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FOREWORD

The NEA/IAEA Joint Group of Experts in R+D in Uranium Exploration
Techniques was formed in 1976 to encourage and facilitate interna-
tional collaboration and co-operation in the development of uranium
exploration technology. One of the projects carried out under the
Joint Group was Project 5, "Biogeochemical Exploration for Uranium".

Project 5 met first at Lulea, Sweden, in September 1979. At that
meeting it was decided to compile a "State of the Art" report and
bibliography on the use of biogeochemical methods in uranium explora-
tion as a guide and aid to workers contemplating the application of
these methods. The task was entrusted to Colin E. Dunn of the
Saskatchewan Geological Survey (Canada) and Jan Byman of the Swedish
Geological Survey. They were later joined by John Ek, also of the
Swedish Geological Survey.

The task of obtaining copies of all pertinent papers on the subject

and translating them from a variety of languages proved to be a formida-
ble one, and resulted in some delay in producing the document. The
results of these efforts are presented in the main body of the report.
At a meeting of Project 5, held in conjunction with the 12th Interna-
tional Geochemical Exploration Symposium at Helsinki in August 1983

the authors were fortunate to obtain an additional extensive list

of references from Dr. Alexander Kovalevsky (USSR). These references,
mostly of papers in Russian previously unknown to them, were added

to the report as Supplement A. Since the authors had no access to
these papers, they are listed as references only, with no comment

on content. The authors took the occasion to compile an additional
list of references, some previously unknown to them, and include papers
published in 1983. These are included in Supplement B.

The subject of biogeochemical prospecting for uranium is complex and
many conflicting results have been obtained. However, a firm data
base is emerging and answers are being found to the many questions
that have arisen. This encourages the feeling that biogeochemistry
has much to offer to a uranium exploration programme.
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INTRODUCTION

This report comprises a compilation of the world literature published
up to the end of 1982, that is classified under the general heading of
‘Uranium Biogeochemistry'. This subject examines the distribution

of U within natural organic systems. To the exploration geologist

the study is concerned mainly with the analysis of plant material in
an attempt to identify variations in U concentrations which may be
attributed to concealed U mineralization. In addition, references are
included on geobotany; on U in peat, coal, and fossil wood; on the
migration and fixing of U in the natural environment and results from
laboratory experiments; and even one paper on the U content of some
birds. A total of 153 papers and books were jdentified, of which nine
proved to contain no relevant information on the subject, and a few
others (mainly from obscure Russian journals) proved unobtainable.

Information included in 130 papers (comprising several thousand pages of
text, tables and figures) is summarized in tabular form following the
1ist of references. Our task has been complicated by the fact that

many papers are in Russian, and others are in Spanish, German, French,
Rumanian and Japanese, but we have attempted to outline the main findings
incorporated in each paper that are pertinent to biogeochemical
prospecting for U.

Following the tabular summary there is an index of the common plant
names, then an index of the scientific names of plants referred to in
the publications. Within the report, numbers in square brackets []
identify the references in the bibliography and summary table.

HISTORICAL DEVELOPMENT

The earliest reports of U in plants appear to be the early 1940's data
of Hoffman [58, 59] which gave the U content of algae, grasses, fruits
and vegetables in Austria. A major advance took place in the 1950's
when Cannon (especially her 1952 and 1964 papers) and her co-workers
recognized selenium (Se) indicator plants on the Colorado Plateau (USA),
and related their presence to the Se association with U in sandstones.

A wealth of data on geobotany and the U content of plants was published
following this discovery. During the late 1950's and 1960's many

papers on U biogeochemistry appeared in the Russian literature, and



other reports came from Australia, Great Britain, Scandinavia, France,
Rumania, Japan, USA and New Zealand. Since the mid-1960's several
compilation and review papers have been published on the migration

and accumulation of U in organic substances [49, 64, 72, 104, 108,
111, 117].

In recent years the literature has contained papers on chemical
disequilibrium [41, 78, 115, 127], and there has been a greater emphasis
on case histories e.g. Spain [7], Canada [8, 17, 30, 35, 36, 40,

41, 109, 1221, USA [46, 47, 95, 107], Sweden [43, 79], Finland [130],
Israel [78], and USSR [116].

By far the greatest proportion of investigations have been conducted

in cool or cold northern climates. A number of studies are reported
from dry recions (especially the southern USA), but very little is

known (or at least published) about the application of U biogeochemistry

in tropical terrains.

GEOBOTANY

No plants have been recognized that are direct indicators of U minerali-
zation, although in Alaska it has been noted that lupine tends to

favour U-rich soil [42]. Several indirect indicators are known (notably
Astragalus spp.) which have an affinity for selenium, and therefore

are actually selenium indicators. U is associated with Se in the
sandstone rollfront type deposits of the mid-western USA, where Se
indicator plants have been used successfully inthe discovery of U
mineralization [19, 24, 25, 63].

Another geobotanical indicator of U mineralization is the development

of abnormal growth patterhs, which have been observed in the field and

in laboratory experiments [19, 24, 25, 75, 113, 120]. Such morphological
changes are not, however, a reliable guide to U mineralization, since
many other physical and chemical parameters may effect similar changes.

Three studies have noted changes from normal flower colours near U
mineralization. Shacklette [106] noted a paling in the pink hue of
fireweed; Kovalsky and Vorotnitskaya [75] noted albinism and vari-
coloured flowers of Caragana; and Brooks [14] indicated that U
anthocyanins may give a bluish tint to flowers which are typically

red or pink.
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THE CHOICE OF SAMPLE FOR BIOGEOCHEMISTRY

Data are recorded on the U content of about 200 plant genera. These
range from the fruit and vegetables consumed by man, to the indigenous
mosses, grasses, shrubs and trees which represent the sample media
appropriate for biogeochemical prospecting.

Obviously, environment is the primary control on the choice of sample,
but in general conifers are suitable for northern climates; juniper
and oak for temperate climates; eucalyptus for hotter climates; and

sagebrush and catclaw mimosa for arid regions.

Many studies demonstrate the areat variation of U content that occurs,
within a given area, from one species to the next. Thus, a prime

rule of biogeochemical investigations applies: that analytical data
from different species must not be mixed, unless a very thorough study
is made of the relative element concentrations of those species in a
specific environment.

Not only must an appropriate species be selected for sampling, but also
it is vital to identify which part of the plant is the most effective U
accumulator, and is most practical to collect. For example, within a
spruce tree the U content of the roots differs greatly from that of

the trunk, bark, cones, twigs or needles. Some studies have concluded
that by far the greatest amount of U is concentrated in the plant

roots [e.qg. 7, 19, 22, 24, 25, 71, 87, 98, 112, 113, 130], and Kovalevsky
[71] found the bark of the roots to highly concentrate U. Other studies
have found that twigs usually contain more U than leaves or needles,

which both have more than trunkwood [6, 34, 35, 36, 37, 118, 122, 130].
In some species the aerial parts of plants have more U than the roots

[10, 25, 36]. Some surveys have combined the twigs with the needles
[8, 43, 51, 62] and still obtained meaningful results. Other studies
known to us have obtained interesting but uninterpretable numbers and
therefore were not published.

These, and many other observations quoted in the literature, indicate
the complexity of the U distribution in plants, and emphasize the
crucial need to obtain information on the distribution of U within

a given species before attempting to conduct a biogeochemical survey
using that species. Variation of U content occurs within a single
twig: studies have shown more U in the 3-4 yr-old growth of birch
and larch, than 1-2 yr-old growth [129]. Similarly the U content
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of black spruce twigs is highest in the 2-4 yr-old growth, and decreases
in older growth [35]. In red beech the highest U concentrations were
found in the 1-3 yr-old and 20-30 yr-old trunk growth [126].

Cannon and Kleinhampl [27] recommended collecting the latest year's growth
of needles or branch tips from the entire periphery of a tree.

Kovalevsky [70] suggested that the 2-8 yr-old growth of branches is

to be preferred, and Dunn [36] concluded that the latest 10 yrs

growth of black spruce twigs provided the most effective, consistent

and practical sample medium to collect in the boreal forests of Canada.

Once the complexity of the situation is understood, steps can be taken

to solve the problem and identify a sample medium which is simple,
effective and practical to collect. By sifting through the literature it
is possible to ascertain the problems surrounding a particular species

in a particular environment, and the limitations of the biogeochemical
method can be quantified. For example, it is found that natural
variations influencing black spruce in Canada (e.g. age of tree, seasons,
terrain) accounted for 15%, on average, of the data variability of

U concentrations in the latest 10 yrs growth of black spruce twigs

[35, 39]. No doubt for other species in other environments this per-
centage will differ, but a carefully planned orientation survey can
readily determine the appropriate precautions and limitations that must
be considered both in conducting the survey and interpreting the data.

LEVELS OF U CONCENTRATION

Exceedingly high U concentrations in plants are recorded. Data quoted
in this section are from the U content of ashed sample, unless otherwise
stated. The highest is 16.5% U in fossil woad from the Colorado plateau
[12]. Dry peat has been reported with up to 3.1% U [6]. In living
plants the highest level is 2.5% U from a moss in New Zealand [126],

and several studies report U concentrations in moss between 0.1 and

0.5% [44, 55, 107, 123, 130].

By far the highest concentration in the higher order plants is 7400 ppm
U in the roots of greasewood (Sarcobatus, [19]). In Alaska a combined
sample of twigs and needles from a lodgepole pine yielded 2396 ppm

U and a similar sample of western red cedar contained 2127 ppm U [42].
In Saskatchewan 2270 ppm U is recorded from black spruce twigs [37].
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The roots of juniper which penetrated U ore in Colorado yielded 1600 ppm
U [25].

A1l these values are extreme. MNormal background levels of U in plant
ash are of the order of 0.5-2 ppm [9, 10, 19, 25, 29, 37, 65, 121].
Cannon [19] considered that U concentrations greater than 2 ppm were
anomalous, and determined that the optimum concentration for plant
growth was 1.3-2.0 ppm U [25]. The Russian literature sometimes cites
unusually low levels (less than 0.2 ppm) of U in plant ash as represent-
ative of background [65, 66, 118].

A unique area occurs in northern Saskatchewan, where "background"
exceeds 10 ppm U in spruce twig ash over an area of 10,000 sa. km [40].

Low-order plant forms (especially mosses, lichens and aquatic bryophytes)
readily accumulate U, whereas high-order forms only accumulate U in
certain parts of their structures, and under certain physicochemical

and hydrological conditions.

In general it appears that background levels of U in plant ash are less
than 2ppm, and plant material which contains much in excess of this
amount is indicative either of local U mineralization, or the presence
of high background levels of U in the substrate, i.e. a uranium province.

CHEMICAL AND PHYSICAL CONTROLS ON U UPTAKE

Many papers have examined the chemical components which govern the
absorption, and fixation of U by plants and organic matter in general.
Plants grown in soils spiked with U accumulated more U in their roots
than in their aerial parts [22, 23, 113], although the amount of U

in the branch tips was found to bear a definite relationship to that
available in the soil [22]. Roots with a high cation exchange capacity
can absorb the most U [24]. Another study suggested that U compounds

in plants probably form as a result of jon-exchange reactions between
metal-bearing solutions and plant tissues [5].

Organic compounds can bind and transfer U [89]. Studies have shown that
U occurs as oxonium complexes in cellulose and lignin [4], and as
chelates [101]. Humic and fulvic acids are the dominant concentrators
and transporters of U [18, 104, 110, 111, 119], and they are believed
to play a significant role in the formation of secondary U deposits
[104].
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In a study of leaves of Coprosma australis [128] it was shown that 65%
of the U occurred as a RNA complex, 25% as a protein complex, and 10%
in low molecular form. At least 50% of the total U was found to be
bound to cell wall proteins.

Low levels of soil phosphate greatly increase the ability of plants to
accumulate U [1], whereas high levels of carbonate have a similar effect
[19]. U is effectively absorbed by plants that take up very little
potassium (e.g. rose and pine families [21, 22]). Where formation
waters have a high salt content U tends to stay in solution [84], and

in the presence of salts and calcium, U can migrate considerable
distances [117].

Important observations for biogeochemical prospecting are: 1) U is
absorbed best by plants which have a fairly acid cell sap and a high
cation exchange capacity in the root [21, 25, 76]. This acidity is
estimated to be pH 5 [4], pH 4-5 [18] and less than pH 5.2 [95]. One
Russian study found the highest U uptake to take place in peat at

pH 6 [115]; and 2) plants with high transpiration rates transport most
ions to their upper parts [25].

Work by Kovalevsky [70,71] indicated that plants in the boreal forests
of Siberia appeared to have a physiological barrier to U uptake,
whereas Ra migrated readily from the soils to the plants and no
barrier seemed present. He noted that physiological barriers are much
more significant in the aerial portions of plants than their roots,
and that the barriers are absent in the roots of high-order plants

and of low significance in the lower plants. A later study [72] defined
Uas a "low barrier" element (i.e. only small quantities can be taken
up by the high-order plants), but noted that element absorption by
plants is, on average, 3000 times more vigorous from aqueous solutions
than from the solid phase of soils. Thus where U is dissolved in
aroundwaters, much higher U concetrations in plants may result than

where U is present in the soils. This observation may be valuable in
explaining the situation that occurs in Saskatchewan, where far greater

U concentrations are present in the aerial parts than the roots [36, 39].
This study [39] concluded that the "barrier" exists not in the roots

but in the twigs, where U dissolved in fluids passing up the xylem

tissues precipitates due to a change in pH that occurs during photosynthesis.
U is in low concentrations in the soils, but available in the formation
waters that the roots are tappina.
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RELATIONSHIP OF U IN SOILS AND BEDROCK TO U IN PLANTS

A recurring observation in the literature is that there is a good
correlation between U in soil or bedrock, and U in plants [1, 5, 7,

30, 52, 57, 69, 126]. Conversely, other studies report no discernible
relationship between U in the soils and bedrock and that in plants

(17, 34, 36, 37, 46, 84]. Mork in the USSR found U levels to be usually
10-100 times lower in plants than in soils [67], An observation was
made that the correlation between U in plants and U in soils was only
good up to 10 ppm U in soil, and a further U increase in soils did not
result in an increased uptake by plants [70]. In Saskatchewan, however,
soils consistently yielding about 2 ppm U support spruce containing

from 5-886 ppm U in twig ash [37, 39]. A study in European Russia found
an inconsistent relationship between U in plants and U in soils.

Thus there is a wide spectrum of results from a good to poor correlation,
perhaps dependant upon the porosity, permeability and hydrologic

regime of the substrate. Each study area must be treated on its own
merits. If a better geochemical profile is obtained from soils than
plants, then the soils should be collected. If a similar response

is found in both sample media, then whichever is more practical should
be collected. Bearing in mind that the extensive root system of a tree
integrates the geochemical signature of several cubic metres of soil,
the trees may, therefore, provide a more representative geochemical
picture of the environment than a handful of soil. The latter holds
particularly true where the soil is allochthonous, such as in glaciated
terrains.

If the U in the bedrock is incorporated in the crystal lattices of
resistate minerals, there is likely to be no more than a subtle
biogeochemical response to the mineralization, despite the highly
corrosive micro-environment established around rootlets. However,

if the U is labile (e.g. as pitchblende or other U oxides in fractures
and at crystal boundaries) then it can be readily assimilated by some
plants and a strong biogeochemical response may result.

PEAT

The literature contains a large number of papers that deal with the
chemistry of peat bogs, and many of these papers refer to U. We have
not attempted to compile a complete bibliography of U in peats; instead
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we have selected a few of the classic studies, most of which deal also
with U biogeochemistry.

Peat bogs are potential 'sinks' for U precipitation because their
organic acid components readily absorb and adsorb the element. A

bog in northern Sweden with up to 3.1% U in dry material concentrated

U 9000-fold from the levels in the spring waters feeding it [5, 6]. In
the USA [11] waters with up to 110 ppb U produced 2880 ppm U in dry
material ( a 26,000-fold concentration). This is greater than the
maximum concentration factor of 10,000 obtained by experimental studies
[110] on humic acids in peats. Furthermore, it has been observed by
others [64] that waters with 1ittle more than background levels of U
may provide concentrations of U in peat equivalent to an enrichment
factor of 2 million, indicating that other factors may interact and
locally give rise to extreme concentrations. An important difference
between the experimental study and the field study, is that the
experimental conditions were static whereas the field environment was
dynamic and time could play a vital role in permitting U to concentrate.

In Sweden stream bank peats have been used successfully in outlining
uraniferous areas [79]. Peats, comprising decaying grasses, sedges and
roots, are collected immediately below lowest stream levels. Reconnaissance
surveys by this method have found enhanced U levels to occur in regions
underlain by granite, and have provided targets for follow-up work.

Several prospects have been found directly by this_biogeochemica] method.

It would appear that because of the physicochemical nature of peats .they
may be of use in establishing the proximity of U mineralization.

However, false anomalies may occur in situations where slight enrichments
of U in bedrock are leached by groundwaters, and low levels of dissolved

U are supplied to a restricted basin containing a peat bog. The contained
organic matter than continuously absorbs U over a long period of time.

BACTERIA

The role of bacteria in mobilizing U has been examined in several papers.
Thiobacillus ferrooxidans can survive at a pH of zero and in an oxidizing
environment where the Eh is up to 760 mv [99]. An increase in microbial
activity greatly increases the dissolution of U [86]. It has been

noted [50] that Desulfovibrio desulfuricans in groundwaters associated
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with U deposits is instrumental in controlling redox reactions, and thus

can assist in mobilizing and subsequently immobilizing U. Some

bacteria have a mechanism which inhibits successive uptake of U into

the cells. These adapted strains play an important and more active role

in the biogenic migration of U than unadapted strains [74]. As a result

of these capabilities of bacteria, there is a bacterial zoning associated
with metal zoning across the edoe of U roll-front deposits [99].

The implication for biogeochemical exploration for U hinges upon the
ability of bacteria to develop resistance to U toxicity. If bacteria
that are normally intolerant to U are found to have adapted to U

(i.e. if they are present in uraniferous soil samples), then a U

deposit should be nearby. Researchers in this new field of experimentation

(e.g. J. Matterson, USGS) suggest that there is the potential for the
metal resistance of restricted groups of metal-sensitive organisms to be
tested more easily than the analysis of the soils themselves.

DEPTH OF BURIAL OF U ORE DETECTABLE BY BIOGEOCHEMICAL METHODS

Biogeochemical methods can readily detect U mineralization at or close
to the surface. So can many other exploration techniques, rendering
biogeochemistry redundant for such occurrences. The object of using
biogeochemistry is to assist in providing a "window" through surficial
material to U mineralization that is not readily detectable by other

means.

On the Colorado Plateau biogeochemical surveys have effectively detected
U mineralization that occurs at depths up to 25 m beneath the surface
[21, 25, 27, 63]. Similarly, in the USSR high U concentrations in plants
were found where ore was at a depth of 20 m [10]. In Spain there was

a good correlation between U in oak leaves and mineralization, especially
down to 10 m [7].

An unusual situation occurs in Saskatchewan where high grade pods of
pitchblende that occur beneath 150 m of Precambrian Athabasca Sandstone
are reflected in the overlying vegetation [36]. In this environment

it seems that the near vertical fracture system, coupled with an

upward hydraulic gradient is responsible for producing the biogeochemical

anomalies [36, 39].
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NATURAL VARIATIONS

If the roots on one side of a tree penetrate U mineralization, the U content
of leaves and twigs will be higher on that side of the tree [25]. If,
however, the U source is disseminated throughout the soil, bedrock or
agroundwaters, then no systematic difference occurs around the periphery

of the tree [35]. As a general rule it is better to collect samples

from branches around a tree.

The age of the plant can make a difference on the amount of U taken up:
some plants increase their U content with age, others decrease [1].
Within 1imits of + 15% it was found [35] that the latest 10 yrs growth
of black spruce twigs showed no systematic difference from young to

old trees, and local variation fell within the same 1imits. Twigs taken
from a spruce tree on three successive years showed no appreciable
difference in U concentrations, whereas considerable differences were
noted for the needles. A similar pattern was found in sampling a tree
in June and again in August: U levels did not show consistent changes
in the twigs, but a pronounced decrease occurred in the needles. Several
workers have noted seasonal changes in U concentrations and found that
each species responds differently [2, 19, 25, 37, 53, 65]. Cannon [25]
found that in general, U levels increase during the growing season in

evergreens, but decrease in deciduous species.

Another feature which has been considered is whether there are differences
between the U content of dead and living twigs. Observations are again
inconsistent, but there seems to be a tendency for dead organs to contain
more U than live [28, 42].

SAMPLE SPACING

For detailed sampling over a U prospect, sample spacing of 5, 15, 20

and 30 m has been variously suggested as adequate for outling mineralization
[27, 36, 51, 63, 65]. Obviously, this will depend upon the depth of

the mineralization and the fracture system through which uraniferous

waters may pass.

For rapid reconnaissance surveys, sample intervals of 75 m [27] and

200 m [37] have been suggested. The 10,000 sq. km Wollaston anomaly

in Saskatchewan was outlined by sampling at 1 km intervals near its
centre, and progressively increasing the sample intervals to 2 km, 5 km

and 10 km [37, 39].
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For reconnaissance level stream bank peat surveys in Sweden one sample

is taken per 5 sq. km; for regional survevs the sample density is 2-3 per
sq. km; and for detailed surveys the density is about 20 samples per

sq. km,

Another sample medium appropriate for the preliminary assessment of the

U potential of an area is aquatic bryophytes [107, 124]. In this instance
no specific sample interval can be recommended, since their occurrence

is not ubiquitous. They should, however, be sampled as close to springs
as possible.

UNPUBLISHED INFORMATION

During discussions with various researchers and exploration geologists,
several facts have come to light which have not been published in
professional journals. Some pertinent observations are outlined in
this section.

In Australia eucalypts and spinofex grass have both been used to success-
fully outline uraniferous zones. Leaves of eucalypts were found to
contain considerably more U than dead twigs, which in turn had more than
live twias. There areunconfirmed reports that eucalypt trunkwood from
the Rum Jungle area contains over 1000 ppm U. In northern Canada
(Saskatchewan, Yukon, and the Northwest Territories) jack pine and black
spruce are suitable and effecti@é sample media in areas of permafrost
and discontinuous permafrost. One study in the Yukon suggested that
black spruce twigs (about the latest 3-4 yrs. growth) with over 1.3

ppm U in their ash represented a bedrock source of U. In northern
Sweden all known major areas of mineralization give rise to enhanced

U levels in neighbouring stream bank peats, commonly in association
with Cu and Y enrichments.

Studies by French geologists in France and Africa have been disappointing,
and although anomalous concentrations of U have been found in plants

the soils have proved to be cheaper and more rapid to sample. It

has been found that in all areas examined, U concentrations are con-
sistently higher in roots than aerial parts over granitic terrains. Over
sedimentary rocks U anomalies occur in twigs, leaves and roots of oak,

but again soils have provided similar information. In Mediterranean
climates pines have provided positive results, but only very close to
mineralization. Trees in Nigeria indicate U up to 5 m below the surface,
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and in the equatorial climate of Gabon the trees give the same indications
as the soils. In Madagascar some positive results have been obtained.

RECOMMENDAT IONS

No universal guidelines can be laid down for conducting a biogeochemical
survey for uranium. This is evident from the diverse results that appear
in the literature. However, careful observation of the field environment,
plus a rapid orientation survey to ascertain the most appropriate sample
medium may provide the geologist with an important additional tool to

his exploration program. It is imperative that sampling is undertaken

in a thorough and systematic manner, and that summary field notes are
taken at each sample site. It is not a technique which can usually be
effectively undertaken by an untrained field assistant. Once the
limitations of a particular sample medium have been identified and
quantified by a competent biogeochemist, then a routine sampling program
can be carried out by lesser qualified personnel.

The positive biogeochemical response of plants to concealed uranium
mineralization is a well-established and well-documented fact. In
addition there must be many studies which have not been published because

results were negative: the examination of government assessment files
bears witness to this. It seems that interesting U accumulations in
plants have often been recorded but not interpreted. Sometimes this
is because insufficient effort has been put into sample collection.
For example, all too frequently random lengths of twigs have been
collected and ashed without separating the needles. As indicated in
the Titerature, twigs usually contain greatly different concentrations
of U from needles and U concentrations vary with age along the length
of some twigs [35]. As a result such data are uninterpretable.

In conclusion it is considered that biogeochemistry can provide a useful
aid to the exploration for U, particularly in areas where the U is

labile and not structurally incorporated in crystal lattices. Careful
orientation surveys must be carried out before embarking upon a major
sampling program. Samples must be collected carefully and systematically,
and in order to be cost-effecitive a technique must be chosen and refined
so that it is practical and rapid. Biogeochemistry is likely to be most
effective and superior to other techniques where allochthonous soils
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cover the bedrock {e.g. desert and glaciated terrains). Roots can
penetrate this overburden and integrate the geochemical signature of
the bedrock or the formation waters, thereby providing a "window"
through the overburden.
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Column Heading:

Ref. No.
and Code

EXPLANATION OF ABBREVIATIONS

Ref. No. is the reference number listed alongside the ref-
erence in the bibliography, and referred to in the text.
'Code' refers to the subject matter of the publication.
Abbreviations are:

A = Analytical methods

Biogeochemistry - terrestrial plants
Biogeochemistry - aquatic plants

Biogeochemistry — bacteria

Coal and carbonaceous matter

Geobotany

Laboratory studies

Organic Chemistry

Peat

Review paper
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Species Investigated:

Parp of Flant

Tech.
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bark

cone

flower

fruit

leaf

needles

root

stem

twig

trunkwood
undifferentiated
= entire plant
Var.= various organs
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Analytical technique employed:

A = alpha activity

B = beta activity

D = delayed neutron counting
F = fluorometry

MS = mass spectroscopy

NAA = neutron activation
UA3 = "scintrex" laser spectrometer
XRF = X-ray flucrescence
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Part

Ash

» &
o?‘& of or $|Underlying
gﬁ"f Reference Year| location Bavironment Sclentific Name Common Name  pyant | U Conc. ory £ Rocks Summary
1 Anderson, 1954} USA A Laboratory studies on U uptake by plants, Different
L Xurtz opecies vary markedly in their ability to accumulate U,
U sccumulation seems to be a linear function of U in
soils, Some plants increase U content with age, whereas
in others U decreases, low levels of soil phosphate
greatly increass the accumulation of U,
2 erson 19551 USA Hot desert and Quercus emoryl Brory oak L " Mesozoic
B x“v;t.z ! i Arizona oak woodland Q. oblongifolia Mexican blue oak| L g‘; 177 cph Ashi S clastics & :ll::l;:lad:u:;.:edepht:c:i: ?‘x'-o;i:?n“:gin:aa : :1""‘1’
Prosopis juliflora Mesquite L 0-235 » " | S| carbonatess ' r0e  radtoa t..i.v travartine s:r nnl‘ digf °©
Hinoss dysocarpe Velvet pod mim- | T  [26-886 » * | 8 rhyolites nh el s Sjaso srofice
ol observed - higher radioactivity in leaves in Nov, than
" " osa L a6y, ™ wls c:nthbrluur:g June.
pite ®) conclusions Positive response to mineralization,
3 Anderson, 1956 | USA Hot deasrt and Artemisia sp. Sagobrush X 1.7~29ppm Aoh| P Scintillation alpha counting, adapted to the determin-
A,B Kurtz Arlzona woodland (=45~209 cph) | " | 9 ation of the radioactivity of plant ash, ia sufficiently
Pinua ponderosa Ponderosa pine X 1.2-1,5 ppm LB sensitive to be used in blogeochemical surveys when more
Juniperus deppeana Juniper X 10-32 cph L ] than 10 ppm U is present in the ash,
Prosopls juliflora Mesquite X 28-500 cph “13 The method has the limitation that it cennot distinguish
Pinus sp. Pinyon pine X 0.7 ppm "IiF between U, Th, or their decay products. Furthermore, the
method 1s limited to the analysis of specles of relativ-
ely great U absorption ability.
L Andreyev, 1962 | U3SR Conifers (dead) | X Laboratory investigation on dead tissues - mainly coni-
L Andreyeva, fers. Maximum absorption of U (~1%) at pH 5, Best
Rogozina absorbents are lignin and wood flour, Mechanism involves
the formation of oxonium complexes in cellulose or
lignin
5 Armands 1967 | Sweden, Peat bog (dwarf { Alnus sp. Alder X Granite, Twiga much richer in U than leaves. U compounds probably
B,P Norrbotten | spruce and birch] Betula alba Birch X gneias, formed as a result of lon-axchange reactions between
Botula nana Birch, dwarf X skarn, metal-bearing solutione and plant tissues..Good correlat-
Salix sp. Wlllow T max, 860 ppm [ah |A+F| iron ore [ion between U in plants and in peat, Willow twigs proved
" " L #oo 450 n In | the best concentrators of U. Ratios of U + Ra in twigs-to
" " F w450 o qn |w loaves ares ~ Dotula alba 3+95 Detula nans 2.5; Salix op.
Peat n 3,14 ry| P 2.5 Alnyg op. 1.9. Rete of leachlng from the rocks is
dependent. upon the bicarbonate content of the watera,
Hydrogeologic follow-up is necessary to locate the U
|source,
[ Armands, 1960 | Sweden, Peat bog {dwarf Poat % = 600 ppm  Pry{ F |Granite, U was derived from four water sources, the most radicact-
P Landergren Norrbotten |spruce and birch) (= 900 ppm) rah F | gnelss, ive of which emanated from fracturea, The ratio of U in
akarn, peat to U in apring waters was about 9000:1, A total of
iren ore, (LL5 samples of peat yielded a mean concentration of &00
pegmatite [ppm U (dry weight).
7 Arribas, 1979 |Spaln Seml-grid, warm | Quercus ilex Osk ("Live-oak") L locally over Cambrian Generally a good correlation between U in oak leaves ard
B Herrero-Payo 'Encinat in 1500 ppra AsH{ F | schists U in bedrock (especially down to 10 m), U content of
Spanish (= about 12ppm] Dry ithe oak leavea was similar to that of the trunks and
roota, but higher than in the fruita,
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”:’:.1‘ Speciea Invostigated of or  § | Underlying
rode] Reference | Year| Location Environment Scientific Name Common Name pyane | U Conc, v & ] Rocks Summary
8 | Parakso 1979 | Canada, Tomperate forestp|Betula papyrifera White birch T }160 ppm ah{ F )"Rexspar® U ’l
B B.C, glacieal cover Abies lasiocarpa Balsam fir TN | 280 ppm "1 F pdeposit; 600 ppm U in B horizon soils
Thuja plicata Cedar T+N {140 ppm " F ptrachyte &
chista
Abies lasiocarpa Belsam fir T+N 25 ppm "l F )"Tyoo lake" ?
Pinua contorta Lodgepole pine | T+N 10 ppm | F U depoeity {labout 2 ppm U in B horizon soils, and about 5 ppam U in
Picea englemanni Mgelman spruce | T+N 20 ppm " F [gravels & ) 30 m thick C horizon,
lays
Pseudotauge menzissii Douglas fir T+N | 45 ppm | F ["Day Creek” |}50 ppm U in G horizon,
Populus tremuloidas Trembling aspen{ T 15 ppm "lF deposaity ’
kose
Resulta indicate that plant geochemistry is a possible
exploration aid in areas of heavy overburden owing to
the high selectivity of certain plants for mpecific
slementa,
9 | Bous, 1977 |General Notes that the mean concentration of U in the ash of
B | Grigorian plants 13 0.5 ppm. Points out that the Th/U ratic may
be used succesafully in the search for U deposits; its
decrease in the ash of plants usually indicates the
presonce of U mineralization in the bedrock.

10 | Botova, 1963 [USSR Arid Artemisia terrae albse Sagebrush A1l [1.7 - 5.5 ppm{Ash F [Sandstone Background U in plant ash is 2 ppm. Maximum concentrs-~
B | Malyuga, Salsola subephylla Saltwort All |31~ 20.5 ppm|Ash{F land tion is 80 ppm in the ash of Astragalus, In all but 3
Moiseyeanko Anabasis aphylla Itsegek A11 3.9~ 75.0 ppm]AshiF Jargillite samples U in the plant ash was higher than in the

Astragalus villosisimus | Polson vetch All (12 -80 ppm|AshiF |(Permian) soils.
Haloxylon aphyllum Rlack saxaul Al 5.6 ppm|Ashi F High U in plants only corresponds to high gamma actie~
Annuals (unT!lH‘.) All 5.2 ppm|Ash| P vity in rocke and soil where mineralication reaches the
surface, High U in plants found wherse ore lies at
depth of 20 m,
U content of different parts of plants:
a} Haloxylon: bark s roots » leaves wopd
b) Astragalus; bark » leavess roots
¢) Ansbaaisy wood » leaves
Oldest organs are richest in uranium.
Conclusion: method is successful, and superior to
radiomstric surveys.
11 | Bowes, 1957 J1.8.A. gh~level meadow Peat. bog Ip to 0.3.% Dy Jurassic(?) |Bog is fed by spring waters with 110 ppb U. Very low
P | Bales, ru U3°8 z gamma activity suggesting recent U emplacement. Ore
Haselton diorite is conflned largely to the peat bog, and is probably
derived entirely from the spring waters.
12 |Breger 1974 | U.S.A., Araucarioxylon Kraus (Fossil conifer) Max. 16,58 [pry| [frisssic to |Deals with U in coalified logs. U is present mainly
c Colorads cene in colloidal form, and probably introduced in an
and Wyoming clastics alkaline solution as a complex uranyl carbonate.
Increase in U content of coal 1s generally accom-
panied by an increase in its reflectance., Paper is a
comprehensive discussion of the relationship between
U snd coalified substances,
13 |Breger, 1956 Date from Hoffman {1941 and 1942) are quoted, and a
B |Dewd conclusion drawn is that plants absorb extremely small
emounts of U, Mechanisms of U transport end concontratior

in dead organic substances are discussed.
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Referencs Year} location Environment Scientific Name Common Hame  plant | U Cone, pry ©] Rocks Summary
14 | Brooks 1972 |Ganeral Excellent accoun', of blogeochemical procedures with
B abundant data - humerous references to literature on U
biogeochemistry, Anthocyanins can form stable complexes
with U (and other elements), and may therefore produce
a blue tint in flowers that are normally red or pink.
Generally, the linger the root system of a plant, the
less the enrichmint of U in the upper part of the plant,
15 | Brooks 1979a |General Good review paper of geobotanical indicatora. No new
R,G data on U.
16 | Brooke 1979b |General Good review paper of the biogeochemistry of many elementg
R,B No new data on U, but a useful update of workers and
work being underiaken throughout the world,
17 | Brooks, 1982 {Canada, Temporate forest | Picea rubens fled spruce T 1,5-106 ppm | Asi{iAA[Granodiorit« Red spruce was tie only plant to show a positive responaq
B {Holzbecher, Rova Scotie {near U to U minerslization, Very high degree of correlation
Robertson, mineraliza- between U levels in spruce ash and acintillometrie
Ryan tion) readingsy however, latter has limitations. U in solls
Pices rubons tod ppruce 1597 ppm [ AsiiAA showino correlation with mineralization or radiomstry or
{diotant from U in plant ash.
minox)'nliu— Conclusion: positive response to mineralization.
tlon
Acer pensylvanicum Stripad maple T
Acer rubrum ind mnple T j «5 ppm Ash INAA
Dotulea lutes Yellow birch T
18 jcalve h97g Spain Macusses the role of humic acids in precipitating U.
o¢ Most effective wien pH is 4 to 5. Does not deal with
living planta, orly the relationship of U to organic
matter, pointing out their geochemical affinity (but
lack of chemical affinity) due ultimately to pH and Eh.
19 | cannon 1952 |U.S.A. Temperate, semi- *min. « near U mineralization Jurassic Indirect recognition of U ores by the Se indicator plant
B a) Coloradd arid - = no U minerslizstion 8andatones | yatragalus and S indicators. Lesves of plants rooted in
_ min)*Ash F ore contain 2 to 100 ppm Uj those rooted in barren
M""“Q,‘l“’ Bpe Potson ve'.t;ch § 380'.72:: - : F sandstone and shele have less than 1 ppm U.
1 1 AL a8 X mind| o { F Important refererces to early works by plant physiolo-
gfi:;f:x’c;ﬂ::&%::u Shedorale X 2_20‘;;: mind| o | F glsts: emall adcitions of U stimulate plant growth, and
" " " b'e 0.2ppm( - wi{F very small concertrations are essential for higher plantu
0 - Wl g Levels of toxiclty and abnormal growth patterns are cited]
ﬁiﬁlﬁﬁuizﬂﬁﬁ?’ Saltbush § 'Z;: mn}| # | F Amount of U absorbed by plants varies with the species,
Chrysothamnus Rebbitbrush X 7ppm{min)| v | ¥ time of year, part of plant, availabllity of U in the
vieciddflorus soll, and composition of underlying rocks.
" " X <1ppm( - n{F U content of any species growing in non-mineralized
ground rarely exceeds 1 ppm. Plants rooted in U-bearing
Art.emf.‘aia sP. Sagebrush 1; o 3;’;““ "‘f-_" : ; rock commonly hae over 2 ppm U,
Haplopappue armeriodes |Goldenweed X Loppm(min)f # | F wa;l" :aiuable “g};i’, n’t U,V,Se,Pb and Ho °°;.“'°“"’ of
Fraxinus anomala Single 1lsaf ash X 0.7ppm{min)| # | F many specles, anc. erent parts of those specles, from
o M “ “ X 0.5ppn{ = ol F plents growing o1 mineralized and non-mineralized ground.
‘ " The influence of carbonate is noted from the higher U
Junipsrua n:noaparma Ju::lpor )X( ﬁgm min " ; contont of plant: growing above deposits of Ca-U carb-
" onates,
Quurcﬁs xamgolii s::ub onk" i Ol%m '“i“ " ; Generally, more Il occurs in the roots of ricegrass,
‘ segebrush, oak,  uniper, vetch and ash than in their
aerial paris,
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Reference Yesr| location Environment Scientific Name Common Name  p1ant | U Cone, Dry €1 Rocks Summary
cannon (cont, Higher U concentrations occur in May than in August,
Junipers adjacert to & U mill contain up to 1100 ppm U
those 250-400 m away have 150 ppm U; and from 600-1200 m
distant the content is 40 ppm U,
b )Hyoming Temperate, Sarcobatus vermiculstis | Greasewood 8 1Lppm{min, ) |Ash} F| Alluvium
semi-arid " " " R 7400ppm( * “1F "
Eleocharle palustris Spikerush L3 1.7ppm( » v 1 F| Black mud
Spirogyra Alga 39ppm( * " F LA
Stonleya arcuata Prince's plume |14§ 0.bppm( » " | F| Lignite
Cleome integrifolia Angusta 3 1.2ppm( * "1F "
Apocynum androsaemi- Dogbane L3 O.5ppm( * LN J-"205 shals ’
folium
Smilacena stellata Wild epikenard |I+3 O0.3ppm( * “|F| » "
Oryzopsis hymenoides Ricegress L+3 4 3ppm( WiFl» "
Artemisia tridentata Sagsbruah I+S [0.8-1.8( » "l Fyw "
Chrysothamnus parryi Rabbitbrush 1,0ppm( "l F| " "
¢)utah Temperate, Juniperus monasperma Juniper 1+8 O0.7ppm{ ® ® | F|Keolinite
semi-arid Atriplex confertifolia |Shadscale I4+S 4.8ppm{ » wiF "
Juniperus monosperma Juniper LS [66-100 ( * # 1 F | Asphalt.ore
Oryzopsls hymenoides Ricegrasa 1+S 20ppm{ » “I|F " "
Stanleya pinnata Prince's plume |[I+§ 37ppm( ® " |F " "
d)New Hot, semi-arid Pinue sdulis Pinyon L+§ 33ppm( » " | P |Limestons
Mexdco Juniperues monosperma Juniper 148 Loppm( ® "1 F "
20 | Cennon 1953 [U,S8.A4,y tiot, somi-arid Juniperus monosperma Junipor N 7-112 ppm (Ash{ F {Juraasic Tositive responss of juniper and pine needles to under—
8 New Mexico " " " Tgp; up to 4, ppm | " | F {Todilto \lylng uraniferous limestone. Slight airborne contami-
" " " R(P) |up to 97 ppm | * | F |Iimestone |nation of the nes=dles,
" " " W 6 -8 ppm |» |F Trunik wood everazed 10 ppm U in ash of trees on limeatone
Pinus edulis Pinyon N 5~ ppm {" | F with «<0.1% U.0..
" " " W 3-30ppm |* |F Trunk wood a@eﬁ.;ea »20 ppm U in ash of trees on lime-
r- pedied) stone with »0.1% U3°e‘
2 |cannon 1957 | U.8.A., Temperate, aemi- Sandstone |Plants refloct ! mineralization at depth of 20 m,
B Colorado |arid Paper 18 50% gocbotany, 50% biogeochemietry.
Generally, U is best absorbed by plante with a fairly
acid cell sap ard high cation exchange capacity in the
root.
U absorbed better by plants that take up very little K
(e.g. rose and rine families), than those that take up
relatively high amounts of K.
Recommended that branch tipe be collected from all sides
of a tree,
100 figures of plante are lieted in order of their
importance in prospecting.
22 | GCannon 1959 1U.S.A., Tamporate, semi- {Juniporus sp. Juniper X |1.74% ppm ming Ash| F Experimental work involving growing plents in plots of
L Coloredo arld " " " X 0,33 ppm ( = N t P desert soll wit! controlled U concentrations showed
Plnus op. Pinyon X {1.31 ppm {min)l " | T that more U was tsken up by Descurainia (tansy mustard)
" " X jo.56 ppm{ = )i" | T than Grindelis than Verbesina {goldweed).
Ables op. [Fir X 12.18 ppm {min)|* { F There waa a negetive correlation between U and K.
" " X 035 pm ( = )|" |F Generally more | in the roots than tops of plantsj
Pilnus ponderosa Fondeross pine X [1.28 ppm (min}{® 1P ver, the smcunt of U in the branch tips bears a
n " " " X [0.63pm (- )" |F ofinite relaticnship to that available in the soil,
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Cannon 1960a Review paper - no new data on U.
Cannon 1960h | U.S.Al, Tomporate, semi-| Astragalus pattorsoni Voteh X up to 38 ppm {Ashj F Roots with high cation exchange capacity cen absord the
Colorado, | arid " proussi " X up to 70 ppm | " | F moat U,
Utah n albulus L X up to 1.2 ppmf " | F U found to precipitate near the point of intake in the
" cobrenais " X up to 0.8 ppm| ® | F roota of juniper,
" thompsonae " X up to 3.6 ppnl " | P Data are given on the U contant of roots of several
" aculeatus " X up to 2.7 ppm| " { F species, compared to U in branch tips of the same plants.
" nuttallisnus " X up to Ou6 ppm| * | F Useful information is given on experimental work on the
relative amounts of U taken up by differant plants, and
the phyaiological effecta obsorved,
In gonoral, growth was stimulated by the addition of
carnotite to the soil, Unusual growth (extra branching,
imperfoct flowers) resulted from the addition of strongly
radioactive substances to the asoil.
Discussion on prospecting by means of indicator plante
ipoints to Astragelus (a Se indicator) as an indirect
indicator of U deposits due to the U/Se association.
Only certain specles of Astragalus absorb substantial
quantities of Se; notably A. pattersoni and A. preussi.
*Raroot} A=
aerial part
Cannon 1961 [U.8.A., Soml-arid .§38 specles within the Maxima in Mosozoic Comprehensive information on the composition of minera-
Utah gonera mineralizoed sandstones [lized and unmineralized bedrock, soils, wators and vege-
ground tation, Useful discussion on physiological processes
Artemosia Segsbrush R 20 ppm, (R, Aal* F (p. 42)1 an important conclusion is that plants with
nd) high- transpiration rates will transport most ions to
Atriplex Shadacale A 100 pm A!R; Wiy their upper parts, whersas plants with high cation
Chrysothamnus |Rabbit brush A LO ppm (AsR); " F L:xchange cepacities at their roots will accumulate most
Coleogyne A 10 ppm (Rynd) "{F netals at the roots.
Cowania Cliffroee A 51 ppm (R,ndp) " | F A1l plents rooted in mineralized ground contained more
Fphedra Mormon tea A 120 ppm (AsR)| " |F uranium than those rooted in unmineralized ground.
Fraxinus Ash R 9 ppm (R*A)} "] F Data are presented (Table 16) on U, V, Se, Mo and Fb in
Juniperus lJuniper R 1600 ppm (R=A)] " | F /1 samples comprising 38 species (roots and aerial
Quercus Oak R 190 ppm (R»A)} " | F parts) collected over mineralized and unmineralized
Sarcobatus Greasowood R 39 ppm (R*A)] " {F ound, Highest value is 1600 ppm U from deep roots of
Tamgrix Tamsrisk A 16 ppm (R,ndd " | F Lunlxzm_mmpzﬁrﬂe penetrating U ore. U more concen-
Yucca [Yucca R 10 ppm (R*A)| * | F brated in roots than aerial psrts in all species except
Elymug 11d rye A 5 ppm (R,nd} | F Mtriplex, Chrysothamnus, and Ephedra. A summary (Table
fiilaria [;alleta grass A 2 ppm (R,nd} " |F 37} shows average concentrations of U in classes of
Pryzopata Ricegrass A 82 ppm (R*A)| " |F egotation growing over mineralized and unmineralized
11ium pj1ld onion A1l 200 ppm e ground to be:
ster hater A 7 ppm (R,nd) " IF Grasses 4.1 ppm U (unmineralized) 34 ppm U (mineralized
stragalus (5 species) [Vetch R 370 ppu (R»»A) " |F Herba 1.9 ppm U (unmineralized) 21 ppm U (mineralized
Bahia R 20 ppm (R>4&) " (F Trees and}0.% ppm U (unmineralized) 8.7 ppm U {miner—
Castilleja A 12 ppm (R,nd} * | F shrubs alized)
Cryptantha ‘ryptanth A 3ppm (Rynd) » | F Unpublished data from R, E, Gilbert (Utah):
Eriogonum ckwheat R 80 ppm (R-A}) " |F Sagebrush 1,7 ppm U (unmineralized) 9.7 ppm U (minera-
Grindelia Gumweed A 20 ppm (Ry,ndj " [ F 1ized)
utierrezia Enakeweed A 52 ppm (R,nd) " |F Juniper 1.6 ppm U (unmineralized) 5.2 ppm U (minera=-
fledyasrun A 3 ppm (R,nd} * {F 1ized)
L opldivm R 76 ppm (R>A4) " |F Pinyon 2.1 ppm U (unmineralized) 2,2 ppm U (minera-
Solidago Rock goldenrod A 10 ppm (R,nd} " |F 1{zed)
Cphaeralcea A 15 ppm (R,nd} * |F
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Sunmary

=y

=
o

@R

canon (Cont.)

Cannon,
Kl einhampl

Cannon,
Starrett

Dean

1956

1966

9N

1956

General

U.S.A,,
Colorado,
?leu Mexico

U.S.A,,
New Mexico

Great
Britain

Semi-arid

Arid to semi-
arid

Temperate

Stanleya
Townsendla
Zygadenus
Spirogyra

Pinus sp.
Juniperus sp.

Pinus sylvestris

Prince's plume

Camus 1lily
Algee

Pinyon pine
Juniper

Pine

All

<1 ppn (R, nd
2 ppm (R,nd
54 ppm

5 ppm gnlnd

0,1-2,3 ppm

0.6 ppm (unmin

Ash]

JAsh

Range =
0.06~2,0 ppm

=8 | pech

Cretaceous
coala

(uranifer-
ous)

Information is glven on anomalous growth effects due to U
land daughter products (p. 58)1 optimm U concentration
for growth is 1,3-2,0 ppm U,

[Salsola, gladiolas and sedums are the most tolerant to
firradiation, whereas gymnosperms are the least. Veget-—
bles, fruits and ceresls exhibit stimulated growth when
rradiated.

U content of leaves can vary greatly from one side of a
ltree to another (if roots on one side of & tres penetrate
neralization). Analyses suggest that during the

owing sesson U content probably rises in some ever-—
eens, but falls in most deciduous species,

Puniper roots found at depths “much grester® than 12 m.
jfuniper and shadscale appear to accumulate similar
jamounts of U, and are therefore considered inter-
rhangeable for locating shellow cre, QOre at depths »>é6 m
was better detscted by Juniper,

jJuniper on barren ground contains generally 0.5 ppm U.

" " mineralized ground contains generally »2 ppm U/
e indicator plents (Autrugalua) succesafully outlined U
mineralization,

The blogeochemical method was ineffective at locating U
nineralization deeper than 50 m.

Review of plants indicative of water conditions, soil
ponditions, bedrock, and mineralization. No new apecific
information on U.

Plant ash normally contains 0.2~1.0 ppm U, but may range
from 1-100 ppm U when rooted in ore. Major ore deposits
p to 25 m below the surface may be detected by biogeo—
rhemistry. Generally more U in roote than aerial parts,
Several conifers absorb about the same amounts of U:

nus ponderosa, Pseudotsuga taxifolia, Ables concolor,
%nns edulls, Juniperus scopulorwm, J. utahensis,

%. monosperma,

st consiatent results obtained from sampling the last
year's growth of needles or branch tips collected from

khe entire periphery of the tree, For rapid reconnais-
sance, sample spacing of 75 m is adequate; 15 m spacing
fecommended for anomalous areas, and 4 1/2 = 9 m across
Lalus~covered outerop.

[ists of Se indicator’ plants are given,

P.Lnﬂun and juniper branches contain 0,1-2,3 pm U (in
ash),

Dead branches contain more U than live:— 12 em unpeeled
sections from 4 quadrants of the tree were collected.
Tree assaya indicate that areas of uraniferous coal may
be fracture controlled and of relatively small magnitude.
Conclusion: branch tipa of pinyon and juniper show a
positive U concentration response to uraniferous coals.

New and old needles or leaves were collected in autumnj
average age of the sample was 1.5 yrs, Uraniferous and
non-uraniferous areas ssmpled, Data given for vegetation
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Ref, Species Investigated Part Ash ¢ ,
No. 4 of or @|Underlying
Codel Reference Year| Location BEnvironment Scientific Name Common Name pignt { U Conc. v F| Rocks Summary
Dean (Cont.) Prunus laurocerasus Teursl T In mineralized area are from an old Cornish U mine.
2 0.2 ppm AshfiaA Aahedhpinei:eedlaslfrom137 loclzalitias scattered through-
3 (unmin, ) %g;ciugighm iga}::ae;r:winyi:nd;d b<rf u o Cornish U
et g ebria from a Cornlsl
Rc“m;:zgzﬁgrz;.pomicm ?;;g:g:"m" ;‘ 8:?",,-3;,6 prm) : : mine contained U 63-180 times higher than background,
Pices sp, Spruce N 0.1 ppm wln Highest values were in oak leaves,
Taxus ap. Yew N 1.0 ppm wimn
Salix ap. Willow L 64 ppm (min,)} » | "
1 ppm LB
2unm.in.)
Quercus sp. Oak L 160 ppm {Min,) " | "
0.9 pm L "
(unmin.)
Bracken L 15 ppm (Min,) »|»
0.5 ppm win
(unmin, )
30 | Dilabdo, 1980 | Canada, Arctlc Vaccinium uliginosum Bog blueberry L 0.4-980 ppm Ash1 P |Precambrian | Very strong positive correlation between U in leaves and
B |Rencz N.W.T, metamorphicsi U in tills (<2pn ),
Highest values obtained from shrubs collected close to a
mineralized fault.
Conclusions Vaccinlum uliginosum can succeasfully be
used for prospscting for U.
31 | IOE News 1979 | U.S.A,, Temperate Peat Separation of organic acids shows that most U resides
oc | {(summary of Colorado in humic acid, with less in fulvic acid,
roport by J.
Schmidt-
Collerus)
32 |Duncan, 1971 | Canada, Uranium mine Thiobacillus ferrooxidans| Bacterium Dlscussion of the bacterium Thilobacillus ferrooxdans in
Bb |Bruynesteyn Elliott L. acidic mine waters, and its role in solubilizing uranium,
By promoting bacterial growth there was an increase in
uranium leaching.
33 {Dunn 1979 | Canada, Boreal forest lLedum groenlandicum Labrador tea Precambrian |Preliminary results of major project: see Dunn, 198la,
B Saskatch= Chamaedaphne calyculata |[Leather leaf <l= »>100 ppm [Ash{D Rthabasca
ewan Plcea mariana Rlack spruce
34 {Dunn 1980a) Canada, Boresl forost PMces marlana Black spruce T |up to 154 ppm {Ash|{D Precambrian | Abstract of paper given st symposium (see 1961a),
B Saskatch- " " " " W ~~1 ppm|* |D Athabasca U mineralization 150 m beneath sandatone appears to be
owan Lodun groenlandicum Labrador tea 8 ~ 100 ppm | * |D Ppandstone reflected in the plants. No discernible relationship
" " " " R <5 ppm|" |D between U in plants and U in soils,
Chamaedaphne calyculata |Leather leaf 51 ~ 100 ppm{ " |D
35 {bunn 1980L, Canada, Roreal forest Picea mariana Black apruce T |up to 800 ppm.jAsh[D | Precambriania) Spruce twige proved easiost to collect and propare,
B Saskatch=- Pinus bankoiana Jack pine T Tl contaln Athabasca and contained more U than any part of any species.
ewan Alnus sp. Alder T about 50% lesd " |D | Sandstone 10 years growth was practical amount to collect (-4
Larix laricina Tamarack T jU than spruce year old growth contains the highest U concentra-
Botula sp. Birch T }ﬂt the same tions).
Jaites, b) Traverses over an area of several hundred square km
Salix op. Willow T 90% less U ® |D did not roach the expected background of a few ppm U
than spruce, in epruce twig ashj 20 km west of the highest concen-
Qrase A1l [80f lems U " ID trations the mean concentration was 70 ppm U, Al
than spruce, trees within an area of several hundred sg. km con-
Puisetum Horsetall A1l 1ppni™ iD tain >100 ppm U in their twigs.
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Part Ash 2
Hgafi Specles Investigated of or S |Underlying
r';d Refarence Year| location Pnvironment Scientific Name Common Name  piant | U Conc, bry © Rocks Summary
Dann (Cont.) c) Elght blogeochemical profiles across EM conductors
did not help define drill teargets.
d) Detalled sampling indicated that local variation of U
in spruce twig ash is about + 15%.
e) No systematic iiffersnce between U in twigs from
short and tall spruce at adjacent sites,
£} No systematic iifference between U in live and dead
twigs.
g) 20 - 100f more U in twigs at the top of & spruce than
those near the bottom.
h) No systematic iifference in U content of twigs on the
north and soutt sides of trees.
i) Spruce twigs usually contain about 10 times more U
then needles, and 100 times more than trunk wood,
J) No apparent correlation between U in twig ash and U
in groundwaters,
k) Anomalies transect terrains from wet muskeg to open
woodland,
36 {Dunn 1981a|Cansda, Boreal forest Picea mariana Black spruce T [(Xx =84 ppm) Ash{ D | Precambrian |Aerial parts of Laosrador tes have much more U than roots,
B Sagkatch~ 50-154 ppm Athabssca [Spruce twigs are myst pronounced accumulators of U, and
ewan " " " " N ¥X = 14 ppm) |" | D |Sandstone |contain twice as mich as Jack pine twlgs. Conversely,
9-22 ppm lthe jack pine needles contain twice as much U as spruce
" " " " W (X=05gppm)|" D needles.
<.4=9.5 ppm lApparent relationsiip between U beneath 150 m of sand-
Pinus banksiana Jack pine W [(Xxe09pm)|" |D stone and U anomalles in all vegetation, although snoma=
<.4-1.9 ppm 1108 are above but laterally displaced from known minera-
Ledum groenlandicum Labrador tea S Kx =56 ppm) |" |D llization.
36~83 ppm U tends to vary synpathetically with Track-~Etch data, Fe,
n " " " L fx=232ppm) |* |D Pb, Sm, and sometines Cd, Be and Zn. Commonly an inverse
17-51 ppm irelationship betwesn U and Mn.
" " " " R |(X = 3 ppm) LN ] Mo relationship between U in plants, and U in peat or
0.8-5.8 ppm s01ls.
Chemaedsphne calyculata |Leather leaf S {x="70ppm) |" |D |Conelusion: Positive relationship of U in vegetation to
51-100 ppm KHecply buried U minzeralization (150 m).
" " " " L Kx =51 PF“) vw | D
31-83 ppm
Peat Xeb,2ppm) " |D
1-2}, ppm
37  [punn 1981b |Canada, Boreal forest Picea mariana Rlack spruce T {1-2270 ppm Ash} D |Precambrian [Detailed and reglcaal surveys., Spruce twigs contain up tg
B Savkatch— Athabasca 1260 ppm U in virgin forest (no known mineralization).
owan Sandstone Massive 'Wollaston biogeochemical U anomaly" extends over
an area of at leatt 3600 sq. km,
Twigs show no eystematic seasonal veriation in U uptake
" LU 1} " annual L] it on n
ecdles do show scasondl variation in U uptake (lower in
ummer than spring).
Needles do show arnual variation in U uptake.
No relstionship bitween U in twig ash and U in soils,
Moderately good relationship between U in twig ash and
scintillometer anu Track Etch data,
Across the Athabasce Basin background levels of U in
spruce twig ash ase about 3 ppm. In the Hlack Lake area
the range 1s 3 - 18 ppmi near Uranium City the range is
1 - 120 ppm, and in the Carswell Structure 4 - 1480 ppm.
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Ref. Part Ash 2
No. & Species Investigeted of or §|Underlying
Cod Reference Year| lLocation Environment Scientific Name Common Name pygnt | U Conc, Dry &) Rocks Summary
Dunn {Cont.) Twigs appear ver] sensitive to changes in dissolved U in
groundwaters,
Suggested that spruce twigs may provide a "window"
through surface tedimente to the U potential of under-
lylng rocks.
38 |Dunn 1982g| Canada, Boreal forest Picea mariana Black spruce T |up to 2270ppm|Ash{ D|{ Precambrian|Describes a large U biogeochemical anomaly. The latest
B Sagkatch- Athabasca |10 yra. growth of spruce twigs contains up to 2270 ppm U,
ewan Sandstone |and the 10 ppm ccntour (U in spruce twigs) extends for et
least 3600 8q, . Intense local anomalies occur within
this region. N
39 |Dunn 1982b| Canada, Boreal forest Picea mariana Black spruce T Precambrian |Summarizes data compiled by same author between 1979-
B Saskatch- Athabasca |1981, and adds new information, The Wollaston Uranium
ewan Sandstone [Blogeochemical Aromaly found to extend for at least 7000
sq. km ( >10 ppm U in ashed twigs),
Discusaion on poesible origins of the anomaly - concluded
that 1t is probatly a hydrobiogeochemical effect,
L0 {Dunn 1982c| Cansada, Boreal forest Picea mariana Black spruce T Precambrian [Results of investigationa conducted during 1982, The
B Saskateh- Athabasca {'JEB' zone of U rineralization found to have a positive
ewan Sandstone; |biogeochemical expression.
Apheblan Reglonal study shows that the Wollaston U Blogeochemical
metasedi~ |Anomaly ( >1Q ppr U in ashed twigs) encompasses an area
ments of 10,000 ™, 2
Within this the 5) ppm U contour extends for 3000 l% '
and the 100 ppm U contour covers an area of 1000 km“,
The composition of underlying Aphebian bedrock is shown
to have a marked Influence upon U concentrations in the
trees,
i1 [Dyck, 1980 |Csanada, Boreal forest Sium sp. Water parsnlp A1l 30 p) 80 Precambrian [First-year twigs ind leaves were collected from all trees
B |Boyle Saskatch— Betula sp, Birch L 50" 5"‘U metamor-  |studied,
ewan Salix sp. Willow IT+L 36" gmr_ phics Marked radioactiv: disequilibrium occurs., The ratio of
Potamogeton sp. Pondweed A1l 150 1‘;‘9, Ash} F eU/U increases griatly on approaching U minerallzation.
Equiaetum sp. Horsetail W1l 5w 8Lz IStudy reflects th) relatively high Ra content of plants
Alnus sp. Alder T+L 850 " lerowing close to nineralization.
Nostoc sp. Alga A1l 130 v Conclusion: High radloactive disequilibrium in plants
Hippuris sp. Marestail ALl 63 v lindIcates the prodmity of U mineralization.
Batula ap. Rrch m+L 31 “1 91 m
Alnus sp. Alder IP+L 30 “Y e om UjA | F
Salix sp. Willow T+L, 52}
Betula sp, Birch ML P78 * 6-61lm
Ash| F
Betula sp. Blych T+L | 185 ppm (L6 {" | F
m from U)
Sallx sp. Millow T+L 75 ppm (9 m |* | F
from U
Salix sp. 1110w 4L} 900 ppm {0.6 |* | F
m from U
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Ref, Part. Ash 2
Ho.fé Specles Investigated of or §|Underlying
caod] Reference Year| location Mvironment Scientific Name Conmon Name Plant | v | Rocks Summary
42 |Eakdna 1970 | U.S.A., Boreal forest - |Plnus contorta Lodgepols pine |[T+N Ash{ F | Peralkaline|Lupine appears to favour U-rich soil in the area.
B Alaska high precipita- granite and{Samples comprised 12-20 cm lengths of twigs plus lsaves
tion Picea sp. Spruce T+N % | F|monzonite |or needles, weighing 100-200 g,
Thuja plicata Western red T™+L w | F{(Hydrother-|Generally more U in dead than live twigs of pine [Compi-
cedar mal V) ler's note: this may be because needles and conas seem
Tsuga heterophylla Western hemlock |T+N "|F to have been included with the 1ive twigs, and each plant
Juniperus ep, Juniper T+N "|F part may be expected to contain different concentrations
Vaccinium sp. Blueberry T+L w|F of U],
Algae ALl " |F High values were all within a few hundred m of mine work-
Luketkea pectinata All "|F ings and outlined well the region of known U mineraliza-
Lycopodium Club moss AL “I|F tion.
Crowberry ALl " |F Conclusion: lodgepole pine proved the most sensitive
Alnua sp, Alder T+L LER plant to U mineralization, and was the most suitable
edium for the area.
L3 & 1982 |Sweden Boreal forest
B Plcea ables Norway spruce T+N ppsh | D Three mineralized areas chosen as test areas, At each,
" " " " B "D jsamples were taken above mineralization, boulder trains,
Pinus sylvestris cotch pine B pj | D d background, A4ll ashed vegetation had lowsr U concen-
Lotula alba Blrch B pml * | D rations than C-horizon of the till and forest litter,
Vaceinium myrtillus Blueberry p1l pmi " | D o sample type showed a clear tendency to have higher U
Vaccinium vitis-idaea Lingonberry P11 pmi " D concentrations above mineralization or boulders than
Calluna vulgaris Heather k1) pa| " | D hbove background terrain.
Conclusions in this ares the blogeochemical technique
Bhows no positive response to mineralization. .
4L, [rBmetsd, 1971 |Finland Boreal forest Cladonia arbuscula Lichen Ash{ MS Ehort paper describss the content of several metals in
B Y11 ruokanen " " " "I MS jlosges and lichens, Brief refersnce is made to the
C, alpestris » " "I MS tontent of U in plants recorded by others,
tereocaulon paschale " " |MS
. saxatlle 1.8 " IMS
ephroma arcticum " Al 3.9 4 [Ms
ICladonis arbuscula n 2.1 n | MS
C. rangiferina " 0.3 " IMS
C. alpestris " 3.6 " IMS
C. arbuscula " 4.2 ppm " IMS
Stereocaulon paschale " 1.3 ppm " IMS
Cladonia rangiferina " 3.1 ppm " IMs
leurozium Schreberi Moss 2,1 ppm oI MS
" " " 3.2 Ppat it | MS
Dicranum polysetum " 65 ppm nMS
acomitrium " 4900  ppm * M5
lanuginosum
1l4dium ciliare 7.1 ppm n 1 MS
ylocomium splendens " L¢3 ppm # M5
cranum fuscescens " 1.7 ppm " |MS
leurozium Schreberi " L.5 ppm v |MS
cranum fuscescens " 3.5 ppm L]
. scoparium n All 6.4 ppm "M
1ytrichum " g 3.2 ppm "MS
Juniparinum " & 7.1 ppm " M3
« piliferum o 0.74 ppm " IMS
jedwigia ciliata " 4.5 ppm " IMS
hacomitrium " 4.2 ppm " |Ms
lenuginosum
{ylocomium splendens n 1.9 ppm " | MS
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Erlimetsd and Pleurozium Schreberi " 2,0 ppm n [ MS
Yliruokanen Hylocomium splendens " 1.6 ppm " M8
{Cont.) Polytrichum commune n Al | 1.3 ppm w M
Pleurozium Schreberi " 5.0 ppm " 1M3
Rhacomdtrium " 4.6 ppm # I MS
lanuginosum
L] " " 3.7 ppm n | MS
* Other semples from this siter
Cladonia alpestris Lichen Al |350 and 500 ppm "] XRH
Dicranum scoparium Moss 400 and 670 ppm *| XRH
Polytrichum piliferum " 1700 ppm » | XRH
" Juniperinum " All |760 and 2400 | * | XRH
P
Rhacomitrium " 350 and 1700 | * | XRH
lanuginosum
Brachythecium rutabulum " LBOO ppm " | XRH
Erdman, 1980 | U.S.A, Semi-arid Artemisia tridentata Rg magabrush 8L | <0.4-3,2 ppm|Ash]| F | Mainly Abstract of 1981 paper by same authors,
Harrach (West) Tertiary
Erdman , 1981 {U.S.A,
Harrach (West) Semi-arid Artemisia tridentata Big sagebrush S+L [<0.4~3,2 ppm {Ash| F |Mainly Composite samples of stem and leaf tissus of the current
Tertiary year's growth were analyzed. Frequency distributions of
U concentrationa were positively skewed,
Basin end Range, Colorado Plateau, and Columbia Plateau
physiographic_provincest only 9 of the 90 samples had U
concentrations above O.4 ppm, the uppsr-limit threshold
for normal concentrations in sagebrush (max., 1.4 ppm),
Highest values occurred near the Uravan mineral belt and
in the Owyhee Mtna., the latter an area of little previ-
ously-demonatrated U potentisl.
Powder River Basin: only 7 of the 6L semples had U con-
centrations above 1,6 ppm, the upper-limit threshold for
|normal concentrations in sagebrush (max. 3.2 ppm). The
lanomalous samples were collected in or near known U
districts, No obvious correlation between eU in the
soils and U in eagsbrush.
Bredmar , 1981 |U,8.4, Arid Artemisia tridentata Big eagabrush 3 Volcanice |Incroase in U content of sagebrush wood over the Aurora U
McCarthy {Wont) occurrence. No discernible increass of U in soils or
s0il geses, nor in gamma activity along same profiles.
Erdman, 1979 [U.S.A, Semi~arid Mimosa biuncifera Catclaw mimosa L+FR Tertiary Abstract of paper given at symposium, U concentrated
McNeal, (Texas) volcanics more in the leaves than in the fruit, but no specific
Plerson, data cited, Strong differences in U levels observed in
Harms plants growing over different geologic formations,
Mimosa considered a potentially useful plant for explora-
tion of U,
Faust 1976 (Worldwide Blbliography (with abstracts) of publications
Pondietti jconcerning U and Th in the environment.
1 aher k978 {U.S5.A. Desul fovibrio Jacterium Bacteria found in groundwaters associated with U deposits
desulfuricans lare instrumental in controlling redox reactions, which

lcan mobilize and subsequently immobilize U,
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51

56

57
A,B

Froslich,
Kleinhempl

Goldsztein

Loush.

[Erdman

[ough,
Severson

Grodzinsky

Grodzinsky,
Golubkova

Harms,
Ward,
Erdman

1960

1957

1980

1981

1959

1964

1981

U,8.A.,
Utah

France
(South)

U.5.A,
(Wyoming)

U.S,4,, New
#(e:ctco

San Juan
Basin)

USSR,
Ukraine

USSR,
Ukraine

U.8.A.,
Texas

Semi-arid

Warm temperate
aseml~arid

iSeml~arid

Desert

Semi-arid

Juniperus ap.

Pinus cembroides
Shepherdia rotundifolia

Pinus sp.
Calluna sp.
Clstus sp.

Artemisia tridentata

Hilaria jsmesii
APtriplex canescens

Nutierrezia sarothrae

Mimosa biuncifera

Juniper
Pinyon pine

Roundleaf
buffaloberry

Pine
Heather
Rock rose

lg sagebrush

Galleta grass

Fourwing salt
bush
iroom aenakeweed

Mona

Catclaw mimosa

T+

T+N
43

All
Al

S+L

ALl

ALl

0.6~77 ppm

0.6~71 ppm ;

up to 9 ppm

[N.B, more U
buffaloberry

other specles

same site. ]

0.008-0,045
ppm

0.6~1.8
ppm
< 0.4~0,6 ppm

<0,4-3,6 ppm

up to LLOO
ppm

<0.05-2.6
ppm

Ash

tn
bhai
at

~ 260 pprjAsh
75 pm n

Dry

Ash|

Ash

Ash

=i ) Tech.

F

Permo-Trias
clastice

Permian
volcanics

Tertiary

Cretaceous
clastics and
oals

Tertiary
volcanics
and lacus-

ments

trine sedi-

Plents sampled h:d comphrable U contentj except locally,
the buffaloberry had much more U, Analyses are listed of
U in 246 samples from 6 localities.

Sampling was at ¢O m intervals over outecrop and 5 m
intervals where rocks not exposed. About 11 of branch
tips (twigs + needles) collected at each of 2000 sites.
Samples containirg >1 ppm U in plant ash were considered
enomalous (appro». 12% of the total population).

In areas remote from mines, anomalous concentrations were
1,0~5.4 ppm, compared to a background of <0.6 ppm U.

Near mines values of 8-115 ppm U were considered due in
part to windblowr contamination by absorption through
roots or leaves,

Conclusion: blogeochemical anomallies occur at all major
known deposits, rlus some enomalies elsewhere. Buffalo~
berry absorbs more U than the other specles sampled,

Pine proved to be the best sampling medium. The ashed
irose and heather :ontsined similar amounte of U, whereas
the pine noedles [with a much higher 10I) contained sub-
stantially higher concentrations, There was a good
correlation betwssn U in vogotation and U in soils (1 -
EB ppm), and the ninoralized zone was strongly reflacted
y all sample medla.

Clonclusions Poesi:lve response to minerallzation.

L!oung tiesue (< 2 yr. old) shows apprecisble seasonal
Hifferences 1n U :oncentration, with lowest values recor-
Hod in the summer. This affect is much less pronounced
in older tissue, The seasonsl variability appeara, in
hart, to be assoc.ated with variations in ash yleld.

Piacusaes backgroind values of mgny elementa in three
hpecies sampled fiom & 38,000 km™ srea,

The terminal 10-0 c¢m of stems and leaves of the salt-
bush were collecl ed, Samples were collected from one
plant at each sife, except for the galleta,

U data are from !0 galleta, 18 snakeweed and 10 saltbush
samplest data quoted here are for U in ash, They are
glven on & dry-widght basia in the publication. U and
Mo were the only 2 (out of the 35; elements to show
reglonal trends 'in galleta grass).

Notes that ashed mosses have beun recorded with up to
4400 ppm U, but “he range is usually 0,065-3,5 ppm U,

Deals mainly witli U and Ra in soils -~ discusses U uptake
of plants in geniral,

Method by laser-: nduced fluorometry found to be substan-
tially more sens:tive than by conventional fluorometry.
Only 6 of 74 plast samples (mostly catclaw mimosa) con—
tained U in amowits above the detection limit of the
conventional metlod (0.4 ppm in the ash).
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Harms, Ward The detection of 1limit for U by the laser method (0,05
and Erdman ppm) is about an order of magnitude lower than by the
(cont.,) conventional metiod; this resulted in all but one of the
plant samples hasing detectable U. A highly significant
correlation was found between the U content of the soila
and the sasociatsd plants. The laser~induced fluoreacent)
mothod 1s descried.
Hoffman 1941 | Austria Algee All 9.1 ppm{ Asif F Short descriptio: of U content of living freshwater
algae,
Hof fman 1942 | Austria Apricot W 7 ppm{Ash F Non-uraniferous ‘eglon near Vienna.
Birch W 06 ppmf "I F
Plum ¥ .008 ppmi * | F
Grapevine W +005 ppm| " F
Tobacco Al .03 ppmj " |F
Cornatalk .11 ppmj " IF
Corn kernels «0Q7 ppmt " {F
Beans 014 ppmi " | F
Grasses .08 ppm| " |F
Huffman, 1970 | U.S.A, Artemesia sp. Sagebrush X 0.8-51,2 ppm|Ash| F Description of tie fluorometric method of analysis
Riley Pinus edulie Pinyon pine X O~ 6.4 ppm| " {F applied to plant ash,
Pinus ponderosa Ponderosa pine X 0~ 6.4 ppm| " |F locations of pleit samples and parts snalyzed were not
Jurdperus sp. Juniper X 0-12.8 ppm| " |F gpecified,
Jayaram, 1974 | India Bacteria Study concludes - hat considerable reconcentration of U
Dwivedy, can bs brought aut by bacteria, Ore samples showed a
Bhurat, prolifie growth of anaerobes and scanty growth of chemau-|
Kulshrestha totrophic bacter a. Host rock showed the reverse,
Kleinhampl 1962 }U,S,A., Moist, high Pinus ponderosa Ponderosa pine |T+N |<.2 - 8,5 ppm{Ash|F | Permo-Trias|Blogeochemical p‘ospecting was restricted to the urani-
Utah dissected plateau| PAnus edulis Pinyon pine T+N  {<.2 —~ 3,2 ppm| " |F {eclastics ferqus Triassic chinle Pum.
Pseudotuga menziesii Douglas fir TN |«.l = 6.0 ppm| " |F About 11 of branih tips(including needles) was collected
Ables sp. White fir T+N <1 ~ 1.5 ppmij ® |P at each site. D@ fferent geometric meana of U data exist
Juniperus sp. Juniper T+N  [«il = 7.1 ppm | " |F for the species itudled (juniper and white fir were the
Quercus gsmbelil Scrub oak S |<e2 = 1,3 ppm| " |F same)., Plnes appear to have a greater range in back=-
ground amounts o' U than the other species, and anomalous
values begin st . higher level, An inverse relatlonship
oxists botween U and ash content, Background values for
osk leaves have n upper 1imit of 0.6 ppm U; for ponder-
osa pines the lerel is 0.9 ppmj for pinyon pines 0.8 ppm,
and for the firs and junipers it is 0.7 ppm,
Colluvium 0.5 m ,hick restricts the effectiveness of
prospecting by tie radioactivity method more than by
plant anelysia, WNine ereas were sampled and later re—
sampled for conf.rmation of results,
Drilling confirmid the presence of U at many of the bio~
geochemical anomilies, It proved impossible to predict
reliably the grale and precise extent of U deposits by
plant analysis p-ospecting.
Kleinhampl, 1960 {U.8.A., Moist, diseected |Juniporus ap. Muniper Y 0.4 ~ 16 ppm fsh{F |Permlan to |Discussea the uss of Se (hence U) indicator plants (esp.
Koteff Utah plateau Pinus edulis finyon Pine T+N 0.2~ 7ppm|" |F |Jurassic |Astregalus and _S_ﬂl_extf).
clastice U values greater than 1 ppm in the ash of branch tipa are
and proposed to deflie mineralized ground in the area.
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Kleinhampl,
Koteff (Cont.)

Kochenav,
Zinev'yev,
lovaleva

Konstantinov

1965

1963

USSR

USSR

Humid foreat

Arid, temperate

Stipa hessingriana
Carex ripariaeformia
Artemisia sp.
Ephedra intermedia
Happula microcarpa
Achyrophus

Poat

Feather grass
Sedge
Sagebrush
Mormon tea

(upper values
may have bee
due to contag
mination)

T

1004 (ppm abov
1164 \deeply-
100%(buried U
110% \ore body
143%)( Back~
grourd is
0.5 ppm)

[ Above percentag

100f3up to 60]ash

concentration
relative to
Feather Graass

limestones

(mainly
Triassic
s/stns)

lqtE~carbone
ate veins

[t is shown that the ratio of pinyon to juniper increases
jas the uraniferovs Shinarump member thickens.
kBicgeochemistry appears effective where U mineralization
pccure up to a meximum depth of 20 m, and a sample

interval of 15 = 30 m appears adequats for outlining
mineralization,

Discusses U in piat bogs.Data muggest that Szalay's(1958)
conclusions are 1ot all correct., U distribution is
irregular. Close correlation between U and Fe. 70% of
U-bearing peats iome from sedge/wood and sedge/Hypnum
varieties that a‘es frequently found at the base of peat
deposits.

U content of watnrs feeding peat deposits of this study
1a 2 to 3 ppb. These waters contain bicarbonates of Ca
and Mg, and all ! in true solution. However, colloidal U
occyrs in weakly acid peat waters, by \Dz(OH)+ and

w being adso:'bed upon organic and organometallic
coﬁpounds. The h.gh content of dissolved organic matter
is related to ths oxidation of peat and is often accom-
panied by high concentrations of U. Experimental work
shows that U in neats can only be in excess of 1000 ppm
i1f the circulating water is not less than 10 ~ 100 ppb U
However, investl jations show that high U concentrations
may occur when c.rculating waters have about background
levels of U (i.e. enrichment factorsof 2 million). The
importance of ox.dation-reduction reactions in the fix-
ation of U is emphasized - the theoretical Eh for U
precipitation from peat water is -70mv. At pH 7.5-7.8 U
dissolves 3 time: faster than at pH 5.5-6.0. The condit-
ions required forr U sccumulation in peat vary with
climate and botanical composition,

Area 13 Hilly (rildef up to 50 m): U ore §0-100m beneath
surface, Plants :ampled at 5m intervals, and soil taken

from depth of 15-.20cm. Soils contained background levels
of U (0.18ppm) ¢ ver the ore, but plants (300) contained
background levelt. of 0.5 ppm U which increased to 60 ppm
above and immedi:tely surrounding the ore body (for 60m).
There 1s a wide hiogeochemical halo (extending 40Om from
the orebody) with concentrations 3-10 times background.

Area 21 Rolling 1d1ls (relief up to 30m): Blogeochemical
EcEground is 0,.8 ppm U. An sureole with 3-10 times
background U extinded for 10 times the width of the ore
body in May, and 20 times the width in August at which
time two new low.relief anomalies (3-100 timea background
appeared.

Conclusion: The hiiogeochemical method showed a strong

positive respons: to U mineralization at depth. In early
summer the techn.que was a closer indicator of U minerald
igation than in _ate summer, At that time the blogeochem-
ical halo became diffuse and U concentrations were highen




|89

Ref.
No.

&6
B

v

Part Ash 2
Species Iavestigated of or 5 |Underlying
Reference Year| Location Pnvironment Scientific Name Common Name  pyant | U Conce Dry €] Rocks Summary
Kovalevsky 1962 { USSR Betula sp. Birch T [+05=-.35ppm Ash| F Plants analyzed :ame from close to a radioactive source.
Larix sp, Larch T 10,45 » n"|F Discusses radioa:tive disequilibrium (between U and Ra)
Larix sp, Larch N o5 " " |F in plants and shows that equilibrium varies greatly from
False spiraea s [106.0" L one species to another. This is because some plants (e.g.
False spiraes L 7.0" “|F birch) absorb mo:'e Ra than U, and othera (spiraea, pinog
Populus sp. Poplar T [05-.15 " " IlF tend to favour U There is a large shift in equilibrium
Salix sp, Willow T IS "1F close to U minerulization. In general, the selective
absorption of Ra causes the radioactive equilibrium in
Concentrations Rel= plants to be upant in the direction of an excess of Ra
ative to Birchi isotopes and the:.r decay products.
Betula sp. Birch 1 Concentrations o' U and Ra in various apecies, relative
Populus ap, Poplar 90k to birch, are gl'en. The coefficient of radioactive
Lonicera sp. Honeysuckle 75% lquilibriun depenils not only on the species of plant, but
Filipendula 1004 also on the radlim contentt coefficients are usually >100,
Ribes sp. currant 2004 but may be much lower where U in groundwater is absorbed
Larix sp. Larch 400% by the plants.
Pinus sp. Pine 550% Studies ehow tha'. U is taken up by cones»branches»leavea
False spiraea 600% or needles [N.B. only two cones were analyzed].
Daurskiy rhodo- Comparlsons are ;fdven of K, U, Ra, Th, Ac isotopes in
dendron 500% several plants, lbst gamma and beta activity in plants is
caused by K; moe!. alpha activity is from Ra.
Concentrations in Discussion also :.ncludes an evaluation of the relative
plants growing in lonization due tu radicactive elements absorbed by plants
uraniferous soils alpha radiation 'i.e, almost entirely Ra) is responsible
Fopulus 8p. Foplar L .12 ppm psh| F for 90% of the icnization.
Larix sp. Larch T 1.6 "IF
Betula sp. Birch T 0,1 # " |F
Filipendula T 0.1 " " |F
Grasses Al 2,0 v " |F
Kovaleveky 1964 {USSR, Boreal forest Betula sp. Blrch Discusses Ra anc. U in plants, Ra 1.3 - 3 times higher
Siberia Picea sp. Spruce Group I in plants of Group I than in solls, and 5 - 20 times
Abies sp. Fir higher in their rootlets. In plants of Group II the
Meadow—sweet ratio of Ra in plants to Ra in soils is much lower,
Yernik U usually occurn in concentrations 10 -~ 100 times lower
in plents than noila, and does not migrate far from its
5P°p“l“’ 5P, spen source in the suils. U is not an essential element to
alix Bp. 111low plant growth,
Fopulus 8p. Popla; A table shows e_.ement concsntrations in diffesrent size
peant hus fractions of s0: 1s: most U is in ths less than 5 micron
Plnus ap. Pine Group II fraction
Thuja ep. Cedar *
Quercus 8p. Dak .
Fraxinus sp. \sh '
Acer sp. faple
Kovaleveky 1965 | USSR Boreal and temp-~ Discuases the rolative alpha activity of various trees,
erats foreats, shrubs and lows1' plants from boreal and temperate forestsl
Concentrations «f U are not given: most data refer to Ra,
Filipendula, rhcdodendrons and ledum have the highest
alpha activitiern,
Kovalevaky 1966 | USSR Quarts 96p. book of which only the preface was obtaineds this
porphyry

notes the high radioactivity (20 times background) in
both plants (grtsses and others) and solls overlying a

U ore body. Gooc correlstion between U and soils.
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Kovaleveky

Kovalevsky

Kovalevsky

1972

1973

1978

USSR
Siberia

Boreal foraest

Pinus sp,
Rhododendron sp.
Sorbus sp.

Pine
Rhododendron
Mountain ash
plus others (mot
listed)

X
X
L

mux, 100 ppm

Ash]

Figure 1 shows tlat the correlation between U in plants
and U in soils 1t good only up to 10 ppm (in ash):
further increase of U in soils does not result in an
increased uptake in plants. Plants (in this region)
appear to have a physiclogical barrier to U uptake.
[However, Ra rettins a perfect correlation between Ra in
50113 and Ra in flants up to at least 1% Ra]. ‘Therefore,
it is considered that U should bs rejected as a basic
blogeochemical irdicator of U mineralizationj it 1s only
a secondary indicstor. U and Ra are at their highest
levels (esp, 2 t¢ 8 yr. old growth) from the fall to the
spring.
It 1s recommended that in prospecting for U the followin
should be collected:
1. 2 - 8 yr. old cuttings of branches,) for determination
bark and woodj of Pb,As, Ag,Bl.
2, leaves, cones and green shoots,

Ra, U and thoron should alaso be determined.
Concluaions: Blogsochemical prospecting for U is most
effective when:

1, Ra (and not U) is used as the basic element indicat.]
or, whilat | in assoclation with non-radioactive
element indicators in plants is used as a secondary
indicator,

2, The U minertls sought are readily soluble (s.g.
pitchblends},

3. Overburden is thin (usually less than 10 m, but may
be considertbly more).

L+ There are lcached lithogeochemical haloea,

DMecusses the "prysiological barriers to absorption of
elements by plants” (FEPR), which are much more signif-
icant in the aerial portions of plants than roots.

FEPR 1s absent in roots of higher plants and of low sig-
nificance in the lower plants. Ra is unaffected by FBFR,
whilat U and X ars moderately affected. Ra is concentrat-
ed mainly in the bark of the roots. Plants growing in
801la with 0.3-3.2 ppm U have the U quite evenly distrib-
uted, whereas in soils with 10-100 ppm U, the higher
plants exhibit an insignificant increase of U in their
aserisl portions, snd the lower plants and roots of

higher plants may have 10 to 100s times the content of U
in the molls. Within the roots U distribution is uneven,
being enriched ur to 1000 times in the bark.

Mosses, lichens end roots of higher plants in contact
with U ore and 1ts halo may differ in their U concentr~
ations from background values to 10,000 times greater,

Review paper which stresses the role of "physiological
barriers® to blogeochemical prospecting in general. U is
coneidered & "low barrier® elament (i.e. only small quan-
tities can be taken up by the higher plantsl Element
absorption by plents ia, on average, 3000 times more
vigoroua from squeous solutions than from the solid phase
of soils.
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Kovalevaky

Kovalsky,
Letunova

Kovalsky,
Vorotnitakaya

Kovalsky,
Vorotnitakaya,
Lekarev

Kovalsky,
Vorotnitskaya,
Lekarev

Kronfeld,
Zafrir

Larason

1979

1970

1966

1966

1973

1982

1976

Khirghiz

USSR,
Isayk~kul

Israel

Sweden,
Pajala

Cool temperate

Arid, hot

Temperate forest

Caragana lasta

Phoenix dactylifera

Bacteria

Desert palm

Doad organic
material

All

max. 23 ppm

0.12 ppm

X = 22 ppmj

Ash

ey

Ash|

XRF|

Granite

Mainly
granitic

Good review of fundamental theories and techniques foll-
owed in blogeochimical prospecting for a wide range of
ore deposits. Swmarizes a great deal of research and
case histories (1orld-wids, but with an emphasis on the
Russian literatw-e). Limited discussion of U, but some
useful summary dita in tables,

Study of the adajtation of micro-organisms to different
contents of U in lake sediment oozes, Some bacteria have
a mechanism whic! inhibits successive uptake of U into
the oells {'adapted' strains), whereas in othera thas

jmechaniam 48 abstnt thus inhibiting growth and decreas-

ing their biomast . The adapted strain plays an important
end more active 10le in the blogenic migration of U than
the unadapted st:ains,

Compares the U province of Khirghiz and Tyan-Shan with
normal backgrount for the area and black solls of
Kurskiis U in tho plants of the uraniferous area is

5-85 times greatir than background, and causes morph-
ological changes (e.g. albinism and vari-colored flowers
in Caragana laet:, with 23 ppm U). Refers to numarous
plants, organism. and fish with reference to the passage
of U through the food chain. There is a decrease in U}
accumulation as ihe food chain is ascended, due to
barrier mechanlsns.

Covers some of tle informstion given in the paper in
Russian by Kovaliky and Vorotnitakaya (1966) ~ e.g.
morphological chinges and increased U content in plants
of uraniferous areas. U accessible to plants can
readily penetrats into them as a resuli of ion exchange,
or in a complex «ombination with organic acids given off
by the plant rooi.s, The smount of U taken up from a moil
is related to thu nature of the soil. Some plants may
accumulate U witlout showing any morphological change,

Short note discunsing the passage of U through the food
chain. No U data

Highest U concen'rationa were found in palms growing in
granitic terrain:. The palms reflect the U isotopic die-
equibria of thei:* associated water mources, and the
ratios of U-234 ‘0 U-238 in defining target areas for
prospecting. In he southern Sinail the leaves do not
closely reflect -he waters'! U concentration, but do
mirror the U iso.ope ratios.

Organic stream bunk sediments (dead organic debris and
roots of Carex) (omprised the materlal collected for a
regional survey, Enhanced values of U all occurred in
areas underlain ly granite. Multi-element analysis of the
samples was perfcrmed, and the data then eubjected to
computer manipul:tion,
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80 | Lecog, 1958 |Africa Desert, Savanna, |Compositae Granite with] No specific datt¢ on U blogeochemistry, Only reference is
B Bigotte, N.Central |Equatorisl foreat [Chenopodiaceae U veins p.761: of 21 species recognized none seemed peculiar to
Hinault, Cornuca uraniferous zones, but Cornuca seemed capable of accum—
Leconte Grass, crucifer X ulating a little U,
81 | Leroy, 1962 [USA,Colorady Temperats Parmelia conspersa Lchen All |Max. 20 ppm |A [ S |Sandstone Four specles of lichen collected from Mesozoic sandstone
B Koksoy Umbilicaria hyperborea " " " 31 ppm LEE:] outcrops ylelded from 1 ~ 31 ppm U, whereas the s/ut.na
Lecanora rubina " " " 10 ppm "is all had less than 1 ppm U.
Caloplaca elegans A " b 3 ppm "|s
82 | Lexow, 1948 rﬁrgentinu Semi-arid, warm [Larrea divaricata Creosote bush X cannon (1964, p.55) quotes this papor, and notes that
B Maneschy, Schinopsis lorentzii X these species have unusually high U contents.
Sa
83 | Lisitsin, 1967 USSR Peat bog Peat Fixation of U on organic matter is discussed, as well as
P Kruglov, hydrogeochemical factore. The possibility of peat to bear
Panteleev, U i3 not regional, but local. U accumulation is directly
Sidel'nikova related to the cinditiona of peat formation. Oxidation
and reduction fa:tors are important controls,
85, | lopatidna 1967 USSR Peat bogs in Peat Max,6000 ppm | 7| ? [Various 200 marshy areas were sampled, plus I bogs in detall, U
P,L humid regions concentrations a-e governed by the composition of the
(low moors) peat, the U contsnt and pH of the groundwaters, rates of
groundwater flow, and the total dissolved salt content
of the water, Whire the salt content is high, the U tendd
to remaln in solition and not be absorbed by peat.
Laboratory experiments showed that from pH 6 to 7.2
nearly all the U in solution was precipitated by the peay
At pH 8.3 none wis precipitated,

85 | Lopatidna, 1970 | USSR Humid, Cool Bstula ap. Birch T+L ]0.1-0.9 ppm |Ash|? | Granite The U content of the plants bore no relationship to the
B Komarov, E.Siberia | Temperate, Marsty| Ledum sp. Ledum T+L [Oul=lef @ " U content of the soils. The soils ranged in content from
Sergeyev, flood plains and | Alnus sp. Alder T+L 0y " 1 - 2000 ppm U, ‘thereas only the herbs, mosses, and

Andreyev terraces Salix sp. Willow T+L }[0.2-2.0 " " cotton grass had over 3 ppm U. Highest U contents tended
Larix sp. Larch T+L }0.6-0.9 * " to occur in rooti; it 1s belleved that U is adsorbed
Betula nana Dwarf birch T+l |0.2-2,5 = " upon root surfac:s. Mosses (8 species examined) accum-
Carex Sedge All {0.2-1.0 " n ulated more U thin the higher plants. Dead larch needles
Herba All [0.2-19.5 » d contained more U than live.
Eriophorum sp. Cotton grass Upr. 25 » " Conclusions: expised parts of trees and grasses contained
" " " Lur. 10,5 " one tenth to one thousandth of the U absorbed by the
" " n Roots L5.0 = . hydromorphic sol . in which the plants grew, regardless
Mosses Al [1.7-210. * . of the U content of the groundwsters. Highest concentr-
. ations of U occu* in plant roots, dead plants and mosses,|
86 |Magne, 197, | France Laboratory tests | Thiobacillus Bacterium Laboratory tests of bacterial cultures show that micro~
L, Bbj Berthelin, (and other micro+ bisl activity increases the solubilization of U by 2 to
Dommergues organiems) 97 times. The pricesses are blosyntheses of complexing
or chelating comjounds involving soll microflora and
bacteria. U atta:hed to organo-compounds 1s released by
bilodegradation. 'hus bacteria may be instrumental in
mobilizing U deposits.
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87 | Malyuga 1964 | USSR Various Artemisia Sagebrush Al Book which describes the controls of internal factors of
B (U in deserts) Salsola Thistle " dispersion of chemical elements above ore deposits;
Astragalus Vetch " external factors of migration; conditions required for
Anabasis Itsegek n the accumulation of heavy metals in plants; and gives a
Haloxylon Saxaul " eritical evaluation of the blogeochemical method of pro=-
specting, One chapter deals with the blogeochemical
exploration for U under desert conditions. It was found
that higher accumulations of U occur in roots than in
aerial parts,
88 | Mamulea, 1967 |Rumania Temperate forest | Quercus sp. Oak X 100-320 ppm Qshi{ ? Results indicate that beech accumuilates U more strongly
B Buracu Fagus ap. Beech X 160-320 ppm | * than oak, and elm is better than ferns. It .is concluded
Ulmus sp. Elm X 10ppm |® that the blogeochemical method may be euperior to radio-
Fern X 72— 8L, ppm | ¥ metric, hydrogeochemical and lithogsochemical methods in
the exploration for U, Results obtained are interpreted
as a function of. local geology.
89 | Manskaya, 1956 {USSR Laboratory tests Peat Deals with the binding and transfer of U by different
P,0C | Drozdova natural organic compounds — fulvic acids, humic acids,
Bnelianova and melanoidines; pH levels govern the formation of
uranyl fulvates and humates from uranyl salts and fulvic
and humic acids. U is probably bound to peat and ccal as
an organic complex., U accumulates in the chitin envelope
of organiams,
90 | Manskaya, 1968 USSR Various Chapter & describes the association of U with fossil
c rozdove organic matter, and summarizes the bilogeochemical
studies conducted by other workers.
91 | Maasingill 1979 |USA,ColoraddSemi-arid, temper| Astragalus pattersoni Poison vetch Clastics Summary of geobotanical prospecting for U using Se
G ate Astragalus proussi L " indicator plants (based mainly upon Cannonte work). No
new data. Common Se indicators are illustrated, Notes
that the best indirect indicators of U are Ast_rgggl_tg
pattersoni and A. preussi: these develop best whers ore
contains more than C. Se and lies at lese than 70 ft
(20 m) beneath the surface. Botanical studies made in 10
districts of the Colorsdo Platesu have located 5 ore
bodies.
92 | Moiseenko 1959} USSR Boreal forest, Scorpidium scorplodes | Moss All |Max. 189 ppm |Ash F U mineral~ | Samples were taken from an area with radioactive soils
B (Buropean) | taige and bogs., | Calliergon giganteum " " " 115ppm | "|F ization over known ore bodies., Area was 0.25 km x 0,5 km x 2.5km.
Drepanocladus fluitans " " " S4ppm | " F Relates the U content of the ashed plant to the U content
Polytrichum commune n " " 19 ppm | "{F of the solls. Most mosses had similar U content to the
Sphagnum centrale " " " 9ppm i *IF associated soil, Herbs had consistently lower U levels
Carex caespitosa Sedge " " 99 ppm | " | F of U than the soils in which they grew. Trees had similar
Aegopodium podsgraria | (Horb) “ " &7ppm | "|F U content to the soil, except for local enrichments in
Lycopodium annotinum Club moss " " 2 ppn | " |F spruce needles and willow leaves,
Filipendula ulmaria " " 11 ppm | " |F Many of the 1105 eamples collected had greater than nor~
Crepis paludoea " " 9ppm | " |F mal U contents for plants, with 70 eamples containing
Doschampsia caespltosa " " 7ppm | " |F more than the demignated 'anomalous' level for the area
Prunolla vulgaris " " Tppm | " IF of 5 ppm.
Aconltum excelsum " " bppm | " |F The study showed that in a given area, mosses concentratd
Picea excelsia Spruce N, * L0 ppm | "|F more U than grasses and trees, and herbs contain more
d " " T, " Tppn | "|F than the trees. It 1s noted that there 1s an inconsistent!
" " " R L 10 ppm | * |F relationship between U in soils and U in plants.
”robably not from the shme 'tree
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93
L,c,
P

96
R,C

Moiseenko

Hoore

Hurakami ,
Fujiwara,
Sato,
Ohashi

Naoh,
Ward

Norris,
Bimond

Peterson

(cont,)

1954

1958

197

1973

197

USA

Japan

USA
Washington
State

General

deposits

Laboratory tests

Temperate forest
{mountainous)

Tomperate forest

Sandstone~type U

Salix caprea
Betula pubescens
Sorbus aucuparia

Pinue sp.

Cupressus sp,

Cryptomeria
Shibu
Sesa albo-marginata
Plnus ponderosa
" "

Pssudotsugs menziosil

Buckthorn
Alder

Willow

Blrch
Mountain ash

Coals, wood and
peat

Pine

Cypress

Ponderosa pine
L H

Douglas fir

[alaB k0

zZo=

max. 36 ppm
43 ppm

6 ppa
6 ppm

2z T2

93 ppm (min-

2 ppm
{barren area)

G.4 ppm
(barren area)

eralized area)

Ash|

2 3 =z

Ash

23 ppm (min-| »
eralized area

Ash

19 *x *g| Tech.

Conglomex-

ates

Precembrian
Togo M.

Deacribes the fixing of U by peat, lignite and coal, Low
rank coals were more effective at extracting U in sol-
utlon than any other material tested. Tha assoclation

of U and organic material in nature may result from the
abllity of these substances to remove U from natural
solutions by the formation of a chelate.

Discusses the possibility of using coal, lignite and peat
to extract U from solutions derived from U-procesasing
industrial plants.

Pine, cypress and Cryptomeria were (in decreasing order)

effective in accumulating U. They showed a good positive

response to U mineralization. The other species were lems
effective,

Firat year growth of needles was collected from minersl-
ized and barren areas, Table lists all U analysest 358
pine needle, 29 Douglas fir, 35 cone and ) pine needle
duff (i.e. forest litter) samples. Some samples may have
been contaminated from 5 open pit U mines, but invest-
igations suggost that contamination was not a major
problem,

It is believed that pine needles take up similar amounts
of U to the fir needles (data are not conclusive).
Plants with cell sap of less than pH 5.2 absorb relativeli
large amounts of U.

Cones and duff appesrsd to have more U than needles,

U concentrations were relatively high near mineralized
20n68,

Review paper of the distribution of micro- and macro=-
plant fossils in the vicinity of sandstone-type U dep~
asita. Discusses the role of palynomorphs, lignin,

hunic substances and carbonaceous sediments in mobilizing
and fixing U. Extensive bibliography.

General information on the accumulation of chemical
elements by living organisms. Herbs, mosses, lichens and
others are included. Common accumulator plants for U are
quoted.
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L

9
Bb

101

102

103
AB

104
®,0C

105
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Reference
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L

o
Common Name  plant
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U Cone,

Ash
or
Dry

Tech,

Underlying
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Summary

Prister,
Prister

Rackley,
Shockey,
Dahill

Robertson

Rogers,
Aems

Rowntres,
Mosher

Schiller,
Skalova

Schmidt-
Collerus

Scott

1970

1968

1975

1969

h976

1975

1979

1961

General

United
Kingdom
(Wales)

ustralia
.Territory

General

USA, Utah,
Colorado

Laborsatory tests

Roll-front dep-
oaits

Tropical scrub

Temperate grass-
lends

Clostridium cellulose~
dossolvens
Desul fovibric
Thiobacillus ferrooxidand

Araucarioxylon

Corn
Beans

Bacterium

Plant debris

Eucelypts (gum,
mallee and
stringybark)

Crass

L "

Fossil conifer

Wild sour cherryj X
ALl

29 ppm (min-
eralized ares

14 ppm (min-
eralized ares

0.5 ppm
barren area)

up to 8.5%

Ao

Sandstone

Sandstones
and meta-
sediments

{Sandstone

Results showed that U is accumulated in plant tissues,
especially in the roots. 50 ppm U in water proved fatal
to beans and corn,

Hochemical reactions caused by these bacteria are dis-
cussed, with particular attention to the pH/Eh changes
which take place. Thiobacillus cen survive at pH of zero,
and thrives in a highly oxidizing environment (up to

760 mv), Due to thess reactions there is bacterial
zoning associated with metal zoning ecross the edge of a
roll-front deposit of U.

A theoretical situation is described where granite is
overlain by clastic sesdiments.

The relationship between U and the humic componente of
coals and clastic rocks is described, By using palyno-
logical techniquee the lateral persistence of organic
concentrates can be accurately predicted, Ina U
province where free circulation of groundwaters can take
place, accumulation of prospective urano-organic com-
plexes may be predicted.

Brief account of work by others. Mentions that U is not
known to be of importance for the life process of any
organism. The concentration of U in plants is not easily
understood, U may occur &3 chelates,

Results showed a wide variation in the U content of the
species sampled, even within known anomalous areas. The
eucalypts showed encouraging results and could be usefuld
In thie environment, however, augur drilling was
preferred to blogeochemistry.

Discusses NAA of plant material and includes data on the
snalysis of two species, ’

Report (available on microfiche only) of investigations
and an extensive literature survey and compilation of
information concerning the relationship between organic
matter and U ore formation, The emphasis is on humic and
fulvic acids and their U complexes in uraniferous peat
bogs. Both acids play a significant role in the form—
ation of economlc secondary U ore deposits,

U in deposits of Mesozolc age on the Colorado plateau 1s
often associated with fosail wood end ather organic
debris. The U content of organic matter varies in a
single mineralized zone, hence the possibility that woodd
of differing systematic affinities might have different
capacities for localizing U is examined. Various organic
materials have the ability to effect fixation, and evid-
ence does not suggest thet different plants had a aignif.
icant bearing on the localiration of ore.
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Ref, Part Ash &
No.f Species Investigated o or 5| Underlying
Reference Year| location Environment Sclentific Name Common Name piant | U Conc, v ] Rocks Summary
106 | Shacklette 1964 | N.America | Temperate to Epilobium angustifolium { Fireweed F Discusses geobotanical aspects of fireweed (Indian brush)
G Arctic which ia found in large numbers in temperate and arciic
reglons (particularly disturbed areas). Studies of fire-
weed populations in many areas show that variation in
colour is rare, However, thers 1s a distinct change in
colour of plants growing close to a U mipe: the plants
are paler than elsewhers, Factors causing mutations are
briefly discussed,
*
107 | Shacklette, 1982 | USA, Idaho | Temperate forest | Fohlia sp. Moss A1l [11-1600 ppm | Ash|UA3[ Volcanics &| Bryophytes were collected from sites where springs (22)
Ba | Erdman Brachythecium rivulare " » [11-1800 ppm wl nf clastics emerge at rock-unit contacts. The pH of the spring waters
Mniun punctatum " " 31 ppm "o ranged from 7.4-8.4, and the U content of the waters
Marchantia polymorpha Liverwort " 8 ppm LN L renged from 0,08-5.5 ppb. The water with 6.5 ppb U gave
Cratoneurcn filicinum | Moss " Bppm { | » rise to the moas with the highest U content (1800 ppm).
Philonotia fontana " v 145~ 67 ppm L Spectrographic analysis of the 28 moss samples and ons
Bryum sp. " " 18 ppm niow liverwort indicated unusually high concentrations,locally
Brachythecium lamprochr- of As, Be, 0d, and Pb.
yseum " n |61~ 180 ppm LA Conclusion: Mossea absorb U from spring weters, but are
Aulacomnium palustre " " 11 ppm LRI better indicators of mineralization than the waters
Drepanocladus flultana " n 116~ 700 ppm LA bscause 1)they concentrate the Uj 2) they integrate ths
Cratoneuron falcatum " " 87 ppm L fluctuating U valuss of the waters over a long period of
Dichodontium pellucid~ time.
fum L L] h(x) pm " L
*All data normalized
to a "sediment-free
basis.
108 | Sheppard 1980 | General A review of the literature on U and Th., Many aspects are
R discussed e.g. concentrations in plants, solls and
organiame, and anslytical methods. Information is given
on U and Th in nature, as well ss on the chemistry of
the two elemente. U and Th concentrations in plants,
plant transfer coefficlents, concentrations in soil
organiems, and methods of detectlon are summarized.
109 | Sheppard, 1961 } Canada Cool temperate Lycopodium obscurum Club moss (ground All {<3-150 ppm Ash NA.A1 Precambrian] Three uraniferous areas wers studied to determine ths
B |Olchowy, (Ontario & | forest pine) Shield reletionship of U, Th, Ra, and As in rocks and soils te
Mayoh Manitoba) Polytrichum sp. Moss " 6G ppm wnilm that in plents and animals, U in 4B samples from 3L
Sphagnum 8p. " " 3.5ppm | 0} # plant species show concentration factors (compared to
Plourozium sp, & Dicra- soils) of 0,03 - 3.0, Preliminary data indicate that the
num 8p. " " <3 ppm nlww lower plant forms were able to accumulats U better than
Cladonia ep. Lichen " 3~ 30 ppm L the higher planta, Around the Bancroft U mine plants
Carex ep. Sedge Y <73 ppm vy contained from €3 - 150°ppm U. Near the Bruin Lake/Bdison
Gramineas Grass " <3 ppm ntn Lake mine all plants had concentrations of U at or below
Pteridium aquilinum Bracken fern " 32 ppm L the detection limit of 3 ppm. The Black Lake occurrence,
Epilobium angustifolium |Fireweed b <3 ppm o which has not been mined, has U in plants from 43 - 60ppm
Typha sp. Cattalls " 3 ppm L
Solidago canadensis Goldenrod " 3 ppm L
Thuja occidentslis White cedar T 4O ppm LB
Acer sp. Maple I+T LO ppm L
Acer sp. Maple W 20 ppm niyn
Alnus rugosa Spackled slder L+T |<3~ LO ppm LN
Alnus rugosa " " W <3 ppm " "
Betula pspyrifera Paper birch L+T {<3~ 25 ppm L
Picea glauca White spruce +T <3 ppm LA B
Larix laricina Larch 4T <3 ppm nhn
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Ref, Part Ash =2
[No. Species Investigated of o O |underlying
Reference Year| location Environment Sclentific Name Common Name plant | U Conc. Dry &1 Rocks Summary
Sheppard et al{ 1981 Rhus =p, Sumac T < 3 ppm Ash{MaA
{cont.) Rubus idaeus Red rasberry LT <« 3 ppm L
Prunus virginiana Chokecherry L < 3 ppm e
Ll "t 1 H < 3 pm " n
Malus sp, Apple Fr <3 ppm nl n
Populus balsamifera Balsam paplar AT <5 ppm npon
Populus tremuloides Trembling aspen | L+T 3-10 ppm L
Salix mp. Willow LsT 3 ppm L
Anaphalie margaritacea | Pearly everlast-
ing T <3 ppm L] L]
Fragaria bankaiana Strawberry All <3 ppm LN
Vaccinium myrtilloides | Blueberry 1+T 3 ppm L
Pinus banksiana Jackpine 14T 3-30 ppm nyn
Arctostaphylos uva-ursi | Bearberry 14T | «3-10 ppm LB I
Abiea balsamea Balsam fir LT 3 ppm np o
Picea mariana Black spruce LT 3 ppm LI
Juniperus communis Juniper L+T <3 ppm LR
Ledum groenlandicum Labrador tea LT <3 ppm i
Chamaedaphne calyculata | Leatherleafl LT <4 ppm L
110 | Szalay 1958 | Hungary Humus, peat and Experiments showed that humic acids are responsible for
P,0C] cogl the enrichment of U in coals and other decayed organic
matter. This fixing of U is a reversible cation-exchange
process with a geochemical enrichment factor of ebout
10,0001 1, Comparison is given between laboratory
experiments and U enrichment in nature,
111 {Szalay 1968 | Hungary Peat Laboratory experiments and field tests. Humic acids
L,P derived from peat and plant residues were found respons—
ible for the geochemical fixation of U,
112 | Talipov, 1974, [ USSR Mountainous, Fphedra shobllaceae Wormwood All Schists and|U was found to be preferentially concentrated in roots.
B }Khatanov Temperate Rhamnus corlacea intrusives |The distribution and concentration of other elements
Precambrian}is discussed,
113 | Thibault, 1980 { Canada U mine tailings |{Plnus sylvestris Scote pine R | X 346 ppm [Dry{NAA Laboratory experiments in which seedlings of pine were
L |Sheppard (seedlings) 3 "  9pmm |[w|{nw planted in eoil from U tailings, and alsc in a non-uran-
N " 4 ppm wimn iferous control soil. There was a distinct acropetal
(tipwerd) gradient for U and Th. U showed a strong
concentration in roote, with up to 609ppm U in one dry
root sample, It im concluded that the seedlings growing
in treated soils eventually died by chemical and/or
radiological toxicity., High levels of U and As seemed to
cause stunting,
114 |Timperley, 1970 [New Zealand {Temperate forest |Nothofagus fusca Red beech L X 5.6 ppm  [Ash} P Investigations showed that trace elements essential to
B |Brooks, Quintinia acutifolia Five fingern L " 7.8 ppm " |F plants gave different statistical distribution patterns
Peterson Wolnmannia racomosa Kamahil L " 3.3 ppm "I|F to non-eseential elements (e.g. U). The latter tend to
have a wider spread in values, High plant/scil ratics of
elements indicate non-essentiality and consequent
suitability for blogeochemical prospecting.
115 |Titaeva 1967 JUSSR Humid, cold Peat U 1e more mobile than Ra in surface waters contalning
P (taige, perma- small amounts of calcium bicarbonate, In peat, U 1s assoo
froets {ated with the slkali-soluble fraction (humic and fulvic
acida), laboratory experiments showed that U is sorbed
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Titaeva (cont

116 | Titaeva,
B | Taskaev,
Ovchenkov,
Alexskhin,
Shuktomova

117 | Usik
P

118 | Verkhovskaya,
B | Vavilov,
Maslov

119 | Vine,
¢,0C| Swanson,
Bell

Vostokava

Walker

1978

1969

1967

1968

1957

1976

USSR

General

USSR, north

USA, USSR

Ganada,
Saskatchewa

Humid zonesa

Peatlands

Taiga

Boreal forest

Peat

Fluffy birch
" "

[ "
L L]

Siberian spruce
" "

Carbonaceous
matter

= x
0000000000
- g28R3u33kERE

CEwEHAaRgtEw

2 23333333

EREEERREERE

8!::1!3!!3;

rxy *x) Fx) °x] *x] taf °x) °) 7 o) °xp

better than Ra for weakly acid solutions under static
conditions. The uptake of U is highest at pH 6, In
waters with a low salt and Ca content U can migrate con-
siderable distances, and can be concentrated from water
in a suitable geochemical setting.

Describes the migration of isotopes of U, Th, Rs, and Fo
and their radiocactive decays in the soil-plant chain. &
soparation of isotopes of an individual element was
observed. Data are given on 1sotope concentrations in
numerous high and low-order plants.

Roeview of geochemical and geobotanical prospecting
methods in peatlands. An extensive compilation of
references is glven.

The redicelement data of Gruzdev (1965), from a radio-
active occurrence, are quoted.[N.B, data glven on an
ashed basis are mors in accord with levels usually found
on & dry basis above U mineralization]. It appears that
twigs preferentially concentrate U, The accumulatlion
coefficient (plantisoil} is from 0,05-0,01, whereas in
moss the coefficient 1s close to 1.

Data are glven on the radioelement content of 4 species
of _I_.%—type birds. U concentrations up to 18.6 ppm
(raw body weight, excluding craws and glzzards) are
recorded. Minersl particles extracted from craws and
glzzards contained up to 510 ppm U in the summer.

It ia emphasized that the content of radioelements
entering plants does not correspond to their ratios in
2011, All plants show an acropetal gradient in the
distribution of radioelements, .

Distinguishes L types of carbonaceous matter: indigenous
humic matter (oxygen-rich plant remains); redeposited
hunic extracts; indigenous sapropelic matter {hydrogen-
rich plant and animsl remadnag; redeposited bitumens,
Only the first two are commonly asaociated with U
deposits. Humic acids in solution readily assimilate U
to form uranyl humates, which can be precipitated by
lowering the pH or increasing divelent cation concentr-
ations.

Brief review of the work of Cannon and others on U
geobotany and U blogeochemistry. Deformities of veget—
ation due to high U concentrations are discussed. Geo-
botany as an exploration tool is recommended to be used
on & reconnaisaance scale,

Preliminary cutline of study conducted over known U
mineralization. 19 apecies collscted, but analytical data
not given (see Walkar, 1979 for detaila).Values of 4 = 7
ppn U in ashed plants over the ore zone, compared to less,
than 1 ppm U local background,
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122] Walker 1979 | Canada, Boreal forest Pinua banksiana Jack pine Var. I 0,1~162 ppm Ash]| D |Precamb, Data on 12 elements are given for variocus plant organs
B Saskatchewap Picea mariana Hack spruce " # ) n lAthabssca and s0il horizons, Woody parts of the plants contain
Vaccinium myrtilloides | Blueberry " | 0.5-32.ppm | w | w [Sandmbome | the mom U e o e e e o
Ledum groenlandicum Labrador tea " 0.5-71.6ppa | | 5,°gul sampling medium.y. ¢
123 | Wenrich- 1979 Moss Al 1500 ppm Ash Mosses concentrate U more strongly than algae,
B Verbeek Algae " 70 ppa | » N
12/, | Whitehead, 1969a|New Zesland{Temperate rain Moss A1l | 0.7 - 86 ppm Ash| P |Granitic Fight spscles of bryophyte present; on average 5 speclea
Ba| Rrocks forest jmountain- breccia at each of the sampling sites. Speciss were not ssparat
ous Data are presented for U, Be, Cu, and Pb,
Conclusion: High U in bryophytes occurs in radicactive
areas, hence it is considered that the analysis of
bryophytes may be useful as a preliminary assessment of
a néw area,
125 | Whitehead, 1969b|New Zepland} Temperate rain 7 100 specimens of leaves and older wood wers collected
B { Brooks forent;mountain- A from ) representative species, then dried and ashed,
ous B Analytical analyses of the plants are not glven (oee
[} Whitehead and Brooks, 1969c§. Comparison is made of the
fluorometric method of analysis with radio-article
counting, and results are discussed. It is concluded
that fluorometry 1s superior to the other methods.
126 | Whitehead, 1969c [New Zealand |Temperate rain Marchantia bertercana Liverwort Ay 670:ppn Ach| F {Granite In addition to the analysis of seversl "non-ubiquitous®
B | Brooks forest; mountain-|Blechnum capense Fern " 705, * * | F ] breccla species, four common species (Weinmannia, Rothofagus,
ous Dicksonia lanata Fern " 238, " " |F Quintinia and Coprosma australis)were tested to assess
Cordyline banksii L 8, " " IF their suitability for biogeochemical prospecting. There
Uncinia leptostachya Sedge A1) 25100 » *IF was a highly significant correlation between the alpha
Carpodetus serratus L 291, " " |F activity of the leaf ash of each plant snd the alpha
Coproama arborea L 987 = " |F activity of the corresponding soil. A similarly strong
C. australis L 150, " " |F correlation was cbserved between the U in leaf ash and
Cyathodes fasciculata L 495 " |F U 4in eoll,
Myreine salicina L 68 *|F Dissectlon of a 90 yr—old trunk of Mothofagus into a
Nothofagus fusca Red bssch L 20, " wAF series of tree rings showed that most U was in new
Pseudowintora colorata L 2% " |F {1-3 yr-old) and 20~30 yr-old trunkwood, 2n in dried
Quintinlae acutifolia five fingers L 30 ¢ L wood of Q. scutifolia corresponded to the presence of U
Weinmannia racemosa Kamahd L 20 " “I|F mineralization.
'uingle value; others
are means of 2 to 6
samples
127 | Whitehead, 1971 {tiew Zealand [Temperate rain A 9imilar suite of plants to those liated under White-
B | Brooks, forest; mountain- head and Brooks (1969c) were isotopically analyzed by
Coote pus gemma-spectrometry. Isotopes included those of Pb, Ra,
Bl, and U, Data cbtained were used to calculate the
contribution of each radionuclide and its daughters to
the alphs-activity of the plants.
128 | Whitehead, 1971 {New 2ealand | Temperate rain |Coprosms australis L 1.4-146 ppm |[Aeh{ P [Granite 65% of U in leaves was present as a U-RNA complex;
8,04 Brocks, forestjmountain- breccia 104 of U wae in the low molecular form;
Peterson ous 25% of U was present as a U-protein complex.
At least 50% of the total U was bound to cell wall

proteins,
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129] Yaskovleva 1963 | USSR Cool temperate Larix sp. larch T |0.2-5,2 ppm jasn| F Table shows that the one and two yr-old growth has
B Bstula sp, Birch T {0.2-6,0ppmf" {F considerably lese U than the 3-4 yr-old growth.
Wild rosemary T 1.5-110 ppm|" | F
Rowan T [2.0-60 ppm{" | F
130] Yliruokanen |1975 |Finland Boreal forest Polytrichum commune Moas All | max, 160 ppm Ash|[MS |Granite, Samples were collected from scattered granitic localitied
B Sphagnum Moas " 900-2800 ppm | # |MS |pegrmatite, | that were rich in U and REE. Highest concentrations were
Lichen n max, 30 ppm | " [MS |mylonite found in mosses and shrubs. One 10 yr-old spruce grow-
Vaccinium vitis-idaea Blueberry T+L 90 ppm | " |MS ing in a mylonitic ore pile had (in ash) 700 ppm U in
V. myrtilloides Blueberry T+L 3-150 ppm { * [MS its roots, 50 ppm U in the trunk, 80 ppm U in twigs
Calluna vulgaris Heather T+L 30-270 ppm | " [MS (plus needles) and 16 ppm U in the youngest shoots,
Betula alba White birch T+l 1- 3ppm|"™ MS
Plcea sbies Spruce T+N {max. 15 ppm{" [MS
Pinus sylvestris Pine T+N {meax, S ppm|" M5




INDEX OF COMMON NAMES

Name Reference No. (see Table)

Acanthus.............-..--..................67
Aldero.o-ooo.coocoo-o-uo.oc-o-ooooooo-n-c0005’35’h11A2185’92’109
Alga........................................19,25,h1,h2,58,123
Angustaceeeeceesssesssssessssssescscssseseesld

o o PP 10 )
Apricot.......................-............o59
Ash.-.....-.................................19,25,67,707921118
Aspen."..‘.‘...I.......‘...I.'......‘......S’ 7

Aster................I.......l..‘..........‘zs

BacteriUMeceeseeescesscoocscccsaccesssceesseldy50,61,74,86,99
Balsam fireeeeessescccceosscsccossossscccesesyl109
Beano-.-.-oo-oouo-oooooooo.-ooo-oooou001000059,98
BearberryecececccecessescccesscesscsscnsenseelO9
BEECheseseosvoncocsseovosonseorssssnancosseese88,114,126
BirChesseesscsosocsassecsnscessesnaseensesesd8,17,35,41,43,59,66,
67,85,92,109,118,129,130
Blueberry.....................o.-....-.....o30,b21h311091122y130
Bracken.....................................29,109
BuckthOrNeeeeeeocceescassssssssccccssosaasesd
Buckwheat.eeeeeecceesossssccsssssssascoscesels
Buffaloberryeeceecscecscsscessssassonscssasssdl

Catclaw MimOS@eesscecscsssssccccosnoasssceeesl8y57
Cat—=tailSeseeeecceesscosssaasssscsssronneneael0l
Cedaroo-ooo-oooc-ooo-oooo--o--00oooo--n-oooos’h2,67,109
CherTYeeeesocscescoosscsenssssassassasessseelO3
ChokeCherryeeceseeeescsasesscccsscesascosaseaeslld
CliffrOSCessscnsoovessssssesvescoscsascsescseld

Club MOSSeceoceceosssssssssosececssancnsessseld,; 32,109
COTMNessscesssccssssonsssesssssssscsansscsseeeh?,98
Cotton grasSeseessssscssccssesccssassessneseds
Creosote busSheseeseasccccscssssccsacoossseseB
CrOWhETr T Y eessssessocnsenrcosossosconasssssseeehd
Cmcifer..‘....'.'.l.........'l".....'..'..so
Cryptanth.-.......-.........................25
Currant.................I.......".......0..66
Cypress..............................-......29,9h

Dogbaneooonoonoooooo.o00.0..0...-00......-0019

Elm..tooootoooo...00..0.000000000000000.000088
E’lcinaooo......o’.t.'o...'.uo.o.o.t.ooo.o.l.’?

Ehlcalypts.t.o.o.ooo..oo..0.000-0.0...00-....102

F eI Mla e eevsnseacnesssesesssnsssssssesennessssB8,109,126
Filipendula.ecsceseoessssssccsssoscsssessessb6,67,92
Fil'seeecncnsesocescnsssnssossensasensensanns 8,22,27,62,95,109
Fireweedeeeesseesccscesorsssscssscsasssssssesl06,109

Five fingerSeeeeececccscssccssasssansssssssslll,126
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Galleta grasSeessescccsssecsccvescssosscesesls,5ly
Goldenrod...............-.o.-...............25,109
Goldenweedeeseeeessscescscssossoscecssssecanesld
GrapEeViNEeseceserssssscsressssesscsscscssoessesdd
GraSSesecessosssscscansescssassascsseesssssel5,35,52,59,65,66,80,85,
103,109
Greasewo0deessesescscsssescscssssosssesssesald,25
Ground piNEeeescssvecsccccessacacocesssesseals2,92,109

Gumt.luoooo.oooo-ooooooaoo-oo000000500000000102

&lrnweed'......0......l.00030000000.0.000000025

Heather.ieeseeeeooeeeseoseescsscecensensensel3,52,130
HemloCKesssoeeoeoosesssosccccsosssscccsssnnss
HONneysSUCKLEseoeesasesrsescsccsscocsssasnssesesdd
Horsetaileeeaceeososcesccocsccsoscsacenanssseeldd,tl

Itsegek..o.ooovooo.o...-'0lo..o.loo..o.'...olo,ar]

Jurliper.........'..I...I....I...l...........3,19,20’22’25,27,28,&,
51,60,62,63,109

Kamahii!..‘olo0.o!tl..0000oooo'.oo.lo..c....llh,lzé

Labrador t€8eeeescsssesccccscssccssossesssssdldy3l,36,109,122
Larchesssesessesscssssessssscsssssascasessesels,66,85,109,129
Laureleccsecesscecsesosscecnsccassscsscscsseld

Leather 1eaf-.-.............................33,34,36,109
IicheNeeeeesscoesoseosascosocncssonsssnnsseesll,81,109,130
Lily (Camus)ececeseesescocsscssccscsscrescsels
Lingonberry.sececscseccosssccscscscccssoseseol3
LiVerWOrtesseesesssocsscssecssssancssesseessal07,126

Malle€ieevevonoes essecscssessssscsensssssaselO2

MADLlEaeseeosossssscsosansscanescssossssnssesl? 67,109

Marestaileeeveceas sesssenescsenssnnss P |

MeadoOW=~SWEEt s e e sesecsssscancsssscsscsnasessad?

MesqQUitEeeaveesevoaescossnsocssssssscescsnssl

MiMOS8Bssesesesscossssssscosessscsscscssoseseldy 8,57

MOIMON £88cescccoscssessosscsssasscosasasaealsy 65

MOSSeenscoseosssssssccsassacessonsanesseesssshly55,85,92,107,109,123,
124,130

Mountain asheeecsccsccccecscssosaconoss veeees70,92,118

Oakooo-oo.ocooooocooaaoaooocooocooooo.-ccoo 2'7'19,29,62,67'88
mion...........'..........I.'..............zs

Palrn..o..o.-.-000-..-.0.....Ol..o.o..o.ooo.o’]a
Parsrlip (watler).................'...‘.......hl

Pearly everlasting...........-..............109
Peatoooo.ocoooooo..oo.oooooooooc-o.ooo-.oo005,6'11'31,36,79,83,8h,
89,93,110,111,115,117



Pineocoooooo-oooooo--oo-oooooo.oocouo-o..o003’8,19’20’22,26,29’35’
36,42,43,60,62,66,67,
70,94,95,109,113,122,130

Pinyon........-......o...............o--....8,19,20,22,26128,511521
60,62,63

len..........'..l......Il....l.......l...‘.sg

Pondweedeseeeeescssossssscsssosesscccenrssssahl

PODLAT s ecoassseseccsccsasscensnscasnsssseesdy06,67,109

Prince's pluME.icecececssacsscecccsccanssscsseld, 25

Rabbitbrushooooo-ooo.ooooo--.0.0.0000050000019’25
Rasberry...............-....................109
Rhododendron................................29,66,70
RicegrassSeecieesesssesscscsesscsscsrsasesnaseesldy25
Rock g01denrOdseseescesescseesoscscssossssceld

Rose %rock).................................52
Rosemary (Wild)eeeeeesescccocccccossssssasssl29
Rowarl..........0..........l................llzg

Rye (Wild)ooooo-ooooooaooooooooooooooooo-o-ozs

Sagebrush.............--...................-3,10,19,25,45146147,53,
60,65 ,80,87
Saltbush...............-.-.................-19,54
Saltwor't............'......I...'............10’87
Sedge.....l.........................ll...l..85’92’109’126
ShadsScaleseeescesecssccscacccasscssssocssseseldy5
Snakeweedeeesersessossscscscscsssssccccesnsnessaldysly
Spikenard (Wild).seseecesocscososoesssscesssld
SpiKerusheecsscosceeccecsescsssssscescasssnceeeld
Spiraea (£315€)eeescescecccscessscoccccscesssbd
OPIUCEeesssrsssssssssasnscossscscsssssssscsssady17,29,33,34,35,36,37
38,39,40,42,43,67,92,
109,118,122,130
StrawberTyeeceecceccscsscsessosscscsssscssssesl09
Stringy barkesesceesessovcescocesossssscseeesl0
OUMACecoseeesessssssssassasasssssssssssnsssesslOF

TamaracKeessssoesssesecsssecesccsccsosscossssceesId
Tamariskesecosssssesecessoscesssasssessccesseld
ThistlEeeeesscnsssssssssscscsscsscscosonoceesced?
TODACCOeececeeetoccsssesassssssssssssssssssedd

vetchooooool..I!oc..o...o.o..o...l0000-!00.‘10’19’24,25’87’91

WillOWo-oooo--.ooooo-oooooooooo.ooooooloo-o05639’35,h1’66,67,85’92’
1

Womwoodoooooo.oooooo000.o...oo.oo....oo'o'.llz

YemikooooooooooOCOO.C0.0001000.00000000500067
Yew...ﬂ........-......."....0..0'.......'.‘29

Yucca...‘........'.....l....“.l....."'.".25
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INDEX OF SCIENTIFIC NAMES

Genus Reference No. (see Table)

Abies..I.'..-..........I...I....'..l..l.....8'22,27’62,109
ACEr veeeeencesessesecsessosssenscsnscsnsssel? 67,109
AChYTOpPhUSeeessosessessosssossvsssccsssosceesds
AcOnitumMessesecosecescscssccnsosasscsassssesd
Allim....’..."'......0......'......'...'..25
Alnus..........o-.. o-ooooo-o..o----co-000005,3571}1710-2'85192’109
ANabasiS.eceessessccccsccsceccsssssncsccsseal0,87
AnaphaliSesseseccsesescssosesressssnssesosesl09
ApDOCYNIUMeeeeosoocososcsoasscssassssscscanseeld
AraucarioXyloNeeecoesssossecscsssssssassosesll, 105
ArctostaphyloSeesecesecesessaccccssocosesassl09
ArtemisSidecececscesesccosccssncnssonssesssesdy10,19,25,45,46,47,53,
60,65,80,87
AStereeeesacecsosscossssscsosccccsscnsssseseld
AstragaluSeieceesscessscscsosaccsscsensnsessal0,19,24,25,87,91
AtripleXeeeeessssscscccccssoscsnssnsnccaneeealdy 25,54
AulacomnitUMessscsessnccoccssoscscsssssssccscessell?

Bahieesesesessasssesencsesssoseasessenesesald,25
BetUlaeeeeoeossossosorascssssccacscnnscenessdy8,17,35,41,43,59,66
67,85,92,109,118,129,130
EleChNUMe eeeeovosvssoscccscscecssnsasescssesld
Brachytheciumeeceeeeoeccsssccosssooseacassseeellyl0?
BryUM.esecesoessesesssssarsccsscescsscssscssall?

CalliergONecsssosescescenscsssccersccvsasonssesedl
CallUNBeeseeccossssoncsscasscssccncasscssessl3,52,130
CaloplaClecessccassccsescsescccscscssoscnssell
Caraganaececesscccsssescescsscsscssscscssesscssed0
CArEXesesoacoossosocsssscssssnssscscansseveesebd,85,92,109
CarpodetUSeecesseescessoassscssccssccasassselld
Castillejleseessssccesacscscnsccoscoscnconneesld
Chamaedaphnesseesesesseoscscsseeccssceesseessdldy3hy36,109
ChrysothamnusSescseeseccessccsccocscresesceeeld, 25
CiStUSeeesnceccccssacssssacocsssoosossroseeedd
Cladoni@essececssesssssesasescsscenssssseesaliliyl09
CleOmEesescoseosorersacascsosscscsscscesncsnsssesld
ClostrideUMesecscscossacssosessccscerssseseedd
COLlEOEYNCecescooseccsscsasscareasssscncccnneld
COPTOSMAseesesscsocssssscssossessncsasessasslh,128
COTrdylin€eceeseeacssessecoscoavsssesosssnosesald
COTTIUCA e e eessseossscsonossssonsasecsscnnscsseeslO
COWAN1Aeseessretvsosccsencsssscosrscsnsonsonsessld
Cratoneuron.cescssececsscscossvsecccsarceonasesll?

05 o= o =
Cryptantha.ececccscccessescocccessscssssccaseld
Cryplomeridessersecescecsssesosoosccosncocccseadly
CUPIreSSUSeeceoscossssessosssncccccsssncessseldd, b
CYathOdeSeessseossecsscsssesssssosassnasneeslld



Deschampi&..-...............................93
DesulfovibriOeeesececscescscesscscssceasaesee’D,99
Dichodontium...........o....................107
DickSONi@eeseeececscocsascocossossscscsaseseld
DiCranumesececccesccsceesoscccossscscssccesseealilyy 109
DrepanocladiuSecesesssscsscecscsssseasessssssI2y107

EleochariSeeceecsssccsssocosscccacoasoccsssesld
myn]us......................................25
Ephedra..-..................................25,65,112
Epilobiumoocoooocoooootooooo-00-000000000000106,109
EquisetUmMesecessseccocossescssscsccoconnssss3d,tl
Eriogonum...................................25
Friophorume csceacsecenssesccscscssccccsoseseel

FagUSeeeesesascsssscsscccsscocassscasasnassedt
Filipendllla.l....II.......I......I..I.......66'67’92
Fragaria.......'....i....CI...ll............log
Fra.rlglﬂ-aﬁ.l.l.............'I.'.........I.I..gz
FraXinUSeeeseseeecesscoscosoascsassscsncseeeldy25,67

Gmdelia...l..'..C.l.l.l...l.l..l..l.l.....zs
G’u.tierreziao..O'Q..oc..Occ.oncoco..cc.o...l.zsysh

HaloXyloNeeeseesssesossessocscossscasscacnssel0,87
HaplopappUSseseseessoeesssessssosssccsssessessld
Happulaeseseoesasocssacsasscesssscacsacssasebdh
HedWigiaseeseosoeesocoseosocsesancassoosonsesslilt
HedysarumMesooosesseocoosossacossesessssconseseld
HilariGeeesossesosseasssossscasasessscennseeld,5l
HippuriSeeeeecececccsoccoccsescsccsasscacanshl
Hylocomium,eseesesevsosososssccssscesscennssechh

Juniperus.-o...........-........-....-.....'3,19,20,22,25,27,28,h2
51,60,62,63,109

LariXeeeeesssssceccsssssossssasscncassssenseldd,66,85109,129
Iarrea...........l.....00000000000000000000082
LeCanoraeesesscessssessscsscscsssccossssnnssell
Ledum............................-..........33,3h,36,85,109,122
LepidiUMecocsessesscocessecccossscssososesseld

LONiCE e esesessossesscscscscosssssnscsscncseebd
Iuketke8eeeosooososorcsssscscscsssossssassceeell
chopodium..................................92,109

Malus.................-........a..-.........109
Marchantideseeecceeveccssascossssssssssesesssl07,126
MimMOSAeessscsscessossossssssscscssosscncscnsessy 8,57
Mnium......-.....-..-............a..........107
Myrsine................-....................126
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Nephroma.......................'..'.'......'M
NOStOCO....OO‘.l...........0.0'.l.....‘.....hl
NothofaguSo....0.l.oooo.o.00.0o..o..t.......llh’lzé

OI'yzopsis......'.....l........'....l.....'..19,25

Parmelideeescseescscesssccosscocscosssssssssdl
PhilonotiSeeeeescessceccsscesosscscoccscoseeslO?
PhoEeNiXeeeeeeeoesoosesosscssscscscossnsensesld
Piceaoooooo.oooooo--ooooooooooo.ooo-oooooo008’17’2913313h’35,36,37
38,39,40,42,43,67,92,
109,118,122,130
Pinus...oooooooooooooooo-o-oc.-o.'o-oooooo003,8,19,20,22,26,28,29,
35,36,42,43,51,52,60,
62,63,66,67,70,94,95,
109,113,122,130
Pleuroziumescesscescescesscossscscoscnscosesselilsy 109
POhliaoo.ooooooooooooo.o.ooo.ooouooooooooo.olo7
Polytrichum...................-.............44,92,109,130
POpulus.....................................8,66,67,109
Potamogetoneseeceorsesssscccercocnccccerssacalil
Prosopis................O.l...........l.....2,3
Prunellasessceccececosssscsscossoscsccsasessdl
PrinuS.eeesecsccecscessssosscsassosccensnssel?,109
PSeudot SUgBescscseseccocscsccsnssonccscscansesdy26,62,95
Pseudowinteraeceeese. sesces eesecsvssesesens .126
PteridiumececcescevsescsscsccccsccscccccnceneeslO9
Ptilidiumooooaoooooooooo-oooo-ooooouooooo-o-hh

Quercus........-o........-..---.............2,7,19,25,29,62,67,88
Qllintinia..'....."........................'11h,126

RhamNUsSeececesescssassesns escessssscssccessesll?
Rhacomitriumseeceesoscecvoccscsscscesscccccsssly
Rhododendron-ooooo-oooooooooonooooouoo-oooou29,66,70
Rhus........................................109
Rj.bes.‘.......ll....l..l.................l..éé

Rubus.u...0..0...'0'.0-.00.0.-...0......0...109

SaliXeeooosssessranssoscesscssssssssssesssessy,29,35,41,66,67,85,92,
109
SalSOlaooooooooooo-.--ooooo--ooooooo-oooooou10,87
SarcobatiuSeeececsscccossssoscssssssccssssseslFy25
T T S o I Y
Sa—xa‘ll........l..l.I.'.0.'......'..'...'..I.lo,B”
SchinopSiSeeecessescescscosccassssscecscssse8l
ScoI‘pidiwn...................."..'..'....l.92
Shepherdia.........0..'..................'.'51
Shibu.'......."......".........'...'......9h
SiuIn.......'......!.........................hl

Smilacena'ooooooootooooo.-o000000.000000000019



SOlidagOo...-.......-..................-----25,109
Sorbus................-.....................70,92,118
Sphaeralced..ccecssssccssscacacscccsssnsosesls
Sphagxun]...................‘..........'.....92,109,130
Spirogyra.-.................................19,25
Stanleya..-...-......--.....................19,25
Stereocauloneescescsessesscssceccscscoscessshl

Stipa..........-..0...!.....l...'...lol.....65

Tamarix......o.lo..c.ol...o..o.o...a.....-..zs

Taxus.oo..lo.o..o.ld....’!.tlo...00..0.-0...29

ThiobaCilluso.--................--.=........32,86,99
Thujaooooooooon-aoouo-ooonooooo000.0300000008,42,67,109
Townsendia............-..........-....-.....25

Tsuga...l..........................ll.......h2

'I‘ypha.........ll...l.....l..ll........l.....109

Ulrnus.................................l.....88
UmbiliCariao..o.a..ol.l...o.o.c000000000000081
Uncinia...0....oc.......clocl.l...nc....o...lzé

Vacciniumlo.ooooccoclc.oooouoccooooococnoc..30,42,43,109,122,130
Weinmanniao..........--.......-.--..........114,126
Yucca...........0........l..................zs

Zygadenus....o..oc.cl..00000.00000000000000025
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SUPPLEMENT

Preface

At a meeting of the Project 5 Study Group in Helsinki (31 August 1983),
Dr. Alexander Kovalevskii kindly presented us with a list of additional
references on uranium biogeochemistry. Many of these papers are in
Russian, and were previously unknown to us. We thank Dr. Kovalevskii for
his important contribution which we have reproduced here as Supplement
"A", edited to conform with the main compilation. We do not have access
to these papers; hence, they are listed as titles and references only,
with no comment on content.

Supplement “B" is a list of additional papers in languages other than
Russian. Again, most were in a Tist presented to us by Dr. Kovalevskii,
but we have taken this opportunity to include a few other papers recently
brought to our notice, plus those published in 1983.

Colin E. Dunn, Regina
John Ek, Uppsala

Jan Byman, Lulea

December, 1983
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SUPPLEMENT A

References to papers in Russian,
supplied by Dr. Alexander Kovalevskii

Baranov, V.I., 1939. O0b usvoenii radioaktivnykh elementov rasteniyami (On
the accumulation of radioactive elements in plants). Doklady
Akad. Nauk SSSR (Reports Acad. Sci. USSR), 24:2, p. 945-949.

Baranov, V.I., Kunasheva, K.G., 1954. Soderzhanie radioaktivnykh
elementov torievovo ryada v rasteniyakh (The content of thorium
and associated radioactive elements in plants). Trudy
Biogeokhim. Lab. (Proceedings of the Biogeochemical Lab.), 10,

p. 94-98.

Baranov, V.I., Titaeva, N.A., 1973. Radiogeologiya (Radiogeology).
Izhdatel'stvo Moscow. Univ., 242 pp. Biogeochemical prospecting
for uranium, p. 204-206.

Belova, L.N., 1975. Zony okislenia hidrotermal'nykh mestorozhdenii urana
(Oxidation Zones of Hydrothermal Uranium Deposits). Nedra,
Moscow, 158 pp. .

Bibliograficheskii ukazatel', 1967. Geokhimicheskie metody poiskov
rudnykh mestorozhdenii (1925-1963), vypusk 2. Biogeokhimicheskii
i geobotanicheskii metody poiskov rudnykh mestorozhdenii
(Bibliographical Index: Geochemical Methods of Prospecting for
Ore Deposits -- 1925-1963, v. 2. Biogeochemical and Geobotanical
Methods of Prospecting for Ore Deposits). Nauka, Moscow, 96 pp.

Bibliograficheskii ukazetel', 1969. Radiometricheskie metody poiskov
i razvedki mestorozhdenii radioaktivnykh elementov --
1958-1966. S annotatsiyami (Bibliographical Index:
Radiometric Methods of Exploration and Prospecting for
Radioactive Element Deposits -- 1958-1966. With abstracts). By
I.P. Sabaneeva. Biogeochemical Methods, p. 205-213.
Ministerstvo Geologii SSSR, Leningrad, 331 pp.

Brunovskii, B.K., 1932. Kontsentratsia radiya organizmami (Radium
concentration by organisms). Trudy Biogeokhim Lab., 2,
po 9-25c

Brunovskii, B.K., Kunasheva, K.G., 1930. O soderzhanii radiya v
nekotorykh rasteniyakh (On the radium content of some plants).
Doklady Akad. Nauk SSSR (Reports Acad. Sci.),
ser. A., No. 20, p. 527-529.

Brunovskii, B.K., Kunasheva, K.G., 1935. Nekotorye dannye o
soderzhaniyakh radiya v rasteniyakh (Some data on the radium
content of plants)., Trudy Biogeokhim. Lab., 3, p. 21-43.

Cherepnin, V.K., 1966. Geokhimiya i tipy mestorozhdenii urana
(Geochemistry and Types of Uranium Deposits). Tomsk, 313 pp.
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Drobkov, A.A., 1958. Mikroelementy i estestvennye radioaktivnye
elementy v zhizni rastenii i zhyvotnykh (Microelements and
Radioactive Elements in Plant and Animal Life). Acad. Nauk,
Moscow, SSSR, 208 pp.

Evseeva, L.S., Perel'man, A.I., Ivanov, K.E., 1974. Geokhimiya uran
v zone hipergeneza, 2-e izdanie (Uranium Geochemistry in the
Hypogene Zone, 2nd issue). Atomizdat, Moscow, 280 pp.

Glico, 0.A., 1971. Ra'onirovanie po landshaftnym usloviyam poiskov
i pochvam (Prospecting for mineral deposits by using plants and
soils). Trudy Biogeokhim. Lab., 10, p. 3-27.

Grodzinskii, D.M., 1965. Estestvennaya radioaktivnost' pochv i rastenii
(Natural Radioactivity of Soils and Plants). Naukova Dumka,
Kiev, 216 pp.

Gulyakin, I.V., Yudinzeva, V.V., 1962. Radioaktivnaya produkty deleniya
v pochve i rasteniyakh (Radioactive Disintegration Products in
Soils and Plants). Atomizdat, Moscow, 276 pp.

Ibraev, P.A., Syromyatnikov, N.G., 1966. Ob urano-molibdenometricheskom
metode poiskov i izotopnom metode interpretatsii vtorichnykh
oreolov rasseyaniya uranovykh mestorozhdenii aridnoi zony (On
the use of uranium and molybdenum in prospecting, and the
interpretation from isotopes of secondary dispersion haloes of
uranium deposits in arid zones). Izvestiya Akad. Nauk Kazakh.
SSR, ser. geol. (Acad. Sci. Kazakh. SSR News, ser. geol.), 4, p.

75-85.

Kazhdan, A.B., Solov'ev, N.I., 1982. Poiski i razvedka mestorozhdenii
redkikh i radioaktivnykh metallov (Exploration and prospecting
for rare and radioactive metals). Nedra, Moscow, 280 pp.

Kovalevskii, A.L.,! 1960. O estestvennykh radioaktivnykh elementakh v
rasteniyakh (On the natural radioactive elements in plants).
In: Mikroelementy v sel'skom khozya'stve, biologii i meditzine
{Microelements in Agriculture, Biology and Medicine). Sib.
Otdelenie Akad. Nauk SSSR, Novosibirsk, p. 36-38.

Kovalevskii, A.L., 1963. Nekotorye voprosy teorii i practiki
biogeokhimicheskovo metoda poiskov mestorozhdenii (Some
questions concerning the theory and practice of biogeochemical
prospecting for deposits). Geologiya i Geofizika, (Geology and
Geophysic), 6, p. 68-77.

1In the main text of this report, we have adopted the spelling
Kovalevsky -- in this supplement Dr. Kovalevskii has used the optional
spelling, which we have maintained throughout this section.,
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Kovalevskii, A.L., 1963. O nekotorykh zakonomernostyakh nakopieniya
rasteniyami elementov vtoroi gruppy periodicheskoi sistemy D.I.
Mendeleeva (Some regularities of the accumulation by plants of
D.I. Mendeleev's second group of chemical elements). Izvestiya
Sib. Otdeleniya Akad. Nauk SSSR (Siberian Dep. Acad. Sci. USSR
News), ser. biol.-med. nauk, No. 4, issue 1, p. 53-61.

Kovalevskii, A.L., 1965. 0 radioaktivnom ravnovesii v rasteniyakh
(Radioactive equilibrium in piants). In: Mikroelementy i
estestvennaya radioaktivnost. Chast' 3 (Microelements and
Natural Radioactivity, part 3). Petrozavodsk, p. 21-22.

Kovalevskii, A.L., 1965. Al‘'fa-aktivnost' pochv i rastenii Sibiri
(Alpha-activity of Siberian soils and plants). In:

Microelements and Natural Radioactivity, part 3. p. 25-27.

Kovalevskii, A.L., 1967a. Nekotorye zakonomernosti poglotcheniya
estestvennykh radioaktivnykh elementov rasteniyami (Some
regularities of the accumulation by plants of naturally
radioactive elements). In: Mikroelementy v biosfere i ikh
primenenie v sel'skom khozya'istve i medizine Sibiri i Dal'nevo
Vostoka (Microelements in the Biosphere and Their Use in
Siberian and Far Eastern Agriculture and Medicine). Buryat.
knizhnoe izdatel'stvo, Ulan-Ude, p. 93-98.

Kovalevskii, A.L., 1967b. K metodike opredeleniya estestvennoi
radioaktivnosti rastenii (On the method of determining the
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