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The marine distribution coefficient , kd, 
is defined (IAEA, 2004) as the ratio between the 

radionuclide concentration in the solid phase (suspended 
matter or bed sediment) and the concentration in water 

(dissolved phase):

where Cs is radionuclide concentration in the solid phase (Bq kg−1)
and Cw is radionuclide concentration dissolved phase (Bq m−3)



The main purposes of this talk are:

• To provide some insight on the limitations of the 
kd model, due to the fact that the sea is an open 
environment and, thus, equilibrium conditions 
are seldom found;

• To give some recommendations when kd are 
measured in the field in order to create a kd
database;

• To compare the performances of different 
water/sediment interaction in order to 
investigate the required level of complexity of the 
model depending on the purposes of the study.



One-step kinetic models



One-step kinetics in equilibrium state

The equivalent form of kinetic equations in terms of 
radionuclide concentrations

where  m is concentration of solid phase 



Adsorption depends on the surface of
particles per water volume

For spherical particle exchange surface depends on the particle radius  R 

as 

Periáñez, R., 2005. Modelling the Dispersion of Radionuclides in the Marine Environment. 
Springer-Verlag, Heidelberg.



kd in bed sediment

where ϕ is a correction factor that takes into account that part of the 
sediment particle surface may be hidden by other sediment particles. 
The sediment kd is ϕ times (10-100) smaller than the suspended 
matter kd if all conditions are the same.

Therefore, it is essential to provide information, where kd data is 
provided, about the origin of such value: suspended matter or bed 
sediment. The compaction of sediments may also lead to significantly 
different kd s.



Two-step kinetic models



Two-step kinetics in equilibrium state

It is essential to know, if the slowly reversible fraction has been 
extracted and measured in the sediment sample, or only the 
radionuclide content in the reversible phase has been measured



Schematics of radionuclide transfer in the water 
column and bottom using kinetic model consisting 
two successive reversible fast and slow reactions

Maderich V., Jung K.T., Brovchenko I., Kim K.O. (2017) Migration of radioactivity in multi-fraction 
sediments. Environmental Fluid Mechanics, 17(6), 1207-1231



Multilayer model of migration of radioactivity 
in multi-fraction sediments

Structure of the bottom sediment layers 
in the model (Maderich et al.,2017).

Schematic representation of the vertical profile 
of the lateral velocity component, U(z), and the 
concentration profile, C(z) (Boudreau, 1997)



One-layer bottom sediment model

When Z → 0, and also when Wpw → ∞, then

When Z → ∞, and also when Wpw → 0, then

abds = k2ϕ.             (Periáñez, 2005) 
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(Maderich et al., 2017) 



Time evolution of calculated 137Cs concentration in 
sediments and resulting kds in the case of 1-step and        

2-step kinetics
Concentration in sediments 

Resulting kds



Comparison of the multilayer model with 1-layer 
models 

1-layer model sensitivity to 
parameter ϕ

1-layer model sensitivity to the 
layer thickness

The use of single or multi-layer approaches would depend on the objectives of the particular 
modelling study. A multi-layer model is required to evaluate sediment inventories of 
radionuclides; but a single-layer model, adequately tuned, may produce satisfactory results
for radionuclide concentrations in the surface sediment.



The presence of a external radionuclide source prevents the 
radionuclide partition between water and sediment to reach 

equilibrium.

Steady circulation in the 
English Channel and 
location of sampling 
points at both ends of the 
red line. Radionuclides are 
released from La Hague 
nuclear fuel reprocessing 
plant.

Periáñez, R., 2003a. Redissolution and long-term transport of radionuclides released from
a contaminated sediment: a numerical modelling study. Estuar. Coast Shelf Sci. 56, 5–14.



Comparison of apparent “measured” kd with 
“true” equilibrium kd

When  kd s are measured in the sea, samples should be taken as far as possible from 
points of radionuclide release



The apparent fast bottom sediment kd in simulation 
of the laboratory experiment (Smith et al., 2000)

The profiles of computed           for 
different times of incubation

Computed profiles of the total 134Cs concentration 
in the solid phase of sediments and in the pore 
water versus measurements (Smith et al, 2000)

solid phase solid phase solid phase 

pore water pore water pore water 

Therefore, the equilibrium assumption for reversible phase in the bottom sediment can be 
used for slow long-term processes and far from sources of activity.



Comparison of laboratory experiment (Børretzen and 
Salbu, 2000; 2002)) with simulation using generic 

and calibrated kinetic parameters

Although in a relatively long scale (over some 50 days) both calibrated and non-
calibrated models produce similar tracer fractions in water and sediment, this is not 
generally the case for shorter time scales. 
It should be recommended to have site specific values for kinetic rates 



Changes in environmental conditions: effects of 
salinity and pH on exchange rate



Conclusions

• The marine environment is an open system 
affected by external perturbations. As a 
consequence, steady-state does not 
necessarily means equilibrium in the partition 
of tracers between the liquid and solid phases.



Conclusions

• When kd data are provided, it is essential to 
know if they correspond to suspended 
mater/water or bed sediment/water, since 
they may vary in orders of magnitude being all 
the conditions identical.



Conclusions

• It is essential to know, if a kd dataset is 
provided, if such kd correspond to fast (only 
reversible sediment phase) or to total kd . 
Otherwise, large errors in predictions are 
expected when they are used for assessments 
after emergencies.



Conclusions

• For radioactive assessments after 
emergencies, which imply short temporal 
scales, it should be recommended to have site 
specific values for kinetic rates which could be 
used in dispersion models.


