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The purpose of this report consists in gatheriﬁg data on
the sorption of specific radioisotopes on natural bed sediments
of the Scheldt and the North Sea.Especially the sorption capacity
(Q) of the sediments and the distribution coefficients (Kd) of
specific ions will be used.The expression of sorption will be
understood here as any reaction between the sediment and the radio-
active solution, which will consequently cover both absorption
and adsorption reactions.The quantity of a specific:radioactive
substance that can be accepted by suspended particles or by bottom-
sediments does not depend exclusively on the physical and chemical
pronerties of the ion and of the sediment, but alsq on a number
of environmental factors.For radionuclides in catiJn shape, which
occur most often, the sorption by sediments and the exchange ba-
lances between sediment end water are Bf great importance.

'About hundred bottom samples of the thousand points system
were examined.Their éharacteristic sorntion features with re-
gard to cesium, cobalt,cadmium,strontium,manganese and zinc were
investigated.The .following values have been determined:tne sorption
capacity with respect to a 1 N solution and the distribution
coefficients in seawater wi;h respect to the s=2me ions in tracer
quantities.Tor these determinations we always used radioactive

I B 4ise2 ’
05137,0513 ,Coso,quo ,Mngu,Srssand Zn65-

tracers i.e.
Figure 1 shows the specimens examined and their place
within the thousand points system.i‘ost specimens are from lo-
cations quite close to the coast for the reason that we wished
to begin by examining above all clay and silt snecimens since

their sorption features are much more pronounced as compared

to those of sand-containings specimens.Currently we are also

investigating s=nd-containing svecimens in order to get a hetter

‘picture of changes in characteristic Teatures over the entire

area exanined.
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Prccessing of sediments.

The samples are dried for minimum one week, at a maxi-
mum temperature of 50° C.Then they are finely ground in a mortar.
For part of the sample is achieved a fractionation of <150 p by
means of dry sifting, and a fractionation of €300 n for another
part.Both fractions are examined when determining capacity and
distribution coefficients.The sea vater is filtered immediately

upon arrival and again just before used for the tests.

Sediments capacity determinations.

The capacity indicates the sediments potential sorn-
tion properties.Concentrations of 1 N are used for capacity
determinations.

Approximately C.2 g of sediment is weighed in a test
tube.Excess ions present are eliminated by rinsing with demi-
neralized water.For this purpose is added .5 pm1 of water, the
test tube is thoroughly shaken during approximately ten minutes
and then centrifuged.Pour off the claer supernatant liquid.This

*is repeated until the rinsing water is free of cloride.Now is

. added the CsCl solution (5 m1 1 N ) previously marked with Cs137.
After thorough mixing, the test tube is shaken during minimum
four hours.Then centrifuge and pour of the supernatant liquid.
This is repeated another two times.Take care that minimum
twenty times the sample's capacity is present in the solution.
Excess CsCl in the samole is rinsed off with 10 ml shares of
95 % ethanol.Shake and centr%uge until the discarded ethanol
is free of chloride.Wash outer edge of the test tube with

dilute HCl and rince in demineralized watere.



After drying, the test tube is analysed in a NaI(Tl)-scintil=
latioen counter with well cristal.The initial solution, too, is
measured in the same crystal and with the same metering ar-
rangenent.

Capacity is expressed in milliequivalents per gram:

Q = sample : counts per minute and per gram

solution : counts per minute and per meq.

: |
Figures 2,3,4,5 and 6 show the cavacity (§) of the spécimens
with respect to the various elements.The canacity of most spe-
cimens has been determined by means of the fraction <150 u 3

for some sand~containing specimens we were forced to avply frac-
tion {300 n because, otherwise ,we would have nc material left.
These latter mostly present much lower capacity values.A compa=
rison of the capacity between the various elements has taught
_us that we may classify the elements in the following order

of decreasing capecity with r%spect to soil specimens:
%

Sr> Mn >Co > Cd » Cs

There is a definite difference between monovalent and biva=-
lent radioisotopes where their capacities are concerned.l/hile
with Cs, Co and Cd tue capacities of sandy sanmples are csmall
(< C.1 meq/g ), with Sr € 0.5 , they remain for all samnles

with in) C.5 meq/r .
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This ehows that with Mn there is surely another phenorenon
than the exchange of ioms.With Co we determine the largest
relative dispersion of the capacty values and with Cs we
find the smallest differences.

These capacity values do not offer an accurate pice-
ture of what may actually take place on the ocean bottom.
They only offer the possibility to fix specific elements
under exstreme conditions ( 4 N solution ! ) from the

sediment.

Determination of distribution coefficient ( XKa ).
The distribution coefficient shows the ratio at equi--

librium of the concentration in the so0lid phase and that in

the fluid phase.

Conc. in sediment Co =~ C
~Kd = = it e
coinc. in solution Ce
Ce = Equilibrium concentration in the solution
Co = Concentration at the beginning in the solution

For the exchange of monovalent cations we may write:

M-gediment + Cs+ E 3 H+ + Cs-sediment

The equilibrium constant will then be:

[y] [0s-sea)  ¥dg,

° N-sed ] [cS’] Kd,,




in sea water and river water, various other types
of ions will be present in excess and their concentrations
at the sediments exchange locations are generally unknown.
For radionuclides in tracer quantities, however, the frac-
tion of exchangeable locations they occuny will be exstre-
mely small.Consequently, we may consider, in.the comparison
here-above [Mf] and [M-sedJ as constants and we may

write:

1Cs _ Cs-sed.) - Kd ;
MoT ¥ = *%s ,‘
Cs |

K

And this only if cesium is present in tracer quantities.In’
this case, the distribution coefficient will describe the
eqguilibriumeThis,however, will apply only for this specific

sediment in water with this specific compositione.

Process method:

A fixed quantity ( 011 g ) of the sediment is shaken
with 20 ml of sea water with added tracer.Tor this we use
small containers of 25 ml .After a certain time of shaking,
the solution is centrifuged or left to settle for an entire
night.Part of the supernatant ligquid ( 1-2 ml ) is pipetted
off and measured.This is repeated until the value of the Kd
remains constant, it may generally exsvected to occur after

about seven dayse.



i

- =(initia1 activity in the solution _ _1) . (v J
g

final activity in the solution

Figures 7, 8, 9, 10 and 11 show distributions coefficients

( Kd ).These present a truer picture of what may occur in
seawater upon contact with sediments.Thqg were determined in
seawater and, with respect to the element, in tracer quane
tities.Distribution coefficients as determined show the

following picture for the various radioisotopes:
Zn > Co > Cs» Mn ~ Ca > Sr

The Kd is always less than 10 for Sr .With alil others,

we determined small Kdq values for definitely sandy samples
( Kd ¢ 50 for Co, Cs, Mn and Cd; Kd € 300 for Zn ) while
for samples rica in clay or in silt,such values rise to 100
with Mn and Cd, to 600 with Co and Cs and to 5,000 with Zn.
Considering the number of specimens examined and the consie
derablg differences where soil structure is concerned, it
will still be impossible, however, to define areas on the
maps.This explains why the maps show only the value deter-
mined at that specific point.

Another method used for Kd determination was the sedimenta=
tion method ( Duursma 1970 ).Tests conducted in this manner
always supplied smaller Kd values as compared to those ob-
tained by shaking.The reason for this is probably an overly
quick sedimentation resulting in deficient balance.Although
this determination method may be most appropriate for fole

lowing some processes in nature, it was nevertheless aban-

doned because the results obtained featured exessive
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spreading produced by the influence of grain size, sedimen-
tation height and sediment input system.

When comparing values measured with regard to capa-
city and Kd for one and the same ion, we note a definite
connection to be established between the two quantities only
with Cs and Cd (fige. 12, 13 ).With Co and Mn there appears
to be no actual connection (fig. 14, 15 ).Investigations con=-
ducted by Duursma on soil samples from all over the world
have produced the same results where Cs is concerned.They also
establish a connection with Zn. Duursma did not investigate Cd.
We also found a certain correlation to exist between capacity
and Kd as determined with Cd and Cs for one and the same
sample.Duursma did not determine any connection, either ,
between Kd and ¢ with Co snd Mn. For this reason and suppor-

ted by sorption reaction speed determinations, he draws the

_conclusion that there can be any exchange of ions only with

Cs and Zn while various mechanisms play a more important part
regarding the other radioisotopes (precipitation, isotopic

exchange, complex formation eceeeceeele
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The influence exercised by other ions ( Na, K, Ca

“and Mg ) on the sorption of Cs, Co, Cd, Mn and Zn was also

investigated.While with Cs, it was mostly Na and K which
caused significant decrease of Kd whereas Ca and Mg exer=
cised a lesser influence, conditions were different where

109 2 B85

bivalent radioisotopes are concerned;With Cd and Sr 7

the differences between nonovalent and bivalent ions were con-

- siderably less pronounced.Ca and Mg exercigsed a greater in-

fluence here as compared to Na and K . We obtained the same

54

picture again with Mn and 0060 sorption where the influen-
ce exercised by Na and K decreased considerably (fig. 16, 17,
18, 19, 20 and 21 ).

With Zn65

value of Kd was only slightly dependent on Na and K concene-

we obtained a very different responce. The

tration and featured a rising tendency with higher concen-
trations of these ions. For Ca we obtained first rising Kd
values and, subséquentvto a maximum value, the conventional
curve responée where the influence exercised by Ca on the
sorption of 2n increased heavily again.Other processes than
ion exchange probably have a part to play in this context.
2GC3

Tests were conducted with Hg . Because the ma jor

part of activity was lost at the walls of the jars, condi-
tions prevented these test from being carried out.The sea~
water pH was probably too high to permit working with ng+

ions.Consequently, the tests in seawater could not be pere

- formed.
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In order to bridge the gap found to exist between capa-
dities determined by 1 N solution and distribution coefficients
determined by tracer quantities, we Qetermined Kd in seawater for
five specimens with an increasing concentration of the same
fon.With Mno®, Co®® ana cal®?
less than with Cs137 which also points to other reaction me=~

chanisms than just a mere exchange of ions (fig. 22, 23,24 and25 9.

s such influence is considerably



Fig. 22
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Supported by literature data and confirmed in our
opinion by the tests conducted with sea bottom samples,

we may draw the following conclusions.

Cesium.-The exchange of ions is probably the dominating
phenomenon here.This is confirmed by the strong influence
exercised by the other ions in the solution on the sorption
of Cs.Although Cs is very easily accepted by silt-rich se-
diments ( Kd = 20000 ), the influence exercised by Na en K
ions present in the seawater is sufficiently strong to re-
duce sorption to reasonable limits ( K& = 4CO ). !

Cobalt.-Since the influence exercised here by foreign
ions is smaller, we find higher Kd values in seawater.Other

phenomena ( formation of Co(CH)CO, compounds ? ) will pre-

3
vail here.

Strontium.-This is almost not accepted by the sedi-
ments in seawater.Kd values for all sediments are of the
same order o mégnitude and all very low.Thus all acti-

vity remains here in the fluid phase.Seawater contains

approximately £00 ng/1 Srzf.Therefore,some investigators

suggest isotopic exchange ( Duursma 1973 ).

Cadmiume-Here too, the exchange;of ions should be the
major phenomenon.The influence exercised by Na and K on the
sorption is less marked with regard to this divalent ion but
still greater than with Co and Mn.The sorvtion in seawater,

however, is lower as comnared to that of cesium.



Manganese.- Here we probably have a formation of

insoluble oxides of Mn which mask possihle ion exchange.

This would explain the high capacity values,

Zinc.~2inc features the highest Kd values in sea-
water,of all elements investigated.We also find a peculiar
behaviour with increasing concentration of foreign ions.
The exchange of ions can certainly not explain here the
behaviour pattern determined and further research will
have to be conducted in order to establish which other
reactions can better describe the behaviour of zinc.
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By excluging strontium from our cbncideratiéns we may

state that all isotopes investigated were better adsorbed

by sediments rich in clay or in silt than by sandy sediments.

‘The Kd value provides for the best vnicture of sorption in

seavwater.

’ High concentration of other ions strongly reduces sorption.

This is true for all isotopes investigated in seawater.

Only zinc and cobalt have high Kd values in seawater,
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