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INTRODUCTION

The Soviet literature on radioecology and decontamination of

soils, as summarized by Polyakov (1), indicates that most of their

environmental decontamination philosophy has been directed toward

remedial measures for contamination resulting from catastrophic events

(i.e., from nuclear weapons or major accidents) that could contaminate

hundreds of square kilometers or more of land and water surfaces. As a

consequence, very practical approaches have been suggested to deal with

these problems. Approaches which employ equipment which is generally

available for soil decontamination and techniques which are most cost

effective seem to be preferred (1). At least some of the apparent

practicality may have been required to deal with relatively large

contaminated areas in the Urals (both land and water) originating, at

least in part, as a direct result of a major nuclear accident (2).

TERRESTRIAL DECONTAMINATION

Much of Soviet terrestrial decontamination research deals with

strontium-SO, which poses the greatest long-term problem in terms of

human food chains. In certain parts of the Soviet Union, because of

particular soil types, cesium-137 also plays a major role in human

radiation exposures via food chain pathways (3). Short-term

decontamination does not appear to be a major objective, but rather the

reclamation of areas which may have been evacuated or reserved for

restricted use until decay of short-lived radionuclides has been

emphasized. The implied objective, in the case of strontium-90, was to



reduce its concentration from some higher level to approximately 0.1 to 1

microcurie/m or less (4) at which concentration human body burdens,

resulting from food chain transfer, would be acceptably low (1).

One means of accomplishing this objective has been to move

strontium-90 down into the soil profile by chemical leaching in

situ (1). This may be done with a calcium chloride leach, although

this has not been effective. Soviet authors report that after about

seven years, about 80% of the strontium-90 in the original surface

layer had moved down below the rooting zone of plants. There are

obvious problems with the technique; on the order of 10 to 30 tons of

calcium chloride per hectare are applied and the resulting salinity is

lethal to much of the original vegetation. One also has to be

concerned about how far strontium-90 moves down into the soil profile

lest groundwater contamination result. Another technique suggested has

been fixation of the strontium-90 in place with a sodium carbonate

treatment which raises the soil pH, co-precipitating Ca and Sr as

carbonates. Both techniques have effectively isolated about 80% of the

strontium-90 under ideal conditions (1) while most other chemical

treatments (fertilization, liming, etc.) were less successful.

A more effective method has been to remove the surface layer of

soil, i.e., scrape it off mechanically (1). Russian authors report

that road scrapers have been favored for this work and they have

provided considerable detail on both equipment specifications and

calculations of the land surface that can be decontaminated with a

given piece of equipment in unit time (1). For an agricultural soil

with good physical properties, they estimated that their most effective



equipment could decontaminate about 50 hectares per year while working

only about 100 days per year due to weather limitations. Topography,

soil type, degree of rockiness, etc., all affect soil decontamination

by mechanical processes.

Special problems were reported to be associated with removal of

surface layers in vegetated areas—cropland, forested areas. For

example, the bulk of the activity in fallout onto a pine forest was

contained in the branches and needles cf the trees and in the litter

layer (5). Most of the radioactivity would not have reached the soil

for many years if it had been applied to a forest canopy (1, 2).

Decontaminating a forest was, therefore, a difficult problem and may

not have had a practical solution. However, on the positive side, up

to 98% of radiostrontium applied to certain agricultural regimes could

be readily removed along with the vegetation and/or associated mulches

(minimum tillage practices) (1).

The ultimate disposal of large volumes of contaminated soil, etc.,

posed a considerable problem. One suggestion was to transport the soil

to closed water courses and/or arid areas and to dump it there (1).

Where this was not practical (in most cases), Soviet authors state that

a recommended solution is putting the contaminated material in natural

pits and depressions or man-made excavations or in other areas where it

could be protected from both the influence of groundwater intrusion and

wind and water erosion (1). It is interesting to note that Soviet

emigres, who lived in the area of the alleged Kyshtym-Urals nuclear

accident, reported that around the countryside there were fenced



enclosures containing piles of topsoil which were known locally as "the

graveyards of the earth." (6).

The technique that the Soviets seem to have concluded was most

effective in soil decontamination, particularly in agricultural areas,

was deep plowing (1). A special plow which takes uncontaminated lower

soil and inverts the soil strata was used. This was not a perfect

technique and soil structure obviously had an important role in

determining how practical it was. Plowing does not result in perfect

turnover of soil layers; rather mixing of layers results (1). The

objective, of course, was to place the contaminated surface material

below the rooting zone of vegetation so that the area could be used for

agriculture. Soviet authors reported a decontamination factor of 10 by

plowing to about 70 centimeters. An even more effective technique was

the combination of deep plowing with other treatments. For example, it

was reported that strontium-90 uptake by soybeans was reduced by a

factor of 1000 after plowing to 75 centimeters and following

application of a sodium carbonate/isopropylphenylcarbonate mixture

(which prevents root intrusion) (1). A decontamination factor of 1000

on a large scale seems excellent, but the long-term effect eness or

practicality of such a combined technique has not yet been

demonstrated. It also must be recognized that any kind of treatment

may affect soil fertility, and Soviet authors note particular concern

about this consequence.

It is also interesting that one of their experiments on deep

plowing was done on a plot of 18,000 square meters (i.e., roughly

5 acres). We are told that the area was contaminated with 5 to



10 microcuries of strontium-90 per square meter and had not been used

for two years before the study began, although before that time it had

been used for vegetable culture. This is but one example of a group of

studies (conducted in an unidentified locale) beginning some years

after the contaminant had been applied to soil which had been removed

from normal land use and which may be related to a reported Soviet

nuclear accident (2). Another set of authors, apparently occupied with

the same topic, suggested that the need for soil decontamination could

be obviated in agricultural areas too heavily contaminated for food

production by changing the land use to forestry (7).

AQUATIC DECONTAMINATION

Soviet aquatic research in decontamination has been apparently

directed at purification of water rather than biota and sediments. An

interesting series of papers originated from the laboratory of the Ural

Affiliate of the Academy of Sciences of the U.S.S.R. in Sverdlovsk in

the mid-1950s and ran through the mid-1960s (8). These were all

laboratory studies, and they appear to be extremely simplistic in

design: a series of cascaded aquaria (as many as ten) to mi>nic

cascaded reservoirs or lakes interconnected on a river system.

Radioactivity was metered in at one end, allowed to flow slowly through

(and interact with) the entire system of reservoirs, and the output

activity was then measured. Various combinations of sediment types,

vegetation, and flow regimes were used to simulate a variety of natural

aquatic ecosystems (8).



However simplified this research tool might seem, it allowed

Soviet researchers to estimate the effectiveness of sorption,

hydrologic manipulation, and hydrologic isolation as tools in

decontamination of aquatic ecosystems. Results from both laboratory

(8) and field (9) studies showed that strontium-90 was sorbed less

strongly than cesium-137 (concentrations in sediment relative to water

were 30-2000 vs. 200-20,000, respectively) and that both could be

significantly desorbed by passing a current of clean water through a

contaminated system (8). Although concentrations of both strontium-90

and cesium-137 were higher in vegetation than in sediments, the

fraction of the isotopes contained in the biomass was always less than

a fed percent of the total activity in the systems. Thus,

decontamination of water bodies by harvesting biomass alone did not

appear to be practical.

Even under optimum conditions for radioisotope retention in the

model system (strongly sorbing sediment, large biomass, lowest flow

rate), approximately one percent of the strontium-90 activity added at

the upstream end was discharged at the output end (30- to 60-day

periods). Roughly the same amount of activity was discharged when

clean water was passed through tne previously contaminated system.

Thus, although hydrologic manipulation of flow rate could reduce the

amount of activity which was transported out of contaminated systems, a

significant and continuous release of desorbed radioactivity would

issue forth as long as any water movement occurred.



In 13 natural water bodies (lakes with closed drainages),

contaminated with strontium-90 as a result of a single accidental input

(2, 10), a pseudo-equilibrium for water and sediment was reached after

2-2.5 years. Between 78-97% of the added activity became associated

with surface sediments by means of sorption and ion-exchange (10).

Diffusion processes became evident over the next 10 to 15 years (11),

as concentrations in water were reduced by another factor of 2-3. The

importance of the stable calcium pool in sediment-water strontium-9G

exchange and of sediment type and average depth were also demonstrated.

Although concentrations of strontium-90 in the water of these

lakes were reduced by factors of 10-100 below initial levels,

concentrations in bottom-feeding edible fish did not change

significantly over the period from 4 to 14 years post-contar.iination

(11). The reason for this w&s that the sediment inventory was

primarily contained in a relatively thin 5- to 10-C.T; layer and did not

change significantly over the same period; sediment was the primary

dietary source to bottom-feeding fisn. Concentrations in

bottom-feeding fish were ovsr 10,GOO tir.ies greater than those in wat=

(11). Thus, one could conclude zhat a contaminated lake might be

usable as a water supply under conditions which would not permit

operation of a fishery (i.e., food production). Restoration of

fisheries would probably require surface dredging (or burial) of

essentially all mud and peat deposits in such a system. In the case of

accidental airborne inputs, prevention of recontamination uy

runoff-groundwater sources in the watershed would also be required.



8

Controlling the spread of contamination in flowing waters, such as

rivers and estuarine systems, is a much more difficult problem and one

for which satisfactory solutions are not presently available. One

solution may be to gain time by constructing a series of cascaded

reservoirs (as needed) downstream from a contaminant input to slow its

movement, while constructing a bypass channel for water diversion

around the primary contamination zone. This appears to have been done

by the Soviet Union in order to isolate a highly contaminated area

(Fig. 1) resulting at least in part from a nuclear accident in

1957-53 (2). The Techa River, near a reported Soviet nuclear accident

site (2), no longer drains from Lake Irtyash through Lake Kyzyltash and

from Lake Kyzyltash as a free-flowing stream. Water which would have

entered Lake Kyzyltash from Lake Irtyash has instead been diverted into

a canal. The canal transfers water around Lake Kyzyltash and two new

(since 1954} reservoirs to a point downstream. A new drainage for Lake

Irtyash has also been provided (through Lake Berdenish) into the sane

canal. Former tributaries of the Techa, which entered in the reach

between Lake Kyzyltash and the new reservoirs, now drain into canals

and flows are similarly diverted to a point well downstream.

The fact that these two new reservoirs and Lake Kyzyltash have

been isolated hydro!ogically from the surrounding drainage area (hardly

a typical practice) strongly indicates that they have been specifically

90designed to prevent watarborne contaminants (such as Sr) from

moving further downstream in the Techa River system. It may also be

significant that two of the water bodies believed to be associated with

this site, now also appear to have artificially elevated aqueous



Fig. 1. Reservoir/canal system apparently constructed to reduce

hydrologic transport of radioactive materials down the Techa

River system near a Soviet nuclear accident site. Map is

based on post-accident (1973) features.
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calcium concentrations (110-226 mg/1) (12) as opposed to 7-33 mg/1 in

other study systems (10, 12). This raises the possibility that in situ

decontamination of the isolated system (leaching of sediments without

dredging) is being attempted at the present time; more information on

this possibility could be extremely valuable.

CONCLUSIONS

Soviet research in terrestrial decontamination appears to have

paralleled that of the U.S. in many respects (13). However, the

probability exists that long-term evaluations of decontamination

techniques (ever 10-20 years) have been carried oat at one nuclear

accident site (a marked divergence from U.S. experience). The area of

aquatic decontamination seems to offer the rcost intriguing

possibilities for new inferaaoion acquisition from the U.S.S.R.; at

this point we can only speculate on its potential importance.

A hydro!ogic isolation system of the type described above is only

possible in systems (e.g., Techa River in the Southern Urals of the

U.S.S.R.) which have relatively low flow rates and a net annual

evaporation-precipitation deficit. Large rivers and estuaries, and

smaller rivers in areas of relatively high rainfall, would not be

suitable sites for application of such a technique. Such areas have

been chosen for a large fraction of the nuclear power plants in the

U.S. because of the large volumes of water available for more

efficient, flow-through cooling systems. At this point in time, it

seems appropriate to ask whether control of accidental contamination

releases is an important criterion in nuclear plant siting, even though
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seems appropriate to ask whether control of accidental contamination

releases is an important criterion in nuclear plant siting, even though

the engineering design of power reactors is based on complete

containment. Self-contained cooling reservoirs have been constructed

for some nuclear power plants both in the U.S. and in the U.S.S.R.

These systems would appear to provide an option for containment of

accidental radioactivity releases.

Hopefully the present reluctance of the Soviet Union to provide

detailed information about the source and consequences of extensive

environmental contamination near one of its nuclear sites in the Urals

will be overcome, and the Soviet scientific community, which was

engaged in extensive research following the Kyshtym-Urals event, will

be allowed to share pertinent information with others who are concerned

with the safe development of nuclear energy. Soviet experience, gained

during application of remedial measures at this site on an unparalleled

scale, is clearly unique and would be invaluable to the world nuclear

community. The probable existence of more research on environmental

decontamination, documented but internal to the Soviet Union, limits a

proper assessment of our own research needs in this vital area.
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