The ring size of ILCEs can be regulated by the increase of ether chain length or increase of the number 
of imidazole. 
F. Synthesis of ILCEs by anion exchange reaction 
(a) Synthesis of cyclo-bis-{1N,1N'-[(4,7-dioxa)-1,8-octyl]}-diimidazolium hexafluorophosphate; 
[(2,2)OEt-Im][PF6] (7) 
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To stirred solution of the [(2,2)OEt-Im][Cl] 1 prepared above in deionized water was added potassium 
hexafluorophosphate. After 30 min, the lower ionic liquid layer was separated and dissolved in 
dichloromethane. The dichloromethane solution was washed with water (2 x 40 ml) and evaporated in 
vacuo  to give [(2,2)OEt-Im][PF6] 7 (89%). 
 1H NMR (CDCl3): 3.54-3.60(m, 8H), 3.65-3.73(m, 8H), 3.86(t, 8H, 4.5 Hz), 4.60(t, 8H, 4.5 Hz), 
7.92(d, 4H, 1.8 Hz), 9.43(s, 2H, 1.8 Hz); mass m/z 366.1(M - PF6) 
(b) Synthesis of cyclo-bis-{1N,1N'-[(4,7-dioxa)-1,8-octyl]}-diimidazolium acetate; [(2,2)OEt-
Im][CH3COO] (8) 
To solution of the [(2,2)OEt-Im][Cl] 1 prepared above in acetone was added sodium trifluoroacetic 
acid. This mixture was stirred at room temperature for 24 h. The solid was filtered and the filtrate was 
washed with acetone (2 x 100 mL).  The combined layer was collected, dried (MgSO4) and filtered.  
The solvent was removed in vacuum to give [(2,2)OEt-Im][CH3COO] 8 (91%). 
1H NMR (CDCl3): 3.53-3.59(m, 8H), 3.65-3.73(m, 8H), 3.85(t, 8H, 4.5 Hz), 4.60(t, 8H, 4.5 Hz), 
7.91(d, 4H, 1.8 Hz), 9.41(s, 2H, 1.8 Hz); mass: m/z 366.1(M - CF3COO) 
(c) Synthesis of [(2,2)OEt-Im][X] (9) 
Other anion substituted ILCEs can be prepare in the same way as 7 and 8 from AlCl4-, Al2Cl7-, BF4

-, 
SbF6

-, NO3
-, HSO4

-, CF3SO3
-, (CF3SO3)2N-

. 
Extraction of 85Sr using ionic liquid-type crown ethers (ILCEs) 
Production of 85Sr: 85Sr was produced at the HANARO research reactor (30 MW) installed at the 
Korea Atomic Energy Research Institute by the neutron irradiation of a capsulated 84SrCO3 target for 
24 min at a neutron flux (2.5 × 1013 n/cm2⋅sec), it was cooled for 24 h and dissolved in deionized water 
and 1 N nitric acid.  The radionuclidic purity of the 85Sr was estimated by gamma-ray spectrometry 
(GEM-10175 HPGe Detector coupled to Multi-Channel Analyzer, ORTEC, Oak Ridge, TN, USA).  A 
typical gamma-ray spectrum obtained from the HPGe detector shows photopeaks due to gamma-rays 
of 85Sr and 87mSr.  The 514.0 keV and 388.4 keV photopeaks were used for the assay.  The initial 
specific activity of 85Sr was 189 Bq/mg.  The radioactivity was measured by using an ionizing 
chamber (Capintec 15R, BIODEX Atomlab 200, NY, USA) by setting the calibration value for 85Sr 
that was corrected and calibrated by the manufacturer. 
Metal Ion Distribution Ratios: Metal ion distribution ratios were determined by mixing 1 mL of 
ILCE and 1mL of aqueous phase followed by vortexing (2 min) and centrifuging (2,000 g, 2 min) to 
equilibrate the phases.  Addition of the metal ion tracer (ca. 0.005 µCi, 5 µL) was followed by two 
intervals of vortexing (2 min) and centrifuging (2,000 g, 2 min) to ensure that the phases were fully 
mixed and separated.  The phases were separated and dispensed into shell vials from which 100 µL of 
each phase was removed for radiometric analysis.  Because equal volumes of both phases were 
removed for analysis, the distribution ratio for the metal ions was determined as follows: 

 
Each experiment was done in duplicate and the results agreed to within 5%. 
85Sr was successfully extracted into cyclo-bis-{1N,1N'-[(3,6,9-trioxa)-1,11-undecyl]}-diimidazolium 
chloride {[(3,2)OEtIm][Cl]} phases, but it was not extracted into [(2,2)OEtIm][Cl], [(3,3)OEtIm][Cl] 
and [(4,3)OEtIm][Cl] (Table 1). 

Activity in the ILCE lower phase 
 Activity in the aqueous upper phase D = 
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Distribution of 85Sr (bq) ILCE Aqua layer ILCE layer 
[(2,2)OEt-Im][Cl] 390 No detection 
[(3,3)OEt-Im][Cl] 323 No detection 
[(3,2)OEt-Im][Cl] 17 356 
[(4,3)OEt-Im][Cl] 369 No detection 

Table 1. Distribution of 85Sr (bq) 
Novel ionic liquid-type crown ethers (ILCEs) which are non-toxic, recyclable and economical are 
synthesized and employed for the efficient extraction of 85Sr.  The new imidazolium ionic liquid-type 
crown ethers described here posses po1yoxyetylene (POE) substituent groups.  Their increased density 
should a1low the imidazolium cores to park more tightly in order to maximize an interaction.  Ionic 
liquid-type crown ethers (ILCEs) have been found to behave like a multifunctional compound which 
discriminates metal cation according to its size.  Also, the ILCEs are expected to be used for extraction 
of the other radionuclides or heavy metals.  The ionic liquid-type crown ethers obtain their selectivity 
through the ability to fine-tune and reorganize the crown ether structure and the resulting properties of 
the crown by changing the ring size and rigidity, changing the number and type of donor atoms, 
appending ionizable groups, and modifying the lipophilicity. 
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Abstract. The aim of the present work was to prepare 188W/188Re generators based on 188W-heteropolytungstate 
and hydroxyapatite in order to evaluate their feasibility. Titanium and zirconium 188W-tungstate were 
synthezised at different pH’s of the 188W-tungstante solutions and constructed the 188W/188Re generators. 
Hydroxyapatite is an anion exchanger with an adsorption capacity about 0.9 % w. A study of the sorption 
behaviour of W and Re on hydroxyapatite in NaCl medium was evaluated by batch experiments.  Our results 
demonstrated that Re-188 is not adsorbed whereas W-188 is strongly adsorbed in NaCl. From these data, 
hydroxyapatite 188W/188Re generator systems were then constructed and eluted in NaCl solutions.  The titanium 
and zirconium 188W-tungstate, and hydroxyapatite based 188W/188Re generator performances are presented.   

1. INTRODUCTION 
Alternative methods of 188Re generator preparation using low or medium specific activities of 

188W have been developed from matrices of heteropolyanions formed for the junction 188W-
isopolytungstates with atoms like zirconium, titanium, etc. [1-5], or adsorbents with a high adsorption 
capacity like anion exchangers, activated carbon or zirconium dioxide [6-10]. 

In order to find new options of 188Re generator production, efficient and easy to manufacture, 
our laboratory has been developed and worked in the formulation of titanium tungstate and zirconium 
tungstate and its effect on generator performances as well as in the evaluation of the hydroxyapatite as 
a potential adsorbent material for  188W/188Re generator system.  

188W-heteropolytungstates were synthesized using the sol-gel method and sorption 
studies were designed in order to study the affinity of hydroxyapatite for the tungsten and 
rhenium to provide evidence of the feasibility of this system. The performances of the 
generator systems constructed using hydroxyapatite and 188W-heteropolytungstates were 
evaluated.  
2. METHODS 
2.1 Radionuclides 
187W was produced by irradiation of tungsten oxide (WO3) in the TRIGA MARK III Reactor 
of the ININ (Mexico). The 188Re were provided by ININ Material Radioactive Department as 
solutions of sodium 188Re-perrhenate (Na188ReO4) ensued from the elution of 188W/188Re 
(ORNL) generators. The sodium 188W-tungstate solutions (Na2

188WO4) were provided by Oak Ridge National Laboratory, USA (37 kBq/µl) and by OIEA (7.6 GBq/mL), this one prepared 
for “State Scientifc Centre of Russia-Research Institute of Atomic Reactors”. 
All radioactivity measurements were performed with a coaxial gamma detector HPGe 
(Canberra 7229P) connected to a PC – multichannel analyzer (ACUSSPECT-A, Canberra). 
2.2 188W-tungstate  gel 188Re generators  
2.2.1 Preparation of 188W-tungstate gel 188Re generators 

The titanium tungstate gels were synthesized from tetrabutyl orthotitante and sodium 188W-
tungstate solutions. A series of gels was prepared from four different pH’s of the 188W-tungstante  
solutions (see Table I) at Ti:W molar ratios of 1:1.  
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The gels were stirred and dried for 2.5 h, at 80 °C. The synthesis was carried out in a set up, 

which was designed and constructed in our laboratory. The gels were placed in polyethilene columns 
of 3.75 mL. 

The zirconium tungstates were prepared from zirconium ethoxide solutions and sodium 188W-
tungstate solutions, following the same process described before. A series of gels were prepared at 
different 188W-tungstate solution pH’s at 1:1 Zr:Mo molar ratios. 

The columns were washed with 50 mL of 0.9 % NaCl and were eluted over a period of three 
months every 3 days. 

 
TABLE I. PREPARATION CONDITIONS OF THE TITANIUM AND  

ZIRCONIUM TUNGSTATES 
 

Series Cation Tungstate’pH X 
4+ 

X:W 

Molar ratio 

Addition 

order 

I Ti 12, 7,4.5, 1.95 C16H36O4Ti 1:1 Ti to W 

      

II Zr 12, 7,4.5, 1.95 (C2H5O)4Zr 1:1 Ti to W 

 
2.2.2 Hydroxyapatite base 188W/188Re generators 
 
Determination of distribution coefficients and Separation Factor 
Distribution coefficients (Kd) of rhenium and tungsten in hydroxyapatite were determined by 
radiotracer technique in 0.9 % NaCl as a function of pH. For this purpose, 25 mL of a 0.9 % NaCl 
solution was mixed with 250 mg of the hydroxyapatite. The pH of the 0.9 % NaCl solutions were 
adjusted at different values [11, 12]. Solid and aqueous solutions were shaked for 14 days, then added 
100 µL of the radioactive solutions (3.7 kBq/µL), containing the 187WO4

2- or 188ReO4
- and again shaken 

for 24 hrs. Finally the hydroxyapatite and the liquid phase were separated by centrifugation and 
calculated the distribution coefficients using the photopeaks 685.74 KeV for 187W and 155 KeV for 
188Re. From the Kd value were determined the feasibility to separate the 187WO4

2- or 188ReO4
- ions 

calculating the separation factors (αA,B). 
Preparation of 188W/188Re generators 
From the results of the adsorption data obtained in the previous section for tungsten and rhenium, 
hydroxyapatite-base 188W/188Re generators were constructed. The effect of the 0.9 % NaCl solutions 
pH, the particle size of the hydroxyapatite and the eluant on the 188W/188Re generator performance 
were evaluated. 
Chromatography columns (0.8 x 4 cm) were filled with hydroxyapatite (500 mg) previously mixed in 
the selected medium where 188WO4

2- is strong retained while 188ReO4
- is weakly adsorbed. The medium 

under investigation was then percolated through the column. The generators were eluted over a period 
of one month every 3 days. 



 

                

 
Eluate analysis of the generators 
Eluted 188Re activity and 188W radioisotope activity was measured in a HPGe detector. The W 
breakthrough (%) was determined by quantification of photopeak 290 keV appertained to188W. The 
188Re elution profile was obtained by collecting 500 µL volume fractions. The radiochemical purity of 
the 188Re eluate was determined by paper chromatography using 3 CHR (Whatman) paper as solid 
phase and acetone as mobile phase. The 188ReO4

-  Rf was 1. 
Titanium and zirconium concentrations in 188Re eluates were determined by the hydrogen peroxide 
method [13].The presence of phosphates was determined by AQUANAL® professional vario H 
powder packs (Riedel-deHaën) by photometry. 
3. RESULTS  
 
3.1  188W-tungstate gel 188Re generators  
The titanium and zirconium 188W-tungstate gels were prepared from the sol-gel methodology 
which allows to sythesize gels in about 3 hours, by comparison with the precipitation method 
which requires at least 6 or 7 hours [14]. 
Figure 1 shows the performances of the titanium and zirconium 188W-tungstate generators. 
The 188W-tungstate solutions pH’s, used to prepare the titanium and zirconium 188W-tungstate 
generators, influence on the efficiency and the  % 188W breakthrough of the generators. Both 
parameters decreased when the gels were synthesized with more acid 188W-tungstate 
solutions.  
The best 188Re elution efficiency values (73 %) were obtained in the titanium 188W-tungstate 
generators, however the lowest 188W breakthrough percentages (0.3 %) were reached in the 
zirconium 188W-tungstate generators. The 188Re radiochemical purity obtained in both types of 
generators is less  in the gels prepared from basic 188W-tungstate solutions  ( 83-87 %) than 
those prepared with acid 188W-tungstate solution which presented 188Re radiochemical purity 
neighboring to 100 %. 
The more acid  188Re eluate pH values were obtained in the zirconium 188W-tungstate 
generators and in general these values decreased with a reduction of the 188W-tungstate 
solution pH.  
In the case of the titanium 188W-tungstate generators, the 188Re eluate volumes were about 2.5 
mL and presented traces of Ti. On the other hand,  the generator prepared from a 188W-
tungstate solution at pH 12, realeased during the washing about 99 % of the 188WO4

2- 
adsorbed inicially. 
The zirconium determination in the 188Re eluates of the zirconium 188W-tungstate generators 
has not been  carried out yet.  
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FIG. 1 Performances of the titanium and zirconium 188W-tungstate generators. 



 

                

 
3.2 HYDROXYAPATITE BASE 188W/188RE GENERATORS 
The αW,Re separation factors shown in Figure 2 indicate that Re and W can be merely separated with 
0.9 % NaCl solutions at pH < 7.5. From these data, hydroxyapatite base generators were constructed at 
four 0.9 % NaCl solutions at pH5.5, 6.0, 6.3 and 6.5 (series 1), and at three hydroxyapatite size 
particle in order to evaluate the effect on the performance of the generators (see Fig. 3 and 4). 
All the 188Re eluates obtained in both series presented a pH = 6.5, phosphate concentrations more than 
1000 ppm and radiochemical purities more than 90 % (see Table2). 
The lowest and highest average 188W breakthrough values and elution volumes were obtained in the 
generators eluted with 0.9 % NaCl solution at pH 6.5 and using hydroxiapatite size particle of 38-75 
µm  respectively.  
The efficiency of the 188W/188Re generators decreases with the NaCl solution pH but has no significant 
effect the hydroxyapatite size particle. The mean efficiencies obtained were about 65 %, whereas the 
elution volumes and the % 188W breakthroughs decreased with a diminution of the hydroxyapatite size 
particle and with an increase of the NaCl solution pH. 
The generators of the series A and B showed that phosphate ions are realeased during the elution of 
188Re. We proposed consequently to wash the generators after the elution with 0.9 % NaCl solutions, 
with 0.01 M CaCl2 or 0.004 M NaH2PO4 solutions in order to avoid the dissolution of hydroxyapatite. 
A third series of generators (series C) were then achieved applying the described methodology 
previously. The performances of these generators are shown in Fig. 5. 
The washing of the generators with 0.01 M CaCl2 or 0.004 M NaH2PO4 solutions after elution with 0.9 
% NaCl solutions causes a meaning increase of the 188W breakthrough in the 188Re eluate. However 
these generators did not show an effect on the 188Re elution efficiency, the pH eluates and the 
radiochemical purity. The presence of phosphate ions in the 188Re eluates shows that the 
hydroxyapatite continues dissolving. 
4. PROSPECTS 
The hydroxyapatite is an excellet anion exchanger which can adsorb about 0.9 % weight of W [11], by 
comparison with the adsorption capacity of the alumina of about 0.2 %. The adsorption studies of W 
and Re on hydroxyapatite in NaCl 0.9 % medium showed that it is feaseable to construct 
hydroxyapatite-based the hydroxyapatite 188W/188Re generators if 0.9 % NaCl solutions at pH < 7  are 
employed as eluant. The 188Re elution efficiency and the % 188W breakthrough of these generators 
depend on the 0.9 % NaCl solutions pH. The release of the phosphate ions during the elution of these 
generators shows that the hydroxyapatite is been dissolved by the eluant. The washing of the 
generators with 0.01 M CaCl2 or 0.004 M NaH2PO4, after elution with 0.9 % NaCl solutions, was 
proposed in order to stop the release of phosphate ions, however the washing did not improve the 
elution conditions, in fact the latter caused the decrease of the 188Re elution effciency and the increase 
of the % 188W breakthrough. It is therefore necessary to find a mechanism that allows to avoid the 
realase of the phosphate ions during the elution of the generators. 
As regards the titanium and zirconium 188W-tungstate generators, our studies show that these 
generators can be a feasible alternative to produce 188Re, however new tests have to accomplish in 
order to ameliorate the performances of generator. 
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FIG 2. Separation factor of  W and Re(α W, Re)  on hydroxyapatite 
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FIG.3. Performances of the hydroxyapatite-based 188W/188Re generators as a 
function of the NaCl 0.9 % solution pH 
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FIG 4. Performances of the hydroxyapatite-based 188W/188Re generators as a 
function of the size particle 
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The preparation of the gels was achieved by the sol-gel method reducing the process time at 3 hours.  
The use of acid 188W-tungstante solutions in the preparation of the gel generators produces a decrease 
of the 188Re elution efficiency and 188W breakthrough percentages.  
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It is known that the tungstate forms different chemical species depending on the acidity of the 
solutions, consequently the gels formed from the different tungstate solution pH will constitute distinct 
structures with specific chemical-physical properties. In order to ameliorate the gel generator 
performances, it will be study parameter like: gel pH, concentration of metal alkoxide and drying 
temperature in the next experiences. 
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INTRODUCTION 
 

Rhenium-188 is an isotope of high therapeutic potential for nuclear medicine. That radionuclide 
belongs to the group of beta-gamma emitters (energy for beta radiation is 2,11 MeV, and for gamma 
quantum is 155 keV). The β particles (depth in soft tissues about 8mm) can destroy cancer tissues, 
while γ quantums describe a place where the radionuclide is accumulated. 

 
188Re complexes with different ligands are more often used in radionuclide therapy, especially in 

oncology therapy. The studies on the use of 188Re complexes with HEDP and DMSA as pain relives in 
palliative therapy are performed at present. The complexes with peptides and their use in therapy 
against cancer are also studied. 188Re sterile and pyrogen-free solution placed inside a balloon is used 
in brachytherapy of coronary vessels. 

 
Beta radiation emitted by 188Re slows the collapse of blood vessels after the operation of their 

restenosis. According to the literature data, about 60% of patients after traditional operation of 
coronary vessels restenosis, need it again after six months or their need the stent implantation. If after 
the operation of restenosis, the 188Re therapy was applied, the restenosis was present at only 40% of 
the patients.  

 
Because of short half-life of 188Re, deliveries to remote customers create a huge logistic 

problem, which can me solved by delivering 188W/188Re generator as source of 188Re. In the first CRP 
meeting we presented data obtained when sodium acetate has been used as eluent for 188W/188Re 
generator. In this report we have changed our solvent/elution system towards 0.9% NaCl, which is 
more friendly from the point of view of the final user. The eluate is received easily by eluting the 
generator with 0.9% acidified saline solution. Both the generator column and the lead shielding used 
in standard 99Mo/99mTc generator (fission 99Mo) were applied to make a 188W/188Re generator. 
Depending on the needs, the elution would be performed few times a day at the place the generator is 
needed. The received eluate was sterile what give the possibility of its use just straight after the 
elution. According to the literature the generators could be used for a long time (above 6 months), as 
the mother radionuclide has a long half-life (T1/2 is 69 days). In our experience the prepared generator 
has been evaluated for the period of 4 month and no deviations from its regular performance have 
been observed.  

 
Preparation generator 

 
188W (7.23 GBq, equivalent to 41 mg of W) was loaded on the generator column containing 2 g 

of aluminium oxide. 
 
� Preparation of generator glass column. 
The glass column was immersed into 001M HNO3 in a beaker and boiled under cover for 30 

min. After cooling down the column was washed with 5-6 portions of de-ionized water, � fflu the pH 
6,0- 8,0 was obtained. Then the glass column was dried 4 hrs at 100°C. 

 
� Preparation of aluminium oxide 
2,5 g � ffluent�  oxide (Alumina A, ICN, MP Biomedicals) was poured with 5 ml of de-ionized 

water in a beaker. The suspension was mixed until homogenous.  
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After 5 minutes stop the solution over the sediment was decanted. These operations were 

repeated � fflu the decanted solution was clear or slightly opalescent. Then the content of the beaker 
was dried for 4 hrs at 80°C.  

 
� Column loading 
2 g aluminium oxide was loaded on a column, fixed on the top with a bed of glass wool. Both 

ends of the column were closed by rubber seals. Seale column was steam sterlizied. The sterilization 
was continued for 0.5 hrs at 121°C. 

 
� Activation of alumina in the column 
 
Before loading Tungsten-188 (in the form of tungstenic acid) solution the column solid support 

was activated by subsequent washing with the following solutions: 
o 5 ml 0,9 % solution NaCl, pH = 3 ( flow-rate 10 ml/min) 
o 5 ml 32 % HCl (flow-rate 5 ml/min) 
o 20 ml 0,9 % solution NaCl, pH = 3 ( flow-rate 10 ml/min) to obtain pH=3  

 
� Preparation of 188W solution for loading on the column 
 
Before loading on the alumina, tungsten solution ( in form NaW188O4) was prepared according 

to procedure described bellow. 
 
To 1,5 ml solution of Na2188WO4 (activity 7.23 GBq , pH = 13÷14) 0.05 ml 0.5M NaOCl was 

added. This reaction mixture was stirred and heated up to 60ºC. The solution was continuously stirred 
and than 0.2 ml 80% CH3COOH was added. After that the pH of solution was lowered to 2.5 by 
adding 0.25 ml 32%HCl. The solution was cooled to room temperature and than was loaded on the 
column using peristaltic pump (flow rate 0,1 ml/min). 

 
After loading the tungsten solution, the column was washed with 5ml 0,9% solution NaCl in 

order to remove unbound tungsten-188 and wash out rhenium-188.  
 

Elution scheme 
 
Besides the first eluation, where 32 ml of eluent were used to wash the generator all other 

elutions were performed according to the following schedule: generator was eluted 3 times a week 
(every second day, usually Monday, Wednesday, Friday) using 16 ml 0,9% acidified saline solution 
(99mTc generator eluent pH 5.0 – 5.5) collecting 4 fractions of 4 ml each. The following tests were 
performed:  

o elution yield (total radioactivity of 4×4 ml fractions) 
o measurement of  pH (in the first fraction in every elution) 
o radiochemical purity (once a week in the first fraction) 
o radionuclidic purity (once a 2 week in the second fraction) 
o sterility and bacterial endotoxines (once in 2 months in the third fraction) 
o chemical purity  (ICP-OES) (once in 2 months in the second fraction) 

 
Methods used in QC 

 
Rhenium-188 activity was measured using ionization chamber KG 4Π-50 with Keithley 

Electrometer type 485 (USA).For calibration of the system, standard solution supplied by National 
Standard of Radioactivity in Poland was used. The accuracy of the measurements was ± 5%. 

 
Tungsten-188 (break-through) activity and radioactive impurities were measured with use X-

gamma spectrometr with HPGe detector (DSA-2000, GX-2018) manufactured by CANBERRA.  
 



 

                

The measurement system was calibrated using a source prepared from the standards solution 
supplied by the National Standard of Radioactivity in Poland. 

 
Radiochemical purity of 188 
Re perrhenate was checked by means of paper chromatography (Whatman 1) using acetone as 

developing solution. Chemical purity of the eluate was determined using ICP-Optical Emission 
spectrometer (Optima 3300XL, Perkin-Elmer) with a special consideration to the presence of W, Al 
and Zr.  

 
Experimental results 

 
The elution profile of the first elution after generator preparation is presented in Fig.1. For 188Re 

elution 32 ml of the acidified saline solution were used, collected in 4 ml fractions. The curves in fig.1 
shows, that more than 90 % activity rhenium 188 were accumulated at first and second fractions.    
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 Fig.1. Elution profile of 188W/188Re generator after its preparation. 
 

Standard elutions of 188W/188Re generator were done by 16 ml acidified saline solution (4×4 ml). 
Fig. 2 presents average values of generator yields collected in each fraction and their standard 
deviations, obtained in 10 consecutive elutions (over the period of 4 weeks). 
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 Fig.2.  Yields of 188Re elution in collected fractions over 10 consecutive elutions 
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Stability of the generator has been evaluated according to the schedule given above since the 

date of its production 2005.03.15 ie. Over the period of 4 months. Total yields of 188W/188Re generator 
measured as sum of radioactivities collected in all 4 elution fractions are presented in Fig. 3. All the 
QC results obtained during the period of generator evaluation are summarised in Table 1.  
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Fig.3. Total yields of 188W/188Re generator in the time of its stability testing. 

 
The experimentally obtained yields of 188Re were compared with theoretical yields of 188W and 

188Re, this comparison is presented in Fig. 4.  
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Fig.4. Experimental and theoretical yields of 188Re and 188W. 



 

                

 
Table 1. Summary of 188W/188Re generator evaluation.  
 

Number 
elution 

Yield [%] pH Radiochemical 
purity 
[%] 

Radionuclidic 
puriy 
[%] 

Chemical 
purity 
[ppm] 

Sterile 
and 

pyrogene-
free 

1 73,93 3,5 98.5 85Sr – 1.4.10-5 
131I – 8.2.10-5 
188W – not detected 

Al-245 
W-3.57 
Re<0.034 

 

2 93,62 4,5-5,0 100  Al-3.91 
W-2.51 
Re<0.033 

+ 

3 90,74  100    
4 89,90 4,5-5,0 100    
5 88,95  100    
6 93,95  100    
7 91,31      
8 90,67      
9 89,98  100    
10 88,03      
       

12 89,38 5,5 100    
13 85,68 5,0  W188 – 2.43 × 10-3   
14 84,39 5,5-6,0  W188 – 293 × 10-3   
15 86,70 5,5-6,0 100 W188 – 3.03 × 10-3   
16 84,84 5,0     
17 89,72 5,0     
18 86,44 5,0 100    
19 86,99 5,5     
20 86,54 5,5     
21 85,86 5,5 100    
22 82,14 5,5-6,0  W188 – 6.2 × 10-4   
23 84,38 5,5-6,0     
24 85,48 5,5-6,0 100    
25 86,25 6,0  W188 – 3.28 × 10-4 Al-0.300 

W <10.0 
Re<0.106 

+ 

26 81,82 5,5-6,0     
27 86,44 5,5-6,0 100    
28 82,82 5,5     
29 81,95 5,5     
30 85,03  100    
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Conclusions:  
 

Further evaluation of the generator is required in order to assess its stability. The experiments 
with larger generators (higher radioactivities of 188W and higher chemical quantities of  W loaded on 
the column) are planned in order to determine the limit of nominal 188Re radioactivities possible to 
reach in the existing set up of the generator (see Fig. 5).  

 

  
Fig. 5 Schematic view of the generator set up 



 

                

RE-188 CONCENTRATING SYSTEM 
R. А.KUZNETSOV, S. I. KLIMOV, N. V. TETUKOVA, N. N. GUBANOVA, Federal 
State Unitary Enterprise “State Scientific Center of Russian Federation– Research Institute 
of Atomic Reactors”, Dimitrovgrad-10. 433510, RUSSIA 

SUMMARY 
One of the problems that should be solved at the development of 188W/188Re generators is 

production of high bulk activity 188Re eluate (up to 500 mCi/ml) used for synthesis of prospective 
radiopharmaceuticals (e.g., labeled monoclonal antibodies used in radioimmune therapy), applied in 
balloon angioplasty, etc.  The concentrating procedure is also required to provide long-term operation 
of generators. For most prospective clinical generators of 1 Ci activity 188Re concentration factor 
should be more than 50. 

 
A system using preliminary removal of salt components (NaCl) by passing eluate through the 

cation exchange Dowex-50 resin in Ag+-form followed by sorption of rhenium in the small column of 
alumina was used as a prototype in our work. Distribution of 188Re between alumina and NaCl 
solutions was studied varying salt concentration and pH. It was found that the only chemical form of 
alumina applicable for effective concentration of is the acidic form. Removal of salt components 
(NaCl) from eluate is necessary for effective concentrating of 188Re; sodium chloride concentration 
should be decreased to 0.001 mol/l. 

 
A dynamic capacity of Dowex-50 in Ag+ form with regard to sodium chloride was evaluated to 

be 0.8-1.1 mg-equivalents per ml of resin. It was demonstrated that rhenium loss are negligible at 
desalination. Solution is not contaminated with silver ions as well. 

 
It was demonstrated that conductivity of eluate running out from the desalination column is only 

a few mS at normal column operation. Exhausting column capacity leads to sharp (1000-10000 times) 
increase of the eluate conductivity. This phenomenon can be used to control desalination process 
ensuring effective sorption of rhenium by concentrating column, reliability and safety of the entire 
concentrating system. 

 
INTRODUCTION  

One of the problems that should be solved at the development of 188W/188Re generators is 
production of high bulk activity 188Re eluate (up to 500 mCi/ml) used for synthesis of prospective 
radiopharmaceuticals (e.g., labeled monoclonal antibodies used in radioimmune therapy), applied in 
balloon angioplasty, etc.  Alumina based (sorption type) generators are of 1000 mCi activity provide 
188Re bulk activity at 50-100 mCi/ml level. Therefore, procedure of 188Re elution should be 
accompanied the concentrating procedure providing concentration factor more than 10. It should be 
noted that production of said generators is possible if tungsten-188 specific activity is at lest 4-4.5 
Ci/g. At low specific activity weight of tungsten in the generator column is proportionally increased 
causing enlargement of the column sizes and decreasing eluate balk activity. In such a case higher 
concentration factor is required. 

 
The use of concentration procedure follows from the necessity to ensure long-term exploitation 

of the generator. The latter is caused by high price of the generator (that is currently USD 7.000-8.000 
for 350-500 mCi generator produced by ORNL, 1 Ci-generator costs up to USD 15.000). That price 
affects the price of 188Re-radiopharmaceuticals as well as the entire treatment procedure. Considerable 
half-life of the parent radioisotope (69 days) allows for generator using for 2-3 half-lives of that 
isotope, i.e. for 4-6 month. However bulk activity of the eluate decreases proportionally to the activity 
of parent radionuclide. That also causes needs in 188Re concentration to provide required parameters of 
the eluate, at that concentration factor should be not less than 50 at the and of generator operation 
period. 
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Despite a number of rhenium-188 concentration procedures have been described in the literature 
(see review below) research aiming development of new concentration systems is a topical issue 
because previously described systems have a number of disadvantages, limiting their clinical 
applications. 

 
A system for concentration of technetium-99m recommended for extension of working life of 

99Mo/99mTc generators was described in [1]. It was based on removal of salts (Na+ and Сl- ions) by 
passing eluate through the column containing cation-exchanger Dowex-50 in Ag+-form followed by 
sorption of technetium-99m by the alumina column; technetium was washed-out from the latter with 
the saline (0.15 mol/l NaCl). Technetium and rhenium have similar chemical properties and separation 
of 99mTc and 188Re from parent radionuclides is implemented in the similar sorption systems; so, it is 
reasonable to assume applicability of the system for 188Re concentration. So, our goal was to check 
experimentally this assumption and to produce data for the prototype development. 

 
RHENIUM-188 CONCENTRATING SYSTEMS  

The trivial concentrating procedure – evaporation – can not be applied to 188Re eluate containing 
0.9% NaCl. The dry residue produced from 20 ml of eluate will contain 90 mg of NaCl. To synthesize 
labeled compounds, e.g. monoclonal antibodies, 188Re solution volume should be less than 1 ml; 
therefore concentration of sodium chloride will be more than 90 g/l, or 1.5 mol/l. The latter one is 
unacceptable for a majority of biologically active compounds. 

 
A number of approaches to solve the problem were proposed by F.F.Knapp at al [2–4]. They are 

tandem type generators consisting of the alumina based generator column with one or two columns 
attached, that are using for rhenium-188 concentration.  

 
The first approach [2, 3] uses AG-50W-1 or Chelex-100 cation exchange resins (Bio Rad 

Laboratories).Rhenium-188 eluate is passed through the ion-exchange column attached directly to the 
generator column. Rhenium, forming anionic species in the solution, passes the column, while cationic 
species of alkali metals (Na+) are retained by the resin substituting protons. So, perrhenic acid solution 
in HCl is produced. Rhenium elution profile for the cation exchange column is nearly identical to that 
for alumina column. For example, while passing 12 ml of eluate through a 3.6 g cation exchanger AG 
50W-X1 column maximum value at the elution curve was at 6 ml, more than 95% of its activity was 
found at 4 to 10 ml, and it was completely eluted with 12 ml of a solution. This profile fully 
corresponds to that of generator column. A feature of the process is changing of a pH value. The initial 
pH of the eluate (produced from generator column) was 5.6; passing through the cation exchanger 
decreased it to less than 1. So, the efficiency of Na+ cations removal can be controlled using this pH 
decrease phenomenon. Solution, free from sodium chloride, can be concentrated by evaporation. In 
accordance with terminology of analytical chemistry, the described procedure of chromatography 
removal of salt components provides so called relative concentration of rhenium-188. Absolute 
concentration is provided by evaporation. 

 
The Second procedure for rhenium-188 concentration is based on anion-exchange with the AG-

1 (Bio Rad Laboratories) resin [3, 4]; the latter absorbs perrhenate-ion ReO4
- with high distribution 

ratios, particularly, from nitrate containing solutions. However, due to high affinity of the resin to 
chloride ions, direct absorption of rhenium from eluate with high content of NaCl can not be 
implemented. To remove bulk quantity of chloride it was proposed to treat generator produced eluate 
by evaporation to dryness followed by heating the residence with concentrated nitric acid; chloride 
ions are removed with volatile hydrochloric acid. The residue produced after this treatment is diluted 
in 0.16 mol/l nitric acid and is passed through the column filled with the AG-1-X8 resin pre-washed 
with diluted nitric acid. Following washing of the column with 1.6 mol/l nitric acid removes sodium 
ions and other metallic impurities as well. Rhenium is desorbed with 6 mol/l nitric acid. 

 
The third procedure of rhenium-188 concentration also provides for using of a tandem type 

generator with anion exchange column, but 0.155 mol/l ammonium nitrate solution is used as the 



 

                

primary eluent for isolation of rhenium-188 from the alumina column [2, 3 and 5]. The primary eluate 
is passed through the anion exchange column attached to the generator column to absorb rhenium-188. 
Rhenium is desorbed with 6 mol/l nitric acid. 

 
Usage of nitrate-containing solutions is the main disadvantage of the second and third 

approaches as the nitrate solutions being incompatible with biologically active substances can not be 
directly used for synthesis of radiopharmaceuticals. Nitrate content in pharmaceuticals is limited also. 

 
An advanced modification of the tandem generator [6, 7] is also based on rhenium concentration 

using a highly basic anion exchanger but chloride ions are preliminary removed using a quite different 
procedure that was early proposed for service life prolongation of the 99mTc generators [1, 8]. For this 
purpose the primary eluate is passed through the cation-exchange column with silver ions (Ag Plus, 
Analtec, Inc.). This column efficiently removes chloride ions leaving perrhenate ions in the eluate and 
then the secondary eluate is passed through the anion exchange column Millipore QMA SepPack or 
Waters “AccellW Light QMA SepPack” that provides isolation of rhenium-188 from the solution. 
That column washing with a normal saline provides for sodium perrhenate solution with a bulk 
activity higher than 500 mCi/ml. 

 
The main advantage of this system is operation of all three columns (generator itself, chloride-

removal and concentrating column) in the “on-line” mode. All flows are switched with three-way 
valves. Usage of solenoid valves as well as absence of any evaporation makes it possible to introduce 
automation of the entire process. 

 
Another procedure of rhenium-188 or technetium-99m solution production with a high bulk 

activity was patented in 1998 [9]. It also uses a removal of a salt component with a cation-exchange 
resin followed by a selective sorption of perrhenate or pertechnetate ions with the anion exchange 
resin. However unlike the above-described procedures, these processes are implemented in solutions 
of weak acids. It is required that the pKa ionization constant of a weak acid was higher as compared 
with the perrhenic acid one (pKa=-1.25) or pertechnetic acid (pKa=0.3) and lower than the ionization 
constant of the acid produced by parent radionuclide – tungsten or molybdenum acid. The primary 
eluate is produced by washing the alumina-based generator column with a weak acid solution of 0.1-
0.5 mol/l. From the viewpoint of biological compatibility, usage of ammonium acetate or ammonium 
citrate is preferable but succinate, fumarate, maleate, tartrate, phthalate, etc. of lithium, potassium, 
sodium, calcium, etc are possible. 

 
The primary eluate is passed through the column with a strongly acidic cation exchanger where 

the cation, e.g. ammonia is exchanged by protons of the resin and thus the solution leaving the column 
contains a weak acid, for example acetic and perrhenic or pertechnetium acids as well. Due to a low 
degree of dissociation of a weak acid, it cannot compete with perrhenate or pertechnetate ions in 
subsequent passing of the solution through the third column with a strongly basic anion exchanger that 
provides for efficient concentration of ReO4

- or TcO4
- ions. Washing of the third column with NaCl [9] 

solution or just water [10] provides for a fast desorption of rhenium or technetium and high 
concentration factors. 

 
The final eluate contains small quantities of the acid anion used for the primary eluate 

production. It was estimated in [9] that the content of this impurity is not higher than 0.1% for acetate 
system, for example. The acetate ion presence in eluate is not a problem because the sodium acetate is 
often used as a component of solutions used in synthesis of labeled compounds and 
radiopharmaceuticals.  

A disadvantage of this concentration system is a low yield of 188Re and 99mTc when the sodium 
acetate is used as an eluent. For example, for the 1 Ci generator an average yield of rhenium-188 is 70-
80% for 0.9% solution of NaCl and 62+14% for 0.3 mol/l solution of the sodium acetate with pH 5.5 
[10]. So, more expensive generator with higher activity of parent radionuclide is required to produce 
equal activities of the eluate. 
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As we have already mentioned above the technetium-99m concentrating system was described 
in [1]. It was proposed for the service life prolongation of 99Mo/99mTc generators. In this system 
technetium is concentrated by sorption on alumina column after a preliminary removal of sodium 
chloride from the primary eluate solution. In order to do this the eluate is passing through the cation 
exchange column with a resin containing silver of Dowex-50 type like in [8, 9]. Experimentally 
measured concentration factors were 10-20. 

 
As chemical properties of technetium and rhenium are similar, separation of 99mTc and 188Re 

from the parent radionuclides is performed in similar sorption systems. So it is quite logically to 
assume that the technetium concentration system can be applied for 188Re concentration. Additional 
experiments were required for checking this assumption. Besides conditions of 99mTc concentration 
were not described in details in [1] and possibility of the concentration factor increase up to 40-50 was 
not obvious for our particular case. Parameters of the eluate resulted from concentration were not 
described also. 

 
So we studied experimentally the behavior of 188Re and eluate components produced with the 

alumina-based generator using the concentration system proposed for 99mTc. In particular, we studied 
effects of sodium chloride concentration and solution pH on rhenium sorption using various 
modifications of alumina (acid, base and neutral). Desalination efficiency (purification from NaCl) 
and contamination level of the final eluate with silver ions were estimated. 

 
EXPERIMENTS  

The 188Re behavior was studied using the radioactive tracer’s procedure. The 188Re solution was 
produced by eluting a laboratory-scale generator loaded in accordance with recommendations of [3, 
4]. The NaCl water solution (0.15 mol/l, pH=3.5) was used as an eluent. Silver behavior was studied 
using 110mAg as a tracer. It was produced by irradiation of natural silver in the SM high-flux reactor. 
Activity was measured using end-window counter SI-3B and scintillation detector BDBS3-1tM with a 
well-type NaI(Tl) scintillator. 

 
All reagents were of analytical grade or higher. The alumina intended “for chromatography” of 

A (acidic), N (neutral) and B (basic) types (supplied by the ICN Biomedicals, Germany) and the AG-
50 cation exchange resin (EIChrom Inc., USA) were used. Columns with alumina and cation 
exchanger were filled using a suspension procedure. Flow rates of solutions were controlled using 
peristaltic pump ISMATEC. 

 
RESULTS AND DISCUSSIONS 

 
The prototype system used for 99mTc [1] concentration is based on its sorption by alumina (in 

acidic or neutral form) followed by its elution with a small volume of physiological saline. It is well 
known that technetium-99m is efficiently adsorbed by alumina from slightly acidic solutions [1, 11]. 
However its distribution ratio decreases dramatically in the presence of salts (for example, NaCl). 
That’s why salts have to be removed from a solution prior to the concentration. The initial eluate 
passage through the exchanger containing silver cations is used for this purpose. Chloride ion 
produces insoluble silver chloride in the column and sodium is absorbed replacing the silver on the 
resin. The produced eluate is a slightly acidic solution of technetium acid. Practically it does not 
contain any salts and provides for optimal conditions for technetium sorption by alumina. 

 
Rhenium is a chemical analog of technetium. So its behavior should not be significantly 

different from technetium. Unfortunately the detailed information about rhenium sorption is absent in 
the available literature. It is known that the maximum sorption of rhenium from water solutions is at 
pH = 4-6 but practically there is no sorption in the presence of sodium chloride [11, 12]. When the 
sodium chloride concentration is 0.15 mol/l and pH=3, the rhenium distribution ratio determined at 
static conditions is 0.08. The dynamic distribution ratio for pH = 3 and sodium chloride concentration 
higher than 0.15 mol/l is an order of magnitude higher - 0.8.  



 

                

 
For diluted solutions of sodium chloride (concentration less than 0.015 mol/l) the rhenium 

distribution ratio grows up to 15-20 at pH = 4-8. No more detailed information can be found in [11]. 
 
Papers [1, 13] describe behavior of technetium-99m and rhenium-188 on the acidic alumina. 

Possibility of the neutral alumina use is mentioned in paper [1]. Data on the alumina state effect on 
rhenium sorption were not found in literature. Besides papers [1, 13] did not consider influence of a 
number of parameters (for example, elution flow rates) on operation of the entire concentration system 
as well as parameters of the solution after its passing through the desalination column, in particular its 
pH and sodium chloride concentration affecting the concentration column efficiency. Contamination 
level of silver ions after the technetium-99m concentration was not determined as well. So we studied 
the following issues in our work:  

 
- Factors influencing the rhenium sorption on alumina under static and dynamic conditions 

(chemical form of the sorbent, eluate pH, solution flow-rate and concentration of sodium chloride);  
- Factors influencing the desalination column capacity provided with the cation exchanger 

containing silver (conditions of sorbent preparation and solution flow-rate). 
 
Static sorption of Re-188 with alumina  
The effect of sodium chloride concentration and solution pH on the rhenium-188 sorption was 

studied for alumina in acidic, neutral and basic forms. The results shown on Fig.1-3 demonstrate that 
only acidic form adsorbs rhenium-188 effectively from the solutions with pH = 3-8. Rhenium 
distribution ratios are close to 100 when sodium chloride is absent. 

 
Rhenium distribution ratios are lower for neutral alumina as compared with the acidic alumina. 

When the sodium chloride solution is absent, the pH value increase from 2 to 4 dramatically decreases 
the distribution ratio from 25 to several units. They remain at a low level when the solution pH is 
increased. The rhenium distribution ratio for basic alumina is below 1 for the whole range and only in 
one case it is equal 10at pH=2 for the salt-free solution. 

 
In all cases the rhenium distribution ratio strongly depends on the salt concentration. DRe 

decreases twice for the most effective acidic alumina when sodium chloride concentration is 0.001 
mol/l; DRe is not higher than 10 at [NaCl]=0.01 mol/l. So rhenium-188 can be efficiently isolated from 
the eluate by sorption on the acidic alumina. The desalination factor should not be less than 1.5.104. 
Rhenium can be desorbed from alumina with 0.15 mol/l solution of NaCl (saline).  

 
Dynamic sorption of Re-188 on acid alumina   
The rhenium-188 sorption was studied using polypropylene chromatography columns of 5 mm 

diameter. The column height was 10-11 mm for 0.25 g of alumina. Experiments on sorbent 
breakthrough capacity estimation demonstrated (Fig.4) that rhenium-188 was not detected in eluate 
(pH = 3.5) after passing 45 and 55 ml of the “salt-free” solution at flow rates of 4.85 and 1.1 ml/min 
respectively. Further washing of the column with sodium chloride solution ([NaCl] = 0.15 mol/l, pH = 
3.5) results in rhenium-188 complete elution with 0.6-0.7 ml of eluate (Fig.5). Data presented on Fig.4 
and 5 show that the concentration factor determined as a ratio of volumes of the initial solution and 
eluate could be close to 100 at flow rate 1.1 ml/min. The eluent flow-rate Increase up to 4.85 ml/min 
causes earlier breakthrough of rhenium-188 and decreases concentration factor down to 65-75. 
Nevertheless this value is sufficient for practice. It is obvious that the concentration factor can be 
increased by further decreasing the sodium chloride solution volume that is used for the rhenium-188 
desorption. However these experimental results are in good agreement with the results of static 
sorption experiments and confirm the necessity of complete removal of sodium chloride before the 
rhenium-188 concentration procedure. 
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 Fig. 9. Sorption of Re-188 by acidic alumina (ICN Alumina A, Akt.1).Curve 1 - [NaCl]=0 mol/l; 
2 - [NaCl]=0.001 mol/l; 3 - [NaCl]=0.01 mol/l; 4 - [NaCl]=0.05 mol/l; 5 - [NaCl]=0.1 mol/l; 
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 Fig. 10. Sorption of Re-188 by neutral alumina (ICN Alumina N, Akt.1). Curve 1 - [NaCl]=0 
mol/l; 2 - [NaCl]=0.01 mol/l; 3 - [NaCl]=0.05 mol/l; 4 - [NaCl]=0.1 mol/l; 5 - [NaCl]=0.15 mol/.  
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 Fig. 11. Sorption of Re-188 with basic alumina (ICN Alumina B, Akt.1).Curve 1 - [NaCl]  = 0 
mol/l; 2 - [NaCl]=0.1 mol/l. 
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Fig. 12. Frontal elution curve of Re-188 at various flow rates of eluting solution (for 0,25 g 
alumina column). Curve 1 –at a flow rate of 4.85 ml/min; 2 –at a flow rate of 1.1 ml/min 
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 Fig. 13. Rhenium-188 elution curve for acidic alumina column (m=0.25 g); eluent – 0.15 mol/l 
solution of NaCl,  рН=3,5  

 
Sorbent preparation for sodium chloride removal  
The sorbent, i.e. the Eichrom AG-50 cation exchange resin was prepared in the following way. 

The resin was soaked in water and after that it was kept in contact with the 0.2 mol/l solution of silver 
nitrate (1 volume of resin to 10 volumes of solution) for 1 hour in continuous stirring with a magnetic 
stirrer. And then it was soaked in the same solution (without stirring) for 1 to 30 hours. Further the 
resin was thoroughly washed with water until the complete removal of silver ions (chloride testing). 

 
The treated resin was transferred to the chromatography column used for desalination of the 

eluate. Degree of resin saturation with silver ions depends upon the resin contact (soaking) with silver 
nitrate solution. It was found that the resin exchange capacity relative to the H+-ions is 1.82 mg-
equivalent/ml. The same content of silver (1.8 mg-equivalent/ml) in the resin can be achieved after 8-
10 hours of soaking. Similar values of silver and proton content (exchange capacity) confirm that 
protons are nearly substituted by silver ions. The relationship between the resin saturation (dynamic 
capacity) and the soaking time was estimated by passing NaCl solution with the flow rate 0.3-0.35 
ml/min through the column till the appearance of chloride ions in eluate (data are presented on Fig.6 ). 

 
Estimation of desalination column capacity relative to sodium chloride  
The sorbent capacity relative to the sodium chloride was estimated by passing sodium chloride 

solution (0.15 mol/l, pH=3.5) through the column with the help of periodic sampling of the eluate. pH 
value was measured for each aliquot. The presence of chloride ions was checked using silver nitrate 
test. It was found that breakthrough of chloride ion for the column of d=9.5 mm and Vsorb.=1.5 ml at a 
flow rate of 0.75–5.26 ml/min occurs after passing 8-11 ml of the solution. It corresponds to 0.8 – 1.1 
mg-eqv/ml capacity that is decreased when the solution flow rate is increased. 
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 Fig. 14. Relationship between the  sorbent capacity relative to sodium chloride and duration of 
cationite soaking in silver nitrate solution (measured at a solution flow-rate of 0.3-0.35 ml/min). 

 
These data allow one to estimate the minimal volume of the desalination column attached to the 

generator one. A column with 6-8 g of alumina is mainly used in 1 Ci generator. In this case the 
rhenium-188 eluate volume is 25-30 ml [10]. So the desalination column volume should not be less 
than 3 ml at an eluting solution flow rate of 0.75 ml/min and 4 ml at a flow rate of 5 ml/min. To avoid 
breakthrough of the salt components, some excessive quantity of the sorbent should be used. We 
believe that it should be 7-8 ml. 

 
The desalination process is described by the following exchange reaction: 

↓+−+−→+++− +−+ AgClHRNaRHClNaAgR 222 , 
where R is a matrix of the ion-exchange resin. 
As far as the sorbent capacity is exhausted, the following reaction becomes a dominating one: 

++ +−→+− HNaRNaHR , 
It results in acidifying the eluate.  
 
Change of the solution acidity after passing through the desalination column is shown on Fig.7. 

Similar to the sorbent capacity, the pH change of the solution flowing out from the column depends on 
solution flow rate and correlates with appearance of the chloride ion in the eluate. This fact confirms 
the above-described nature of the ion exchange process. 

 
The acidity (pH) of the eluate produced with the desalination column is within a range of 4 to 

5.5 while the sorbent capacity is not exhausted. This provides for efficient sorption of rhenium on 
alumina. The exhausted capacity causes solution acidifying and chloride ions appearance in it. Both 
factors decrease DRe and can lead to 188Re breakthrough at the stage of concentration using alumina. 
To ensure reliability of the entire concentration system opration (desalination + concentration 
columns) not only “excessive” capacity of the desalination column seems to be logical but some of 
these parameters should be controlled as well. It can be the solution acidity (pH). Unfortunately on-
line control of pH is rather complicated and requires expensive equipment.  

 
As one can see from the equations describing the ion-exchange processes in the desalination 

column, effluent is a water solution with a low content of ions. The exhausted capacity of the sorbent 
increases ion concentration in the eluent, e.g. its conductivity increases too. This assumption was 
confirmed experimentally (Fig. 8).  
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Table 4. Capacity of sorbent relative to Cl- -ion vs. storage time 

Storage time, days 1 2 45 115 
Sorbent capacity, mg-eqv/ml  1.2 1.2 1.2 1.2  

0

1

2

3

4

5

6

0 5 10 15
Volume, ml

рН

0,0E+00

5,0E+03

1,0E+04

1,5E+04

2,0E+04

2,5E+04

3,0E+04

3,5E+04

Co
nd

uc
tiv

ity
, m

S

рН
S, mS

 Fig.16. Change of the desalination column eluate pH and conductivity. Shadowed area 
corresponds to a positive silver chloride test 

 



 

                

 
Conductivity of the eluate that did not contain chlorine ions was 4-5 milliSiemens. Appearance 

of chlorine ions (confirmed by silver chloride test) gave 3-4 order of magnitude increase of electric 
conductivity. This result allows developing of a simple procedure of efficiency control of the 
desalination column and the entire concentration system using a very simple electric conductivity 
sensor (two electrodes attached at the outlet of the desalination column). A low electric conductivity of 
the eluate ensures normal functioning of all columns. Otherwise breakthrough of rhenium-188 is 
possible while the solution goes through the concentrating column with alumina. 

 
In this work we also estimated applicability of the sorbent after its long-term storage. A batch of 

sorbent was prepared and its capacity was estimated periodically. The results of measurements are 
given in Table 1. These data show that the cation exchange resin AG-50 saturated with silver can be 
stored for a long time (at least 4 month) and its capacity does not change. 

 
Behavior of silver  
It is obvious that the primary eluate passing through the exchanger containing silver cations can 

cause solution contamination with silver ions. That is why we estimated a potential level of 
contamination using radioactive tracer 110mAg. For this purpose a batch of sorbent was prepared by 
treating the resin with silver nitrate that contained the radioactive silver. The 110mAg activity was 
measured after passing through the 50 ml column of 0.15 mol/l NaCl solution. It was found out that 
silver concentration in the eluate was less than 1 mg/ml. 

 
We found that silver has very low affinity to alumina in experimental conditions (water solution, 

pH = 5) using the radioactive tracer. Based on the ratio of solutions passed through the concentration 
column with alumina (1.5-2 ml), its free volume (<0.1 ml) and primary eluate volume (>30 ml), we 
can affirm that the concentration column decreases the silver content by two orders or more. In general 
the silver content in rhenium concentrate should not be higher than 0.01 mg/ml. 

 
System testing   
The system was tested using a laboratory-scale generator of 3 mCi activity. Rhenium-188 was 

eluted from the generator with 50 ml of 0.15 mol/l (pH = 3.5) solution of NaCl. The obtained solution 
was passed through the system of columns consisting of a desalination column with 8 g of silver-
saturated cation exchange resin and concentration column with 0.25 g of acid alumina. When the 
primary eluate was passed through, the columns were washed with 2 ml of saline (ph = 3.5) and 
detached and then the concentration column was washed with 1 ml of saline. A flow rate of solution 
was 5 ml/min. Rhenium-188 activity measurements in the concentrate showed that the yield of 
rhenium-188 is higher than 95% within the experimental error. A Bulk activity of Re-188 in the 
primary eluate was 0.06 mCi/ml; in the concentrate – 3 mCi/ml. So the achieved concentration factor 
was 60. More than that it can be increased henceforth by optimizing the columns and piping system. 
The concentration factor increase will be proportional to the “dead” volume decrease of piping and 
columns. 

 
CONCLUSION  

• Experimental investigation proved the applicability of technetium-99m concentration system 
for rhenium-188 concentration with concentration factors not less than 50. 

• Sorption of rhenium-188 on alumina from NaCl solutions with varied concentration and pH 
was studied. It was demonstrated that only acid alumina can be used for efficient 
concentration of rhenium-188. To provide efficient sorption of rhenium-188, salts (NaCl) have 
to be pre-removed from a solution. Their concentration should be lower than 0.001 mol/l. 
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• Capacity of the cation exchange resin AG-50 in silver form was estimated relative to sodium 
chloride. It was in the range of 0.8-1.1 mg-eqv/ml under the dynamic conditions. The 
desalination procedure does not cause any losses of rhenium-188. Contamination with silver 
did not take place also. 

• A method of the desalination efficiency control based on measuring pH or conductivity of the 
eluate was proposed. 

• It was proved that the sorbent used in the desalination column can be stored for at least 4 
months without changing its properties. 
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Abstract:  The expected increased clinical use of lutetium-177 (Lu-177, t1/2 = 6.71 d) will require cost 

effective routine availability of high levels of this radioisotope with high specific activity.  The high 2090 b Lu-
176 thermal neutron capture cross section and apparent low Lu-177 burn-up cross section permit production of 
high sp. act. Lu-177 by the “direct” Lu-176(n,γ)Lu-177g route with only low level contamination from the long-
lived Lu-177m isomer (t1/2 =160 d).  Very high thermal neutron flux (> 2 x 1015 neutrons/cm2/sec) can provide 
~75-90 Ci of Lu-177 per mg of Lu-176 target at saturation, which approaches the theoretical specific activity of 
109 Ci/mg.  Production of Lu-177 via the “indirect” Yb-176(n,γ; σ = 2.4 b)Yb-177(t1/2 1.9 h; β-→)Lu-177 route 
is an attractive alternative since Lu-177m contamination is precluded.  However, even the yields of Lu-177 
produced by the indirect route (~300 mCi Lu-177/mg Yb-176) at such very high thermal flux are  ~250 fold 
lower than by the direct route.  In addition, this approach requires the effective separation of no-carrier-added 
(n.c.a.) Lu-177 from the macroscopic levels of the Yb target.  With the lower “indirect” Lu-177 production 
yields expected in modest flux reactors, very large enriched Yb-176 targets will be needed, with subsequent 
target recovery required.   Although the effective separation of n.c.a. Lu-177 from Yb target has been 
demonstrated, it is doubtful that the very high multi-Curies levels of Lu-177 which would be required for 
extensive clinical trials or routine clinical use could be produced by this approach, which suffers from much 
lower yields, and costly and time consuming chemical processing.  It is thus seems likely that large multi-Curie 
levels of high specific activity Lu-177 required for routine clinical use can only be cost-effectively produced by 
the “direct” route in a high flux reactor with capabilities for on-line access to the reactor core. 

 

The submitted manuscript has been authored by a contractor of the U.S. Government under 
contract DE-AC05-00OR22725.  Accordingly, the U.S. Government retains a nonexclusive, 
royalty-free license to publish or reproduce the published form of this contribution, or allow 
others to do so, for U.S. Government purposes. 
 
1. Introduction – Lutetium-177 – A low energy beta particle emitting radioisotope with 
expected important therapeutic applications in Nuclear Medicine and Oncology 
 
With the development and availability of tumor receptor-targeted peptides, the availability of 
strong lanthanide chelators such as DOTA, and the recent successes reported  with tumor 
therapy with various beta-emitting radioisotopes chelated to these peptides, lutetium-177 has 
emerged as an important candidate for targeted therapy of small tumors.  This paper reviews 
the “direct” (Lu-176 target irradiation)  and “indirect” (Yb-176 target irradiation) approaches 
that are being evaluated for reactor production of lutetium-177.  In spite of the broad interest, 
the levels of lutetium-177 currently produced by research reactors represent only a small 
fraction of the international capability and the availability of even high specific activity 
lutetium-177 far exceeds the current demand.  
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In contrast to the various practical issues associated with the reactor production of many 
therapeutic radioisotopes, lutetium-177 is a key example that can be produced in very high 
amounts in high specific activity.  Once large-scale clinical trials are instituted or when 
approved agents may become accessible for routine broad clinical use, the availability of the 
required very high multi-Curie levels of lutetium-177 would not be expected to be an issue. 
 
1.1 Properties of Lutetium-177 - 
Lutetium-177 is a lanthanide with a physical half-life of 6.71 days and decays with the 
emission of a 208 keV gamma photon (11 %) suitable for imaging  and a moderate energy 
beta emission with an energy of 0.497 keV (78 %).  Emission of the gamma photon suitable 
for imaging by single photon emission computed tomography (SPECT) provides an important 
opportunity not available with pure beta emitters such as yttrium-90, since many investigators 
feel that access to pharmacokinetic data by serial imaging offers an important opportunity to 
estimate the individual tumor radiation dose.  Lutetium forms strong conjugates with DOTA, 
for instance, and the preparation and properties of the Lu-177-DOTA conjugated to various 
ligands has been well described in the literature  [1-3].  Lutetium-177 decays to stable 
hafnium which does not interfere with labeling of most Lu chelates, so one advantage of the 
“indirect” carrier-free Lu-177 is that the specific activity does not change with time. 
 
1.2 Current and expected clinical applications of Lutetium-177 -  
A variety of clinical and preclinical studies are in progress or have been reported over the last 
few years with lutetium-177 [1-12].  Soon after the availability of the chelate-coupled tumor 
receptor targeting peptides became available, clinical studies with the yttrium-90 octreotate, 
DOTATATE and DOATOC, etc., agents demonstrated the importance of the availability of 
these types of agents for treatment of tumors, in particular the neuroendocrine tumors 
(carcinoids, islet cell tumors, pituitary adenomas, etc.) [1-4].  Because of the potential 
radiation damage consequences to normal tissue in the vicinity of small tumors targeted with 
high energy beta electron emitters such as yttrium-90, lutetium-177 was proposed as a 
candidate for preparation of the DOTA-conjugated peptide analogues for targeting and 
treatment of small tumors, including micrometastatic disease.  Other lutetium-177-labeled 
peptides such as the bombesin analogues are also being studied [5-6].  In addition to the 
radiolabeling of peptides with lutetium-177, the DOT conjugation of lutetium-177 of several 
antibodies has also been reported [7-11].  The J591 antibody – which is targeted to the 
external domain of the prostate specific antigen often over expressed in prostate cancer - is 
being evaluated in a clinical trial [7].     Another example is the pancarcinoma CC49 IgG  
antibody to which lutetium-177 is attached by use of the isothiocyanto-benzyl DTPA (ITCB), 
which has demonstrated good therapeutic potential in athymic nude mice implanted with LS-
174T xenografts [10]. 
Outside the realm of peptides and proteins, phosphonates for bone pain palliation, such as 
lutetium-177-EDTMP, have been prepared [12] and may show promise in animal studies and 
could represent an important addition to the agents available for this application, especially in 
developing countries which have access to a research reactor.   



 

                

 
Lutetium-177-labeled liposomes have been evaluated for animal arthritic models for therapy 
by intraarticulation [13] and the development and evaluation of Lu-177-labeled particles for 
this application and potential intratumor therapy may be important areas which should be 
assessed. Other recent studies with lutetium-177 include the preparation and evaluation of Lu-
177-labeled hydroxyapatite as a promising agent for synovectomy of small joints [14] and 
evaluation of several tetraza-based novel ligands for radiolabeling of proteins [15].  The 
lutetium-177 can be produced in relatively high specific activity even at 1013 -1014 thermal 
flux  [16-17], the phosphonates do not require high specific activity for this application and 
these agents would be expected to be widely available at considerably less cost, for instance,  
then Sm-153 and Sr-89. 
 
2. Production and Processing of  Lutetium-177 – 
For many years the 15 lanthanide elements had represented a scientific mystery because of 
their nearly identical chemical properties which make them difficult to differentiate and even 
more difficult to separate by traditional approaches.  Lutetium is the last member of this group 
of elements.  Efficient separation of adjacent pairs of lanthanides, such as lutetium and 
ytterbium (vide infra), is normally very difficult, although some separation can be achieved 
by ion chromatography.  For this reason, nontraditional methods such as the use of chemical 
extractants such as di(2-ethylhexyl)orthophosphoric acid (HDEHP) [18-22] and the use of 
mercury amalgams have been evaluated [23-24] and found to be effective approaches for the 
separation of NCA lutetium-177 from ytterbium targets for the “indirect” reactor production 
of lutetium-177 as describe below.  Although no agents had been available for clinical use, 
both the “direct” and “indirect” lutetium-177 producon had been reported by Mirzadeh and 
colleagues as early as 1995  [25].  In some instances lower specific activity will suffice [12, 
26], so that the thermal flux required and which lutetium-177 reactor production method is 
preferred, will, at least in part,  depend on the specific activity requirements.  A large number 
of research reactors are available worldwide [27] which would be expected to produce 
lutetium-177 with sufficiently high specific activity for local consumption. 
 

 
 
 
 

 
FIG  1.  Reactor production of lutetium-177 
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2.1. “Direct” Production and Processing of Carrier-Added Lutetium-177 
 
High specific activity lutetium-177 can be reactor-produced by the “direct” neutron capture 
by lutetium-176 (FIG. 1). 
 
 
 
 
 
 
 
FIG  1. “Direct” Reactor production of lutetium-177from lutetium-176 as a function of 

thermal neutron flux 
 
An important advantages for the central importance of “direct” production of lutetium-177 by 
neutron irradiation of lutetium-176 [16, 19-20], is the very high 2,090 barn thermal cross 
section for neutron capture of the lutetium-176 target (FIG. 1).  Production of lutetium-177 
by the Lu-176(n,γ)Lu-177 radiative pathway is a key example of common reactor production 
pathway where Z does not change and the lutetium-177 cannot be separated by usual methods 
from the contaminating Lu-176 target atoms.   However, in this case the very high thermal 
neutron cross section of 2,090 barn results in rapid target burn-up at high thermal flux, this 
permits production of relatively high specific activity lutetium-177 in even low to modest 
thermal flux reactors.  Because of this high thermal neutron cross section – depending on the 
particular targeted agent and biological targeting mechanism – lutetium-177 of sufficient 
specific activity can be produced in nuclear reactors with even low to moderate thermal 
neutron flux [16, 19-20, 28, 29-31].   
For lutetium-177, in particular, the opportunity to produce the very high multi-Curie levels at 
high specific activity (theoretical = 109 Ci/mg) at high flux would be expected to be required 
for preparation of high specific activity targeting agents (i.e. receptors) and for clinical trials 
and/or routine use. Production in very high flux reactors is expected to be preferred.  Lower 
specific activity lutetium-177 produced in lower flux reactors is adequate for other 
applications, including the preparation of agents for bone pain palliation.  Because of the 
broad interest in peptide receptor-mediated therapy using lutetium-177, however, the 
production of high specific activity possible is of major importance.  Although some 
investigators have questioned the dosimetric consequences of the 160 day half-life long-lives 
Lu-177m isomer, but once communication has indicated that these low levels are 
inconsequential [31].   



 

                

 
The more important issue may be the US NRC regulations on waste maintenance and disposal of 

the Lu-177m.  The high thermal neutron flux (> 2 x 1015 neutrons/cm2/sec) available in very high flux 
reactors can provide ~75-90 Ci of lutetium-177 per mg of enriched lutetium-176 target at saturation 
(~4-5 days of irradiation), approaching the theoretical 109 Ci/mg specific activity [19-21, 25, 32]. 

 
2.2 “Indirect” Production and Purification of No-Carrier-Added Lutetium-177 

The reactor production facilities required depend on specific activity requirements, the particular 
application and economics. The “indirect” reactor production approach via Yb-176(n,γ)Yb-177(β-

→decay)Lu-177 route, offers an alternative method for production of high specific activity lutetium-
177 [18-24, 32]. .Since many therapeutic radioisotopes are produced in research reactors by “direct” 
radiative neutron capture, Z does not change, and the desired product atoms cannot be practically 
separated from the target atoms which often thus considerably reduce the product specific activity.  In 
contrast to the often encountered contamination of reactor-produced radioactive products with target 
materials, in contrast, accelerator production of radioisotopes often involves proton capture reactions – 
i.e. (p,n) reaction for instance – which changes Z. In this case the product atoms have a different 
atomic number then the target atoms and the challenge is the availability of methods for the effective 
separation of the desired radioactive product atoms from the target material.  High specific activity 
radioisotopes are often required for radiolabeling agents which target a limited number of cellular 
binding sites, which is required to avoid receptor saturation.  This is particularly true with many 
receptor-binding agents, including peptide targeting agents such as bombesin and Substance P and 
alternative production methods have been pursued which favor production in higher flux reactors.   
Fortunately, reactor production strategies are available for “indirect” reactor production pathways and 
the isolation of n.c.a lutetium-177 formed by beta-decay of the initial neutron activated product, 
ytterbium-177, is an alternative approach [18-24, 32].   In this approach, Z changes by beta particle 
emission and if effective chemical separation methods are available, the n.c.a desired lutetium-177 
product can be separated from the Yb target atoms.  

 
Production of lutetium-177 via the “indirect” Yb-176(n,γ; σ = 2.4 b)Yb-177(t1/2 1.9 h; β-→)Lu-177 

route is also attractive since lutetium-177m contamination levels are significantly reduced and n.c.a. 
lutetium-177 can be obtained if effective methods are available for the separation of the microscopic 
levels of the lutetium-177 product from macroscopic levels of the enriched ytterbium-176 target 
material.   However, even lutetium-177 production yields even at a very high thermal neutron flux of ~ 
2 x 1015 (FIG. 2), for instance, by the “indirect” route (~300 mCi Lu-177/mg Yb-176) are ~250 fold 
lower than by the “direct” production route, and require effective separation of n.c.a. lutetium-177 
from the ytterbium target [18-24].  Lower “indirect” lutetium-177 production yields may be expected 
in modest flux reactors.  
 

 

 

 

 

 
FIG  2. “Indirect” Reactor production of lutetium-177from ytterbium-176 as a function of 

thermal neutron flux 
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Although we have recently demonstrated effective separation of high specific activity lutetium-

177 from the Yb target in HCl using Eichrome Ln resin [18-20], it is doubtful that the very high multi-
Curies levels of lutetium-177 which would be required for routine clinical use could be produced by 
this approach, which suffers from much lower yields, and costly and time consuming chemical 
processing.  It thus seems likely that large multi-Curie levels of high specific activity lutetium-177 
required for routine clinical use can only be cost-effectively produced by the “direct” route in a very 
high flux reactor with capabilities for on-line access to the reactor core. As illustrated in FIG. 1 , the 
theoretical maximum specific activity of 109 Ci/mg Lu is approached when very high thermal flux is 
available.   

 
The “indirect” production of lutetium-177 by beta decay of reactor-produced ytterbium-177 as a 

function of thermal flux is illustrated in (FIG. 2).  Production via this pathway would in principle 
allow the use of modest thermal flux reactors.    While reactor “indirect” production routes can often 
provide high specific activity products, the disadvantages can include the modest production rates of 
the parent radioisotopes at lower flux (Yb-177).  However, even at high thermal flux, the production 
rates are relatively low and the combination of factors which indicate that this approach may not be 
optimal for large-scale production of lutetium-177 include: 1) the large target volume required; 2) the 
large amounts of adsorbent which would be required for effective column separation; 3) the time 
factor required for column separation; and 4) the relatively large volumes of radioactive acidic wastes, 
would collectively suggest that this approach would not be cost effective on the large scale which 
would be required to provide multi-levels of lutetium-177 needed for large scale clinical trials or for 
routine clinical use.  

 
The NCA lutetium-177 can be readily separated from ytterbium by HEDHP (Eichrome-LN Resin) 

column chromatography by elution with HCl solution (FIG. 3).  This Eichrome-LN/HCl approach has 
been conducted on a 10 mg scale using addition of surrogate natural ytterbium and is expected to be 
scaled up to multiple 100 mg level.  In addition, the use of nitric acid for separation of lutetium-177 
from Yb using the LN resin has also been reported [18-20]. 
 

 

 

 

 

 

 

FIG. 3.   Separation of NCA Lu-177 from Yb (> 10 mg)  using Eichrome LN Resin and HCl elution 

 



 

                

3. Commercial Availability of Lutetium-177 

Because of the expected importance of lutetium-177 for a variety of therapeutic applications, 
commercial manufacturers have entered the arena and cGMP-produced lutetium-177 is currently 
available from several manufacturers as summarized from data obtained from the manufacturer 
product promotion information in Table 1. 

Table 1.  Examples of Commercial and Research Institutions Providing Lutetium-177 

 

Company/Institution 

Production 

Method 

Reported Spec. Act.  

(Ci/mg Lu) 

 

Comment 

I. D. B. Holland B.V. 176Lu(n,γ) 20 Ci/mg cGMP, “LuMark” 

MDS Nordion 176Yb(n,γ)177Yb→177Lu NCA 

>45 Ci/mg lanthanides 

Radiochemical 

MURR 176Lu(n,γ)  20 Ci/mg, EOB cGMP 

ORNL 176Lu(n,γ)  >60 Ci/mg, EOB Radiochemical 

Perkin-Elmer 176Lu(n,γ)  >5 Ci/mg at Expiry cGMP for research 
use 

Polatom 176Lu(n,γ)  >5 Ci/mg, EOB Radiochemical 

SCK.CEN BR2 Reactor 176Yb(n,γ)  32 Ci/mg, EOB Radiochemical 

 

SUMMARY AND CONCLUSIONS - 

Because of advances in the development of biological targeting mechanisms - and in 
particular from the development of internalizing targeted carrier molecules - the use of 
lutetium-177 is of broad interest and an understanding of the issues associated with the reactor 
production of lutetium-177 are important.  However, although a number of institutions have 
evaluated and reported lutetium-177 production yields from both the “direct” and “indirect” 
routes, to the best of our knowledge, the target processing and Lu-177 purification has not 
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been scaled up to levels which would be required for routine, large-scale Lu-177 production.  
In spite of the broad international interest in the development and clinical use of lutetium-177-
labeled therapeutic agents there have been surprisingly few publications to date, but it is 
expected that this will increase. 
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CHEMICAL SYNTHESIS AND APPLICATION OF ZIRCONIUM POLYMER 
COMPOUNDS FOR THE PREPARATION OF 99MTC AND 188RE 
CHROMATOGRAPHIC GENERATORS  

LE VAN SO, Nuclear Research Institute, Dalat, Vietnam 
 

Abstract 
The chemical synthesis of polymer compound of Zirconium adsorbent (PZC) for the preparation of PZC based 
chromatographic Tc-99m generators were described in detail.Chemical composition, molecular structure were 
stated and physicochemical characteristics (ionexchange property and behaviour in the aqueous solution) of PZC 
studied. Mo-adsorption of PZC in different Mo-solutions and Tc-99m elution of 99Mo-PZC column were 
investigated. A good relationship between the W- or Mo-content of adsorption solution and the adsorption 
capacity, adsorption percentage, chemical breakthrough and relevant radionuclide elution yield was found. Mo- 
adsorption capacity of around 285 mgMo/gPZC and Tc-99m elution yield of higher than 90% were achieved 
with PZC adsorbent. Mo-99 breakthrough of 0.015% and Molybdenum element breakthrough of around 2 µg 
Mo/ml were found in Tc-99m eluate.  W- adsorption capacity of about 520 mgW/gPZC and Re-188 elution yield 
of higher than 80% were also achieved with PZC adsorbent. W-188 breakthrough of 0.015% and Tungsten 
element breakthrough of lower than  5 µg W /ml were found in Re-188 eluate. 

 
INTRODUCTION 
 

The chemical synthesis of polymer compound of Zirconium adsorbent (PZC) for the preparation 
of PZC based chromatographic Tc-99m and Re-188  generators and the assessment of the performance 
of PZC adsorbent for the preparation of a clinically-available Tc-99m  and Re-188 generator were 
described in this report. 

 
EXPERIMENTAL 

 
Synthesis of PZC 
 

Conditions for the chemical synthesis of different PZC samples. 
 
Sample ZrCl4  weight  

(g) 
Volume of 

isopropyl alcohol (ml) 
Reaction temperature at 

final stage (oC) 
A1 50 40 140 
A2 50 80 140 
A3 50 100 140 
 
Investigation on the chemical composition, structure and physicochemical properties of PZC. 
 -Zirconium, Carbon, Hydrogen, oxygen,  
  Chlorine element content. 

       -Thermal analysis of PZC sample. 
 -Potentiometric titration of PZC. 
 -Infra-red spectrum analysis. 
 -X-ray diffraction pattern. 
 
Investigation on Molybdenum  adsorption and Tc-99m elution  using PZC adsorbent. 
All experiments were carried out with PZC columns of  Mo-99 radioactivity of 10 – 30 mCi. 

Each column was eluted for five to seven days (one elution a day). Elution yield, Mo-99 break-through 
(by Capintec Dose Calibrator), Mo element content (by photospectrometric method) were determined 
for each elution. 

 
Different conditions for adsorption and post-adsorption treatment:  
a- Normal adsorption in aqueous solution of Molybdate; 
b- Normal adsorption in NaOCl (0.05% NaOCl ) added aqueous solution of Molybdate . 
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c- Adsorption in Acetate buffer solution of Molybdate (Acetate buffer solution of 0.2M 
acetic acid, pH=5) 

d- Adsorption in NaOCl added Acetate solution of Molybdate (Acetate buffer solution of 
0.2M acetic acid, containing 0.05% NaOCl , pH=5 ) 

e- The Tc-99m elution  performance of  Mo-99 adsorbed PZC column  post stream- 
sterilization  was also investigated.For this purpose a normal adsorption in NaOCl (0.05% NaOCl) 
added aqueous solution of Molybdate  was followed by sterilization in autoclave. 

 
Investigation on the effect of the Mo-content of adsorption solution on the Mo-adsorption capacity 
of PZC   and  on  the Tc-99m elution yield and Mo-breakthrough of Tc-99m eluate. 
 

The variable volumes (as specified in Table 8 below) of the radioactive Mo-99 solution of 
concentration of 13.35 mg Mo / ml , pH=7 were added to  PZC samples of 0.2 g weight, then these 
samples were gently shaken in water bath of 50  o C overnight. After shaking the samples were let to 
stand and a portion of clear supernatant solution was taken out to measure Mo-99 radioactivity for 
Mo–adsorption capacity calculation and then the remained solution was decanted to get the solid PZC 
part which was then packed on a small column. This solid PZC column was washed with 10 ml water 
followed by passing column with 10 ml saline. After this step the first Tc-99m elution was started after 
24 hours of equilibration time and an elution was daily conducted. 

 
Investigation on Tungsten  adsorption and Re-188 elution  using PZC adsorbent. 
 

The similar procedure as above was applied for investigation on Tungsten  adsorption and Re-
188 elution  using PZC adsorbent. The radioactive W-188 solution of concentration of 25.6 mg W/ ml 
( pH=7) was used  instead of molybdate solution. The 5-10 mCi W-188 radioactivity  was used in all 
the column experiments. 

 
Investigation on the effect of the W-content of adsorption solution on the W-adsorption capacity of 
PZC   and  on  the Re-188 elution yield and W-breakthrough of Re-188 eluate 
 

The similar procedure as above was applied in the investigation on the effect of the W-content 
of adsorption solution on the W-adsorption capacity of PZC   and  on  the Re-188 elution yield and W-
breakthrough of Re-188 eluate. The variable volumes (as specified in Table 11 below) of the 
radioactive W-188 solution of concentration of 25.6 mg Mo / ml , pH=7 was used  instead of 
molybdate solution. The 5-10 mCi W-188 radioactivity was used in all the column experiments. 
 
RESULTS AND DISCUSSION 
 
Synthesis and specification of PZC 
 

 
Fig.1:   Microscopic pictures of original  PZC adsorbent before (a) and after adsorption of 

molybdenum in a Sodium – Molybdate solution of pH=4.5 (b). 
b a 

  



 

                

 
Chemical composition and  molecular formula of PZC. 
 
Table 2:  The chemical analysis results of the synthesized PZC adsorbent  

Element Cl H Zr O H2O  (H + O + C) 
Organic 

Content  
(% weight) 

17,90 0,505 24,92 8,74 38,31 9,63 
Atom ratio 1,87 1,87 1 2 7,83 x 
 

 
Fig. 2 : Thermal analysis  diagrams of PZC adsorbent 

  
Molecular formula of PZC :  
 
                      Zr(OH)2Cl2(ZrO2)0,067.8,4 H2O. x (organic.)   
or                   Zr15(OH)30Cl30(ZrO2).126H2O. X (organic) 
 
Actual molecular weight (organic residue included):  M= 5901.3   (X Organic molecules in one 

PZC molecule is equivalent to 9.63% of PZC molecular weight as seen at thermal analysis). 
 
Because the organic substance in this formula is attributed to a residual organic by-product of 

chemical synthesis reaction and will completely be released from polymer matrix in aqueous solution, 
the segment unit of real polymer compound is of the following formula: 

               
                       Zr15(OH)30Cl30(ZrO2).126H2O 
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The steric arrangement of atoms are shown as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Real molecular weight ( organic residue excluded ): 
M= 5333.02 

Chlorine ion content : 5.63 millimol Cl-/gramPZC 
Ion exchange capacity : 5.63 meqv./g PZC adsorbent 

 
This capacity offers an adsorption capacity  of  270.0 mg Mo / g PTC  or 517.1  mg W / g PZC  

by assuming molybdate or tungstate ions   adsorbed on PZC in the form of  MoO4
2-  or WO4

2- 
,respectively ,and  one molarity of MoO4

2-  or WO4
2- ion consuming 2 equivalences of ion-exchange 

capacity  of PZC adsorbent(one equivalence of MoO4
2-  ion is 48 g Molybdenum and for one 

equivalence of WO4
2- ion  is 91.925  g).  

 
This type of strong adsorption gives in an covalent bond between molybdate or tungstate ions 

and Zirconium metal atom. 
 
The theoretical values of adsorption capacity calculated from the above molecular formula gave 

agood agreement with the practical values achieved at the potential titration and at the Mo and/or W 
adsorption experiments (see fig.5 and tables 4,5). 

 
Table 3: Infrared absorption of PZC 

Wave number ,cm-1 Intensity Chemical bond 
characteristics 

 
3353,9 Very strong 

(broad) 
ν (OH) OH  in   Zr-OH  and  in  

-CH2-CH(OH)-CH3 
3300 Very strong ν (OH3

+)  
2900 Very strong ν (CH) -CH2-CH2- 
2900 Weak ν (H3O+)  
1619,7 medium δ (H2O)  
666,0 medium ν (Zr-O)  
 

 



 

                

 

  
 

Fig. 3: Infrared  spectrum of PZC adsorbent. 
   

 
 

Fig. 4: X-ray diffraction pattern of PZC adsorbent 
 

Behaviours of PZC in the aqueous solution. 
 
 
 
 
 
 
 
 
 
            
Fig. 5:    Potentiometric  titration curve of  PZC 
 
 
 
 
The results of potentiometric titration of PZC adsorbent  were shown in fig.5. A value of 5,65 

meqv H+/g PZC was found at pH=11 .  This amount is equivalent to  5,65 meqv.Cl– /g PZC and agrees  
with  chlorine content of PZC found in the thermal analysis mentioned above . PZC adsorbent is 
hydrolized, but not dissolved, in aqueous solution and gives an acidic solution ( pH=1.6) in water. 
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This PZC product mainly composed of–ZrO-  and –ZrO+Cl- - groups bonds together, so being 
hydrolized in water . The hydrolysis reaction can be described as follows: 

 
           Cl                                                           OH 
             I                                                             I 
— O—Zr —O — + 2H2O                     — O—Zr —O —     +    2HCl 
             I                                                              I 
            Cl                                                           OH 
 
The  HCl formed during  hydrolysis will make water acidic.  In open air PZC adsorbs water 

molecules from humid environment and very strong acidic medium will be formed in the particle of 
PZC. This acidity will destroy –ZrO-(ZrO)n-ZrO- bonds and make PZC become soluble in water , if 
PZC  is left to stand in open air for three weeks. 

 
    Molybdenum  adsorption and Tc-99m elution performance of PZC adsorbent . 
  
Table 4:  Molybdenum adsorption characteristics of  the synthesized PZC : 
PZC 
sample 

Molybdenum adsorption 
capacity (mgMo/gPZC)  
(*) 

Particle size 
of  PZC (mm) 

Swelling in 
H2O (% 
volume) 

Reaction 
time           
(min.) 

A1 
A2 
A3 

255,1 
285,2 
290,3 

0,1 - 0,001 
0,1 - 0,001 
0,1 - 0,001 

23,5 
25,4 
28,3 

30 
45 
50 

 
(*) The Mo adsorption capacity of PZC in Molybdate solution of concentration of 

13,35mgMo/ml and pH = 7 (pH of post adsorption solution was pH = 5). The normal conditions of 
99Mo adsorption in Molybdate aqueous solution was applied (see Experimental Section). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6:       99mTc elution characteristics of different 99Mo-PZC columns 
 
A, B , C :  The Tc-99m elution profiles of 99Mo-PZC columns loaded with  1.0 gram of  PZC 

samples   A3, A2, A1  ( present in table 4 ) , respectively. 
The normal conditions of 99Mo adsorption in Molybdate aqueous solution   was applied  (see  

Experimental Section). 
The elution is performed with 0.9% saline.  
D: Mo content  in  the different eluate fractions of the elution profile A. 
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Tungsten adsorption and Re-188 elution performance of PZC adsorbent.  
 
Table 5: Tungsten adsorption characteristics of  the synthesized PZC : 
 PZC 
sample 

Molybdenum adsorption 
capacity (mgW /gPZC)  
(*) 

Particle size 
of  PZC (mm) 

Swelling in 
H2O (% 
volume) 

Reaction 
time ( 
Min.) 

A1 
A2 
A3 

515.2 
525.1 
541.2 

0,1 - 0,001 
0,1 - 0,001 
0,1 - 0,001 

22,5 
24,4 
29,3 

30 
45 
50 

(*) The W adsorption capacity of PZC in  Tungstate solution  of concentration  of 25.6 mg W 
/ml and pH = 7 (pH of post adsorption  solution was pH = 4.5). The normal conditions of W-188 
adsorption in Tungstate aqueous solution was applied (see Experimental Section). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: 188Re elution characteristics of different 188W-PZC column . 
 

            A, B , C:  The Re-188 elution profiles of 188W-PZC columns loaded with 1.0 gram of  
PZC samples  A1, A2, A3  ( present in table 5 ) , respectively. 

 
              The normal conditions of W-188 adsorption in Tungstate aqueous solution was applied 

(see Experimental Section). 
 
            The elution is performed with 0.9% saline  
             (Arbitrary Tc-99m radioactivity Scale).  
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The solution composition effects on the molybdenum adsorption and Tc-99m elution performance 
of PZC adsorbent .              

 
Table  6 : The Mo adsorption  of PZC in  different solutions                
 

pH Weight of PZC  
Sampl
e 
(***) 

Before 
Adsorp- 
tion 

After 
Adsorp- 
tion 

Colour 
of PZC 
(After 
adsorp-
tion) 

Non-
adsorb-
ed 
 Mo-99 
radio-
activity 
(%) 

Discar-ded 
fine PZC 
powder  
Mo-99 
radio-
activity 
(%) 

Genera-
tor 
column 
Mo-99 
radioacti
vity 
(%) 

Adsorp 
tion 
capa-city 
(mg 
Mo/g 
PZC) 

Discar- 
ded fine 
powder 
(%) 

Genera- 
tor 
Column 
(%) 

I 7 4.6 Light 
grey-
blue 

5.2 6.3 88.5 251.5 7.4 92.6 

II 7 5.4 Light 
grey 
blue 

22.0 5.6 72.4 267.5 5.2 94.8 

III 7 5.6 Light 
yellow 

21.2 4.6 74.2 284.8 5.5 94.5 
IV 7 5.6 Light 

yellow 
24.0 5.7 70.3 285.1 7.6 92.4 

V 7 5.4 Light 
yellow 

24.7 5.2 70.1 284.6 7.7 92.3 
 
Table  7:   The Tc-99m elution of PZC in  different solutions                
 

First elution Second to fifth elution (****) 
Mo breakthrough  Mo-breakthrough  

 
 
Sample 
(***) 

Elution Yield of 
Tc-99m 
(%) 

µg Mo 
(*) 

(%)  
(**) 

Elution Yield of 
Tc-99m 
(%) 

µg Mo 
(*) 

(%) 
(**) 

I 92.5 42.2 0.031 92.7 ± 0.4 12.0 0.011 
II 95.4 41.0 0.032 97.6 ± 0.2 13.3 0.012 
III 98.2 36.2 0.025 98.5 ± 0.3 11.5 0.012 
IV 98.0 41.0 0.035 98.4 ± 0.1 16.6 0.015 
V 95.2 42.0 0.033 96.1 ± 0.2 16.4 0.014 

 
Sample symbol: 
(I)   With normal condition of Mo-adsorption in aqueous solution of Molybdate and column 

washing with 50 ml distilled water, eluted with saline. 
(II) With normal condition of Mo-adsorption in Acetate buffer solution of Molybdate (pH=5) 

and column washing with 50 ml distilled water, eluted with saline. 
(III) With normal condition of Mo-adsorption in Acetate buffer solution of Molybdate(pH=5) 

containing  0.05% NaOCl  and  column washing with 50 ml distilled water, eluted with saline.. 
(IV)  With normal condition of Mo-adsorption in aqueous solution of Molybdate containing 

0.05% NaOCl and column washing with 50 ml distilled water, eluted with saline. 
(V)  The Tc-99m elution performance of Mo-99 adsorbed PZC column after stream- 

sterilization (a normal adsorption in NaOCl (0.05% NaOCl) added aqueous solution of Molybdate  
followed by sterilization in autoclave.) 

 
          (*)       Total Molybdenum content in 8 ml eluate. 
         (**)     Percentage of Mo-99 radioactivity in the eluate of Tc-99m. 
(***)    PZC sample A2 in table 4. 
(****) 99Mo-PZC column coupled with 1.0 g Alumina clean-up column. 



 

                

Effect of the solution Mo-content on the Mo-adsorption capacity of PZC   and  on  the Tc-
99m elution yield and Mo-breakthrough of Tc-99m eluate. 

 
Table 8 : Effect of the solution Mo-content on the  Mo-adsorption capacity  of PZC  and on  the 

Tc-99m elution yield and Mo-breakthrough of Tc-99m eluate. 
          (**) PZC sample: A2 sample in table 4.,  
                    - Mo- adsorption capacity: 285 mg Mo / g PZC 
                    - Applied elution volume:  5 ml 0.9% NaCl 
                                                                            Mo adsorption capacity 
         (*)  Adsorption percentage ( % ) = 100 x  ----------------------------- 
                                                                             Mo content of solution 
 

Sample                               ** PZC-A2-1 PZC-A2-2 PZC-A2-3 PZC-A2-4 
Weight of  PZC , (g) 0.20 0.20 0.20 0.20 
Volume of  Mo solution , (ml) 3.75 4.50 5.25 6.00 
Mo-content of adsorption solution 
, (mgMo /g PZC ) 

249.67 299.61 349.54 399.48 
Mo-adsorption capacity , 
 (mg Mo / g PZC ) 

236.5 275.1 287.8 307.2 
Adsorption percentage, (%)  * 94.70 91.80 82.33 76.90 
Tc-99m elution yield  , (%) 74.50 92.80 83.00 80.00 
Mo -Breakthrough in first elution 
,(µgMo/ml ) 

84.0 133.0 221.0 245.0 
Mo -Breakthrough in second-to-
fifth elution ,(µgMo/ml ) 

1.8 ± 0.6 21.1 ± 0.7 42.5 ± 0.9 47.2 ± 0.6 
 
The solution composition effects on the tungsten adsorption and Re-188 elution performance 

of PZC adsorbent .     
 
Table  9 : The W adsorption  of PZC in  different solutions                
 
pH Weight of PZC  

Sampl
e 
(***) 

Before 
adsorp 
tion 

After 
adsorp 
tion 

Colour 
of PZC 
(After 
adsorpti
on) 

Non-
adsorb
ed W-
188 
radioac
tivity 
(%) 

Discarded 
fine PZC 
powder  
W-188 
radioactivit
y 
(%) 

Genera
tor 
column 
W-188 
radioac
tivity 
(%) 

Adsorp 
tion 
capacity 
(mg 
W/g 
PZC) 

Discar 
ded fine 
powder 
(%) 

Genera 
tor 
Column 
(%) 

I 7 4.5 Light 
grey-
blue 

7.3 7.2 85.5 498.5 7.2 92.8 

II 7 5.1 Light 
grey 
blue 

21.3 3.4 75.3 500.2 4.1 95.9 

III 7 5.2 Light 
yellow 

22.4 4.5 73.1 513.8 5.3 94.7 
IV 7 5.0 Light 

yellow 
24.8 5.1 70.1 512.1 8.8 91.2 

V 7 4.9 Light 
yellow 

25.7 4.3 70.0 525.2 7.2 92.8 
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Table  10:   The Re-188 elution of PZC in  different solutions              
First elution Second to fifth elution (****) 

W breakthrough  W-breakthrough  
 
 
Sample 
(***) 

Elution Yield of 
Re-188 
(%) 

µg W 
(*) 

(%)  
(**) 

Elution Yield of 
Re-188 
(%) 

µg W 
(*) 

(%) 
(**) 

I 82.5 81.2 0.031 81.5 ± 0.5 11.0 0.012 
II 85.4 73.0 0.032 80.3 ± 0.6 12.2 0.010 
III 87.2 61.2 0.025 85.6 ± 0.5 11.0 0.015 
IV 88.1 75.0 0.032 88.4 ± 0.1 15.6 0.013 
V 85.2 81.0 0.043 86.1 ± 0.2 13.4 0.011 

 
Sample symbol: 
(I)   At normal conditions of W-adsorption in aqueous solution of Tungstate and column 

washing with 50 ml distilled water, eluted with saline. 
(II)     With normal condition of W-adsorption in Acetate buffer solution of Tungstate (pH=5) 

and column washing with 50 ml distilled water, eluted with saline. 
(III)  With normal condition of W-adsorption in Acetate buffer solution of Tungstate (pH=5) 

containing  0.05% NaOCl  and  column washing with 50 ml distilled water, eluted with saline. 
. 
(IV) With normal condition of W-adsorption in aqueous solution of Tungstate containing 0.05% 

NaOCl and column washing with 50 ml distilled water, eluted with saline. 
(V)  The Re-188 elution performance of W-188 adsorbed PZC column after stream- sterilization 

(a normal adsorption in NaOCl (0.05% NaOCl) added aqueous solution of Tungstate  followed by 
sterilization in autoclave.) 

(*)       Total Tungsten content in 8 ml eluate. 
(**)     Percentage of W-188 radioactivity in the eluate of Re-188. 
(***)    PZC sample A2 in table 5. 
(****) 188W-PZC column coupled with 1.0 g Alumina clean-up column. 
 
Effect of the solution W-content on the W-adsorption capacity of PZC   and  on  the Re-188 

elution yield and W-breakthrough of Re-188 eluate. 
 
Table 11 : Effect of the solution W-content on the  W-adsorption capacity  of PZC and on  the 

Re-188 elution yield and W-breakthrough of Re-188 eluate. 
          (**) PZC sample : A2 sample in table 5.  
                    - W- adsorption capacity: 520 mg W / g PZC 
                    - Applied elution volume:  5 ml 0.9% NaCl 
                                                                            W adsorption capacity 
         (*)  Adsorption percentage ( % ) = 100 x  ----------------------------- 
                                                                             W content of solution 
 

Sample                               ** PZC-A2-1 PZC-A2-2 PZC-A2-3 PZC-A2-4 
Weight of  PZC , (g) 0.20 0.20 0.20 0.20 
Volume of  W solution , (ml) 3.75 4.50 5.25 6.00 
W-content of adsorption solution 
, (mgW /g PZC ) 

478.6 574.3 670.0 765.7 
W-adsorption capacity , 
 (mg W / g PZC ) 

448.0 520.3 544.7 601.8 
Adsorption percentage, (%)  * 93.60 90.60 81.3 78.60 
Re-188 elution yield, (%) 72.50 85.30 81.20 79.00 
W-Breakthrough in first elution 
,(µgW/ml ) 

82.0 125.0 323.0 375.0 
W -Breakthrough in second-to-
fifth elution ,(µgW/ml ) 

10.4 ± 0.4 27.1 ± 0.6 52.4 ± 0.7 60.2 ± 0.5 
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