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ABSTRACT

DOE Fellow, Silvina A. Di Pietro, completed a-t@ek internship with Pacific Northwest
National Laboratory (PNNL) in Richland, Washington Stdiee objective of the study was to
investigatea strategy for treatment of contaminated sediments with diteidmirelease iodine.
Under the mentorship of Dr. Jim Szecsody, she coeduat series of batch experiments
understanding (1) the infénce of variablesolution component®n iodine leaching from
contaminated sedimentand (2) the ate of iodine removal yb sodiumdithionite solutions
Dithionite was used in these experiments as it can both reduce iodate to iodide and dissolve iron
oxides on sediment surfaceSamples vaed in reaction time,initial iodate concentration,
sodiumdithionite treatment concentration, aseldiments as they were recovered from variable
deptls and locatios at the Hanford sitdn addition PhD candidat®i Pietroreceived invaluable
guidance in experimental design and depaient that will benefither ongoing research
endeavors.
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1. INTRODUCTION

Radioactive isotopes of iodine are produced from nettrdaced fission of uraniuniU) and
plutonium (Pu) in nuclear reactorsHowever, ey canalso beproduced naturally in small
guantities from spontaneous fission of natlwalNuclear reactions can form up to 19 iodine
isotopes from fission produc{&antelo, Bauer, Marter, Murphy Jr, Zeigler, 1993) However,
only 129 isotope is of longerm concerwith a halflife of 16 million years(Kaplan et al., 2014)

lodine-129 (29) generated at the U.S. Department of Energy (DOE) Hanford Site dBting
production was released to the subsurface resulting in several large, dilute plumes in the
groundwater.As depicted inTable 1, the Hanford Site is one of the major contributors to
worldwide release of? to the environmentCurrently, the 200 West Area tiie Hanford Site
holdsthe majority of the'*d groundwater contaminatiowith three plumes covering an area >

50 kn? (Kaplan et al., 2014)n 2016, Lee anthis research team sampled and analyzed the 200
Area wells for both'?l and?9 for the area shown in Figure The total'?9 within the wells

was very small (187 10°¢ g / (Szpcsody et al., 201 Plowever, @spite its low concentration,

129 dilute plumes exceethe minimum Federal Registedrinking water standard of.Q pCi/L
(Kaplan et al., 2014)

For environmentalodine chemistry, threeadine species are of concern: iodidg, iodide (I)

and iodate(IO3). As the Pourbaix diagram shows Figure 2, I and IQ™ are the most stable
speciesAlthough I covers a significant range of g1 conditionsandappears to be close to the
limits of water (dashed lines)Os is the major species present tite Hanford SiteOrgane

iodine can also be significant but has not been characterized for inclusion in Pourbaix diagrams.
Groundwater analysis reported that 85% of the tatgleousodine massvas|Os (Szecsody et

al., 2017, however iodine extraction from vadose zone sediments indicates most sediments have
more iodide than iodate masalthough the vadose zone and unconfined aquifer is oxic to
suboxic, there are abiotic reductants in the mafic sediments and iodateiahicedbction can

also occur

Reported K values on Hanford Site sediments show a very low sorptiardafe (< 0.23 mL/g)

and about four times greater sorption for iodate (Truex et al., 2Blb&yever, 8697% of the

iodine is still bound in the solidyase at the Hanford sitledateand organeodine aregenerally

more retarded thanbecause of their strong interaction with clays and organic métterinitial

intent of dithionite addition (as a part of a pump and treat system) is to reduce adsoabedo

lodide tomore quickly advect iodine mass out of the aquifer. However, dithionite treatment of
sediment also dissolves and reduces Fe(lll) oxides (Szecsody et al., 2004), so additional Fe
oxide-bound iodine mass is also removed from the sedin8aquential extractions of iodine
contaminated sediments have shown that 80 to 97% of the iodine is in solid phases (Truex et al.,
2017, Szecsodgt al., 2017). It has been hypothesized that this includes Fe oxides and calcite.
The focus of this study is on the use of a dithionite solution to extract iodine from contaminated
sediments by: a) reduction of adsorbed iodate, and b) dissolution dj Bgitles that contain

iodine (likely iodate).
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Table 1. Major sources of*?9 in the environment (Truex et al., 2017)

Source 29 Mass Released (kg) Reference
Fuel reprocessing & Hague (France) 3800 Houet al 2009
Fuel reprocessing Sellafield (UK) 1400 Houet al 2009
Hanford Site 266 Raisbeck and Yiou 1999
Natural hydrosphere and atmosphere 100 Bustadet al 1983
Atmospheric weapons testing 50 Raisbeck and Yiou 1999
Savannah River Site 32 Kanteloet al 1990
Nevada Test Site Underground nuclear testil 10 Raisbeck and Yiou 1999
Chernobyl 1-2 Raisbeck and Yiou 1999
Fukushima 1.2 Houet al 2013
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Figure 1. Plume map of'?% contamination in the Hanford 200 Area (Lee et al., 2017)
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Figure 3. Conceptual overview of subsurface biogeochemical processes that affect the fate and transport of
iodine. Note: the diagram does not distinguish betweed and %7 because these processes are the same for
both isotopes (Truex et al., 2017)

In previousresearch scientists found thateduction of various contaminantgas fast in the
presence of strong reductantsuch as zerealent iron and sulfumodified iron (Devlin &

Muller, 1999; Szecsody et al., 2004; Waybrant, Blowes, & Ptacek, 19@®)ate reduction can

occur, as Hanford vadose zone sediments showed that the iodate reduction rate that varied two
orders of magnitude from 0.06 to 23 pmol/h/g with no treatr{&zecsody et al., 2017n one

study, dithionitereduction of Fe oxides in sediment had an averagelifealbf 6.5 hours
(Szecsody et al., 2004). As we hypothesize that much of the iodine bound in sobd phas
Hanford sediments is in Fe oxides, this Fe oxide dissolution rate may be similar to the release
rate of iodine from sediment.

The objective of this internship was to develop an understanding of prior and ongoing research
related to the treatment tife deep vadose zone using sodiithionite as a reductant to release
iodine by working with PNNL scientists most familiar with the proj€ldte report aims to
contribute toour understanithg of the fate and transport tfie contaminant?® in contamined
Hanford Site sediments.
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2. EXECUTIVE SUMMARY

This research worlwassupported by the DOEIU Science & Technology Workforce Initiative,

an innovative program devel opQCffite obBnviranmentalUS De |
ManagemenfDOE-EM) and Fl orida I nternational Uni ver s
ARC). During the summer of 281 DOE Fellow internSilvina Di Petro spent 10 weekat a

summer internship &acific Northwest National Laborato(l?NNL) in Richland, WAunder tte

supervision and guidance d@r. Jim Szecsody, a Senior Scientist with the Environmental
Systems GroupThei nt er nds pr o jndundd, 2088asd continued thraughe Adigust

10, 2008 with the objective operforming research and assisting wikperiments related to the
remediation ofodine-129in the 200 Area of the Hanford Site in Washington State.
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3. MATERIALS AND METHODS

The purpose of this researalas to develomtechnology to mobilizéodine under Hanford 200
Area groundwater conditiona order to remove radioactive iodine from the subsurfabese
laboratory stugsfocusedon identifying(1) variable carbonate concentrations and (2) the rate of
iodine reemobilizationas sediments/iere exposed toitthionite (S04%) as a reductant. The goal
was torelease iodindrom the solid phaséy converting iodatglO3) to iodide (1) and by
dissolving iron oxides on sediment surfaces.

Studies show that dithionite treatment reduces strddtorain clays by dissolving and reducing
amorphous and some crystalline iron (Ill) oxidéServiniSilva, Larson, Wu, Stucki, &
technology, 2001; Stucki, Golden, Roth, & Minerals, 198Me rapid dissociation of the
reductanenion(Eqg. 1)allows for reduction of iron (ll) solid phases giveynEq 2.

. S0#27z 280 Eq. 1
SOA+ Fe*+ H,0 2 AR&Q% + 2H Eq. 2

Batch experiments were conducted to quantify iodiesolution ino the aqueougphase
Experimentswere aimed at understanithg (1) the influenceof variablecomporents on iodine
leaching from contaminated sediments (refeneds Part A) and (2) therate of iodine re
mobilization by sodiumdithionite solution(referredto asPart B). Finally, Part C or the log-

term stability of iodine leachingbatch experiments an extension oPart B, where the three
contaminatedediments (E8486) from Part B were sampleét longer timesExperiments use
artificial groundwater (Table)2ambient temperature (Z2°C), aquifer sediments with a pH of
7.7-8.3, and field iodineontaminated ~ 1 0 0 ared gricdntaminated sedimefitesm operable
unit (OU) 20QUP-1 (Figure 1) Aqueous iodine analysis was performed in the Energy Systems
Laboratory (EML) located irBuilding 331 of the Subsurface Science and Technology Group
usng an ion-chromatograph (operating procedure -DYZ-AFRI-001) coupled withan
inductively coupled plasma mass spectrometer-\3).

Table 2. Artificial Groundwater Composition used for lodine Batch Experiments

Constituent Concentration (mg/L) Molarity (mmol/L)
H»SiOs*nH 0, silicic acid 15.3 0.154
KCI, potassium chloride 8.2 0.110
MgCOs, magnesium carbonate 13.0 0.154
NacCl, sodium chloride 15.0 0.257
CaSqQ, calcium sulfate 67.0 0.492
CaCQ, calcium carbonate 150 1.50
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Part A.Influence oWariable Componentsn lodineLeaching fronContaminatedsediments

An experiment was conducted ocontaminated( ~ 1 0 0 '¥l-gxidizeéd fom Hanford Site
sediment from borehole C9510 1143l 5.. Ba&tbh experiments consisted of four 45 mL
polycarbonate centrifuge tubes in whiehb.0 g of sediment was reacted with 20 mLreductant
solution (253 g/L) The solution was prepared as follows:328 g of Nadithionite in 250 mL of
artificial groundwater Table 2) for sample ID E8®.4325 g of Nadithionite and 1.382 g oK>COs

in 250 mL of artificial groundwatefor sample ID E81and the same protocol for sample ID E82,
with the exception o&dding 0.100 g of KHC®The carbonate buffer is necessary as four moles of
H* are produced per mole of dithionite consumed, as described in(Ege@sody et al., 2004)he

order of the reagents is important as the presence of dithionite in aqueous solution will
disproportionate (Eq. 1) at a ratd ~5 minutes, resulting in unaifability for iron reduction
(Zachara et al., 200@achara et al., 2000\ carbonate buffe(K-COs) was added firsfollowed by
KHCOs. Nitrogen gas was bubbled for ~30 minutes to remove dissolved oxygen. Lastly, Na
dithionite was addethside the anaerobic chamber (Coy Laboratddg@mples E8@2 were sampled
after sevendays of contact timewith a 10 mL syringe needl2.0 mL of samplavas removeand
filtered through a 0.45 em filter.ysiSAnalysbcas wer e
iodine species asconducted using an iechromatograplfoperating procedure GBPVZ-AFRI-001)
coupled with a mass analyzer (KBFS) f r o m P EnergydSystems Laboratory (EML is
important to note that sample ID E83 was sampled ed@ryoursby removing the 0.4 MK:CGO; +

0.1 M Na-dithionite solution and addingfreshvolume @0 mL) of the same solutioffor a total of
three times)The purposef adding fresh solution was to determine if higher iodine concentrations
would be extracted in comparison to the original, sedencontact solutiorifable 3 below lists the
solution concentratiaTor all four samples in accordaneagth their samplingitmes.

Table 3. Part A batch experiment data, including samples, solution volume and concentration, sediment mass,
and starting and elapsed time, to evaluate variablsolution components

Sample , Na—_ K2CO3 Na-citrate  Sediment Fmgl Start time End time
ID | dithionite iy (moli) (@  Souton - jate time)  (date, time)
(mol/L) 9 (mL) ' '
E80 0.1 - - 5.0675 20 6/11/18 1453 6/18/2018 10:39
E8l 0.1 0.4 - 5.1066 20 6/11/18 14:53 6/18/2018 10:44
E82 0.1 0.4 0.4 5.3282 20  6/11/18 14:53 6/18/2018 10:47
E83 0.1 0.4 - 5.1367 20 6/11/18 14:53 6/13, 6/15 and 6/1¢

Part B.Rate oflodine Remobilizationby Dithionite Solutia

For Part B experiments, the sampling procedure andlyss were the same as Part A. Sampling
times, howevernangedfrom 0.1 to150hours In addition,the solid to liquid ratiowasincreased

(from 253 to 288 g/LYo promote mee iron oxide dissolution. It is important to note that the
reductant solution walla-dithionite with carbonate buffeK-CQOs, (the same as E8&and E83
solutions) as previous studies show it to be the momnisingtreatment(Boparai, Comfort,

Shea, & Szecsody, 2008; Szecsody et al., 2004; Zachara et al., R0®0¢r,the kinetic release

was used to describe Hanford sediment dissolufitre rate of reactioms often found to be
proportional to the concentration of the reactants based to a power. For example, the rate of a
change in concentration of a reactant (in this case "A" is Fe oxide concentration and "B" is the
Na-dithionite concentrationfo the molarconcentration of two reactants A and B, writterEq.

4 for the general reversible reaction in EQ. 3
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aA + bB z c¢cC + dD Eq. 3
dA/dt = ki [A]4B]P Eq. 4

The coefficientkf is the forward rate coefficierfor the reactiondependent on the concentration
of the species in the reactigreactants A and B for E4). Further,sum ofthe powes to which
the concentration of a spesis raisedis the order of the reactioifAtkins & DePaula, 2010)
While Figure 7 below shovs that the best fit for theate lavs follows a second ordereaction
Figure 8showsthat thisreactionorder is occurring based dine slope of the lineA summay of
different kinetic models can Beund inTable 4

Table 4. Summary of rate laws, integrated rate law linearequations and plots variablegor
different kinetic models

Kinetic Model Rate Law Linear Equation Plot Reference
ac. _ Ci] vs. t Atkins & DePaula, 2010

Zero-order d_Cr =- [C] = [C,] - kt [Ci] vs s ePaula,
- In [C{] vs. t Atkins & DePaula, 2010

First-order % = k[C.] C,=C,-e kt [Ci] vs S ePaula,

Powell et al ., 2004

Pseudo first-order 2% - Ci=C, e mIc)[c)] vs. 1
dc, K[G] i ’ (GIC)] Abargues et al. , 2018

Second-order ac, _ K[C,J2 x :Ci + kt 1/C;vs. t Atkins & DePaula, 2010

ac, ¢
dc, 1_ 1 1
C

dC;, = k[C,]? c = + ta t/Cy vs. t Gupta et al ., 2009

,_,
=)

Pseudo second-order

Part C.Long Term Stability of lodine Leaching from Sedimdsatch System

For Part C experimentghe methodology was the samePast B. This set of batch experiment
however, had two specific goals: (1) to understand thetilemg stability of iodine leaching, thus

the ampling timesranged from 0.1 to ~ 100s of hoursind (2) to understand the difference in
iodine leaching between Niithionitetreated versus untreated sedimenhswly prepared 1 M
Na-dithionite + 0.4 MK>COs solution was placed in both untreated sediments (samples E87, E89
and E91) angbreviouslytreated samples E&b. To obtainhe solid phase frorRart B, sanples
E84-86 were centrifuged for 10 min at 3000 rpm (Sorvall Dupont RC3G% supernatant was
thendiscarded inside the fume ho@dcabConco) This procedure was performed nine times for
the following sampling periods: 1, 30, 90, 200, 300, 500, 750, 406001500 hFigure4 shows

the experimental setp forthelong-term batch experiments as summarized in Table 5
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Table 5. Part C batch experiment of longterm stability of iodine leaching parameters. Note: volume and
reductant solution were the same a®art B

Previous Well Pre—tr_ea_ted_ with 0.1M
SamplelD sample ID Mass (9) Na—dlthllggétg: 0.4M

ES7 - C9507 104.41 0 5 . 10.152 -

ESS E84 C9507 104.4. 0 5 . 10.048

ES9 - C9510114.3 15 . 10.186 -

E90 ES5 C9510114.31 15 . 10.02

E91 - C950794.19 5 . 10.021 -

E92 ES6 C950794.195 . ! 10.069

b ! B e

! W (0
vl ] el el o LY
MMBEG "
Ny -
N R ‘
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) w
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Figure 4. Setup for sampling day #1 (1 h) ofbng-term stability of iodine leaching batch experiment
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4. RESULTS AND ANALYSIS

Part A.Influence oWariable Componentsn lodineLeaching fronContaminatedsediments

Figure 5 shows the extracted iodide from Hanford site contaminated sediment C9510 under
different solutions. Although the leaching amongst the different reductant solstansa
differentyet increasingtrend s ampl e E83 showed Ifg)haeaseubdftert | odi
sevendays of contact timeThis is probably due to the frequent change in reductant liquid phase.

The freshly added solution is not as oxidized as thetiome solution samples ESR, and thus,

solution sample E83 has a greater effattreducing the iodine species found in the sediments.

Every 48 hours, 20 mL of Ndithionite and carbonate solutiorr®0s was added to sample E83
solid phase. When comparing E81 and E83 sampl
leaching for he fresh dose of reductant solution (E83). This suggests that the 48hamge

solution may havea slightly greater impacbn contaminant mobility than the combination of

three reductant solutions (citrate, carbonate buffer andithenite).

70
— E80-0.1 M Na-
=) N
T 60+ dithionite
2
T 50 ¢ E81-0.1 M Na-
£ dithionite+ 0.4 M
2 a0l K2CO03
5 E82-0.1 M Na-
> 30+ dithionite+0.4 M
2 K2C03+0.4 M
S Na-citrate
2 B WE83- 0.1 M Na-
~ dithionite+0.4 M
N 104 K2CO3 changing
-~ every 48h

0

Solutions for sediment C9510 114-315.3'

Figure 5. 1?7 extracted from sediment C9510 1143 1 5 . 3sé@mplescEBES3 with variable components 0.1
M Na- dithionite (light orange), 0.1 M Na dithionite+ 0.4 M K2COz (mid-orange),1 M Na-dithionite + 0.4 M
K2COs3 + 0.4 M Na-citrate (orange) for severday contact time andl M Na-dithionite + 0.4 M K2COs

changing solution every 48 hours (dark orange).

Part B.Rate ofiodine Remabilization by Dithionite Solutia

The goal forPart B experiments was to understand the dissolutifomon from Fe-oxides on

Hanford Site sediments with respect to tirkpon ICRMS anal ysi s, imhod 1 nstr
detection(LOD) for iron was 1000 pg/LDue to its high LODall except for four sampig times

from sampleE86 gave an undetectable measurement. Insté4djetectable measurements that

were extracted from treated and untreated sediments were plotted as a function of toge (in |
hours) ashownin Figure 6 The iodide concentration extracted from the samplé84s> E85>

E86.lodide in sample E84 was ovemn order of magnitude (or 23 tisiarger) than sample E86

1C
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For all three samples, there is no plateau reached in the 144 hours of contact time, suggesting
further iodide leachingyill occur over longer perids (i.e. steady state was not reached)

In addition, these data suggest that iodine is mobilizéal a reduction mechanisras the
dithionite is oxidized in solutionQualitatively, dithionite removalwas visually observed from
the sediment color change from tan to gray (sample ID 84) or black (sample 1BGE&S the
contact time increasedrhis observation also indicates that tRe-oxides particles on the
Hanford Site sedimentwe reducing from feic to ferrous iron.

In order to determine theoefficientk or rate lawsfor samples E846, the kinetic parameters
shown in Table 4 were evaluated and plotieble 6 summarizes the detenad parameters for
iodine remobilized into the aqueous dithiite solution. When comparing tii¢ values for the
different kinetic models, pseudo secemdierhasthe best fitFigure 7 belowshows a plot of the
linearizedform of the pseudesecond ordeequationfor iodine remobilized in the Hanford Site
sedimentsFrom Table 4, he correlation coefficients for the linear plottE: against time from
the pseudeecond order rate law are greater than 0.984 fahedke batchsystems for contact
times ofup to144 hours

Furthermore, in order to be certain thatiaetic model follove a particular orderpne can test
themethod of initial rategAtkins & DePaula, 2010)This method plotghe natural logarithm of
the late of the reaction against thatural logarithm of theoncentration at a particular time, C
For samples E886, the latr (iodine concentratignC) was obtained from Figure 6. The former
was obtained based on the general rate of reaction (Eq. 4 ahss@hing that the powas two
(i.e., pseudo secoratder reaction) and usingetcoefficientk or rate law from Table 6, the rate
for samples E&-86 can be calculatelg. 5 below shows the reaction thecalculated rate.

Rate =k [I]? Eq.5
wherea = 2.

Uponplotting the calculated valueandobtainingalinear equation, the slope is representative of
thereactionorderbased on the method of initial rat€sgure 8 below shows the aforementioned
plot with the natural logarithm of the calculated rate against naagafithm of concentration:C
with a slope ofan integertwo. Both Figure 7 and Figure 8 concludethat thegeneral reaction
equationfor this system (Eq. Zpllows a pseudo secoratder kinetic model.

11
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Table 6. Kinetic parameters (rate law, standard devation taken from linear regression, R values and half
life) for zero-order, first-order and pseudo secondrder models for the iodine released into the 1 M Na
dithionite + 0.4 M K2COs solution in samples E8486

Samole Zero-order First-order Pseudo seconarder
¢ Borehole k (£StDev) k (+StDev) k (+StDev)
(eg/L-hY) R? (1/h) R? [1/[(eg/L)-h] R?
C9507
E84 104.4105.4'" 1.336+0.300 0.798 0.0146+0.0041 0.386 0.0042+0.0002 0.984
C9510
E85 114.3115.3' 0.835+0.206 0.768 0.0103+0.0036 0.482 0.0061+0.0003  0.939
C9507 94.1
E86 95.1' 0.0345£0.0195 0.385 0.0411+0.0128 0.493 0.100+0.0042 0.993
®EE4 ®LE85 EB6
250
®
200 +
= 150 ¢
o 9
=2
t\-\_,
e L
= 100 1 e
L
L
50 ¢+ @ @
L
@
0 4+—0—_9 : : : :
0.0 0.1 1.0 10.0 100.0 1000.0
Elapsed time (log h)
Figure 6. lodine-127 extracted from soil sediments sample E8%borehole C9507 1044 05 . 46 (bl ue), s a

E85-borehole C9510 114.3.115. 36Co%07r #¥d95 . ldoVMdiatkiomizhe E86 b ¢
0.4 M K2COs in artificial groundwater solution as afunction of time expressed in log hours
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Log (Rate Pyeudo-s econd order)

Figure 8. Reaction order plot of natural logarithm for the pseudo seconarder rate using Eqg. 5against the
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Figure 7. Pseudo seconarder kinetics fit for iodatec ont ami nated (~100 ¢€gs;L)
sample E84 (blue), sample E85 (red), and sample E86 (green).
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Part C. Long Term Stability of lodine Leaching from Sedim&attch System

lodine analysis for the longerm stability is waiting to be analyzed by the Energy Systems
Laboratory (EML) Therefore, these data Wiot be presented in this report.

14



FIUARC20188000064734c271 lodine Reduction and Dissolution

5. CONCLUSION

129 is present in several large, though dilute, plumes in the groundwater at the DOE Hanford
Site. 29 is an uncommon contaminant and remediation technologies are lifmitéas highly
mobile anion At the Savannah River Site (SRS) sediments are greatly weathered and rarely
contain carbonate phasesith a groundwaterpH between 3.1 and,5odine is less mobile.
However, atthe Hanford Site subsurface sediments contain yamingerals and large amounts
(D2%) of carbonate mineralsyith a higher pl value of 7 to 8.5. Because of these alkaline,
nonreducing environmealtconditions, the abundance of iodate is maintaif&dckland et al.,

2017; Zhang et al., 2013jthough there is the potential for incorporation of iodine in carbonate
and Fe oxidgrecipitates.

In this gudy, batch experiments were conducted to quantify iodine dissolution into the aqueous
phase via [g-dithionite treatmentas apotential remediation technolog¥xperiments were
divided into three parts (ParA-C) to target two specific aimfor Part C, analysis is still being
conducted. FoPart A, contaminated sediment frdmarehole C9510 114-815.3 in OU 20-UP-

1 was exposed to variabf®lution componentsResults show that8-hr contact time of Na
dithionite and carbonateuffer solution K>COs (sample E83)was the most effectiven iodine
leaching in comparison to ndreshly added reductant solution sediments (samples8EBthat
underwent sevenday contact time.

For Part B expéments 21 leachingwas plotted as a function of caet time(Figure6). For all

three samples (sample ID E88), iodde leaching wastill increasing(i.e., unreached steady

state) For all three samples, sample EB4 (borehole C9507 104405 . 4 0) showed t
mobilization Sample I D E84 | eached 230 e€g/L of i O«
(borehole C950794-25. 16) t hat .Ihadditonh, it Pads A Gnd 8expetiments

support previous studigbat the combination di.1 M Na-dithionite with K-CQOs buffer solution

was the most effective in the mobilization of iodine spefBaparai et al., 2008; CerviSilva

et al., 20Q; Szecsody et al., 2004; Zachara et al., 2000)

When trying to fitPart B dataset into &inetic model, the overall reaction was found to be
pseudo secondrder with respect to the dithionite concentratidgsuming pseudo secowdder
dependence with respectitwlide the rate law constant was calculated as 0€000€00¢ dgL-
Lh 0.0061+ 0.000e dL*-h? and 0.10% 0.004a n d /L2-ly' for samples E4 E85and E86,
respectively. In addition, whersing the method of initial rates to determitme reaction order, a
plot of the natural logarithm fathe pseudo secormtder rateagainst the natural logarithm of
iodidec oncent r at (Figure8) yialded agpgwerlof) twandicative ofa pseudo second
order reactiorkinetic fit.

Although further experiments are required to fully understand thelitNenite systemand
parameters cdrolling leaching ratespreliminary conclusions can be drawn based on the data
gathered during this internshipihe meductant Nalithionite promises to be a potential
technology tanobilize theuncommon contaminatt® at t he DOEG6s Hanf or d

15
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APPENDIX A.

Additional PNNLInternship activitiesand DOEsponsored tours

As part of the Alternative Sponsored Fellow internship program at PNNL, intexss tha
chance toparticipate in tours. One particular tour consists of visitngpe wor | dés firs
productionB-reactori Manhatt an Pr oj ect @riguaes 9 dcaJoThswas@as 200

wonder f ul opportunity not only to admire the
understand how and why this research is appropriate and useful to the Hanfdrd &itktion,
interns were able to explore the Environmental Molecular Sciences LabdraioMS L) , PNNL 6 ¢

DOE scientific user facilitFigure 1), the 3D printing room mostly used bwild batteries
(Figurel?2) and the Aquatic Research Laboratory (ARL) wheany species of colaand warm

water fishes are grown and studigdgure 13. Further,Figure 14 shows Di Pietro with MSIPP
fellow Jonathan Williams in front of one of the two infrared detector arms at the Laser
Interferometer GravitationdVave Observatry (LIGO) tour, where gravitational waves were
detected in September of 20Fagures15-17 show the field site of polyphosphate injection to
remediate uranium in the 300 Area (0.5 mi N of building 381)Pietro also participated in a
five-hour guided tour of the Hanford Clean Up Sites. In this tour, reactors KE, KW, N, DR and
D, B and T plant were shown. In addition, the 200 West and East Ares were explained and
visited from the bus. Lastly, a detailed tour was given on the Vitrification pllaat/argest
construction site currently being undertaken in the US. For this tour, no photos were allowed.
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Figure 10. DOE Fellow Silvina Di Pietro in front of the B-Reactor National Historic Landmark entrance.

Figure 11. Nuclear Magnetic Resonance (NMR) coupled with lon Cyclotron Resonance (ICR) instrument
with 21.1 Tesla fietls (900 MHz 1H frequency) from EMSL facility.
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