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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor any agency thereof, nor any of their
employees, nor any of its contractors, subcontractors, nor their employees makes any warranty,
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or process disclosed, or represents that its
use would not infringe upon privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States
government or any other agency thereof. The views and opinions of authors expressed herein do
not necessarily state or reflect those of the United States government or any agency thereof.
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EXECUTIVE SUMMARY

This research work has been supported by the DOE-FIU Science & Technology Workforce
Development Initiative, an innovative program developed by the U.S. Department of Energy’s
Office of Environmental Management (DOE-EM) and Florida International University’s Applied
Research Center (FIU-ARC). During the summer of 2024, a DOE Fellow intern, Carolyn Cooke,
spent 10 weeks doing a summer internship at Savannah River National Lab under the supervision
and guidance of Dr. Hansell Gonzalez-Raymat. The intern’s project was initiated on May 29, 2024,
and continued through August 9, 2024 with the objective of determining the effect of pH on the
adsorption of iodide onto clay minerals found in the SRS aquifer sediments.
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1. INTRODUCTION

From 1955 to 1988, the Savannah River Site (SRS) was a major production facility for nuclear
weapons material. From the processing of nuclear materials, a large amount of liquid radioactive
waste was generated. The high-level waste was stored in tanks in the SRS tanks farm, while the
low-level waste was sent to seepage basins. At F-Area, approximately 1.8 billion gallons of low-
level waste solutions were disposed into three unlined basins. The low-level waste solution was
highly acidic and contained a variety of radionuclides (e.g., uranium isotopes, strontium-90,
iodine-129, technetium-99, tritium, and others) and dissolved metals. After entering the basins, the
thought was that contaminants would seep into the underlying soil and would be rendered
immobile. However, the acidic nature of the waste mobilized some of the metals and radionuclides
through the vadose zone and into the underlying aquifer, where the contaminant plume spread until
it reached the F-area wetlands (Figure 1). Among the contaminants, iodine-129 (I1-129) is of
particular interest and concern due to its long half-life (approximately 16 million years) and its
potential for detrimental effects on human and environmental health. Remediation of iodine-129
in groundwater remains a major challenge because of its complicated chemistry, multiple oxidation
states, reactivity towards organic matter, and biotic/abiotic transformations. In order to improve
remediation strategies for 1-129 in the F-area aquifer, it is important to understand the impacts of
changing environmental parameters on the sorption capacity of the aquifer sediments for the
relevant species of iodine. The aim of this study is to determine the effect of pH on the sorption of
iodide (the most dominant form of 1-129 in the aquifer) to various mineral components that make
up the F-area aquifer sediment. We hypothesized that sediments with a higher anion exchange
capacity (AEC) will have a higher ability to sequester anionic species, such as iodide, even at
different pH conditions. Previous work showed relatively low kd values for iodide with these
minerals at a given pH (Table 1), which suggests that these minerals will likely have minimal
impact on the sequestration of iodide. However, evaluating the results of this experiment will
determine the extent of the impact of each mineral and pH condition.
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Figure 1. A schematic of the SRS F-area aquifer contaminant plume.
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Table 1. Kd values for iodide and iodate at a given pH value (Kaplan et al 2000, Ticknor et al 1990, Kim et al

2022).

Mineral Species Kd pH
Quartz lodide 0.04 +/-0.02 mL/g  5.8-6.2

lodate 15.7 +/- 4.0 mL/G 7.7
Kaolinite lodide Little or no sorption

lodate 19.0 +/- 3.6 7.7
Geothite lodide 0.10+/-0.03 mL/g |5.8-6.2

lodate 5.0 +/- 2.2 mL/G 7.7
llite lodide 15.14 +/- 2.84 mL/g [5.8-6.2
Na-Bentonite lodide 0.184 m”3/kg 0.55
Montmorillonite lodide -0.42 +/- 0.08 mL/G |5.8-6.2
MX-80 Bentonite |lodide 0.297 m”3/kg 0.55
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2. RESEARCH DESCRIPTION

Batch sorption experiments were conducted to determine the effect of pH on the sorption of iodide
to reference minerals kaolinite, illite, MX-80 bentonite, quartz, and goethite. The pure minerals
were obtained from Sigma-Aldrich (kaolinite and goethite) and alpha chemistry (illite, quartz, and
bentonite). The presence of these minerals was identified in sediment samples collected from the
SRS F-area aquifer that were characterized by Vermeulen and Gonzalez-Raymat, 2023 (Figure 2).
A 0.01M NaNOs solution was prepared with NaNO3 salt and MilliQ water. A 1000ppm iodide
stock solution was made by dissolving potassium iodide with MilliQ water. From that, a 10ppm
working solution was made through dilution. For the sorption experiments at varying pH (3 - 9),
9.5 mL of the NaNO3 solution was combined with 0.05g of each of the individual minerals with
the exception of quartz. Due to the lower specific surface area compared to the other minerals, 1g
of quartz was used with 9.5mL of solution. The samples were then equilibrated on the rotary shaker
for 1 week at 100 rpm and the pH was checked and adjusted as necessary every other day.
Following the 7 days of equilibration, the samples were spiked with the 10ppm iodide stock to
achieve an initial concentration of 100ppb in samples. Samples were then placed back on the
shaker at 100 rpm and had the pH checked and adjusted every other day for two weeks to allow
for equilibrium adsorption. Following the two-week sorption time, samples were removed from
the shaker and were centrifuged at 3000 rpm for 30 minutes to separate the solid mineral phase
from the liquid phase. The supernatant was then separated and stored in bottles in the refrigerator
until analysis by ICP-MS. To prepare samples for analysis on ICP-MS, the supernatant was diluted
to 5ppb with 0.1% TMAMH solution. lodine calibration standards were made by diluting a 10 ppm
iodate stock solution into 2.5, 5, 7.5, 10, 12.5, and 15 ppb standards.
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Figure 2. XRD analysis and characterization of bulk sediment sample at FAW-05 in the upper aquifer zone.
Data taken from Vermeulen and Gonzalez-Raymat (2023).
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3. RESULTS AND ANALYSIS

Goethite was somewhat consistent across the pH range. This is likely due to the point of zero
charge of goethite being 7.8 (Cao et al 2024), which means that there would be little change in
electrostatic effects for the pH range explored in this experiment. It should also be noted that the
kd values for goethite that were observed in this experiment are notably higher than those reported
by Kaplan et al (Table 1). These differences in kd values could be attributed to a few things, such
as the duration of the experiment, or because the minerals were equilibrated repeatedly in fresh
solution in the experiment performed by Kaplan but were not in this experimental procedure.
Additionally, the minerals used in the study done by Kaplan were collected or obtained from
sources different from the minerals used in this experiment, which could also have an impact.
Kaolinite appears to have slightly decreased sorption at higher pH, likely due to increased negative
surface charge. Illite showed little sorption capacity for iodide, likely due to the negative surface
charge at all pH values associated with this experiment (Figure 3 and Figure 5). Quartz (Figure 4)
increased in the concentration of dissolved iodine rather than removing iodine. This suggests that
the quartz used may have been leaching additional iodine into the samples. This observation could
be further explored by performing a leaching experiment on the quartz that was used for this
experiment. MX-80 bentonite also showed low and relatively consistent adsorption capacity for
iodide across pH values.
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Figure 3. The effect of pH on the adsorption of iodide onto individual clay minerals found in the SRS F-area
aquifer.
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Figure 4. The percent increase of iodine in solution following equilibration with quartz as a function of pH.
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Figure 5. Effect of pH on iodide sorption on reference minerals expressed as % removal and mass-normalized
Kd. Experiment conditions: 0.05 gr of reference minerals (kaolinite, illite, Na-bentonite MX-80, goethite), 1 gr
of sand, 9.5 mL solution (0.01M NaNOs), [iodide] = 100 pg/L, pH = 3 - 9, sorption time = two weeks,
atmospheric CO2 and room temperature (22.5 °C).
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4. CONCLUSION

The Savannah River Site (SRS) was a major production facility for nuclear material, which
resulted in the release of 1-129 into groundwater. 1-129 is a long-lived radioactive isotope and is a
threat to human and environmental health. Understanding its mobility in the aquifer and the
environmental conditions that affect the mobility is an important step in protecting public health
and safety. However, the overall removal capacity was generally low for all the minerals, with
many samples not removing more that 20% of the iodine in solution. The exception to this is illite,
which approached a 25% removal capacity at pH 3. Additionally, quartz showed an increase in
iodine concentration with an increase in pH, which suggests that there is possibly some leaching
occurring from the quartz itself.
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