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Summary 
The effect of degradation products of different cellulosic materi-
als on the sorption behaviour of Th(IV), Eu(III) and Ni(II) on 
feldspar at pH 13.3 was studied. For all three metals, a decrease 
in sorption could be observed with increasing concentration of 
organics in solution. For Th(IV), a-ISA is the effective ligand 
present in the solutions of degraded cellulose, independent on 
the type of cellulose studied. For Eu(III), α-ISA is the effective 
ligand in the case of pure cellulose degradation. In the case of 
other cellulosic materials, unknown ligands cause the sorption 
reduction. For Ni(II), also unknown ligands cause sorption re-
duction, independent on the type of cellulose studied. These un-
known ligands are not formed during alkaline degradation of 
cellulose, but are present as impurities in certain cellulosic mate-
rials. 

Introduction 

The degradation of cellulose in a cementitious reposi-
tory for radioactive waste results in the formation of 
water soluble organics. It was recently shown that iso-
saccharinic acid (ISA) is the main degradation product 
[1-3], contributing up to —80% of the total. Two 
diastereoisomers, a- and /MSA, are formed in equal 
amounts [1, 2], ISA belongs to the polyhydroxy li-
gands and — by analogy with gluconic acid [4] — is 
assumed to form strong complexes with tri- and 
tetravalent metals, especially under alkaline con-
ditions. The complexation reactions are not yet under-
stood in detail, but it seems that under alkaline con-
ditions hydroxylic groups are involved in the coordi-
nation reaction [5, 6]. Complexation of radionuclides 
by (organic) ligands can affect their mobility in the 
near- and the far-fields of a radioactive waste reposi-
tory. It has been shown that cellulose degradation 
products strongly increase the solubility of Pu(IV) [7, 
8] and several other metals such as Cu(II), Co(II), 
Eu(in) and Sm(III) [9] under alkaline conditions. This 
increase was interpreted as being due to a strong com-
plexation of these metals with polyhydroxy ligands, 
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probably ISA [8, 9]. Degradation products of cellulose 
can also decrease the sorption of tri- and tetravalent 
metals on rock materials [10—12]. All studies pre-
viously reported used degradation products of cellu-
lose obtained at elevated temperatures. Data for ambi-
ent temperature are not available. Further, although 
ISA is suspected to be responsible for the observed 
sorption reduction effects, there are no studies avail-
able showing quantitatively the correlation between 
the concentration of ISA present in solutions of de-
graded cellulose and sorption reduction caused by 
ISA. 

This study describes experiments on the effect of 
cellulose degradation products on the sorption of 
Ni(II), Eu(in) and Th(IV). The degradation of differ-
ent cellulose materials was studied at ambient tem-
perature (25±2°C) and the observed sorption re-
duction was correlated with the concentration of the 
main degradation product present. For this purpose a 
model based on possible complexation reactions in 
solution is proposed to describe ligand-induced sorp-
tion reduction. The solid phase used in this study was 
a feldspar. Because ISA does not sorb on feldspar [13], 
the use of feldspar simplifies the ternary system in 
such a way that the sorption of the ligand and the sorp-
tion of complexes have not to be considered in the 
model, leaving complexation reactions in solution as 
the only relevant reactions. 

Materials and methods 

Chemicals 

All chemicals used in this study were of analytical 
grade quality. The water used was demineralised water 
(Milli-Q water, Millipore, USA). 

Feldspar 

The feldspar used in the experiments was an ortho-
clase (Fronland, Norway). The feldspar was crushed 
and sieved. The fraction <63 μηι was used in the sorp-
tion studies. 
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Cel lu lose degrada t ion 

100 g of cellulosic materials with varying degree of 
polymerisation (Aldrich cellulose, cotton, tissues and 
paper), were contacted with 1 1 of artificial cement pore 
water (ACW-I) having the following composi-
tion: 114 mmol · Γ 1 Na, 180 mmol · Γ 1 Κ, 2 mmol · Γ 1 

Ca, and 300 mmol · l"1 OH" (pH -13.3). The ACW-I 
simulates approximately the cement pore water 
composition of the first stage of cement degradation 
[14]. The experiments were carried out in a glove box 
under a controlled N2 atmosphere (C02, 0 2 < 5 ppm) 
at a temperature of 25±2°C. A detailed description 
of the cellulose degradation and information on the 
cellulosic materials used, is given elsewhere [1, 2], At 
given time intervals, samples of the aqueous phase 
containing the degradation products were filtered (Te-
flon membrane filter, type FH, 0.5 μηι, Millipore) and 
analysed for isosaccharinic acid (Dionex Carbopac 
PA-100; 250X5 mm column, Τ = 20°C, flow rate: 
1 ml • min"1, eluent: 0.1 M NaOH + gradient of 
NaOAc; pulsed amperometric detection with a gold 
working electrode [15]). 

Solu t ions for sorpt ion exper iments 

The degradation products, obtained at different degra-
dation times, were used both undiluted and diluted in 
the sorption experiments. The dilutions were made by 
putting 100 ml, 10 ml or 1 ml of the degradation prod-
ucts into a 100 ml flask. The volume was made up to 
100 ml by adding ACW-I. Standard solutions of α-ISA 
and ß-lSA were prepared in ACW-I in a concentration 
range between 10"6 and 10"1 M. The α-ISA solutions 
were made from Na(a-ISA) which was synthesised as 
described in [1]. ß-lSA was isolated in an almost pure 
form from a mixture of cellulose degradation products 
as described in [1], 

g (L7-35 ultracentrifuge, Beckman), the supernatant 
solution sampled (2 ml) and analysed for 152Eu. The 
measurements without prior centrifuging (Asusp) give 
information on the total concentration of 152Eu in the 
suspension (sum of 152Eu on the solid phase and 152Eu 
in the liquid phase). Measurements of the supernatant 
solution (A,,,,) give information on the 152Eu in the 
equilibrium solutions only. The distribution ratio (Κ<,, 
1 · kg -1) was calculated by the difference in radio-
activity in solution before and after centrifugation : 

„ _ (Asusp Acq) V 
Ä^ w (1) 

where 
Asusp =the radioactivity of 152Eu in the suspension 

(cpm · Γ1) 
Aeq =the radioactivity of 152Eu in the supernatant 

solution (cpm · l"1) 
V = volume of the suspension (1) 
W = mass of the solid phase (kg). 

Due to the restricted amount of ß-lSA available in 
pure form, the sorption experiments were conducted at 
reduced volumes. Preliminary tests with α-ISA show-
ed that it was possible to conduct sorption experiments 
in a volume of 2 ml. For practical reasons these sorp-
tion experiments were not conducted in a glove box 
under a controlled N2 atmosphere. 100 μΐ of a feldspar 
suspension (660 mg feldspar + 20 ml ACW-I) were 
contacted with 100 μΐ of an 152Eu spiked solution 
(20 ml ACW-I + 80 μΐ 152Eu stock solution) for 1 h. 
The concentration of Eu added was 6.7 · 10"10 M. Ali-
quote of a y?-ISA solution were added. After 24 h con-
tact time — the vials were shaken by hand from time 
to time - the suspensions were filtered by a 0.45 μηι 
filter and the amount of 152Eu in the equilibrium solu-
tion measured as described earlier. No loss of 152Eu on 
the filter material was observed. 

Sorpt ion exper iments with Eu(I I I ) 

20 mg of feldspar were placed in 50 ml polyallomer 
centrifuge tubes and contacted with 2 ml of ACW-I 
containing ,52Eu (4.44 kBq · ml"1). After 2 hours, 
28 ml of either ACW-I, Na(a-ISA) or degradation 
solutions were added1. The total concentration of 
Eu added to the suspensions was approximately 
6.7 · IO"10 M. The suspensions were further equilibrat-
ed for 24 h. This time was found to be sufficient to 
reach nearly equilibrium. A 1 ml sample of the homo-
genised suspensions was taken without prior centrifug-
ing and analysed for 152Eu by y-counting (Minaxi-y, 
autogamma® 5000 series, Packard). The rest of the 
suspension was centrifuged for 15 minutes at 27,000 
1 Preliminary experiments showed that, when the Eu-ISA or Th-

ISA complex was added to the solid phase, equilibrium was 
reached only after 72 h. Adding the free metal first, followed 
by adding the ligand resulted in constant sorption values after 
2 h. The same equilibrium value for K ,̂ however, was obtain-
ed independent of the way the nuclides were added. 

Sorption exper iments with Th(IV) 

20 mg of feldspar were placed in 50 ml centrifuge 
vials and contacted with 2 ml of ACW-I containing 
234Th/232Th. The carrier-free 234Th was prepared from 
238U as described in Dyrssen [16], After 2 hours, 28 ml 
of either ACW-I, Na(a-ISA) or degradation solutions 
were added. The final concentration of Th (232Th) in 
the ACW-I was approximately 6.7 · IO"9 M. The sus-
pensions were further equilibrated for 24 h and then 
centrifuged at 27,000 g for 15 minutes. 10 ml of the 
supernatant were sampled and put in a 20 ml counting 
vial. The coloured substances of the samples, causing 
quenching, were oxidised as described for the case 
with 63Ni. The activity of 234Th was measured by liquid 
scintillation counting using the Cerenkov radiation 
caused mainly by the daughter radioisotope 234Pa. The 
centrifuge tubes were emptied, rinsed with demineral-
ised water and refilled with 10 ml of 0.1 M HCl. After 
shaking the tubes for 2 h, 10 ml of the HCl solution 
were sampled and analysed for 234Th by liquid scintil-
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lation counting. The sorption coefficient (K<j) of 234Th 
was calculated using the following equation: 

Ka __ (-̂ input ^wall 
Aeq · W 

(2) 

where : 
Ainput = activity of the radioisotope added to the sys-

tem (cpm) 
Avau = activity of the radioisotope sorbed on the ves-

sel wall (cpm) 
Ae, = activity of the radioisotope in the equilibrium 

solution (cpm • Γ1). 

A similar procedure to that used for Eu(III) was 
not possible because of light scattering by the sus-
pended particles. As a consequence of this, mass bal-
ance could not be checked and is an assumption used 
to calculate the distribution coefficient in the case of 
Th(IV). 

Sorpt ion exper iments with Ni(I I ) 2 

500 mg of feldspar were placed in 50 ml polyallomer 
centrifuge tubes and contacted with 30 ml of either 
ACW-I, Na(a-ISA) or degradation products and 1 ml 
63Ni (222 Bq · ml"1 in 0.001 M HCl). The total added 
concentration of Ni in the ACW-I was approximately 
3 · IO-10 M. The suspensions were equilibrated for 
24 h and then centrifuged at 27,000 g for 15 minutes. 
8 ml of the supernatant were sampled and put in a 
20 ml counting vial. The degradation solutions were 
coloured, which caused quenching in the activity 
measurements. The coloured substances in the samples 
were oxidised by adding 100 μΐ of 30% H202 to the 
solutions. The solutions were left standing overnight, 
heated at 80 °C for one hour and finally 2 ml of 6 M 
HCl were added. After this treatment the solutions 
were virtually colourless. The activity of 63Ni was 
measured by liquid scintillation counting (Tricarb® 
2250 CA, Packard), using 10 ml Instagel® (Packard) 
as the scintillation cocktail. The centrifuge tubes were 
emptied, rinsed with demineralised water and refilled 
with 10 ml of 0.1 M HCl to remove the Ni sorbed on 
the vessel walls. After shaking the tubes for 2 h, 10 ml 
of the HCl solution were sampled, 10 ml Instagel 
added and analysed for 63Ni by liquid scintillation 
counting. The sorption coefficient (KJ of Ni was cal-
culated using Eq. (2) assuming 100% mass balance. 

Uncer ta in ty es t imat ion 

The observed scatter in the data could not be satisfac-
torily described by statistical propagation of the errors 
involved in scintillation counting and other experi-
mental procedures. Hence, unknown error sources 
such as material inhomogeneities seem to be respon-
sible for this discrepancy. For this reason, the observed 

σ> χ. 

σ> o 

Note that for practical reasons, a similar method as used for 
Eu and Th could not be applied for Ni. 

togpiSA) (mil ΙΓ1) 
Fig. 1. Dependence of the sorption of Eu(III) on feldspar at 
pH = 13.3 on the concentration of α-ISA in pure «-ISA solutions 
(closed symbols) and in solutions containing Aldrich cellulose 
degradation products (open symbols). The solid line represents 
the case for the formation of a 1:1 complex between Eu(III) and 

α-ISA. 

standard deviation of replicate measurements was used 
to describe the uncertainty of the data. The largest un-
certainty was observed for values measured in ab-
sence of organic ligands due to the low activity in the 
equilibrium solution. This value was assumed to be 
valid for all the other experimental conditions, which 
rather overestimates the effective errors. 

Results and discussion 

Fig. 1 shows the effect of α-ISA and degradation prod-
ucts of the Aldrich cellulose on the sorption of Eu(III) 
on feldspar in ACW-I. The effect of the cellulose 
degradation products is plotted as a function of the 
α-ISA concentration in the degradation mixtures. Note 
that the shaded area in the figures represents measure-
ments of K,, in absence of ligands (Κ,, = Κ/) . Both 
pure α-ISA and the degradation products have a reduc-
ing effect on the sorption of Eu(III). The good agree-
ment between the reduction caused by pure α-ISA and 
by the degradation products of Aldrich cellulose indi-
cates that α-ISA in the mixture of these cellulose 
degradation products is mainly responsible for the re-
ducing effect. The effect may be, by analogy with glu-
conic acid, interpreted to be caused by a strong com-
plexation between Eu(III) and α-ISA. According to a 
generalised coordination scheme for the complexation 
of metals with polyhydroxy carboxylic acids [5], the 
complexation of a metal M with ISA can be written 
as: 

Mz+ + nHJSA" + mH20 <=> 
M(OH)m(H4_pISA)n

z-(m+np+n) + (m + np)H+ . 
(3) 

H4ISA" in Eq. (3) corresponds to the α-ISA used 
throughout the text. "H," represents the protons of the 
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Table 1. Overview of the fit parameters used for fitting data in Figs. 1, 2, 4 and 6. Only KM is a fit parameter. The other parameters, 
η and K / , were fixed. 

M Data Ligand η log Κ / KM (1" · md"n) 

Eu(III) Fig. 1 α-ISA 1 5.5 (5.8+1.4) · 103 

Eu(III) Fig. 2 α-ISA 1 5.5 (10.3+3.5) · 10* 
Eu(III) Fig. 2 ß-lSA 1 5.5 93±74 

Th(IV) Fig. 4 α-ISA 2 5.2 (7.7+5.6) · 107 

Ni(II) Fig. 6 α-ISA 1 1.8 31 ± 9 

4 hydroxy-groups in α-ISA. Note that the protons aris-
ing in the right hand side of reaction (3) originate from 
the deprotonation of hydroxyl groups of ISA and of 
coordinated water. The stability constant is defined by: 

Kv 
[M(OH)m(H4-pISA)n

z-(m+np+n)] · [H+]m+np 

[Mz+] • [HJSA"]" 
(4) 

where the terms in parenthesis represent concen-
trations of the species (mol · l"1)· The effect of ISA on 
the sorption (KJ of a metal M on a solid phase S can 
be described by [17, 18] : 

K,0 

Kd = 

1 + Kmhisa ' [H4ISA ]" 
[H+]m+np · A 

(5) 

where: 
η 

A = 1 + Σ AiOH · [OH]' (6) i = 1 
with: 
Kd = distribution coefficient of Mz+ in presence of 

ISA 
Kd° = distribution coefficient Mz+ in absence of ISA 
β° Η =the hydrolysis constants of Mz+. 

Prerequisites for the applicability of Eq. (5) are i) 
linear and reversible sorption of M on S, and ii) no 
sorption of the complexes. 

At a given pH, [H+] and A are constant and can 
be combined with Km„isa in one conditional constant 
KM: 

Kmhisa 
Km — 

[H+]m+np · A 

Combining Eqs. (5) and (7) gives: 

K,0 
Kd = 

1 + KM · [HJSA-f 

(7) 

(8) 

In a first approach, the data for Eu(III) were analysed 
assuming that reaction (3) takes place and that the pre-
requisites for Eq. (5) were fulfilled. The solid line in 
Fig. 1 represents a least squares fit to the pure α-ISA 
data, using Eq. (8) with KM as a fit parameter. It was 
assumed that Eu forms a 1:1 complex with α-ISA 
(n = 1). The value of the fit parameter KM and of the 
other parameters used, i.e. η and K,0, are summarised 
in Table 1. The data are fitted well by Eq. (8), indicat-

es 
XL 

O) o 

log(ISA) (moll"1) 

Fig. 2. Effect of pure α-ISA and y?-ISA on the sorption of Eu(III) 
on feldspar at pH = 13.3. The data were measured in experi-
ments with a reduced volume. The solid lines represent the case 
for the formation of a 1:1 complex between Eu(III) and α-ISA 

or Eu(III) and 0-ISA. 

ing that the assumptions made, i.e. reversible sorption 
of Eu, formation of a 1:1 complex and no sorption of 
Eu-ISA, appear to be justified for the given situation. 
In principle it is possible to calculate a complexation 
constant from the conditional constant KM, but as the 
complexation reaction is not known — neither are the 
values of m and of ρ — no benefit can be derived from 
such a calculation. Wieland et al. [19] studied the ef-
fect of α-ISA on the sorption of Eu(III) on hardened 
cement paste. They found a negligible effect of α-ISA 
on the sorption of Eu(III) in the concentration range 
10"5 M < [a-ISA] < ΙΟ"2 M. Only for [a-ISA] > 
ΙΟ-2 M was a significant effect observed. The differ-
ence between the effects observed by Wieland et al. 
[19] and those described in this study cannot be ex-
plained properly. One possibility is that Eu-ISA com-
plexes could sorb on the cement. This hypothesis is 
based on the observation that α-ISA sorbs strongly on 
hydrated cement under alkaline conditions [20] (α-ISA 
does not sorb on feldspar [13]). 

Fig. 2 shows the effect of pure α-ISA and ß-lSA 
on the sorption of Eu(III) on feldspar as measured in 
the experiments with a reduced volume. The effect of 
ß-lSA on the sorption of Eu(III) is significantly lower 
than that of α-ISA. This can be explained by a differ-
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Fig. 3. Dependence of the sorption of Eu(III) on feldspar at 
pH = 13.3 on the concentration of α-ISA in pure α-ISA solutions 
and solutions containing degradation products of Tela tissues, 

cotton and paper. 

co 
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log(ISA) (moll"1) 
Fig. 4. Effect of cellulose degradation products (open symbols: 
Aldrich, degradation time 1 year) and α-ISA (closed symbols) 
on the sorption of Th(IV) on feldspar at pH = 13.3. The solid 
line represents the case for the formation of a 1:2 complex be-

tween Th(IV) and α-ISA. 

enee in complexation behaviour: /MSA seems to form 
less stable complexes with Eu(III) than α-ISA. The 
data in Fig. 2 were fitted using Eq. (8) with a constant 
KM for the Eu-/?-ISA complex roughly two orders of 
magnitude lower than the one of the Eu-a-ISA com-
plex (see Table 1). As KM is proportional to the stabil-
ity of the complex (see Eq. (7)) this means that the 
stability of the complex between Eu(III) and ß-lSA is 
roughly 2 orders of magnitude lower, assuming that a 
similar complexation reaction (Eq. (3)) takes place. As 
both isomers are present in equal amounts in the solu-
tion of degraded cellulose [2], the speciation of Eu(III) 
in solutions of degraded cellulose will be dominated 
by the Eu-a-ISA complex. This explains why the ef-
fect of cellulose degradation products and the effect of 
pure α-ISA on the sorption of Eu(III) are very similar. 

Fig. 3 shows the effect of pure α-ISA and of degra-
dation products of other cellulosic materials (Tela tis-
sues, cotton and recycling paper) on the sorption of 
Eu(III). A larger effect on the sorption of Eu(III) on 
feldspar can be observed for the degradation products 
than for the pure α-ISA. This effect can only be ex-
plained by the presence of other ligands than α-ISA. It 
was shown elsewhere [2] that cellulose contains, be-
side pure cellulose, also non-cellulose compounds that 
are readily soluble in alkaline solutions. These un-
known compounds might have — in addition to the 
effect of α-ISA — a small effect on the sorption of 
radionuclides. 

Fig. 4 shows the effect of pure α-ISA and Aldrich 
cellulose degradation products on the sorption of 
Th(IV) on feldspar. It is clear that α-ISA and the cellu-
lose degradation products have an adverse effect on 
the sorption of Th(IV). If the data of the degradation 
products are normalised with respect to the α-ISA con-
centration, the agreement between pure α-ISA and the 
cellulose degradation products is relatively good. 
Consequently, the effect of the cellulose degradation 

products on the sorption of Th(IV) can be essentially 
explained by the presence of α-ISA. Wieland et al. 
[19] studied the sorption of Th(IV) on hardened ce-
ment past under similar conditions and found a signifi-
cant effect of α-ISA on the sorption of Th(IV) in the 
range 10"5 M < [a-ISA] < ΙΟ"2 M. The data could be 
explained by the formation of a 1:2 Th-ISA complex. 
The formation of a 1:2 complex is in good agreement 
with recent observations that in presence of Ca(II), 
ISA forms 1:2 complexes with Th(IV), Ca being part 
of the complex [21] and with studies of the coordi-
nation between Al(III), aldarate ligands and Ca(II) 
[22], In the absence of Ca(II), a 1:1 complex between 
Th(IV) and α-ISA is formed [21], Based on these find-
ings, and because ACW-I contains ~ 2 mM Ca(II), the 
data for pure α-ISA were analysed assuming that a 1:2 
complex between Th and α-ISA is formed (n = 2). The 
solid line in Fig. 4 is a least square fit of the α-ISA 
data using Eq. (8) with KM as a fit parameter. The fit 
parameter is given in Table 1. As can be seen, the data 
can be fitted satisfactorily by Eq. (8) for ΙΟ"6 M < 
[ISA] < IO"3 M. Beyond a concentration of IO"3 M, 
the effect of ISA on the sorption becomes weaker. This 
might be an indication of a partially irreversible sorp-
tion of Th(IV). As a consequence, Eq. (8) must be ex-
tended with irreversible sorption in order to describe 
our data. This, however, is far beyond the scope of this 
work. Moreover, as long as there are no more evi-
dences for such an irreversible sorption of Th(IV), we 
see no benefit from modelling our data with partially 
irreversible sorption at the moment. A more detailed 
experimental programme on reversible/irreversible 
sorption is required to test this hypothesis. 

Fig. 5 shows the effect of pure α-ISA and degra-
dation products of other cellulosic materials (Tela tis-
sues, cotton and recycling paper) on the sorption of 
Th(IV). Also for the other cellulosic materials, α-ISA 
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σ> 
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- 2 - 1 

log(ISA) (mol I"1) 

Fig. 5. Effect of cellulose degradation products (open symbols : 
Tela, cotton, paper: degradation time 1 year) and α-ISA (closed 
symbols) on the sorption of Th(IV) on feldspar at pH = 13.3. 

log(ISA) (moll"1) 

Fig. 6. Dependence of the sorption of Ni(II) on feldspar at pH = 
13.3 on the concentration of α-ISA for pure α-ISA solutions 
(closed symbols) and solutions containing degradation products 
of Aldrich cellulose (open symbols). The solid line represents 
the case for the formation of a 1:1 complex between Ni(II) and 

α-ISA. 

is the dominant ligand and explains principally the ob-
served sorption reduction. Unlike Eu-sorption, the Th-
sorption is not affected by the readily soluble organics 
present in cellulosic materials. 

Fig. 6 shows the effect of α-ISA and Aldrich cellu-
lose degradation products on the sorption of Ni(II) on 
feldspar. Also in the case of Ni(II), ISA and cellulose 
degradation products have an adverse effect on the 
sorption, indicating that a complex between α-ISA or 
cellulose degradation products, and Νϊ(Π) is formed. 
The data for the degradation products are normalized 
with respect to α-ISA. The agreement between pure 
α-ISA and the Aldrich cellulose degradation products 
is less good. The degradation products tend to have a 
larger effect on sorption, probably due to the presence 
of other organics as was discussed earlier for Eu(III). 

σ> 
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Fig. 7. Dependence of the sorption of Ni(II) on feldspar at pH = 
13.3 on the concentration of α-ISA for pure α-ISA solutions 
(closed symbols) and solutions containing degradation products 

of cotton, Tela tissues and recycling paper (open symbols). 

The data for pure α-ISA have been fitted (solid line in 
Fig. 6) using Eq. (8) with η = 1 (formation of a 1:1 
complex between Ni(II) and α-ISA). The parameters 
are given in Table 1. The data can be fitted reasonably 
well with Eq. (8) for [α-ISA] > 5 · ΙΟ"3 M. In the con-
centration range 10"4 M < [a-ISA] < 5 · ΙΟ"3 M, the 
sorption of Ni(II) increases with increasing concen-
tration of α-ISA in solution. Such a phenomenon can 
only be explained by the sorption of Ni-ISA complex-
es. However, this is in contradiction with the obser-
vation that α-ISA itself does not sorb on feldspar [13]. 
More detailed studies are required to obtain more evi-
dence for the sorption of metal complexes. 

The degradation products of the other cellulosic 
materials (cotton, Tela and paper) have a much stron-
ger effect on the sorption of Ni on feldspar than α-ISA 
(Fig. 7). These effects indicate the presence of other 
organics which form much stronger complexes with 
Ni(II) than α-ISA does. The large effect observed for 
Ni(II) and the relatively small effect observed for 
Eu(in) might indicate that the unknown ligands are 
polarisable or "soft" ligands [23]. Further investi-
gations are underway to identify the nature of these 
compounds. 

Conclusions 
Degradation products formed by alkaline degradation 
of different cellulosic materials (Aldrich cellulose, 
Tela tissues, cotton and paper) have an adverse effect 
on the sorption of Eu(III), Th(IV) and Ni(II) on feld-
spar at a pH of 13.3. The effect can be explained by 
complexation of these metals with the degradation 
products and with readily soluble ligands present in 
the cellulosic materials. 

For Th(IV), α-ISA is the main ligand causing the 
observed effects in the case of the four cellulosic mate-
rials studied. For Eu(III), α-ISA is the effective ligand 
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only in the case of pure Aldrich cellulose. For the oth-
er cellulosic materials, other ligands than α-ISA seem 
to cause the observed sorption reduction. The concen-
tration of α-ISA in solution has to be larger than 
1 0 " 4 - 1 0 " 3 M in order to cause a significant reduction 
in the sorption of these metals. The decrease in the 
sorption of Eu(HI) by α-ISA can be described by the 
formation of a 1 :1 complex with α-ISA, assuming that 
the metal sorbs reversibly and that the complexes with 
α-ISA do not sorb. In the case of Th(IV), indications 
for the formation of a 1 : 2 Th-ISA complex were 
found. Moreover, part of the Th(IV) seems to sorb ir-
reversibly on the feldspar under alkaline conditions. 

For Ni(II), other ligands than α-ISA cause the ob-
served sorption reduction. This could be observed for 
all cellulosic materials studied. The largest effects 
could be observed for paper, cotton and Tela tissues. 
In the case of Aldrich cellulose, the observed effect is 
only slightly stronger than the effect of pure α-ISA. 
The nature of the other ligands is unknown. 
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