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The properties of soil at disposal sites are very important for geological disposal of very low
level radioactive waste in terms of U(VI). In this study, soil from a candidate very low level ra-
dioactive waste disposal site in China was evaluated for its capacity on uranium sorption. Spe-
cifically, the equilibrium time, initial concentration, soil particle, pH, temperature, and car-
bonate were evaluated. The results indicated that after 15-20 days of sorption, the K, value
fluctuated and stabilized at 355-360 mL/g. The adsorptive capacity of uranium was increased
as the initial uranium concentration increased, while it decreased as the soil particle size in-
creased. The pH value played an important role in the U(VI) sorption onto soil, especially un-
der alkaline conditions, and had a great effect on the sorption capacity of soil for uranium.
Moreover, the presence of carbonate decreased the sorption of U(VI) onto soil because of the
role of the strong complexation of carbonate with U(VI) in the groundwater. Overall, this
study assessed the behavior of U(VI) sorption onto natural soil, which would be an important
factor in the geological barrier of the repository, has contribution on mastering the character-
istic of the adsorption of uranium in the particular soil media for the process of very low level
radioactive waste disposal.
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INTRODUCTION

The rapid development of nuclear power plants
has caused an increase in the quantity of radioactive
waste (RW) [1], which has led to increasing interest in
the treatment of wastewater with low-levels of radio-
activity (LLRW). Radioactive uranium, which is one
of the main contaminants in LLRW, needs to be man-
aged because of its high toxicity, long half-life
(338Ut ,, =4.51-10° years), and its resistance to degra-
dation methods to remove uranium from wastewater
such as chemical precipitation, evaporation concen-
tration, solvent extraction, membrane dialysis, and ad-
sorption [2]. Among these, adsorption is among the
most efficient method of treatment. Near-surface and
deep geological disposal are the safest and most effec-
tive disposal methods for radioactive wastes with dif-
ferent levels of radioactivity [3, 4]. During the RW dis-
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posal process and monitoring period, uranium can be
discharged into the biosphere through the unsaturated
or saturated zone [5] because of geological activity
and climate variations.

Adsorption of uranium by soils (including sand,
clay, or clay minerals) such as quartz sand [6], illite,
bentonite [7], podzol [8], phyllite [9], and diatomite
[10] plays an important role in geological disposal and
element migration. Previous studies have investigated
high quality sorption treatments for the removal of ura-
nium from waste or waste water and examined U(VI)
removal from the aqueous environment using different
adsorbents with characteristics such as a high specific
surface area, negative surface charge, and effective cat-
ion exchange capacity [3, 11]. However, for geological
disposal of radioactive waste, greater attention should
be paid to the role of the geological barrier, and specific
conditions that could affect the migration of uranium,
such as temperature, equilibrium time, ion concentra-
tion, redox conditions, and humic acid (HA) content



R. Zuo, et al.: Factor Influencing U(VI) Adsorption Onto Soil from a Candidate ...
Nuclear Technology & Radiation Protection: Year 2016, Vol. 31, No. 3, pp. 268-276 269

[12-14]. For the sorption of nuclides onto soil, the ex-
tent of partitioning could be expressed as K, which is
the distribution (or partition) coefficient used to de-
scribe the distribution ratio of the radionuclide concen-
tration in the solid phase to the radionuclide concentra-
tion in the solution. Because the distribution coefficient
is easily measured and calculated, it is directly compa-
rable under similar experimental conditions. For most
radionuclides, including uranium, sorption onto soil is
influenced by time, temperature, pH, ionic strength, and
different coexisting ions [15, 16].

Batch tests and column experiments are the labo-
ratory methods most commonly-used to examine ura-
nium adsorption on soil [6, 9]. Batch tests are the main
method employed to obtain the distribution coefficient
for assessing the influence of different factors on the
sorption process [9]. The results from batch tests and
batch-derived parameters can be used to represent en-
vironmental conditions, observe chemical equilibrium
processes through a full contact reaction between nu-
clear and soil media, and to describe surface
complexation under different conditions. Research in
recent years has made considerable progress, with
more attention focused on the effects of experimental
conditions. Kim et al. [17] used batch tests to investi-
gate the influence of environmental parameters on
U(VI) sorption in the presence of different kinds of
saprolite derived from interbedded shale, and the re-
sults showed that the process was strongly dependent
on pH. Bruno et al. [18] used breakthrough curves to
study uranium sorption onto kaolinite, montmorillo-
nite, HA, and composite clay material, and found that
pH and ionic strength had a significant influence on
the sorption of uranium ions. Kohler et al. [19] used
batch tests to study U(VI) transport under variable
chemical conditions and found that U(VI) could com-
plex with metal ions in porous media, and that surface
complexation changed as the pH and U(VTI) pulse con-
centrations changed. Similarly, column experiments
could provide an important means for observing the
retention and migration of radionuclides [6, 20]. For
example, Nagasaki [21] used column experiments to
investigate the migration of U(VI) ions in montmoril-
lonite colloids in the presence and absence of HA,
while Khalili et al. [22] used column experiments to
examine the sorption of U(VI) and Th(IV), and to de-
termine the metal ion loading capacity.

In this study, samples of natural groundwater and
soil were collected from a candidate very low level ra-
dioactive waste (VLLW) disposal site [23] in southwest
China. We conducted batch tests to examine U(VI) ad-
sorption as a function of equilibrium time, U(VI) con-
centration, soil particle size, pH, temperature, and car-
banion. The goal of the study was to examine the kinetic
and equilibrium adsorption of U(VI) onto natural soil,
which would be a geological barrier of the repository, to
determine the influence of various parameters on U(VI)
sorption, and to investigate whether it is possible to arti-
ficially change these conditions to develop an optimum
adsorption effect during the construction and operation
of the repository.

MATERIALS AND METHODS

Batch sorption tests of U(VI) using groundwater
and soil samples from a VLLW disposal site were con-
ducted, and the thermodynamic parameters of U(VI)
sorption behavior in soil were examined based on sorp-
tion tests, equilibrium time, and isotherms of U(VI) sorp-
tion in soil. In addition, the effects of particle size, tem-
perature, pH, and ionic concentrations of the sorption
solution on the K value of U(VI) were examined.

Description of the sample site

The VLLW disposal site was in the northern part
of Longmen Mountain in southwest of China, on nar-
row, elongated river terraces at the confluence of the
main river and one of its tributaries. The repository,
which covered an area of 125 x 80 (10,000) m? and
was 20 m deep, was in the center of the site. The major-
ity of the area is dominated by Silurian strata, but a
Quaternary stratum is clearly visible along the river
valley. Three boreholes were constructed through the
rock layer on the river terraces to facilitate collection
of the groundwater and soil samples. The stratigraphic
column, which had a columnar cross-section, spanned
the lithological formations and the depth of the Qua-
ternary and Silurian layers. Only the unconfined aqui-
fer in the shallow Quaternary layer was considered for
the disposal of VLLW. This aquifer is mainly com-
posed of clay, sand, and gravel, and has a maximum
thickness of about 31 m [23]. The physicochemical
properties of the soil samples extracted from the three
boreholes are shown in tab. 1.

Soil samples were collected in the candidate
VLLW disposal site, and the particle size distribution

Table 1. Properties of the groundwater and soil samples

Groundwater [mgL '] Soil [ug/g or %]
Ca*' 66.53 Cu 28.7
Mg* 5.59 Pb 34.2

K'/Na" 6.67 Zn 86.3
COs™ 0 Ti 4657

HCO;_ 220.88 \ 88.7

ClI 6.03 Co 15

S0 13.45 Ni 33.2

Total hardness 189.17 As 10.1
Alkalinity 181.16 Cd 0.25
General acidity 4.5 Cr 73.1
Total salinity 319.15 Hg 0.062
Sc 12.2

Zr 289

Mn 667

ALOs (%) 13.85

CaO (%) 0.46

Na,O (%) 0.69

Si0, (%) 67.55

pH 7.8 (nounit) | MgO (%) 1.05
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was analyzed based on size class. Taking borehole zk3
as an example, drilling has indicated the thickness of
the unsaturated zone with 6.5 m, and one sample was
collected every 1 meter (numbered zk3-1, zk3-2, ...,
zk3-7). In-situ observation revealed strong soil hetero-
geneity. The particle size distribution of all of the soil
samples was analyzed using the stepwise screening
method with sieves of 20, 10, 5, 2, 0.83, 0.38, 0.25,
0.18, 0.15, 0.12, 0.11, 0.075, and 0.02 mm. A grad-
ing curve was then drawn based on the screening re-
sults (fig. 1). As shown in fig. 1, particles larger than
0.83 mm comprised about 70-80 % of the media, being
mainly composed of coarse particles, sand and gravel,
which have weak adsorption of uranium. The ratio of
the particle size between 0.83 and 0.075 mm was
20-30 %, and this fraction primarily consisted of fine
sand, very fine sand or silt sand. This fraction would
play an important role in the sorption and retardation
ofnuclides, including uranium, and was therefore con-
sidered an important parameter. Finally, the 0.075 mm
particle fraction accounted for less than 0.7 %. Al-
though this fraction strongly adsorbs radionuclides,
because of its very low content, it could not be thor-
oughly investigated.
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Figure 1. Distribution of the particle size of soil in the zk3
borehole. The thickness of the unsaturated zone from
borehole zk3 was 6.5 m, one sample was collected every
1 meter and numbered zk3-1, zk3-2, ..., zk3-7

All of the groundwater samples were collected
from discharges of underground water at the experi-
mental field site (tab. 1).

Principles and methodology

Static thermodynamic parameters of radionuclide
sorption form the basis of investigations of sorption
mechanisms and related experimental models in studies
of radionuclide sorption processes in a medium.

Distribution coefficient (Ky)

The K, is an important parameter for assessing
the retention and migration of radionuclides. This
value is derived from the rate equation of Henry's lin-
ear adsorption isotherm [24]

as
— =K,C-K,S 1
5 K 2 Q)

In an equilibrium state, the following relation-
ship can be obtained [24]

Kyq=— (2)

where K is the distribution coefficient, and S and C are
the equilibrium constants in the solid and liquid
phases, respectively. Ky reflects the ratio of the con-
centration of a reagent adsorbed on the solid phase to
the concentration of the reagent retained in the liquid
phase, and is called the distribution coefficient.

The K, value of uranium can be calculated using
eq. 3 [25]

(4 0~ A t )4
A M
where A, [pg] is the mass of uranium added to the solu-
tion, A, [pg] — the mass of uranium retained in the solu-
tion after sorption equilibrium , ¥ [mL] — the total vol-

ume of the solution, and M [g] —the mass ofthe soil.

A3)

d =

Sorption isotherm

The characteristics of the sorption process, in-
cluding the sorption capacity, sorption strength, and
sorption state, can be described macroscopically with
sorption isotherms. Adsorption isotherms commonly
include the Freundlich and Langmuir isotherms,
among others. A sorption isotherm is the equation de-
scribing the relationship between the solute concentra-
tion in the two phases (solid and liquid) when the sol-
ute molecules reach an equilibrium state of sorption at
the interface of the two phases at a certain temperature.

The empirical formula of the Freundlich iso-
therm is expressed in an exponential form [25]

Q=KC"" 4)

where O [Bqg '] is the unit sorption capacity of the solid,
C [BqmL™] — the equilibrium radionuclide concentra-
tion in the solution, K — the sorption equilibrium con-
stant, and 7 is a constant. It is generally thought that when
1/n=0.1~0.5, the sorption occurs relatively easily, while
if 1/n > 2, it is relatively difficult for sorption to occur.

Apparatus, reagents, and
experimental conditions

Apparatus

The experimental set-up comprised the follow-
ing equipment:
— DDA-3 six-channel low-level @ measuring instru-
ment: Instrument background 0-8 ¢/24 h (China
Institute for Radiation Protection),
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— MUA trace uranium analyzer: measuring range
0.03-10°—20-10"° g/mL (Beijing Yulun Technol-
ogy Co., Ltd., China),

— THZ-312 rotary shaker (Shanghai Jinghong Lab-
oratory Instrument Co., Ltd., China),

— Electrodeposition cell (custom made), and

— PHSJ-4A pH meter: accuracy £0.01 (Yidian Ana-
lytical Instrument Co., Ltd., Shanghai, China).

Materials and reagents

A standard solution of 228U(VI) (1.0 mg/ml) was
provided by the China Institute of Meteorology for the
experiments. Groundwater samples were collected
from water seepage points at the VLLW disposal site.
The groundwater was hydrocarbonate type, with a pH
of approximately 7.8. The properties of the test
groundwater are shown in tab. 2. Near-surface soil
was collected at the VLLW disposal site. A 2 kg com-
posite soil sample was collected in a rose flower pat-
tern from a depth of 0 to 50 cm. The gravel and plant
roots were removed, after which the soil was
oven-dried, ground, and sieved into different particle
size grades. Information regarding the chemical prop-
erties of the test soil is shown in tab. 2. The batch tests
were conducted at an ambient temperature of 25 °C.

Experimental process and
controlled conditions

The near-surface soil from the disposal site was
used as the adsorbent in the U(VI) sorption tests. Tripli-
cate samples were prepared for the tests under different
controlled conditions (shown below), and the results rep-
resent the average from the three tests. The soil samples,

Table 2. Controlled and various factors of experiments

which had a particle size of less than 0.15 mm, were
weighed (0.5 g) into 100 mL polyethylene bottles and
30 mL of test groundwater were added. The soil suspen-
sions were then allowed to stand for a week, after which
0.1 mL of Z8U(VI) solution (1-10~°mol/L, 1/4000 of the
U(VI]) standard solution) was added. The bottle was sub-
sequently capped and placed on an oscillator for inter-
mittent oscillation followed by centrifugation (15 min at
3000 rpm). The supernatant was then collected and fluo-
rescence enhancer was added as outlined in test method
GB6768-86 [26] for the determination of U(VI) in water.
The K, value was calculated using eq. (3).

The following experiments were applied to ex-
amine the influence of various factors on U(VI) ad-
sorption.

RESULTS AND DISCUSSION
Equilibrium time

The U(VI) sorption test was conducted using 0.5
g of 100 mesh (particle size 0.15 mm) soil ata 1:6
(g/mL) solid-liquid ratio. The initial concentration of
238U(VI) in the aqueous phase was 300 ug/L.

By definition, K} is the ratio of the sorbate con-
centration associated with the solid to sorbate concen-
tration in the surrounding aqueous solution when the
system is at equilibrium. However, under non-equilib-
rium conditions, the adsorption process was still in-
creasing relatively linearly, and the distribution coeffi-
cient could be used as a reference value to express the
adsorption characteristics. As the sorption time in-
creased, the K; value of U(VI) increased substantially
from 17 to 360 mL/g between 15 and 20 days of sorp-
tion (fig. 2). When the contact time exceeded 15 days,

Various e . Initial U(VI) . . Temperature |Carbonate ions
Factor Equilibrium time (d) concentration [mol/L] Particle size [mm] pH [°C] [mol/L]
. 13,5,7.9,11.13, 15, s
Equilibrium time 17,19, 21 1-10 <0.15 6.8-7.2 20 -
1107
Initial 2107
-5
concentration 15 3'1075 <0.15 6.8-7.2 20 _
7-10
110
0.83>d>0.38
0.38>d >0.25
0.25>d>0.18
Soil particle size 15 1-10° 0.18>d>0.15 | 6.8-7.2 20 -
0.15>d>0.12
0.12>d>0.11
0.11>d>0.075
42;48
pH 5 110°° <0.15 o e 20 -
8.9;9.1
Temperature 15 1-10° <0.15 6.8-7.2 |20, 30, 40, 50, 60 -
Coexisting fons 15 1107 <0.15 6.8-7.2 20 0092 004,




R. Zuo, et al.: Factor Influencing U(VI) Adsorption Onto Soil from a Candidate ...
272 Nuclear Technology & Radiation Protection: Year 2016, Vol. 31, No. 3, pp. 268-276

K, value [mLg™"]

04 T T T T T T

T T
3 5 7 9 11 13 15 17 19 21
Contact time [d]

Figure 2. Relationship between sorption time and the Ky
of U(VI) in soil

the K value fluctuated and stabilized between 355 and
360 mL/g, then approached a state of equilibrium.
When the sorption equilibrium was reached, the K
value of U(V]) in the soil was 360 + 35 mL/g. There-
fore, we concluded that as the sorption time increased,
the K value of U(VI) in soil gradually increased and
finally reached a state of equilibrium.

Other studies have investigated the adsorption
kinetics of uranium sorbed by adsorbents including
zeolite [27], bentonite [28], diatomite [10], magnetic
Fe;0, particles [2], clays [29], natural aerated zone
soil [30], and weathered saprolite [17] and shown that
their adsorptive equilibrium times were 3, 4, 5, 6, 10,
1, and 7 days, respectively. The equilibrium time for
this study differed from those reported by other studies
because the other studies reported information about
U(VI) sorption by adsorbent materials, while this
study reported sorption by natural soil.

Sorption isotherms and the effects of
the initial radionuclide concentration

Once the sorption equilibrium was reached,
there was a significant linear relationship between the
log-transformed U(VI) concentrations of the aqueous
and solid phases (fig. 3). The isotherm plot (Q, vs. Ce)
is shown in fig. 3(a), while fig. 3(b) shows the linear
fitting of isotherm data. This relationship fitted the
Freundlich isotherm, Q = KC'"" [24], and the fitting re-
sults were

0=201C"*(r=0997)

As above-mentioned, when 1/n = 0.1-0.5, sorp-
tion occurred very easily, while when 1/n> 2, sorption
was difficult. We obtained a 1/n value of 1.4, which in-
dicates that the test soil had capacity for U(VI) sorp-
tion, and that U(VI) sorption occurred easily in the test
soil.

Previous researchers have reported similar re-
sults. For example, Niu et al. [14], who studied the ad-
sorption of U(VI) onto attapulgite, concluded that atta-
pulgite sorption fit the Freundlich model well. Similar

9E-08

— 8E-08

ID’

S 7E-08 .

- 7E-08

o 6E-08 -
5E-08
4E-08
3E-08
2E-08

1E-08 1

0 1E-08 2E-08 3E-08 4E-08 5E-08 GE-08 7E-08
@) Ce [molL™"]

-7
72 y=1.4438x + 3.0002

L _74- A =0.9947 /

£ -76- bad
-7.8 4

b

0

Lg &l

8.2 <
8.4
-8.6
8.8

-9l

9.2 ; . ; ‘ : :
” -8.4 -8.2 -8 -7.8 -76 -7.4 -7.2 7
®) Lg C, [molL™"]

Figure 3. Isotherm plot (Q. vs. C. and linear fitting of the
isotherm of U(VI) in the soil

conclusions have been drawn by Setzer [31], who stud-
ied thermodynamic and kinetic investigations of
uranium adsorption on soil. Furthermore, Kushwaha et
al.[32]used palm-shell-based adsorbents to study sorp-
tion of U(VI) from aqueous solutions and found that
their adsorption model fit all of the isotherms, including
the Freundlich isotherm. A comparable conclusion was
drawn by Mishra [33], who investigated the sorption
behavior of uranium in agricultural soils. Gartman et al.
[34] studied U(VI) fate in Hanford sediment and found
that sediment sorption fit the Freundlich isotherm in the
absence of air experiments.

The U(VI) adsorptive capacity increased as the ini-
tial radionuclide concentration increased (fig. 3), which
is consistent with the results from other studies of U(VI)
adsorption by soil [10, 35]. In this study, the U(VI) ad-
sorption capacity in the natural soil was confirmed to be
14.2 ng/g, which followed a similar pattern. As the initial
uranium concentration in solution increased, the adsorp-
tion capacity of U(VI) initially increased quickly, then
slowly until a balanced state was obtained.

Effect of soil particle size

Figure 4 shows the relationship between the K
value of U(VI) and soil particle size. As the soil particle
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Figure 4. Influence of particle size on U(VI) sorption
to soil

size decreased, the K value of U(VI) gradually in-
creased. Further, when the soil particle size was less
than 60-80 mesh, the rate of change of the K; value
gradually slowed. These findings indicate that the soil
particle size had a considerable influence on the soil
U(VI) sorption capacity. Increases in the surface area of
the particles were conducive to the sorption process,
and vice versa. Moreover, finer soil particles were asso-
ciated with a higher U(VI) sorption capacity of the soil.
Our experimental data demonstrated that, as the soil
particle size decreased, the radionuclide U(VI) sorption
capacity of the soil was enhanced, and this tendency
was more evident for relatively large particles.

These results are similar to those reported by
other researchers. For example, Zou et al. [35] used nat-
ural zeolite coated with manganese oxide to remove
U(V]) in a fixed bed ion-exchange column and found
that, as the particle size of the zeolite increased, the
value of K decreased. Michard et al. [36] investigated
the sorption and desorption of uranyl ions by silica gel
and observed a similar decreasing trend for grain sizes
that were an order of magnitude smaller (<800 pm).
Based on these findings, they concluded that particle
size had a limited effect on the equilibrium concentra-
tion, but greatly influenced the sorption kinetics.

Effect of solution pH

The relationship between solution pH and the K
value of U(VI) in the soil is shown in fig. 5. As the pH
of the aqueous phase increased, the K value of U(VI)
in the soil also increased; specifically, the U(VI) sorp-
tion capacity of the soil was enhanced. The K, value
increased slowly when the pH was less than 8, and in-
creased rapidly when the pH was greater than 8. These
findings indicate that pH had a weak influence on
U(VI) sorption in an acidic environment, but had a
much greater influence on the U(VI) sorption capacity
of soil in an alkaline environment. For these reasons,
the main species at low pH are UO,?*, UO,(OH)",
(UO,);(OH)*>*, UO,(OH),’, and UO,CO;, while the
prominent species are UO,CO,, UO,(CO,),>" and
UO,(CO;),* at pH > 7 [37]. However, soil includes

0 T T T T T T T T T
4 5 6 7 8 pH 9

Figure 5. Influence of solution pH on U(VI) sorption
to soil

multifarious organic matter and hydrous oxide miner-
als that possess surface hydroxyl groups. The protons
can be donated to the surrounding solution and take up
cations in return [30]. Therefore, it is possible that, un-
der by acidic conditions, U(VI) precipitates onto the
solid phase in either colloid or chelate form as the
sorption equilibrium develops, resulting in increased
K, value. However, in an alkaline environment, vari-
ous absorption and complex interactions result in min-
erals-U(VI)-carbonate complexes predominating
[38], causing a sharp increase in the K; value.

Various studies have reported the influence of
pH on uranium adsorption by an adsorbent. In their re-
view of uranium adsorption of minerals, organic and
inorganic components, and clays, Payne et al. [39]
found that the K; values were large at neutral pH, and
that the influence of pH on K| increased, then de-
creased [39]. Joseph et al. [40] examined the adsorp-
tion of U(VI) in Turkish soil and found that U(VI) up-
take was low when the pH was between 4 and 6, and
that the distribution ratio showed a gradual increase
with increases in pH [40]. Yet another study of the ef-
fect of pH on the sorption of U(VI) reported that U(VI)
sorption increased quickly when the pH was between
3 and 6, peaked at a pH of approximately 6.5, and then
decreased as the pH increased beyond 6.5 [14]. These
findings contrast with those of our study because each
soil has a unique structure and properties, and there-
fore unique adsorption performance. In this study, we
primarily report the uranium adsorption performance
of soil under alkaline conditions.

Effect of solution temperature

Temperature plays a critical role in sorption be-
cause thermal modifications of compounds change
their structure, composition and sorption ability. The
relationship between the solution temperature and the
K, value of U(VI) in the soil are presented in fig. 6. At
ambient temperature (25°C) or higher, the K, value of
U(V]) fluctuated between 340 and 365 mL/g, with an
average of 351 mL/g and a maximum relative rate of
change of 3 %. The relatively low rate of change indi-
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Figure 6. Influence of temperature on U(VI) sorption to
soil

cates that temperature did not have a significant effect
on U(VI) sorption in the soil.

Previous studies have reported the influence of
temperature on the adsorption of uranium. For exam-
ple, Kushwaha et al. [32] studied the rate of adsorption
of U(VI) to palm shells and found that it decreased as
the temperature increased between 30 °C and 70 °C.
Moreover, Joseph et al. [40] studied U(VI) adsorption
by clay and found that the effective diffusion and dis-
tribution coefficients, D, and K, increased at two dif-
ferent temperatures (25 °C and 60 °C). Xiao et al. [28]
studied adsorption of U(VI) by bentonite and found
that it increased as the temperature increased from
25 °Cto 65 °C. Under these selected temperatures, the
adsorption of uranium presented relatively little fluc-
tuation, without substantial changes. This may be re-
lated to the selected experimental temperature range,
for the fine-grained soil medium, 20-60 degrees of
temperature has not yet reached the substantial
changes in the adsorption properties of excitation con-
ditions.

Effect of carbonate concentration
The relationship between the concentration of

carbonate ions and the K; value of U(VI) in the soil is
shown in fig. 7. When the carbonate ion concentration
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o
o
3
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1.0E-05 1.0E-04 5.0E-04 0.001 0.005 0.01 0.05 0.1
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Figure 7. Influence of carbonate ion concentration on
U(VI) sorption to soil

U(VI), and the resulting complexes could influence
U(VI) sorption in the soil. Previous studies examining
high levels of U(VI) in shallow groundwater revealed
that U(VI) was preferentially complexed with carbon-
ate in alkaline groundwater [41]. Liu et al. [42] studied
adsorption of U(VI) by titanate and pointed out that
the presence of CO;>~ inhibited U(VI) sorption, which
is consistent with our results.

CONCLUSIONS

Sorption characteristics of uranium in soil
(d > 0.83 mm) from a Chinese VLLW disposal site
were investigated using batch tests to conduct a com-
prehensive examination of the capacity of soil to form
a geological barrier. The key factors considered were
equilibrium time, initial concentration, soil particle,
pH, temperature, and carbonate. Based on the experi-
mental results, the following conclusions could be
made. (1) U(VI) was adsorbed by natural soil, and the
adsorption equilibrium time in natural soil at the can-
didate VLLW disposal site was between 15 and 20
days. (2) The sorption behavior of U(VI) in the soil so-
lution could be expressed by the Freundlich sorption
isotherm (Q = KC'™). (3) Adsorption was greatest
when the pH was high, at low carbanion concentra-
tions, and for soil particles. (4) Carbonate ions have a
strong influence on the Kd value, which suggests that
the ion exchange capacity may be the main sorption
mechanism. (5) While changes in temperature had
some influence on the sorption capacity, the influence
was relatively limited. The values of partition coeffi-
cients under site-specific soil conditions for U(VI) ad-
sorption would form a useful and reliable basis for
evaluating the characteristics of the adsorption of ura-
nium in soil media.
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Kyej YO, JIn JbY, Cjaojen BAHT, Cun I'YAH, Jenryo TEHT,
®ej IUHT, He JAHI, Hunmenr BAHI

OAKTOPU KOJU YTUYY HA AJCOPHIIMAIY U(VD) Y 3EM/bUIITY
MNOTEHIHMJAJTHOTI OJIATA/INITA OTIIAJA BEOMA HUCKE
PATUOAKTUBHOCTH Y KUHUN

Y mnorneny U(VI), 3a reonomko ofyiaramke OTHaja BeoMa HUCKOT HMBOA PaMOaKTUBHOCTH
BeOMa Cy BaXKHa CBOjCTBa 3€MJbMINTA. Y OBOM pajly UCIMTaH je KalalMTeT 3a COpPILUjy YpaHHjyMa
3eMJbUIITA ca IOTEHIIMjaTHOT MecTa 3a Ofijlaramke OTIajja BeoOMa HUCKOT HUBOA paJuoaKTUBHOCTH y KuHu.
IToce6HO cy mpouemeHn BpeMe eKBMIMOpHjyMa, MOoYeTHa KOHIEHTpaluja, yecTule 3emibuinra, pH,
TeMmIepaTypa U KapOoHatu. PesynaraTu yka3syjy ma je mocie 15 go 20 gana copmnuuje, K; BpegHOCT
¢aykTynpana u crabunmn3onana ce Ha 355-360 mL/g. AgcopnTuBHE KanauTeT ypaHujyma nosehasao ce
ycaep noBehawa noueTHe KOHIEHTpalyje ypaHujyma, aa 01 ce cMalbUBao ca HOPacTOM BEJIMYUHE YECTHLE
3emsbuilITa. pH BpegHOCT Urpa Baxkny yiory y copnuuju U(VI) y 3eMIBHIITY, HAPOUKUTO NPH AJTKATHUM
yCIOBUMa, M IMa 3HavajaH YTUIA] HAa KaalUuTeT COpIUje ypaHujyma y 3emibuinTy. lllTa Butie, npucycTBo
kapOoHata cMmamyje copniyjy U(VI) y 3emipuinTy 360r jake Komiuiekcanuje kapoonata ca U(VI) y
MOJ[36MHMM Bofiama. ¥ LeJIMHY, IPOLEHEHO je noHamame copnuyje U(VI) y npupogHOM 3eMIBHUIITY, IITO
MOXe OWTH BaxkaH (pakToOp 3a TreoJolIKy Oapujepy OjJjarajuiliTa 4 [AONPUHOCH OBJafaBamby
KapaKTepuCcTHKaMa afCcopIliyje ypaHujyMa y ofipeheHOj BpCTH 3eMIbMINTA TOKOM IIpolleca Ofjlarama
OTIajia BeOMa HUCKOT HUBOA.

Kmwyune peuu: ypanujym, semmuwiitie, aocopiiyuja, chaxiviop yimuuyaja, iieciti cepuje,
PaouoaKiius Y OtliaA0 6€0MA HUCKOZ HUB0A



