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This report describes the work performed by The Institute
for Atomic Energy and The Horwegian Institute for Water
Research on The Intermational Atomic BEnergy Agency Research
Sontract Fo. 37 in the period August lst. 1960 - June 1st

1961.

Objectives and functiomnal responsibilities have not changed
during the time covered by this paper. Hith respect Lo

the experimental plant, the physical facilities were ex-
panded. The undertaking in the model recipient and the
iaboratory work has progressed essentially according ©o

the plan for the projsct.

grateful acknowledgement is expressed to The Intermational

Atomic Bnergy Agency for their obliging collaboration.

Ta ilirs. Daren Halvorsen, civ.eng. I express wmy gratitude

for helpful assistance in editing this report.
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A brief review of the zciivities during the neriod.

v

The experimenial plant was ready for opwration in the autumn
1960, ©On August lstwabter was led into the model rwecipient,

and the first underiakings were sitarted. The development of
hicta in the throughflow channels progressed satisfactorily.
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Collections of aduatic oryg
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transplanting in the
well Bvster and the recirvculation channel were carried out.

Bxperience in their cultivation and maintenance in the experi-

The introductory experiments performed resulited in several
nroblems which had to be more closely analysed. This work

continued until  the onset of the winter conditions made 1t

impossiblse, On Movember 1st. with az night temperature of
MEOC, the water system in the rscipient model was covered by
a sheat of ice 2 cm thick. The experimental pilant was then
prepared for the winter gonditions, and our activiities re-
tained in the laboratory.

Duriﬁg the winiter months our intersst mainly centered upon the
il igotopas interrelation-

. . .
it had bac

of s = i

shipsa Prom the results obitained in the experimental plant
ome evident that ithie aspect of the process of tuwrn-

i ive materials in weter must be given parti-

cular attention. A hetter understanding of the behaviour of

e used in this investigation, and the

f transported sediments in the aciual miver

water was necessary in order to manage practical problems

during experiments with the biological systems.

river watey as substrate
@

a. This works consigted

o

o
f messuring the amounts and availability of essential nut-
e

i
Leing intimately asscciated with the process of

i
uptake and assimilation of radionuclidés in protoplasm. A

new method for the determination of algal growth in our cultures



The experiments with species of fish frowm the rivey Hitelw
commenced in the recipient model, and was continued in aguaria
in the laboratory. Several problems developed and are stilil

to be menaged.

On April 19th the experimental plant was ready for this summer’s
work, and water was again led inco the system of channels and
tenks. The piant had suffered very litile from the winter
conditions. During the first period of woxrk in the exzperiment-
2l plant this spring considerable efforts were given to pre-

parations for the suwmney pPrograiuie of investigation.

T h e - foliowins list gives & short review of experiments
g g
performed in chronological order, ¥ote that when organisms
were used, species are vefervred to in the list.
; ~ pd? : . .
1. Serption of F by the component of particles in the river

water in the recirculation channel. Selenastrum capricori-

autun. (August 16th, 1960).

!'_3!'\
. 3=z . . .
2. Sorption of P°° by the component of particles in the river

water in the recirculation chamnel and a tank {august 2%th,

P
19607 .
s A 138 . N ) . . .
3., Sorption of Us to the component of particles in the river
water in a tank.{September 2Znd - September 9th 1980).
. . . ; - ’ 2 .
L. Exzperiments with higher vegetation. Uptake of P3 . Bcirpus

acicularis, Juncus bufonis, Callitriche verna, Scirpus

nalustris and Carex gracilis {September 16th - September
Zist, 1960.}

5, Calibration of the dosing pump (September 22nd, 1960).

[

5 ey
. - b L] . . .
Serption of CUs 3 to the component of particles in river
water in the recirculation chamnel, Selenastrum capricor-

nutus. {(October 6th, 1960).

7. Calibration of the recirvculation channel (October 27th -
October 20th, 1960).
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Experiments with fish and uptake of P7 ., Butilus rutilus

93]
o

-— 4+ . s - g - h Y
nd Perca fluvetilie. (October 28tk - Octobex 3ist, 1960

B

I : o . 134 a8 L Y
9. Laboratory studies of sorption of Cs Br, Sr ﬁ, Ca 5, P
106 s . . .
and Ru to sediments from the river Nitelv {Hovember

10th, 1960 - iay ist, 1961).

3 o

12hL
10. Experiments with fish and uptake of = and Us 3 .

- + 2 - - H X .
nhoxinues and Salmo trutita. (February Sth - July T4th, 1661}

owth of 3Zelenzstrum capri-

- s I - . ,
11. Uptake of P77 related to the g

gr
. - a2 g - At
cornutum. (April 23rd - Hay Gth, 1961;.

12, Calibration of the free jet method of dosing river water
to the throughflow channels {lay Lth, 1961},

kS

alibration of water flow in the throughfliow channels.

e

13.

ati
- hY
r 30th - June 2nd, 1961).

3
ia

The experimental plant during the time covered by this report
was visited by several representatives from foreign universities

and research centers.

Members of our research beam took part in a symposium on "Moni-
toring of Radiation around Atomic Energy Zstablishments' ar-
ranged by the FBuropean Atomic Enorgy Society at Risg, Denmari,

el
during October 19%h ~ 21st, 1980; and in the "Second Panel on
ra

¥

i
cts on Selected Topics in Radio-

Coordination of Research Cont
biology" of the International Atomic Inergy Agency in Vienna,
Austria, March 28th - 30th, 1961. Papers were presented on

Woth occcations.

The status of tthe experimental plant.

major parts of the experimental plant are visualised in
1 and 2. Short explanations are given with reference

to the numbers noted on the photographs.
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- Figure 2. ferial wview of the channel syvstem.

Some new installations have been made during the period reported.
The extreme precipitation last summer showed that a weather
l' shield for the scorting of biological materials would be expe-

dient. For this reason the shed ghown in figure 3 was built.

Pigure 3. The weather shield.




experiments in the model

were procured. Ths meteo al dinstruments were placed in

sion for

position according to Zocument 75 from The Commi
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Climateolozy of the o1, LOondoin,

December 19560

The critical assumpition for the design of thse model recipilent
was that communities of wiver bicta would develop and prosper
in the channsl system. The first few weelks zfiter the under-

nient were commenced, we experienced

e
£ cormprunity developument

&

o
organisms by new ones, unitil a relatively stable community was

s will be given. Dachk cf the picturscs
show sections of the threoughfliow channels lving almost ai the

g
ing peint {right side) and at the end of the respective
&

starti
channels chosen for this demomnstration. The conspicious differ-
ence of the communities developed in these ssctioms represents

ge in water guality atitributed to the self-
surification process. The dischargze of river watsr to the
h a2 erable effect on the orderly process of
community change induced. A rviver water deose of 0,1 liter/sec
A
/

zave rise to an organism developement

which changed the nutrient conditions in the water from a rather
eutrophic nature a2t the inlet tc an oligoitronhic nature in the
outlet of the respective channel

The sampling of the biological materials for the radiochemical
analysis has proved t¢ be laboriocus, but of no practical

difficullty when major organisms in the communities are concerned.
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13.

Pigure 6. Collecting biological samples
in a throughflow channel.

Descriptive classification of milieu and obijects.

The use of some terms.

Tn the literature on the concentration of radiocactivity by
natural agents in the aguatic environment, there seems to be
a lzclk of agreed terminology on the systems involved. e
found 1t helpful to outline.some of the objects and processes

with which the phenomenon is associated.

A river may be regarded as composed of two main sections, the

river botton and the free water masses.

The river bottom.

The viver bottom is worked out by the running water in the
geologic substratum, but besides erosion, sedimentation and
biological activity are important in the procgas. The follow-
ing division of the river bottom into categories may be chosent
A. Bxposed areas of the geological formation, rocks
and primary sediments.
B. Recent sedimentated materials of mineralogenic
and organic nature (secondary sediments).

¢, Communities of benthic organisms.

These three categories are regionally in complex distribution.
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The free water masses.

on of the free water masses may be expressad s

"he liguid component - a true solution of sl
and crganic compounds in water.
. The gaseous component - the same gases s in the

air, but in other guantitative propertions,

"z}

L
°

The component of particles - which are of mineral-
ogenic and organic mnature, somposed of the follow-

ing fractions:

e}

a2, Piltrable particles, i.e. colloids of imorgani
o or

and organic izgin.

h. Hot filtrable particles, i.e. inorganic subsiances
and detritus.

c. The organisms, i.e. plani~ton and nekton.

Jetween the two river soctions, the free water masses and the
river bottom, there is a close interrelation wship. Examples

£ these interrelationships ave thai substances are mutually
exchenged, organisms having thelr sessile stage in one sextion
have their mobile stare in the other secti-on, and processes

which are aliferins one of the sections will influence the

63

other section.

On a larger scale there is an analogous close mutual relation-
ship hetween the river, the landscape and the atmosphers.
Radicactive wastes disposed in & watercourse will Dbe effected
by mechanisms coperating in the river which may resuilt in re-
coneentration of radioactive substances by a factor greater
than the dilution and dispersion achieved. The many complex
mechanisms responsible for this reconcentration are of physical,

-

chemical and biologilcal nature. Some of the most important

processes in this connection are listed here, with a2 brief

explanation.
Lolotic.
Sedimentation: Concerns discrete particles settling out of
the river water.
Plocculation: The aggregation of particles into gsmell lumps.



15,
&
from

M.
Leg
s

-

an

component
untake an

sm.
g

partic

ir0ns or

the
tis

s
£

tissuasg oY

er botto

&

il

4

e iV

11

-

ztabo

to
protopl

o4
el

o83 or
by the or

-y
e
-

water masses oxr ths
W

o
1

Ha

-

molecules

£ e
-

~
S

L

DPLrocesses ©

A

echanism of
ing og ions oOF

free
mole
he

ies o
lecules

& solut

oy
-

&
T
feR e

T,

i

e

o

A
ssues or orzans by any mechanism.

molecules throug

cate

in

by ey
3

mda

into a

t

fer
esult of +
ong or
s8ms
or

.

]

R
e

R
Ll

i

ntae
LSS & sk

net

iae

Formatlio
loss of

LG

Faaty

i

The entry of ions,

of molution
of particlies

)
°
H
@
&

lon
i 3y
ion

L7

B

+
L

pita
na

i

wmuilat

c

ontly
o

Borption

Prsc
Fal
Tt

I

&

43
R
b

{.)

)

i

0¥

e
("

%1

by

=]
bt

L

;
nvesw

o i

fesirable

It is

1€

i

-

P
[

&2

naible

-
Er
T

i

moat conve

ITesno

nr
"
and
to bhe
g free
ars

?

.

i
thout takin

o T
B

H

-

wrd

1

ombination on t

o
of
O1e,

partd
second.

sattern

EaTa
Wl

ifferent processes
2]

e

w0

LT
water,

ng
o
st

It

-
i

1enomMens .
which have

%
i

in
2

=
=
&

rrTocesses
A
(L

he
bottom.
g

;

e
i

T

i B

netiond

the

.F
the piver
e

N

rivex

Centratio
ator

one o
7ith

P the

Hor

FEes and

i S

1

5]

«
Ty
BrAd

foelements with the
e

e o
aeilh

>
-
¥

e
DN oA

.,
wate

cal radioe
b

.

A

Lo
is no

-




o

16,

contrary iz nesarly only approachable for investigations in a

&
model recipient. Ilers it 4

= possible to carry out experiments
with representative compunities ox organisms under conditilons

which resemble closely

e

of the environment in the model reciplent are either controllable

or subjsct to mezguremsnt.

ate and flow neitiern situdies.

k)
fod
O
=
H

Several experiments were performed to measure volumes and velo~
cities of the water in the model recipient. Radiocisotopes

have found an extensive use in this connection, and they have

of

made the worl hoth sasier and more accurais

ratus ussed For the azdditilon of river waber to ths

=1
throughflow channels and the recirculation channel have been

=

adinstment.

f

:_j

he movement of the water masses in the wvecirculation channel

is Fairly well understood after the experiments using the

2 . s
beta-emititing isctope P . The measurement of radicactivity

was performed with a Geiger-liiller counter of the "dip" type
directly dmmersed iun the channel.

in example Trom a typical experiment of this kind is given

in figure 7. During this particular experiment the water level
in the recirculation channel was 10 cm, and the paddle moved

ute, Jithin a fraction of a

in the recirculation channel
of progression of the wvave

ity mz it passed round the recirculation channel
was followed with the counting eguipment. The observations
are represented in the curves of count per minute {S“e Tigure ).

1., The deging of the radigisctone has just besn done.
i v
&



Tabie 1.

jet dosing of water to the 3&nnels.
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IAEA No.. 37 .
Example from the calibration of

the recirculation channel.
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The recirculation channel.

FIGURE
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Throughtiow time

min

The throughflow channels.
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2. Approximately five hours have elapsed, and the
passing of radicactivity through the channel shows
more drawn out maxima.

3 and 4. Purither progcess in the process of mixing the
water massed leads gradually to homogenous conditions.
Radioczctivity is raised to a constant level higher than

natural background.

We gained the useful information that under this set of con-
ditions more than twenty hours are needed before total mixing

of the water masses is realized.

Circulation time and water velocities in the recirculation

channel are represented in figure 8.

Flow measurements in the throughflow channels were alsoc per-
formed according to the total - count principle. A finite
guantity of radiotracer was mixed in the flowing water. With
the aid of a counter fTixzed some disitance below the starting

point the tracer while it passed was regilstered.

The results of this calibration of the treughflow channels are
given in figure 9. Some divergencse on the diagram from the

theoretical wvalues are still fo be analy the use of

8
o]
£
)
=
o+

this technique for thsse measuremenis hms proved its definite

advantage,

The retention wnond.

A£11 the water from the experimential pilant containing radicactive
substances is led inte a pond before it is discharged to ths
nearby rviver. A detaliled Jjournal of the quantitiss and naturse

of radiociscotopes used in the sxperimental plant is maintained.

The pond is an artificial pool located in the clay sediments
which predominates the grsund in the area. The age of the
pond is approxdmeately 13 yvears. A rather stable community

of organisms in the series of the aguatic succession has been

egtablished. The flora and fauna are rich in species,’
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frtet e

Bathygraphical map of the pond.

Equidistance of depth curves 0,1m.

0 1 2 3 4 5m
[ s —— ]

Oui!er

NIVA-1961.
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43




investigation

23.

i¢ has Lteen plemnsd in the present O iﬁclude

2z c¢lzse study of the biota of the pond, and fto describe ihg
charzs of contwminailion level in the water in responce o
hicicgieal activity Avparently, the determination of wveriation
in the level of radiczeotiwvity of the chief components in +tas

inform=tion about

the availlsawilit

nae ty food wabs in the pond., We

ths wlants may act as re

in the viomass and rele

Durlirng the present pericd of wori, wecligreoeund measureme

el
¥oax
==

servolins

ER 4 ]

i)

nts of

AL radicactivity was performed for some of ths more
important species. A bathygrasphical map is constructed lsee
figure 16}3 Frecise information, gualitative snd quantivativs,
abort ths rnlant communities and associations bheoing gathers
will Be wecorded on the map. The vegetation SBIVEes =& A
basis for the faunistic description.

cith Tiel ina Jahoratory aquaria arnd in the weil

cdal reciplent.

nraesant in the literature on uwpitake and rsz-.
the radioanitive materisasl Dy fislhi ar. of -~ wmors
ure. The diffsrent rindings revorsed indisats
variatiown in accumulation taxes placs
gpecles of Zish and the envirommantal Taclors
miliew, zeason, availishilibty of desirables
tty., Dxtensive studlies are therelore necgasary
o n owide raunge of blotopes under different climavie ceonditiong,
in ovder %o get a clearver urderctanding of this importany
problien.
The experiments with fish in this pwroject will in~lude thres

modes of adminisiteving radiocisctopes te the ani
A

mals.

The radicactive substance is added dirsctly

1

AR S SRR B

1

the

Sradag sxperiments.
3. The is adled directly to

the water in Tthe aguaria. The fish
contaminstad food during the time of
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C. The uptake of radioactive substance is realized
through feeding with contaminated food, and is
similar fto the mode of transfer of radiolsotopes

from food crganisms to fish in the feood chain,

These three procedures have been tried in preliminary experi-
ments. So far the indication is that only the second and the
third mode may give a reasonably consistent concentration of
radicactivity in the fish. The work so far performed, mainly

involved studies of the immediate dosing type {4).

Table 2 shows the species and numbers of individuals used for

the experinents.

Table 2. FPFish used in the experiments.
Rutilus rutilus é
Phoxinus phoxinus 64
Perca Tfluviatilis 156
S3almo trutta &

3z .

A report on the studies of the uptake of P and Cs from

low level concentrations in the water to Phoxinus phoxinus

will here be given. The fish were kept in four glass-aquaria
containing 23 liters of water each,and in two tanks in the welil
system of the model recipient,each having a volume of 500
liters of water. After the admixture of the respective iso-
topes, the water of the aguaria and the tanks were maintained
in stagnant condition., Air was bubbled through the water in
the aquaria via a pump. The test animals represented healthy
stocks and were in advance accustomel o their special environ-

ment.

The duration of the sxposure varisd between 15 - 30 days. At
different days during the exposure time, samples of fish were
taken for determination of radiocactivity. Each specimen was
dissected and separated into the following parts: The skin
from half of *the body, the musclies from half of the body, the

viscera and the remaining parts. The different fractions were



Table 3, Specimens of Phoxinug phoxinus used for the experiments with uptake oif P"z.
February & - 24, 1961,
Denotation: Sample analymed: | Wet weight(a) Dry weight(b) | Ash weight{c) % . 10¢ % . 100
' B £ g % T %
1P 13/2 1961 Skin 0, 1742 0,0k35 0,0032 7,35 ,84
Viscera 0,9095 0,2609 00,0124 L,75 1,36
Muscles a57h 0,1865 0,019 6,35 1,39
Hemainins parts 3, 4521 0,8k32 G,1529 18,10 4,40
2 ® 13/2 1961 Skin 0,258 G,0537 ¢, 0001 7:65 1,67
Viscera 1,2110 0,351k 0,0170 h,u5 1,40
Muscles 1 ’0;’_}3}’5 092265 09611}8 352 1 ’36
Remaining parts 73,7861 0,8751 0,1517 17,30 L oG
1T P 26/2 1661 | Skin 0,1077 0,0h35 0,0046 10,60 2,45
Yiscewra 638267 092329 090?32 5’66 1’59
Huscles 0,8165 0,170k 0,C136 7:95 1,67
FRemaining parts 43,0384 0,6714 0, 1326 14,80 4.8
Z ¢ 20/2 1961 | 8kin 0,2580 0,0543 0, 0059 10,50 2,28
Viscera 1, 7464 O,h7673 0,026C 5,46 1,49
Muscles 0,9236 0,1802 0,0150 8,32 1,63
Remaininsgs parts 35,6671 0, 8073 0, 1734 21,40 I, 70
P.1 2L/2 1561 Sktin 0, 18566 0,0516 0,0042 u,15 2,25
Viscersa 0,3851 0,0078 0,0070 7,15 1,83
imascles 1,04584 0,2340 00,0166 7,08 1,59
Hemeining pavts 53,4502 86k 0, 1651 18,00 L ,72
P.1 24/z 1961 Skin C, 1’“3 0,0375 . G,0048 12,80 2,59
Viscera 0,2217 0,0h53 0,0056 7,95 1,63
Huscles 0,570& 0, 1008 00,0109 10,82 1,91
Remaining parts 22,5167 0, 5077 0, 1338 26,30 5,732
F.z2 24/2 qg61 Slin 0, 1533 G,03473 0,0031 9,08 2,02
Viscera 0,7628 0,201¢ 00,0130 6,4l 1,6k
Muscles ,5190 00,1853 0,0147 7,9k 1,60
Remnaining parts 53,0231 0, 0758 0, 1349 19,65 L Ly
P.2 2h/2 1961 Skin 0, 3279 0,0631 0,005% 4,135 1,80
Viscera 2,536756 0,6354 00,0352 5,13 1,49
Huscles 1,2830 0,2440 00,0257 10,50 2,00
Remaining parts b, 3948 00,9291 0,1967 21,18 3,47

T4
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Specimens of Phoxiyus phoxinus used for the experiments with uptalre of Cg J .

Tebruary o - 2L, 1951,

station: | Somple cnalywed: LUet weight(&} : Dry weight(b) ‘Ash Weight(c}g % . 100 | ﬁ . 100
; g : g : £ ; y % ‘
13/2 15561 0,h267 § ,008L4 b0,0082 g 3,20 § 1,92
: 1,45581 v o, L3k ~0,0233 5 LoEO 1,50
" 1,3760 0,3093 | 0,0208 . 6,50 3,82
ng narts 5. k205 , 1,313 00,2126 P 16,25 1,72
Ca 13/8 19561 0, 2340 {0 0,0512 - 0,0036 g AN 1,54
1,1502 . 0,281 £ 0,0155 ; 5,50 1,35
: 1,0k72 F o 0,2068 . 0,0157 b7, 0 1,50
! ing marts Lo oosig . 0,8850 0,171k io17,.ho sle
I Ca 20/2 1984 ‘ 0, 1790 C o 0,0k1¢ © 06,0042 i 10,10 2,54
Viscera 0,3377 PG, 0761 . 0,0072 oS, 0 1,83
Juscles CG,58033 . 0,1706 . 0,012k ; T 2B 1,54
Semainins parts 3, 30865 0,804kt 0, 1529 3 18,60 L, 55
2 Cs 20/2 1961 Skin 0,1121 0,0228 0,002 Lo11,80 2,59
- Viscora O, 5010 0,1258 C 00,0071 ‘ 5,65 1,3
- lusclaes O, 5605 G, 1160 - 0,0090 7,76 i,61
Repmaining narts | 2, 1100 i O, il 09,0018 20,60 h,ss
28/2 1961 U Bkdim G,1895 G,04150 - 0,0048 Coi1,15 2,54 .
Viscera O,k C,oohl 00,0076 ; 3,05 i 1,72
| Muscles L 17,0263 0, 2050 3,017h 3 2,hs 1,70
L Benaining parts N YNE : 0,9528 D, 2055 21,55 L. .69 |
24/ 1967 Siin L C,2%00 ©0,08548 D,0055 10,106 | 2,12
: . Viscera L 0,5756 - 0,2023 02,0135 ; 6,67 1,5%
| | Huscles 11,0107 0,198k 22,0171 : 8,83 . 1,69 |
E iRemaining parts 3, 7985 ' 0,775 o, 1830 19,25 ¢ L,10 |
; 2h/2 1961 | Bkin 0, 1947 L 0,049 3,004 9,76 i 2,10 !
i " Viscera 0,3k24 . 0,0752 3,6055 5 7,a2 0 1,61 ;
. uscles . 0,9523 0,1923 7,0152 7,50 .+ 1,60 |
: - Femaining parts 3.0078 ; 0,8746 2,1851 L21,19 i L,75 |
§ slhi/2 1661 Sloin S 0,1598 i 0,039 3,005 ; 9,92 | 2,4
! Viscera ' 0,n3kak : 30,0796 3,00690 i 7,80 | 1,72 |
| Muscles 60,9905 C o 0,21k40 3,0151 L 7,08 | 1,52 |
- Femaining parts | 3,418z : 0,8353 3,152 L 18,29 by

192




27I
the water
sc/mi

b s

e

-5

19861

in

-k
-4
iy
L
I
L
T
i
L
- iy
L("
I
JE

QO Gy o @ <D O [ R ) QOO
Lol Ll et L = L o L v

N ER

o .
NN L ] [ T A CoONG ®Y N
O~

oy o 3

7,70

£’

experine
21

a8 -

A
with ?JZ.

o

Lruary

T
&
jo i

ol

-

athe

VAUS o
il

s b

=

anm

cont

S = SR = S =l S O N Sy

i H [ i H i i i § i ' I i

R S B o Q] o Qo

Laal Rl Ll L Lt Eaad e Al Lad - L Laad L

iy AR Sl T ey o MY F D oF o

S opMD MY R WY I Oh ] O MY D I o

o Q @ o o Q QO o O =

AN ouy D D D N e o ] OO

NGOND (ST AR T SRS S S T [ S NN s o D
bl

18 in

T

i

cxinus phox

%
s

D i e R

Aguaria

X
4

i
i
{
i
|
i
i

cnditic
ith

e
A

o
a

™
et 5

[ L Lt o v v e
N2 N 0 N D NG Ny
N (928 45N €2 o [ N
[ - = T - = L
o 3% [aY] o o o o
. . ~ ~. ™ " S
4] iy @] oy e e N
L e Lanl = o

1G

7,70

20/2 1961
22/2 19




Lie

February 8 - 24 1961,

ILAS .

-

EN

phox

hoxinusg

s

™y

Jenditions in the aguaria during the experiments
with

e s e et mimsrebes et e e o J—— e T
RETRETT £ S S YT S SR R N T A S A s U e A o S o
i i i 1 i £ i 1 t H 4 ! | | i i f ] i i i H
< O [ ) [ I [de I o O [ [ 95 T iy oD Q@
L T Ll oo Ll Al L L Ll o L Fond L A e Ll Ll
[+6 BN 1 (O T [HORE VLY Wy G OO oD (D O N2 oMy oroaan G N
43 I LN AUC T US N &3 MO MDD P~ D O Q £ U0 FE AN L3O [wO R #2N
’ e = = e e L e 0 Lo I T e g e Fanl
£t
+f
W
QO
el
0 RO T St N S S = = = - SR S s I S - (N =G o =
42 o i i i i H 14 ¥ ! ¢ i 1 ! } 1 H i i t ! | i
e 42 () oo o O O OO oo OO [ ] < T D0
V. m.. Ll L v L L T ke il L e Ll e e e Lt b - - L Lind Lo Lo
o
m ﬂ\‘f ..Em s s a a s ° - - a a - - - ® " = . a - - a °
Ro—lwm ] o wia ;0 Njw o wley ] O vl o = G G
o L0 o -~ L Gy O wooT oM oy [ACEEE oY) [N o N e g [P I
] A z}. Lo L Laed - o L Ll a - - L -~ -~ -~ bl - -~ - b Ll - -
K - - OO =10 Ol OO0 © T B v B o S B o B O TR R O
@ &
oo
N o
PO
P N
ke 03] - N P S T [ o 0D oo [ TSt [AV At gD N
-1 ES * - a - - e -~ L > - - = ES EN EN LS P _ w m _
Eo ] WY N O RV T o D OND DD G e I MYONTD [T Y
I
R
B
e N e N v (N O m— {d A e W % o AN LAY v N
T 1T R i ...aﬁ.. o ..x.. - o e ..!:4“th.i..... L ad T L B e ..,124
D D NG D SO N2 NG R hte AEp] At
o 462 (6N Ch N L)Y [N W [958 92N [€29
e b Lol L L o (5 L L L Aaad
O] (A% 84 I3 Ood ol o od o [8Y o 8N
A2 S S~ ~. ~ S, ™ . s S . .
@ oo i - An ey My 3 L ] N o
mnu o L [ o Ll L o ol o




29.

phoxinus.,

ash weight.

Phozinus

Sid Ty

per

&£

neyiments with

Tabhle

T Y W R W W T W ma e e e b o A e

the ex

L) 53] ELl
o4} s ]
e b et
4 S 4
o b o o)
O I AN OO [ S Gy oF ° g o O [ [ I QO
. oD IR Ll SR TN SN e (M [y e o
&h P - o~ ES " = s s o1 O b -~ -~ ~ - o= - w -~
o [SRTERAY [T T - ] 3 = m«_ - ™ L Oy N w00
v = od 49} b WY e wem
o o= W
Rx [ QS o
a s 0]
o H 5
o] i O
&4 (3
I AOUUTURIUUUNREN [ORNNEVIUTRUN: SURNINOINER: SRS, Faj €D ORI 30U 0O RO AV
o o ke .
@ R (2]
) wy 0D ooy ek O w0 (VI ISR e Lo I [0 I
r=] [ TNAY) wy £ AN NG = m i ) WY OND 0O {4 T [V
e} a - -~ = - - - o ¢ 3 - - - - s - - IS
] QO ¥y I~ <O O~ [N | Uj L S [ I o o O
w s ™ @O 1N 3 S IV I R
o oI TR B & e
_ , @ | T A R S
o & . e
=e mGw w2 f .o
i AL oW o DO M g @ [4U Y oW [0 [ I
4 e ND N - O o O Qf @ e 1 4 Oy 0D [ O A A
i} - - S - - - N o Pl O T S | O o] -~ « o a ~ o - -
) or D [ AN N o O ST R | 3 L& oy N Y e T 48 v [y
0] 45 AR L s ap o | - b IO o Oy Wy oLy
R SR L - £ Gy 4 oy =
= @ oo s
. VR ST UIDUUSR D ke [ SO WD SO
+ B
SN0 OO €0 ] s O N o AN [ o0 o O
by =18 N~ -0 O 3w Sl o O PN O Oy N
t IS - o - - - o o A ok o = - S IS - o IS
RS A A e T TR A e R AT el NI D MY e e
W N e Wy Gy 2 [¥2] (B e ™ L At
LU . L L L T ] [l Fiad g o L aa .
RSt NN WM WD o NN N OND MDD NDOAND
o O LUA Y [ AN 1N K o 0 [N AN [FRRAY Oy O O
n A Ll e bl - L aud L il e msw Ll i Rt Ll Ll Lol Land e
o ¢ o
4 [T SERAY [Nt oY St ety oood & ol N [S AN [AY ] [ACIN AV
B T T S ot B T B B B
[ ™y M < ) - Py o ¢ My oW S W e
42 g g N [S'EEAY o Nd . 43 = - oo NN oo
O 6] o
o PR R A ST £ LS +2 o oW @ w3 N
B . . - 4 ] < 0w L9 “ - - .
o] rd O e N P y £3 i [ ww
e A e AN [ [
= O w0 ’
. o ] L At e OV




30,

then applied to weizght analvsis, wet weight, dry weight and
ash weight being determined. After this procedure the ash
was used for measurements of radioactivity. The conditions
in the water maeses in the aguaria were observed throughout
the experiment. Regular testings of turbidiiy and measure-
ments of the radiocectivity assocciated with the particles an
the water in the aguaris weres accomplished.

Bxperiments were conducted at differnt temperature intervals,

o

the intention being to demonsirate a variation in accumulation
of radiocactive substance aittributed to increased metabolism
with increased temperatures. The intervals in temperature
found convenient for the experiment were & - 806, 10 - 12°¢

. o
znd 1% - 2174,

The results obtained from these experiments will not be dis-

cussed in length here,but an example of data sollected is
reporied in some detail. Table 3 and L comtains the actual

ong of the specimens of Phoxinug

pnoxinus used in the exr

oui Pebruary 8 - 24,

kh

1961, The ohservo

s
Q
s
[{3]
[w}

t cenditions in the aguoria
the tempercture intervael 10 - Eh O oare summarized din ftoble

% and 6. The upitake of

g

he radionuclides by the fish are

Lu
0 ok

recorded in table 7 an

)
HieTid

ot
=
in
ot
o
8]
ot
.
by
5]

This experiment sh d of disotope administration,

o o
involving direct addition of the radioactive substance to the

x

its in great variastion in the con-
ctivity betweer

uals of fish., It

.M
fobe
s
[N
|
4
g:‘\
S,.

hat the movement of water into teleosts

in fresh water, caused by the osmotic effect, is principally

confined to the £ill membrans where sgalits alsc are actively

o
]

absorbed. I ems unlilkely that the observed variation

=

represents individual diiference in this ability to absorb
2 . 134 . N

?3 and Cs 7 from % Parther experimentis are necss-

-

sary in ocrder to revezl the circumstances which can explain

the results.

Investisations on water guality, Exveriments with aligas,

Py

!

e examination of the properties of the actual river water
inued. Although much information about this subject
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was collected during the extensive limnological invesitdgation
o

carried out »previous to thils research nroject, further knowledge
is regquired. L& a Tundanmental stariing peoint for an under-
standing of the phenomesna of distribution and reconcentration

of radicactive substances in the aguestic environment, exper-
ience about the range of varistion in water quaiity is very
important., Effcert has been expended in these studies to pro-
vide a basis for more rvefined work on the turnover of radio-
nuclides by organisms in the trophic levels of the model re-

cipient.

7.1 Seasconal and deilv variaticns in water cuality.

In september 1960 = programme including one daily collection

of a water sample from the river MNitelv at the experimental

plant started. The observations accomplished wes determination
of electrolyfic conductivity, pi and turbidity. The wveriations
in the values obtained from the measurements of these factors
reflect interesting relations with the metsoreclogical condiw
tions and the character of the drainage basin,

During periods with low water flow the highest values cof electro-

ivtes are generally registered. This ordinary takes place

[

uring winter when the downfall accurmulates as snow, and con-

b

emporarily with periods of dry weather in summer. The ex-

ovlanation is that when under this set of conditions the

¥

percentage of ground water in the water masses is high, as a
consequence the river water contains relative much inorganic
substancees in sclution. Downfall zs rain bringsalong a dilution
of the water masses, and the result is a decrease in the values
of electrolytic conductivity. With respect to these wvariations
of the content of electroelyies in the river water it is con-
venient to divide the vear in four periods in accordance with

he gseasons:

el
-

the cold perx
n

SR A
et b
oo
o 0
..C:
o
b
8
e
D
H
i
O
£

autuwm rain period.

This general piciture of the variations in the water flow and
the different contents of electrolvtes in the river water is

in good agreement with the results of the observations both



Table Y.

ervation £ oel ] i

ﬂ1ga?1oj§ of electrolytic conductivity, pH, turbi

211 in *the pericd September 19 - October 31, 1560
.

B -k e e T

Sampling date Electrelvtic e \

iy conductivity R Turbidity Hainfall i

TS60: Y mn g e x 3

20 i pH Mg 5162/1 i

15/9 : !

2@?3 g%’g A 8 G,0 ?
21/9 20 4 7,3 15 §,0
22/9 661 /o 25 2,6
23/9 | 507 A% ' 0,0
2’_‘/9 /‘5’? ’?94 8459 7,0
25/9 "’“9‘ 7,0 22 G,2
26/5 = - 0,2
P ik > I 0,9
28/9 lp‘g,B 299 i 0,0
25/9 k3 65 i 5o
3{}/9 4,-4'\9 ,gsD 9 0,0
1/10 o3 £ 10 0,0
2/70 | - L N 0,0
3/10 % g LT R 0,0
5/ 10 | 4 SR AL i 0,0
5/10 ; oo n 5 0,6
5710 gg’i 7.3 Lo 11,5
e 2T 13,2
8/10 ! - - 0,0
9716 z 55,4 % 7,0 28 GZG
10/10 63 .1 o - 4,6
11/10 SEE 1 180 21,0
12/10 A A+ 152 21,3
15745 ijsﬁ 6,9 | 108 L,3
1L/10 no’ 5 Dy 7 6,0
17/10 5170 o 4t o
18/10 Lh o A 2% | ©,0
15/10 e 8,8 26| 0,0
20/10 - = - o,k
21/10 2792 6.3 2 0,0
22/10 AT 702 29 ©,0
23/10 ’ 71 21 0,0
2L /10 L . - g,2
25/10 ie'2 [ 20 0,0
26/10 5235 7’f 20 C,0
27/10 5.3 [aF o 0.0
26710 54e5 | 7.2 22 c,0
29/10 7 LT 19 G,0
30/10 - ) - G, 0
2710 - - 0,0
31/10 52,5 7, 18 0.0




from the limnologlical dnwvestligation and last vears mesasursments.
of the hydrographical data mentloned
wave revealed thet a complex relationshin exists between them.
An dmpoexvant fzct standes out, the dally veriations in the
ues of elecirelytic conductivity and turblidity canm be of
ane magnituds as the veariv variation. The monihly obhger-
vations performed during the limnological investigation have
to be chearacsterized as not very satisfactory when an under-
standing of the wvariastions of the factors ls aimed at.

fable © gives an exitract of ths observational deta coll

0]
9]
<3
©
4R

This extraci illusiratec how rapid a change in water quality
results from rainfall dn ths catchment arez. ne turbidity
£ the

river wabter increnses simultaneous with the onset of
o

gether with this effect increasing valusz of the

8

electrolytic conductivity are measured. 4 fact which deserves
attention will bhe stressed here. In most dnstances high values
of turbidity corregponds to high values of the content of el-
ectrolytes in the river water. Sut this is not always the
case. The observations From October 26, 19560 represent

for instance o situzstion when rainfall in the drainase aresa
L

is combined with low wvalues of turbidity and high content of
slectrolytes in the river walter. It is iuportant to rezlize
that a complex of processes are in opervation and determine the

«nydrographic situation which is predominating 2t a given time.

Factors to take into consideration are zmong others: fmount
of ground water in the free water masses,adnd re of gurfac

-

g
water from cultivated fislds, pollution from sewage and tran-
rt of clay dnto the wiver., It is hoped that further worlk
onn this topic will maelkte it possiblie to evaluate the relative
importance of thess Jifferent contributions to the watsr masses
and how they sxert infliluence on the ever changing aspescts

of water cgualitvy.

i

L2  RHiver water as subsitrate for algal srowth.

Among the primary producers in the river Hitelv the algse nlay

o

. dmportant roile. A Tioristic diverse selection of species

from the classes Chlorophyceans, Bacillariophyceae and Schizophy-

cene are components of the benthic and planktitonic vegetation,

fThedr metabolic activity and biological position rank them
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within the most interesting grour of organisms to study in
connectlon with the tonlc of th

research nrojects, In the
first trophic level the aolgas o asent several idmporitant
entrance possikilities for the transfer of radioconuclides into
the food chain. The standing crop of algae in the model
reciplent allows investigations on these problems and theilr

relation to food chains of the predator - and saprophyitic type.

Tutritional problemg has been considered in relations to the
conditions that fevour uptalke by zlgae of radionuclides from
contaninated river water. In this conneciion a new method fox
the study of growth of zslgse has been developed and trained,
The growing of algae is done in culiture wvessels of glass of
Pyrex guality. The vessels ave placed on a table which are
kept in swinging movement to prevent the sitagnation of the
culture media. The illumination is fluorescent lamps. The
growth of algae is followed with the production of chilorophyll
as parametser. By combining a membrane filter technic with an
alcoholic extraction, meosurements of the chlorophyll content
are performed. The guantitative determinaticn of chlorophyll
is accomplished by using the fluorsscence effect from drradiation
with a mercury lamp. This method has proved to be at high

.

precision, and

{2
[
M
I
6]

he resulits cobteinsed ars good reproducazble.
Figure 11 renresents data obtained from experiments performed
with the sim to obiain knowledge =zabout the properties of the
river water as substrate for zlgal growth. . Yater samples from
five locations along the rviver were collected. 4Lfter steri-
idzation in the autoclaove each water sample was inoculated

from a stocir culture of the green algs Selenastrum capricornutum,

The growth in the culiture vesséls were observed according to
the procedurs described. The growth curves acquired clearly

:

demonstrate ths diverse poselbilities river water from the

.

different locations poasess with rsspect to the suppori of

alzal growith.  The wmodel rvecipient is supplied with water of
the type denoted "d" in figvre 11.

The uptalke of minesrals by the primary producers is influenced
actors both exiernal to the organisms and in the

prganisus themselves. The chemical compeosition of the actual
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River water as substrate for algal growth.

Growth of Selenastrum capricornutum.
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sneclialily the amound

and availability of various
Do

e environmental

o

@ 8
mutrients, malke up one of the most i 2

tons for the process of reconceniration of radioczotivi-
¥ Ly aigaz, The extermal factors belonging to this categori
operate through what may be c¢nlled the watex affect on up-
take of radiosctivity., Introductary experiments to elucidate
gsome problems related to this water effect Have besn performed,

2,
Selenastru capricornutum has been used in the experimentis,

which includs cultivation of the alga in river water and
nutrient ution. Radiotracers are added to the medie, and
radicchenical changes In the golutions are cbserved during

-
, . 3

growth, An experiment wiih the radicstracer is reporied

in the following.
The procedure by the measurement of 7 in the algese and
culture medium ig here outlined in short.

2
asurenent of FB in algae.

m

e
rane filter with the zalgae iz carefuliy folded together
£

to an aluminium counting dish.

Loceton 1s added to the sample until a hoeomogeneosus mixture of
ton is obtained., The aceton then is evaporated

BT, A srnall residue of the filter

. P
y for measurement of ?3 ; nowever,

-

T &
the self-abscorpticn of beta-pariicles in this recidue will be
e

leasurement of in algae and culturs.medium.
: uay

The mixture of algae and culture medium iz shaken vigorously
znd transferred to = small bezker. 2 ml of the solution is
immediately pippeted into counting and evaporated to

dryness. All samples are run in dunlicsate.

The samples of algae in culture medium were counted to give
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Uptake of P*? by Selenastrum capricornutum.
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The uptake of ?3 during fourteen davs of growth of Sslenastrum

)

capricornutunm was examined. The medium used in this particular

o

sxperinent was our standard growth solution with 3 % of ihe

?Gk”? concentration. The standard growth sclution:

Halld, LE7,0 mg/l
-~

-~ £ A ~
saliitg ), ’ 59, .
o < 1
,.21._. OL%- ?} i 0

MgG0, T7H,C 25,0 7

Ha ,C0, 2,2 1

z 3 )
Fe~complexon iG,00 mi/jsl
Trace element sclution 0,8 0
Daily observations on the uptale of the radicisctope and growth

~

b
of algae were performed. Altogether seventy extrazctions of
r

ophyvll were made. Four paralliels of cultures were rIun.

The result obiained is shown 1 figure 12. The great uptake of
L)
- L - - ~ s
the P°° reflects the low level of phosphate concentration and the
high demand by the growing algae, It ls of interest ftc note

g
that the process of movement of phosphate donsg into the cells of
E
1 8

merizedly in advance of the growth responce.

Sorption of radionucliides to sediments Trom the river Hitelw,

5.1 Imtroduction.

FPreliminary experiments in the model recipient show that when
solutions of radionuclides are mixed with water from the river
Witelv, & significant poriion cof the radionuclides will be

associated with the suspended particless in ths water. One

example of thse experiments is given as follows.
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Table 10,
Bxperiment in the recirculation channel demonsgtrating the effectscof sorption phenomena.

532

Radioisotope P77,

— : - eyt ey . P g ; e ; g
e bl el e S O b
1960 {see page 391 n . ]G“k;ﬁﬂ/mlé n . 1O_Q Ac/ml PR Kyg = 1o 30_6 s Si@z/l §
6/ 13.00 R, % 2,7 | 1,0 L 70 50,3 35 ?
" U R, 3,3 i 1,k 7,0 50,7 36
" f | Ry 3:7 1,5 7,0 Lo, 9 37
26/3 16,00 R1 2,1 2,k - - 25
" L i R, 1,9 2,3 - - 27
. " | R, 2,1 2,5 T ~ 26
6/8 20.c00 R 0,6 2,9 g 7,k 5h,6 2
& 1 R, 0,5 3,0 L - 28
t 0 R, | 0,6 3,0 - - 28
27/6 09,00 H, ‘ G,k 3,0 L 7.5 55,1 25
" t ; = O,k 2,7 3 - - 26
L " Ry 0,4 2,7 - - P22
7/5 12.30 R, O,k 2,7 - . - 24
" n R, 0,k 2,8 Co- - 23
t " Ry 0,4 ; 2,7 - - 25
9/8 0Y%.o0 R, 0,3 2,4 7.4 53,3 13
" i R, 0,4 2,5 - - 13
o " R, 0,3 2,5h - - 13
29/8 1k.30 R, 0,3 1,9 - - 13
L " R, ! 0,3 1,9 - - 13
" t R, % 0,3 : 1,8 - - 15

0%
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ponents hydrous micas are of special importance in our
sonnection. Horwegizn hydrous micas are minerals of a

somewhat wvariable composition bhelonging to the illite group

Three main types of clay are regionally of gresitest importance
in the ilitelv aresz:

C. Deposits eof cley with moraine,
3. Glacial ci
by
oy

. Postglmcial clay.

The postglacial clay contains per centus most of the hydrous micas
8. 4Lt the same time this *type of clay gives in & ¢

oLE
avle degree the river water 1 gpecial turbidity. This post-
o

o o

7 was therefore chesen Tor the experiments desc

kS
p
et
s
D
%
o
’...l
e

owing pages.

3.2 Brperimental procedure,

Preparations of the sediments.

Thie collected sediments were allowed to dry &t room temperature

for several days. In oxrdexr teo destrov the organic material 10
" — s s O
per cent jzﬁg was added and the sediments were dried at 80-50°C
The gsediments were then ground to a fine powder and passed throuzh

a2 200 mesh sieve.

Control of »il, elecitreolvtic conductiv

i
Suspensions of the river sediments in distilled water were made,

containing 8, 16, 32, 128, 256 p.p.r. of sediments

The piI of the suspension varied between 6,60 and 7,10, Furthexr

adjustment of the pH was not made.

The electrolytic conduciivity of the suspensions wvaried within

..A.
{J
z -
bl W3

f o - 6 -‘; -
the range <7 : 2,810 ~ 66,2710 ohm ocm .

e

The turbidiiy of the suspensions was measured, and the measured
onded to thie "Fuller’s Zarth" solutions

e

ks

v measurement.

Saxnple prenarations and counting procedure,

The radionuclides used in the experiments were as follows:

3

N

2 . -
»> snecific activity 100 me 277 /5 P,
134 13k
g3 " " 56 me Cs ” /g Us,
85 20
sr7 " i 10 mz Br /g Sr.



hz,

I 5 o - Lm
o specific activity 16 me Ca "/g Ca.
;u306 10 me Ru?Gé/mg sf total solids.

t
L3

Spluntions were made by mixing each of these isotopes scparately
with distilled water, so That the activity in the final solu-

tions was between 1T and 6,5 /uc per iiter

The samples were counted for 3Beta-activity in an automatic
endwindow flow counter, The counting efficiency was determined
for each radicnucliide, and corrections were made for selfabsorp-

tion in the sample.

411 samples were counted to give at least 10 €00 counts, which

.

i o . o E
gives a standard deviation of ~ 1 per cent.

it

Sediment teating procedure.

Suspensiong of the river sediments weremade by adding a kxnown
weight of sediment to the solution of radionuclides. The total
volume of the soiution was 300 ml. The samples were shaken
rvigorvously by hand and left standing at rcom temperature;
further shaking was nmade vccationally during the day.

After the fixed time of coptact, 100 ml of the suspension was
filtered through a membrane filter {Spezial-Membrane filter
Co.5), and the filter was washed with 350 ml of distilled water.
The activity was measured both in the filfter and in the fil-
trate, It was desirable to have activity measurement of beth
the gediments and the supernatant solubion in order to have

an indication of the extent of side reamction, especially

sorption omntc the walls of the glass wvessel, which is signi-

]

icant for some of the redionuclides.

Sorpticn to the membrane filter was tested for all radionuclides,
by passing a solution of the radionuclides through the filter

at approximately the same flow rats as for the sediment suspen-
sions {(30-40 ml pex miﬁ), and washing with 50 ml of distilled
water. The sorption to the filters was found negligible for

all the radionuclides tested, probably because the scluticns

had a very short time of contact with the filter {2 - 3 min).
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3.7 Dxperimental resulis.

The first part of the experiment was carried out cn suspen-

sionms of river sediments in digtilled water,

For all the radionuclides tested, the sorption to sediments

O
P

is dincreasing with increasing time of contact. AFt day

of contact with the radioczctive solution, the sorption of

Sr8§, Cabﬁ and ?32 has reachoed a constant value. The sorption

of 3523& is increasiny very 1llttle after one day, the sorption
A Y

of Rusgﬁ, however, did not give 2 constant value, even after

2 contact tdme of ¥ davs.

Sorpticn to wvarious concentratidne of sediments.

The sorption of radionuclides as a function of sediment conw
centration was tested at the concentrations of 16, 32, &
128, 255 p.p.mi. of sediments. These concentrations were
cheosen because the natural turbidity of the water in the
river Nitelv varies within this range. The time of contact

with the radicactive solution was 1 davy.
The results of the tests are shown in figure 13 and table 12.

it is interesting to note the high sorption capacity of the
u

[N
ot
¥
[
©

sediments for cesium, phosphorus and ruthenium, an

lower scrption capacity for strontium and calcium.

This great variation in sorption capacity may possibly be
explained by the structural properties of the secdiments.
further experiments to study this effect will be performed

when the mineral identification test is completed.

Scrntion by sediments in natural river water,

The solutions of radionuclides used in the first part of the

experiment were almost carrier~fres, and the concentration of
?
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Per cen! absorbed
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Absorbtion of radionuclides on river sediments.
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inorganic material was very low. FTurther experiments wers
necessary to evaluate the influence of inorganic material on

the sorpticn of radionuclides to the sediments.

In oxder to approach natural conditions, river water was fil-
tered throuzh a membrane filter to remove the natural furbidiiy,

and suspensions of the sediments were preparsd from this water.

The water from the river Hitelv is a rather scft water, the

main compoenents of inorganic material are:

2 .
Ca - 5 - 6 mg/liter
-
+ 2
Mg - i - 2
I a+! - 1 nooon
r:'i' 1 - O . 9 ] 1
o - Z - 6 TR
g 0!-%2"" - 7o- 1 1
The pH-value of the water used for the tests was 4,8 and the
s -1 -1
elgctrelytic conductivity was I, : 551077 ohm  om .

The tests wevre made as npreviously

contact with the radiocscitive sclution was 1 day.

e
-

The sorpticn of cesium, ruthenium and strontium at various
b
le

sediment concentrations is shown in fizure 14 and tab

aud

Compared with the scrption to sediments in distilled water,
the sorption of cesium is lower in the river water - sediment
suspension, the sorption of strontium is almost the same as

in distilled water, but the sorption of ruthenium is greatly

depressed,

Variation of sorntion with time of contact.

The sorption of cesiuws, ruthenlum and sirontium at various

times of ceondtact is reperted in table 4. The concentration

of the sediments was as previously &4 p.p.m,

=
[
g
o
4
o

5 shows the sorption of cesium and ruthenium, the

sorpticn in distilled water - sediment suspensions is included
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Absorbtion of radionuclides on river sediments

in natural river water.

S Per cent absorbed
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Table ik,

Scrpticn of radionuclides to river sediments
at variocus times of contac

- ——

&4 pL.p.nm. in natural

{COﬁceﬁtration of sediment
river wat
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The sorpticn capacity for rutheniun is greatly depressed by
the mineral content of the river water, but the shape of the
sorpition-time curve is almost the same.

Cesium shows a different behaviour, scrption to the sediments
after 1 day is much lower in the river water system, but it
is imncremeing to almoest the same level as in distilled water,
when the time of contact with the radiocactive solutdon isg

increassed to 9 davys.

An explenation of bthis effect is not offered at this time,

but further experiments are plammed to study the reaction

mechanisms invelved

The results so far cobtained is instructive although incom-~
nlete, and further experiments are necessary to get a clearer

icture of the soronition properties of the sediments.
P ¥ ¥

The zyesults show, however, that the soption of radionuclides
to river botitom sediments is dmportant in the sccumulation

and ftransport of radicnuciides in the water sysvten.
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JAEA No.: 37
Absorbtion of Cs134 gnd Ru'90 on sediments
as d function of time.
)
1
o
3
L. ¥
g8 1. Cs. agbsorbed on sediments in dest. water
1001 2. Cs.03 . a a in natural river water
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