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FOREWORD

This publication was prepared under contract for the
Joint Fublications Research Service as a translation
or foreign-language research service to the various
federal govermment departments,

. 3 The contents of this material in no way represent the
' policies, vicuws or attitudes of ithe U, S, Govermmen'
or of the parties to any distribution arrangement.
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skozo Ovghchegtva Ispytateley Prircdy, otdel biologii
\Dulletin of the Moscow Society of Naturalists, Bio-
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ON THE ADAPTATIONS OF CETACEANS TO RAPID SWIMMING AND THE
POSSIBILIIY OF USING THESE ADAPTATIONS IN SHIPBUILDING

/Following is the translation of an article by A. G.
"Tomilin in the Russian-language publication Byulleten'
Moskovskogo Obsh:chestva Ispytateley Prirody; otdel
biologii %Bulletin of the Moscow Society of Naturalists,
biolg section), Vol LXVII (5), Moscow, 1962, pages
10-18. ;

In the world of living nature there are about 1.5 million
various specles of animals. All these are remarkably well adapted
to their environment. Such adaptiveness is the result of natural
selection, that is, the survival of the most progressive and the
perishing of the unprogressive forms. Selection in nature operates
or the smallest details c¢f any character of any species. The fine-
nass and perfection of the adaptations is explained by the prolomged
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 provtding the vater animal with its high
rate of wmovement can be borrowed f{or practical purposss. The close
iavestigation of such adaptations in fast-swimming water animals
can prove to render valuable ideas in increasing the spesd 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 Makurov by
Engineer Z. M. Afonin (1951) 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 emsily outswim the
fishes which they consure. The main organ for the movement of
cetaceans i3 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 slope 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 rata 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 indefatigibility in migrations extending for thousands of
kilometers, cases of lcng distances covered by whales with severed
flukes, and the phenomenon of "wave riding' by dolphins.

Direct data ou 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 cbservations 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 animals. This habit, which is
not yet fully underatcod, ias characteristic of many spescies of the
order (womilin, 1937, 1957) and generally js observed as short .
pursuits, lasting from several seconds to several dozems of minutes.
In addition, the very rare inatances of peraistent following of
ships for many days by the blue and the humpback whales are known.
Iokhansen and Garden (Johannessen and Hardar, 1960) have gathered .
special information un the spesed of the toothed whales from the
high-speed American ship "Monterey", amounting to 36-39 km/hr.

From this ship it was obaerved that the Liocassis-odinochka Zﬁi7
swam for 20 minutes at speeds varying from 38 to 55 km/hr, aud
large groups of grampus numbering 200-5C0 members maintained
speeds of 26-33 km/hr for 8-25 minutes. A similar speed (36 km)
for a shoal of grampus has been sstablished by Shuleykia, Luk'-
yanova, Stas' (1937). But the grampua can, apparently, outswinm
the Liocassais, in whose stomach remains of grampus have not yat
been found.

0f the Mystacoceti the rorquala are the fastest. Whale
hunta have established tha’ 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 tne finbacks (20 a
in length) -- up to 50 km/hr.

Cetaceans nmaintain a considsrable speed 8ven for large arti-
ficial ivada, for example, when harpooned whales drag behind thes
a whaleboat or a broken line, for the "hooked" dolphins can tow
the boats.

In our whale-bunting practice of 1934, when the hunting
techniques were not yelt perfected, such cases were freguently
noticed. On 23 November an adult female (19.5 2 in lemgth) broke
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a line and with 50 m »f extended line swam from the ressarchers at
a speed of 26 km/hr for more than an hour (later it was caught by
a second harpoon). Ou 3 December a wounded finback (19.7 m in
length), drawing out the entire length of lime (1125 m) still keapt
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 finbkack, 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 » witness to an adult grampus (170 cm in length)

. being "harnessed" in a felucca (about 2 tons in capacity) cortain-
. ing six fisherman and how the animal pulled this load from Novyy
to Stroryy Gagra at the rate of a man walking. A dappled dolphin
in the Gulf of Mexico awam near the prow of a ship at a speed
of 18.5 km/br in spite of a remora fish 50 cm in length affixed
to its spine (Mahnken and Gilmore, 1960).

Cet-~ceans are able to make high leaps, possible cnly at
high speed. Aphalins [7:7 and grampus can spring up to heights
of 4-5 m. Aphalins can leap completely free of the water evan
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 aven in narrow spaces substantiates not only the high speed
of these animals but also the efficiency of their movement, which
sesms to be disproportionate to their muscular streangth.

The efficiency, facility, and swiftness of movement enables
cetaceaus annually $c complete eaormous seasmonal migrations over
distances of thousands of kilometers between cold (sometimes polar)
and warm (sub-tropical) »aters. 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 ntock, 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 snd thrashed with his
tail stock right-to-laft (that is, up-and-doxn) and before it
emerged at the surface it rotated i:s body ( ~ ' - Loi») upwards,
in order tc breathe. Io spite of al. this labor, tas maimed <halia
covered a distance of more tham 6,00u km in 70-79 days (Gilaore,
1960} .

The perfection of the adaptaticns to amcvement in water that
are found in dolphins is confirmed by >he phenocmenon of "wave
riding". This is the nezme given to the cases of passive giiding
of dolphing along the prow of a ship, when their flukes are kept
still, but their bodies nonetheless glide (sometizes for hundreds
of meters!) along the wave procuced at the prow of a ship. The
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wave, striking the immobile fluke, lightly tbrusts against the
dolphin's body with the ship's speed. Such gliding in the wake

of a ship .moving at 19 km/hr lasts for 5 minutes. Fedzher and
Bakius (Fejer and Backus, 1960) have established that even small
wind-driven waves, with an angle of 10-18%9 and a speed of 5-6 n/sec
can be ridden by dolphins. Snore-side waves (in shallows) are ridden
- by enti-e 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 dolphins in riding waves evidences their
use of the thrusting force of the wave by their entire body, not
only by the ventral surface of the flukes (Yuen, 1961).

Eow can such adaptations 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 the weight and contour of-a‘dolphin, to which its strength
corresponds, moves much more slowly than a live dolphir. EKramer
(1960 a, b) showed that the dolphin has a resistaunce in the water
one-tenth that of the model wiith the usual sheathing of the same
size and form. It is obvious that the rapidity of cetaceans rests
not only on tke form of the body and the strong cusculature of the
tail stock alone,

In reality the high speed of thesge animals is explained by
the following: 1) the specific struciure of the skin covering
exhibiting hydrophobic, anti-turbulent, and damping properties;

2) a well-developed driving mectanisa in the sheath, inducing a
whirling stream about the fast-moving body; and 3) the highly .
streamlined form of the entire body sand also of its parts.

The adaptations ia the shesaths which decrease the resgiat-
ance of friction arise from the following: 1) by way of the for-
gation of a non-wettable (hydrophobic) akin, aad 2} by way of the
fornation of elastic (flexible) and Jdamping structure of the 'dn,
which reduce the turbulence of the atream arising from the rapid
rovement of the body in water, and promotes the conversion of the
turbulent conditions of the wake into laminar,

The non-wettability (hydrophobicity) in cetaceamns is achiaved
by the very quality cof the skin material; in the whale industry it
can be sosn dow dolphins lifted from the water instantly become dry
axternally, and caprured whales lying on bosrd and swept by high
wzves do not show any drops or traces of moisturs after the wave
bas psgsed, since the water instantly streams off the bodies of
the aanimals.

4s far as the interacticn of the hydrephobic materials with
water ia concerned, Z. M. Afonin (1961) wrote: "Hydromechanics
bases its theaory of the vesistance of Iriction on the hypothesi
af Lhe adhsrence of the nearest layar of ligquid to the surface of
the noving body. This is wholly valid for =materials usually
apployed in praciice. But what happens with this layer of liquid,
if the saterial of the bhody surface is hydrophobic? 4According 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 sc acting on the immediate layer of
water that the molecules of this liquid join in circular structures.
In such cages 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 (196Ca, b), using the principles
of dolphin skin structure, made an artificial skin called "laminflia®.
A model of a torpedo clathed in this skin moved 50% more rapidly than
an analogous mcdel with the same propzlsive 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 cetacsans with the structure of the "laminfloe'" covering.

The slkin of most species of whales and doiphins from top to
bottom is completely unkteratinized and is built on a single design
principle, which has been described in detail by V. Ye. Sokolov
(1955, 1960 &, 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.panpit¥la. of:.the
dermis 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, asince along their axis lie
fine collagenous and elastin fibers, and alsc blood capillaries.
Under the ekin papilla we find a very dense nest of bundles of
collagenous fibers, lylng at small and acute angles to the skin'g
surface. Going more deeply, the nect becomes looser, the fibers
becoas bluantar, and fat cells appear among them. Even further
down ths skin grades off inperceptibly into the subcutaneous
#31aYar tissue .or fatty layer, permested sparsely with scat-
tared cillagenous funiculi, the space between being filled with
fat. It ths lowver part of the layer, clome to the subcutaneous
musculature, the network of collagenous funiculi increases again
in size, and the fumiculi dbecome even blunter. The elastin fibers
uguslly pass alcngside the collagenous funiculi. The epidermis
and skin papills are best developed where the skin experiences the
greatest water pressura during forward movement {(frontal part of
the head, the anterier edges of the flukes, etc.). This points to
the role of the skin 88 4 damper of the frictional forces during
apvement in a fluid envirocament.

What then of the sheath structure described did Kramer
borrow to produce his artificial skin -- the "laminflo" sheathing?
The latter waa made ¢f flexible rubber and consisted of three
layers: the upper baing a smooth seamless covering (0.5 mm in
thickness), baviag 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 torpede 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 tbe finger-shaped apertures reprcduced, as it were,
the akin with its collagenocus tissue; the damping liquid in the
"laminflo'" 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 "laminflo' skin upon
experiencing pressure from above ou the elastic diaphragm could he
sent through the capillary spaces among the small apertures, over-
coming the force of resistance and in this way acting as & damper
of the oscillations and whirl induced in the adjoining layer of
watar, ' : :
. Damping in the sikkin coverings of fast swimming 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 t- 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 tiasue) is much thicker (several centimeters!), the capillarity
is substantially finer, and the elasticity of the zspillary passages
is higher. 1In addition, the tat of cetacesns in the damping process
exhibits two most valuable properties -- ligquid consistancy and high
degres of wetting of the collagenous iibers. Thersfore, it must be
recognized that the "laminflo" sheathing is far {rom perfect, since
in it Kramer did not take inte account many details of the structure
of the natural dolphin's skxin, which can atill further reduse the
friction in the adjoining layer of the fluid environment.

For the fastest species of cetaceans {Liocassis, grampus,
the bottle~nosed delphin, and of the rorguals -- the findbazks)
the network of elastic {ibers ip the ukin is such core igtansgely
developed in the slower apecias (Sokolow, 1960). This fact sub-
stantiates the iaportance of the slasticity and flexidbility ol the
skin, assisting the damping of the waler turbulence in the rapid
passage oI cetaceans. Dua to the extrese elasticity of the integu-
mant the skin of cetaceans usually does not pregerve any =marks aflter
vigorous colliisions spd traumsss, and ncse weunds as a ruls ars
spaasodically constricted, through which the wourd cpaning is
closed (it is probable that his is how wounded whales survive).
In recent years in the whale-hunting industry the flexible carcases
of whales tave begun to be used as tho best fenders [krsnssz/.

Thus, cetaceans have at the same time both methods of reduc-
ing friction: the antieturbulent properties of the siin and improved
damping reduced frictiom 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 hydrophobizity. ' o

However, thera is still another most important adaptation
for friction reduction. The eddy streams arising around the fast-~
swimming body are procduced by a motor mechanism 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
upclear. It is obviocus that the movement of the skin and the very
elastic subcutanesous musculature /See Notg? in the form of trans-
verse ripples around the body begins when the speed of the dolphins
regches the critical value and when the water eddiea cannot not be
eliminataed either by the hydrophobic or by the damping properties
of the akin, The high mobility of the akin is characteristic also
of large whales, which has been corrodorated by irstancas of thes
~epoated fractiuring of the sword of swordfish imbedded in the body
of blue whales upon : collisicn with swordfish (Jeasgard, 1659).
On this same principle markera placed in the bodies of whales almost
always proved to be deformed, if they are fastened by one end iatno
the blubber and by the other into the mus:zle (Clarik and Ruud, 1354).

IR S NOT§7 The high elasticity of the subcutaneous musculature
rsgults from the elastic fibers surrounding the muscle fibers (Soko-
1sv, 1960 a, b).)

The transverse skin-guscular bands running along the body
of cetaceans dampen the e¢ddies inducad tbrough rspid movement and
sakte high apeeds posaible. Precisely this servea to explain the
rapid movement o0f large (sometimes in the thousanda) shcals of
delphina, when it would appear that the addy currents due to the
cleoae proximity of swimming speclmens would rsach very high rates
of speed and make the rapid movement of the ashoal imposaibdle,

The high hydrodynamic properties cf the contour of the body
and flukes of whales are widely known. But besidas ths general fcra
of the hody astreamlining is probably promoted i{n the rorquala of the
ordar Balzenoptera by the very mobile and {lexidle longitudinal
bands along the abdomen, ard for 2lmost all species of dolphins
-~ by the fat cushion on the hesd. tudy af theee adaptations,
and their eveluation from the hydromec nics point of view can
prove te be useful for practical purpos-s,

The siie and number of bands (L0-120) for various species
of rorquals differ, but their arranyoement for all species is the
sage -- on the abdorinal side froa the chin to the region of the
rsvel. Would not the abdominal fold (ia addition tao their other
functional valuss) serve as isproved eddy current dampers, neces-
agry for the movezent in water of so long & body as we find for
these whales {10-30 =}7

It i3 poss3ible that the fat cushion on the head (in the
frontsl part) of dolgains is also an important adaptation for
rapid =zovement in waler. The value of this organ (undoubtedly
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multi-functional) has not yet been: dizcovered, but it can be essumed
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 ths 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 nct by chance that all small and large dolphins have a fat
cushion streamlining the water flow about the body (espsciall,
during leaps). Let us recall in this connmection that during times
of wave production and swells ships are greatly impeded in progress.
Could not damping structures analogous to the fat cushicns help to
eliminate thig defect, if they were situated at the very prow of

the ahip, which iz most vigoroualy thrust upen by the.oncoming wave?

Conclusions

1. The principles of the adaptation of water animals to
rapid movement -~ their anti-turbulent aad hydrophobic properties
of the skin coverings -- can be uee¢:r as i<chniques for increasing

ship's speed (Afenin, 1961; Tomili:, 1y01).
‘ 2. Cetaceans are ithe moat valiable objects for study of
these adaptations, which reduce frictionmal resistance and result

in the high rates of mouvement of these animals. The following
features assure the high speed of cetgceans: a) the specific struc-
ture of the akin cover exhibiting hydrophobic and anti~turbulent
properties; b) the devslopment of a motor mechanism in the integu-
ment, producing eddies arocund the moving body; ¢) the davelopment
of highly streamlined body forams and a strong musculaturae.

3. The study of these aduptations must be carried out on
the fastest moving species of cetacrans {lLioca=zsis, grampus, and
adtual rorquals) both experimentally under laboratory conditions,
and also through observations and sxperiments in the patural habitat
-- in the sea and in aquaria. In the firet place it is recessary to
carefully study the phecomenon of damping in the dolptin intagument
in order to more precisely duplicate the skir of cetacians wlen pre-
paring the artificial anti-turbulent and bydrophobic shesthing.

4. 1In evaluating the quality of the imitation it ir advis-
able to conduct towing experiszents at identical sapeeds of a freshly
killed dolphin, a dolphin dressed in the artificisl shecthing-skin,
and a controlled gzodel with the usual shezathing.

5. Speed tests sheculd be conducted for grocvel modeis --
analogous to the abdcai:ial bands of rorquals and analogous t2
the fat cushicens of dolphins.
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TBE EFFECT OF VARIOUS BIOMASSES OF WATER PLANTS ON
TRACE CONCENTRATICONS OF CESIUM AND STRONTIUM
IN TANKS WITH A LOW I_.OW RATE

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

The ability of siow-flowing reservoirs to purify the water
rassing through t i» from trace concentrations of radiocactive iso-
topes has been e. - ib...shed by several experimental investigations
(Timofeyev-Resovakaya, 1957; Agafonov, 1958; Agre, 1962; and others).

However, still remaining unsolved is the gquestiorn as to ths
quantitative effact of the biomass of the water flora and fauna,
including water plants, in the process of purifying the water fronm
the trace quantities of radioactive isotopes present therein. Such
data are necesgary to predict the fate of trace amounts of radio-
isotopes placed in the regervoir 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
regervoirs contaminated by radiocactivity.

The tesk of the present astudy includes the discovery of what
effect the quantity of water plants present in slow-fiowing reser-
veirs has on how much the water passing through is deactivated from
the strontium and cesium present, and alsc what effect the water
plant guantity has on the value of the secondary contamination of
the water.

Methods of investigation. Experiments were conducted in low
i1low rate tanks arranged_in a cascade fashion, imitating slow-flow-
ing reservoirs /See Notg?. 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-
ing experiments with water contaminated by ceaium-137, and three --
for experiments witk stromtium-30. The first series of tanks were
loaded with an equal amount of earth {(sand plus stratified garden
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the sorption and following tne demorptior vericd, Mhe sssiun cone
tont ip the water rlants and + the coafficisnts 55 cosium sscunrds
lation by the plants are given as totals for all speclos »f plants.
Table 3 presents data indicating tre change in the amount of cesiurz-
127 in the watsr, earti. asd water planta follcwing tihs ¢esorztion
pericd.

Upon pessing water containiag trace amouata of strontium-9C
through the asysteaz of tanks, deactivation of the water was aizso
realized, but to a lesaer extent for cesium-137. In ex.eriments
with strontiug and water passing through all the tankas of tha
verious soariss, we sigo noved a diffaering amount of sesiusm both
in the sorption perivd aud in the deaorption period. DBata on
tne amcunt of atrontiun passing through all the tanks and ranaine
ing in the cutflowing water are preseated in Table L.

Tablae 5 shows tne confent and distridution of cesium in
the water, earth, and water plaunts (ae totals) following thas perioda
of sorption and desorption, and alsc lista the coefficients of strone
tiws accumalationy by the water planta,

Tablas © ahows the change in the amount of strontium in the
water, earti, and weier planis loalowing sthe desorption paried in
cercentages ¢f the amount of atrortium contained in the watar,
2arth, and wacter plante duriang the sorption period.

B2scuagioan of the Reaults Chtainsg

The dats chtainad in thess exveriments on the affect of
various blomasses ol water plants on the extent of the deastiva-
tion of water contalning tne isotopes gtrontium and cesium although
proliminary ncnethaleas have afforded a somplelaly claar and defie
nite positive anawer, It is encugh to compare the results of the
determination of reaidual casium ang strontium contsat in watsr
paasing through the tank system as presented in Tables 1 and &4 in
ordsr tao aswe that during the sorption period water contairiung
cesiuz-137 is purified twice as much, and water contalning atrone
tiur«3C <=~ alnoat asix times as muck in the tarks of the fiest
sarisa coataining & large amount of watar plents than the t.aks
in the third seriaes, where no water plants were glaced. Tron
passing through contuminated tanks pure lake water (pertiod of
desorption) the latter waus contamsiaated also considsranly laza
if the *tancs coatalned s large smou..l of waler plunte, Ir this
case the water passing turough the first ameries tan<s was <satsn=-
inated by cesius one-gixtk as muce and by streantium ose-fourth as
guch as 17t the third seriey tanka (Tables 1 ang 4).

Comparing the effizlancy in desctivating water froas vasluzme

27 and strontiuc-90 1= low flow rate tanka, we muast azchasize
the hattar sorkibility of csesiun by watar plante and the greater
asigratioanal capacity of streatius,

Tt can be nnted that according ta the clasaification of
. V. Mac’ayev-Resovakara. strontiuz is azong tlose alements
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zn.the sarth of the first and second series %tanks (Tables 3 and
. . )

In our sxgeriments very high accumulation coefizients of
the trace amounta of radiodsotopes by the water planta were cbtained,
On an gverags, the coefficlents of cesium accumulation by water
plants oquallsdi two orders of magsitude, and for strontium -~- twoe
50 three orders. It must be anoted that the accumulatlon coeffi-
cients totk for cesium and for atrontium show a tandency to
increase with decrease in element concantration ir thne water
(Table 2 and 5).

The total content of ceaium and strontium in the water
plants following the desorpiion periocd changed, but not substan-
ttally (5(%) und the rate of strontium and cesium.loss by the
water plants lagged considerably behind the rate of decreame in
the g;sium and strontium concentrations in the water (Tables 3
and 6).

Upon our reyuast, V. Bukhovisev (for the work done, we take
this opportunity to expreca our deep thauxs) calculated the process
ot tue ideal dil ltion of sclution of matter fad into & system coa-
sisting af four tanks of 30 1 capacity and with & daily solution
fesdrate of 1/30th o the 3otal volums of the entire system. The
figure shows ths curvis of change in the aclution concentratioa
fcr sach of sur tanks from tha moment of tds onset of feed supply
up through the thirtieth day. If we conpare the dats of the actual
exporiment descrit .d in thias rerort with that cof the ideal cordi-
tiona 2{ 3dilution, then we rketah out the following siiuation.
Theoratically, by the thuirtietu cay 17.5% of the matter must have
exited from tke four-tank ayateam, and 82.5% must remain behind in
the syatea, in whiech the first tank viil held 100%, that im the
ocoasentiation in the water will equal tue gongentratiocn of the
solutions supplied, in the eecon. tank «~91.5%, 4in the third tank
-- 78.5%, and in the fourth.-- 60% of .he original solution con-
centration. Under actual oonditions ws have thy following: in
the ex, sriient with casium C.8% in the firut series and 1.7% in
the third reries, and in tihe expariment wiith surontium. 1.2% in
the first serism, and 6.4% 4n tae third series, left th - tanks
relative to the total amount of sesotovas supplied It turnes out
that the amount of gesium exitirg Irom tne firast seriex tanua is
ons over 21.5, and from the third seriea one~tanth tuat of the
thecratically calvulated amgunt. The aromnt »f strontive in the

irst geriesy is ore over l4.5 ard in the third seriee one over 2.7
cthat of the theorvtical Iiguse.

Thue, &a could be antisipatad, anly strontium, ac & very
aobile and difsicultly sorded elesen®, approximates ia its benavior
ugger the given experimental conditiona to v.lues close to tha
ideal.

A detalled analyaie of data on the quantizative =atio in
the cesium and atrortium disvribution by coaponanta .water, sar:ilh,
and biomasa), and by tanks, and alsc a coampariscn of tne ex;erizental
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8011} and were nlanted with ooual amaunes O saven Ene cies of wnter
plunts {(Cluden, Cerstophyilum Lh”?hhurt/, Pvnro'ha~1a firogb
H riouhjl;um f'0”181;7, Stratiotes [3afer saliter/, Renuncuica
water bnttn:'uL/, sad Lemne Lduckwoeé?) The s2cord geries waas
filled wizk the samte zmount of esrth, dbut the ocuamnvicty of watrer
Flsnts _ip the tanka was L5th of that in tho firsgt sariss. “he
plunte in the sdcond mseriae ware of faur anscles «- foextsil, ducke
weed, water butiercup, and bornwort. The thixcd sgeries containaad ne
aarth or walasr plante, only the bottoma of thae tanks wers lightly
gil*yd over with sans. ALl the tanize ware filled with oure laka
water.

The experiment on demctivating water from ceatium-137 and "
atroatium=30 liested for 50 darys and consiated cf twe perluids.
During the firat pariod, called tha scrption period, lake water
containing a eoluticn of canium or atrontium with a concartration v
e ual to 10-6 curiea/liters in radinactivity, with a water flow
of & 1 per day wua panssed throvgh tae tanics, Tha {irat period
lasted for 30 days. Ju>ing ths szcona peried, called the desorpe
tion poriod, pure lcke water without cesium or amtroztium passged
tarough the tunk3a. The zecond expesrimental yreriod laatsd for 20
Jaye. During the course c¢f the entire experisent semplea of water
waich had rasned tarouga the sdtire smystem of the tanks were takon.
Sanplesg of water, enrth, and water plants from all the tanks of il
the series of the experimenta were taken after 30 days (tha nmorptiosn
period) and aftur 50 days {the desorption pericd). The arrangemeat
and treatment of the water, earth, and plant samplea, and the mes-
surameats of thair radicactivilty were carried out according to tha
generally accapied rethods. '

Rasults of the inveetizatione¢. lu pasaing through cesjum-
13?-contaminated water, an almost crmpiete purificuticn of tha
water was rsalized. But do verious series the amcunts of coailum
paseing through all the tanks dilfered both in the sorption periond
ani in tie deaorption peried., The azverage detys on the amount of
casium passing thRrough all tanks and remaining in the oa**low* 2
water are presented in Trbie 1.

-

Tablie %

Aiount o1 Cexium-~127 Exitin; From the Tanks
in Pnrcen*awea of the COriginal Valuae
(p Copue t‘nl(.n. T

% e % —
(_J enizoa anun , ("-'uwa-' . @ " R
o L]
g
Copfunn ~f; a.R 1,7 ! 1,7
Hecaptuws (I, . . . L. C e 1t 3.3 f £.6

Liunilhis &) Exparipmenssl nericd) b) Seriee of tunke: o) farat;
4; zacend; &) taxrdy f£) Sorption; g) Desarntion.

Pable 2 pressnts “ne rcgulte of measuretents of tho redioe-
agrivity of the minples 57 water, earth, Anc water plaats followli.s
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Table 6

ancunt of strorgtium=-90 in water, Earih, and
water Plants During the usesorptisn Period
In Parcentages of the Sorption Period)

- . - —— i v~ ——

@ Capun % M Gawxoa

Cvmponér‘?: (€ necass @ wopan ! & menn

. 4 ] !

{ ? ! £} ’ 4 [ ) s [ 1 ; R i s

‘ ! : ! ! ! i ! i

\ 5/ i | f | i | ! |
Boan . . . . u«,.} 16,7151,0] 18 | us | 59, ,o 29,11 124 1 10,0, 38,0 689 14l
Tpyur . . £9366.0 HUD,0 1 255 1 230 1850, 14 0,0 765,91 0 1180,0 1120,0 14006 220
Boanae pmﬂauuu \.J 40,0 78,51 173 i 3¢0 ! 23,7 40,0 80,0 ‘ 187 i - | - ' - ‘ —

. ¥ ¢ f

Li0Z50s b)) Sories and No of tanks; ¢) first; d) aecond;
e; third; ) Water; g) Eucth; h) water plante.

wiaich ars equally cistribuiable between water, sarth, and the bio-
mass, ant cas.ugc ~- 18 in that category of elaments which are
accumulatead tsinly Lo the dlomass and {n the earth. Trarefore,
sls~ in our experizentz on the uiclogical deactivsxticn of water,

' the role 2f water plarts in removiag precisely sirontium {rcg the
wate: is =more graphicelly seen.

Analysis of the data on the distribution of the ceaium and
strontiua remaising ia the tanke also shows the role of wator
plants in tae process of iactope distribution bv tank. If in the
water of the firat tsaxzs of all three series an avproximately equal
acount of cesiuan wes contained, then the water of the laat tank of
the firet meries coutalaed 1% of ths original cesium content, sand
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the third series -~ 2.8%. Tdua, ths coafficiert of water doacti=
vation in the first series is slnost three times better, ipprexi-
2ately the eame ratio between tho first and third saries alac holds
for the desorption pariod; the amount of cesium in the water of thsz
first tank of the first series was 1.8%, and in the thiru series --
5% (Tables 2 and 3). .

An evan mors graphic picture can be seen in experimunts wiin
atrontiua (Tabie 5). The coefficieant of desactivation of water for
the firat meries is 12.5 tizes better than for the thirc seriez.
All data for the second series, as can bhe sxpecied, liess in azn
intermediate pomition. Data on the cesius and strontium content
in the esrth of the tanks of varinua series also supports the
role of biomasases in the process of isotope distribution (Table 2.,

The figures presented in Table 2 show that the concentration
of cesium in the earth drops down to one~tenth in the {irat asaries,
and in the third series down to one-sighth, from the first tank to
the last. In the 2xperiment with stroantium analogous ratics were
obtained. The atroatium concantraticn in the earth of the first
series f{rom the first tank to the last drops down to ope-twentieth,
and 4in the third series down to one-fourth. Theae data evidence the
conaideradbly slower aiaration of cesian and atrontius in the earth
of the tanks whers the amount of water plants is greater.

®!umwrwl %

Change in concentration in the tanks having a total volume
of 12C 1, ths volume of tack ¥¢ 1 being 30 1, and tae daily
flow = & ). LEGEND: a) Conceatration, %; b) Daye.

For the second perisd of the experiment, namaly descrpion

it is inteyesting to note that not ih a gingle tank was a decreass
of the amount ¢f cesiua or stroantius {a the earth ohasrved; on thx
coutrary, a asizable increace took place, in spite of the large
volume of pure lake water passed through (Tablas 2, J, S and 6).
It gaems %o us that this fact can t: & certain extent be exnlainad
by the fact that during the course of the expariment tiie earta wae
eariched LY resains of perished ear-lk planis, which not only cerrieu

+n them accumulated atrontiua or ceasium but glso increased the
stability of the bond of the surbed isotopes vwith the earth. A4lso
pointing to this ia the increase iz the cesium and stroatium contenta

18
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data witn tae theoreticallr calculated data will be givan in a
subsegquect article.

Conclusiona

1, The presence of water planta in low flow rate tauks
considersbly affect. the magnitude of the deactivation of water
from cenium~137 ana strontium-9C. Unaer the given experimental
¢oaditions, water was purified from trade amounta of cesium %twice
as well, and from strountivm - five t lmes a8 well in the preasenca
of a large muss of water plants, and was scconaar_lv conteminated
by cesium one-~sixth, and by strontium one~fourth less Liﬁ the
presesce of waler plants compared to their absence/.

2. The desctivation ccafficient, that is the ratic of the
isotope concentration In the water in the firat tank to the water
in the last, is three times as high for ceslium and for strontium
twelve times as hieh for wiatsr plant-contaiaing tanks am for
tanga without plants,

2. The presance of water plants in the reserveirs and the
variation ia their umcunt sharply eflfects the nature and vslue of
tae trace elecmant distribution among the reassrvoir cosponents
(water, earth. and biomass).

L, Experiments were conducted dealing with a forced regime
of water flow, therafore, it can be expected that with a lomaser
flow the regulsrilies shown will be aanifest tc a greatsar extant,
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