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Soil samples collected from three forest sites within the 
30-km zone around the Chernobyl reactor were analyzed for 
239Pu and  2MPu by ICP-MS The average 2aPu/ugPu atom 
ratio in contaminated surface soil samples, values of which 
are scarce in the literature, was 0 408 There were 
almost no differences in the 2“oPuPPu  ratios between 
the individual samples analyzed, although the u9+zaPu levels 
varied very widely ( I  e from 6 3 to 1430 Bq kg-’ dry 
weight) depending on the distance from the reactor and  
on the soil layers investigated This result corresponded to 
area-related activities for 239+240Pu between 1 1 kBq m-2 
and  13 3 kBq m-* It was estimated that about half of the Pu 
migrated from the organic layers to the underlying 
mineral layers The 2MPu1239Pu ratio observed in the 
Chernobyl area was m u c h  higher than that attributed to 
weapons fallout (ca 0 18) The high ratio was related to the 
high burn-up grade of the reactor fuel The 240Pu/239Pu 
ratio observed might be used as a ’fingerprint in identifying 
the distribution of Chernobyl-derived Pu in the environment 
and  in distinguishing it from other sources e g global 
fallout Relationships between the concentrations of Pu 
a n d  those of I3’Cs, 6oCo, a n d  125Sb were also discussed 

Introduction 
Plutonium is one of the most important anthropogenic 
radionuclides in relation to nuclear industries Its two 
isotopes, L 3 y P ~  (half-life 241 10 y) and z40Pu (6564 y), are the 
iiiosl abundant of Pu isotopes in the environment In the 
Cheriiobyl reactor accident, it was estimated that about 
8 7 x 10” IQ of L3y+240Pu were released (1) Several papers 
(2-5) have alieady reported the levels of Pu in envlronmental 
\ainples collected from aieas around Chernobyl after the 
accident The most commonly used method for the Pu 
andlysis is a-spectrometry However, this method cannot 
resolve the L 3 r P ~  and L 4 0 P ~  peaks because of their similar 
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i f  nuclear weapons etc 1 here are severdl studies (e g ref\ 
?-5) i n  which L3q+L411P~i and ri131’u (half life 87 7 y) W L I C  
jetermined by a spectrometry for sainples Contaminated 
w t h  the Chernobyl fallout The usP~/L3Y+L4DP~ ratios in the 
Zliernobyl samples are known to be higher than those in 
global fallout However, there are only a few publications 
which report reliable data on the ratio of the most abundant 
two Pu isotopes (I e 240Pu/z39Pu ratios) in envlronmental 
samples, including those contaminated by the Chernobyl 
accident Therefore, it is worthwhile to use methods other 
than a spectrometry for promding such information The 
240Pu/239Pu ratios are also very useful for estimating Pu 
isotopic composition in the fuel at the time of the accident 
and for understanding the distribution of the Chernobyl Pu 
in the envlronment 

Recently we have developed a method for the determi- 
nation of 239Pu and 2mPu in envlronmental materials by means 
of ICP-MS (inductively coupled plasma mass spectrometry) 
and reported t h e 2 4 0 P ~ / B 9 P ~  ratios in lAEA standard reference 
materials and in some Japanese soil samples (6) In the 
present study, we have applied this technique in order to 
determine 239Pu and 240Pu and their ratios in soil samples 
collected wth in  the 30-km zone around the Chernobyl 
reactor 

Materials and Method 
Soil samples were collected from three forests in the 30-km 
zone around the Chernobyl reactor (NNP) by a group from 
the Federal Office of Radiation Protection, Germany, in 1994 
and 1995 Locations of the sampling places are as follows 
Kopachy 2 (a), 6 0 krn to the southeast of the NPP Dityatki 
1 (Dl) ,  28 5 krn to the south of the NPP, and Dityatki 3 (D3) 
26 km to the south of the NPP 

Lux et al  (3) describes some details of the sampling places 
(types of soils, plants, etc ) as well as  the levels of several 
nuclides measured in prevlously collected samples in these 
same areas during 1992 and 1993 In 1he present study we 
prepared composite samples, e g mlxtures of L (litter) Of 
(fermented organic layer), and Oh (humificated organic layer) 
based on the area-related density of each layer In addition 
to the organic layers, the underlymg Ah horizon (transition 
layer) and B horizon (mineral layer) were also used in the 
analysis 

The procedure used for the analysis of Pu was based on 
a method reported prewously (6) Only a brief description 
is given here Samples (1-10 g, depending on the concen 
tration level of Pu) were mu;ed w t h  a known amount of 2 4 L P ~ ~  
(CRM 130, New Brunswick Laboratory) as a spike Each 
sample was placed in a Pwex beaker, and 8 M (or morc 
concentrated) nitric acid (30-80 mL) was added The beaker 
wac covered with a watchglass and heated on a hot plntc 
(180-200 “C) for about 5 h The warm leachate was filtcicd 
through a glass fiber filter The residue in the beaker wnc 
l m k d  again with 8 M nitric acid for about 30 inin and then 
filtcicd All the filti?tes were collcctcd i n  a bcakei and I I L  itctl 
on a hot plate until a thick wet paste was ohtaint d I hc wct 
l ~ s t e  was dissolved by adding nitric acid and thcn i (  W a c  
dilutrd \ i i t I i  dcioiii7ed water to adjust thc icidil)’ to II M 
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TABLE 1 Analytical Results lor '39Pu and 240Pu and Their Atomic Ratios i n  Chernobyl Soil Samples Together witli Area Related 
Activitf 

2@PuPPu densityb 239 240P~ 
points soil layers (Bq kg l )  (Bq kg '1 (Bq kg l1  (atom ratio) (kg m 2 ,  (Bq m I 1  

K2 UOf/Oh 94 572 f 10 858 f 19 1430 f 22 0 408 f 0 003 5 2  7431 
K2 L/Of/OIl 95 451 1 12 680 4- 17 1130 z 21 0411 i o 0 0 2  5 2  5881 
K2 Ah/B 95 3 0 8 f O 5  4 5 9 f 0 7  7 6 7 k 0 9  0406=kO004 86 5 6630 

30-km Zone (Dityatki) 
D1 UOf/Oh 94/95 5 5 3 f 1 2  8 1 6 f 1 8  137 f 2 0 403 f 0 001 4 4  602 
D1 AhtB 94/95 2 6 f 0 1  3 7 f 0 1  6 3 f 0 2  0 3 8 6 f O 0 1 3  86 9 544 
D3 UOf/Oh 94 6 9 8 f 1 2  1 0 6 f 3  175 f 3 0 412 f 0 008 4 4  77 1 
D3 UOf/Oh 95 6 8 8 f 1 5  1 0 3 f 3  172 f 3 0 408 f 0 004 4 4  756 
0 3  B 94/95 5 5 f 0 1  7 9 f 0 2  13 4 f 0 2 0 390 f 0 001 37 1 498 
ratio av for all samples (8) 
ratio av for samples excluding Ah and B layers (5) 

sampling rrJPu **PU 239 240pu 

10 km Zone (Kopachy) 

0 403 f 0 009 
0 408 f 0 003 

'Note average of two separate analyses (duplicate determinations) with standard deviation (i) bSoil density per unit area used for the 
analyses (kg m-?) Concentrations of 2m+zaPu per unit area (Bq m-Z) were calculated from the analytical results and the density data 

nitric acid (40-100 mL) With the addition of sodium nitnte 
to the sample solution, Pu was converted to tetravalent Pu- 
(IV), which is the only retainable form in chromatography 
columns The sample solution was loaded onto the column 
containing 2 mL of Dowex 1 x 8 at  a speed of e2 mL m-I 
The resin was washed w t h  8 M nitric acid (40 mL) and then 
w t h  10 M hydrochloric acid (40 mL) Finally, anmonium 
iodide (5%) - 10 M hydrochloric soluhon (40 mL) was added 
to reduce P u ( W  to Pu(1II) which IS not retained in the resin 
To volatilize iodine completely, nitric acid (4 mL) and 
hydrogen peroxlde (1 mL) were added, and the solution was 
heated to dryness The residue was dissolved w t h  4% nitric 
acid to make the final solution Concentrations ofPu isotopes 
were determined w t h  a quadruple type ICP-MS (Yokogawa 
PMS 2000) using a conventional liquid nebulizer (Meinhard 
type) Concentrations of 239Pu and 240Pu were calculated from 
the results of isotopic ratios relative to tl1e2~~Pu spike (isotope 
dilution method) Atom ratio was obtained from direct 
measurement data (rather than being calculated from the 
individual concentration values of 239Pu and z40Pu) A Pu 
isotope standard solution (NlST-947) w t h  a known 240Pu/ 
239Pu ratio was used to check the accuracy 

During the ICP MS measurements, three determinations 
of the Pu isotopes were made for each sample solution, and 
the mean values were calculated The relative standard 
denations (RSDs) for the three determinations were in most 
cases less than 4% Better RSDs of 0 7-1 8% were found in 
determinations of the 240Pu ILJ9Pu ratio, because the mea- 
surement of the ratio did not require any normalization to 
the 242Pu isotope spike count rate In other words, the 
influence of the sensitivity fluctuation was less in direct 
measurement of the isotope ratio (240Pul 239Pu) than in the 
absolute nicasurement foi the individual nuclides, which 
were normali7ed to the 242Pu spike Two separate analyses 
were performed for all samples The errors for the duplicate 
analyses were on average about 7% for the concentration 
rneasurcment and 1 2% for the measurement of the 240Pu 
P Y P u  ratio 

Concentrations of I I7Cs and some other y-emitting 
nuclides were dcterniincd by counting with a Ge-detector 
for 80 000 5 I he decay correction was made at the beginning 
of the measurement for this series of samples (June 1997) 
Details on the 1' spcctronietiy method used in this study 
were descrilied in our previous paper (8) 

Results and Discussion 
Levcls of rtrl'u aiid - V u  Ail ~lytic,il rLsiiIt\ of the concen- 
trations of "'I'ii and L l W i  aiid their isotopic ratios obtained 
rol clghr soil I l n p l c ~  cOIILCiLd I I [ I ~  the c IN I nobvl area are 
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ihown in Table 1 Reproducibilities of the duplicate analyses 
o r  each sample are satisfactory In two soil samples 
:L+Of+Oh layers) collected from Kopachy (6 km from the 
VPP), very high 239+240Pu concentrations (mean value 1280 
Bq kg-' dry weight (Dw)) are found The concentrations in 
the three samples (L+Of+Oh layers) from Dityath (28 5 or 
26 km) are on  average 161 Bq kg-l DW, which is about one- 
eighth of that from Kopachy The levels of 239+240Pu found in 
this study agree well w t h  the values reported by Lux et al 
(3) for samples collected from the same areas in 1992 and 
1993 Compared to the concentrations in the composite 
samples of the L+Of+Oh layers, the underlyng AhlB layers 
show m a r k e d l y l o ~ e r ~ ~ ~ + ~ ~ ~ P u  concentrations ( I  e 77 Bq kg-I 
DW for Kopachy (K2) and 9 9 Bq kg-I DW for Dityath (mean 
of D1 and D3)), suggesting that Pu deposited on forest soil 
is retained by the organic layers very effectively However, 
if we consider density and thickness of the AhlB layers, a 
considerable amount of Pu was observed to be distributed 
in the mineral layers (see the following discussion) Area 
related activlties which correspond to the inventory for both 
organic and mineral layers are also given in Table 1 At K2, 
the measured area related activlty (sum of results for the 
organic and the mineral layers) is 13 kBq m-2, whereas at D1 
and D3 the values are 1 1 kBq m-2 and 1 3  kBq m-z, 
respectively We think it is interesting to note that for all 
three sites, roughly the same proportion of Pu can be found 
in the organic horizons (L+Of+Oh) and the mineral hori7ons 
(Ah+B) i e the proportion of the inventon' is about 1 1 
indicating the possible migration of Pu into the deeprr layers 
These results provlde useful information in understanding 
the radionuclide inventory and redistribution of the nuclide 
in the forest compartment Accordingly we cannot exclude 
the possibility that part of the initially deposited Pu has 
already reached even deeper layers 

240PulugPu Isotopic Ratios The 240Pu/239Pu atom ratios 
determined in this study are also shown in Table 1 The 
isotopic ratios obtamed for the eight samples are i n  a rel,itivelp 
narrow range, 0 386-0 412, although the rmge of the 
concentration is quitewide (6 3- 1430 Bq kg-l DW, The mean 
value of the 2 4 0 P ~ / L 3 9 P ~  atom ratio for eight samples is 0 403 
zk 0 009 The mean ratio in five samples from the surf,t~c 
layer (organic layers) which is the most contaminated Iyc i  
is 0 408 f 0 003 The L 4 c ' P ~ / L 3 r l ' ~  ratios obscncd i i i  thc 
Chernobyl area arc miihedly liigli~i i l l  i i i  tlic glol)A I illoui 
ratio o f 0  176 f 0 014 duc to M L ~ ~ O I ~ \  I ( \ ( \  15 i c p o i i c d  I)\ 
Krey (9) 1 he value is also inucii highcr ill i n  th,it to1 z i i n p h  5 

in othei coiitaiiiiiidtcd iiC,1\~ucIlLi\ 1 1  1\11 \C I xdii i ic i i i  I I ) O I I I  
0 21) ( G  IO), Mururoi stdimciii (nliout 0 05) ( 0  / / I  i n d  
Scinipil itiiisl, soil (AIIU[ o oi) (101 



I 
I 

3 
I 

"PUPMPU 
ref 2mPu 2"Pu atom ratio 

(73) 085PE3q 1 2 PBq 0 38 
(72) 412kg 176 kg 0 425 

( 7 4 )  4 7 TBq/ton U 9 7 TBqlton U 0 56 
( 7 )  096PBq 1 5  PBq 0 43 

"z'oPufJgPu atom ratios wcrc calcul ilrd from the reported values 
of zroPu and *39Pu 

The importaiit reactioii5 p r o d u c i n g ~ ~ l ~ u  and Lrlol)ii in thc 
reactor are as  follows 

239pu + n - L4')pu 

With the increase of burn-up time of the fuel in the reactor 
the 240Pu/2J9Pu ratio becomes higher due to the higher 
production of 2mPu Some estimates of the inventory of several 
isotopes, includingu9Pu and 24nPu, in the No 4 reactor at the 
time of the Chemobyl accident have been made For example 
Belyaev et al (12) estimated the core's inventory of the 
important long-lived radionuclides based on the following 
data Operation time 715 effective days, total uranium in 
the fuel 190 2 tons, average core burn-up 11 MWdlkg U 
They reported the amounts 0f23~Pu and 24nPu in the reactor 
were 412 and 176 kg, respectively Using these data, we 
calculated the 240Pu/ugPu atom ratio as 0 425 There are also 
some other estimations of inventory in the literature (1,12- 
1 4 )  Those data are summarized in Table 2 The 24nPu/239Pu 
isotopic atom ratios calculated from the inventory data are 
also shown in the table They are in a relatively w d e  range 
(I e 0 38-0 56) Our measured values on  the 240Pu/ugPu ratio 
(about 040) obtained for the contaminated soil near the 
reactor should be useful in validating the estimation of the 
nuclides' composition in the burned fuel at the time of the 
accident 

There are only a few studies on  the ratios of 2 4 U P ~ / L 3 y P ~  
in envlronmental samples contaminated by the Chernobyl 
accident Arnold and Kolb (15) reported the isotopic ratio of 
Pu determined by LX-ray and a-particle measurements iii  

soil samples, collected from different areas including three 
samples from near Chernobyl They described the activlty 
ratio as A(L40P~)/A(L3y+24uP~) and its range for the three 
samples was 0 49-0 57, which corresponds to 240P~IL3rPu 
atom ratios of 0 26-0 36 Erdmann et al (IG) determined Pu 
isotopes in some soil samples from the Chernobyl region by 
resonance ionization mass spectroscopy (RIMS) and found 
that the abundances of 23yPu and 24uPu were 66 9 ( f 4 ) W  and 
25 3 (f2)%, we calculated the 2 4 0 P ~ / 2 3 9 P ~  atom ratio as  0 377 
f 0 037 Belyaev et al (1 7) reported the 240Pu/239Pu ratios 
determined by mass spectrometry for three soil saiiiples 
collected from the 1O-krn zone (0 350) and 30-km zone (0 303 
and 0 300) of Chernobyl Boulyga et al (18) analyzed a single 
hot particle originating from theCheinoby1 reactor by niedns 
of solid-state nuclear track detectors The isotopic coniposi 
tions (as %) they reported were 70 f 3 for 23gPu and 23 f 3 
for L4UPu, corresponding to a L 4 ' ~ P u / " y P ~  atom ratio of 
0 33 f 0 05 The ratios reported ii i  the above-mentioned foui 
publications are all lower than our data We note, however 
that our results are based on a larger number of samples 
dnd they show better iiiicertdiiiti~s coinpared to those gii e11 
in the literature Additionally, out values for the 2 4 n P ~ / L " I ' i !  

rntio arc i i i  a iiairow ratigclc, although the sainplis M L I C  

~ollccted fioiii thee diffciclciit dierts \vitli different I'u level\ 
Mre have validated our iiicasurLIi1ents using a Pu isotopic 

I 
I\ I 

I 1 5  iicccssnry t o  obtain morc d i t a  on tlic 1'11 i\otopic 
oiiiposition i n  ri~eci\ cont,iminated I q  thc C Iic i ilobyl d~ 
I d  rill 

/\clo\crlooAcit 1 tblc 1 rcvcdls t h , i t  r ~ti~i\lorrhc rrridcil\rng 
\I1 ,ind B hori/on\ scclciii to tic soiiicwhdt Iowei th 1 1 1  those 
oi suifdcc orgmlc 1 a ) ~ r s  Siiicc the LoiiLciiii iiioiis of 
:liernobyl Pu in deeper layers are low thc coi icsponding 
atios might be influenced by preexisting Pu which had its 
)rigin in fallout from weapons tests and which has a iiiarkedly 
ower 24nPu/239Pu ratio of 0 176 f 0 014 (Krey) (9) Assuming 
hat the ratios measured in the organic layers from K2 are 
iiost representative for the Chernobyl fallout, due to the 
iigh Pu contamination from Chernobyl fallout we used a 
nean value of K2 L/Of/Oh 94 and K2 L/Of/Oh 95 (I e 
I410 f 0 002) as a best estimate for the Chernobyl fallout 
Jsing this ratio for the Chernobyl fallout, the ratio for 
Neapons fallout as mentioned above, and themeasured ratios 
-or the mineral layers at the three sites from Table 1, we 
tstimated the Pu deposition from weapons fallout in the 
mineral layers The area related 239+240Pu activlty due to 
Neapons fallout is estimated as follows 

K2 7 5 f 6 1  Bqm-' 

D1 50 f 17 Bq m-' (sum of organic and mineral layers) 

D3 2 9 f 3 B q m - *  

The mean values for these three places are 51 i 21 Bq 
m-* Error ranges are quite large, specifically for sample K2, 
which has a high level of Chernobyl contamination However 
i t  is interesting to compare these results with estimates of 
global Pu fallout For example, UNSCEAR (19) gives an 
estimate of 58 Bq mT2 for the integrated deposition density 
of z39+240Pu for the north temperate zone (40-50") Bunzl et 
al (20) report for south Bavana an average 239-24uPu deposition 
of 49 Bq m-* for grassland soil and of 64 Bq me2 for forest 
soil Though we cannot exclude the possibility that part of 
the Pu deposited at the investigated sites has already reached 
deeper layers and though the uncertainties involved w t h  
our estimates are considerable, our estimates for the global 
Pu fallout agree remarkably well with hterature values This 
result indicates that accurate knowledge O~~~"PU/'~!'PU ratios 
can be used in identifymg the distribution of the Chernobvl 
derived Pu in the envlronment and in distinguishing it from 
other sources such as  Pu from global fallout The 240Pu/239Pu 
iatios may also provlde useful information on the dynamics 
of Pu in forest ecosystems 

These results demonstrate that reliable analytical data 
for the 240Pu/239Pu ratio are useful, allowing i t  to serve as a 
fingerprint to identifv the origin of Pu from different 

sources 1 he uiicertainties of the above-mentioned cases are 
r'tther large due to the very high contanmatioil from the 
Chernobyl fallout More reliable results can be obtdined if 
contamination levels from two different sources are similar 

Comparison to Other Nuclides Concentrations of ra 
dionuclides ( i e  13'Cs I2%b and '%o) determined by 
y si>ectioiiietry and their calculated area related activities 
( I  e invciitories i i i  the layers) arc shown i n  rriblc % Ihe  
coiiccntr?tioiis of "'Cs i n  the organic la\ers (1 /01/01i) w r c  
iiiorc t h m  2 magnitude higher than thow i n  thc coiic 
y )u i~d ing  inoigmic lalcrs (Ah/U laycis) Iloivc\cr d 11'1 ol 
ilic area rclntcd 'IctivitieS showed that the iiivciitoi I( of t h e  
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TABLE 3 Levels of "'Ls 6oCo and '%ib in Soils from the Chernobyl Area and Their Activi ty  Ratio t o  ' 2 4 U P ~ a  

'3'CS/PU '%b/Pu sampling '"CS '%b %I 

point soil layer Bq kg Bqm-2 Bq kg-' B q m  Bq kg-' Bq ni-* ratio ratio 

K2 UOfIOh 94 177000 920000 1120 5820 129 668 124 0 78 
K2 UOf/Oh 95 138000 718000 853 4440 132 684 122 0 75 
K2 Ah10 95 a v o  759000 48 4150 3 9  339 114 0 63 

10 km Zone (Kopacky) 

D1 UOf/Oh 94/95 14700 64700 82 
D1  Ah10 94/95 645 56100 nd 
D3  UOf/Oh 94 15100 64400 112 
D3 UOf/Oh 95 15400 67800 155 
D3 0 94/95 1420 52700 nd 
mean (ratio) 
SD 

30-km Zone Itlityatki) 
361 7 7  3 4  107 0 60 

493 7 8  34 86 0 64 
682 28 124 90 0 90 

106 0 12 
13% 16% 

nd 103 

nd 106 

Decay correction 1 June 1997 nd not detected 

nuclide in organic layers in the three locations were 
comparable to those in the underlylng inorganic layers This 
indicates that about half of the 137Cs migrated from the organic 
layers to the mineral layers This is similar to the above- 
mentioned observation on the inventory of Pu, i e ,  almost 
the same amount of Pu was distributed between the organic 
and mineral layers The radionuclide inventory data promde 
a basis for discussion of radionuclide redistnbution in forests 

The ratios of the nuclides to us+z40Pu are also shown In 
Table 3 to allow examination of internuclide relationships to 
Pu No marked difference was found between the ratio of 
137Cslug+z40Pu in organic and mineral layers This may also 
indicate that Pu was redistributed similarly to 13'Cs in the 
forest soil, though the chemical properties of these nuclides 
are very different Linkov et a1 (21) studied the migration of 
radionuclides in the forest ecosystem and mentioned that 
the transport mechanism of Pu and 13'Cs in the forest would 
be related to organo-metal complexes which redistribute 
similarly 

As shown in Table 3, the ratio i37Cs/239+240Pu for eight 
samplesisalmost constant, i e 106f 14 Arelativelyconstant 
value is also found for the i25Sb/239+240P~ ratio (0 72 f 0 11) 
The ratio of 6oCo/239+240Pu varies very wdely, i e 0 04-0 16 
(0009 It 0005) Cobalt-60 IS produced from the reactor 
material (e g steel) as an activation product, and therefore 
its distribution in the fuel (or reactor) and its behawor in the 
event of a release might differ in comparison to Pu On the 
contrary, lz5Sb and 13?Cs were produced as fission products 
in fuel, and therefore, their distribution in fuel material should 
be similar to that of Pu However, due to differences in the 
chemical characteristics of the nuclides involved, their initial 
composition in fuel material relative to Pu need not neces- 
sarlly be found in soil 

For example, about 33% of the initial core inventory of 
i37Cs is estimated to be released during the accident, i e 
about 8 6 x loi6 Bq (I) This compares to an estimated 3 5% 
of fuel material released, corresponding to the release of 
about 8 7 x loi3 Bq 239+240Pu (I) The resulting 137Cs/239+240Pu 
ratio of 770, corrected for radioactive decay to June 1997, is 
markedly higher than the ratio of 106 measured in the 
investigated soil samples The behavior of Pu at its release 
from the reactor is expected to be very different from that 
of more volatile radiocesium It is known that the fuel particles 
tended to deposit closer to the reactor due to their larger 
particle size, whereas the proportion of the condensed 
particles, which are normally finer than the fuel particles, 
was higher in reinotc. areas than that of the fuel particles (22 
23) Since the I 17C~/Liq'L4'T~i r'ttios i n  t l i ~  condensed particles 
are expected to be higher than those in  f i i d  particles due to 
the volatility of Cs the ratio in the fallout should be highei 
for areas far from Chcrnobpl An alteriiativc explanation that 

"CO/PlI 
ratio 

0 09 
0 12 
0 05 

0 06 

0 04 
0 16 

0 09 
53% 

Cs had migrated more readily to deeper layers compared to 
Pu, seems to be unlikely, since it is known that organic 
horizons of forest soil also retain radiocesium very effectively 
(24) It  is interesting to note that very high ratios of 137Cs/ 
u9+240Pu were found in far-area from Chemobyl For example, 
Hotzl et a1 (25) reported that close to Munich, Germany, the 
i37Cs total deposition relative to u9+240Pu was higher by a 
factor of about 700 compared to the release ratio gwen above 
This also indicates that Cs was more readily transported over 
large distances compared to Pu, whereas Puwas more readily 
deposited near-field (see above] The i37C~/u9+240P~ ratio 
observed in the investigated soil samples is much higher 
than the ratio for global weapons fallout of 38 f 4 (as of June 
1994) (26) In the case of lZ5Sb, similar results are observed, 
i e a 12sSb/239+240P~ ratio (again correcting for radioactive 
decay to June 1997) of 2 1 is estimated from the releases at 
the accident, but a significantly low ratio of 0 7 is measured 
in the investigated field soil samples (Table 3) 

In this study we have obtained new information on the 
composition of the most abundant Pu isotopes (239Pu and 
240Pu) in soil samples (organic and mineral layers) collected 
near the Chernobyl reactor We demonstrated that theZ4"Pu/ 
239Pu ratio was useful as a fingerprint to identifv the source 
of the Pu contamination Data obtained for the Pu isotopic 
composition together with the concentrations of other 
nuclides could also be used in model assessments such as 
proposed by Linkovet a1 (21) for the transfer of radionuclides 
in forest ecosystems Comparison of Pu to other nuclides 
would also be important in understanding the fate of the 
nuclides in the environment 
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