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ON THE ADAIPTATIONS OF CETACEANS TO PJAPID SWIMMING AND THE
POSSIBILITY OF USING TJESE ADAPTATIONS IN SHIPBUILDING

/Following is the translation of an article by A. G.
Tomilin in the Russian-language publication Bnulleten'
Moskovskoao Obshbhestva Ispytateley Prirody, otdel
biologii (Bulletin of the Moscow Society of Naturalists,
biology section), Vol LXVII (5), Moscow, 1962, pages
1O-18.

In the world of living nature there are about 1.5 million
various species of animals. All these are remarkably well adapted
to their environment. Such adaptiveness is the result of natural
selection, that is, the survivaxl of the most progressive and the
perishing of the unprogressive forms. Selection in nature operates
on the smallest details of any character of any species. The fine-
ness and perfection of the adaptations is explained by the prolonged
and unceasing action of selection, rounding off those characters
which most of all correspond to the conditions of life in a given
environment.

This general principle in the organic world is observed also
in water animals, for which swiftness of movement represents an
essential advantage in the struggle for existence. The "clever"
achievements of the animate world, built up step by step over mil-
lions of years can be used in the interests of man, and in partic-
ular, those adaptations proItding the water animal with its high
rate of movement can be borrowed for practical purposes. The close
investigation of such adaptations in fast-swimming water animals
can prove to render valuable ideas in increasing the speed of ships
without raising the engine capacity. Such an idea was first intro-
duced by us at a scientific and technical conference of the Lenin
grad Higher Ship Engineering College imeni Admiral Ma'urov by
Engineer Z. M. Afonin (1961) and the author of the present article,
Tomilin (1961).

Most accessible for study from this point of view of the
water animals are the cetaceans -- highly organized and specialized
forms capable of attaining high speed in free movement both singly
as well as in entire shoals. Many of these easily outsawim the
fishes which they consue. The main organ for the movement of
cetaceans ia the laterally compressed section, the tail stock,
at the rear end of which are two broad lateral extensions, the
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tail fins, ordinarily called the flukes. The tail stock itself
executes up - down movements, and the flukes assume various angles
of elope to the lengthwise axis of the tail stock. The frequency
and scope of the tail stock blows and the angle of inclination of
the flukes affects the speed of the animal's.movement. Dolphins
of 210 cm length, swimming at a speed Of 33.3 km per hour, flap
their tails at the rate of 3.4 times a second, and at a 2.5 times
per second rate they swim up to 16.7 km per hour (Schevill, 1961).

Besides direct evidence of the swimming rate of the cetaceans
we also find evidence of the high locomotive properties of these
animals in the great leaps above the water's surface that they per-
form, their inde.htigibility in migrations extending for thousands of
kilometers, cases of long distances, covered by whales with severed
flukes, and the phenomenon of "wave riding" by dolphins.

Direct data on the swiftness of the movement of freely
swimming cetaceans have been accumulated during the activities of
the dolphin-hunting and whale-hunting industries -- in pursuit
after prey, and also through observations of playing (gamboling)
dolphins, and especially observations of cetaceans trailing after
ships. The remarkable habit of trailing ships permits a precise
determination' of the speed of these animais. This habit, which is
not yet fully understood, i,3 characteristic of many species of the
order (Tomilin, 1937, 1957) and generally,*s observed as short .
pursuits, lasting from several seconds to several dozens of minutes.
In addition, the very rare instances of persistent following of
ships for many days by the blue and the humpback whales are known.
Iokhansen and Garden (Johannessen and Harder, 1960) have gather-ed
special information on the speed of the toothed whales from the
high-speed American ship "Monterey", amounting to 36-39 km/br.
From this ship it was obser red that the Liocassis-odinocbka 7J
swam for 20 miAutes at speeds varying from 38 to 55 km/hr, aud
large groups of grampus numbering 200-500 members maintained
speeds of 26-33 km/hr for 8-25 minutes. A similar speed (36 ki)
for a shoal of grampue has been established by Shuleykiu, Luk'-
yanova, Stas' (1937). But the grampus can, apparentlvý outswim
the Liocassis, in whose stomach remains of grampus have not yet
been found.

Of the Mystacoceti the rorquals are the fastest. Whale
hunts have established that following the unsuccessful firing of
a harpoon, lightly wounded sei whales (12-15 m in length) can dash
for short distances at a speed of almost 55, and tae finbacks (20 a
in length) -- up to 50 km/hr.

Cetaceans maintain a considerable speed even for large arti-
ficial týads, for example, when harpooned whales drag behind them
a whaleboat or a broken line, for tl't "hooked" dolphins can tow
the boats.

In our whale-hunting practice of 1934, when the hunting
te'chniques were not yet perfected, such cases were frequently
noticed. On 23 November an adult female (19.5 m in length) broke
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a line and with-50 m ,f extended line swam from the researchers at
a speed of 26 km/hr fir lore'than an hour (later it was caught by
a second harpoon). O0 3 December a wounded finback (19.7 m in
length), drawing out the entire length of line (1125 m) still kept
it extended even against the full force of the ship's forward move-
ment, making 25 km/hr. More than once it turned out that when
wounded finbacks towed the whale-hunting ships "Avanguard", "Enthu-
siast", and "Trudfront" (displacement of 260 tons) at a speed of
3-5 km/hr even with slow reverse engines, with an 890 hp capacity.
In the old literature (Scammon, 1874) we find recorded the fact that
one finback, running across an anchor, pulled a schooner from its
roadstead and towed it at a speed of 22 km/hr.

Analogous facts are known also for the smaller cetaceans.
The author was P witness to an adult grampus (170 cm in length)
being "harnessed" in a felucca (about 2 tons in capacity) cotain-
ing six fisherman and how the animal pulled this load from Novyy
to Stcryy Gagra at the rate of a man walking. A dappled dolphin
in the Gulf of Meidco swam near the prow of a ship at a speed
of 18.5 km/b- in spite of a remora fish 50 cm in length affixed
to its spine (Mahnken and Gilmore, 1960).

Ceta'ceans are able to make high leaps, possible only at
high speed, Aphalins {?J and grampus can spring up to heights
of 4-5 m. Aphalins can leap completely free of the water even
alongside the shore where the water is only 2-3 m deep, or in
artificial basins having a diameter of not more than 20 m. The
high leaps of the dolphins and their complete emergence from the
water even in narrow spaces substantiates not only the high speed
of these animals but also the efficiency of their movement, which
seems to be disproportionate to their muscular strength.

The efficiency, facility, and swiftness of movement enables
cetaceas.is annually tc complete enormous seasonal migrations over
distances of thousands of kilometers between cold (sometimes polar)
and warm (sub-tropical) iaters. Pointing to the high efficiency
of movement is the case of a capture along the migration routes of
a grey whale with both flukes severed some time in the past. This
whale could move only by thrashing his tail otock, not in the usual
up-and-down direction, but laterally, as a fish -- right-to-left;
as it advanced the whale tipped t, one side and thrashed with his
tail stock right-to-left (that is, up-and-do, n) and before it
emerged at the surface it rotated i:s body ( -- i- upiards,
in order to breathe. In spite of al'- this labor, t.xe tiamed wh;'•
covered a distance of more than 6,00ti km in 70-79 days (Giimore,
1960).

The perfection of the adaptaticns to movement in water that
are found in dolphins is confirmed by 'he phenomenon of "wave
riding". This is the name given to the cases of passive gliding
of dolphins along the prow of a ship, when their flukes are kept
still, but their bodies nonetheless glide (sometimes for hundreds
of meters!) along the wave produced at the prow of a ship. The
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wave, striking the immobile fluke, lightly thrusts against the
dolphin's body with the ship'a speed. Such gliding in the wake
of a ship.moving at 19 km/hr lasts for 5 minutes. Fedzher and
Bakkus (Fejer and Backus, 1960) have established that even small
wind-driven waves, with an angle of 10-189 and a speed of 5-6 m/sec
can be ridden by dolphins. Snore-side waves (in shallows) are ridden
by enti.ýe shoals of 12-15 aphalins ?,7, passively moving with the
wave for. distances up to 227 m (Caldwell and Fields, 1959).

The postures used by dolphinb in riding waves evidences their
use of zhe thrusting. force of the wave by their entire body, not
only by the ventral surface of the flukes (Yuen, 1961).

gaw can such adapt ations be explained and what makes for
the high speed of cetaceans?

In connection with this question, of special importance is
the fact established through experiments that a form closely repro-
ducing thre weight and contour of-ar dolphin, to which its strength
corresponds, moves much more slowly than a live dolphin. Kramer
(1960 a, b) showed that the dolphin has a resistance in the water
one-tenth that of the model with the usual sheathing of the same
size and form. It is obvibus that the rapidity of cetaceans rests
not only on the form of the body and the strong musculature of the
tail stock alone.

In reality the high speed of these animals is explained by
the following: 1) the specific structure of the skin covering
exhibiting hydrophobic, anti-twrbulent, and damping properties;
2) a well-developed driving met.anism in the sheath, inducing a
whirling stream about the fast-moving body; and 3) the highly
streamlined form of the entire body and also of its parts.

The adaptations in tho sheaths which decrease the resist-
ance of friction arise from the following: 1) by way of the for-
mation of a non-wettable (hydrophobic) skin, and 2) by way of the
formation of elastic (flexible) and damping structure of the ',in,
which reduce the turbulence of the stream arising from the rapid
movement of the body in water, and promotes the conversion of the
turbulent conditions of the wake into laminar,

The non-wettability (hydrophobicity) in cetaceans is achieved
by the very quality of the skin material; in the whale industry it
can be eiein how dolphins lifted from the water instantly become dry
extoernally, and cap'ured whales lying on board and swept by high

W waves do not show &my drops or traces of moisture after the wave
has p,%aead, aInce the water instantly streams off the bodies of
the animals.

At far as the interaction of the hydrophobic m~aterials vith
water is concerned, Z. M. Afouin (1961) wrote: "Hydromechani-ca
bases its thenry of the resistance of friction on the hypothesis
of the adherence of the nearest layer of liquid to the surface of
the moving body. This is wholly valid for materials usually
employed in practice. But what happena with this layer of liquid,

if the material of the body wirface is hydrophobhc? According to
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the idea of the physical chemists (Professor A. A. Glagoleva) the
water molecules can aggregate into groups that are linear or bulky
(including circular) in structure. The surface of the hydrophobic
material has a property of so acting on the immediate layer of
water that the molecules of this liquid Join in circular structures.
In such cases the surface of the hydrophobic body moving in the
water spins, as it were, on ball bearings." If this is so, then
the hydrophobicity of the skin must be recognized as a very impor-
tant adaptation to fast swimming, reducing the tangential frictional
forces.

Another most important character of the skin of cetaceans is
its anti-turbulent property. Kramer (1960a, b), using the principles
of dolphin skin structure, made an artificial skin called "laminfld".
A model of a torpedo clothed in this skin moved 50% more rapidly than
an analogous model with the same propulsive force, but with the usual
sheathing. In order to understand how successful this imitation of
dolphin skin was, it is necessary to compare the structure of the
covering of cetaceans with the structure of the "laminflo" covering.

The skin of most species of whales and dolphins from top to
bottom is completely unkeratinized and is built on a single design
principle, which has been described in detail by V. Ye. Sokolov
(1955, 1960 a, b) (Figure 1). In the epidermis under the outer
fine layer (stratum corneum) a growth layer is situated, in the
ribbed cells of which from below flexible prickly.,p&piila. of:the
desrm emerge singly from below in a direction perpendicular to
the skin surface (the "rods", in the terminology of Kramer, 1960).
These skin papilla are very flexible, since along their axis lie
fine collagenous and elastin fibers, and also blood capillaries.
Under the akin papilla we find a very dense nest of bundles of
collagenous fibers, lying at small and acute angles to the skin's
surface. Going more deeply, the nest becomes looser, the fibers
become blunter, and fat cells appear among them. Even further
down ths skin grades off inperceptibly into the subcutaneous
:.l, ar tissue or fatty layer, permeated sparsely with scat-
tcred c llagenous funiculi., the space between being filled with
fat. In the lower part of the layer, close to the subcutaneous
musculature, the network of collagenous funiculi increases again
in Gize, and the funiculi become even blunter. The elastin fibers
usually pass alnýngide the colla~enous funiculi. The epidermis
and skin papilla are b6rit developed where the skin erperiencea the
greatest water pressure during forward movement (frontal part of
the head, tht anterior edges of the flukes, etc.). This points to
the role of the skin as a damper of the frictional forces during
movement in a fluid environment.

Whqt then of the sheath structure described did Kramer
borrow to produce his a&rtificial skin -- the "laminflo" sheathing?
The latter was made af flexible rubber and consisted of three
layers: the upper being a smooth seanless covering (0.5 m= in
thickness), having an elastic diaphragm with small flexible
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apertures (total thickness 1.5 mm) and a lower seamless covering
(0.5 mm), adjoining the body of the torpedo model (Figure 2, A. B).
The intervals between the apertures bounded from below by a sup-
porting covering, and from above by the lower side of the diaphragm,
were filled with a damping fluid. The upper seamless covering imi-
tated the fine horny smooth layer of the dolphin's skin, and the
diaphragm with the finger-shaped apertures reproduced, as it were,
the akin with its collagenous tissue; the damping liquid in the
"laminfo." skin was an analogue to the liquid fat in the fatty
layer of the dolphin's skin; the lower seamless covering served as
the support sheath. The damping liquid in the "laminf lol skin upon
experiencing pressure from above on the elastic diaphragm could Je
sent through the capillary spaces among the small apertures, over-
coming the force of resistance and in this way acting as 6 damper
of the oscillations and whirl induced in the adjoining la~yer of
water.

Damping in the skin coverings of fast awimming dolphins is
achieved through the smooth epidermis and the upper part of the
flexible dermis at the sites of highest water resistance pressing
in on the fluid fat, which as a result is circulated tzj the very
narrow passages between the highly flexible collagenous fibers.
The damping process in dolphin skins is accomplished much more
effectively than in the "laminflO" sheathing, since in the dolphin
the damping layer (dermis with papilla and fatty layer with collag-
enous tissue) is much thicker (several centimeters!), the capillarity
is substantially finer, and the elasticity of the capillary passages
is higher. In addition, the fat of cetaceans in the damping process
exhibits two most valuable properties -- liquid consistincy and high
degree of wetting of the collagenous fibers. Therefore, it must be
recognized that the "1laminflQ" sheathing is far from perfect, oince
in it KI-amer did not take into account many details of tha structure
of the natural dolphin's akin, which can still Curther redue the
friction in the adjoining layer of the fluid environment.

For the fastest species of cetaceans (Liocassis, grampus,
the bottle-nosed dolphin, and of the rorquuls -- the firba--ks)
the network of elastic fibers in th* skin is much more intensely
developed in the slower species (Sokolov, 1960). This fact sub-
stantiates the importance of the elasticity and flexibil.ty o! the
skin, assisting the damping of the waLer turbulence in the rapid
passage of cetaceans. Due to the extreze elasticity of the inte6,u-
ment the skin of cetaceans usually doe- not preserve any marks after
vigorous collisions and traums, and acse "ounds as a rIul are
spasmodically constricted, through which the wound opening is
closed (it is probable that his is how wounded whales survive).
In recent years in the whale-hunting industry the flexible carcaseA
of whales have begun to be used as the best fenders /krantai/.

Thns, cetaceans have at the sane time both methods of reduc-
ing friction: the anti-turbulent properties of the skin and improved
damping reduced friction so that the turbulent ccndition is converted
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into a laminar, and the laminar friction in its turn is decreased
by the hydrophobicity.

However, there is still another most important adaptation
for friction reduction. The eddy streams arising around the fast-
swimming body are produced by a motor mech&iism of the skin itself.
In the Florida Aquarium, transverse wavy ripples of the skin
were noted for swimming aphalins at the moment of maximum speed
(before a jump,.or after), photographed by Essap'yan (Essapian,
1956). The importance of these ripples has thus far remained
unclear. It is obvious that the movement of the skin and the very
elastic subcutaneous musculature LJee Note7 in the form of trans-
verse ripples around the body begins when the speed of the dolphins
reaches the critical value and when the water eddies cannot not be
eliminated either by the hydrophobic or by the damping properties
of the skin, The high mobility of the akin is characteristic also
of large whales, which has been corroborated by instances of the
trepeated fracturing of the sword of swordfish imbedded in the body
of blue whales upon C collision with swordfish (Jonsgard, 1959).
On this same principle markers pl&ced in the bodies of whales almost
always proved to be deformed, if they are fastened by one end Lito
the blubber and by the other into the muscle (Clark and Ruud, 1954).

"<(/OTf7 The high elasticity of the subcutaneous musculature
results from the elastic fibers surrounding the muscle fibers (Soko-
byv, 1960 a, b).)

The transverse akin-muscular bands running along the body
of cetaceans dampen the eddies inducad tl~rough rspid movement and
make high speeds possible. Precisely this serves to explain the
rapid movement o' large (sometimes in the thousands) shcals of
dolphins, when it would appear that the eddy currents due to the
clooe proximity of swimming specimens would reach very hagh rates
of speed and make the rapid movement of thc shoal Impossible.

The high hydrodynamic properties of the contour-of the body
and flukes of whales are widely known. But besides the general fcrm
of the 4ody etreamilining is probably promoted in the rerqualn of the
order Balaenoptera by the very mobile and flexible longitudinal
bands along the abdomen, and for almost all species of dolphins
__ by the fat cushion on the head. Study of these adaptations,
and their evaluation from the hydromec nici poini of view can
prove to be useful for pr.actical purpoes-.

The si .,, and namber of bandn (40-,20) for various species
of rorqual5 differ, but their arraaement for all species in the
am-e -- on the abdoctinal side from the chin to the region of the
nuveX. WouLd aot the abdoeinal fold (in addition to their other
functional values) serve an i=-rofed eddy current dampers, neces-
sary for the movezent in water of so long & body as we find for
these whales (1O-30 mN)?

It ij ?ossible that the fat cushion on the head (in the
frontal part) of dolphins is also an important adaptation for
rapid movement in wex. The value of this organ (undoubtedly
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multi-functional) has not yet been di3covered, but it can be ?ssumed
that the elastic fat cushion situated below the skin serves as a
superlative damper, which does not permit any turbulence from the
very front to the rearmost part of the moving body. The laws of
hydrodynamics state that such turbulence would be especially dis-
advantageous, since it would sharply reduce the speed of the animal.
It is not by chance that all small and large dolphins have a fat
cushion streamlining the water flow about the body (esptciall,
during leaps). Let us recall in this connection that during times
of wave production and swells ships are greatly impeded in progress.
Could not damping structures analogous to the fat cushions help to
eliminate thib defect, if they were situated at the very prow of
the ship, which ia most vigorously thrust upon by the.oncoming wave?

Conclusions

1. The principles of the adaptation of water animals to
rapid movement'-- their anti-turbulent a"d hydrophobic properties
of the akin coverings -- can be ueec. a. .,chniques for increasing
ship's speed (Afonin, 1961 Tomili", ,

2. Cetaceans are the most v~2uable objects for study of
these adaptations, which reduce frictional resistance and result
in the high rates of movement of these animals. The following
features assure the high speed of cetqceans: a) the speoific struc-
ture of the akin cover exhibiting hydrophobic and anti-turbulent
properties; b) the de-elopment of a motor mechanism in the integu-
ment, producing eddies around the moving body; c) the d4velopment
of highly streamlined body forms and a strong musculatvure.

3. The study of these adaptations must be carried out on
the fastest moving species of cetacnans (Lioca~sis, grampus, and
adtual rorquals) both experimentally under laboratory conditione,
and also through observations and experiments in the natural habitat
-- in the sea and in aquaria. In the first place it is neceesary to
carefully study the phenomenon of damping in the dolphin intagament
in order to zmore precisely duplicate the Akin of cetaccasu uhen pre-
paring the artificial apti-turbulent and hydrophobic shu&thing.

4. In evaluating the quality of the imitation it ir advls-
able to conduct towing experiments at identical speeds of a freshly
killed dolphin, a dolphin dressed in the artificial shaLthing-skin,
and a controlled model with the usual sheathing.

5. Speed testa ahould be conducted for grooVQ4 node'. --

analogous to the abdcz-'.al bands of rorquals and analogous to
the fat cushions of dolphins.
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THE EFFECT OF VARIOUS BIOMASSES OF WATER PLANTS ON
TRACE CONCENTRATIONS OF CESIUM AND STRONTIUM

IN TANKS oITH A LOW :..,OW RATE

following is the translation of an article by A. L.
Agre, A. P. Raiko, and N. V. Timofeyev-Resovskiy, in
the Russian-language publication Byulleten' Moskov-
skogo Obshchestva Ispytateley Prirody, otdel biologii
(Bulletin of the Moscow Society of Naturalists, biology
section), Vol LXVII (5), Moscow, 1962, pages 120-127./

The ability of slow-flowing reservoirs to purify the water
passing through t ir from trace concentrations of radioactive iso-
topes has been e. jb. .:shed by several experimental investigations
(Timofeyev-Resovskaya, 1957; Agafonov, 1958; Agre, 1962; and others).

However, still remaining unsolved is the question as to the
quantitative effect of the biomass of the water flora and fauna,
including water plants, in the process of purifying the water from
the trace quantities of radioactive isotopes present therein. Such
data are necessary to predict the fate of trace amounts of radio-
isotopes placed in the reservoir and to forecast their migration
into the components of the reservoir. This is of interest both from
the point of view of studying the migration path taken by diffused
elements and trace elements in various parts of the biosphere, as
well as from the practical point of view -- for purposes of deacti-
vating water and evaluating the sanitary and hygenic hazard of
reservoirs contaminated by radioactivity.

The task of the present study includes the discovery of what
effect the quantity of water plants present in slow-flowing reser-
voirs has on how much the water passing through is deactivated from
the strontium and cesium present, and also what effect the water
plant quantity has on the value of the secondary contamination of
the water.

Methods of investigation. Experiments were conducted in low
Ilow rate tanks arranged in a cascade fashion, imitating slow-flow-
ing reservoirs /see Note/. Six series of tanks were used for the
expariment. The series consisted of four tanks of 30 1 capacity
each. Three series of tanks were designated to be used in conduct-
iný. experiments with water contaminated by cesium-137, and three --
for experiments with strontium-90. The first series of tanks were
loaded with an equal amount of earth (sand plus stratified garden
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the sorption xAd foUMowig tnxe deesorptiost~rii. con-5 li~

tent in the wator tlszts and the coefftc~qent.: _nf ce_3i,.m a^coUuu
lation by the plagts are giVen as totals for all. specjas of plants.
Table 3 pre.sents data. incicatinq tt.e change in the a~mount o?~ cesiw
13.7 in the. water, earths ad water plants foillowing th-i ~esorr2eion
period*.

Uapon psening water cont~ainiag trace e.mounts of atrontl~um-OK
thro,4gh the system of tanlke$ deactivation of the water wae a1.30
re±alied but to a lesaer extent for Is~~.17 n *-.eririenta
with strciat~itm au! watmer pats-Lag throucgh all the t&r'.ks thA
Var~ious S-ari&6' We Aý.Lan' rnOr-8 a '1 t1,.rirg &Mount Of ozilals both
in the aol.'ctioa peri,:ri ax~d in the desorption period. Data on
the amount of stroatium paseing through all the tanits~ &ad rermxin-I-k
ing in the outflowvirZ vator are presset~d iiig

lal 5 shws tane content. and distribution of cesium in
the water, ,earth, and water pl~ats (as totals) following the periodA
of sorption and d o~i~ption, &ad also lists the coefficients Q1 stron-

Table t6 shows the change in the amount of strontium in the
water, eart4, tand we.ar plants Zolowing the lsorpt:`oa pari.od in
rer centagee of the amount of st~rortium ooni'ained in the water,
.eart4, anid wa-.,r plants during the sorptior. perio~d.

~~c~aaoaof the Rasultis ObtaIned

The data chtainad in these *xperiLMenta on the effect of
various biomaaesss o! watev plants on the extent of the deactiva-
tian of water c,:ntaini4ng the isotopes at~rontiura and cesium although
preliminary ncnethelaas have afforded a zompletaly clea-r and defi±-
nite positi'7e anawer. It is enou.gh to compsre the resnilta of the
determi.nation of rea-ldual cesium ancd at.-ontiu= contaat in wateir
,paasing throughi the tankc system as preesente-d ia Tablos2. 1 &,d 4 in
order to see that duriug the sorpti~on, period wa&ter containi.ng
Casiu~m-137 is purified twice &a much, anid waster cofttaLinin strcon-
tiur-90 __ almost six times as much in tha tan~ks of thm first
series contiainEn a largre iamount of watir plants than the t:,ks
in tbe third aeriam, where no water plants weri placed. Z'~ou
pasaing through contaminated tanks pure lake water (period of
desor-ption) tht litter wau contiaztatel also cn e).ylies
it the tan4ni coatal.ned a Ltrge SmCu_.t of wator LLta Ir this
cas~e thh water passing ti~rough tha Virot aeecla &~c w'a- 4c.)4a-~

inat~d by comiuc onu'-aixii an mucr. &ad by stroatium o~le fouith *s
much aa in the thirAd A.ie an (Tables I. And 4).

Cow.paring the tffýc-_Incy' in deactivating wateýr frot euot
2.& ad St -ntiun-'40 i!ý low flov ralto tanxa, we must eimphaoiliv

twi better storbbility of :ealu-i by water planta &ad the Vreater
mi~grationa2. caracity. nt strcnti.u~t-

it can be noted that sccorý4ir. to t~c cl oafication Of
T*V imcey#-eosaa strOntiul is alOng tOesu Olde'Ontb



in the earth of the first and second series tanks (Tables 3 and
.6.)

In our experiments very high accumulation coefftcients of
the trace amornts of radioisotopes by the water plants were obtained.
On =n avcrage, the coefficients of cesium accumulation by water
plants oqualled two orders of magnitude, and for strontium -- two
1o three orders. It must be notad that the accumulation coeffi-
cients both gor cesium and for strontium show a tendency to
increase with decrease in element conceantration ir the water
(Table 2 and 5).

The total content of cesium and strontium in the water
plants following the desorption period changed, but not vubetan-
tiaLly (5C%) And the rate of strontium and cesiumloss by the
water plants lagged considerably behind the rate of decrease in
the cesium and strontium concentrations in the water (Tables 3
and 6).

)°pon our request, V. Bukhovtsev (for the work done, we take
this opportunity to expre&a our deep tha";tz) calcula.ted the process
ol tCe ideal diJ tion of solution of matter fed into a system con-
aisting nf four tanks of 30 1 capacity and with a daily solution
Seedrate of V/30th of the total volume of the entire system. The
figure show& the cmv.s of cha:ne in the solution concentration
fcr each of f-ur tanck3 from th4 tozent of tle onset of feed supply
up through the thirtieth aay. If we nozpare the data of the tctual
experiment descrit.d in this report with that of the ideal condi-
tions of dilution, then we •ketnh out the following situat.ion.
Theoretically., by thw thirtiotti "ay 17.5% of the matter must have
exited from tte four-tank eynetem, &nd 82.% must retmain behind in
the &yatem, *.n which the first tan/k wiil hold 100%, that is the
ooanentr.'atiun in the water wi±.l equal ,Zie ooncentration of the
solutions supplied, in the eecor_ tank -- 91.5%, in the third tank
-- 78.5%, and in the fourth-- 60% of 'he original solution con-
oentration. Under actual conditions wi have th4 followingt in
the experizent with casium 0.8% in the first series And 1.7% in
the taird xrries, and in t'.e experim'ent with ai;rontiu=, 1.2% in
the first eerisA, and 6.4% in the third series, left th tanka
relative to the total amount of ý.eotopee supplied It turnr out
that the amount of ceoium exiting from the first Searia tinka is
one over i1.6, and from the third series on-tetnt!, t4jat of the
thecrAticil1-r cal ulated azout The a=o-nt of eatrontium in the
first aeriea is ore over 14. 5 ard in tho third seriae one over 2.7
that 3f the ttforitical fkguie.

Thus, &a could be anti:iVtadt, anly strontiun, an a very
mobile -,ad difficultly aorbed element, approxinate* in its benavior
unajer Lbe given expericont33l. co3nditions to v-.lues close to the
ideal.

A detailed analysis of data on the quantitative "Stio in
the cesium and atrottium disiribxtion bý components [water, earth,
and biomasa), and b- tanks, and also a compu-tscn of the ex,.mrimental
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si)aad wer%- 'l2anted with equal amnunts oil~ er-eci'~ of' wr~tbr

M ivroujllUI% i'oxtai47, -tratiates &ater 9solditr RZtuculls

LWartei' buttor'&C~i/, .and Lemana Iduck'deoe). Thit 4ý.- si~rleswa
filledt wit:h '.he vazae a~mounkt of f-rth, but thie oquamUntl cif wtter
pl&rktsdD the tanitoi was 1.5th~ of that in tho firat aortas. 'The
pl.-tnta in thi* secon'd nerise were of four spoecles -- Rkxti3r.1 duck-
weed, wator buittercup, and hornwort. The third series conta~tnod no.
e~i~rth or wat-.r pla.nts, oiily the bottomot of the ta-iks wos lighti.7
airtsid overI~ -ot sai; Allj tha2 tunkiri' were fU.1hd with -o-Ir' lak.'.
water.

The experimen~t on deactivatitng water from cesium-13? and
stronzium-90 I.eLesed for 50 days ran consialted ef two parciods.
During the first pariod, called the sorptioni period, 13xe water
containing' a 6 olltion. of cesium or atrcrntinm with a conicentration
equal to 10-6 curiae/liters in radiloactivity. with a water flow

of41 per day w~s a pnae throt~h t~i torwts. The fi~rst period.
lasted for 3C dayis. .Our"W th4 tec&n~d period, called~ the desorp-
tion period, puro Icke water without cesium or stron:tium panced
tnrarugh the twiks. The aecond oxperim~irtal -eriod lastsd for' 20
duys. Dui.rng the course of the en~tire ex'periment ar.mplen of water
wti~ch had ý.aeaed through the *Atire system of the tanks were takon..
Sampl~es of water, earth. &ad water plants from all the tanks of v.11
thio aeriesi of the exp.rizenta were taken after 30 dayn (the aorptisn
period) and aftur .50 days (the deeorption period). The arran~ugo±itn
ad 'zreatm~nt of the water, earth, and plant s"aplea, anid the m~*&-
zureaxent3 Of thni~r radioactiv±-Iy were carried out accardinS~ to th',
generally accepted meethods.

R*,,4ltz of the invoetilationg. la passing through cf.4Ium-
137T contaminated waterv wn &.1-ios cnapeleteo purrificutieri of the
waer was re.;%`zord. But iv varioun teries the amount" of coaiure
Pajoing through all the tank~s ditffered both ifln the sorption~ * eriad
, -kit inA C-, -Itkrptior. peqriod. The av"erage da~ta on the smomunt of
cesium pas~llng th~rough all tanks and re!maining in the au.lwing
water tir prezented ia TO!*. 1..

Akiouat ol: C.,tium-l37 Exitin;,, From the Tiankes
itn pinrcent'apea al the Original WVnlus

(eL f~n~G OfkfI-v I ( i q RU

&~~A~~E~~: -4 iir 'ituiilaodt b) Sei.sor tanik: c) f£Lrat

Tal a rvn.?Lti taze rce-u.Lte of meatsrietnta of the rd~dio-
at(;Jtivit7 of' th n.aimnlas of watEr, *.Arth, Anl(, water pleAnta follOW1.n'.ý
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Table 6

Amount of btrontium-90 in ';ater, Earth, and
Water Plants During the ieaorption Period

(Zn Percwitdges of the Sorption Period)

2 3 - 2 S .-

0 . I S I 8 , 9 I 4 L1

1 o0 1430,0 "60.0 11y8 4,80.0 120,0 R',, 221-

40,0 785 17 3 ' 40 s o 80,0 i.s,

LiT;:;i). b) £Sries and No of tanks; C) first; d) second;
e' third; f) Watterj g) &-.th; h) oiatei plants.

wich are equally aistributable between water, iarth, and the bio-
eaes, and ct.aus -- is in that catogory of elementa which aro
ac-ZuIu.Ate3d %Iir, ly ir thv b rom ~izsý, . in tie earth. rnerefore,
a&ln in our ex>.*rinentn on -iha biol3gic&l deactivnticn of water,
the role of water pl&rts in reaoviag precisely strontium from the
water" Is more graphicelly seen.

Analyeis of the data on the distribution of the cesium and

etrontý.uz remainitig ia tia tnr.ks aio shows the role of water
plantsd in tte procea" of ij-t-. 4 # dintribution by tank. If in the
water of the first tanks of a-! three series an atproxiaately equaI
as.oout oi cesium w"s corntained, then the water of the last tank of
thv first series co.tainaet i5h of ths original cesium content, rnd

17



Sthe third series 2.8%. Thua, the 04fficiient o" water dodcti-
vation in the first series is almost three times botts.. ;pprcxi-
mately the same ratio between the first and thlrd sariee alis holds
for the deaorption period; ths avzout of cesium in the water of the
first tank oi the firat aerie" was 1.8%, and in the thir-; ser'ies --

5% (Tables 2 and 3).
An even more graphio picture can be seen in experimo.nis wit!;

strontium (Table 5). The coefficient of deactivation. of watr for
the firat series is 12.5 times better than for the third seriec.
All data for the second series, as car. be expectei, lies in az
intermediate position. Data on the ceeiizm and stroutium ccntent
in the earth of the tanks of various series also supports th4

role of biomasnes in the process of isotop* distribution (Table 2).
The .fiures presented in Table 2 show that the concentrat.on

of cerium in the earth drops down to one-tenth in the first series,
and in the third nerie down to one-eighth, from the fLrst tank to
the last. In the experiment with stronutium analogous ratios were
obtained. the strontium conc4ntraticn in the earth of the first
series from the first tank to the last drops down to one-twentieth,
and in the third series down to one-fourth. These data evidence the
considerably 3lower migration of cei.-±a and strontiuja In the earth
of the tanks where the amount of water plants is greater.

Change in concentration in the tanks having a total volume
of 120 1, the volume of tak So 1 being 30 1, and tae daily
flow = 4 1. LE.601Ih a) Concentration, %; b) Day*.

Tor the aecozd period of the *xpariment, namily descry'ion
it ia inte~qest4.ng to note that not iu a ai4rle tan& wva a decrease
of the amount of ceeiua or strontium in the earth observedl on th:Y
coatrary, a sizable increase took place, in spite of the large
volume of pure lake vat•r pasaed through (Tables 2, 3, a &nd 6).
It &ea*" to us that this fact cia t , a certain eltent be eoxzona•ed
b7 the fact that during the course of the experiment the esrtn wae
eariched by remains of" perished earz-h plant"-, wfich not only cerrieu
witn them accunulated 4trontlum or coaium but alao increased tht
stability of the bond of the sorbed isotopes with the earth. Also

pointing to this is the increase in the cesium and strontium contonta



data wita the theoretically calce2.ated data wil!i b given in a
su~basquetartice

Conclusi ons

1. Trhe presenct! ot water Plants irn low flow rate ta.Lkse
Considr-tbly affect the tuagnitude of the deactivation of water
from ceaiu=-l_7 anc strorntiurn-9O. Under the given experimfental
co.aditions, water was purified from trace amounte of cesiuz tw-tze
as well, and from zt?.rot~oxm -- five ti4nets as well in the presenca
o-!' a large mu~s of watetr plants, &nd was secondarily c.';nteminated
by cosium. one-sixth, -and by strontium one-fourth less Zia the
preaeace. ol wate#r pl.ants compared to their absence?.

2. The deztctivatior± coefficient, that is the ratio of the
isotope concentration. in the water in the first tank to thti wator
in the last, ts threa times as high for cesi~um and for strorvtiumu
twelve tilnes as hi'cn f~or water plan t-zon~thAing tw-nke an for
tan~a without 1.iants,

34. The presence of water plants In the reniervoirs and the
varikiktion in their amount shiarply affecte the nature and value of
tae trace olement distribution among the reservoir compouents
(uatar, earth., and bioma~s).

4. Bxjýeriments were conducted dealing with a forced regime
of water flow, therafore, it cat be expected that with a looser
flow the regularitioa shown will be aanifeet to a greater extent.
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