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Resume 

Les resultats d'une etude preliminaire sur l'importance des 
coefficients de distribution de l'americium entre eau, sedi­
ments et materiaux biologiques sont presentes. 
L'utilisation d'un coefficient qui represente la fraction 
biologique disponible dans le cadre d'une analyse critique 
des voies de transfert pour le calcul des doses a l'homme 
est propose comme alternative aux facteurs de conc~~tration 
pour les elements transuraniens. 

Abstract 

The concept of coefficients of distribution and their calcula­
tion for sediments and biota are discussed in relation to the 
assessment of the distribution of a~erici~~ in the aquatic 
environment. 

Rapp. Comm. int. Mer Medit., 27, 3 (1981). 
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In the assessment of the effects of radioactive contami­

nation of the environro.ent, the use of concentration factors 
in critical pathway analysis has led to the identification 
of the radioelements representing the greatest risk, the 
route by which the radioactivity can reach man and the 
critical group most exposed. 

The assumption of constant concentration factors is reaso­
nably valid in the case of radioisotopes having stable 

isotope counterparts naturally occuring in the environment 
at concentrations of 10-3 to 10-6 g.l-1 • The application 
of these factors to transuranic elements, however, poses 
some special problems: they are unique in having no stable 
counterparts in the environment and they are all artificial­
ly introduced within the last 30-40 years by man. Specially 
in the case of plutonium it has the unusual ability of 
existing in several oxidation states at the same time, 

these being strong~y affected by small changes in such 
factors as pH, eH, complexing agents, etc. Moreover con­
centrations of transuranics in the environment generally 
vary between 10-12 to 10-17 g.l-1 that is at levels where 
atom concentrations are extremely low so that the presence 
of even minor components of the system may effect their 
chemical behaviour. 

The authors believe, therefore that the concept of a glo­

bal distribution coefficient for transuranic elements may 
have serious drawbacks if based on measurements of the 
total concentration of the element in water and that frac­
tion adsorbed to either bottom or suspended sedimentary 
material. 

In order to illustrate this hypothesis, the following 
example has been taken from Avogadro et al. (1979). 
Bottom sediments appear to act at least in the short-term 
as the major sink of actinides. The sediment over the 
long-term, however, may be able to act as a source of 



 

                             3 / 10

soluble species through a series of thermodynamic react­

ions resulting in a continuous release of very small 
quantities of soluble material. In fact this is what 
appears to happen in our column experiments: when the 
contaminated sub-soils are eluted with uncontaminated 
groundwater there is always a continuous release of 
about 2.10-13 M activity from the column not explainable 

by a chromatographic process. These soluble species can 
be interpreted by the formation of an anionic carbonate 

complex not retained by the soil. 

Parallel to the problem of sediment distribution coeffi­
cients and their use in the assessment of the long-term 
behaviour of actinides in the environment, is the under­
standing of the availability of these elements to biota 
and their transfer through Bood chains and eventually 
to man. In order to study the possible variations in 
upt~~e due to different source terms and to try to re-
late these to the chemical speciation of the element 
involved, methods developed at the Joint Research Centre, 
Ispra, to characterize oxidation states and complex forms, 
were tested on aquatic microcosms. These were used as 
model ecosyste~s to study the behaviour and fate of plu­
tonium and americium isotopes in freshwater. The experi­
mental set-up and the variation of distribution of activity 
ilfi th time as well as details of the separation method 
have been discussed by Murray et al. (1979). Two input 
sources were investigated: a direct solution input (simulating 
discharge of low-level liquid waste by a nuclear facility) 
and a contaminated borosilicate glass leached in-situ 
(simulating accidental release from a nuclear disposal 
installation for high-level waste). Table 1 shows the distri­
bution of water activity and concentration factors based 
on a total water concentration for americi~~ after 3 months. 
A comparison of the differences between solution and glass 
source terms can be seen to produce variations in the 
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in the concentration factors for the same element of up 
to two orders of magnitude. The tables also give the ratio 
of the concentration factors between solution and glass 
source term (s/g). Interesting to note is that this ratio 
apparently varies between different types o£ biota as well 
as the sediment. It is suggested that the interaction of 
the biota with the elements depends upon the chemical 
species in solution and that only a certain fraction is 
biologically available for uptake. This fraction appears 
to be strongly influenced by the source term of the con­
tamination and once released into the microcosm by such 
factors as major ion concentrations, pH and eH; these 
parameters governing the further chemical species distri­
bution in the system. It is thus proposed that concentration 
factors for transuranics should be replaced by a bioavailable 
fraction ratio (BFR) being defined as the total concentra­
tion in the biota to the concentration of the bioavailable 
fraction in solution or sediment. 

An attempt was made to see if calculation of a constant 
factor could be obtained when the ratio was related to 
only certain fractions of the element in solution. An 

example of this approach is given to show the possible 
validity of the concept of a bioavailable fraction ratio. 
Referring to Table 1, the Am uptake factor for the snail 
Physa acuta for solution (s) and glass (g) source term can 
in fact be shown to be constant if the activity in the 
snail is due to the particles ranging between 0.01 urn-
0.5 urn and the cation fraction. T~e calculation would be 
as follows: 

1. ~-l2Q1~!i£Ql: 
snail activity 500 X 2.93 -1 1465 -1 = dpm.g = dpm.g 
0.01 p.m. particles- 0. 5 p.m 

0.26 
-
2.93 

. -1 
0.76 -1 = X dpm.g = dpm.g 

cation fraction 
0.17 X 2.93 -1 0 .so -1 = dpm.g = dpm.g 

water activity = 1 .26 dpm.g-1 
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two simulated sources. 

Component Solution (s} Glass Cj) 

Sediment 300 10 

Submerged plant: 

Lagarosiphon major 200 22 

Invertebrates {snails}: 

Physa acuta 500 30 
Biomphalania glabrata 400 29 

Vertebrates (fish}: 

Lebistes reticulatus 33 11 
Xiphophorus helleri 76 47 

~------ ... - -- -- ----- -----

Distribution of chemical forms in the water. 

% distribution Solution (s) Glass (g-) 

Particulate> 0.5 p.m 26 33 
0.01 pm <particulate< o. 5 rm 26 1 
Cation fraction 17 1 
Anion fraction 17 17 
Neutral fraction 14 50 

'l'otal act~.vi ty 
in dpm.g-

2.93 1. 28 

--------- -------

----

i 

I 

! 

i 

Ratio (s/g) 

30 

9 

17 
14 

3 
2 

--- --- ------ -~----------~--

\D 
w 
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The bioavailable fraction ratio (BFR) is thus: 

BFR = 1465 dpm.g-1 = 
1.26 dpm.g-1 

1163 

-1 snail activity= 30 x 1.28 dpm.g 
0.01 pm particles 0.5 pm 

-1 = 0.01 x 1.28 dpm.g 

cation fraction 
= 0.01 x 1.28 dpm.g-1 

water activity 

= 38.4 

= 0.0128 

= 0.0128 

= 0.0256 

The bioavailable fraction ratio (BFR) is thus: 
-1 = 38.4 dpm.g = BFR 

0.0256 dpm.g-1 
1500 

dpm.g-1 

-1 dpm.g 

The two calculations lead to a reasonable agreement in 
the uptake factor for americium even though the distribut­
ion in the two solutions was very different. Further the 
calculated BFR is at least twice that previously calculated 
on the basis of total water activity. 

The concept of a constant bioavailable fraction ratio 
may be a more realistic factor for use in critical path­
way analysis as it more precisely represents the fraction 
of the transuranics actively available for biota. 
For a better understanding of the concentration processes 
in sub-soil, sediments and biota there is a clear need to 
determine the role of environmental and thermodynamic para­
meters which govern the aqueous chemistry of the trans­
uranic elements. Although some information on the behaviour 
of transuranics may be obtained from classical work under 
conditions of high acidity or basicity etc., little in­
formation is available from experimental sr~dies at very 
low concentrations, Bondietti et al. (1976). 
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Theoretical work by Polzer and Miner (1976), Fried ~~d 

Friedman (1977) and .~es et al. (1976) c~~ give extre~ely 

useful indications for these studies. Initially required 
is a thermodynamic description of the distribution beLween 

various oxidation states of the transuranics~ FurL~er the 

major complexation reactions, both inorganic and organic, 

must be known as well as their stability constants and 

solubility products. Tflis i~Jormation must be supple~~~ted 
by kinetic data that show the rate of formation of different 

oxidation states so that their distribution can be calcula­
ted with time under various conditions found in the en­
vironment. 

REFERENCES 

.Ames L. L., RaiD. and Serne R. J., 1976, "A Review of 
Actinide Sediment Reactions 1~,.-i th an Annoted Bibliography", 

USERDA Report Bt-1\-JL-1983, Battelle Pacific Northwest 
Laboratories. 

Avogadro A., Murray C.N. and De Plano A., 1979, 

"Transport through Deep Aquifers of Transuranic Nuclides 
Leached from Vitrified High Level ':tlas tes", Material 

Research Society International Symposium on the Scienti­

fic Basis for Nuclear 'tlas te Managen1.en t (in press) • 

- Bondietti E. A., Reynolds S .A. and Sha.."'L.~S i-1. H., 1976, 
Interaction of Plutonium with Complexing Substances in 

Soils and Nat1..1ral \-laters", Transura:'litun Nuclides in the 
Environm~~t, 273, (vienna: IAEA). 

Fried s., Fried"'!la.~ A.M., Hines J. J., Atcher R. 7:l., 

Quarterman L. A. and Volesky A., 1 977, 11 Tfle Higra tion 
of Plutonium a...."ld A.mericium in the Li thosphere 1', Actinides 
in the Envirorunent, A.C.S. Symposiui'!l Series No. 35, 19, 
(Washington, D.C. 1977). 

95 



 

                             8 / 10

96 

-Murray c. N., Avogadro A. and Lazzari G., 1979, 
"Distribution of Actinides in a Freshwater Microcosm, 

Comparison of Simulated Input Sources", II International 
Symposium of Radioecology, Cadarache, France (in press). 

- Polzer W. L. and Miner F. J., 1976, "Plutonium and 
Americium Behaviour in the Soil-Water Environment. II. 
The Effect of Selected Chemical and Physical Characteris­
tics of Aqueous Pu and Am on their Sorption by Soils", 

Report BNWL-2117, Battelle Pacific Nothwest Laboratories. 



 

                             9 / 10

NURRAY, C.N., AVOGADRO, A. 

"Effect of long-term release of plutonium and americium into an estuarine 

and coastal sea ecosystem. III. Coefficients of distribution and critical 

pathway analysis; preliminary report." 

Paper presented by C.N. Murray (Italy) 

Discussion 

W.L. TEMPLETON: I have only a comment to make. ~~ile I do not disagree 

with your hypothesis, I think that it may be very difficult to establish the 

chemical parameters at a chemical reprocessing plant where various treatments 

may not allow a single value for the establishment of the bioavailable 

fraction (BFR). 

Lj. MUSANI-MARAZOVIC: I. What was the pH and Eh of the water (referring to 

Table I. -the distributi~n of chemical forms)? 

2. How did you predict the chemical forms of Pu and Am in sea water at the 

same pH (referring to Table I)? 

3. Can you tell us something about the concentration of dissolved organic 

matter in Lago Haggiore? 

C.N. MURRAY: I. The pH of the lake Haggiore water used in our experimental 

system was about 7.8 and the Eh 350 mV. 

2. In our system we determined the distribution of the different forms us~ng 

filters of 0.5 ~m and O.OI ~m and by sorption on cation and anion Dowex 

resins. The neutral fraction was considered to be that which passed through 

the analysis train. 

3. The organic fractions ~n the systems were probably higher than normally 

found in the natural environment which was determined to be less than O.OI 

mg/1. No values in this experiment, however, were measured above the 

detection limits of the methods employed. 
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