
The combined 9M HC1 eluants containing americium and curium
are evaporated to dryness and the residue is dissolved into 20 ml 8M HNO_.
The pH of the solution is then adjusted to 2.5 with ammonia and the solution
is transferred to a 250 ml separatory funnel. Twenty five ml of HDEHP
solution is added and Am is extracted to the organic phase by shaking
vigorously for 2 rain. The organic phase is washed twice with 25 ml 0.075M HC1
to remove extracted lanthanides and the aqueous phase is discarded. Americium
is then back-extracted twice with 25 ml 12 M HC1 each time for 2 min. The
aqueous phases are combined and evaporated to dryness. A few ml of concen-
trated HC1 are added to the residue and evaporated to dryness. This
treatment is repeated several times. The Am thus separated is further
purified by anion as well as cation exchange procedures from impurities, such
as traces of Fe, Pu, U, Po and Th. This is done by passing the 9M HCl
solution of the residue through a small column (<j» 5mm x 150 mm) containing
2 ml of Dowex 50 as well as 3 ml of Dowex 1 at a flow rate of 0.5 ml/inn.
The Am passes through the column while remaining traces of Fe, Pu, U and Po
are sorbed on Dowex 1 and that of Th on Dowex 50. Although lanthanides in
this medium eventually pass through the column, the speed of the passage is
very much slower than that of Am. This difference in the speed of passage
makes it possible to eliminate lanthanides from the Am fraction by limiting
the volume of washing. The column is washed with 2 column volume of
9 M HCl.

The electro-deposition of the purified plutonium and
americium fractions were performed by the procedure described by Talvitie .
The effluent and washings from the plutonium separation were evaporated to
dryness and re-dissolved in 0.6 ml of concentrated H-SO,; the americium
fraction was evaporated to dryness and reconstituted with 1 ml of concentrated
H-SO,. After heating to fumes of SO , 2 ml of H.O, 50 ml of 1M oxalic acid
and 1 drop of 1 M DTPA (ammonium diethylamine-triamine penta acetic acid) is
added to the solution. Several drops of 0.02% thymol blue indicator is
then added as an indicator and the pH is adjusted to * 2.5 by addition of
ammonium hydroxide.

4.2 Determination of americium and curium using ion-exchange
in the nitric-acid-methanol medium for environmental analysis

E. Holm and R. Fukai

While transplutonic elements are only slightly sorbed to anion
exchangers from hydrochloric or nitric acid media, the presence of alcohol
enhances the anionic exchange of these elements, especially in nitric and

86
sulfuric solutions. Haidvogel et a.1, showed this enhancement by thin-
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layer chromatography; the sorption of transplutonic elements increased
with increasing alcohol content and the binding with the ion-exchanger was
stronger in the nitric medium than that in the sulfuric medium. Guseva

87,88
et al. separated americium from curium, both at relatively high levels,
in the nitric acid-methanol mixture, observing that the greater the atomic
number, the stronger the sorption.

In the present work a method has been developed for
determining americium and curium in environmental samples, on the basis
of the difference between the sorption characteristics to anion exchangers
in the acid-methanol system of these transplutonic elements and those of
plutonium, polonium and thorium. The method also permits us to perform
sequential determination of plutonium, when necessary. The radiochemical

separation of americium from curium is not generally required since modern
241a-spectrometry resolves the major a-peak of Am (5.49 MeV) from either

242 246that of Cm (6.10 MeV) or Cm (5.80 MeV), which possibly co-exist with
Am in environmental samples.

The reagents used in the separation are as follows:
Nitric acid-methanol mixtures: 1M HNO -90% CH OH solution and

0,5M HN03-70% CH3OH solution.
1st anion exchange resin column: Dowex 1 (X8, 100-200 mesh)
<f> 1cm, volume 10 ml.

2nd anion exchange resin column: Dowex 1 (X2, 50-100 mesh)
<f> 1cm, volume 20 ml.
Cation exchange resin column: Dowex 50 (X8, 200-400 mesh)
<j> 1cm, volume 5 ml.

241Americium-243 solution: chemical yield monitor for Am
(5 dpm/ml in 1M HNO ) .
Plutonium-236 or plutonium-242 solution: Chemical yield monitor

218 91Q 9&0
for J°Pu and ̂ Jy'^upu (5 dpn/ml in 1M HN03),

Biological or sediment samples are dried at 105-110°C, weighed

and placed in a porcelain crucible to which the yield determinants, a few
f\ t n ty t\ £ /j r /)

dpm each of Am and Pu or Pu, are normally added, After drying
again, the samples are ashed at 500°C overnight. The ash obtained is leached
with a mixture of concentr
milliliters of H (30%).
with a mixture of concentrated HNO_ and HC1 with the addition of a few

3+Water samples are acidified, to which iron carrier (50mg Fe )
is added.

The actinides are co-precipitated with Fe hydroxide by adding
ammonia. The precipitate is centrifuged and dissolved in 9-12 M HC1. After
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the addition of a few drops of H~0 (30%), the solution is heated and kept at
80°C for 20 min. The acidity of the solution is finally adjusted to 9M HC1.

After cooling, the solution is passed through the first
column of Dowex 1 and then through the Dowex 50 column, which is directly
connected with the first column, at a flow rate of 2ml per min. Iron (III)
is sorbed to the Dowex 1 column with plutonium (IV) as well as uranium and
polonium. Thorium is sorbed to the Dowex 50 column. Trivalent actinides,
americium and curium, on the other hand, pass through both columns. The
columns are washed with 50ml 9M HC1, the effluent and washings are combined
and evaporated to dryness. The residue is then dissolved in 1M HNO,-90%
CH OH solution (50-100 ml).

In order to obtain further purification of americium and curium,
the solution is passed through the second Dowex 1 column at a flow rate
of 2ml per min. Americium and curium are sorbed on the column with other
impurities, such as remaining plutonium, polonium and thorium. The column
is washed with 60ml of 1M HN00- 90% CH.OH. The trivalent actinides are*— J j
then eluted with 0.5M HNO.-70% CH-OH (70 ml).

When the plutonium determination is required, plutonium can

be eluted from the first Dowex 1 column with 1.2M HC1 after washing with
~ 85

7.2M HNO, and analyzed by the procedure described by Talvitie .

The elute which contains americium and curium is evaporated to
dryness and the residue is dissolved with 0.8 ml concentrated HLSO,. The
solution is diluted with distilled water and partially neutralized with
ammonia to give pH 2 and a final volume about 10 ml. The electrodeposition

of americium and curium from this solution onto a stainless steel disc is
performed at an electric current of 1.2A for 1 hour, by using a disposable
polyethylene vial as an electrolysis cell. A similar procedure for the

71
electrodeposition of plutonium has already been described

In the present work, the a-spectrometry for americium and
curium was carried out using a silicon surface barrier detector having a

2
sensitive area of 300mm . The resolution of the a-spectra was 35-40 keV

241for the Am peak (5.49 MeV) in terms of the full width at half maximum.
The minimum detectable activity was 0.01 pCi for a 1000-min counting time.

The key to precise determinations of americium in environmental
samples is to obtain good decontamination from naturally-occurring

21D 228a-emitters, such as Po (a-energy, 5.30 MeV) and Th (5.42 MeV) as
238well as from the artificial fallout radionuclides such as Pu (5.49 MeV).
241Their a-energies would interfere with the a-spectrometry of Am (5.49 MeV)

243or of the yield-determinant Am (5.28 MeV). For curium determinations
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separation from , Pu (5.76 MeV) is essential when Pu has been used as
the yield monitors for plutonium, as its a-peak overlaps with that of
744

Cm (5.80 MeV).

The decontamination of polonium with the present procedure

was verified by analyzing samples which were known to contain relatively
210high levels of Po, without adding any yield monitor. The decontamination

factor for Po is estimated to be in the order of 10 .
210However, since it was also observed that Pb is strongly

sorbed on the anion exchange resin from the nitric acid-methanol medium, it
210is possible that a small fraction of the Pb may be carried over to the

243
americium fraction and interfere with the a-spectrometry of Am, when

210the content of Pb in samples in question is exceptionally high. The
210 210interference comes from the build-up of Po through g decay of Pb

(half-life: 19. 4y) with an equilibrium time of approximately 6 months. This
242 244difficulty can be overcome by using clean Cm or Cm as the yield

monitor for americium measurements, since it has been experimentally proved
that there is practically no difference between the chemical yields of
americium and curium using the present procedure.

228The decontamination of Th was tested either by spiking
230known amounts of Th (ot-energy, 4.69 MeV) or by verifying the absence of

224Ra-peak (5.68 MeV) which should build up two weeks following separation,
if the thorium decontamination has been incomplete. These tests indicated

228 4that the procedures decontaminate Th by a factor of at least 10 .
230.240The absence of the ' Pu-peak (5.16 MeV) in the a-spectra

obtained through the present procedure confirmed sufficient decontamination
230 240 21ft 2TQof ' Pu as well as Pu. The activity of ' Pu is 10-20 times

238higher than that of Pu in normal environmental samples.

In order to demonstrate satisfactory decontamination from the
interf erring radionuclides mentioned above, an example of the a-spectro-
gramme obtained for the IAEA inter calibration sample, A6-I-1 (seaweed),
through the present procedure is given in Figure 16. As illustrated, the

243 241 244a-peaks of Am, Am and Cm are clean.

In the event that the pre-separation of plutonium and thorium
through the first anion-exchange is not carried out before applying the
acid-methanol medium, about 10% of the plutonium and thorium would follow
americium in the 0.5J1 HNO_-70% CH.OH eluate. Plutonium and thorium are also
strongly sorbed to Dowex 1 from 1M HNO,-90CH_OH, but partially eluted with
0.5M HN03-70% CH3OH. Polonium is also sorbed, but not eluted under these
conditions.
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Figure 16. Alpha spectrum of IAEA intercalibration sample
AG-I-1 (seaweed, Ig dry weight; 18dpm 243̂  added). Counting
time: 3800 rain.

243 244Since Am often contains some Cm as an impurity, a serious
error may be introduced into curium determination when the curium concen-

243 241trations are low and Am is used as the yield determinant for Am.
This difficulty can be avoided by repeating the procedure without adding

241any yield determinant. In this case, the previously determined Am
concentration of the sample is used as yield determinant since, as has been

241mentioned, the chemical yield of Am is practically identical to that of
242,,,Cm or _̂Cm.

The method described above was applied to several IAEA
reference samples, such as AG-I-1 (seaweed), SD-B-1 (marine sediment) and
SW-I-3 (sea water) on which the probable concentrations are already known

238 239 240 241 ̂for Pu and ' Pu as well as Am . The results of these analyses
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Table 25. Comparisons between the probable concentrations of transuranics in
the IAEA reference samples and the results obtained in the present work

00
OP

Sample
Code No. Matrix

Probable concentration (pCi/kg)
238_Pu 239+240..Pu 241.Am 244,,Cm

AG-I-1

SD-B-1

SW-I-3

Seaweed (3.8 +0.1)xl03 (27.0+0.5)xl03 (5.2+0.2)xl03

Sediment (0.43+0.03)xl02 ( 9.6+0.3)xl02

Sea water 0.018+0.001 0.11+0.01
**

Results of this work (pCi/kg)
238.,Pu 239+240

30 (3.8+0.3)xl0

.,Pu

(31+2)xl0

241.Am

30+5

(0.56+0.10)xlO2 (9.7+0.9)xl02 (0.23+0.05)xl02 N.D.*

0.028+0.002 <O.OQ2 0.026+0.008 0.11+0.01 0.034+0.006** N.D.

* Not detected
** Activity in December 1974
*** Activity in October 1975



are given in Table 25. The recovery of americium in these analyses varied
between 30 to 95%. Nevertheless, the results presented in Table 25 are in
good agreement with the given probable concentrations, showing the usefulness
of the present method for the determination of americium and curium on

environmental samples.
241

A major part of Am in the environment today resulted from
241the decay of Pu (half-life: 13.6 years, fJ-emitter) deposited as radio-

89
active fallout or disposed from nuclear installations . The method presented
here is being used for studying environmental behaviour of americium as well
as curium isotopes originating from various sources.

4.3 Adsorption of transuranic elements from large volume sea water

E. Holm and S. Ballestra

Some years ago a sampler for concentrating radionuclides from
90

large volumes of sea water was developed by Silker et al. of the Battelle
Northwest Laboratories. They used pure A190_ as the adsorbent. The device

238 239has been applied successfully to the determination of Pu and Pu in
91

several sea water samples . Our experience on the application of an

identical system for the determination of transuranics in Mediterranean sea
water was not quite as satisfactory as we had hoped. The chemistry involved
in leaching up to 1kg Al_0. with acid, followed by removal of dissolved
aluminium from the transuranic fraction, is rather tedious and time-consuming
for routine use. The adsorption efficiency of transuranics, checked by
dual-bed adsorption did not give consistent results. However, since the
principle of the device is attractive enough for handling large volume water
samples, it was felt that it was worthwhile to test other types of adsorbents
which are easier to handle than A190 . For this purpose, chitosan and

fc -J

manganese dioxide were chosen and series of experiments were conducted in
order to examine the suitability of these materials as an adsorbent in the
system.

Chitosan (deacteylated poly-N-acetylglucosamine) is known to
92~9«*

concentrate a number of transition elements from sea water . A column
of chitosan (<)> 1cm x 20cm) was prepared and pre-conditioned with sea water.

oo/:
A solution containing 25 dpra Pu (IV) in 15ml sea water was prepared

2
and passed through the chitosan column at a flow-rate of 3ml/cm /min. The

not
column was then washed 4 times with 20ml of sea water and the Pu which
passed through the column was analyzed. The results showed that 60-70% of
236Pu remained on the column after passing 5 column volumes of sea water.

In order to determine the distribution coefficient of Pu
isotopes between chitosan and sea water, 5g (dry) of chitosan were added to
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