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ABSTRACT

The sorption ecapability of the Sandy-Loamy soil for radio nuclides can be improved
substantially by physical factors. Therefore, the present study was conducted to determine the
effect of different temperatures on adsorption and desorption of radic iodine in the sandy-lcamy
soil. To the end, cultivated and non-cultivated soil samples were collected from Pardis (student’s
dormitory) and Kalate razagh zadeh, in Zahedan, Iran. Furthermore, the samples were tested in
batch experiments with radio iedide. Prior to the actual experiment phase, the samples were
pre-treated under low and high temperature with 20 cc radio iedine 125, The results indicated that,
an increase in temperature has a remarkable effect on 1odide adsorption. In other words, in batch
experiments with equilibrium temperatures of -10, -8, 0, 5, 80 and 70°C, iedide adsorption increases
with increasing temperature. However, higher temperatures raise radio 1odide adsorption only to
a certain extent, but this is more proncunced for cultivated scils. In conclusion, the role of
temperature was found to be the same as effects of organic matter in the sail.

Key words: Radionuclide, temperature, radio iodine 125, cultivated soil, none cultivated soil,

organic matter

INTRODUCTION

The study of '*I concentrations underscores the importance of identifying the appropriate in
situ stabilization technologies for all source contaminants (Kaplan ef al., 2011). The disposal of
radicactive material requires a technical, engineered and geological study (McCombie et af., 1995).
Organic matters combine with soil particles and result combinations which are useful for other soil
particles. Organic matter is selected because of their excellent adsorption capabilities (Bors ef al.,
2000; Koch-Steindl and Prohl, 2001). Soils compounds might have different impacts. Although clay
is generally ineffective in adsorbing anions (Madsen, 1998), the weak adsorptive capabilities of
clays for 1odide can be improved substantially by the organic matter. The resulting organic-clay

minerals are capable of adsorbing 1odide (Madsen, 1998; Riebe et al., 2001). The clay minerals
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exhibit increasing adsorption capabilities for anions with increasing organic matter (Bors and
Martens, 1992; Bors ef al., 2000). In order to optimize sorption characteristics, a scil with organic
matter 1is considered to combine with clay materials in a new set of tests (Dultz et al., 2005;
Hosseini and Qureshi, 2011). Radio iodate form is readily adsorbed on soil with abundant
organic matter, while carrier-free radiciodine is adsorbed on soil independent. of secil properties
{Brake et al., 2002),

Temperatures have been proposed for changing 1odine radionuclide in soil. Temperature 1is
expected to be variable at the soil surface. The present study focused on the adsorption of radio
nuclides by sail compounds exposed to different temperature, representing temperature impact and
organic matter as well as radic iodine 125,

MATERIALS AND METHODS
Site and soil: The cultivated and non-cultivated soil samples were collected from Pardis
{dormitory of students) and Kalate razagh zadeh, in Zahedan, Iran. Table 1 displays the detailed

sample mineralogy, determined by a soil laboratory.

Sampling: In the first stage, the soil was filtered and dried. Then, 200 grams of the dried and
filtered sl was separated and poured in to a special container. In the next stage, the soil was
homogenized using a high-speed homogenizer for 15 min. To make a mixture, 20 ce radio iodine
125 was added to 200 g of the soil sample, and stirred with a wooden spoon. After centrifugation
and decantation, iodide adsorption tests were performed at elevated temperatures of -10, -8, -5, O,
5, 50, 60 and 70°C. Note that, one group of the sail samples have been sub-divided into case and
control sub samples. In order to reach the desired temperature, the sub samples were stored in a
freezer with temperatures below -10, -8, -5, 0, 5, °C, for 24 h. In the same manner, the other group
of soil samples was also divided into case and control sub samples, and put in an incubator with
temperatures under 50, 60 and 70°C. However, different elevated temperatures are applied: for
case sub-samples prior to the adsorption tests, but for control sub-samples, adsorption tests are
performed without the heating treatment. Soil samples are achieved by keeping in a ventilator for
24 h at fixed temperatures of (224£1°C) temperature. The subsequent adsorption tests are carried
out at laboratory temperature (22+1°C).The procedure of 1odide adsorption tests for samples 1s done
twice.

Experiments: The adsorption experiments are performed using the bateh technique, where
adsorption is characterized by the distribution coefficient (K, value). K, (L. kg™) is defined as the
ratio between the concentration of solute adsorbed on the solid matrix (mol kg™ and the
coneentration of the solute in the equilibrium solution (mol L™, For certain practical considerations,
however, it may be more useful to have information on the amount of radioactive substances
adsorbed per mass or volume of soil in case of an impact of different temperatures, cultivated and

non cultivated soils. Therefore, measuring results have been processed to yield the relative sorption,

Table 1: Composition of the soil
Clay (%) OC (%) pH EC P (ppm) Mn (ppm) Cu (ppmy) Fe (ppm) Zn (ppm) Bail structure
9 0.17 7.72 3.42 6. 62 5.6 0.68 4.46 1.16 Sandy-loam
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which 1s the percentage of added adsorptive actually adsorbed by the soil in different temperatures
and organic matter. K, (I. kg™!) of radio iodide in cultivated and non cultivated scils can be
calculated after temperature pretreatment up to 70°C.,

Organic samples: Organic samples (0.5 g) are dispersed in 9 mL of ln distalled water in 30 mL
centrifuge tubes. Iodide adsorption is carried out with 1.4 kBg (~2x107% mol L) of '#*I. As an
inactive carrier of iodide, 1 mL of Kl-solution in concentrations ranging between 107% and
107" mol L' is used. Tracer and carrier are added after 3 days of equilibrating the minerals with
bi distilled water.

Depth profiles of radionuclide: Finally, the sub samples are carried to ancther lab in a special
container to be tested.

The actual iodide concentration was 20 cc and the incubation time for the adsorption process
took 15 min. After this stage, the solid and liquid phases are separated by centrifugation and the
radioactivity of the liquid phase 1s measured by gamma-counting machine (The model name 1s
Automatic Gamma Counting system: Made in Switzerland).

Adsorption K, values and relative adsorption were calculated from the measured radio activities
in the solution before and after incubation and freezing. For the desorption process, carrier-free
solution was added and analyzed after 24 h of shaking. All experiments were carried out in
duplicates. The overall mean error was <5%.

RESULTS AND DISCUSSION

The effective adsorption is increased due to ascending the temperatures from low to high in
cultivated and non cultivated soil, but adsorption in non-cultivated scil is higher than cultivated
soil (Fig. 1). Although the K, (I kg ') increases in cultivated and non cultivated soil in different
temperature -10, -8, -5, -3, 0°C to 5, B0, 60 and 70°C, but K, rises more in non cultivated soil
(Fig. 2). Table 2 shows changes in K, and 1odide adsorption in cool and warm temperatures of non
cultivated and cultivated soils.

Temperature effects K, in non-cultivated and cultivated soil due toicdide adsorption. The iodide
adsorption is also related to the organic matter which is available less or more in cultivated soil and
non cultivated soil during the adsorption process. Iodide adsorption is hardly influenced by soil
particles of non cultivated soil, whereas anion adsorption is slightly decreased in non cultivated
soil. The scil particles are able to cause an appropriate expansion of the interlayer spaces,

Table 2: K, Temperature and adsorption in cultivated and non cultivated soil

Nonecultivated Cultivated

Temperature (°C) Adsorption CPM K, (L kg™ Ky (%) Temperature ("C) Adsorption CPM K; Lkeg™ Ky (%)
-10 170 138750 72 -10 185 138750 88
8 235 157500 87 8 210 157500 11
5 270 138750 120 5 185 138750 86
-3 225 161250 91 -3 215 161250 91
o] 245 176250 84 o] 235 176250 111
5 290 157500 109 5 210 157500 79
50 265 198750 106 50 265 198750 100
60 250 198750 91 60 265 198750 96
70 275 206250 70 275 206250
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Fig. 1: The effect of temperature on adsorption in soil
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Fig. 2: The effect of temperature on K,

which 1s needed for inserting a sufficient amount of organic matter and radio iodine 125
(Bors et al., 1994; Koch-Steindl and Prohl, 2001). Sufficient iodide adsorption is the main eriterion
for selection, but practical aspects of handling, solubility and purchase costs are also influential.
Organic matters reveal a high iodide adsorption with scil particles and proved to be satisfyving with
respect to the eriteria (Muurinen, 1994; Bors, 1990). For cultivated sail, the relative adsorption 1s
increased from about 93 to 96% of the available iodide at a concentration of 107° mol L ™" iodide in
the solution. The increase in adsorption for the cultivated scil starts earlier than non cultivated scil
under the same conditions, but it is more in none cultivated scil is 72 and 120% of available iodide
under the same conditions.

The decrease of adsorption starting at 50°C, is more pronounced in non cultivated than
cultivated sail. Relative adsorption of iodide by the cultivated soil is slightly between 86 and 113%
at cool temperature and 96 and 79% at 60 and 5°C. In contrast, the non cultivated soil shows a
pronounced decrease of the adsorption from 109 to 90%, starting at 5°C. The results of the present,
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study indicate that, high temperatures prior to adsorption have a small effect, K, values is
increasing with rising organic matter in soil and Changes during heating indicate that the tested
organic matter are stable in non cultivated soil to a temperature of about 5 and 50°C (Dultz ef al.,
2005; Pusch and Karnland, 1990). Organic matter compounds show increased adsorption
capabilities for radic 1odine 125 (Dai ef al., 2004). With respect to radio iodine 125 adsorption and
thermal stability, organic matter seems to be especially suitable. In experiments with different
equilibrium solutions, containing competing anions (Pusch and Karnland, 1990; Riebe ef al., 2001)
organic matter revealed a sufficient selectivity for iodide. There are some other factors which affect
on contaminants adsorption and K, values. The results of Ashworth and Shaw (2006) indicated the
advantages of the mini-column approach in assessing the environmental behavior of radioactive
and soil contaminants.

CONCLUSIONS

Temperatures impacts radio iodide adsorption in cultivated soils when it is at high. Radicactive
matter will not be active during an advanced cooling stage, so that the soil will be exposed to higher
temperatures prior to expected leakage of radio nuclides.
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