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Astatine (At) is one of the nuclides expected to be
applied for targeted α-particle therapy (TAT). Several
methods for At separation are known, but mainly two
methods (dry distillation1) and wet extraction2,3)) are
used. Dry distillation can obtain yield a pure solu-
tion of At, however complicated apparatus must be
constructed.1) On the other hand, although wet ex-
traction is a simple method, the aqueous solution is
contaminated with an organic solvent after back ex-
traction. In order to apply At for TAT, the separation
method has be improved further. In this work, column
chromatography was attempted as one of the improved
methods.

We produced 211At at RIKEN Nishina Center using
the 209Bi(α, 2n)211At reaction (29 MeV, 250 particle
nA, 30 min) and 210At at Cyclotron and Radioiso-
tope Center (CYRIC), Tohoku University using the
209Bi(α, 3n)210At reaction (50 MeV, 100 particle nA,
30 seconds). A bismuth oxide (Bi2O3) pellet was used
as the target. The irradiated target was dissolved in
2 mL of 4 M HCl containing 1 M NaHSO3, and 6 mL
of 0.84 M EDTA·2Na solution was added (stock solu-
tion).

Batch experiments of 5 fillers (anion-exchange resin,
cation exchange resin, activated carbon, alumina, and
cellulose) were conducted, in which 0.1 mL of fillers
were added to 1 mL of stock solution. These mix-
tures were shaken for 5 min and centrifuged for 10 min.
The fillers and supernatant was separated and their
radioactivity were measured (Table 1). A significant
amount of At was adsorbed on anion exchange resin
and activated carbon, however little At was adsorbed
on the other fillers.

We attempted column chromatography using anion-
exchange resin and activated carbon. 1 mL of stock
solution was charged into a filler (5 mmϕ × 4 mm), and
the column was eluted. In both cases, almost all At
was trapped in the column. Trapped At was not eluted
by concentrated HCl. However, At on the activated
carbon column was eluted by 10 M NaOH solution.
Thus we optimized the separation method (Fig. 1) and
drew the elution curve (Fig. 2). In the experiment,
85% of charged At was eluted by 10 column volumes
of 10 M NaOH solution. It is suggested that At is
oxidized to AtO(OH) at pH 14 which is the condition
of the eluent.4) This result suggested that AtO(OH) do
not adsorbed on activated carbon. We could harvest
high yield At easily.

However, the At solution was strongly alkaline.
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Table 1. Results of batch experiment (ratio of At%).
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Fig. 1. Separation method of At using column chromatog-

raphy (filler: activated carbon).
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Fig. 2. Elution curve of At from activated carbon column.

Therefore, it is not possible to use this solution for
biological research (pre-clinical and clinical research).
In the future, we plan to test the removal method of
concentrated cations, consider another target dissolu-
tion method, and apply other fillers.
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Production of no-carrier-added barium tracer of 135mBa
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The long-lived 133Ba isotope (half-life T1/2 = 10.51
y) is the only Ba isotope commercially available from
Japan Radioisotope Association. Since 133Ba is pro-
duced at a nuclear reactor, its specific radioactivity is
low with a typical value of approximately 0.5 MBqµg−1.
Barium-135m with T1/2 = 28.7 h can be produced from
the 133Cs(α, x)135mBa reaction by using a cyclotron.
Barium-135m emits a single 268.2-keV γ-ray, which
would be useful for radiotracer studies of Ba, espe-
cially for single- photon-emission computed tomography
(SPECT).1) In this work, we investigated a procedure
to produce 135mBa of high specific radioactivity by us-
ing the 133Cs(α, x)135mBa reaction and no-carrier-added
chemical separation.
CsCl powder (Sigma-Aldrich; chemical purity >

99.999%) was pressed into a disk of 10-mm diameter
and 240-mg cm−2 thickness at a pressure of 2 × 103 kg
cm−2 for 3 min. The CsCl pellet covered with a 10-µm
Al foil (chemical purity > 99.99%) was placed on a tar-
get holder. The target was irradiated for 30 min with
a 50-MeV alpha beam having an intensity of 3.0 µA at
the RIKEN AVF cyclotron. During the beam irradia-
tion, the target was cooled with circulating helium gas
(30 L min−1) and water (1.5 L min−1). The beam axis
was continuously rotated in a circle of diameter approx-
imately equal to 2 mm at 2 Hz to avoid local heating
of the target by using electromagnets on the beam line
of the RIKEN AVF cyclotron. After the irradiation,
135mBa was chemically separated from the target ma-
terial and by-products such as 135La and 132Cs by us-
ing a chromatography column filled with the Eichrom
Sr resin2) (Fig. 1). The radioactivity and radionuclidic
purity of the purified 135mBa were determined by γ-ray
spectrometry using a Ge detector. The chemical pu-
rity and specific radioactivity were evaluated by chem-
ical analysis using an inductively coupled plasma mass
spectrometer (ICP-MS). The γ-ray spectrum of the pu-
rified 135mBa is shown in Fig. 2. Only Ba isotopes of
131Ba, 133Ba, 133mBa, and 135mBa were identified. The
radioactivity of 135mBa was determined to be 2.25 MBq
at the end of bombardment (EOB). The chemical yield
of 135mBa was greater than 96%. Decontamination fac-
tors of 135La and 132Cs from 135mBa were evaluated
to be 103 and 105, respectively. The radionuclidic
purity of 135mBa was approximately 68% at the EOB.
The major radionuclidic impurity was 133mBa (T1/2 =
38.9 h) which was produced in the 133Cs(α, x)133mBa
reaction. Referring to the excitation functions for the
133Cs(α, x)135mBa and 133Cs(α, x)133mBa reactions in
the TENDL-2015 library,3) it is expected that the ra-
dionuclidic purity of 135mBa can be increased at lower
beam energies. In the ICP-MS analysis, only Cu
(1280 ng), U (160 ng), Zn (140 ng), and Ba (100 ng)
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Fig. 1. Chemical separation procedure of 135mBa from the

CsCl target.
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Fig. 2. γ-ray spectrum of purified 135mBa.

were detected among the elements having atomic num-
ber Z ≥ 20 in the purified 135mBa with a contamination
level > 100 ng. The specific radioactivity of 135mBa was
then 23 MBq µg−1 at the EOB. This specific radioac-
tivity is two orders of magnitude larger than that of the
commercial 133Ba.

Based on the present results, we estimate that approx-
imately 80 MBq of the no-carrier-added 135mBa could be
produced after 24-h irradiation of the 240-mg cm−2 CsCl
target with the 50-MeV and 3-µA alpha beam. The ex-
pected specific radioactivity is approximately 830 MBq
µg−1.
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