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Introduction

The concentrations of transuranic elements in the environment are usually extremely low. Special
procedures are needed for preconcentration and separation of these nuclides from various matrices
and from other actinides. Traditional ion exchange methods have been used for separation of Pu and
Am for decades. In recent years extraction chromatography methods based on new materials have
been developed." 2 These new methods are simpler and faster to use than the conventional methods
based on ion exchange, especially for americium.

In this work application of Eichrom's extraction chromatography resins (UTEVA, TRU, TEVA)
and an anion exchange resin (Dowex 1x4) were studied for the separation of Pu and Am from
different natural matrices.

Experimental

The concentration levels of Pu and Am in our experiments were as follows: 2 39'240Pu and 243Am in
air ~ 10 nBq/m3, in grass -5 mBq/kg, in organic soil and litter -5 Bq/kg and in mineral soil -100
mBq/kg. Because of low activity levels, large sample sizes are required.

Materials used for testing and the amount of materials were:
* Air filter: 20 000 m3 of air was collected on the air filter
* Grass: 100 g dry wt.
* Litter: 20 g
* Organic soil: 20 g
* Mineral soil (E and B layers): 30 g

For yield determination 242Pu and 243Am were added as tracers (0.025 Bq/sample).

Two different methods were tested. The separation schemes of the methods are shown in Fig 1.

Method A:

1) Samples which contain organic material (air filter, grass and organic soil layer) were ashed in an
oven at 400 'C.
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2) The ash/mineral soil sample was leached with conc. HNO3 and HCI acids. For the air filters the
leaching was carried out only with HNO3 . Then the sample was filtered through a glass fiber
filter and evaporated.

3) Oxalate coprecipitation was used to separate actinides from most other substances. The filtrate
was diluted to 150 ml with deionized water. Ca carrier and oxalic acid were added and
precipitation was carried out at pH 1.5. The sample was heated and precipitate was left to settle
overnight. Sample was filtered through a Whatman 42 filter. Filtrate and the filter paper were
ashed at 600'C overnight. For the air filters the oxalate coprecipitation was not needed.

4) Eichrom's UTEVA and TRU resins were used as in Eichrom's method of Americium, Plutonium
and Uranium in water (ACW03). Americium was eluted from TRU with 4M HCI and plutonium
with 0,1 M NH4HC204 . Pu was evaporated to dryness.

5) Plutonium was coprecipitated with NdF3 . Pu fraction was dissolved in I M HINO3 and 50 ug Nd
carrier and 40 % HF were added to the sample. The precipitate was collected on 0.1 ,um
membrane filter.

6) Americium was loaded into Eichrom's TEVA column in 2 M NH4 SCN + 0.1 M formic acid.
The column was washed with I M N114SCN + 0.1 M formic acid and americium was eluted
with 2 M HNO3. Aqua regia was added to the eluate and it was evaporated to dryness. For the
air filters TEVA was not needed because of the very low amounts of lanthanides present in the
sample.

7) Am was coprecipitated with NdF3 on 0.1,um membrane filter.

Method B was modified from the method A.

1) Similar to step 1) in method A.
2) Similar to step 2) in method A.
3) The residue was dissolved in 8 M HNO3. NaNO2 was added to the sample, which was then

heated and allowed to cool. The sample was then loaded into a Dowex 1x4 column and the
column was washed with 8 M HNO 3. The load and wash solutions were collected for Am
determination. The column was washed with conc. HCI and finally Pu was eluted with conc.
HCI + I M NI-4 1. The eluate was evaporated to dryness. Anion exchange was carried out twice
for the samples with very low Pu concentration in order to remove traces of Th.

4) Pu was coprecipitated with NdF3 on 0.1 ,m membrane filter.
5) Am fraction in 8 M HN0 3 was evaporated and oxalate coprecipitation was carried out as

explained in method A (step 3) except that the sample was diluted to 700 ml with deionized
water to prevent coprecipitation of iron.

6) The residue was treated with conc. HNO3 and dissolved in 3M HNO3 + 0.5 M AI(NO3 )3. In
some cases precipitate formed (iron), which was dissolved by adding ascorbic acid to the
sample. The sample was loaded into a TRU column and the column was washed with 2 M
HNO3 and 0.5 M HN0 3 . Am was eluted from the column with 9 M HCI and 4 M HCI.

7) Am was purified from lanthanides as explained in method A (step 6).
8) Am was coprecipitated with NdF3 on 0.1 xm membrane filter.

The radioactivity of Pu and Am were measured with passivated implanted planar silicon (PIPS)
detector. The alpha spectra indicated high radiochemical purity achieved by the separation methods
used.
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Figure 1. Separation schemes for Pu and Am from environmental samples

Results and discussion

In the analysis of Pu and Am from the air filter samples (method A) interference due to natural
210po was observed. The activity concentration of 210po in the air is approximately three orders of
magnitude higher than those of the transuranic elements. The presence of 210po interferes the alpha
measurements of 239'2 40Pu and 243Am, which is used as tracer. Po can be removed from Pu and Am
fractions by using crushed silver. Po electrodeposites from 2M HCl on silver when the temperature
is raised. From the americium fraction Po can also be removed by using TEVA resin. In method B,
Po did not interfere since it was removed from the sample by anion exchange.

The method A gives also an opportunity to elute uranium from UTEVA with 0.01 M HC.

Pu and Am yields are given in Table 1. In the method A, plutonium yields for air filters were high
(63-100%), but for litter and soil samples yields were rather low (less than 50%). Americium yields
were high for air filters, litter and upper soil layers (75-100%). However, yields for lower soil layers
were only a few percent. The reason for low Am recoveries was coprecipitation of iron hydroxide in
oxalate precipitation. This could be prevented by adding more oxalic acid and diluting the sample to
higher volume with water.

Due to the low yield of Pu found for litter and soil samples, the method B was developed. In this
method Pu was separated by anion exchange before the use of TRU and TEVA resins for the
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separation of Am. By this method (method B), plutonium yields were high for all sample matrices
(84-93%) and Am yields were between 47 and 93%.

The reliability and repeatability of these two methods could not yet be fully verified due to
scarceness of data.

Table 1. Yields (%) for Pu and Am determined by two different methods: A) Both Pu and Am were
separated by means of extraction chromatography and B) Pu was separated by anion exchange and
Am by extraction chromatography. In the cases where several experiments for the same material
were performed, the average value and the range of recoveries are given.
Matrices Method A Method B

Yield for Yield for Yield for Yield for
Pu Am Pu Am

Air filter{2*10 4 m 3 ) 87(63-100) 73 n.t n.t
Grass (100 g) n.t n.t 84 93
Litter (20 g) 33 93 100 47
Organic soil (30 g) 48 (42-54) 90 (80-100) 97 75
Mineral soil E-layer (30 g) 10 (2-18) 83 (75- 90) 100 87
Mineral soil B-layer (30 g) 21 (6-45) 2 (1-2) 98 53

n.t = not tested

Conclusions

In the method A, which was based only on extraction chromatography, rather high yields for Am in
almost all tested matrices were obtained. However, Pu yield was high only for air filters. In the
method B, in which Pu was separated with anion exchange and Am with extraction
chromatography, high yields for Am and Pu for all tested matrices were obtained in generally. The
results suggest that the method B is suitable for Pu and Am determinations from large
environmental samples for various materials and method A for air filters.
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