
I

Biogeochemistry, which is a part of geochemistry and has
peculiar methods and peculiar problems of its own,
may be finally reduced to a precise quantitative mathe-

matical expression of the living nature in its indissoluble con-
nection with the external medium, in which the living nature
exists. A living organism thus acquires an aspect different
from the one it has in biology; it is expressed in numbers of
atomic or weight composition, in physical, quantitatively
expressed, manifestations of the space it occupies, in numer-
al energetical expressions of the work it does in the space of
life upon our planet.

Life in the biogeochemical aspect is the living matter of the

biosphere, that is, the total of all the living organisms present
in the biosphere at a given moment. Thus the living organism
itself, expressed in numbers, is a new independent expres-
sion of the same phenomenon, which the biologist views in
a vivid physiological and morphological expression of the
innumerable forms of life. Between these precise and scien-
tific expressions of life relations might be and should be
sought for.

Biogeochemistry is, as shown by its very name, a scientific
study of the phenomena of life in the aspect of atoms.

Hence, it seems to me that in the phenomena of life we
may approach in a new way a number of fundamental prob-
lems of life, on one hand, and on the other, relate the biolog-
ical phenomena. with the branches of science dealing with
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atoms; i.e. with that field of
science, which distinguishes
our epoch from the preced-
ing ones. It is in this funda-
mental distinction of biogeo-
chemistry from the other bio-
logical sciences that lies its
importance and its interest
for the biologist.

At present, we may quite
definitely state that bio-
gechemistry penetrates as far
as atomic properties, and is
not restricted only to the
properties of chemical ele-
ments, since we may study
the different reaction of life
to different atoms of the same
chemical elements, the dif-
ferent relation of life to the
isotopes of the element. It
was already evident at the
first attack on biogeochemi-
cal phenomena that the
problem could be advanced
as a feasible one in this
aspect. This was done by the
author on the basis of an
empiric generalization of sci-
entific facts at the Academy
of Sciences in 1926, ten
years ago, and the problem
was at once included in the
plan of our Laboratory. At
present, the problem may be
treated with greater precision and assurance, since for hydro-
gen and potassium the distinction between their isotopes in
biogeochemical processes may be considered as settled.

Until recently the isotopes in the Earth’s crust were distin-
guished by their effect only in radiochemical processes: In this
way the problem was treated for potassium by the physiolo-
gists Zwardemaaker in Holland, and Stoklasa in
Czechoslovakia. The new investigations carried out by Brewer
in Washington in 1936 have shown that radiochemical
processes have nothing to do with this, since both isotopes of
potassium, with the atomic weights of 39 and 41—the ratio
between the amounts of the latter varying in accordance with
life processes—are not radioactive.

The problem we advanced in 1926 has never since left the
field of vision of the Laboratory, but the circumstances pre-
vented its development in the proper way. In 1931, the
investigations of V.G. Khlopin and M.A. Khlopina-Pasvik
showed for pea grains that within the range of chemical
determination of the atomic weight, the atomic weight of
potassium in the pea remains unchanged; they recognized,
however, that this does not settle the question, since the vari-
ations may be of a lesser order, than the one detectable by
their method.

Still earlier, at the same Laboratory, an attempt had been

made to use more sensitive
methods, but the construc-
tion of Dempster’s appara-
tus, started nine years ago,
proved to be beyond the
possibilities of the
Laboratory. After we had
moved to Moscow, our posi-
tion changed for the better,
and the discovery of Brewer,
who used an improved mass-
spectrograph of Dempster,
found us already engaged in
the construction of the same
mass-spectrograph and of
another one, of J.J.
Thomson’s system, and of
an apparatus for the deter-
mination of isotopes by a
superfine spectrography of
atoms. I hope that we shall
be able next year to elucidate
the problem.

At the same time, by cour-
tesy of my son G.W.
Vernadsky, professor at Yale
University, New Haven, we
have now obtained the nec-
essary material for verifying
Brewer’s numbers, the mate-
rial from those gigantic
Macrocystis algae of the
Pacific Ocean, upon which
Brewer worked. From this
material we extract potassi-

um, which should be changed by the life process.
I hope to be able to report of the results of this work in the

current academic year.
We are faced with a general problem. Is the change of the

chemical element with a different atomic weight by the life
process restricted to some few chemical elements, such as
hydrogen and potassium, or is this a phenomenon common to
all the organisms and all the chemical elements? Don’t we
have in this biogenic change of the atomic weight one of the
numerous manifestations of a sharp material and energetic dis-
tinction of the living matter and the inert, which are observed
in all of the biogeochemical problems? I shall return to this
question later on.

This question may be solved only experimentally.
Likewise, only experiment may show the part played by life

in the variations of the atomic weight of the chemical ele-
ments, which are only just beginning to be observed in the
geochemical processes in the Earth’s crust and which up to
now have been neglected.

This study cannot be only our object, since the change of
the atomic weight is not connected only with life. It is a
subject of geochemical investigation. The Laboratory
restricts itself to the study of the biogenic change of the
atomic weight; H, K, Mg, Fe, Zn await their turn in the
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investigation.
We cannot, however, over-

look the other physiological
side of the problem, when it
is possible to advance it; that
is, the question of the mecha-
nism of the action of the
organisms upon the isotopic
mixtures of elements. We
cannot treat this subject our-
selves. But since with respect
to potassium, the Laboratory
will have at its disposal bio-
genic potassium with a differ-
ent atomic weight, it is neces-
sary to undertake the study of
its vital properties.

It is most important to eluci-
date the physiological side of
the phenomenon both for
plants and for animals. With respect
to plants and microbes we hope to
receive assistance from the laborato-
ries of D.N. Prianishnikov.
Negotiations are conducted with the
laboratory of A.V. Palladin, at the
Ukrainian Academy of Sciences in
Kiev, concerning a joint investigation
of the problem as far as animals are
concerned. The material of the
potassium biogenically changed
should be fully utilized.

II
A great part of our work is connected with a study not of the

atoms themselves but of chemical elements, of isotopic mix-
tures. In purely chemical processes, all the isotopes of the
same element are manifested in a similar way. Hence, while
we remain within the field of purely chemical processes, the
chemical element may be identified with the atom, as it is the
case in the periodical system of elements. On this the whole
chemistry is based.

Proceeding from this general statement, it has been possi-
ble to show by the work of our Laboratory that the atomic
composition of organisms, plants, and animals is as charac-
teristic a feature as their morphological form or physiological
structure or as their appearance and internal structure. It
should be noted that the elementary chemical composition
of living organisms of the same species taken at different
times, in different years, at different places, for instance in
Kiev or in Leningrad, varies less than a natural isomorphous
mixture of minerals, easily expressed by stoichiometric for-
mulas. The composition of different species of Lemnae or
Insects is more constant than the composition of orthoclases
or epidotes from different localities. For organisms there is a
narrow range within which the composition varies, but there
are no stoichiometric simple ratios for them. An organism
does not show a passive attitude towards the chemical medi-

um; it actively creates atomic composition, it tends to
choose, consciously or unconsciously, the chemical ele-
ments necessary for life, but as life presents a field of dynam-
ic equilibria, it reflects—both in its composition and in its
form—the different physico-chemical properties of the medi-
um. These variations, however, do not change their average,
little varying, expression.

A species established by biologists may be character-
ized in weight or in atomic composition as precisely, as
by its morphological features, also within a definite range
of variations it may characterize a homogenous living
substance—the totality of organisms of the same species,
race, jordanons—as it is characterized by morphological
features. In the average numbers, the amounts of atoms, of
chemical elements, composing a living organism, are as
constant and as characteristic for it as its form, size,
weight, etc. It is possible that in the numerical relations of
living beings thus expressed, the same harmonious com-
binations will be found, which are so distinctly manifest-
ed in the vividness of the living nature. They should be
probably manifested in harmonious relations of numbers
in these natural bodies—in living organisms, as numerical
relations are harmoniously manifested quantitatively in
the natural bodies of the inert nature—in crystals and
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minerals. The elucidation of this problem is a task of the
nearest future.

The greater part of the personnel of the Laboratory is
engaged in the study of the problem of the elementary chem-
ical composition of living matter. I have already made reports
at the Academy dealing with this side of the work of the
Laboratory carried on under the supervision of A.P.
Vinogradov. In the 6th volume of the Transactions of our
Laboratory, now prepared for press, new numbers will be
published, which are the result of an eight-year-long work. It
may be assumed that in all the cases so far investigated we
find a confirmation of the fundamental principle of biogeo-
chemistry, namely, that numerical biogeochemical features
are specific, racial, and generic characteristics of the living
organisms. As yet it has been possible to establish it precisely
for many species of plants and insects. But it is already clear
that this is a general phenomenon. The relations are not so
simple as one could have presumed. Many questions evi-
dently arise that require biological criticism. I shall not, how-
ever, dwell upon this work for the present, for I think that the
recognition of its biological importance for wide circles of
naturalists is now beyond any possible doubt. It is but neces-
sary to extend and develop in greater detail the work of the

Laboratory.
We have first embraced by the precise methods 18 chemi-

cal elements; now we are able to make a quantitatively pre-
cise study of over 60, and we must comprise all of the 92, if
not more, for it becomes still clearer and clearer that in the
biosphere the living matter embraces and controls all or near-
ly all of the chemical elements. All of them are necessary for
life, and not one of them comes to the organism by chance.
There are no special elements peculiar to life. There are pre-
dominant elements. When taken as a whole, life comprises
the total system of Earth elements, probably leaving aside but
few of them, as, e.g., thorium, but probably comprising all of
them in the different isotopes. Life is a planetary phenomenon
and predominantly determines the chemistry, the migration of
chemical elements of the upper shell of the Earth—the bio-
sphere; it determines the migration of all the chemical ele-
ments. A quantitative investigation of such a migration is the
fundamental task of the Laboratory.

III
It is to this planetary nature of life, in so far we lay it at the

base of the scientific work of the Laboratory, that I intend to
call your attention for as short a time as possible.

The following general statements based on the great totality
of scientific facts exactly established should be taken as start-
ing points:

(1) For life the field of life—the biosphere—is not a struc-
tureless casual Earth’s surface—the face of the planet upon
which life originated, according to E. Suess, or the cosmic
medium of life according to Cl. Bernard. The biosphere is not
only the face of the Earth and not a cosmic medium. This
Earth’s shell has a strictly definite composition and structure,
determining, and controlling all the phenomena that take
place within it, the life phenomena included; it is morpholog-
ically distinct but closely related to the general structure of the
planet.

A number of most characteristic and important geological
phenomena establish such a character of the biosphere with
certainty. Its chemical composition, as well as all the other fea-
tures of its structure, is not casual and is most intimately relat-
ed to the structure and time of the planet and determines the
form of life observed.

The biosphere is not an amorphous nature, a structureless
part of the space-time, in which biological phenomena are
studied and established independently of it; it has a definite
structure changing in time according to definite laws. This is
to be taken into consideration in all the scientific deductions,
in the logic of natural science in the first place; and this is not
done. The “nature” of the naturalist is only the biosphere. It is
something very definite and delimitated.

If this structure is called a mechanism, it would be a special,
very peculiar mechanism, a continuously changing equilibri-
um—a dynamic equilibrium—never reaching a state strictly
identical in the past and in the future. At every moment of the
past and of the future time the equilibrium is different but
closely resembling. It contains so many components, so many
parameters, so many independent variables, that no strict and
precise return of some state in its previous form is possible. An
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idea of it may be given by comparing it to the dynamic equi-
librium of the living organism itself. In this sense it is more
convenient to speak of the organized state, rather than of the
mechanism of the biosphere.

The biosphere may be precisely expressed quantitatively
in atoms—like the living organisms; it has definite bound-
aries, which seem to be determined by the absence of con-
ditions for the stable existence of the liquid phase of water. It
extends upwards to the boundaries of the stratosphere, to
within about 20 km from the level of the geoid, where water
in all forms is practically and probably altogether absent, and
downwards to 3-4 km below the land where the liquid phase
of the water ceases to exist, and its gaseous phase begins to
predominate. Here the anaerobe life begins to be prevalent.
Under the ocean bottom it does not seem to extend down to
a considerable depth. But here our knowledge is so meager
that new exact facts must be awaited. The latent forms of
life—in a disseminated inert state—extend far beyond the
biosphere both upwards and downwards.

The chemical composition of the biosphere is sharply dis-
tinct from that of the Earth’s crust, but it is not known to us
with any degree of sufficient precision.

The “clarks” of the biosphere are different from those of
the Earth’s crust. Their precise determination is necessary for
many problems having both a scientific and a purely practi-
cal importance and reaching far beyond the scope of prob-
lems treated in our Laboratory. For their determination,
cooperation with other scientific institutions is necessary. At
present we advance as a general task for the cooperation of
a number of scientific institutions of our country, the devel-
opment of a table of clarks (means percents of chemical ele-
ments) of the biosphere during the nearest few years.

The table of clarks of the biosphere must form a solid base
for the whole work of our Laboratory. It is no less indispensa-
ble for a scientifically correct treatment of the applied geology
and mineralogy.

The Laboratory has started negotiations, concerning a coop-
erative solution of the problem (undertaking itself a part of the
work) with Lomonosov, Petrographical and Soil Institutes of
the Academy of Sciences, with the Oceanographic Institute,
the Institute of Fishing, the chief Geophysical Observatory,
and the Radium Institute. I hope that in the near future the first
conference will be held at the Academy.

(2) Life is continuously and immutably connected with the
biosphere. It is inseparable from the latter materially and ener-
getically. The living organisms are connected with the bio-
sphere through their nutrition, breathing, reproduction, metab-
olism. This connection may be precisely and fully expressed
quantitatively by the migration of atoms from the biosphere to
the living organism and back again—the biogenic migration of
atoms. The more energetic the biogenic migration of the
atoms, the more intense is life. It is nearly dying out or hardly
flickering in the latent phases of life, the importance of which
in the organized state of the biosphere has not as yet been
evaluated, but should not be overlooked.

The biogenic migration of atoms comprises the whole of the
biosphere and is the fundamental natural phenomenon char-
acteristic of it.

In the aspect of historical time—within a decamyriad, a

hundred thousand years—there is no natural phenomenon in
the biosphere more geologically powerful than life.

(3) In the building and in the energetic aspect of the bio-
sphere, three forms of the matter should be strictly distin-
guished: (1) the inert matter, created without direct participa-
tion of life; (2) biogenic matter, such as coals, oil, most of the
limestones, etc., and finally (3) the living matter—the totality
of the disseminated and separate living organisms.

The predominating mass, the whole skeleton of the bio-
sphere, consists of inert matter, in which silicates, alumosil-
icates and their analogues are overwhelmingly prevalent in
weight and in number of atoms. They compose the skeleton
of the biosphere. The mass of biogenic substance for the
biosphere constitutes some percent, much over 10, probably
over 20 to 30 percent by weight. Here we return in a quite
different scientific environment—to Lamarck’s natural philo-
sophic idea of the material planetary significance of life.
Assuming the biogenic genesis of that manifestation of mat-
ter, which we call at present chemical elements, Lamarck
considered the material substance of our planet to have
been created by life. This we have to remember, although it
is generally forgotten, when speaking of his ideas, of the
evolutionary process of life. In his natural philosophy con-
ceptions there was hidden a large grain of scientifically pre-
cise understanding—concerning the biosphere and not the
planet—which was, however, concealed in the mist of vague
philosophical intuitions.

The living matter, existing in the biosphere at a given
moment, will hardly exceed some tenths fractions of a percent
by mass when quantitatively estimating the biosphere. In
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preparing the table of clarks of the biosphere, the recalculation
of the mass of the living matter and its critical evaluation will
be the task of our Laboratory.

The chief geological importance of these masses of sub-
stance embraced by life, that seem small when compared to
the mass of the biosphere, is connected with their exclusively
great energetic capacity.

This property of the living substance, having nothing equal
to it in the substance of the planet, not only at the given
moment, but also in the aspect of geological time, com-
pletely distinguishes it from any other earthly substance and
makes the distinction between the living substance and the
inert substance of the planet quite sharp, the more so that all
the living is derived from the living. The connection between
the living and the inert substance of the biosphere is indis-
soluble and material within the geological time—of the order
of a milliard of years, and is maintained exclusively by the
biogenic migration of atoms. Abiogenesis is not known in
any form of its manifestation. Practically, the naturalist can-
not overlook in his work this empirically precise deduction
from a scientific observation of nature, even if he does not
agree with it due to his religious or philosophically religious
premises.

In the scientific work of the naturalist, of the observer of
the living nature surrounding him—the biosphere—no doubt
can ever arise as to what he has to do with—a living or an
inert natural body. Their sharp and fundamental material
energetic distinction, the gap separating them, so to say—is
striking. It seems to me that now for the first time in the his-
tory of scientific thought, in the filterable virus we come
across a phenomenon where we are as yet unable to decide
with precision and certainty whether we have to do with
manifestations of the living or of the inert nature, of the liv-
ing or of the inert substance.

This question will be settled in the nearest future. It is in this
that lies the profound and philosophical interest of the scien-
tific work which is now carried on in this field.

But one solution or another, the picture of nature, which is

now revealed before us in the field of geochemistry
and biogeochemistry, will not be affected, just in the
same way as the discovery of the decay of atoms, of
the variability of their atomic weight, does not in any
way invalidate the laws of chemistry.

IV
The whole work of the Laboratory is based on such

a structure of the biosphere, on the existence of an
impassable sharp, materially energetical boundary
between the living and the inert substance.

It is necessary to dwell on this point, since it
appears to me that in this question there is a vague-
ness of thought, which impedes scientific works.

We do not proceed here beyond exact empiric
observation, the deductions from which are obliga-
tory for the scientist and as a matter of fact for every
one; it is on this observation that he not only can,
but must, base his work. These deductions may
possibly be explained differently, but in the form of

empiric generalization they are to be taken into considera-
tion in science, for an empiric generalization is neither a
scientific theory, nor a scientific hypothesis, nor else a work-
ing hypothesis. This generalized expression of scientifically
established facts is logically as obligatory as the scientific
facts themselves—if it has been logically correctly formulat-
ed.

The sharp material energetic distinction of the living organ-
isms in the biosphere—of the living substance of the bio-
sphere—from any other substance of the biosphere penetrates
the whole field of phenomena studied in biogeochemistry.

It is possible (this should be verified and investigated, but
this study cannot be discarded, since it follows from the total-
ity of biogeochemical facts) that among the phenomena char-
acteristic and peculiar to living bodies alone, which sharply
distinguish the living from the inert bodies, there is one phe-
nomenon that is outstanding in its depth and significance, as
well as in being little investigated; in the future, this field of
researches may occupy a particular, dominating position in
the work of our Laboratory, but as yet we can hardly approach
it.

It was discovered over 70 years ago by L. Pasteur (who had
predecessors, as for instance, Bechamp) and was not very suit-
ably named by him “dissymmetry.” Pasteur was the first to
understand and express its fundamental meaning. He strongly
emphasized it, but other problems diverted his attention from
the work in this field. About 20 years later, the same phenom-
enon was taken up by P. Curie who died not only before hav-
ing time to work his results, but even before being able finally
to formulate them.

In his latest investigations he has defined these phenomena,
as it seems to me, more deeply than Pasteur, pointing out the
logical mistakes of the latter. Curie has pointed to the connec-
tion of dissymmetry with the thermodynamic and biochemical
fields of life, with the volume of the organism, with the space
occupied by it; he has indicated the spatial dissymetrical state
of this space—the state of space in the biosphere, peculiar
only to living beings.
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A manifestation of Pasteur’s dissymmetry and of Curie’s
peculiar “state of the space” of life is also found in the phe-
nomenon of right-sidedness and left-sidedness, which has
been known for thousands of years, but is only just beginning
to be attacked by scientific thought. It has been up to now left
outside the logical, mathematical, and philosophical analysis,
although it is evidently connected with the deepest scientific
problems.

In this respect it has shared, and shares, the destiny of the
scope of reality, which corresponds to the conception of sym-
metry, within the boundaries of which operated the thought of
both Pasteur and Curie. The experimenting physico-chemists
are only just beginning to realize the significance of the theo-
ry of symmetry.

This insufficient logical, mathematical, and philosophi-
cal treatment of the phenomena of both symmetry and of
right- and left-sidedness (dissymmetry) greatly hampers our
work. But in the sharp material and energetical distinction
of the living substance in the biosphere from the dead, or
inert matter, the phenomena of right- and left-sidedness
hold so considerable a place, possibly a principal place,
that in biogeochemistry we cannot overlook and pass them
unnoticed.

In phenomena embraced by the laws of symmetry, the
dissymmetry is pronounced in the inequality of the
quantitative and physico-chemical manifestations of
right- and left-sidedness, the processes in these phenom-
ena being irreversible since a dissymetrical space is
characterized by polar vectors. They will express also
the time. The polar vector of time characterizes just the
irreversibility of the processes in time. In the inert nature,
in its natural bodies—in crystals both natural and artifi-
cial—there is no inequality of right and left phenomena.

In crystals, formed in the life processes, the inequality is most
distinctly pronounced.

In the physico-chemical equilibria of our laboratories and in
those in nature where life is absent, the right and left chemi-
cally similar components act similarly, as it follows from the
laws of symmetry; they are chemically identical. In biochemi-
cal processes, going on, e.g., in the protoplasm, the inequali-
ty of the right and left component of the same racemic com-
pound is most distinctly pronounced and may be both quanti-
tatively and qualitatively traced to the end. In this field, in con-
nection with our Laboratory, work has been started by Dr. G.F.
Gause.

The study of dissymmetry is one of the current objects in the
work of our Laboratory, but we shall be able to begin it only
next year.

We cannot shut our eyes, however, to the fact that Pasteur
was possibly right, when contemplating in the investigation of
these phenomena a way towards the solution of the most
important biological problems, and seeking in them the possi-
bility of creation of life on our planet.

One point is doubtless. An analysis even of the present
information, so incomplete and so far from perfect, shows
that connected with dissymmetry are some of the principal
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distinctions of the living from
the dead, some of the fundamen-
tal manifestation of life in the
biosphere.

The deeper proceeds our work,
the clearer this is revealed.

It was clear already for Pasteur
that dissymmetry in its manifes-
tations may be produced only by
a cause having a similar dissym-
metry; but a logically deep
deduction of this was made only
by P. Curie; this inference may
be expressed as a special logi-
cal principle determining the
existence of life in the bio-
sphere. It may be termed the
Pasteur-Curie principle, and
formulated as follows: a dis-
symmetrical phenomenon is
produced only by dissymmetri-
cal cause.

Hence it logically follows that
the living in the biosphere will
always originate only from the liv-
ing; from dissymmetry, a logical
inference maybe made of that
great empiric generalization
(1669) which I have named the
principle of Redi, who was the
first to advance it: all the living is
born from the living. Another conclusion logically follows
from dissymmetry, namely, that a dynamic equilibrium con-
nected with life cannot be reduced in its physico-chemical
consequence to reversible processes, since the time vector in
a dissymmetrical state of the space is always polar.

There is still a third conclusion that may be logically
reached, which is characteristic of the phenomena of life in
the biosphere. It is as follows: In a limited definite region, dis-
tinctly separated from the rest of the planet, in a special shell
of the Earth formed by the biosphere, which is characterized
by irreversible processes—life will increase and not decrease
in the course of time the free energy of this shell. This deduc-
tion, empirically observed, may be logically made from dis-
symmetry.

V
I shall not dwell here on a further analysis of the idea and

significance of dissymmetry. I wanted only to call the attention
of our scientific workers to the enormous significance of the
dissymmetry phenomena so little attacked as yet by scientific
thought. Our Laboratory will inevitably have to study these
phenomena, and I am sure to be furnished with all the mate-
rial means required.

It is, however, a great and difficult task—there is no won-
der that it has not advanced during two or three generations.
It calls for the cooperation of different specialists—of the
physicist, biologist, biophysicist, physicochemist, and math-

ematician. It ought to be consid-
ered in the geological aspect.

It seems to me that I shall not
take up your time in vain, when—
with the same object of calling
your attention to the neglected
domain of knowledge which in my
opinion is one of the greatest
importance—briefly summarize
those highly important phenome-
na which sharply and decisively
distinguish the living matter in the
biosphere from the lifeless matter,
geologically long periods of time
(no less than two or three milliard
years). The connection between
them exists only in the form of a
biogenic migration of atoms.

These are:
(1) Dissymmetry.
(2) Abiogenesis connected with

it: a living organism originates in
the biosphere only from a living
organism.

(3) Irreversibility of life phenom-
ena connected with it.

(4) The accumulation of free
energy as a result of the life
process within the biosphere, con-
nected with dissymmetry. The
biosphere becomes more and

more active in the course of the geological and historical time.
I shall return to this phenomena some other time.

(5) The spreading of life in the biosphere goes on by way
of reproduction which exercises a pressure on the surround-
ing medium and controls the biogenic migration of atoms. It
is absent in the inert substance. The reproduction creates
in the biosphere an accumulation of free energy which
may be called biogeochemical energy. It can be precisely
measured.

In our Laboratory we have not yet started a systematic work
on the biogeochemical energy, since it is clear that this prob-
lem is a biological rather than a chemical one. It requires a
special scientific organization, since the vast biological mate-
rial concerning it has not been systematized nor collected,
but is scattered, partly lost, and not used rationally. In the first
place, all that is already known, must be brought to a form
accessible for scientific work. It is necessary to prepare first a
card-index continually operating and as complete as possible,
on the reproduction of organisms and their spreading in the
biosphere. The two problems are inseparable. They should
comprise all the precisely established quantitative data avail-
able that are required for the derivation of the constants of
biogeochemical energy. Shortly before moving to Moscow,
the Laboratory approached the organization of such a card-
index in Leningrad. At present we are carrying on negotia-
tions with the biologists of Moscow concerning its organiza-
tion here, in connection with the Laboratory, but separated
from the latter. The card-index should be used both by us and
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by biologists.
(6) Theoretically it is possible to

derive the speed of spreading of
every species of organisms in the
biosphere, characteristic and con-
stant for each species (the � value).
This speed is restricted within some
limits, which are quantitatively deter-
mined by: (1) the dimensions of the
biosphere, that is, of the planet in the
long run, and (2) by the minimum
dimensions of the organisms, con-
nected with the Loschmidt’s number,
limiting the number of breathing
organisms which can be present in a
cubic centimeter of material space.

(7). The speed of spreading and
reproduction is inversely proportion-
al to the size of the organisms (gener-
alization of A. Sniadecki, 1794). It
attains its maximum value, ultimate
under conditions of the biosphere.
But life has a striking adaptability,
and there can exist forms of life of an
explosive nature, which are in a latent state during the greater
part of their existence. These forms in the value of biochemi-
cal energy exceed the � value, known for the usual manifes-
tations of life.

The whole biosphere is penetrated by life, embracing all
its space. The spreading of life in the biosphere presents a
full analogy with the spreading of gas in a limited space.
Life, like gas, exercises pressure in the medium in which it
penetrates.

(8) Every living organism has a certain autarchy; it actively
selects from the surrounding medium the necessary chemical
elements, may be, atoms. It is a biogeochemical and bio-
chemical, but not a purely chemical reaction.

(9) Numerous other marked distinctions of a living sub-
stance from the inert matter of the biosphere may be noted. I
cannot dwell on them at great length, but still I must say a few
words on this subject, since it is concerned with a field of phe-
nomena that have not attracted due attention on the part of
naturalists. There is a marked difference in the rate of the bio-
genic migration of the chemical elements as compared with
the migration of the elements of the inert matter of the bio-
sphere. The biogenic migration is distinctly pronounced in a
historically prolonged time; it takes place in the limiting cases
with a speed of the order of the velocity of sound—the maxi-
mum possible movement in a material medium not connected
with its destruction, with a permanent deformation of the
medium itself.

The migration of chemical elements in an inert substance
of biosphere proceeds at an exceptionally slow rate, and as
a rule is manifested only in the duration of geological time,
for which the relative duration of a hundred thousand
years—a decamyriad—is not much greater than the duration
of a second in the range of historical time. In a number of
cases, for the bulk of the biosphere, not penetrated by life,
the atoms are immobile, retaining their position for hundreds

of millions—possibly up to two or
three milliards years. A direct com-
parison of the composition of the
natural objects, the living and the
inert natural bodies, cannot be made
without a correction for the velocity
of spreading, for their biogeochemi-
cal energy. In the space time, in the
volume occupied by a living organ-
ism, not only is the space in a par-
ticular dissymmetrical condition, but
also time is manifested in a way dif-
ferent from that in which the time of
the biosphere is manifested.

In the duration of geological time
in the biosphere life manifests itself in
the evolutionary process.

VI
Particular attention is to be paid

to the presence of radioactive ele-
ments in living organisms. An
investigation of these has been car-

ried on at our Laboratory ever since the time of its founda-
tion. We have established the constant contents in living
organisms first of radium and then of its isotope—mesotho-
rium I. It has been found that these elements are also char-
acteristic—in their quantity—for every morphological and
physiological expression of a living substance, for every
taxonomic expression of such a substance, like other ele-
ments. This is, of course, quite comprehensible and could
rouse no doubt, but in this case, due to the peculiar char-
acter of the decaying atoms—centers of radiation of an
immense active energy produced by atomic concentra-
tion—a selective concentration of radioactive elements by
living organisms—the investigation acquires a particular
importance.

Evidently the organisms, in selecting radioactive elements,
use the energy of the latter. It seems to me that this fact by itself
is sufficient for an understanding of the importance of the con-
nection between the phenomena of life and the structure of
the biosphere.

The work of the Laboratory follows, on one hand, the line
of collecting quantitatively expressed facts, and of increasing
the number of radioactive elements investigated, on the
other.

The Laboratory has proved not only the presence of a con-
centration of radium, but also of its isotope—mesothorium I. It
has been for a year now that V.J. Baranov has been carrying on
work concerned with the occurrence of actinium—a field as yet
untouched by experiment and exceedingly difficult.

The investigations of our Laboratory have shown—on the
basis of the considerations I have derived theoretically—the
absence of usual thorium (with an accuracy within 1 percent)
in the Lemnae, while the other isotope of thorium—radio tho-
rium—invariably enters in the organism as a product of decay
of mesothorium I.

This phenomenon enabled our radiologists to develop a
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new method for uranium determination. The problem of ura-
nium and its occurrence in organisms, with its quantitative
estimation, is now comprised in the plan of the work of the
Laboratory.

It has been found possible to proceed deeper and to
advance, using V.J. Baranov’s method, the problem of the
location of individual radioactive atoms in a living organism,
in the cells, and of their connections with the morphology of
the cell.

The investigation should give a clear picture not only of the
concentration of radioactive elements, but also of a quantita-
tive estimation of the heat energy received by a given living
organism and the nature of its utilization by the organsim—in
connection with its biological characteristics.

The results already obtained clearly show that the way we
have chosen to follow is the right one.

Some technical difficulties have delayed the progress of our
work for a whole year, but this is only a temporary delay.

VII
Among the other investigations of the Laboratory, that are of

a more particular nature, I have to mention the work connect-
ed with the biogeochemical role of silicium and aluminium.
The fact is that in the scientific material up to now collected
there are no precise data that could serve for elucidating the
biogeochemical process which is responsible for the accumu-
lation of great masses of biogenic silicium—and probably alu-
minium—minerals. We know only that both at the present
time and in the geological epochs of the past there exist and
existed organisms siliceous and rich in silicium, and alumi-
nous and rich in aluminium.

The biogenic migration of these elements is undoubtedly of
an exceedingly great importance, since these two elements are
predominant in the biosphere. The course of their migration
may be said to have been only just suggested.

Due to the particular significance of these processes, which
must play an exceptional part in the biosphere, and after a
number of fruitless attempts to organize their study elsewhere,
I have begun the investigation of one of them in our
Laboratory—namely, the decomposition of kaolin clays, of the
kaolin complex (Al2Si207), by the diatomaceous and bacteria.
The investigations have been successfully carried on for a year
by A.P. Vinogradov and E. A Boychenko.

It seems that the weathering of alumosilicates in nature—in
soils—is connected with unicellular vegetable organisms and
constitutes a part of a great process which is of a paramount
importance for the vegetable cover of the Earth and for the
geochemistry of the sea, where the free atoms of silicium, pro-
duced during the biogenic decomposition of the alu-
mosiliceous complex, are collected in the algae.

In the recent years, more and more facts are collected
which reveal the great part of the alumosiliceous com-
plexes—of free alumosiliceous acids and oxyacids—in the
soils and in the nutrition of plants. There is much evidence
in favor of these bodies being formed in a biogenic way in
the soils and presenting a characteristic feature of their
chemistry.

I have no possibility to extend the scope of this investigation

in our Laboratory. It remains for the pedologists or geochemists
to carry this study to the end.

It seems to me that this investigation is now particularly
timely in pedology. Sooner or later, it shall be started.

VIII
The study of the biogenic migration of the atoms of the liv-

ing substance is the fundamental task of biogeochemistry. In
spite of the fact that the mass of all living organisms is negligi-
ble when compared to the biosphere, since it is of the order of
some tenth fractions of a percent—as a matter of fact, the liv-
ing substance determines the whole chemical structure of the
biosphere.

In the long run it leads to the creation of a considerable part
of the substance of the biosphere; we do not know precisely
how large it is, but it seems to be much in excess of one quar-
ter of its mass.

In this biogenic mass we see marked differences distin-
guishing it from the remaining, inert matter of the biosphere.

Two forms of biogenic substance should be here distin-
guished: first, the one which is the final product of decay of
a living substance—of its decomposition to simple funda-
mental compounds. Here belong the gaseous products of
breathing and of biogenic metabolism CO2, H2, CH4, N2,
H2O, H2S. The living substance, by way of a complicated
process, passes to the final products of a simple composi-
tion, such as the above gases, or to solids and remains of
skeletons—opals, carbonates, iron ores, phosphorites. They
do not always bear traces of their biogenic origin. This is a
return to inorganic bodies, partly original for the living sub-
stance; this is the completion of the cycle. It should be
noted, that the Earth’s gases which we generally encounter
in the biosphere, in the form of vadose products, are the
same as are created by the processes of life in the way indi-
cated. Direct observations and calculations show that the
atmosphere of our planet, the gaseous part of the planet, is
in the overwhelmingly greater part a product of life. One
may speak of the biogenic origin of the troposphere, for O2,
H2O, N2, CO2. But the whole regime of the gases of the
biosphere, of its underground atmospheres, where CO2,
H2O, hydrocarbons play a prominent part, are genetically
related to life.

From these biogenic minerals—gases and last inorganic
rests—those products of dying, of the extinction of life, should
be distinguished carbonaceons bodies in a solid or liquid
state—great agglomerations of petroleum, coal, asphalt,
humus—biogenic minerals. They play a conspicuous part in
our civilization and with them, to a considerable extent, a
new form of biogenic migration of elements is developed—
the one created by human technics. Technics acts in the same
direction, finally converting these products of life—of bio-
chemical and biogeochemical reactions—to simplex com-
pounds, finally to gases and inorganic rests partly creating
new intermediate biogenic forms of matter. The laws of the
technical biogenic migration of the elements, of the activity of
Homo sapiens, are the same as for the other forms of biogenic
migration.

The organic biogenic minerals are markedly different
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from the minerals, composing the inert skeleton of the bio-
sphere. We may always make sure of their particular state
and can always distinguish them from the other minerals of
the biosphere.

They have such features that distinguish them from the
other inert matter of the biosphere which in some part possi-
bly might have never been alive. They have been living, and
this is seen both in their material composition and in definite
biogeochemical manifestations, in the first place in their com-
position.

Due to the vast scale of biogenic migration, the composi-
tion of the living organisms is markedly different from that of
the natural products of the inert matter of the biosphere. It is
distinguished by the number of building compounds,
amounting to hundreds of thousands or even to millions. The
only number of species of insects probably approaches 10
million, of which about 800,000 are known at present. In
every species there is a large number of its special chemical
compounds. This variety of chemical structures is the mani-
festation of a special biochemical and biogeochemical ener-

gy of the living organism, of the biogenic migration of its
atoms in the biosphere, proceeding in range of historical
time, in seconds. For the minerals, leaving aside those of car-
bon (rightly considered by C. Harichkoff as a special part of
the mineralog—mineralogy of carbon), but taking into con-
sideration natural waters, over four- or five-thousand species
may be expected. This number increases if we take into
account the carbonaceous dead remains of organisms. Death
abruptly interrupts the existence of an endless number of
compounds. And still, the carbonaceous organogene miner-
als being fully deciphered should exceed (probably even sev-
eral times) all the other minerals—the natural bodies of inert
substance.

At the present moment of the history of biological sci-
ences more important for us is another property of carbon,
the manifestation of dissymmetry, the presence of traces of
former life in the form of manifestations of inequality of right
and left phenomena. Thus, the petroleums contain in a pre-
vailing amount right isomers—their mixture, separated from
their left isomers by the living process. The same is observed
in humus, peats, and coals. The methods, indicated by L.
Royer, enable us to establish it not by rotating the plane
polarization of light as it is done for petroleums, but by
rotating of the etching figures of crystals. And here right
hand rotation seems to predominate. This work in a prelim-
inary way has been begun at our Laboratory, but this year it
has been postponed. We shall, however, resume it at the
nearest opportunity, for connected with it are the principal
questions of the biogeochemistry of carbon. It is probable
that all the atoms of carbon, which are present in the bio-
sphere, have passed during the geological time, during the
milliards years of the existence of the biosphere, through the
living substance.

For asphalts, however, this question cannot be considered
as settled, The connection of some of them with V and Hg
requires an investigation. The problem may be solved with the
aid of etching figures. I have attempted to elucidate in my
paper the significance and the interest of the new way which
has brought us to the organization of the Biogeochemical
Laboratory.

I am fully convinced, that in this field even the fundamen-
tal problems which will be opened before us, cannot be fore-
seen at present. Many problems in biogeochemistry,
advanced in the recent years, have already attracted atten-
tion, and new facts, the basis of our knowledge, are rapidly
collected in the course of work conducted not only within
this country.

Moscow, 1936
Editor’s Note ______________________________________________________
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Shewanella, an iron-reducing  bacterium, is found to
fractionate iron (Fe) isotopes, selectively concentrating Fe-56
over Fe-54. As the sensitivity of modern techniques has
increased, the existence of such fractionation by living
processes has become amply illustrated.




