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ABSTRACT: A new method for identifying 242mAm in low-level
radioactive waste (LLW) using β-ray spectrometry is proposed. First,
152Eu, 241+242m+243Am, and 244Cm in a digested solution of simulated LLW
were separated from the major components of the digested solution and
Pu using a transuranium element resin (TRU resin). Next, Am and Cm
were separated from Eu using a tetravalent actinide element resin (TEVA
resin). A β-ray spectrum of the fraction containing Am and Cm was
recorded and the contribution of 239Np, which is a daughter nuclide of
243Am, was subtracted to determine the radioactivity of 242mAm. Also
mutual separation of Am, Cm, and Eu was carried out using a tertiary
pyridine resin to determine 242mAm by analyzing the increase of 242Cm in
the Am fraction just after separation of Am from Cm, which is the
traditional method. The isotope ratio of 242mAm/241Am determined by β-
ray spectrometry agreed with that obtained by analyzing the traditional
method.

Low-level radioactive waste (LLW) from facilities that deal
with irradiated nuclear fuels contains Am isotopes. Among

them, relative amounts of the radioactivity of 241Am, 242mAm,
and 243Am are over 1% of that of LLW.1 Their decay chains
contain long-lived nuclides such as 234,235,238U, 239,242Pu, and
237Np. Therefore, these Am isotopes are important nuclides
from the perspective of the safety of disposing of LLW.1,2 Their
amount in the waste package must be assessed before the waste
is disposed of in a near-surface repository. The mass
concentration of Am isotopes is negligible compared to those
of the main components of matrix, such as steel and concrete
and emitted α/β radiation are absorbed by the sample matrix.
Therefore, the waste sample must be digested and Am-isotopes
have to be chemically separated prior to measuring their activity
concentration.
Nuclear data of these Am isotopes and of daughter nuclides

forming secular equilibrium with them are summarized in Table
1. After Am separation, the concentrations of 241Am and 243Am
are generally measured using α-spectrometry. However, 242mAm
is difficult to directly assess via α-spectrometry because the
branching ratio of the α decay of 242mAm is too small
(0.004763) and its α-rays (5.207 MeV) cannot be distinguished
from that of the coexisting 243Am (5.275 MeV). Therefore, the
presence of these Am isotopes and their isotopic ratios are
typically determined using thermal ionization mass spectrom-
etry (TIMS).4 TIMS analysis requires high-purity Am samples
because it cannot distinguish between isobaric nuclides such as
241Pu/241Am and 242Pu/242mAm/242Cm. Generally, mass spec-
trometry such as TIMS and ICP-MS requires a larger sample

than radioactivity measurements for the analysis of radio-
isotopes with half-lives less than 106 years, such as Am isotopes.
It is expected that a convenient radiometric method to measure
242mAm would reduce the required sample size, which is
advantageous because the digestion process of LLW is tedious
and time-consuming.
A radiometric method of determining 242mAm by analyzing

the increase in the γ-rays of 238Np, which is an α-decay product
of 242mAm, in the Am fraction just after the separation of Am
from Np has been reported.5 Since the half-life of 238Np is 2.12
days, and it reaches secular equilibrium within a few weeks, the
amount of 242mAm can be determined within ten days.
However, due to its small branching ratio of α-decay
(0.00476), a large amount of 242mAm (∼4.55 kBq of 242mAm
was used in the reference5) must be present in order to
measure 238Np. In a similar study, the amount of 242mAm was
determined by analyzing the increase in α-rays of 242Cm in the
Am fraction, just after separation of Am from Cm.6,7 Although
the amount of 242mAm required for this method is about 200
times less than that for the previous method, it still takes several
months because the half-life of 242Cm is 162.8 days. For routine
analysis of LLW, rapid and simple analysis using only a small
amount of sample is required.
In the present study, a new method for the radiometric

determination of 242mAm using β-ray spectrometry is
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developed, as shown in Figure 1. Since the secular equilibrium
between 242mAm and 242Am is established within 5 days and the
chemical behavior of these isotopes is the same, the amount of
242mAm can be evaluated via the decay of 242Am. Because of the
higher branching ratio of the β-decay of 242Am (0.83) and the
shorter half-life of 242Am (16.02 h), this method is more rapid
and requires only a small amount of Am. However, because β-
rays have a continuous energy spectrum, whereas α- and γ-rays
have distinct energies, the analysis of the β-spectra of the
nuclide mixture is more difficult. Therefore, chemical
separation of Am is desirable prior to β-ray spectrometry.
The most difficult step is the chemical separation of Am(III)
from trivalent lanthanide (Ln) and other trivalent actinide (An)
ions, which have similar ionic radii and the same valence.8

Additionally, most radioactive Ln(III) contained in LLW emits
β-rays and thus must be separated from Am. On the other
hand, An ions with atomic numbers lower than Am can be
separated via their different redox properties. However, 243Am
produces a β-ray-emitting nuclide (i.e., 239Np) that has a half-
life of 2.357 days; its secular equilibrium is established within a
few weeks. Therefore, the radioactivity of 239Np coexists with
that of 243Am. The maximum β-ray energies of 239Np are 0.33,

0.392, 0.437, 0.654, and 0.713 MeV, it does interfere with the β-
ray of 242mAm, the energy of which is 0.62 and 0.663 MeV. The
β-radiation from 239Np should be quantified and subtracted
from the total β-ray spectrum of An(III) to determine 242mAm.
Besides 239Np, it is considered that the other An(III) in LLW
do not emit β-rays interfering with that of 242Am.
In this study, two-step extraction chromatography was

performed to separate An(III) from a digested solution of
simulated LLW. First, An(III) and Ln(III) were separated from
the matrix elements and the tetravalent and hexavalent actinide
ions using transuranium resin (TRU).9−12 Next, An(III) was
separated from Ln(III) using tetravalent actinide resin
(TEVA).13 A β-ray spectrum of the An(III) fraction was
recorded after the secular equilibrium between 239Np and
243Am was established. The β-rays of 239Np were evaluated
using 243Am sources prepared separately, and the contribution
of 239Np was subtracted from the β-ray spectrum of the An(III)
fraction to assess the radioactivity of 242mAm. The obtained
value was evaluated by comparison to the value determined by
the conventional method (i.e., the increase of 242Cm).

Table 1. Nuclear Data of Am Isotopes and Daughter Nuclide Forming Secular Equilibrium with Them

nuclide half-life decay type (branching ratio) main α or β rays’ energy (MeV) daughter nuclide
241Am 432.2 y α 5.388 (1.4%); 5.443 (13.0%); 5.486 (84.5%) 237Np
242mAm 152 y IT (α 0.00476) 242Am (form secular equilibrium)
242Am 16.02 h β (0.83); EC (0.17) 0.620 (46%); 0.663 (37%) 242Cm; 242Pu
243Am 7370 y α 5.181 (1.1%); 5.233 (11.0%); 5.275 (87.4%) 239Np (form secular equilibrium)
242Cm 162.8 d α 6.069 (25.0%); 6.113 (74.0%) 238Pu
239Np 2.357 d β 0.330 (40.5%); 0.392 (11.0%); 0.436 (45.0%) 239Pu

Figure 1. Diagram of chemical separation procedure and radiometric measurement.
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■ EXPERIMENTAL SECTION
Reagents. TRU and TEVA resins (particle sizes: 50−100

μm) were purchased from Eichrom Technologies as packed
cartridges (2 mL). Nitric acid (60−62%) and hydrochloric acid
(35−37%) were purchased from Wako Pure Chemical
Industries, Ltd., Japan. All other reagents were of analytical
grade and were used as received. Radioisotopes of 152Eu, 242Pu,
241+242m+243Am, 243Am, and 244Cm were obtained from in-house
stocks. The 241+242m+243Am stock solution was purified over ten
years ago. Therefore, the secular equilibrium between 242mAm
and 242Cm is established in the stock solution.
Sample Solution. A solidified product of simulated LLW

was made from FeO (12%) and concrete (88%) via a plasma
melting treatment.14 The solidified product was then digested
using the procedure described in previous studies.15,16 The
radionuclides (i.e., 152Eu, 242Pu, 241+242m+243Am, and 244Cm)
were added to the digested solution of the solidified products
(corresponding to 0.2 g solidified products), and the solution
was evaporated to dryness. The sample solution was prepared
by dissolving the residue in 2 M HNO3 containing 0.5 M
Al(NO3)3 and 0.3 M ascorbic acid.
Separation Procedure. Separation of Eu, Am, Cm, and

Pu Using a TRU Resin Cartridge. A 30 mL reservoir was
connected to the upper side of the TRU resin cartridge. Flow
rates of 100 mL/h were applied to all separation steps using a
peristaltic pump. Prior to the introduction of the sample, the
TRU resin cartridge was preconditioned with about 6 mL of 2
M HNO3 containing 0.3 M ascorbic acid. After sample loading,
the cartridge was rinsed with 8 mL of the same HNO3/ascorbic
acid solution. To oxidize Pu(III) to Pu(IV), 1 mL of 1 M
HNO3 containing 0.1 M NaNO2 was added, and the cartridge
was then rinsed with 8 mL of 2 M HNO3. Americium was
recovered using 16 mL of 4 M HCl [An(III) + Ln(III)
fraction]. Plutonium was reduced from the tetravalent state to
the trivalent state with 16 mL of 0.02 M TiCl3 dissolved in 4 M
HCl and then stripped from the cartridge (Pu fraction). The
separation experiment was carried out three times, and the
uncertainty was quantified by the dispersion. The recovery was
calculated as follows:

=
×

recovery
radioactivity of the fraction 100

added radioactivity into the sample solution

Separation of Am and Cm from Eu Using a TEVA Resin
Cartridge. A part of the An(III) + Ln(III) fraction eluted from
the TRU resin was evaporated to dryness, and the residue was
dissolved in 8 mL of 1 M NH4SCN containing 0.1 M formic
acid to prepare the sample solution for loading into the TEVA
resin cartridge. Because it was difficult to dissolve the residue
completely, the dissolution rate was checked by the α- and γ-ray
measurements.
The setup for separation using the TEVA resin cartridge was

the same as that for the TRU resin cartridge. Prior to
application of the sample solution, the TEVA resin cartridge
was preconditioned with ∼4 mL of 1 M NH4SCN containing
0.1 M formic acid. After loading 7.5 mL of sample, the cartridge
was rinsed with 12.5 mL of 1 M NH4SCN containing 0.1 M
formic acid. The extracted Am and Cm were recovered with 20
mL of 0.25 M HCl solution. The separation experiment was
carried out three times, and the uncertainty was quantified by
the dispersion.
Mutual Separation of Am, Cm, and Eu Using a Tertiary

Pyridine Resin. Initially, the separation of Eu, Am, and Cm was

studied using a 20% 2 M HNO3/80% methanol solution
containing 152Eu, 241+242m+243Am, and 244Cm. Next, these
conditions were applied to the An(III) + Ln(III) fraction
eluted from the TRU resin: this fraction was evaporated to
dryness, and the resulting residue was dissolved in 20 mL of
20% 2 M HNO3/80% methanol solution to prepare the sample
solution.
The tertiary pyridine resin was synthesized at Tokyo Institute

of Technology via the method described in ref 17. It was stored
in 0.01 M HCl and packed into the column (diameter 10 mm)
to a resin height of 10 cm. Prior to loading the sample, 60 mL
of 20% 2 M HNO3/80% methanol solution was passed through
the resin column. The sample solution (20 mL) was then
loaded into the column followed by 300 mL of a 20% 2 M
HNO3/80% methanol solution; the effluent was collected in 20
mL portions.
After separation of Am from Cm and Eu, α-ray of 242Cm in

the Am fraction was measured at various intervals. Time zero
was taken as the time at which Am was separated from Cm and
Eu. The radioactivity of 242mAm was calculated using each time
from the separation and each radioactivity of 242Cm. The
uncertainty was quantified by the dispersion.

Measurement of α- and γ-Spectra. Aliquots of the fractions
from the separation using TRU, TEVA, and tertiary pyridine
resins were evaporated to dryness in order to uniform the
sample volume for the γ-rays measurement using a Ge
semiconductor detector (CANBERRA, Inc., GC3519) and a
multichannel analyzer (Seiko EG&G Company, Ltd., MCA-
7700).
Samples for α-spectroscopy were prepared with the NdF3

coprecipitation method described in ref 18. α-Spectroscopy was
carried out using a Si semiconductor detector (ORTEC, U-017-
450-100).

β-Ray Measurement. Known amounts of equilibrated 243Am
(0.060−0.65 Bq) and 241+242m+243Am (0.90−8.8 Bq, 0.038−0.37
Bq, and 0.018−0.18 Bq, respectively) were added to 20 mL of 1
M HCl, and standard sources of them were prepared as NdF3
coprecipitation in the same way as mentioned above. The β-
rays from these sources were counted using a β-ray
spectrometer (Fuji Electric Systems Company, Ltd., Pico
Beta). The relationship between the β-ray counts of 239Np
and radioactivity of 243Am was determined from equilibrated
standard sources of 243Am. The β-ray counts of 239Np in the
241+242m+243Am sources were calculated via this relationship and
then subtracted from the total β-ray count to determine the β-
ray count of 242Am alone.

■ RESULTS AND DISCUSSION
Separation of An(III) using Extraction Chromatog-

raphy. Tetravalent and hexavalent actinide elements are
strongly retained by the TRU resin in both nitric and
hydrochloric acid.9 Trivalent actinide elements are also retained
on the TRU resin in nitric acid media but are only minimally
retained on the TRU resin in hydrochloric acid solutions, up to
a concentration of approximately 5 M.9 However, trivalent iron
significantly interferes with the retention of trivalent actinide on
TRU resin in nitric acid.9,12 Therefore, trivalent iron must be
reduced to bivalent iron with a reducing agent such as ascorbic
acid in order to retain the trivalent actinide. Since the digested
solutions of solidified products contain a significant amount of
Fe, excess ascorbic acid was added to the solution to reduce any
Fe(III) to Fe(II). Under these conditions, Pu is converted to
the trivalent state.19 Waste sample solutions also contain F−
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introduced during the digestion.15 Fluoride ions form
complexes with actinide ions, which pass through the TRU
resin cartridge without retention. Accordingly, the F− was
masked with Al3+,20 by dissolving the residue of the digested
solution of solidified products in 3 M HNO3 containing 0.3 M
ascorbic and 0.5 M Al(NO3)3.
The recoveries of 152Eu, 242Pu, 241Am, and 244Cm in the

An(III) + Ln(III) and Pu fractions are summarized in Table 2.

As expected, Ln/An were retained on the TRU resin cartridge,
while Na, Al, Ca, and Fe were not. Retained trivalent plutonium
on the resin was oxidized to the tetravalent state using
NaNO2.

21,22 After removing the NO2
− with 2 M HNO3, Eu

3+,
Am3+, and Cm3+ were recovered with 4 M HCl [An(III) +
Ln(III) fraction] and separated from Pu(IV). The remaining
tetravalent Pu was reduced to the trivalent state using TiCl3 and
recovered (Pu fraction).
Next, the An(III) was separated from Eu(III) using the

TEVA resin. Trivalent An and Ln(III) is hardly retained by the
TEVA resin in mineral acid solutions such as HNO3 and HCl.
However, An(III) is retained by the TEVA resin in ammonium
thiocyanate (NH4SCN/)/formic acid (HCOOH) solution, but
Ln(III) are not retain by the TEVA resin in the solution.13

Therefore, An(III) is separated from Ln(III) by the TEVA resin
with the 1.0 M NH4SCN/0.1 M HCOOH solution. It was
confirmed that 75 and 78% of the Am and Eu, respectively,
evaporated residue of the aliquot of An(III) + Ln(III) fraction
from TRU resin was dissolved in the 1.0 M NH4SCN/0.1 M
HCOOH solution. The result of the separation is summarized
in Table 3. The elution behavior of Am is almost the same as

that of Cm. Most of the Am and Cm adsorbed on the TEVA
resin from the 1.0 M NH4SCN/0.1 M HCOOH solution, while
Eu was eluted without retention. The retained Am and Cm
were recovered with 0.25 M HCl. The An(III) fraction
contained less than 1% Eu. When the concentration of Eu is
5 or 6 orders of magnitude higher than that of 242mAm, the
separation procedure needs to be repeated to completely
separate An(III) from Ln(III).
β-Ray Measurement. The β-spectrometer consists of a gas-

flow GM counter and plastic scintillation counter placed in a Pb
shield. The β-particles pass through the GM counter with a
small energy loss and lose further energy in the plastic
scintillation counter. Coincidence counting was carried out to
suppress the counting γ-ray. The β-ray spectra of the NdF3
(background), 241+242m+243Am, 243Am, and 244Cm are shown in

Figure 2. In the low-energy region of the β-spectrum, α-
radiation apparently induces counts. It is considered that the α-

particle lost a part of its energy in the phases between the
sample and the scintillation counter [i.e., dry air (5 mm), Mylar
(6 μm), Au (500 Å), Q-gas (8 mm), mylar (6 μm), Al (500 Å),
and pilotB (Scintillator)]; this particle was detected by the
scintillation counter. In addition to this energy loss, the α-
particle produced luminescence with less efficiency as
compared to that of the β-particle; therefore, the count is
observed in the low-energy region. The count number in the
low-energy region is approximately proportional to the
radioactivity of the Am and Cm.
Half-lives of 242mAm, 242Am, and 242Cm are 152 y, 16.02 h,

and 162.8 d, respectively, as shown in Table 1. As mentioned
above, a secular equilibrium between 242mAm and 242Am is
established within 5 days. Further, a secular equilibrium
between 242mAm and 242Cm is apparently established after 2.5
y because half-life of 242Cm is shorter than that of 242mAm. The
stock solution of 241+242m+243Am was purified over 10 years ago,
the radioactivity of 242mAm, 242Am, and 242Cm are approx-
imately the same. In addition to this, Am and Cm behave
similarly in the separation, using TRU and TEVA resins. The
counts arising from the α-radiation of 242Cm in the β-spectrum
cannot be discriminated in the 241+242m+243Am source because
the amount of 242Cm is small. However, because the counts are
proportional to 242Cm, they were included in the estimation of
the β-ray counts of 242Am in this experimental condition. The
count of the α-radiation from 244Cm had a range of 0−153
channels, as shown in Figure 2. Therefore, the β-ray counts in
the channels below 153 were cutoff. Since the maximum β-ray
energy of 242Am is 663 keV, the maximum channel number was
set at the corresponding channel number (i.e., 240). Therefore,
the region of interest was between channels 153 and 240.
As shown in Figure 2, β-rays of 239Np were observed in the

243Am spectra. The β-ray counts of 239Np in 243Am (0.060−0.65
Bq) sources at the region 153−240 were plotted against the
activities of 243Am to construct the calibration curve. A linear
correlation with a correlation coefficient of 0.999 was obtained
in the experimental region.
The β-ray spectra of the 241+242m+243Am sources contained the

β-ray counts of both 242Am and 239Np. The β-ray counts of
239Np in the 241+242m+243Am source were calculated from the
calibration curve and the radioactivity of 243Am, and these were

Table 2. Recovery of 152Eu, 242Pu, 241Am, and 244Cm in
An(III) + Ln(III) and Pu Fractions after Separation Using
TRU Resin

recovery (%)
152Eu 242Pu 241Am 244Cm

An(III) + Ln(III) fraction 92 ± 5 N.D. 93 ± 8 89 ± 8
Pu fraction N.D. 95 ± 4 0.6 ± 0.4 0.1 ± 0.1

Table 3. Recovery of 152Eu, 241Am, and 244Cm in Eu and
An(III) Fractions after Separation Using TEVA Resin

recovery (%)
152Eu 241Am 244Cm

Eu fraction 93 ± 1 3.9 ± 0.6 1.4 ± 0.2
An(III) fraction 0.6 ± 0.8 103 ± 6 104 ± 2

Figure 2. β-Ray spectra of NdF3,
241+242m+243Am, 243Am, and 244Cm.
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β-ray counts then subtracted from the total β-ray counts of the
241+242m+243Am sources to obtain the β-ray counts of 242Am. The
radioactivity of 241Am and 243Am in the 241+242m+243Am sources
(0.90−8.8 Bq of 241Am) was determined via α-spectrometry,
using a Si semiconductor detector. The radioactivity of 242Am
was calculated from that of 242Cm. A linear correlation is
observed between the β-ray counts and the radioactivity of
242Am with the coefficient of 0.999 in the experimental region.
The radioactivity of 242Am is 0.038−0.37 Bq in the presence of
241Am and 243Am, which have radioactivities of 0.90−8.8 Bq
and 0.018−0.18 Bq, respectively.
Next, β-ray spectrometry of the An(III) fraction of the TEVA

resin was performed. After the separation of An(III), the
radioactivity of 239Np in the An fraction increased with time
reaching 97.8% of the radioactivity of 243Am after 12 days.
Accordingly, β-ray spectrometry was performed 12 days after
the separation. The radioactivity of 241Am and 243Am in the
An(III) fraction was determined via α-ray measurement. The β-
ray count of 239Np in the An(III) fraction was evaluated using
the calibration curve described above and the radioactivity of
243Am. The calculated β-ray count of 239Np was subtracted from
the total β-ray count to obtain the radioactivity of 242Am. The
determined radioactivity of 242mAm was 0.26 ± 0.02 Bq; the
ratio of the radioactivity of 242mAm to that of 241Am was found
to be 0.043 ± 0.004. Although the An(III) fraction also
contained 244Cm in addition to the Am isotopes, as shown in
Table 3, its interference was avoidable when determining 242Am
via β-ray spectrometry. For a sample not containing 243Am, and
for a measured background and sample of 100000 s, the
detection limit was 0.025 Bq. The detection limit is influenced
by the ratio of 242Am/243Am in the sample. The impact of the
α-particle in the β-spectrum is able to be eliminated by placing
paper on the sample dish. In that case, the region of interest is
able to be expanded and the detection limit will be decreased.
Separation of Am from Eu and Cm and Determi-

nation of 242mAm with Traditional Method. Recently,
tertiary pyridine resin embedded in silica beads was investigated
for the mutual separation of actinides in nitric acid/methanol
mixed solvents.23−25 By appropriately adjusting the amount of
methanol, Am can almost be completely separated from Cm
using tertiary pyridine resin. Initially, the separation of Am from
Cm and Eu using tertiary pyridine resin was confirmed using a
20% 2 M HNO3/80% methanol solution containing 152Eu,
241+242m+243Am, and 244Cm.
Next, the separation method using the tertiary pyridine resin

was applied to the An(III) + Ln(III) fraction from the TRU
resin. An aliquot of the An(III) + Ln(III) fraction containing
152Eu, 244Cm, and 241+242m+243Am was evaporated to dryness and
dissolved in a 20% 2 M HNO3/80% methanol solution to
prepare the sample solution, which was then loaded into the
tertiary pyridine resin. The elution behavior of 152Eu, 244Cm,
and 241Am is shown in Figure 3. The 244Cm/241Am ratio in the
seventh fraction, which contained mainly Am, was 0.001. The
increase in 242Cm in the seventh fraction is shown in Figure 4.
The radioactivity of 242mAm that was computed by analyzing
the increase of 242Cm radioactivity was 0.010 ± 0.0012 Bq, and
the ratio of the radioactivity of 242mAm and 241Am was 0.039 ±
0.005. Although different amounts of radioactivity were added
to prepare the sample solutions, the isotope ratio of Am should
be constant due to the use of the same 241+242m+243Am stock
solution. The isotope ratio of 242mAm/241Am determined by β-
ray spectrometry (i.e., 0.043 ± 0.004) agreed with that

determined via the increase of 242Cm radioactivity, which is
the conventional method.

■ CONCLUSION
Trivalent actinide ions were successfully separated from the
major metal ions, such as Na, Al, Ca, Fe, and Pu, of a digested
solution of solidified products using TRU resin and then from
trivalent lanthanide ions using TEVA resin. The separation
procedure was accomplished within two days. After separation,
about 12 days were required to establish a secular equilibrium
between 243Am and 239Np before the β-ray measurement of
242Am. Therefore, about two weeks were required to determine
the radioactivity of 242mAm using this method; this is much
shorter than that required by the method used to detect 242Cm
and is comparable to that of the method used to detect 238Np.
A linear calibration curve of β-ray counts versus the

radioactivity of 242Am was obtained in the region of 0.038 to
0.37 Bq of 242Am, in the presence of 0.018−0.18 Bq of 243Am
and 0.90−8.8 Bq of 241Am. This suggests that the radioactivity
of 242mAm can be accurately evaluated with about 0.04 Bq of
242mAm (i.e., 1.1 × 10−13 g of 242mAm). This amount is
comparable to that used in the method that detects 242Cm and
smaller than that used in the method that detects 238Np and
TIMS analysis.
The method to detect 242Cm and the TIMS analysis requires

the separation of Am from Cm. In contrast, this β-ray
spectrometry method does not require this separation, resulting
in a simpler chemical separation procedure.

Figure 3. Elution behavior of Eu, Am, and Cm with tertiary pyridine
resin.

Figure 4. Increase in α-rays of 242Cm in the Am fraction just after
separation of Am from Cm in the An(III) + Ln(III) fraction of the
TRU resin.
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The method for detecting the β-rays of 242Am is relatively
rapid and requires only a small amount of material in the
samples.
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