
International Conference on HAZARDOUS WASTE. Sources, Effects and Management
12-16 December 1998. Cairo-Ezvpt

PL-2 EG0000108

Radioactive Environment Contamination and Abilities of the
Modern Radiochemistry in the Field of Nuclear Waste Disposal and

Monitoring

B.F. Myasoedov and A.P. Novikov
V.I. Vernadsky Institute of Geochemistry and Analytical Chemistry,

Russian Academy of Sciences, 117975, Kosyginstr. 19, Moscow, Russia.
Tel. (7-095) 137-19-17; Fax (7-095) 938-20-54.

ABSTRACT
The study of environmental contamination caused by anthropogenic
impacts and, primarily, by radioactive nuclides is one of the main scientific
problems facing contemporary science. This is known as Radioecological
monitoring. Decisions regarding the remediation of polluted areas require
detailed information about the distribution of radioactive nuclides in
terrestrial and aquatic ecosystems, as well as, knowledge about
radionuclides occurrence forms and migration patterns. Different sources of
radionuclides penetration into the environment appoint their interaction
with nature matrices in different ways and should be considered
accordingly. An overview is given of the present radioecological situation
around the reprocessing plant "Mayak", which was constructed more than
40 years ago for the production of plutonium for military purposes. Some
new approaches, methods and tools developed at the Vernadsky Institute of
Geochemistry and Analytical Chemistry for the isolation, concentration and
determination of radionuclides in various environmental samples are
discussed. Data regarding the distribution, occurrence, and migration
processes of radionuciides wSr, 137Cs, MSPu and MlAm, in aquatic and
terrestrial ecosystems of the impact zone of the "Mayak" plant, are
presented.
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INTRODUCTION
Ons of big challenges facing contemporary science and technology is problem of

environmental protection. It is known that as result of technogenic activity of civilization a
large amount of toxicants of both inorganic and organic nature have been discharged and
continue entering environment Many of them are ©xtrectjely hazardous to people and living
matter, but radioactive contamination of environment represents quite a specific issue and
requires special consideration. • ~

Experimental nuclear tests, nuclear power engineering and numerous accidents that
took place at the nuclear power plants (NPP), the atomic submarines and some other nuclear
installations made artificial radionuclides a constant and unretrievable component of the
modern biosphere, becoming an additional unfavorable ecological factor. The clarifying of
the penetration sources, the study of the migration dynamics of hazardous radionuclides and
the developing of the remediation approaches of the contaminated areas are the most serious
ecological, economical and social problems. Solution of these should be based on a wide
radioecologicai monitoring, which demands continual routine analysis of water, soil and
various biological samples on contents and occurrence forms of radionuclides.

As regards Former Soviet Union (FSU) the most unfavourable regions are Southern
Ural, zones suffered from Chernobyl Accident, Altay, Novaya Zemlya, some parts of West
Siberia near Seversk (Tomsk-7) and Zheleznogorsk (Krasnoyarsk-26).

Investigation of main regularities in radionuclides behavior in environment and, in
particular, at impact zones of the nuclear fuel cycle facilities is widely recognized as a very
actual problem. Lack of data on radionuclides migration in the ground and aquatic ecosystems
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nukss it difficult to assess and forecast correctly the radiational situation and to work out
measures on remediation of contaminated areas. The latter, in turn, are directly related to
further development of nuclear energy and safe operation of the corresponding facilities. A lot
of data on radionuciides content and distribution in various ecosystems, which entered
biosphere both as result of the global radioactive fallout and as accidental radioactive
discharges have shown that radionuclides are getting engaged into biogeochemical migration
cycles. This process is accompanied by radionuclides redistribution in the ground and aquatic
ecosystems and by formation of their entrainment and secondary accumulation zones at the
geochemical barriers. Direction, density and mechanisms of migration of radionuclides are
greatly affected by their entering forms and forms of occurrence in ecosystems as well as
environmental conditions they get into.

The present report is devoted to up-to-date radioecological situation around the
"Mayak" nuclear facility and description of some new approaches, methods and tools
developed at Vernadsky Institute for determination of different radionuclides in the various
environmental samples from impact zone of the facility.

1. Moden situation at regions of Russia contaminated by radioactive fallout
The influx of artificial radionuclides into the atmosphere began with the first nuclear

explosions in 1945, and grew with the ensuing development of the nuclear industry. Table 1
shows estimates of radionuclide emission from various sources (PBq) and radiation doses
obtained by the population from these sources (man-Sievert).

Chernobyl accident. During the Chernobyl accident of April 26, 1986, «50MCi of
radionuclides were released to the environment, which comprised «3.5% of the total amount
of radionucldes accumulated in the reactor of the fourth unit(2>3). The fallout of radioactive
materials resulted in considerable radioactive pollution of the environment, mainly in the
European part of the Former USSR (Table 2). However, the inflow of radionuclides into the
biosphere due to the Chernobyl accident accounted for no more than 3% of the amount of
radionuclides released to the environment by the tests of nuclear weapons.

The Central Black Soil Regions proved to be the most heavily contaminated by the
accident. The western regions of the Bryansk oblast received the greatest impact (some of the
regions show a contamination of 40 Ci/km2, and the largest territory contaminated with !37Cs
is in the Bryansk and Tula oblasts. In the latter 45% of the total area has a level of 137Cs
higher than 1.0 Ci/km2. On the whole, in the Russian Federation, a 137Cs pollution of 1.0
Ci/km2 and higher is detected on the total area of 57650 km2, which equals 1.6% of the area
of the country. Except for several localities in the Bryansk and Kaluga oblasts, the doses
acquired by the population are controlled mainly (>90%) by the natural background and not
by the precipitated artificial isotopes.

Thus, according to the data of-2'4), the Chernobyl accident did not significantly
increase the total radiation impact on the population of European Russia, and it may be
assumed that the dose due to nuclear power will not exceed 1% of the natural background by
the year 2000.

Altay. Population of Altay is excited due to many nuclear explosions at the
Semipalatinsk test field. But nowadays average contamination level of Altay is 0.1-0.2 Ci/km
137Cs, 10-50 mCi/km2 90Sr and 5-20 mCi/km2 239Pu. Only two relatively small areas with
content 0.2-0.5 Ci/km were determined. Main part of this radiation (80%) is due to the first
nuclear explosion in 1949.

Western Siberia. Two of Russia radiochemical centers producing weapon plutonium
are the Mining and Chemical Plant (MCP), located underground 40 km from Krasnoyarsk,
and the Siberian Chemical Plant (SCP), located near Seversk (Tomsk-7), 20 km from Tomsk.
There are several dangerous sources of radioactive pollution at these plants. At MCP, these
are industrial nuclear reactors cooled with Yenisei River water, a radiochemical factory for
the processing of irradiated uranium blocks, and set-ups for the processing and storage of
active waste. The Severnyi site for the disposal of liquid MLW is located 60 km from
Krasnoyarsk, downstream the Yenisei. Radioactive waste (108 Ci on the whole) is injected
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there into sand - clay strata. Thus, this factory defines the level of hurnan-induced pollution of
the environment in the adjacent territory and the whole Yenisei basin(6>7).

Table 1. Estimates of the emission of artificial radionuclides and cumulative effective
dose according to the data of UNSCEAR,

Source

Nuclear tests in the
atmosphere
Global
Local
Semipalatinsk
Nevada
Australia
Pacific Ocean

Underground nuclear
explosions
Production of nuclear
weapons
Initial tests
Hanford
Chelyabinsk

Later tests
Nuclear energy
production
Mining technology
Reactor operation
Fuel reprocessing
Fuel cycle
Production and use of
radioisotopes
Accidents
Three Mile Island
Chernobyl
Kyshtym
Windscaie
Palomares
Tule
SNAP 9A
Kosmos-954
Tundad Juarez
Mohammedia
Goiania
Total
Cumulative effective
dose, man-Sv

3H

24x104

140
57

2.6

"»rt /\ / \ ._. _ _

14C

220

1.1
0.3

1.0

370

F~~

19930).
Emission, PBq

Noble
gases

50

3200
1200

52

1.2

90Sr

604

6.9

0.0006

5.4

0.003

ml

65x10*

15

0.4
0.004

6.0

630

0.7

0.2

I37Cs

910

40

40
70

0.04
0.02

0.003

0.05

Total effective
dose, man-Sv

local and
regional

4600
500b

700
160b

200

8000a

15 000*
1000

2700
3700
4600

3x105a

2000

2500
2000

3
0

150
80
60

38xl04

235xlO5

, m. .

Global

223xlO5

10*

105

8xlO4

60xl04

2100
20

231xlO5

atmosphere;d after outflow of radionuclides to the Techa River;e total dose due to extraction
of 222Rn from waste.

The SCP is no less dangerous in terms of possible radioactive emission. It also
includes plutonium production, a radiochemical factory, and a factory for isotope separation.
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Russia's largest field for the disposal of liquid radioactive was te is located there in deep
geological strata (»10 9 Ci was injected overall). An explosion of a technological apparatus in
the SCP in 1993 resulted in the release of »10 3 Ci of radioactive products into the a tmosphere
(radionuclides of z i rconium-95, niobium-95, rutenium-!06, and trace amounts of plutonium),
including a fallout of 500-600 Ci from the industrial zone.

Table 2 Emission of long-lived radionuchdes due to the Chernobyl accident and their
precipitation in the European part of the USSR ( 5 ) .

Radio-
nucl ide

1J7Cs
I i 4 Cs
1U6Ru
l 4 4Ce

" O m Ag
U 5 S b

Emiss ion,
PBq

100
50
35
90
1.5

3

Activity of
radionuclides
deposited in

the European
part of the

USSR, PBq
30
15
25
75

0.5
2

Radio-
nuclide

i3y '24UPu
2 3 8Pu
24 lPu

M 1 A m
" 2 C m

Emission,
•PBq

0.055
r 0.025

5
0.006

0.6
' 0.006

Activity of
radionuclides
deposited in

the European
part of the

USSR, PBq
0.05
0.02

4
0.005

0.55
0.005

Thus all two of radiochemicai plants are potentially dangerqus sources of radioactive
contaminat ion of the environment . This suggests a need for the radiation situation in these
regions and considerable work on the remidiation of territories previously contaminated with
radioactive nuclides.

Arctic Area. In Arct ic area of Russia a number of nuclear weapon tests were
conducted since 1965. A m o n g them three tests were carried out in Kol'skiy peninsula (near
Kirovsk town) ; twelve tests - in Yakutiya (near Udachniy town) ; twelve - in the northern part
o f Arkhange l sk region and in Western Siberia ( including Tyumen ' region - near Surgut,
Beloyarsk, Nyagan ' and in other places); in Krasnoyarsk area - near Igarka town ( two tests),
and at Bol 'shaya Khe ta river. Some nuclear tests in neighbor areas (Perm' region, Northern
Ural) contributed also to radioactive pollution in Arctic part o f Russia. Dose rate from gamma
emitt ing nuclides does not exceed 2-3 microRentgen per hour, this corresponds to 5.5 - 6.5
microR/h taking into account a cosmic ray constituent. Contr ibut ion from some technogenic
radionuclides (Cs-137 and others) amounts to 10-15%, in some cases up to 3 0 % of overall
dose rate. Surface contamination density of soils by Cs-137 w a s found to be about 0.06

Ci/knv% which is twice lower as compared with the middle latitude areas.
Potential danger of radioactive contamination of Arct ic area is coming from some

military facilities located there and, first of all, Nor thern Fleet of Russia and the Central
Test ing Ground for Nuclear Weapons at Novaya Zemlya island. About 6-7 thousand cubic
meters of liquid radioactive wastes are generated annually as result of Northern Fleet
operation: among them 3 0 % refer to White Sea area and 7 0 % - to Barents Sea region. Annual
amount of solid radioactive wastes is estimated to be about 4.5 thousand cubic meters. The
FSU has also disposed of nuclear waste in the Kara Sea: at least 16 nuclear reactors (6 with
fuel), over 10,000 containers of low - level radioactive waste , and liquid waste, from which
the total potential nuclear contamination is 86.2 PBq.

A m o n g other sources of artificial radionuclides in the environment , accidents on
satellites with radioactive e lements (SNAP-9A, U S A , and Kosmos-954, USSR) , accidents on
nuclear submarines (most recent is the destruction of the nuclear submarine Komsomolets in
1989), losses of radioact ive elements and even a tomic b o m b s (Spa |n , 1966; Greenland, 1974),
and others should be mantioned.
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2. The History of the Production Association "Mayak"
M The production association "Mayak" (hereafter "Mayak") is located at 55°44' N and

60°54ME, 70 km north of Chelyabinsk and 15 km east of the town Kyshtym in the southern
Urals and covers an area about 200 km2 including the town Ozersk. "Mayak was established
in late 40's for production of plutonium for military purposes and for processing fissile
materials to achieve a parity in the nuclear arms race. In 1945 the governmental decision was
taken on selection of a construction site and the first industrial nuclear reactor was started to
be built on the southern shore of the Kysyltash, while the settlement for the specialists in the
field was built in a peninsula in the southern part of the Irtyash lake(8). The first continental
reactor facility, named "Annushka", was put into operation on 19 June, 1948. This day may be
considered a birthday of "Mayak" and the nuclear industry of that country as a whole. Within
the limited terms they managed to develop and master the complex production process and to
provide the materials for nuclear production.

The first portion of irradiated fuel from the reactor was transferred the radiochemical
plant""V" on December 22, 1948, where plutonium produced was separated from uranium and
fission products. The plutonium concentrate was conveyed further to the metallurgical facility
"B" designed for production of the high purity plutonium and products from it. In August
1949-the plant "V" manufactured the high purity Pu components for the first nuclear bomb.
The bomb was detonated on August 29, 1949 at 6:30 of the local time at the Semipalatinsk
testing site. In the period of 1949-1955 five more nuclear reactors were put into operation and
the seventh one was launched in 1979. Later the second radiochemical plant was built and the
metallurgical division was reconstructed in a larger scale. Regretfully, at the early stage of
running in a number of unique and complicated technologies some serious technical mistakes
were^rhade. They aggravated ecological situation around "Mayak", harmed population and
brought about intolerance among local people toward the "Mayak" activity.

3. Current Radioecoiogical Situation around "Mayak"
'*' The region of location of "Mayak" facilities is a unique area as regards both the scale

of environmental contamination and the variety of objects subjected the radiation impact.
Significant territories around "Mayak" undergone radioactive contamination as result of the
1957 "and 1967 accidents and technological discharges into atmosphere. Discharges of liquid
wastes to the river Techa at early stages of "Mayak" operation have resulted in contamination
of its flood plane and radiation exposure of the local population inhabiting the shore area.

The largest inflow of radioactive waste into the environment began with the start-up
of the'first radiochemical plant "B" (February 1949). Because of the flaws in technology,
even the waste water from plant "B" was poured directly into the Techa River, and an outflow
of 1000 Ci per day wrs allowed. The maximum amount of radioactive waste was released into
the Techa in 1950 - 1951, with atotal of 106 Ci in 1949 - 1956(9). This resulted in the pollution
of the river flood plain over a distance of 100 km and the irradiation of «125 000 persons,
including 28 000 persons who receive considerable doses. From 1958 on, the largest amount
of medium-level nuclear waste (MLW) has occurred at Lake Karachai (Reservoir 9), where
more than 120 MCi of radioactive waste have accumulated.

The accident of 1957 happened due to the violation of the temperature regime in the
storage tank of the high radioactive wastes of the plutonium production facility which
contained large amounts of sodium nitrite and acetate salts'10*. The liquid sludge ejected to the
atmosphere up to the height of 1-2 km formed a radioactive cloud which moved for 345 km to
north-east from the storage tank and formed a trace on the ground surface due to aerosol
precipitation. The region named the Ural Trace covered an area of approximately 15000 -
2300 km2 within the territories of Chelyabinsk, Sverdlovsk and Tyumen regions. The
contamination of nearly 1000 km2 has exceeded 2 Ci/km2. The percentage of the
contaminated arable, haying and grazing lands within this area totalled to 40, 9 and 12%
respectively.

The total amount of the radioactive substances released to the atmosphere according
to different sources varies from 2 to 20 MCi (7.4 -74 x 1016 Bq).
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The major part of radionuclides has been deposited in the vicinity of the accident site.
At the closest area 1 to 2 km along the trace axis 0.5 - 1.0 km wide the density of the soil
contamination amounted to 140000 Ci/km2, while at the area 75 km long and 7 km wide it
was equal to 28 Ci/km2.

The major part of the radioactive release consisted of the short-lived fission products
(!06Ru, 144Ce, etc.) and 90Sr; their content in soils 0.5-1.0 km away from the accident site
totalled to 15xlO3 and 4xlO3 Ci/km2, respectively. Due to the decay process 90Sr has
gradually become the main source of the radioactive contamination of the area (99.3%). 137Cs
is playing a notable role. The release contained also little amounts of plutonium and uranium.

The fifty years of operation of the first plutonium producing enterprise have resulted
in local accumulation of large amounts of radioactive wastes (several hundred million Curies,
distributed between the low-, middle- and high level liquid wastes, solid wastes in different
forms).

Removal of the middle level radioactive wastes is accomplished mainly via their
dumping into the open reservoirs R-9 and R-17 (Tabl. 3). The reservoir R-9 (lake Karachai)
has accumulated about 2.5 million m3 of wastes since 1951. It corresponds to 120 MCi of the
total radioactivity. Radionuclides are distributed between the mobile bottom sediments (60%),
the loamy bed of the lake (35%) and aqueous phase (5%) In the recent years the annual inflow
of wastes into the reservoir runs about 20000 m3 with specific activity of l-2xlO"2 Ci/l(U).

Table 3. Some characteristics of the R-9 and R-17 reservoirs

Concentration in
water, Ci/1

Concentration in
bottom sediments
Ci/kg

Accumulated. Ci

Property

Water area, km2

Volume, million m3

Strontium-90
Cesium-137
Total a-activity
Total fJ-activity

Strontium-90
Cesium-137

Water
Bottom sediments
Total

R-9
0.16
0.3

1.7xlO"3

1.2xlO"2

6.7x10-6

1.9xlO"2

0.3
1.4

8.4xlO6

1.1x 10s

1.2xlO8

Reservoir

R-17
0.17
0.3
7xlO"6

4xlO"6

2xlO'9

l.lxlO-5

0.12
3.3xl0"2

4.5xlO3

2xlO6

2xlO6

In summer of 1967 dust from the shore line of the lake containing about 600 Ci of
90Sr and l37Cs in the ratio 1:3 was dispersed by the wind over an area of 1800 km2 and to a
distance of 75 km. The huge amounts of radwaste in Lake Karachai makes this open waste
repository a potential source of environmental contamination in the Urals.

In late 70rs the decision to close and eliminate the lake Karachai water surface area
was taken and it took 10 years more to elaborate the technology of filling in the lake with the
rock ground materials with application of the hollow-space concrete blocks. Application of
this technology has made it possible to reduce the water area from 36 hectares to 16 hectares
as of the end of 1995. It has allowed to suppress essentially the wind assisted dispersion of
radioactive materials as liquid aerosols from the water surface and to reduce a probability of
the radioactive dust dispersion from the dried shore line of the lake in case of a strong
whirlwind or tornado passing across the lake area. The complete elimination of this threat can
be attained, however, only after finishing the water surface closing project.
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Another important aspect of the Lake Karachai problem, which needs an urgent
solution, is a continual migration of radioactive pollutants into underground water. Under the
action of gravity forces industrial solutions drop down to a roof of confining stratum,
migrating further along the underground water horizon toward the discharge sites at depths of
40(60) - 100 m as result of the gravitational displacement of fresh waters having a lower
specific gravity. Concentration of Co, 90Sr, 106Ru and I37Cs in the aquaferrous horizon is 20-
300 times lower than in the R-9 water, while NO3" content in a lenticle under the basin is 3.5-
5 times higher compared to the lake water(12).

The first phase of the MLW processing facility has been building since recently to
fulfill the requirement of termination of the wastes dumping into the lake. It comprises the
conditioning, evaporation and bituminization installations and a repository for the storage of
the bituminization product.

In addition to the described sources of radionuclide intake to the environment,
600x106 Ci of liquid HLW accumulated during the 45-year period when Mayak was
producing nuclear weapons. This waste could not be, vitrified because of its complex chemical
composition. About 13x106 Ci of solid HLW was stored in 24 reinforced concrete surface
reservoirs and about 30 000 Ci of MLW and low-level waste, in 200 ground reservoirs. About
400x106 m of contaminated water was stored in the cascade of industrial ponds on the Techa
(mainly ponds 10 and 11 with areas of 19 km and 44 km2, volumes of 76xlO6 m3 and 230xl06

m3, and 110000 Ci and 39000 Ci, respectively).

Thus, the area near Mayak currently contains «800xl06 Ci of radioactive waste in
various forms, which is clearly a serious environment hazard, primarily because of the
possible inflow of radionuclides into the stream system Techa - Iset' - Tobol - Irtysh - Ob and
into the Kara Sea.

In order to reduce the hazard of new radiation accidents and disasters; since 1987
Mayak has transformed part of the HLW into phosphate glass in an EP-500/1 electrical
furnace. About 250x106 Ci of HLW was vitrificated by the end of 1995, including «70xl06 Ci
of waste accumulated previously. In order to dispose of high-salinity HLW, a technology for
their fractionation was developed, which allowed separation, concentration, and vitrification
of long-lived fission products, while the major volume of waste was transformed to MLW,
cemented, and bituminized.

Currently produced HLW originated from nuclear fuel reprocessing are subject to
evaporation followed by fluxing with phosphoric acid and sodium nitrate and, finally, to
vitrificate in a furnace of direct electrical heating with the processing capacity up to 500 1/hr.
The molten mass is casted into special containers of 200 1 volume, which are assembled in
groups of tree units inside a large container for the storage in the temporary repository. The
rated specific activity of the molten mass is 2500 Ci/1, while the specific activity of the glass
produced amounts to 200-600 Ci/1.

A wider scale HLW processing can be accomplished only after their special
pretreatment involving partition technologies with application of the electric furnace
installation with isolated electrodes or microwave heating unit. Currently a new partition
facility for the HLW fractionation incorporating an extraction recovery of Cs and Sr by the
chlorinated cobalt dicarbolide is developed. The work is under way on optimization of
technological scheme of selective isolation of the long-lived alpha- emitters (uranium,
neptunium, plutonium) from radioactive effluents, which is based on their extraction by the
bydentate neutral organophosphorus compounds.

Among new environmental problems at Mayak is the storage and utilization of
weapon-grade plutonium released according to the well-known disarmament agreements.
According to( , about 250 t of plutonium were produced in the world for military purposes
(in the USSR, 140 + 25 t; USA, 97 + 8 t; Great Britain, 2.8 + 0.7 t; France, 6 + 1.5 t; and
China, 2.5 + 1.51). According to Seaborg<14), up to 601 of plutonium were annually produced
in the world as a result of the activity of nuclear power stations, and in the previous years, -
600 t of plutonium accumulated in the spent fuel elements, and -100 t of plutonium were
recovered from their reprocessing. Calculations predict that from 1990 to 2050, the activity of
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nuclear power plants in the world will yield -4800 t of high-background plutonium ( Pu,
240Pu, and 242Pu); 30 and 55.2 t of 241Am and 243Am, respectively; 4.8 and 18.6 t of 242Cm and
244Cm; and about 270 t of 237Np. Two approaches were proposed to the problem of
plutonium(l4): vitrification with other fission products and the safe burial or use of plutonium
as uranium ~ plutonium fuel in nuclear power plants. In the latter case, in the 60-year period
considered, the amount of long-lived isotopes would decrease to 28% for plutonium, 45% and
3% for americium-241 and 243, respectively, and increase to 166% and 187% for curium-242
and 244, respectively, while the total amount of neptunium-237 would not change (100%).
Only the potential use of a new type of reactor (cascade liquid-salt "scavenger" reactor) and
the thorium fuel cycle in a breeder reactor would allow the burning of the accumulated
plutonium and the complete elimination of this environmentally dangerous element.

So, in conclusion to this part of our presentation we must say that a huge amount of
radioactive wastes has been accumulated and stored at "Mayak" (about 1 billion Curies),
which represent a great ecological hazard.

4. Environmental Monitoring at the "Mayak" Area
The long term radiation hazard to the contaminated territories arises primarily from

the presence of long-lived radionuclides among which the actinide isotopes play a notable
role. Decontamination of ground waters, basins, soils and other natural and technogenic
objects from these radionuclides is the most important and very difficult problem.
Experimental Scientific Research Centre at "Mayak" was founded at 1958 after the 1957
explosion to solve the problems connected with large scale radioactive contamination of wide
territories. The emphasis was on the investigations of basic mechanisms of radionuclides
behavior and migration in different environmental media with the following development of
the practical actions for radioecological rehabilitation of the contaminated lands and practical
utilization programs applicable to the agricultural, forest and aqueous resources in the
contaminated area and studies of the ionizing radiation influence on the nature. Today the
Centre is a highly-developed organization with the experimental basis of high potential,
advanced methods for analysis and measurement methods of practically all radionuclides in
different objects and media. Due to the results achieved here, more than 80% of exclusion
lands of the Eastern Urals radioactive trace has been reinvolved in the economic and
agricultural turnover. During the last few years the staff of "Mayak" has manage to develop,
install and put into operation the first and still the only one in Russia vitrification facility for
liquid waste solidification. Its operation is very effective. The lake Karachai with 120 MCi of
radioactive wastes in it has been practically filled in. Russian Government has adopted a
wide-range Rehabilitation Program, which is being carried out at the present moment.

In this context the knowledge of the dynamics of radionuclide migration with surface
and underground waters becomes of principal importance, since it allows estimation of the
efficiency of these rather expensive remediation measures. Therefore, some institutes of the
Russian Academy of Sciences pursue studies on interactions between groundwaters and bed
rocks and on chemical and mineralogical composition of the samples taken from various sites
of this zone and from various depths of bore holes. We have performed radiochemical
analysis of liquid and solid samples and determined the content and the forms of occurrence
of radionuclides. It should be noted that prediction of migration process is a very complex
scientific problem even for such a small location owing to diversity of chemical and
mineralogical compositions of environmental matrices.

Radionuclide's content in rocks and waters has been determined in accordance with
the procedure developed at the Vernadsky Institute(15"18). It makes it possible to determine
several radionuclides out of the same sample which saves labor time spent on sample
preparation and dissolving. Analysis of soils, rocks and other solid samples includes air
drying, disintegrating (milling), sieving through a 1 mm sieve, igniting at a temperature of
approximately 550°C to destroy the organic matter, which takes several days(19).
Radion^slides from the water samples have been concentrated by evaporation (at the
Vernadsky Institute) and ultrafiltration (at the central "Mayak" plant laboratory). The last
procistfiire enables to concentrate plutonium out of the water sample of 2 to 50 liter in
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volume. The degree of the plutonium fixation during the water filtration through a Ripor-4
membrane (water-soluble polymers polyethyleneimin - ethylenediamintetracetate PEI-EDTA)
is practically independent of the content of the organic matter which plays an important role
in colloid and complex formation. This degree amounts to 90-99% for the samples from the
industrial reservoirs R-10 and R-ll, and 87-98% for the water samples from the peat bog
containing 3.2, 3.3 and 29 mg of the organic carbon per liter. For the determination of
radionuclides in the underground water samples collected near the Karachai lake 10 to 100 ml
of the sample is enough.

On the first stage of the applied analytical scheme prior to radiochemical analysis
the gamma spectrometry using Ge(Li) detector has been performed. Determination of 90Sr and
TUE which are pure P- and a-emitters can be done only radiometrically with the radionuclide
separation from a big sample of complicated chemical and radiochemical composition. This
procedure needs very careful purification, especially during separation of radionuclides
having almost similar energies of a-emission. This concerns natural radionuclides, in

• particular which amounts in the environments are 2 to 3 orders higher as compared with those
of artificial ones. To transfer radionuclides from the ashed residue or the water concentrates it
is enough to treat the samples with 7-8M HNO3 in presence of potassium bromate after their
pretreatment by a mixture of HF and H2SO4. Further plutonium concentration and
radiochemical separation has been carried out on the anionite VP-IAp; for americium and
curium the complexation sorbent polyarsenaso-n has been used; for 90Sr - the porous
copolymer of sterol with divinilbensol (TVEKS), impregnated with 10% dicyclohexyl-18-
crown-6 (DCH18C6) in tetrachlorethane. This method is rather selective for 90Sr, but needs it
careful separation from 210Pb if the last is present in comparable quantities. Therefore the
"Mayak" samples needed additional purification by preliminary eluation of the radioactive
210Pb by sodium oxalate solution.

Radioactivity of the separated TUE has been measured at the a-spectrometer facility
consisting of the ionisation camera with a grid and an analyser AI-4096. The facility
background near the peak of 5 MeV is 10"3 imp/min per 100 keV, the counting efficiency is
approximately 30%, resolution for 239i24° Pu - 24 keV. Beta-emission of 90Sr has been
measured at the low background installation of the TESLA firm (background - 1-2 imp/100 s,
counting efficiency - 32%).

Extraction and determination of neptunium is a more complicated procedure as
compared with that of plutonium and americium due to the low concentrations of the former.
The method developed at the Vernadsky Institute is based on the neptunium extraction with
the potassium phosphortungstate during their sorption on the porous teflon membrane
impregnated with 0,5M solution of trioctylammonium nitrate (TOMAN) in toluene, which is
followed by luminescent determination. PbMoO4 has been used as a crystalophosphorus(18>19).

Figure 1 shows luminescence spectra of crystallophosphors based on PbMoO4 and
NaBi(WO4)2, and activated by neptunium, plutonium, and americium. The intensity of
luminescence (proportional to the concentration of TUE) is measured in the IR part of the
spectrum, where the spectral lines of other elements are absent.

Thus, the luminescence method is fairly selective and valid for the combined
determination of neptunium, plutonium, and, in some cases, of uranium in a single sample.
The method is used for the analysis of uranium, neptunium, and plutonium in the fallout
solutions of radiochemical industry and natural objects without preliminary separation of
analyzed elements and irrespective of their isotopic composition. Plutonium can be
determined in samples containing such an active nuclide as americium; i.e., this method
solves the problem, which is not possible based on the methods currently in use. In GEOKhl,
a filter photometer was produced for the luminescence analysis of actinides in environmental
objects and for use in the ecological monitoring of the environment in regions near nuclear
power and radiochemical plants.
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Fig. 1. Luminescence spectra of crystallophosphorus NaBi(WO4)2 contaminated with Am(l)
and PbMoO4 contaminated with U(2), Np(3) and Pu(4).

To determine the chemical yield of plutonium , americium and curium, and
neptunium, traces of 236Pu, 243Am and 239Np have been inserted into the solid sample before
its ignition or in water sample before its concentration. Detection limits of the radionuclides
determination under above mentioned procedures are shown in Table 4.

Table 4. Relative detection limits attained for a number of radionuclides of
environment concern.

Radionuclide
Co-60

Sr-90

Np-237

Pu-239

Am-241

Detection limit [Bq/g]

1.2*10-3,

4.5*10-3,

2.6* 10"6,

1.3 *10"5,

2.6*10"5.

To predict the migration of radionuclides and to develop remediation approaches, it is
necessary to determine not only the content of radionuclides in particular components of
biogeocenoses, but their occurrence forms as well. As for speciation of radionuclides in solid
materials, it seemed most appropriate to determine the geochemical forms of mobility(l9).
These data are usually obtained by selective leaching.

In collaboration with the "Mayak" personnel the use of these methods yielded
extensive data on the abundance and occurrence forms of the most important radionuclides
primarily neptunium, piutonium, and americium, in Karachai and its underlying rocks and
ground water; in water and bottom sediments of industrial reservoirs; in soils of industrial
zones; at research facilities, etc.(20"23).

For loamy materials which mostly accumulate radionuclides, the fraction of relatively
mobile forms is maximum for radiostrontium, whereas for plutonium it usually does not
exceed 10%. This fact explains the high concentration of 90Sr in groundwater from various
sites of the region as compared to plutonium and radiocesium. It is also interesting that the
mobility of radiostrontium is higher than that of its natural analogues, calcium and
magnesium. Our results show that the migration ability of radionuclides in the ecosystems in
question increases in the following series:

241 90
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The data on the distribution of radionuclides between components of various
ecosystems of Southern Ural region as well as their forms of occurrence show that 90Sr, 237Np
and Am mostly involved in compounds of fulvic acids, that's why they have a high mobility
in the environment. On the contrarily, considerable amounts of l37Cs and Pu have been found
in low soluble humic acids bonded primarily with calcium and relatively low mobile
hydroxides.

The data on vertical migration of plutonium, radiostrontium and radiocesium in
various types of soils have been obtained and corresponding coefficients have been
calculated. We consider that one of the most important factors affecting migration resistance
of soil media is the content and nature of organic substances. In particular, the clear
dependence between diffusional resistance of upper soil layers to plutonium and
radiostrontium mass-transfer and content of humus in these layers has been determined.

The obtained data allow us to assess reliably radiation conditions in various zones of
the Mayak Industrial Association and to predict their evolution.
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