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data presented by Broda (1987), Jaracz et al. (1990)
and Piasecki er al. (1990) are insufficient and, more-
over, inventory calculations for a hypothetical light
water reactor were used. so the data analysis presented
is of doubtful validity.

In contrast. we have used the results of inventory
calculations (Begichev er a/.. 1990; Belvaev et al..
1990) carried out at the Kurchatov Institute of Atomic
Energy in Moscow, which take account of the detailed
history of the Unit 4 rcactor operation. Furthermore,
we have studied the y-spectrometry data on 1200 HPs
with characteristic sizes of 20400 ym and activities
(in 1987) of more than 10 * Ci (37 Bq). which were
collected from soil at sites located at different dis-
tances (up to 10 km) and in different directions from
the Chernobyl NPP in 1986-1987.

For statistical processing of the information a
“Chernobyl Hot Particles™ data base was created. The
v-spectrometry of these particles was performed using
a high-purity Ge detector (GEM-30185) of about
30% efficiency and 1.85 keV energy resolution (for
Co-60, 1332 keV y-rays) connected to a multichannel
analvser (ADCAM™ MCA 350. EG&G ORTEC
system). +-Spectromctry and neutron activation
analyses indicate that 97% of these HPs are FHPs:
thetr radionuclide composition and specific activities.
determined for refractory. non-volatile elements.
being close to those of Unit 4 reactor fuel. The rest
are Ru HPs and Cs-condensed HPs, which are of
minor importance in the local zone (up to 60 km).

We estimated the fuel burn-up for FHPs from the
activity ratios of Sb-125/Ce-144, Zr-95/Ce-144 and
Cs-134/Cs-137, the most probable values being 9. 8
and 11 MWtd/kg, respectively (Fig. 1}. These values
are approximately two-thirds of the most probable
burn-up for the reactor core—14 MW1td/kg (Begichev
et al.. 1990 Belyaev et al., 1990). So we can conclude
that the FHPs were released from the lcss irradiated
(younger) part of the rcactor core (about 20% of
FHPs have burn-up values <0.9 MWtd/kg)—prob-
ably the epicentre of the cxplosion was situated in one
of the fuel rods installed in the reactor not long before
the accident.

It should be noted that the fission product frac-
tionation in the fuel took place at the time of the acci-
dent as well as during normal reactor operation. Thus,
on the one hand, the FHPs were depleted in highly
mobile volatile fission products as a result of high-
temperature annealing, and. on the other hand, these
fission products had condensed and been absorbed on
the surface of various carriers, including the FHPs.
This leads to the variable content of CS, Sr and Pu in
FHPs. The FHPs are most depleted in Cs-134 and Cs-
137 (fractionation factor k. = 0.7) and less depleted
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Fig. 1. Frequency histograms presenting the distribution of
the burn-up determined by the activity ratios of (a) Sb-
125/Ce-144 and (b) Cs-134/Cs-137 and (c) theory (Begichev
et al., 1990).
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Fig. 2—caption opposite.
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Fig. 3. The 60-km zone map depicting the part of Cs-137 contained in the FHPs relative to the total
activity.

pH > 8 and redox potential £, > 0.45V, so areas with
such soils are critical with respect to future enhance-
ment of Sr-90 and, maybe, Pu uptake in vegetation,
although the availability of Pu is generally poor for
plant root uptake.

CONCLUSION

The Chernobyl accident has presented us with the
challenge of understanding the behaviour of FHPs,

released in considerable numbers into the environ-
ment. The major fraction of some potentially bio-
logically important radionuclides, such as Sr and Pu,
is contained in FHPs in biologically unavailable form.
Destruction of these FHPs may lead to substantial
changes in the radioecological situation. Also, in-
halation of a- and f-emitting FHPs with high specific
activities may turn out to be particularly harmful
(Hohenemser, 1986 ; Richmond et al., 1970). Using a
representative sample of FHPs collected in 19861987

( Fig. 2 Opposite)
Fig. 2. Frequency histograms presenting the distribution of the ratios of different radionuclide activities
(A} to Ce-144 activity (Ac. 144 calculated for the moment of the accident (26 April 1986): (a) Zr-95/Ce-
144 ; (b) Sb-125/Ce-144; (c) Eu-155/Ce-144; (d) Sr-90/Ce-144; (e) Ru-106/Ce-144; (f) Cs-137/Ce-144.
Data on Sr-90 are obtained by radiochemistry; data on the rest of the radionuclides are obtained by
7-spectrometry. {(A4,/A¢.. 44y 1s the sample-averaged value of the activity ratio.






