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a b s t r a c t

Capillary zone electrophoresis was used to study the uranyl and short chain carboxylic acid sorption on
silica and rutile. The separation and the simultaneous determination (in a single run) of a number of short
chain carboxylic acids (oxalic, formic, acetic and propionic) and U(VI) with direct UV detection is devel-
oped for the analysis of solutions after the sorption experiments. The reverse polarity mode is used (the
injection is performed at the negative end). The matrix effect of Si(IV) (possible silica dissolution product)
and perchlorate (added for constant ionic strength in sorption experiments) on the separation of U(VI)
and organic acids is investigated. The influence of methanol addition in carrier electrolyte on the sepa-
ration selectivity of given analytes is also studied. Under the chosen conditions (carbonate buffer (ionic
strength of 0.1 M), pH 9.8, 0.15 mM of tetradecyltrimethylammonium bromide, 25% (v/v) of methanol)
the calibration curves are plotted. They are linear in two ranges of concentration from ∼1 × 10−5 to

−3 −4 −3
ilica
utile
orption

∼1 × 10 M for oxalate, acetate, propionate, U(VI) and ∼1 × 10 to ∼1 × 10 for formate. The accuracy
of the procedure is checked by the “added-found” method in simulation solutions. The relative standard
deviations of the concentrations found are within the range of 1–10% and the recovery is in the range of
90–115%. This method is applied for the analysis of aqueous samples issued from sorption experiments
on silica and rutile. The obtained results indicate that the given organic acids decrease uranium sorption
both on silica and rutile. These experiments demonstrate that short chain carboxylic acids can influence

istry
the mobility and the chem

. Introduction

The uranium migration in the environmental systems is an
mportant concern [1,2]. The knowledge of the transport of
adionuclides through the environment is crucial not only for fun-
amental geochemistry but also for assessing the risk posed by

ong-term storage of nuclear waste [2] or proliferation of uranium
ontamination after widespread use of depleted uranium in some
orld regions [1].

The sorption of uranium species (usually present as U(VI))

n minerals can modify their migration in the environment. The
orption of U(VI) in batch experiments was a subject of many
nvestigations on different matrices: TiO2 [3], Al2O3 [4], silica [2,4],
oethite [5,6] and natural clays (smectites [7], metakaolin [8], sepi-
lite [9], montmorillonite [4]).

∗ Corresponding author at: Institut de Physique Nucleaire, UMR CNRS 8608, 15 rue
.Clemenceau, 91406 Orsay, France. Tel.: +33 0169156406; fax: +33 0169156470.

E-mail address: sladkov@ipno.in2p3.fr (V. Sladkov).

039-9140/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2010.11.055
of U(VI) in the environment.
© 2010 Elsevier B.V. All rights reserved.

The interest for metal sorption in the presence of organic matter
has grown in recent years. In a number of papers, special attention
is paid to the influence of natural organic matter (NOM) on uranium
sorption in soil and plant matrices [10] and onto hematite [11]. The
effect of acetic and oxalic acids on U(VI) sorption was studied onto
�-alumina [12] and the influence of citric, malonic and succinic
acids on U(VI) sorption was investigated on suspended silica [13].

The short chain carboxylic acids present a special interest as
they may be released in the environment through the decay of plant
matter, animal residue and microbial tissues. They can also be used
as simple models of more complicated natural organic matter.

In batch experiments of the sorption study of U(VI) in presence
of organic acids, generally radioactivity measurement methods
were used for the determination of analytes of interest. For U(VI)
measurements a liquid scintillation method with 233U [2,11,13,14]
or 232U [12] as tracers was used. For the organic acid determina-
tion, 14C spiked solutions (acetic, oxalic acids) were used in [12],

for the determination of humic acids, the total organic carbon ana-
lyzer was also used in [11]. One of the main disadvantages is that
the methods used do not allow the simultaneous determination of
U(VI) and organic acids. The preparation and purification of spiked
isotopes is also required. Moreover, radiochemical measurements
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emand special requirements for the safety and the management
f radioactive waste. Thus the use of this method needs several
ime and reagent consumption steps. This significantly increases
he cost of analysis.

A reliable and simple method can be useful for the simulta-
eous determination of organic species, which are presented as
nions, and of U(VI) species, which are present in cationic forms in
upernatant after a solid separation.

The application of capillary zone electrophoresis (CZE) for this
ype of sample can be fruitful. The attractive feature of CZE for the
ample analysis of this type is a possibility to determine the cations
nd anions simultaneously in a single run. Time and reagent con-
uming separated determination of U(VI) and organic acid anions
an thus be avoided. One of the approaches used for this purpose
onsists in the transformation of cations (or anions) into nega-
ively (or positively) charged complexes [15–19]. In this case they

igrate in the same direction as anions (or cations). CZE is already
pplied for U(VI) separation from lanthanide [20], transition metal
21], rare-earth ions [22,23] and for the separation of organic acids
24,25]. Another attractive feature of CZE is that it enables the
etermination of ionic solutes in complex matrices of industrial,
nvironmental, food and biological samples [19,24–33] with mini-
al (dilution, filtration) pre-treatment steps.
The aim of the present work is to study the possibility of the

daptation of CZE for the simultaneous determination of a num-
er of short chain carboxylic acid anions (oxalate, formate, acetate,
ropionate) and U(VI) ions directly in the solution after sorption
xperiments. The main concern is the optimisation of the separa-
ion conditions and the study of the matrix effect on the separation.
he method is validated on standard mixture solutions and applied
o the determination of U(VI) and the short chain carboxylic acids
n the solution after the sorption on oxides: silica and rutile. Silica
s chosen as one of the most abundant natural compound. Titanium
xide is chosen as it is often used as a good model for oxides, due to
ts stability and low solubility in a wide pH range allowing the study
f sorption of uranyl ions in the domain where they are highly sol-
ble. Moreover it has well known structure [3]. The obtained data
re used for studies of sorption behaviour of U(VI) in the presence
f organic acids in aqueous solutions, and their mutual influence.

. Experimental

.1. Chemicals and solutions

All chemicals used were of analytical reagent grade. Formic,
cetic, propionic, oxalic acids, sodium orthosilicate and methanol
ere provided by Sigma–Aldrich. Sodium perchlorate hydrate

99.99%) (NaClO4 × xH2O, where x = 0.9829) were provided by
igma–Aldrich. The stock of UO2(ClO4)2 solution (0.1 M in 0.63 M
ClO4) was obtained by dissolving UO2(NO3)2 × 6H2O (>99% FLUKA
uriss) in 12 M HClO4 (MERCK Suprapur) and by evaporating the
esulting solution to almost dryness on a sand bath. The residue
as dissolved in concentrated HClO4 and evaporated again. This

ast operation was repeated three times. Uranyl acetate was pur-
hased from Fluka. The carbonate buffers were prepared from
odium hydrocarbonate (Fluka) and sodium hydroxide solution
Merck). Tetradecyltrimethylammonium bromide (TTAB) was pur-
hased from Fluka. Silica (SiO2) (particle size of 380 mesh) and
utile (TiO2) (particle size of 325 mesh) were supplied by Merck and
ERAC, respectively. All solutions were prepared with deionised
ater (Millipore direct Q, R = 18.3 M�).
.2. Apparatus and software

Capillary electrophoresis measurements. P/ACE system MDQ cap-
llary electrophoresis instrument (Beckman Coulter, France) was
3 (2011) 1595–1600

used. The system comprises a 0–30 kV high-voltage built in power
supply, equipped with a diode array detector. A capillary (75 �m
I.D., 375 O.D.), made from fused silica, was obtained from Beckman
Instruments. It had a total length (L) of 31.2 cm and an effective
separation length (l) of 21 cm. The capillary was housed in an
interchangeable cartridge with circulating liquid coolant. The tem-
perature was maintained at 25 ◦C. Data acquisition and processing
were carried out with the Karat 32 software (Beckman Coulter,
France).

pH measurements. A pH-meter GLP-21 (Crison Instruments,
France) and a combination electrode were used for pH measure-
ments after calibration against NIST standards (4.01 and 7.00,
Crison Instruments). An aliquot of solution was used for each mea-
surement.

EXCEL® and ORIGIN® software programs were used for the cal-
culation and the graphical data treatment.

For the speciation diagram construction the MEDUSA software
(KTH Royal Institute of Technology, Chemistry Department) was
used. For the buffer concentration calculations the PHOEBUS soft-
ware program (Analis, Namur, Belgium) was used.

2.3. Capillary electrophoresis procedure

The capillary was conditioned prior to use by successive washes
with 1 M, 0.1 M sodium hydroxide, deionised water and the buffer
solution under study. It was rinsed 3 min with the buffer between
two runs and kept filled with deionised water overnight.

Reverse polarity mode was applied (the injection is performed
at the negative end). The potential applied was 10 kV. The injec-
tion was done by a pressure of 0.5 psi. The injection time was 3 s.
Carbonate buffer with TTAB (0.15 mM) addition to reverse the elec-
troosmotic flow (EOF) was used. The ionic strength (I) of the buffer
electrolyte was fixed at 0.1 M.

In this paper direct UV detection was used. U(VI) was detected
at 230 nm and carboxylic acids at 190 nm.

Electrophoretic mobility determination. The electrophoretic
mobility �ep (cm2 s−1 V−1) was calculated by using the following
expression:

�ep = Ll(1/t − 1/teof )
V

(1)

where L (cm) is the total capillary length, l (cm) is the length
between the capillary inlet and the detection window, V is applied
voltage in V, t (s) is the migration time of the studied species,
teof (s) is the migration time of methanol (0.3%, v/v), used as a
neutral marker for EOF determination. The migration time of the
water peak was used for methanol-aqueous background electrolyte
(BGE).

Electroosmotic flow measurements. The electrophoretic flow was
calculated by using the following expression:

�eof = Ll

teof V

In our conditions (carbonate buffer with I = 0.1 M,
pH 9.8, 0.15 mM TTAB) the EOF mobility value was
(2.11 ± 0.05) × 10−4 cm2 s−1 V−1 (n = 5, P = 0.90). The value of
RSD for electroosmotic flow value over five consecutive injections
did not exceed 2.5%.

2.4. Sorption procedure
The 0.1 g of silica or rutile powder was placed in polypropylene
tubes with 10 ml of aqueous solution with the required pH. The
tubes were mechanically shaken at the room temperature for 48 h
for hydration of solids. After this operation an aliquot of solution
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used does not exceed 25% (v/v), this modification of pK does not
influence the degree of dissociation of the acids studied in our
conditions. We can state that acids studied stay completely disso-
ciated with methanol addition. Moreover the addition of methanol
of 20–25% (v/v) only slightly modifies the pH scale to more ele-
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2 ml) was replaced by the analyte solution with the required con-
entration and pH. The solution was equilibrated for 48 h to ensure
quilibrium conditions were attained. U(VI) sorption was studied
s a function of the equilibration time. It was found that for U(VI)
orption on silica the equilibrium was attained for 4 h. The desorp-
ion phenomena were not observed within an equilibration time
etween 4 and 50 h. For U(VI) sorption on rutile the equilibrium was
ttained for 10 h. The titanium oxide has high affinity for U(VI) [34],
o the desorption phenomena are unlikely to be probable within the
quilibration time, used in this study. After equilibration, the tubes
ere centrifuged at 3500 rpm during 30 min for the separation of

he aqueous phase from solid and colloidal silica. In order to estab-
ish if centrifugation influences the U(VI) sorption, two samples

ere examined with silica. They were prepared in the same way,
xcept for the final separation of aqueous phase from solid. For the
rst sample the separation was performed by a simple decanta-
ion during about 1.5 h and for the second, a centrifugation during
0 min was used. No influence of centrifugation on U(VI) sorption
as found. The results obtained were the same.

The supernatant was used for the CZE measurements. The sam-
le was diluted (2–10 times) with water, as needed.

The percentage sorption (% sorbed) was defined as:

Sorbed =
[

(Si − Sf )
Si

]
× 100 (2)

here Si and Sf are the analytical signals (peak surfaces) of analyte,
resented in aqueous phases before and after the sorption.

. Results and discussion

.1. Optimisation of electrolyte carrier composition

For the simultaneous determination of the analytes of inter-
st, the carbonate buffer as a background electrolyte is chosen,
s U(VI) forms anionic complexes in this medium and the organic
cids under study are completely dissociated and also presented
s anions (pH of carbonate buffers is in the range of 9.0–11.0).
hus, the simultaneous determination of U(VI) and organic acids
ay be performed. The ionic strength of 0.1 M was chosen to have

uite a large concentration of total carbonate (compared to the
nalyte concentrations under study) and to respect Ohm’s low. At
= 0.1 M the total carbonate concentration is about 0.055 mol l−1.

e can be sure that at the maximum U(VI) concentration used
1 × 10−3 mol l−1) all U(VI) is present as carbonate complex species.

oreover, due to the U(VI) interaction with carbonate anions, the
ormation of complexes of U(VI) with organic acid ligands can be
voided as carbonate ions are present in large excess (0.055 mol l−1

gainst 2 × 10−3 mol l−1 of maximum organic acid concentration
sed). Moreover, the constant stability value of predominant
(VI)–carbonate complex formed in this pH range (Fig. 1) is much

arger (log ˇ◦
3 = 21.60 ± 0.05 [35]) than the more stable complex of

(VI) with the present anions (oxalate: log ˇ◦
1 = 7.13 ± 0.16 [36]).

n this case the U(VI) determination can be more precise.
As U(VI) forms several complex species with carbonate at dif-

erent pH (Fig. 1), the influence of pH on electrophoretic mobility
f U(VI) is studied.

.1.1. pH effect
The effect of pH values of carbonate buffer under study in the

ange 9.0–11.0 on U(VI) peak shape is presented in Fig. 2. A mobility

cale for the abscissa is used in this figure. At pH 9.8, we observe
he most suitable peak for the analytical measurements. From
he speciation diagram presented in Fig. 1, we can state that at
his pH the U(VI) is practically at 100% in the form of carbonate
omplex species UO2(CO3)3

4−. The contribution of other species
Fig. 1. Speciation diagram of 5 × 10−5 M U(VI) in carbonate solution. Ctot (carbon-
ate) = 0.005 M.

(UO2(CO3)2
2−, UO2(OH)3

−, UO2(OH)4
2−) is negligible. The pH in the

range from 9.8 to 10.4 can be suitable for U(VI) determination. Thus
the carbonate buffer with pH 9.8 is used for further experiments.

3.1.2. Study of methanol effect on separation selectivity
In these conditions the electropherogram of the ions of interest

is obtained (Fig. 3, bottom curve). The peaks of U(VI) and formate are
not separated. The system peak disturbs also the analytical signal
of U(VI). To improve the separation, the addition of organic solvent
in BGE is tested.

Hydro-organic electrolytes can be applied for improving the
separation selectivity [37–39]. In this case the selectivity can be
changed due to the charge and/or solvation property changes with
the increase of the organic solvent concentration in aqueous elec-
trolyte.

In this paper the methanol effect on separation of U(VI), oxalate,
formate, acetate and propionate is studied. The methanol addi-
tion modifies the pH scale and the acid pKs. For example, pK of
the acetic acid is changed from 4.76 in aqueous solution to 5.19
in organic–water mixture with 20% (v/v) of methanol [40]. Since
we work with BGE with pH 9.8 and the methanol concentration
1210864

Mobility x10
4
, cm

2
 V

-1
 s

-1

Fig. 2. Electropherograms of solutions, containing 1 × 10−4 M U(VI) and 1 × 10−3 M
nitrate, with BGE at different pH values. BGE: carbonate buffer (I = 0.1 mol l−1),
0.15 mM TTAB. Detection wave: 230 nm.
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becomes impossible (Fig. 5A).
The methanol addition in BGE can help to solve the problem. The

effect of the different concentrations of methanol in BGE is studied.
The results are presented in Fig. 5B. With 10% (v/v) methanol in BGE
the peak of oxalate is less affected by the negative peak. With 25%

1×10
-2
 M ClO

-
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 M ClO

-
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-3
 M ClO

-

4

50 mAU

without ClO
-

2.5×10
-3
 M ClO

-

4

negative peakA
oxalate

U(VI),

formate
(VI), 1 × 10−3 M formate, 6 × 10−4 M acetate and 1 × 10−3 M propionate, with
GE, containing different methanol concentrations (v/v). BGE: carbonate buffer
I = 0.1 M), pH 9.8, 0.15 mM TTAB. Applied voltage: 10 kV. Direct UV detection:
90 nm.

ated values [40]. Thus, as the acids are completely dissociated, we
an use the term of actual mobility, the mobility of a fully charged
on in a solution of finite ionic strength [41]. The results of actual

obility changes (at I = 0.1 M) for given ions with an increasing of
ethanol concentration up to 25% (v/v) in BGE, are presented in

ig. 4. As can be seen the mobilities are decreased with an increase
n methanol concentration in the BGE. The difference between the
ctual mobilities of formate and U(VI) is increased, thus the sepa-
ation selectivity between formate and U(VI) is improved with an
ncrease in methanol concentration in the BGE.

Electrophoretic mobility is given by

ep = q

6��r
(3)

here q is the charge of the ionised solute, � the BGE viscosity
nd r the solute radius. With an increase of the methanol con-
entration in aqueous BGE (up to 40–50% (v/v)), the viscosity
s increased [42]. Thus the mobility is decreased (exp. (3)). It

hould also be mentioned, that with an increase of methanol
oncentration, the solvation of ion and solvated radius change
oo. These changes are not the same for the small organic acid
nions and the large high charged anion, as UO2(CO3)3

4−. Due to

302520151050
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ig. 4. Effect of the methanol concentration in BGE on the effective mobilities of the
nalytes studied.
3 (2011) 1595–1600

this fact, the separation between U(VI) and the formate becomes
possible with the increasing methanol concentration in BGE. In
Fig. 3, the electropherograms of studied mixture with aqueous
BGE and several methanol–water BGEs are presented. From this
figure, a good separation between formate and U(VI) is observed
with 20% (v/v) methanol in BGE, but the system peak may disturb
the analytical signal of U(VI). The use of 25% (v/v) methanol in BGE
improves the separation of the given ions.

3.2. Study of matrix effects

3.2.1. Perchlorate ions
In several cases, sodium perchlorate ions need to be added in

order to maintain constant ionic strength for sorption studies. Thus
the influence of the perchlorate ions on a mixture separation is
studied. First, BGE without methanol addition is tested. In Fig. 5A
the electropherograms of the studied solutions in presence of dif-
ferent perchlorate concentrations are shown. When the perchlorate
concentration is 2.5 × 10−3 M, a negative peak appears near the
oxalate peak. With an increase in the perchlorate concentration up
to 1 × 10−2 M the oxalate peak is disturbed, and its determination
2.01.51.0

Time, min

4

B

4321
Time, min

20 mAU

without methanol

10 % (v/v) methanol 

20 % methanol

Fig. 5. Electropherograms of solutions, containing of 5 × 10−4 M oxalate, 3 × 10−4 M
U(VI), 1 × 10−3 formate, 6 × 10−4 M acetate, 1 × 10−3 M propionate and different
perchlorate concentrations (A); the same solutions with 1 × 10−2 M perchlorate at
different concentrations of methanol in BGE (B).
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Table 1
Parameters of the calibration plots y = a + bx (y denotes the peak surface (AU × s) and x – the concentration (in mol l−1)), detection limits and reproducibility of migration
times and peak areas. Detection at 190 nm, for U(VI) – at 230 nm.

Analyte Linearity range, M (a ± �a) × 102 b ± �b R2 n RSD of standards (n = 3), % DL, M

Migration time Area

U(VI) 1 × 10−5–1 × 10−3 0.26 ± 0.17 106 ± 9 0.9986 8 0.96 0.47 1 × 10−6

Oxalate 1 × 10−5–5 × 10−3 0.005 ± 0.07 89 ± 2 0.9997 8 0.81 1.5 5 × 10−6

Formate 2 × 10−4–2 × 10−3 −0.03 ± 0.04 3.1 ± 0.4 0.9958 5 0.85 2.4 1 × 10−4

Acetate 3 × 10−5–2 × 10−3 0.02 ± 0.03 13.3 ± 0.4 0.9990 8 0.98 2.56 5 × 10−5
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species with studied organic acids may have less affinity for solid
surfaces investigated in this paper than aqueous U(VI) hydrolysis
species.

Table 2
Results of U(VI) and organic acid simultaneous determination in the simulation
solutions (n = 3; P = 0.90).

Species Amount, M RSD, % Rec., %

Added Found

U(VI)

1 × 10−4 (1.15 ± 0.04) × 10−4 2.1 115
4 × 10−4 (3.8 ± 0.2) × 10−4 3.3 95
5 × 10−4 (4.6 ± 0.2) × 10−4 2.1 91
8 × 10−4 (7.2 ± 0.1) × 10−4 0.8 90

Oxalate

1 × 10−4 (1.15 ± 0.12) × 10−4 6 115
5 × 10−4 (5.0 ± 0.3) × 10−4 4.1 99
8 × 10−4 (7.7 ± 0.2) × 10−4 1.2 97
1 × 10−3 (9.5 ± 0.2) × 10−4 1.3 95

Formate

2 × 10−4 (2.2 ± 0.2) × 10−4 4.1 110
5 × 10−4 (4.4 ± 0.7) × 10−4 9.5 88
8 × 10−4 (7.9 ± 0.7) × 10−4 5.3 99
1 × 10−3 (9.5 ± 0.9) × 10−4 5.9 95

Acetate

2 × 10−4 (2.2 ± 0.2) × 10−4 5 111
8 × 10−4 (8.0 ± 0.5) × 10−4 4.2 100
1 × 10−3 (9.5 ± 0.5) × 10−4 3.2 95
Propionate 3 × 10−5–2 × 10−3 0.01 ± 0.03 15.1 ± 0

– number of points for calibration curve; R2 – correlation coefficient; DL – detecti

v/v) of the methanol in BGE the oxalate peak is not disturbed at all
Fig. 5B).

.2.2. Si(IV) ions
Silica can release Si(IV) ions in aqueous solution. The concen-

ration level of Si(IV) released can be at several millimole by litre
n aqueous solutions. The effect of Si(IV) on the separation of the
tudied ions is checked. A small analytical signal of Si(IV) appears
nly if Si(IV) is presented in the level of concentrations more than
× 10−3 M. This peak is situated near the system peak. Thus Si(IV)

n this concentration level does not disturb the nearest analytical
ignals of formate and U(VI).

.3. Simultaneous determination of U(VI) and short chain
arboxylic acid anionic species

.3.1. Calibration curves
For the calibration curve construction a carbonate buffer (pH

.8, I = 0.1 M) as BGE with a flow modifier TTAB (0.15 mM) is
sed. As the methanol addition increases the separation selectiv-

ty between U(VI) and formate and helps to overcome the matrix
ffect of perchlorate, the methanol-aqueous BGE (25% (v/v) of
ethanol) is used. The calibration plot parameters, correlations

oefficients, RSD and detection limits (signal to noise ratio of
) for all analytes studied are summarized in Table 1. The cal-

bration curves are linear in two ranges of concentration from
1 × 10−5 to 1 × 10−3 M for oxalate, acetate, propionate, U(VI) and
1 × 10−4 to 1 × 10−3 M for formate. Relative standard deviations

RSD) are less than 1% for migration times and less than 4% – for
eak areas. For short-chain organic acids detection at 190 nm is
sed as these acids lack a chromophore group and they absorb
nly slightly in the shortwave UV range. For U(VI), the detection
t 230 nm is chosen as it is more sensible than at 190 nm. The
etection limit is 5 × 10−6 M at 190 nm for U(VI), it is 1 × 10−6 M
t 230 nm.

.3.2. Analysis of simulation solutions
The accuracy of the procedure based on the calibration curve

etermination is checked by determining the recovery from sim-
lation solutions, containing 1 × 10−2 M perchlorate, 1 × 10−3 M
f Si(IV) and ions of interest in the range of concentration from
× 10−4 to 2 × 10−3 M.

The results of recovery tests in simulation solutions are listed in
able 2. The results obtained are completely satisfactory for anal-
sis. The recovery is between 90 and 115%. RSD is less than 10%.
he deviations from the spiked amounts are in the interval of the
nstrumental method errors.
.4. Application for sorption studies on silica and rutile

The developed method is applied for the analysis of real sam-
les issued from the sorption experiments on silica and rutile. The
0.9995 8 0.99 3.58 6 × 10−5

it.

results for the U(VI) sorption on silica and rutile in the absence and
in the presence of the organic acids are presented in Fig. 6. Sorption
is studied at two pH values: 3 and 5. At pH 3 the sorption of U(VI)
on silica in the absence or in the presence of short chain organic
acids is insignificant. On the contrary, the U(VI) sorption on rutile
is about 25%. There is no influence of organic acids studied on the
U(VI) sorption at pH 3. On the contrary at pH 5, short chain organic
acids strongly influence sorption both on silica and rutile (Fig. 6B).
They drastically decrease the sorption of U(VI) from 70–90%
to 15–20%.

The influence of U(VI) on the sorption of formic, acetic and pro-
pionic acids at pH 5 on silica is also studied. The results of sorption
of acids in the absence and in the presence of U(VI) are presented in
Fig. 7. The highest sorption observed is for the formate (about 25%).
The presence of 1 × 10−3 M of U(VI) decreases the acid sorption. A
significant difference was observed, especially, in the case of the
formic acid.

For the interpretation of results obtained it is important to take
into account that these acids form the complexes with U(VI) in
aqueous solutions [36,43,44]. Certainly, the changes in the speci-
ation of U(VI) in the presence of organic acids in aqueous phase
have an impact on sorption behaviour of U(VI). The U(VI) complex
1.6 × 10−3 (1.45 ± 0.01) × 10−3 0.5 94

Propionate

2 × 10−4 (2.2 ± 0.2) × 10−4 6 109
1 × 10−3 (1.06 ± 0.03) × 10−3 1.7 106
1.4 × 10−3 (1.36 ± 0.09) × 10−3 4.2 97
2 × 10−3 (1.90 ± 0.03) × 10−3 0.8 95
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Fig. 6. Results for real sorption samples, obtained for U(VI), studied at pH 3 and pH
5 on silica (A) and rutile (B). Concentrations of analytes in solution before sorption:
1 × 10−3 M oxalate, 1 × 10−4 M U(VI), 1 × 10−3 M formate, 1 × 10−3 M acetate and
1 × 10−3 M propionate.
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. Conclusions

CZE with direct UV-detection was adapted for the sorption
tudy of uranyl and short chain organic acids on silica and rutile.
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One of the main advantages of this method is the possibility of a
simultaneous determination, in a single run, of the organic acid
anions and U(VI) due to the formation of an anionic complex with
the carbonate anions of the buffer. The important advantage is
also that CZE analysis demands a minimal sample preparation
(only dilution). Exhaustive time and reagent consumption sam-
ple treatment can thus be avoided. The other advantages of the
use of CZE are simplicity, minimal sample volume requirements,
and reduced cost of analysis in comparison with radiochemical
methods.

The developed simple and reliable method gives one the possi-
bility of studying the sorption processes on solid matrix (silica and
rutile). The results obtained are important for the understanding of
the influence of sample organic matter on migration behaviour of
U(VI) in the environment.
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