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Abstract 

An analytical procedure for the determination of Am and Cm in environmental, 

liquid and gaseaus effiuent samples was developed. The mean value of the 

chemical yield is about 90 %. A detection limit of 7 pBq/g is achieved. The 

decontamination factors for important a emitters are > 104. Four analyses/week 

can be performed by one technician. 

Die Bestimmung von Am-241, Cm-242 und Cm-244 in Umgebungsproben 

Zusammenfassung 

Eine analytische Methode zur Bestimmung von Am und Cm in Umwelt-, 

Abwasser- und Abluftproben wurde entwickelt. Die mittlere chemische Ausbeute 

liegt bei ca. 90 %. Die Nachweisgrenze liegt bei 7 pBq/g. Die Dekontaminations­

faktoren für wichtige a-Strahler sind > 104. Vier Analysen können von einem 

Techniker in einer Woche ausgeführt werden. 
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1. Introduction 

Spent nuclear fuel contains Am-241 and low activities of Am-243, the two a 

emitters of americium, as well as the significant a emitters of curium, Cm-242 

and Cm-244. The half-lives and the content in the fuel for a burnup of 45,300 

MW dlt and a cooling time of one year are presented in Table 1. 

Table 1: Half-lives and the Specific Activity in Nuclear Fuel for Am-241, 
Am-243, Cm-242 and Cm-244. Burnup: 45,300 MWdJt. Cooling 
Time: 1 y. 

Nuclide Half-live, y Specific activity Bq/t heavy 
metal 

Am-241 433 1.06·1013 

Am-243 7650 1.11·1012 

Cm-242 0.45 3.64·1014 

Cm-244 18.1 1.76·1014 

The Am-241 activity increases after 7 decades up to a specific activity of about 

1.28-1014 Bq/t due to the decay of Pu-241. According the very short half-life, 

Cm-242 is without significance after some years. 

To perform the environmental surveillance araund the research facilities of the 

Karlsruhe Nuclear Research Center (KfK), especially the reprocessing plant, a 

sensitive and fast procedure for the determination of Am and Cm had to be 

developed. 

2. Literature Survey 

Many techniques for the analysis of Am and Cm in environmental samples have 

been reported in literature up till 1982, being not only difficult but also time 

consuming, sometimes without a good resolution of Am and Cm a spectra. The 

procedures were tested in our laboratories but no satisfactory results were 

obtained. In each case the sample weights were too small. Therefore, we had to 

develop an analytical technique on our own that guarantees a good separation of 

Am and Cm from interfering a emitters and trivalent lanthanides and allows the 
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analysis of 100 g samples. The optimized analytical technique is described in 

detail in chapters 3 and 4 [1- 6]. 

3. The Matrix Separation 

3.1. Chemieals 

All the chemieals used were of reagent grade. The important chemieals used for a 

complete analysis are the following: 

TOPOIKieselgur Mixture (TOPO-Tri-n-octylphosphineoxide). 

Dissalve 30 g ofTOPO in 100 ml ofDiethylbenzol. Tothis solution, add 60 g of 

Kieselgur and stir till a homogeneaus mixture is obtained.Add acetone to this 

mixture till the level of acetone is a little higher than the level of 

TOPOIKieselgur in the beaker and cover it with a watchglass. Continue 

occasional stirring for about 48 hours. Evaparate the remaining aceton by use 

of a water pump. Heat the TOPOIKieselgur mixture with 0.1 M HN03, 200 -

400 ml, in a 500 ml beaker at 80 oc for 4 hours. Cool and filter the HN03. 

Again heat the TOPOIKieselgur mixture with 2 x 400 ml H20 at 80 oc for 4 

hours. Filter. Transfer the TOPOIKieselgur mixturein an open dish of 500 ml 

capaci ty and take the mixture to almost complete dryness in an electric oven 

at 80 - 90 oc overnight. Make a sludge of this mixture with H20 or diluted 

HN03 before using it in a column. The level of H20 or HN03 should always 

remain a little higher than the level ofTOPOIKieselgur in the column. Wash 

the column after use one time with 200 ml of 0.1 M HN03 and use it for the 

next determination. 

Nitric acid CH30H Mixture. Mix 35 ml of conc. HN03 with 465 ml of pure 

methanol. 

HCl, 0.1 M, NH4SCN, 0.5 M, CH30H, mixture. Mix 50 ml of 1 M HCl and 

50 ml of 5 M NH4SCN with 400 ml ofpure methanol. 

Hydrochloric acid, 32 %, Methanol mixture. Mix 65 ml of 32% HCl with 430 

ml ofpure methanol and dilute to 500 ml with distilled water. 
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Methyl Red, 1 %. 

NH4SCN, 5 M, 38.06 g NH1SCN with distilled water up to 11. 

9 M HCl, 891 ml HCl, 32 %, with distilled water up to 11. 

Cleaning of the HCl!NH4SCN/CH30H-Solution: 1 l is purified with anion 

exchanger, Dowex 1 x 4, Cl--form, 100 - 200 mesh. Column: 2 cm inner 

diameter, 40 ml ion exchanger, 2·5 ml/min. The first 250 ml are discarded. 

Dissalve 1 gofMethylred in 150 ml of ethanol. 

1 M Aluminium nitrate. Dissalve 375 g of Al(N03)3·9H20 in 500 ml of 

distilled water. Add 350 ml of conc. HN03 and bring the volume up to one liter 

with distilled water. 

Anion-Exchange Resin. Dowex: 1 X 8, 100- 200 mesh, ci--form. Dowex: 1 X 4, 

100- 200 mesh, Cl--form. 

Cation-Exchange Resin: Dowex: 50 W x 8, 200- 400 mesh, H +-form. 

0.9 M HF/8 M HN03: 560 ml HN03, conc., and 40 ml HF, 40 %, make up the 

volume with distilled water up to 11. 

6 M NaOH (for neutralization) 240 g NaOH dissolved in distilled water and 

brough t to 1 I. 

0.1 M HN03: 7 ml HN03, conc., distilled water up to 11. 

2M HN03: 140 ml HN03, conc., distilled water up to ll. 

4 M HCl: 396 ml HCl, 32 %ig, distilled water up to 11. 

Am-243-standard solution, 0.1-0.3 Bq/ml. 
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3.2. Apparatus 

Ionexchange columns having the following dimensions: 15 cm of length and 

0.7 cm inner diameter. 20 cm oflenght and 2 cm inner diameter. 

Electrolytic cells with platinum electrodes. 

Stainless steel planchets, 2·5 cm diameter, for electroplating. 

Proportionalcounter for the measurement of gross a activity. 

Silicon surfacc barrier: detector ORTEC BPY-55-350 SQ/R, Ortec GmbH, 

Frankfurt/Main, Federal Republic ofGermany. 

3.3. General Concept ofthe Analytical Procerlure 

The leaching procedure has been tested and optimized for large sample volumes 

above all for plutonium [8] and has been applied successfully for Am and Cm. It 

consists of a double leaching with an mixture of HF/HN03 and HN03/Al(N03)3 

which can be performed within one hour. 

The first separation of Am and Cm IS achieved by extraction with 

trioctylphosphinoxide adsorbed on Kieselgur. Most ofthe matrix elements can be 

separated and a fairly clean Am and Cm fraction is achieved. The radiochemical 

separation of lanthanides follows the procedure described by E. Holm et al. [9] 

with partial modification. It consists of a cation/anion-exchange in conc. HCl, an 

adsorption on anion exchanger in CH30H media and a special cleaning step for 

lanthanides using NH4SCN in CH30H/HCl. 

The preparation of the pure Am and Cm fraction is done by electroplating from 

oxalic acid/HCl. Counting is performed by use of a surface barrier detector and a 

spectrometry, 
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3.4. Pretreatment ofthe Sampies 

The samples collected in the environment araund the Karlsruhe Nuclear 

Research Center were dried at 110 oc and then ashed at 550 oc in an electric 

furnace overnight. 100 g of the sample were leached with 290 ml of 8 M 

HN03/0.9 M HF for half an hour, centrifuged and the supernatent solution 

separated from the residue. The residue was again leached with 250 ml of 5 M 

HN03/1 M Al(N03h·9Hz0 for half an hour. The supernatents were united. The 

residue was discarded. 

The residues of soil samples, containing 100 Bq Am-241, were checked for 

unleached A_rnericium activity. Four experiments showed that 0.2, 1.25, 1.8 and 

1.9% remained in the residue. This means that the leaching process is practically 

quantitative. 

3.5. 1'he Extraction of Am and Cm 

HDEHP: Applying the in the literature chiefly reported method the extraction of 

Americium and Curium was checked with 0.2 M HDEHP in n-Heptane out of 

various concentrations of HN03. The 500 ml solutions received in 3.4 were 

extracted twice with 25 ml of 0.2 M HDEHP. It was found that besides many 

experimental difficulties, the distribution coefficient of Americium, extracted 

from 0.1 M HN03, did not exceed 1.5. With the increase in concentration of 

HN03, the distribution coefficient decreased. The solubility of HDEHP in nitric 

acidwas so high that measurements of Am-241-tracer in the aqueous phase were 

very difficult. Therefore we had to look foranother extractant for Americium and 

Curium. 

TOPO: A solution of TOPO, 0.2 M/Cyclohexan was then checked for the 

extraction of Am and Cm from various concentrations of HN03 in 500 ml 

solutions. Americium and Curium yielded a distribution coefficient of about 1.0-

1.5 from 0.1 M HN03 concentration. Asthis extraction coefficient was not higher 

than with HDEHP, we had to look foranother alternative. Additionally it was 

proved that Americium and Curium extraction from higher concentrations of 

HN03 gave lower extraction coefficients. Results for the extractions of Am-241-

tracer with 25 ml of 0.2 M and 0.5 M TOPO/Cyclohexan from 500 ml of 0.1 M 

HN03 are presented in Fig. 1 and Fig. 2. 
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The way ofTOPO extraction was then changed to column chromatography. TOPO 

30 % in diethylbenzene was adsorbed on the surface of the silicious material 

Kieselgur (see 3.1). 15 - 20 ml of this mixture were used in an ion-exchange 

column of 20 cm length and 2 cm inner diameter. The extraction of Americium 

and Curium in various concentrations of HNOg was then checked by using this 

column. It was found that from 0.2 M HNOg concentration about 95 % of 

Americium and Curium were extracted into the TOPOIKieselgur mixture (Fig. 

3). The extraction or retention of Am and Cm on column decreased with the 

increase in concentration of HNOg. We concluded that a 0.1 M HNOg 

concentration should be the most proper for getting high extraction yields for 

these nuclides. Therefore we reduced the HNOg concentraiton of the leached 

solution to 0.1 M by neutralization with NaOH in advance. Almost 100% of Am 

and Cm remained on column. 

A similar experiment with HDEHPIKieselgur gave very good results too (Fig. 4). 

Nevertheless HDEHP and other phosphor compounds partly passed the column 

during the absorption and washing process. These compounds were difficult to 

separate and finally disturbed the electroplating procedure. Because of these 

serious Iosses of HDEHP from the column, further experiments were performed 

only with TOPO. 

Washing of 1'0 PO/Kieselgur Column: To get rid of most of the matrix and 

added salts and of some rare earths adsorbed on the TOPOIKieselgur column, it 

was neccessary to wash the column with 0.1 M HNOg. After passing about 150 ml 

0.1 M HNOg through the column, much of the unwanted matrices were leached 

out and almost nil residue was found in an extra wash with 150 ml solution (Fig. 

5). Am and Cm remained fairly unleached (Fig. 6 and Fig. 7). To purify 

Americium and Curium from remaining rare earths, a washing of the column 

with various concentrations ofHCl was also checked. It showed that Am and Cm 

were continuously leached by the washing with HCl. The use of 0.075 M HCl as 

reported in [3] also gave errorneous results (Table 2). Therefore only HNOg was 

used for the washing. 



~ .. 
'U 
Q) 

-+J 
0 
0 
L-
~ 

X 
Q) 

........ 
"'C:t 
('.! 

I 

Fig.3: 

- 9 -

90 

80 

70 

60 

50 

40 

30 

20 

10 

1 2 3 4 5 

Concentration of HN03 .mol/1 

The Fraction of Am Extracted wi th a TOPOIKieselgur Column 
Depending on the HNOg Concentration of 500 ml Solution. 

6 



~ .. 
'U 
Q) ......, 
0 
0 
L. ......, 
X 
CD 

v-

~ 
N 
I 
E 

<( 

Fig. 4: 

- 10-

70 

60 

50 

40 

30 

20 ~ 10 

1 2 3 4 5 

Goncentration of HN03 ,mol/1 

The Fraction of Am Extracted with a HDEHP/Kieselgur Column 
Depending on the HN03 Goncentration of 500 ml Solution. 

6 



Cl 
.. 

Cl) 
::J 
-o ·-Cf) 
Q) 
'-

....... 
0 

......, 

..c 
Cl ·-Cl) 

s: 

- 11-

1.3 --.-

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

. . o.~20 0 20 40 60 80 100 120 140 160 

Volume of 0.1 M HN03 ,ml 

Fig. 5: Dry Weight ofMatrix Material Washed Out from the 
TOPOIKieselgur Column Using 0.1 M HN03 as Washing Solution. 



- 12-

1E+04 

8000 
0\ 

E 
.. 

Q) 
:::J 6000 "'0 ·-Cl) 
Q) 
L 

"+-
0 

........ 4000 

..c 
Ol ·-Q) 

~ 

2000 

~ 

50 1 00 150 200 250 300 350 400 450 500 550 

Volume of 0.1 M HN03 • ml 

Fig. 6: DryWeightofMatrix Material Washed Outfrom the 
TOPOIKieselgur Column Using 0.1 M HN03 as Washing Solution. 



~ .. 
"U 
Cl) ........, 
:J 
Cl) 

,-
~ 
N 
I 
E 

<( 

- 13-

20 

18 

16 

14 . 

12 

10 

8 

6 

4 

L I 

2 _j l 
-0 

0 50 1 00 150 200 250 300 350 400 450 500 550 

Volume of 0.1 M HN03 • ml 

Fig. 7: Am-241 Washed Out from the TOPOIKieselgur Column Using 0.1 M 
HN03 as Washing Solution. 



- 14-

Table 2: Am-241 Eluted by Various Concentrations ofHCl Washing 
Solutions. 

HCl concentration 
mol/1 Am-241 eluted in % 

(300 ml ofHCI solution) 

0.050 2.4 

0.075 17.6 

0.100 49.2 

3.6. Elution of Americium and Curium 

Americium and Curium were leached with 8 M HN03 from TOPOIKieselgur 

column. Many experiments were made in optimizing the total volume of 8 M 

HN03 required for complete elution of Am and Cm. 150 - 200 ml of 8 M HN03 

yielded the best results (Fig. 8 and Fig. 9). 
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4. Purification of Americium and Curium 

4.1. General Description 

Before looking for the requirement of additional purification of Am and Cm from 

other interferring nuclides, the 8 M HN03 eluatewas evaporated directly and the 

possibility of electroplating Am and Cm onto stainless steel planchet from 

Ammonium-oxalate media was checked. It proved to be impossible due to 

milligram quantities of residue, left after 8 M HN03 evaporation, which when 

dissolved in HCl for carrying out electrolysis produced a type of suspensionrather 

than a clear solution. Also at the end of electrolysis, many salts were deposited on 

the surface ofthe planchets which resulted in degraded a spectra and much lower 

chemical yields of about 0.5 - 10 %. The reason for these observations was the 

presence oftrivalent rare earths that get electroplated along with Americium and 

Curium forming non-soluble oxalates. Therefore, there was no alternative than to 

look for an additional purification technique that yields a good separation of Am 

and Cm from interfering nuclides. Americium and Curium were additionally 

purified by using a combination of an anion and cation exchange procedure. The 

8 M HN03 eluate of Am and Cm was evaporated to complete dryness and the 

residue was dissolved in 9 M HCl. This solution was then passed over a double 

layer column, lower layer an anion exchange resin, Dowex 1 x 8, 100 - 200 mesh, 

and upper layer a cation exchange resin, Dowex 50 W x 8, 200 - 400 mesh, in a 15 

cm long and 0.7 cm inner diameter column at a flow rate of 0.5 ml/min. 

Remaining traces ofFe, Po, Th, U and Pu were sorbed on the column [9]. 

4.2. 1'he Separation ofthe Rare Earths 

The effluent ofthe column is evaporated to dryness and the residue is taken up in 

10 - 20 ml of 2 M HN03/CH30H, 93 %, mixture. This solution is then passed 

through a second column containing anion exchange resin, Dowex 1 x 4, 100-200 

mesh, at a flow rate of 0.5 ml/min. The column is washed with additional 30 ml of 

1 M HN03/CH30H, 93 %. Americium and Curium are adsorbed on the column 

together with traces of rare earths, Pb and U etc. while any remaining traces of 

iron pass through. 
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The rare earths tagether with remaining traces of Uranium are eluted from the 

column with 60 ml ofthe HCl/NH4SCN/CH30H mixture, Am and Cm remain on 

the column. 

Finally, Am and Cm are eluted from the column with 30 ml of 1.5 M HCl/CH30H, 

86 %, solution at a flow rate of0.5 ml/min (Table 3) [9]. 

Table 3: TheSeparation ofLanthanides and Am by Anion Exchange Procedure, 
50 mg La3+ and 5100 Bq Am-241 were used. 

La and Am in the solution in% 
Part of the Separation process 

La Am 

Adsorption from 1 M HN03/CH30H, 93 % 
1st 10 ml < 0.2 0.004 
2nd 10 ml < 0.2 < 0.0002 

Washing with 1M HN03/CH30H, 93% 
1st 10 ml < 0.2 < 0.0002 
2nd lOml < 0.2 < 0.0004 
3rd 10 ml < 0.2 0.0003 

Separation oflanthanides by 1 M HCI/0,5 M 
NH4SCN/CH30H, 80% 
1st 10 ml 1.5 0.001 
2nd 10 ml 31.4 0.002 
3rd 10 ml 59.3 0.003 
4th 10 ml 6.3 0.004 
5th 10 ml 1.4 0.007 
6th 10 ml < 0.2 0.004 

Elution with 1.5 M HCl/CH30H, 83% 
1st 10 ml < 0.2 0.01 
2nd 10 ml < 0.2 72 
3rd 10 ml < 0.2 6 
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4.3. The Electrodeposition of Am and Cm 

At first, the system for the electrodeposition of Americium and Curium given by 

[10] was adopted. This system is based on dissolving the final residue of leached 

solution in H2S04 and then adjusting the pH ofthe resulting 8 M H2S04 solution 

to pH 3. The pH was adjusted using Methyl red as indicator. Electrolysis was 

carried out at 1.1 A for 2 hours. The quality ofboth the planchet and a spectra was 

quite satisfactory. The chemical yield was about 70 % which is confirmed in 

literature by other workers. Using two 100 g soil samples chemical yields of 19 

and 99% were measured. These nonuniform results were always observed if no 

wet ashing before electrolysis with H2S04fHN03 was performed. Since this wet 

ashing is very time consuming we checked another procedure using an 

oxalate/HCI medium [5]. With pure tracer solution the following results were 

achieved. 

Table 4: Chemical Yields of Am and Cm Electroplating form Oxalate/HCl 
Medium. 

Sampie No. Tracer used Chemical yield in % 

1 90.5 
2 Am-241 100.2 
3 101.4 

Mean value 97±6 

1 90.0 
2 Cm-244 81.7 
3 84.7 
4 99.0 

Mean value 89±7 

Since the chemical yields were higher than the values obtained by the H2S04 

procedure and the a spectra were also pretty weil, we applied this method to 

analyses on real and simulated samples. The chemical yields were acceptable. 

The results are given in Table 5. 
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Table 5: Chemical Yields ofOxalate/HCl Electroplating of Am and Cm. 
Further Explanation, see Text. 

Experiment No. Tracerused Chemical yield in % 

1 71 
2 100 
3 Am-241 71 
4 35 
5 73 

Mean value 70±23 

6/1 100 
6/2 Am-241 82 
6/3 85 

7 Am-241 + Cm-244 81 
8 Am-241 92 
9 Cm-244 78 

Mean value 84±7 

U sing the full analyses for blank, plant or soil samples ( experimen ts 1 - 5) a mean 

value of 70 ± 23 % for the electroplating of Am-241 tracerwas obtained. The very 

seldom but also during later analyses oberservable low values are to accept since 

chemical yield is individually determined for each analysis. 

N evertheless we observed a yellow to redbrown ring in the anion exchanger 

column which was used for lanthanides separation during leaching of Am and 

Cm. lt was proved that the ring was caused by trace content of iron in the 

(NH4)SCN solution and that Am-241 (as very likely Cm) was eluated tagether 

with this ring. 

In experiment 6 we divided the eluation volumes in one part which was collected 

before the ring reached the end of the column, 6/1, and in parts containing the 

yellow ring and the later solution, 6/2 and 6/3. 

So we decided to use another anion exchanger column to clean the (NH4)SCN 

solution before application to analysis (see 2.1). The result was an increased 

chemical yield of electrodeposited Am and Cm and a decrease of standard 

deviation as could be demonstrated with the experiments 7- 9. 
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4.4. Losses During the Particular Chemical Steps ofthe Procerlure 

Using Am-241 as a tracer, the a activity of each solution and solid collected 

during the analysiswas determined and compared with 100 % activities in the 

same solutions and solids. The results are presented in Table 6. 

Table 6: Losses of Am During Single Radiochemical Steps of Am+ Cm 
Analysis. 

Analytical step which was controlled. Losses of Am-241 in% Content of Am in: 

Residue of 100 g soil 0.2- 1.9 

H4Si04 precipitate after pH adjustment 0.08-3.9 

HN03 after extraction of Am < 0.2-0.6 

Wash solution: 100 ml 0.1 MHN03 0.08- 1.4 
150 ml 0.1 MHN03 1.5 
200 ml 0.1 M HN03 0.5-4.2 
100 ml 0.8 M HN03 4.0-6.6 

KieselgurtrOPO, after elution 0.2-0.3 

Regeneration of KieselgurtrOPO for further 
analyses: 
100 ml 8 M HN03 1st 50 ml 1.0 

2nd 50 ml 0.07 
150 ml 8 M HN03 1.9 
200 ml4 M HN03 1st 50 ml 0.03 

2nd 50ml 0.007 
3rd 50 ml 0.006 
4th 50ml 0.007 

10 ml 9 M HCl for cleaning the anion and cation 
exchanger 1.2 

Anion and cation exchanger after cleaning 0.1 

Solutionafter passing the anion exchanger < 0.001-4.1 

Wash solution of 30 ml1 M HN03/CH30H, 83 % < 0.001- 1.5 

60 ml of 1 M HCl/CH30H/NH4SCN after passing 
.through anion exchanger 0.02-0.05 

Anion exchanger 0.14- 2.0 
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5. Results 

5.1. The Radiochemical Procerlure 

1) The ashed sample material is covered with 290 ml 0.9 M HF/8 M HN03 and 

boiled for 30 min. Cooling and centrifugation. 

2) The solution is separated and the residue again is covered by 250 ml 5 M 

HN03/l M Al(N03)3 and boiled for 30 min. Cooling and centrifugation. 

Combining ofthe two solutions and discard the residue. 

3) The pH ofthe solution is adjusted to 1.0- 1.3 using NH3, 25 %. 

4) Transfer the solution to a column with TOPO/diethylbenzene/Kieselgur. 

The flow is 10 ml!min. At the sat11e flow rate it is washed with 150 ml 0.1 M 

HN03. 

5) Am and Cm are eluated with 150 ml 2M HN03, flow rate 5 ml/min. 

6) The eluat is twice extracted using CHCI3. Discard the CHCl3. 

7) Evaporation to dryness. Dissolution in 10 ml9 M HCl. 

8) These 10 ml9 M HCl are transfered to an ion-exchanger column. It contains 

an anion and a cation exchanger. Flow rate 0.5 ml!min. Two times washing 

with 10 ml 9 M HCl. Evaporation to dryness. 

9) The residue is dissolved with 10- 20 ml1 M HN03/CH30H, 93 %. Transfer 

to an anion exchanger column. Flow rate 0.5 ml/min. The solution is 

discarded. 

10) Wash with 50 ml1 M HN03/CH30H, 93 %, using five 10 ml portions. Flow 

rate 0.5 ml/min. Wash with 60 ml 0.1 M HCl/0.5 M NH4SCN/CH30H. Flow 

rate 0.5 ml/min. 

11) Elution of Am and Cm with 60 ml 1.5 M HCl!CH30H, 86 %. Flow rate 

0.5 ml/min. Evaporation to dryness. Dissolution in 10 ml HN03, 65 %, and 

evaporation to dryness. Three times evaporation with 1 ml9 M HCI each. 

12) 0.4 ml4 M HCl is used to dissolve the almostinvisible residue. The beaker is 

washed three times with 1 ml (NH4)2C204, 4 %. Rinse with 0.6 ml H20. 

Each solution is transfered into the electroplating cell. 

13) Electroplating at 300 mA for 2 hours. After 2 hours 1 ml NH3, 25 %, is 

added, 1 min electroplating is continued then the current is switched off. 

14) The solution is discarded. The stainless steel platelet is washed with H20 

and ethanol and heated in a gas flame before a spectrometry. 
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5.2. The Decontamination Factors 

The decontamination factors for important a emitters were determined adding a 

convenient radiotracer to a sample and performing the full analysis. The activity 

measured on the stainless steel platelet was compared with the added activity. 

The results are presented in Table 7. 

Table 7: The Decontamination Factor. 

Decontamination of U sed tracer acti vi ty Decontamination faktor nuclide/Bq 

Plutonium Pu-239/4100 > 7.3·105 

Neptunium Np-237/3900 8.9·103 

Uranium U-232/3700 > 6.4·105 

Thorium Th-228/3700 > 2.1·105 

Radium Ra-226/2900 > 4.3·105 

Polonium Po-210/2900 > 5.9·104 

5.3. A pplications 

The radiochemical procedure was applied to many different kinds of samples. For 

chemical yield determination about 0.07 Bq Am-242 was added to environmental 

samples and about the 10 fold amount for aerosol filters contaminated in gaseaus 

effluents. In Table 8 the results of the analysis of environmental samples are 

presented andin Table 9, results are given for Am- and Cm-analysis of gaseaus 

effluents. 
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Table 8: Am-241 and Cm-244 Concentrations in Environmental Samples. 

Concentration in mBq/kg 
Sample 

Am-241 Cm-244 

Corn < 0.5 < 0.4 

Potato < 0. < 0. 

Cabbage 0.2 < 0.2 

Carrot < 0. < 0. 

Onion < 0.2 < 0.2 

Tomato < 0.2 < 0.2 

Beans, dry < 1.7 < 2.3 

Ground water < 0.3 < 0.2 

Sediments 30 < 11 

Soil 30 < 11 

Table 9: Am-241 and Cm-244 Concentrations in Gaseaus Effiuents of 
Different Nuclear Installations. 

Concentration in mBq/m3 
Installation 

Am-241 Cm-244 

Nuclear fuel reprocessing plant 
1 12 0.9 
2 8.3 2.1 
3 3.7 < 0.7 

Incineration facility 
1 0.5 < 0.01 
2 0.1 < 0.01 
3 0.8 < 0.01 

Pressurized water reactor 
1 0.007 < 0.002 
2 0.004 < 0.001 
3 0.007 0.003 
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