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The decay of 3-emitting 24! Pu gives rise to long-lived a-radionuclides 24! Am and 23" Np, which are highly radiotoxic.
The estimations of the 2*! Pu, 24! Am and #*" Np content of the Chernobyl NPP accidental release have shown that

by the present time nearly 90% of the 24! Pu isotope had already disintegrated to turn into 24! Am. This generates

a need for developing the methods of analytical control and environmental monitoring of 2** Pu and 24! Am content.

The present paper is concerned with estimation of radioactive contamination of the Ukrainian territory by 24! Pu and

241 Am, isotopes as a result of the Chernobyl NPP accident.

PACS: 23.60.+e, 28.41.Kw, 28.41.Te
1. INTRODUCTION

The Chernobyl NPP accident has changed the ra-
diological environment in the sizable areas of many
European countries. Thus, for the first ten days,
zones of higher radioactive contamination levels were
formed. The existence of radioactive areas at dis-
tances over 50 km from the Chernobyl NPP is spec-
ified by a number of factors such as the emission of
radioactive masses into the atmosphere to a height of
up to 2000m and more; falls of rains over the con-
taminated areas; the presence of complex landscapes
which caused changes in the direction and height of
the air-mass motion. The radionuclide release height
has determined the global pollution pattern, while
the rains and landscapes have specified spotty con-
tamination of the areas [1].

Over the last years, large amounts of data on the
processes of radionuclide migration in the environ-
ment have been amassed. Maps have been drawn to
indicate the areas of Ukraine, which are contaminated
with most human life-threatening radionuclides of the
accident origin. That has become the base point of
planning the actions for population health protection
and rehabilitation of the contaminated areas. Over a
period of 30 years after the accident it still remains
currently central to estimate the transuranium ele-
ments (TUE) pollution of the Ukrainian area, to an-
alyze the behavior of those elements and to determine
the risk of TUE entry into the human body.

The Chernobyl radionuclide release into the envi-
ronment has resulted in the contamination of a con-
siderable part of the Ukrainian area with a-emitting
radionuclides 238 Pu, 239 Py, 240 Py, 241 Py and 241 Am
having the half-lives T;,, = 87.7, 24065, 6537, 14.4

and 432.8 years, respectively. In view of an appre-
ciable energy of the emitted a-particles, long effec-
tive half-lives, a high chemical toxicity, these radionu-
clides are qualified as the most dangerous when en-
tered into the human organism.

By the present time, the primary forms of the
TUE fallout have substantially transformed as a con-
sequence of fuel particles damage. For this reason,
the information on the current status and migration
of the Pu and 24! Am isotopes is required. The goal
of the present work has been to investigate the pro-
cess of Pu and ?*' Am isotope spreading over the
Ukrainian area as a result of the Chernobyl accident.

2. THE OBJECT OF STUDY AND THE
INPUT DATA

The work is concerned with the research information
on the Chernobyl NPP accident and contamination
of the Ukrainian area with Pu and 4! Am isotopes.
The dynamics of radioactive contamination forma-
tion in the regions affected by the Chernobyl accident
is commonly divided into four periods [2]:

- the 1st period (April-July 1986) — the radiologi-
cal environment was mainly determined by the short-
lived radionuclides: 1311331351 14014 140p4 99710,
132T¢ 239 Np having the half-lives up to 1 year;

- the 2nd period (1986-1987) — along with the
long-lived radionuclides, detectable amounts of the
radionuclides #4Ce, 9 Ru, 134Cs, 242Cm were reg-
istered;

- the 3rd period (after 1988) — the radiological
environment was mainly specified by the radionu-

clides 37Cs, 0Sr, and in the exclusion zone — by
the 238239,240.241 py; ¢4,
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- the 4-th period — soil contamination will be gov-
erned by 24! Am and the radionuclides indicated for
the 3-rd period.

The 24! Py isotope is produced in nuclear reactors
at neutron capture of 24Y Pu. Unlike most of the Pu
isotopes being accumulated in the irradiated fuel, the
isotope 24! Pu is characterized by $-radiation. It has
the highest specific activity as compared with other
isotopes of transuranium element generated in the nu-
clear fuel [3]. For example, the total activity of 241 Pu
in the Chernobyl NPP accidental release amounted to
5.52 PBq, that being 84% of the total reactor core-
accumulated activity of the remaining TUE (Table
1). It should be noted that the radionuclide release
to the atmosphere under the accident was assumed
to be the same, viz., 3% [4].

Table 1. Content of main long-lived radionuclides
in the damaged reactor core [5]

The radioactive-decay scheme of 24! Py has the
form:

241Pu(T1/2 = 14.4 years; ) —
M AM(Ty o = 4.32-10% years; a) —
BINp(T /2 = 2.14 - 10% years; ).

After entry of TUE into the environment, the -decay
of 241 Py contributes to an increase of 24! Am content
in various ecosystem objects. A further a-decay of
241 Am results in the production of a-emitting 237 Np,
which will play an essential part in the formation of
the radiological environment in the TUE contami-
nation area. In this case, 2! Am and 23"Np act as
alpha emitters and have a higher radiotoxicity than
241 Py has. Fig.1 shows the total amount of differ-
ent long-lived radionuclides in the environment as a
function of the time since the accident.

The maximum 24! Am content of the environment
will be reached in 2059 (i.e. within 73 years after
the accident) and it will be 40 times higher than its
accidental entry into the atmosphere in 1986 (Fig.2).
The increase in the migration capability of 24 Am re-
sults from the damage of fuel particles. Unlike 24! Pu,
the 24 Am compounds are more readily soluble, and
thus, are more capable of migrating. Therefore, the
now comparatively safe areas may become of serious
hazard to habitation of people.

Plutonium migrates in the form of soluble organic
complexes, nitrates, etc., which mostly (99%) set-
tle in both the bottom deposits and the surface soil.
The greatest concentration of Pu has been found to
fall on short-grown plants, grass, mushrooms, mosses,
lichens. Pu is considered to be one of the most haz-
ardous substances. On entering into the biological
environment, Pu gets involved in different biochemi-
cal cycles.

Cs-137

g Pu-239+240

Radionuclide | Weight, | Activity, | Activity
kg PBg TUE, %
90 py 44 228 -
1340 3.2 153 -
187¢rg 81 260 -
238 py, 1.5 0.94 0.43
239 py 413 0.95 0.43
240 py, 176 1.5 0.683
241 py, 49 184 84.126
242 py, 14.2 0.0021 0.001
241 Am 1.1 0.14 0.064
243 py, 0.73 0.0054 0.003
2420m, 0.26 31 14.18
244 py, 0.06 0.18 0.083
100 -
The total
activity of
radionuclides 10 -
PBg
3 B =
v «—Pu-241
- - Am-241
0,01 / \*\
Cs-134 X
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Fig.1. Total amount of different long-lived radionuclides in the environment as a function of time since the

accident [6]
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Fig.2. Temporal dynamics of 2*'Am activity

build-up in the Ukrainian area after the Chernobyl
NPP accident

Plutonium may get into the human body as a result
of inhalation, during taking food, or through skin
integuments. Considering that Pu tends to accumu-
late in the top soil, it is obvious that a considerable
amount of deposited Pu comes back to the atmo-
sphere together with a dust. Getting into the lungs,
Pu partially settles on the pulmonary surface, and
partly, it goes to the blood. Then, moving, plutonium
gets into the bone marrow and lymph nodes. The
Pu clearance rate is such that 50 years after getting
into the human body 80% of the adopted amount
remains in the organism. If plutonium resides in the
bone marrow, its biologic half-life makes between 80
and 100 years; so, the content of Pu remains practi-
cally unchanged. The biologic half-life of Pu in the
liver reaches 40 years [7].

The Am may get into to the human organism
through meals, water or inhaled air. The portion of
Am that enters into the blood settles approximately
in equal parts in the liver and in the skeleton, where it
stays for long periods of time, the biologic half-life be-
ing about 20 and 50 years, respectively. The Environ-
mental Protection Agency (EPA) has established the
maximum contaminant level (MCL) for all a-active
particles (except Ra and U) in the drinking water to
be 15pCi/l. This value also holds for 24! Am. The
life cancerogenic risk factors have been calculated for
nearly all radionuclides, including 24! Pu and 4! Am
(Table 2).

Table 2. Radiological risk factors

Life cancerogenic risk

Isotope | Inhalation | Food intake
(pCi~1) (pCi~1)

21 Am | 24-1078 9.5-10"11

Mpy | 2810710 | 1.9-10712
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Typically, food intake is the most common type
of geting into to the human organism. However, the
risk factor for this type of contaminant entry is much
lower than that at inhalation [8].

Of grave concern for the human health are the
diseases caused by the ionizing radiation of Pu and
Am isotopes. Taking into account a long half-life of
241 Am, they pose a hazard to health for many gen-
erations of Ukrainians.

Thus, 2*'!Am is considered as one of the most
important technogenic isotopes. The ?*'Am decay
products would exert a significant influence on the
environmental contamination over a long many of
years. Therefore, the currently central problem is
to improve the efficiency of the analytical methods of
determining 2*' Am in different media.

3. THE DETECTION METHODS OF
CONTAMINATION SOURCE

Nowadays, the receptor modeling (RM) technique de-
scribed in refs. [9-11] appears to be the most ef-
ficient mathematical apparatus for determining the
characteristics and localization of the contamination
source. The technique includes two types of software
products, namely, the PMF program intended for lo-
calizing the contaminant sources, and the HYSPLIT
program [12]. Relying on the meteorological data,
the last program makes it possible to reconstruct the
trajectories of radionuclide propagation in the atmo-
sphere and to obtain the true radionuclide distribu-
tion pattern for the area under study.

4. THE RESEARCH RESULTS

As regards the Chernobyl NPP accident, the main re-
lease of Pu and ?*' Am isotopes took place on 26-27
April, 1986. This is confirmed by radiological envi-
ronment monitoring after the accident. The radionu-
clides under discussion belong to the semi-volatile
group, and their basic amount had appeared in the
atmosphere mainly during the first phase of the ac-
cident, after a series of core explosions on 26.04.86.
In the next days, the release of the mentioned ra-
dionuclides in the mixed stream (vapor-aerosol-gas
flow) was caused by graphite burning, fuel disper-
sal increase after rise in the core temperature up to
2000°C and more, and also by formation of volatile
compounds [1].

The processing of the data on Pu isotope release
from the damaged reactor (see Table 1) has resulted
in drawing the maps of 24! Pu concentration in air
and Pu fallouts on the soil in the days of the main
release. Fig.3 shows the map of 24! Pu concentration
in air on 27 April, 1986. The Chernobyl emission
plume was directed north-westwardly, and for that
reason it was the areas of Ukraine and cross-border
regions that were exposed to pollution.
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Fig.3. **' Pu concentration in air on 27 April, 1986

Fig.4 gives the map of soil contamination
with 24Py fallout lasting from 27.04.1986 up to
30.04.1986 (84-hour duration). The total radioac-
tivity of 24! Pu emission (3% of the reactor loading)
has been estimated to be 5.52 PBq, the mass being
1.47 kg. The bulk of this isotope is concentrated in

the 30— km zone of the Chernobyl NPP accident, also
embracing partially the areas of Byelorussia, Poland
and Russia. So, the 24! Am activity gradually grows
due to the decay of 24! Pu. The extent of 4! Am prop-
agation in the territory of Ukraine is comparable with
that of Pu isotopes.
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Fig.4. **' Pu fallouts on the soil from 27.04.1986 to 30.04.1986

5. CONCLUSIONS

Contamination of the Ukrainian area with 24! Py
and 24! Am radionuclides after the Chernobyl NPP
accident has been estimated. The application of
the RM technique for determining the contamination
source has resulted in drawing the maps of ?*!Pu
isotope concentration in air and soil in the territory
of Ukraine in 1986. The obtained information gives
an insight into the accumulation, transformation and
migration dynamics of 24! Pu and 24! Am isotopes, as
also enables one to investigate the effect of ionizing
radiation on the environment. The given data point
to the necessity of further research on the buildup of
241 Am in the contaminated ecosystems.
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PAINMOAKTUBHOE 3APAKEHUWE TEPPUTOPUN YKPAWNHBI
PAINOHYKJJIUIAAMMU Pu 1 ?*! Am B PE3YJIBTATE ABAPUUN HA YADC

M. @. Kostcesnuxosa, B. B. Jleseneu, U. JI. Poaux, A. A. Hlyp

Ipu pacmaze B-n3aygaomero 241 Py o6pa3yoTcs JONTOKUBYIIAE Q-PAIHOHYKIHIBL 2+t Am u 237 Np, xoto-
pble O6JIaIAI0T BBICOKOH DPaAMOTOKCHYIHOCTHIO. Pacuersr comepxxanus 24 Pu, 241 Am u 23" Np B aBapuitaom
BoIOpoce YADC mokazanu, 410 K Hacros;meMy BpeMenn okoao 90 % mzoroma 24! Pu yike pacmasoch u mmpe-
BpaTHIOCh B 241 Am. D10 ompe/iesseT HEOOXOIUMOCTE PA3BUTHS METOIOB AHATUTUUECKOrO KOHTPOJIS i MOHI-
TOpHHTA comeprkanus u30Tonos 24! Pu u 24! Am B o6bekrax okpyxKamomeil cpeapl. B npencrasiennoil paboTe
IPOU3BEJICHA, OLCHKA PAIUOAKTUBHOTO 3arPA3HEHNS TePPUTOPHE YKpauHbl uzoTonamu 24 Pu u 241 Am B pe-
3yabrare apapun Ha JAIC.

PAJIOAKTUBHE 3APAKEHHSA TEPUTOPII VKPATHUN PAJIIOHYKJIITTAMMN
Pu 12! Am BHACJIIZIOK ABAPIi HA YAEC

M. @. Kooicesnirosa, B. B. JIegeneuw, 1. JI. Poaix, A. O. Illyp

IIpu posmani 2*' Pu, skuit BunpoMimioe [S-4acTHHKH, YTBOPIOIOTHCST JTIOBTOICHYIOUL (v-PATiOHYKII TN 241 Am
i 2" Np, mo maoTh BHCOKY panioroxcuunicts. Pospaxynku smicty 241 Pu, 24! Am i 23" Np B asapiiinomy
suknai YAEC mokazamu, mo 10 renepimunoro yacy 6uamsbko 90 % izoromy 24! Pu pike posmasocs i mepe-
rBopuiocst B 241 Am. Ile BusHadae HeOOXiAHICTD POSBHTKY METOIIB AHAIITHYHOIO KOHTPOJIO 1 MOHITOPHHLY
BMicTy izoromin 241 Pu i 24! Am B 06’eKTax HABKOJMITHLOTO CepeIOBUINA. Y MpeJcTaBieHiit poboTi 3pobiena
OIIIHKa PaJi0AKTUBHOrO 3a6pynHeHHs TepuTopil Ykpainu izoromamu 24! Py i 241 Am B pesynbrari aBapii ma
YAEC.
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