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THE USE OF EICHROM’S ABEC RESIN FOR TECHNETIUM REMOVAL
FROM POTASSIUM MOLYBDATE SOLUTIONS

1 INTRODUCTION

More than 80% of nuclear medicine diagnostic tests or approximately 70,000 medical
imaging procedures throughout the world daily use metastable technetium-99 (**™Tc) [1]. In
2009, it was reported that Canada’s Chalk River research reactor and the Netherlands’ High Flux
reactor produce approximately 85% of Europe’s and North America’s Mo supply [2]. It was
recently announced that the Chalk River reactor will cease **Mo production after 20186, creating
a worldwide shortage of “*Mo unless reliable, alternative production methods are developed.
Technetium-99m cannot be stockpiled because its parent isotope is molybdenum-99 (**Mo),
which has a 66-hour half-life [3]. One possible production method is based on the
[®*Mo(n,y)*Mo] reaction pathway.

The typical reaction pathway for the production of **Mo is neutron-induced fission of
high-enriched uranium (HEU, >20% “**U) in a nuclear reactor. After irradiation of the HEU
target, the **Mo is isolated from the uranium and other fission products, purified, and loaded onto
a generator for delivery to radiopharmacies. The radiopharmacies then use the generator to
separate the decay product or daughter, ®™Tc, from the **Mo. The **™Tc has a 6-hour half-life
and can be administered to patients on-site [4]. The production of **Mo with HEU is a nuclear
proliferation concern, because HEU can be used in weapon manufacture. It is far more desirable
to produce *Mo from either non-uranium-based sources, such as Mo irradiation, or low-enriched
uranium (LEU, < 20% #*U) [4]. The major downside of **Mo production using non-HEU is that
much more target material is needed, regardless of whether the reaction pathway uses Mo or
non-HEU uranium, in order to synthesize an equal amount of Mo as obtained with HEU.
Production using non-HEU methods, whether with a reactor or an accelerator, is greatly
preferred because nuclear proliferation concerns are greatly reduced [5].

The reaction [**Mo(n,y)**Mo] is of interest, as it uses no uranium targets and presents no
proliferation concern. After irradiation in the University of Missouri Research Reactor (MURR),
the Mo target undergoes dissolution, which results in the Mo being in a final solution of 5 M
KOH and a volume of 1500 mL. Upon receipt of the dissolution solution, it is desired to remove
the Tc that has built up during irradiation from the solution so that it can be aliquoted and
delivered to the radiopharmacies for immediate use. Eichrom Technologies, LLC, has developed
ABEC, an extraction chromatographic resin specific for TcO,4, which is being used to purify the
final dissolution solution.

Eichrom’s ABEC resin consists of polyethylene glycols physisorbed onto an inert
support. Eichrom has previously characterized the behavior of the pertechnetate ion (TcO,4) on
ABEC resin in both batch studies and column studies at low flow rate (<4 mL/min) [6-9]. Due to
restrictions of commercial production, however, flow rates of >10 mL/min are necessary. In
addition to this requirement, it is also necessary that all 1500 mL of solution be processed with
the same ABEC cartridge. A successful process is defined by NorthStar Medical Radioisotopes



as all post-ABEC cartridge aliquots (29 mL) containing < 30% of the possible Tc per pre-ABEC
cartridge (the stock solution) aliquot (29 mL). The possible Tc per aliquot is defined as the total
amount of Tc in 1500 mL divided by 1500 mL multiplied by the aliquot volume (29 mL). We
investigated the performance of ABEC cartridges at flow rates ranging from 2 to 30 mL/min,



2 EXPERIMENTAL

For this study, we used ABEC resin, available from Eichrom Technologies, LLC, in the
form of pre-packed 2-cc cartridges. In addition to these, we tested 25- and 10-cc ABEC
cartridges that had been wet-packed at NorthStar Medical Radioisotopes. We also used
American Chemical Society (ACS) reagent-grade potassium hydroxide pellets and potassium
nitrate crystals, as well as ACS reagent-grade molybdenum trioxide available from Acros
Organics. An Ultima Gold XR liquid scintillation cocktail was obtained from Perkin Elmer. The
%Tc was originally in an ammonium pertechnetate chemical form and was obtained from Oak
Ridge National Laboratory.

We prepared a stock solution of ~200 g/L (2.1 M) Mo as MoOs3, 5 M KOH, 0.1 M KNOs3,
and 18 MQ deionized distilled water and filtered it through a 0.22 um polyethersulfone (PES)
filter (available through Fisher Scientific). After the filtration, ~170 pg of **Tc was added to
1500 mL of the stock solution. It is expected that 170 pg of total Tc is the upper limit of Tc at the
end of irradiation of a natural-molybdenum target.

The ABEC resin columns were installed on a dispensing unit developed by NorthStar
Medical Radioisotopes. The dispensing unit uses pressure to push eluents through the ABEC
column. The column was conditioned with ~10 bed volumes of 5 M KOH. After conditioning, an
aliquot of 29 mL of the stock solution, containing **Tc, was passed through the ABEC cartridge,
and a sample was collected from each 29-mL aliquot for liquid scintillation counting. Either 5 or
50 aliquots were passed over the resin, depending upon the experiment. After passing the
appropriate number of aliquots over the resin, it was then stripped of Tc using 18 MQ deionized
water. Each set of experiments is discussed in further detail below.



3 RESULTS AND DISCUSSION

3.1 TESTS OF 2-CC ABEC CARTRIDGE

We initially determined that, at a flow rate of 10 mL/min with the 2-cc ABEC cartridge,
>30 % of Tc breaks through after 5 aliquots. Subsequently, we passed 5 aliquots over the ABEC
resin to evaluate flow rates from 2 to 30 mL/min. The breakthrough curves in Figure 1 show a
clear division in the uptake of Tc on the ABEC resin according to the flow rate: little difference
in the breakthrough curves from 2 to 10 mL/min, little difference in the data for flow rates
between 15 to 30 mL/min, but a clear difference between these two groups. At flow rates
>10 mL/min, the breakthrough increases by more than 10%. This increase is expected because as
flow rate increases, the mobile phase has less residence time and thus less interaction with the
stationary phase, resulting in higher breakthrough values. It is interesting that at increased flow
rates of 15, 20, 25, and 30 mL/min, the breakthrough of Tc is experimentally constant. This
finding indicates that for applications where less Tc is present or smaller aliquot volumes are
required, ABEC is extremely robust and can be used at high flow rates. Use of even higher flow
rates may also be possible in this application; however, a 2-cc cartridge is much too small to
capture > 70% of the Tc present in a given aliquot. Due to production time restraints, a flow rate
> 10 mL/min must be used; thus, lower flow rates will not be investigated further.

In addition to the results shown in Figure 1, we tested three 2-cc ABEC cartridges
prepared with an improved washing procedure, as determined by NorthStar. The results showed
that breakthrough occurred at aliquot 6 instead of aliquot 5.

3.2 TESTS OF 10-CC ABEC CARTRIDGE

Initially, three 10-cc ABEC cartridges were tested by passing 50 aliquots over the ABEC
resin at flow rates of 10, 20, and 30 mL/min. Figure 2 shows that only the column with a flow
rate of 10 mL/min met NorthStar’s production requirement; thus, this rate was chosen for further
investigation.

Based on the results presented above, 10 columns were tested at 10 mL/min to evaluate
their performance. All 10 columns failed to purify 50 aliquots of >70% Tc per sample. The
columns failed at various aliquot numbers ranging from 18 to 47. Based on these results, it was
determined that a fresh Mo solution would be used in all future experiments, and that NorthStar
Medical would improve the ABEC cartridge packing procedure.

Six additional columns were prepared by an improved procedure and were run at
10 mL/min with freshly made Mo solution (previous experiments reused the molybdate solution
and adjusted the amount of Tc in the stock as necessary). Four of six of these columns failed to
meet NorthStar’s production requirement, failing at aliquot 30, 36, 26, and 27. One column
successfully removed enough Tc, leaving >4% Tc in aliquot 50.
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FIGURE 1 Breakthrough Curves for *Tc on 2-cc ABEC Cartridges for Flow
Rates Ranging from 2 to 30 mL/min. The percent breakthrough for each data
point is the average breakthrough for the entire 29-mL aliquot. Breakthrough
of ¥Tc is clearly seen at flow rates > 10 mL/min. At aliquot 5 for flow rates
<10 mL/min, as well as at aliquot 4 for flow rates > 15 mL/min, the NorthStar
specification (dotted horizontal line) fails to be met.

3.3 TESTS OF 25-CC ABEC CARTRIDGE

Two 25-cc cartridges were tested by passing 50 aliquots over the ABEC resin at a flow
rate of 10 mL/min. One cartridge underwent NorthStar’s improved ABEC washing procedure,
and the other did not. The washed cartridge showed 0% Tc breakthrough on the column in the
last aliquot, whereas the unwashed cartridge showed 3% Tc breakthrough in aliquot 50. The data
from the unwashed cartridge are shown in Figure 3. Based on these data, a 25-cc cartridge yields
results that meet the needs of NorthStar, <30% Tc breakthrough in any sample.



70

—&— 10 mL/min
—+— 20 mL/min

60 30 mL/min
—— Max. Allowed
§ 50 H
S
S 40 H
o
<
A“U 30
o J/
m
o 4
= 20 J
‘/
s
10 ~ v
o
//
[ VYV VYV VVVVVVVVVVVVVVVVY
0 10 20 30 40 50

Aliguot Number

FIGURE 2 Breakthrough Curve for ®Tc on 10-cc ABEC Cartridges
for Flow Rates of 10, 20, and 30 mL/min
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FIGURE 3 The Breakthrough Curves for *Tc on a 25-cc ABEC
Cartridge for a Flow Rate of 10 mL/min. Over the course of

50 samples, or ~ 1500 mL, all samples met the requirement of
<30 % Tc in each aliquot.



4 CONCLUSIONS

Columns of 2-, 10-, and 25-cc capacities have been tested. Based on the data obtained
from 2-cc ABEC cartridges packed by Eichrom, we found that the uptake of Tc was unchanged,
within experimental error, between 2 and 10 mL/min, as was the uptake of Tc between 15 and
30 mL/min. The uptake of Tc at the lower flow rates (<10 mL/min) was approximately
10% higher than that of the higher flow rates (>10 mL/min). These observations indicate that
ABEC is a robust system with respect to flow rate, and the higher flow rates can be used. We
also determined that 10-cc cartridges do not have a large enough capacity to reproducibly
remove >70% Tc for all 50 aliquots, and that 2-cc cartridges seem best suited to fulfill this
requirement.

Based on the above, we recommend that a batch study with the potassium molybdate
solution be performed, and the VERSE code be used to determine the appropriate column size
for removal of >70% Tc in each of the 50 aliquots. A teleconference was held with NorthStar on
September 11, 2014, and they agreed with this approach, which is now being pursued.



5 NOTE

It was recently determined that, due to a miscommunication, the solution used in the
experiments above was not the proposed feed solution for the actual process. The feed solution
used in this study was 5.1 M K*, 0.8 M OH", 0.1 M NOg', 2.1 M MoO4*, and 113 pg/L *Tc. The
intended feed solution composition is 9.3 M K*, 5.0 M OH", 0.1 M NOg3’, 2.1 M MoO,*, and
113 pg/L **Tc. A new solution reflecting the intended solution is in the process of being
prepared. Once this solution is prepared, a batch study and the VERSE code will be used to
design an appropriate column. This column will then be tested.
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