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ABSTRACT. We collected ca. 500 soil samples from within the inhabited territory of the Ukraine for 241Pu determination. 

To cover the expected wide range of contamination levels due to fallout from the Chernobyl Nuclear Power Plant (NPP) acci- 

dent, we took samples in the following regions: Kiev (170 samples), Gitomir (70 samples), Chernigov (60 samples), Rovno 

(70 samples), other regions (130 samples). We used 10 g of soil from a 5-cm depth coring cylinder. We ashed the samples for 

4 h at 400°C and then used a mixture of HCl and HF followed by HNO3 to solubilize the plutonium. We stabilized the pluto- 

nium with NaNO3 and isolated it using Dowex-1 ion exchange resin. Finally, we deposited the plutonium electrochemically 

onto stainless steel disks. We determined the activities of the a-emitting isotopes of plutonium, including the 242Pu yield 

tracer, using traditional a-spectroscopy systems. Our chemical yields were typically 40-80%. We used liquid scintillation 

counting (LSC) for the determination of the 1Pu activity on each disk. Our method employs an ultra low-level a/3 spec- 

trometer (Quantulus 1220TM), 7-ml aluminium/Teflon® vials and a highlight output, toluene based liquid scintillation cocktail 

(GS-1). The analytical parameters were: counting efficiency =15%, background count rate = 0.55 cpm, figure of merit (E21 

B) = 409, minimum detectable activity (MDA) for 120 min count = 2.3 Bq kg-1 and the MDA for a 500 min count =1.0 Bq 

kg-1. Geometric mean values and standard deviations for 1Pu activities in soil from the inhabited regions which were studied 

were 20.5±i2.9 Bq kg-1 

INTRODUCTION 

Although 1Pu is a low-energy beta-emitter (E,ax = 20.8 keV) with a comparatively short half-life 

(14.4 yr), it is indirectly of considerable radiological significance because it decays to 241A1n (t/ = 

432 yr) which in turn decays to 237Np (t/ = 2.1 x 106 yr). Both of these daughters are a-emitters and 

are therefore regarded as being highly radiotoxic while the half-life of 237Np gives it importance in 

terms of long term repository storage. The main sources of plutonium in the environment are 

derived from nuclear weapons testing fallout, discharges from nuclear fuel reprocessing plants and 

accidental releases due to NPP incidents. Releases from Chernobyl of the main long-lived radionu- 

clides are given in Table 1(Begithsev et a1.1990). The 241Am activity released into the environment 

from Chernobyl is significantly less the activities of the majority of plutonium isotopes; however, 

1Pu decay will produce a significant increase in the environmental inventory of 241Am (Fig. 1). 

Indeed, within 50 yr of the accident, the activity of Am in the environment will reach a peak and 

will exceed the initial activity by a factor of x40. Therefore, the increasing environmental inventory 

of 24'Am and its radiotoxicity make this study important. Different methods of analysis based on 

LSC can be used for the determination of 241Pu in different environmental samples (Horrocks and 

Studies 1959; Miglio and Willis 1988; Parua, Raab and Radoszewski 1993; Ryan et al. 1993; Seidel 

and Volf 1972; Yu-fu et al. 1990, 1991). The method that we propose to use is based on a 2n count- 

ing geometry where the a- and f-emitting isotopes of plutonium are electrodeposited onto metal 

disks (Ryan et al. 1993). The advantages of this method are high sensitivity, absence of any influ- 

ence of quenching and preservation of the disks (non destructive analysis). The quality of the 241Pu 

determinations depends on the degree of chemical separation and subsequently, the quality of the 

electrodeposition (source thickness). 

Liquid Scintillation Spectrometry 1994, edited by G. T. Coop D. D. Harkness, A. B. MacKenzie, 97 
B. F. Miller and E. M. Scott. RADIOCARBON 1996, P. 97-102 
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TABLE 1. Activities of the Main Long-Lived and Biologically Signifi- 
cant Radionuclides in the "Active Zone" of the Fourth Chernobyl NPP 
Reactor at the Time of the Accident (Begithsev et al. 1990)* 

Radionuclide Activity (Bq) Radionuclide (Bq) 
238Pu 9.4 x 1014 241Am x 1014 1 

239pu 9.6 x 1014 137Cs 
. 

2.60 x 1017 
2' Pu 1.5 x 1015 134Cs x 1017 
241Pu 1.9 x 1017 90Sr x 1017 2 
242Pu 2.0 x 1012 

. 

*Ratio of 241Pu to sum of 2Pu + 239Pu + 24QPu 59 
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Fig. 1. Ingrowth of 241Am activity from 241Pu 
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To determine the chemical yield, we used calibrated sources of 236Pu and 242Pu. Soil sample size was 
10 g, obtained from a 5 cm depth coring cylinder. We ashed the soil samples at 400°C for 4 h and 
then digested them in a mixture of HCl and HF, followed by HNO3. Plutonium preconcentration was 
by neodinium hydroxide precipitation, followed by ion exchange. For hot particles and vegetation, 
the samples were ashed and plutonium (IV) extracted with trioctylamine (TOA) in 6M HNO3. 
Extraction efficiency was at least 85%. Finally, all samples were electrodeposited onto stainless 
steel disks. 

To determine the activity of the a-emitting isotopes, we used semiconductor detectors manufactured 
by Ortec and Canberra Industries. Summary errors for 239,2' Pu activities were: ca. 20% for activities 
of 0.03-0.05 Bq kg-1, ca. 10% for 0.5-5 Bq kg-1 and <6% for 5-50 Bq kg-1. We measured 241Pu activ- 
ities with the Wallac Quantulus 1220TM liquid scintillation spectrometer. Chemical yield was deduced 
from the a-spectrometry measurements using either the 236Pu or 242Pu yield tracer. We based the abso- 
lute calibration of the1Pu on the similarity between Pu and 3H [SC spectra (Parus, Raab and 
Radoszewski 1993). We achieved improved energy resolution for samples extracted into an organic 
(toluene-based) scintillation cocktail in Teflon® vials (Fig. 2). We should point out the need for the 
determination of activity in the 241Pu window from the a-emitting isotopes (Ryan et al.1993). Beta to 
a ratios used were 0.11 and 0.39 for 236Pu and 2Pu, respectively. 
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We used a range of aluminium-Teflon® vials (3, 7,15 and 20 ml). Counting performances for all 

vials are given in Table 2. It can be seen that each vial size gives good counting performance, with 

the 7- ml vials producing the best performance (Figure of Merit = 409). The counting parameters for 

the 7-ml vials were as follows: For a counting; background = 0.01 cpm, efficiency = 50%. For 241Pu 

counting; background = 0.55 cpm, efficiency =15%. MDAs, with a 50% uncertainty, for a 120-min 

counting period are 0.01 Bq for a emitters and 2.2 Bq for 241Pu. The efficiency for high energy 3- 

emitting radionuclides counted in such a manner is ca. 50%, background =1.5 cpm and MDA (120- 

min count) = 0.12 Bq. The a and I spectra from 242Pu and 1Pu, electroplated onto a stainless steel 

disk, and counted in a 7-ml vial, are shown in Figure 3. The metal disk has to be <16 mm in diameter 

to fit the internal dimensions of the LSC vial. 

TABLE 2.241Pu Counting Performance When Electroplated onto Metal 

Disks and Placed in Vials of Different Sizes 

Vial size Efficiency (%) Background (cpm) Figure of merit 

(ml) (E) (B) (E2B) 

3 9.5 0.32 
7 15 0.55 

15 16 0.67 
20 18 0.98 

IA] 9.211 CPM/ch 11 .52 cin B:1410R1PU1 319711511Q162691M.891 SPIII 
IB] 9.211 CPIVck 118.52 cin B:WOR!{PU93197115111Q1628BiM.981 8P112 

i IN 299 399 4M 599 699 799 t]99 999 1999 

IMTB6R( i-1924) IA] 165.144 CPII I9] 136.797 CPM 

BUNCH= 4 w 38 B 3.749( 2.i) 3.222( 2.44) 
[A] Q162881M.881 411 IBl Q16288111.881 112 

1 CONl .9 STAT 19UTIL 

Fig. 3. Spectra obtained from a calibra- 

tion disk source containing 241Pu and 

242Pu and counted in a 7-ml aluminium- 

Teflon® vial 
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RESULTS 

The results of our study are presented in Tables 3-5. Table 3 lists the results for 241Pu and 
238,239,244Pu in some of the hot particles that were collected from soil samples. The results were 
decay corrected to the time of the accident. These demonstrate 3/a ratios in the range 54.7 to 73.1, 
with a mean value of 60.2. This is in good agreement with the data of Begithsev et al. (1990) (Table 
1) which equate to a ratio of 59. It was noted that the extractive techniques for sample preparation 
gave better energy resolution and sensitivity for 241Pu determinations (see Fig. 2). The data for plu- 
tonium concentrations in vegetation samples from Kiev, collected during 1986, are given in Table 4. 
Here, the 3/a ratios range from 10.2 to 43.6, with a mean value of 28.0. 

TABLE 3. Plutonium Isotope Activities (Bq) and Activity 
Ratios in Some of the Hot Particles Collected from Soil 
Samples when Decay Corrected to the Time of the Cherno- 
byl Accident (26 April 1986) 

Sample '1Pu 238,239,24oPu ratio 

1 110.4 2.0 
2 1041.0 18.2 
3 0.85 0.02 
4 484.1 8.4 
5 19.5 0.26 
6 43.8 0.71 
7 183.3 2.9 

Average 60.2 

TABLE 4. Plutonium isotope activities in 1986 from ash samples of grown plants 
(Bq kg-1). Activities recalculated at the time of the accident. 

N Sample Date 

3 May 1986 
3 May 1986 

3299 pine 25 July 1986 
3300 Leaves (lime tree) 28 July 1986 
3306 Grass 28 July 1986 
3476 Pine 11 August 1986 
3580 Leaves (lime tree) 26 August 1986 
Average 28,0 

Our first measurements of 1Pu concentrations in soils were carried out by washing the electrode- 
posited plutonium from the disks, following alpha spectroscopy. The measurements were made 
using Teflon vials and Optiphase HisafeTM 3 cocktail. These data were in the range 11.9 to 480 Bq 
kg-1. Further analyses were made by direct counting of the disks in scintillation vials. The results of 

1Pu analyses on soils, presented as averages and standard deviations for the most representative 
sample batches, are given in Table 5. The geometric mean for all the data is 20.5 Bq kg-1 of soil. We 
also predicted the 241Am accumulation levels in soil samples (for the Ukraine as a whole and for rep- 
resentative regions) due to decay of 241Pu. The maximum corresponds to about 3% of the initial 

1Pu activity. The geometric mean value for the predicted additional 241Am soil contamination is 
0.6 Bq kg-1. 



Monitoring 241Pu in Ukrainian Soil 

TABLE 5. Average 241Pu Activity in Ukrainian Soil Sam- 

ples and Predicted Maximum Additionally Accumulated 

1Am Levels in Ukrainian Soil Due to 241Pu Decay 

(Within 50 yr After Chernobyl NPP Accident), Bq kg'1 

241pu 1Am 

Region Average STD 

Ukraine 32.7 32.3 
Vinnitsa 49.6 37.3 
Kiev 35.2 38.0 
Gitomir 22.5 15.0 
Rovno 26.9 23.1 
Cherkassy 55.2 41.0 
Chernigov 15.6 17.5 
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CONCLUSION 

A high degree of chemical purification is required if samples are to be analyzed for low levels of 

1Pu, to avoid contamination by natural f3-emitting radionuclides. The solvent extraction technique 

is preferable for LSC as it gives 2-3 times better energy resolution. 2n a- and 3-counting of metal 

disks with electrodeposited plutonium is a modem nondestructive method that is useful when addi- 

tional sample measurements may be required at a later stage. 

Our average result for 3/a ratios of plutonium in hot particles is 60.2 and in close agreement with 

the result calculated from the inventories of plutonium isotopes that were estimated to have been 

released during the Chernobyl accident. The f3 to a ratio range determined for soil samples was 

rather wide, having a mean value of 49.6. This is attributed to the variable activities of both global 

weapons testing and Chernobyl fallout that are present in the soils. 

The f3/a ratios for vegetation samples collected from Kiev are lower than for hot particles (average 

of 28 cf. 60). We have no firm explanation for the difference in the ratios. Our only possible sugges- 

tion is that particles deposited where the vegetation samples were collected were much smaller than 

those deposited close to the plant and may have been released at a different time and been associated 

with different fuel elements. 

Predicted additional accumulations of 2414,m due to 241Pu decay will be ca. 3% of the 241Pu activity, 

and for the samples that we studied, this will represent up to 4.6 Bq kg'1. A lognormal distribution 

of the data gives an average additional level of 0.6 Bq kg'1. 

ACKNOWLEDGMENTS 

We are grateful to the Ukraine Ministry of Chernobyl for their partial support of this study. We are 

also grateful to the British Council for funding Michael Buzinny's participation in the Conference. 

REFERENCES 

Begithsev, S. N., Borovoj, A. A. and Burlakov, E. V. et al. 

1990 4th Chernobyl NPP reactor fuel. (Short.). Pre- 

print 21-5268/3. Kurtchatov Nuclear Energy Institute. 
Moscow (in Russian). 

Buzinny, M. G. and Tsigankov, N. J. 1993 Using of liquid 
scintillation counting for determination of Radionu- 

clides deposited to metal disks: Actual problems of 
medical consequences liquidation of Chernobyl acci- 

dent. Part I, Abstracts of Ukrainian Scientific Confer- 
ence, Kiev, 20-22 April 1993. Health Ministry of 
Ukraine, Ukrainian Research Center for Radiation 

Medicine: 50 (in Russian). 



102 M. Buzinny et al. 

Buzinny, M. G., Tsigankov, N. J., Zelensky, AN., Soroka, 
S.V. and Lebedeva, L. I.1993 1Pu determination in 
environmental samples. In Problems of Radiation 
Medicine 5: 48-56. Health Ministry of the Ukraine, 
Research Center for Radiation Medicine, Academy of 
Medical Sciences of the Ukraine. (In Russian) 

Horrocks, D. L. and Studies, M. H. 1959 Low Level Plu- 
tonium-241 Analysis by Liquid Scintillation Tech- 
niques. Analytical Chemistry 30(1)1:1747-1750. 

Miglio, J. J. and Willis, L. C. 1988 Simultaneous Liquid 
Scintillation Determination of 9Pu and 241Am in Tis- 
sue. Journal of Radioanalytical and Nuclear Chemis- 

try 123(2): 517-528. 
Parus, J. L., Raab, W, Radoszewski, T. 1993 Liquid 

Scintillation Counting of plutonium and/or americium 
concentration. In Noakes, J. E., Schonhofer, F. and Po- 
lach, H. A., eds., Liquid Scintillation Spectrometry 
1992. Tucson, Arizona, Radiocarbon: 233-237. 

Ryan, T. P., Mitchell, P. I., Vives i Batlle, J., Sanchez- 

Cabeza, J. A., McGarry, A. T. and Schell, W. R. 1993 
Low-level 241Pu analysis by supported-disk liquid 
scintillation counting. In Noakes, J. E., Schonhofer, F. 

and Polach, H. A., eds., Liquid Scintillation Spectrom- 
etry 1992. Tucson, Arizona, Radiocarbon: 75-82. 

Seidel, A. and Volf, V. 1972 Rapid determination of some 
transuranium elements in biological material by liquid 
scintillation Counting. International Journal of Ap- 
plied Radiation and Isotopes 23(2):1-4. 

Yu-fu, Y., Salbu, B. and Bjornstad, H. E. 1991 Review: 
Recent advances in the determination of low level plu- 
tonium in environmental and biological materials. 
Journal of Radioanalytical Nuclear Chemistry 148(1): 
163-174. 

Yu-fu, Y, Salbu, B., Bjornstad, H. E. and Lien, H.1990 
Improvement for Energy-Resolution in Determination 
of Low Level Plutonium by Liquid Scintillation 
Counting. Journal of Radioanalytical Nuclear Chem- 
istry, Letters 145(5): 345-353. 


	lss_1994_97_m.pdf
	lss_1994_98_m.pdf
	lss_1994_99_m.pdf
	lss_1994_100_m.pdf
	lss_1994_101_m.pdf
	lss_1994_102_m.pdf

