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UJ INTRODUCTION 

This literature review presents treatment options for nitrate, iodine-129, and uranimn, which are 
present in groundwater at the 200-ZP-l Groundwater Operable Unit (OU) within die 200 West 
Area of the Hanford Site. 1he objective of this review is to dctennine available mdhods to treat 
or sequester these oontaminants in place (i.e., in situ) or to pump-and-b:eat the groundwater 
aboveground (i.e., ex situ). This review 1w been conducted with emphasis on commercially 
available or field-tested technologies, but theoretical studies have, in some cases, berm 
consideml when no published field data exist. The initial scope of this literature review included 
only nitrate and iodine-129, but it was later expanded to include wuiwn. The fucus of die 
literature review was weighted toward researching methods for treatmeot of nitrate and 
iodine-129 over waniwn because of the relatively greater impact of those compounds identified 
at the 200.,ZP-t OU. 

I.I BACKGROUND INFORMATION 

The Hanford Site covers approximately 943 km2 (586 m.i2). Past nuclear weapons production 
activities at the Site result.ed in approximately l.7 trillion L (4SO billion gal) of liquid waste 
beiQg released to the ground. lfaDrdous chemical contaminants include catbon tetrachloride, 
tricbloroethylene (17CE~ chromium, and nitrate. Radioactive contaminants include iodine-129~ 
strontium-90, tecbnetium-99, tritium, and uraniwn. The 200-ZP-l Groundwater OU is one of 
two groundwater OUs located within the 200 West groundwater aggregate area of the H.anfcml 
Site. The '200-ZP-I OU underlies the northern portion of the 200 West Amt, including Z Plant, 
T Plant, Low-Level Waste Management Areas 3 and 4, 241-T Tank Fann, 241-TXflYTank 
Farms, the State-Approwd Land Disposal Site, and various cribs and trenches recei~ liquid 
waste. 

Only earbon tetrachloride was identified to exceed a l x 10.,. risk level :arad was the only 
cootaminant identified in the Feasibility .Study !report for the 200-ZP-I Groundwater Operable 
Unit (DOEIRL-2007.;2&) as .a contaminant of concem (COC) and a principal duat. OCher
contaminants of potential oooccm (COPCs) and their percentile conccntrati.ons in 200-ZP-l OU 
groundwater were af90 presented in the feasibility study (DOEIRL-2007-28) and~ listed in 
Table 1-1. 

Groundwater pump-and treat was implemented at the 200-ZP-l OU as an interim mnedial action. 
based on the Declaration of the lnlerim Record of D«isionfor the 200-ZP-l Operabk Unit 
(BPA et al 1995). 1be objectives of the interim action Recotd of Decision (ROD) ~ to 
prevent furtbec migration of cadJon tetrachloride~ groundwater and ID n,duce 
amtmninant mass in the aquifer. The current ~t system extracts approximately 
l,S91 Umin (3SO gallons per minute (gpm]) of carboo tetrachloride-,oont)Unioatecf groundwater~ 
and treatment consists of using a <XJlllbinati.on of air stripping and granular activatm carbon 
(GAC) to oollect die vapor-phase contaminants. The treated liquid effluent is tmtjeckd mto the 
aquifer upgradicnt of the emaction wells. 

1-1 
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Table 1-1. Summary of Contaminants of Potential Concern 
for the 200-71-1 Groundwater Oper:able Unit 

Permallla 
COPC ua "" Carl,on k:tAchloricle 6.!Sl sos 

Cldorofonn I O.S1 6.40 

Total dnmium J.6 10.3 

<llromium(VI) 1 10.9 

Medlylmc chloride 0.11 O.IIS 

Nib:ae as aitrogaa , .. ooo 21,900 

Tdnlddoroethylen (PCE) 0.13 0.36 

Trichtorodhylenc (TCE) 0.155 L1 

Ut:mium 0.74 U7 

Jodine.129 <Q .. 025 0.03 

Tcdnctii,PD-99 .sl,. I 171 
Tritimn Sl3.7j I 3,,605 

NOIE: 'Die .. kss dum" :symbol ( <) mclicmcs a~ uluc. 
OOPC - CQlaa1inmt:nfpotemiia1ClODCC!D 

,.. 
2,900 

24 
no 

203.4 

2.734 

11.oso 

I '2.S 

10.9 

.S.06 I 
1.11 I 

1~•36 I 

I ~200 I 

U• its 

pg1L 

pgi'L 

pg1L 
pgi'L 

pg1L 

pgl'L 

flgl'L 

fl:g1l. 

pg1L 

pCilL 

pCi1L 

pCilL 

The nitrate at the 200-ZP-l OU is lrom multq,le SOUKeS and ex<iOClds the Federal drinking wattt 
standaRl (DWS) maximtm contaminant level (MCL) of 10 mgfL over a large area (Screening 
of Potmlial Remediation Methods for the 200-ZP-I Operable Unit at tlte Hanford Site 
[PNNL-IS954); 00~2007-28)~ as shown in F~ l-1 .. loctine-129 concentrations exceed 
the I pCi/L implementation guidance for radionuclides (lmpkmentation Guidance for 
Radionuclides [EPA 816-F-00-002)) near Waste Management Area T (WMA-1) extending 
nodheast, and also east of WMA-TXffY (OOE/RL-,2007-28), as shown in Figure 1.:2. The 
manium plume exceeds the MCL of 30 pg1L DOdh and nodheast of WMA-T 
(l)OFJRL.:2007-28), as shown in F~ 1-l. In terms of plume~ and extent, the uranium 
~ plume that exceeds the MCL is smaller dran (and is located completely within) the 
larger: iodinc-129 plume that exceeds I pCilL. The iodinc-129 plume that exceeds I pCi/L, in 
tum, is smalla: than (and is located completely widtio.) the laqp-ninte plume that exceeds the 
nitateMCL. 

1-1 
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Figure 1-1 . Estimated Lateral Extent of Nitrate in Groundwater. 
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Figure 1-2. Estimated Lateral Extent of Iodine-129 in Groundwater. 
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Figure 1-3. Estimated Lateral Extent of Uranium in Groundwater. 

ugtlld 
• Wetl Loe.ion 

Totll Uranl1n 

l9L 
10-29 

- 30-46 
- .r-tt 
- >100 

; .. 

• 

i;r 

SOURCE: This figure was obtained from the Feasibility Study Report for tl,e 200-ZP-J Groundwater 
Operable Unit (DOE/RL-2007-28). 

1.2 METHODOLOGY 

This literature survey focuses on commercially available technologies and/or technologies that 
have been implemented or at least tested at a site. If these types of demonstrated technologies 
were not found for a particular COPC, then other technologies with promising bench-test da a or 
that have been evaluated to be theoretically viable and effective are presented here. 

This review was performed through extensive research of the published literature and through 
contacting technology vendors. Articles were identified and reviewed based on keyword 
searches of multiple publications including but not limited to the following publications: 

• Applied and Environmenlal 
Microbiology 

• Atomic Energy 
• Applied Geochemistry 
• Applied Surface Science 
• Biodegradation 
• Chemical Communications 
• Chemical Engineering Science 
• Desalination 
• Ecological Engineering 
• Environmenlal Microbiology 

1-4 

• Groundwater Remediation 
• International Journal of Environmenlal 

Science and Technology 
• Journal American Waler Works 

Associalion 
• Journal of Contaminant Hydrology 
• Journal of Environmental Hea/Jh and 

Science 
• Journal of /he Chemical Society 
• Journal of Hazardous Materials 
• Journal of Environmenlal Engineering 
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• Environmental Pollution 
• Environmental Science 
• Environmental Science and Technology 
• Environmental Trend and Technology 
• Federal Facilities Envirolunental 

Journal 
• Ground Water 
• Groundwater Monitoring and 

Remediation 

• Nature 
• Radiochemica Acta 
• Reaclive and Functional Polymers 
• Separation and Purification T«hnology 
• The Science of the Total Environment 
• Water Research 
• Water Resources 
• Water Science and Technology 

The literature search also included Interstate Technology & Regulatory Council documents; 
United Kingdom Environmental Agency rq,orts; boob; proceedmgs of the ,,. and 96 

International In Situ and On-Site Bioremediation Symposiums; Hazardous Waste Clean-Up 
Information website; citation databases such as Environmental Sciences and Pollution 
Management, Web of Science, and Energy Citations Database; various reports from the 
U.S. Geological Survey and Pacific Not1b.west National Laboratory (PNNL); and rq,orts 
published for the Hanford 200 West Arca (DOFJRL-2007.:28; Remedial Investigation Report for 
the 200-ZP-l Groundwater Operable Unit fDOE/RL-2()()6..241). Besides these publications, 
many other publications were searched but att; not listed ~ if articles of no potential interest 
were found. Vendors and OlpliDtions contacted dlrough e-mail and phone inclu&; but an: not 
limited to, the following: PNNL; the U.S. Environmental Protection Agency(EPA); Sicmeos 
Corporation; Purolite Corporation (Purolite), Remoo F.ogineering (Remco); Water Remediation 
Technology, LLC (WRT); and General Electric Wake & Process Technologies. A refen:ooe list 
is included in Section 7.0 for those articles cited in dus document that were considered relevant 
to the criteria of this literature seardt. Other articles that may have discussed the treatment of 
nitrate, iodine-129, or uranium but ~ not deemed relevant for evaluation at the Hanford Site 
are not listed in the reference section. 

1.3 CHEMICAL PROPERTIES OF NITRATE, IODINE-129, AND URANIUM 

This section briefly describes the chemical properties of nitrate, iodine-129., and uranium present 
at the Hanford Site. Chemical properties such as oxidation .state and solubility are important 
because they will impact the etfectivmess of the potemial treatment technologies. 

Nitrate (N01) is an anion that is .stable, vay duble, and very mobile under aerobic conditions. 
Nitrogen can be found in vaiousoxidatioostates, such.as ammonia, NH3 (-3), nitrite, NOi (+l), 
and nitrate, NO)- (-t-S). Nitrate is the most oxidized fonn of nitrogen and cannot be further 
oxidi7.ed, but it can be reduced and b'ansformcd Ulldcc anaerobic conditions. Under anaerobic 
oonditions, nitrate can .sequentially be degraded to the end product nitrogen gas (Nz), .in die 
pracncc of a cad,on .source and/« ion sulfides (Attenuation of N"ltrate in tlte sub-Surface 
F.nvironment (Environment Agency 20051). Under the aerobic conditioos present in die 
groundwater at Hanford, nitrate is stable and will not be degraded. 

Iodine has several oxidation states depending on groundwater conditions. The cbanical form of 
iodine is dependent on pH and imuctionloxidation conditions in the environment. In typical 
groundwater environments, the most CIOIDIDOll forms an: iodide (f), diiodine (12), and iodate 
(10) 1 (Potential In Situ Remediation of1nl and " Tc in Grmatdwater Associated with• F-Area 
Supage Basins (U) (WSRC-TR-2002-005711). Diiodine is only formed under acidic (pH <4.S) 
and oxidizing conditions, iodate is only formed undCI' only very oxidizing conditioas but under 

1-S 
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all pH levels, and iodide is present under all pH levels under reducing to oxidizing conditions 
(WSRC-TR.:2002-00571). Because the groundwater at the 200 West. Area generally has a pH 
much higher than 4.5, it is anticipated that iodine is not present in the form of diiodine, and is 
likeliest in the form of iodide. lodine-129 contains two more neutrons and is radioactive (with 
an approximate half-life of l 5. 7 million years) compared to the predominant and stable fonn of 
iodine, which is iodine-127; however, iodine-129 is otherwise considered to have the same 
chemical properties as iodine-I 27. Therefore, technologies with documented success or 
theoietical ability to treat iodine-127 can be estimated to be equally effective in treating 
iodine-I 29. 

In ~ uranium exists as several isotopes: primarily uranium-238 (half-life of 4.5 billion 
years), uranium-235 (half-life of704 billion years), and a very small amount of uranium-234 
(half-life of 244,000 years). In addition to the three naturally occuning isotopes, uranium-23.2, 
uranium-233, and uraniwn-236 are present at Hanford as well (EJ'S Hum.an Healdt Fact Sheet 
[ANL 20051). Relative isotopic concentrations for uranium-234, uranium-235, and uranium-238 
at Hanford are estimated in the risk assessment report to be the same as their natural abundance. 
Uranium bas several possible oxidation states but genenlly appears in groundwater as 1hc mobile 
hexavalent uranium (VI) under aerobic conditions, which are the conditions present at the 
Hanford 200 West ARa. Uranium can be reduced to uranium (IV) under anaerobic conditions 
and precipitate as uraninite ({JOz), which is an immobile solid form. 

1-6 
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1.0 DESCRIPTION OF TECHNOLOGIES 

This section provides a gencnl description of relevant technologies identified in this literatmc 
review for tn:atment of die contaminants nitrate, iodine-I 29, and uraniwn. 

2.1 EX SITU TREATMENT (PUMP-AND-TREAT) 

Pwnp-and-treat can be used for either containment of cootaminants in the souroe zone or fur 
complete remediation of the groundwater aquifer, depending on the site oonditions. Pwnp-and
treat is a very common remediation technology that bas been used for a wide range of mobile 
contaminants in groundwater. 

Use of J>UIDIMlld-m:at involves groundwater extraction from an appropriate numbel- and spaciQg 
of extraction wells to pRVfflt downgradient migration beyond points of compliance. An 
aboveground groundwater lleatment system is installed to tiat CXJDtaminanls to achieve the 
established tmltment and discharge standards. Reinjcction of treated water is 30lllCtimes 
incorporated into the design of a pump-and--treat system to manipulate hydraulic gradients and 
improve containment 

Pwnp-and-treat for aquifer aiieatment refers to groundwater extraction and ex situ tmlbDent to 
remove contaminant mass liom the aquifer. This differs from pump-and-treat for .hydraulic 
containment in that groundwater extraction is performed in the highest c:oncentration areas and at 
a higher ffow rate to maximi7Je contaminant mass nmoval. Although contaimnent may also 
result, the primary objective is to speed restoration of the aquifer. Pwnp-and--treat for aquifer 
tratment and for oontainmeot may be applied in different areas of the plume. 

Pump--and-treat has been widely implemented as a groundwater remedy for CODtainment andfor 
treatment. Based on a .review of National Priorities List sites, pwnp-and-tmu was part of the 
remedy or the sole mnedy at 67% (713 of 1,062 sites) of all groundwater tratment ROils 
written between fiscal years 1982 and 2002 (Treatment Technologies for Siu Cka,u,,p: Annual 
Status Report [EPA-S42-R-03-009)), ~ the most common groundwater remedial 
action. 

2.1.t Playsical/Clacmical 

Physical and chanical removal tedmol~es arc commonJ.y used in combination with pum~
treat. These treatment technologies include ion exchange (IX), GAC~ reveae osmosis, and 
electrodialysis. 

2.1.t.l loa Esdwa&e. The process using IX consists ofusing a lain to adsodJ and retain 
anionic or cationic oootamioants from groundwater and .releasing benign anions or cations in 
their place. The lain becomes saturated when all of the resin's functiooal groups have been 
occupiecl, at which point the n:sin needs to be recharged before misc, or possil,ly disposed and 
replaced. The IX n:sins are typically recbaqed with a strong acid, base, or salt solution, and 
a wastewattt saana will be geaen1tcd that requires additional tmltmmt either oosite or offsite. 
Strong~~~ tains are, for example, used for the mnoval of nitrate. When 
groundwater flows over the rain, the nitrate anion is exchanged with a dJloride or bicamooatc 
ion residing on the resin. 'lbe use of IX resin bas been pnmously tesaat at the Hanfooi site~s 
200-ZP-l OU for lbe mnov.al oftechnetium-99. 

·2-1 
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l.l.1.2 Granular Activated Carbon. A process using GAC can be used to adsorb and remove 
aqueous-phase contaminants from groundwater, in addition to its use for treatment of air streams. 
Activated carbon contains a large surface area per volume for adsorption of contaminants and is 
typically effective in groundwater applications for nmovow organic contaminants with limited 
solubility in water. Spent activated carbon is typically thermally reactiv,ated at an offsite facility 
and can be reused following reactivation. 

2.1.1.3 Electrodialysis. Electrodialysis is a membrane filtration tedmique that is widely used 
as a desalination method (i.e., production •Of potable water from marine or brackish water). This 
method uses an electric potential gradient to move ions through penncablc ion membranes. 'The 
elccuic aata1t moves ions from a less coooentrated solution to a more concentrated solution, 
which is possible due to the membranes that only allow either positively or negatively charged 
ions to pass. 'The contaminants .are concentrated into a liquid waste stream.. The concentrated 
waste liquid would then typically need to undergo further onsite tffldment or be sent offsite for 
tratment and/or disposal. 

2.l.L4 Reverse Osmosis. Reverse osmosis is a membrane filtration technology that involves 
pumping water through a low-pcnncability membrane .at relatively blgb. pressure in order to 
mnove contaminants. As with electrodialysis, reverse osmosis is widely used as a desalination 
medtod to produce drinking water, and the conoco.tratM waste liquid that is .generated typically 
undergoes further onsite treatment or is sent otfsite for treatment and/or disposal • 

. 2.1.2 Biological Treatment 

Biological ex situ treatment alternatives are technologies where the groundwater is pumped up to 
the stnfa(,e into a bioreactor or constructed wetland. The oontaminants are then degraded by 
biological media, .such as miCRHqallisms on a bio-film or in the root .systems of plants. Several 
mnowl mechanisms have been identified with biological trea1ment of nitrate in water such as 
decomposition, oitrification/dmitrification, settling, volatilization, adsorption, and nutrient 
uptake ("Performance of Constructed Wetland T~ Wutewater from Seafood Industry" 
[Y-uong .and Puetpaiboon .2004)). 

A bioreactor used for groundwater treatment would generally consist of a fixed media with large 
surface area in a vessel or .structun:: used to support mi~sm growth. Typically the 
groundwater being treated does not provide an adequate food souroe or optimal water conditions 
to sustain aod promote biological treatment; thm:f~, supplemental nutrients arc typically added 
to the influent groundwater to provide a camon souroe for energy and cell growth substrate and 
to optimize the biological treatment process. For example, to ·Cffllfe an anaerobic bioreactor for 
uatmcnt of aerobic groundwater, a soluble cad>on soun:e (e.g., acetic acid, methanol, or 
ethanol) would be added to inftuent groundwater as an energy somce and to establish reducing 
and anoxic oonditions. 

Constructed wetlands can be described as artificial swamps that act as biofilters for removing 
o:nrtamioaots Gd are common processes in wastewater treatment A constructed wetland 
provides several removing mechanisms such as decomposition, aitri6cation/dmitrification, 
settling, volatilization, amoq,tioo, aad nmrient uptake (Yuong and Puetpaiboon 2004). 
A constructed wetland would typically n,quire a much~ area and a much longer hydraulic 
retention time compared to a bioreactor-, but it typically would oot ~ added nutrients and 
would require less operational over.sight 
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2.2 IN SITU TREATMENr 

A review of literature for in situ remediation methods for nitrate in groundwater indicated that 
three treatment tecbnologics have typically hem employed. These technologies are permeable 
reactive barriers (PRBs), anaerobic bioremedialion, and inmganic immobilization. 

2.2.1 Permeable Reactive Burien 

A PRB consists of a permeable n:active mne installed within the aquifer and oriented 
perpendicular to groundwater flow for tmdmcnt of groundwater contaminants as they flow 
through the barrier. llte R:aciive mne ioould be aatcd by differmt kinds of media, such as 
organic compounds to enhance .anaerobic biological ueatment or 7.erovalent iron to promote 
chemical reduction. 

A PRB using anaerobic bioremediation for tratment can be created by injecting fennentable 
substrates (Le., electron ~) to stimulate anaerobic aquifer conditioos and degradation or 
immobilimion of contaminants~ miaohial mluction. The PRB would be created and 
maintained by periodically injecting large volumes of a dilute solunoo of electron donor to a line 
of injection wells spaced to have overlapping mncs of influence or radii of injection. The 
longevity of injectable electron-donor substrates appropriate for PRBs is relatively short 
(Le., several months to more than a year) compan,d to the required period of oontainmeot. 
Donor longevity depends on the mass of the donor injected and the continuing flux of natm:al 
electron acceptors (e.g., oxygen) through the PRB. 

The PRB can also use dlemical media that would either abiotically mluoe a oomaminant or 
absorb il Zerovalent iron is a widely used media at those sites where the COC can be destroyed 
through chemical reduction. Zerovalent iron is typically deployed as an excavated tmlch with 
a mix -of sand and iron filings, but it can also be installed through a direct sluny injection. ·n.e 
IX resins have also been tried as PRB media wheR, the cootaminant wiU .sod, to the lain (see 
Section 2.1.l.l for a description of the IX process). 

2.2.2 Auerobic Bionaediatioa 

Anaerobic biomnectiation involves die stimulation of anaerobic aquifer conditions and native 
micro-organisms to degrade or immobilizie CXJOtunioants ~ the addition (e.g., injection) of 
electron-donor substrates into the aquifer. Additionally, anaerobic hHRmediation can provide 
indirect stimulation of beneficial abiotic degradation processes (e.g., anaerobic mlucuon by iron 
sulfides). 

Biodegddation of ()QO.taJDinants oooun through different n:duction/oxidation reactions by which 
the micro-organisms degrade a contaminant either in :an e&e1BY-yiclding process (metabolic) « 
without gaining energy (cometabolic « CCHtxidaion). In metabolic processes, micnHqanisms 
obtain mcrgy by facilitating the Cl3nsfa-of electrons from one oompound (electron. donor) to 
anodier compound (electron acceptor). Comctabolic processes oocur as .side reactions to othct
metabolic taCtions by whidi micro-organisms use non-target compounds as the electron 
acceptor and donor; comdabolic degradation of the mntamioant ocau:s fortuitously with no 
additional cacrgy gain for the micro-organism. 

Metabolic proocsscs for micro-organisms can be a,nqrm=d tll human COl1SUIDpbOll of food 
(electron donor) and respiration of oxygm (elearon acceptor) to obtain ellCllf. A fcnnentablc 
carbon subttratc (e.g., :SUp', ~ vegetable oil, or _pdmk:um hydrocarbons) can be used by 
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micro-organisms as the electron donor. Micro-organisms use electron acceptors, including 
naturally occurring acceptors (e.g., oxygen, nitrate, manganese, ferric iron. sulfate, or carbon 
dioxide) and contaminant acceptors ( e.g., carbon tetrachloride or TCE). Miao-organisms obtain 
the greatest energy from the most highly oxidized acceptors and will, thm:fo~, prefamtially 
use and deplete the most oxidi7.ed acceptors available. For this reason, oxygen (if present) is the 
first electron acceptor to be used, followed sequentially by nitrate, manganese (IV), faric iron 
(Fe +3>, .sulfate, and carbon dioxide. Aquifer reduction/oxidation conditions (e.g., ~ 
nitrate-reducing, or iron-miucing) are described by the predominant electron acceptor being used 
by micro-organisms. A contaminant will generally not be degraded through use as an ,dectron 
acceptor until most of the mote highly oxidized natural and oontaminant electron aooeptors have 
been depleted (ie., until the appropriate aquifer reductionfoxidation conditions are established). 

Electron donors (Le., food and nutrients for micro-organisms) that can be injected into the 
aquifer to stimulate biod~on include soluble substrates (e.g., sugar, molasses, .sodiwn 
lactate, cheese whey, and ethanol) and/or insoluble substrates (e.g., vegetable oil and wood 
mulch) (Principles and Practices of Enhanced Anaerobic Bion~n of Chlorinated 
Sohents (Parsons 2004); Final Technical Protocol/or Using Soluhle Carbohydrates to Enhance 
Reductive Dechlorination of Chlorinated Aliphatic Hydrocarbons {Sutbersan et al. 2002D. 
Substrates become fermented and release intermediate fatty acids and the h~gen electron 
donor that moves with groundwater flow to establish treatment mnes downgradient of injection 
wells. Achieving the required reducing conditions in the aquifer and the lcog1h of time between 
injections (i.e., days to yca[S) is dependant on the ratio of fast- and slow-release donor substrates 
in the injected solution. Combined use of soluble and insoluble donor substrates can result in 
several months to more than a year of longevity (i.e., time between injection events), depending 
on site-specific factors, such as the mass of natural and oontaminant ~lcctron aoooptors present in 
the tmltment 7.0DC and the ,oontinuing flux of acceptors thro~ the treatment mne following 
injection. 

for organic oontaminan~ anaerobic bioremediation can result in dechlorination and destruction 
of the ocnnpowML and for other contaminants such as nitrate, it ,can rault in conversion to 
a harmless compound (e.g., nitrogen). However, anaerobic bioremcdiation has also been used 
for long-tenn immobilization of inorganic constituents, such as uranium. 

2.2.3 laoquic lamobilmtioa 

In situ immobitiz.ation of mdionuclides by a method other than anaerobic bioremediation has also 
been studied. The other method of immobilization involves groundwater pH adjustment by 
injection of high pH albline solutions in order to reduce the mobility of the radioo11clides in site 
groundwater. A case study testing the inorganic immobilaation both iodine-129 and uranium is 
described in the following sections. 
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3.0 NITRA:TE TREATMENT OPTIONS 

This section describes tested technologies for the treatment of nitrate. In the .summmy of the 
literature review provided below, preference has been given to descriptions of technologies that 
have been tested in the field and secondary prefermce to technologies that have produced 
promising laboratory results. The assessments of treatment teclmology ,'elldols have been 
included where there is minimal available published data. 

3.1 EX SITU TREATMENT (PUMP-AND-TREAT) 

Due to die high solubility and low partitioning of nitrate into so~ pwnp-.and-tmlt is likely to be 
effective in the removal and concentration reduction of nitrate in all mnes ofgrouodwater 
contamination. Both physicalfchemical and biological ex situ field tests are described below. 

3.1.1 Pllysical/Claemical Treatment 

Using IX is a <XJIDDl01l method to remove nitrates from water ("Pilot-Scale Evaluation of Select 
Nitrate Removal Technologies" {Darbi et al 2003)). The method uses a packed bed eontaining 
chloride or bicmbonate anions on .a strong-base resin that can be regenerated using sodiwn 
chloride or :sodiwn bicarbonate. 

The use of IX for the Rmoval of nitrate bas been documented multiple times, and two examples 
are .as fullow.s: 

• In Nitrate and Perchlorate Re1111Jwll from Groundwater by Ion~ (Burge and 
Halden 1999), a labolatoty study showed 80% removal of nitrate from influent 
groundwater with a concentration of I 00 inglL nitrate. 

• In "Pilot-Scale Evaluation of Select Nitrate Removal Technologies" (Dami et al 2003), 
a field :study demonstrated that approximately 6S ~-NIL nimlte oould be ·tmded to an 
average axwcn1ration of 6.1 mg-NIL. The IX system used a strong-base anion-exchange 
resm. 

Rmloo, Resin:Tedl, Purolite, WRT~ and Basin Water m: examples of cnnpanies providing resins 
for tmltmcnt of nitnlte. Resin Tech manufactures several nitrate-selective IX products based on 
higher amine fimcuonalitics and also provides standant Type I and Type II strong-base anion 
resins that can be used for nitrate ranoval, includmg their products SIR-100-HP and SGBI-HP 
(Resin Tech 2008). Purolite bas a resin named AS20E that specifically atpts nitrate1

• Basin 
Water uses mobile multi-bed systems for the ~ of nitrate, with capacilies ranging from 
l.136 to22,71:2 Umin(JOOa,6,000 gpm) (Basin Watc.-2008; "City of Pomona Tak-cs 
a FOIWald-Lookiog Approach to Leveraging Local Water Rcsoun,es" [raylor 20051). 

Electrodialysis bas been danonstmted to be capable of removing nitrate from groundwater 
("PollUbonofNiaate in Moroc:ICan Ground Water: Removal by Electrodialym" [Elmidaoui 
et al 2001); "'Experien0c with Full-Scale Electrodialysis for N"mateaod Hanlness Ranovar' 
(Hellctal. 1991); '1'anovalofN'rtrate by Electrodialysis" (lochnekbarctal 2001]; "Tedmical 
Optimization ofNiaate Ranoval from Ground Water by Elearodialysis Using a Pilot Plant" 

1 Permaa1 owwmmication, 'Mmil O'l--,nnon re: lodiac. Nilrale, md Unmillm Remoal ~ 
T~dlte4 Fdlmay IS, JOOS, between P. Radm(l..anda .&tlOCiaes, Edmords, \Vashiqton)and 
s. Sow.,,(Westera 1legioaal Sdes ....-. Purolite Corpoi-• l, Bakeley. Olimria) 
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(Menk:ouchi Sahli et al. 2004]; "Optimi7.ation of Nitrate Openlion from Ground Water by 
Electrodialysis" [Midaoui et al. 20021). As an example, Hell et al. (1998) used electrodialysis in 
a full-scale plant (3,500-m3/day flow rate [Ameridia 20081) to treat up to 120 mg/L nitrate to 
a concentration of 20 mg/L. 

Reverse osmosis is often referred to as a common technology for the treatment of nitrate using 
pump-,and-treat, although the published number of articles are limited. Published literature 
includes demonstrations of fidd studies dmt showed treatment of 65 mg-NIL nitrate to an 
average concentration of 7. 7 mg-NIL (Darbi ct al. 2003), tratment of 42.5 mg/L of nitrate to 
0.9 mglL ("Nitrate Removal with Reverse Osmosis in a Rural Area in South Africa" {Schoeman 
and Steyn 2003 ]), and treatment to achieve 75% to 95% nitrate removal in reverse osmosis plants 
with 76 and I 00 mg/L nitrate ("Use •Of Reverse Osmosis fur Removal of Nitrate in Drinking 
Water" [Bilidt 19851). 

Nitrate can also be reduced chemically to ammonia, nitrogen gas, and nitrite. This proces., 
would require further treatment to remove the prodooed ammonia from the water. The only 
published ex .situ study found ("Chemical Removal of Nitrate from Water" (Murphy 1991)) 
showed that nitrate can be converted to ammonia when reacting with powdered aluminwn; 
ho~, the reaction required an elevated pH (no reaction occurred at a pH of 8). About 60-/4 to 
95% of the nitrate was converted to ammonia, while the tanainder was converted to nitrogen gas 
and nitrite. Nitrite is very short-lived in anaerobic groundwater and converts quickly to nitrogen 
gas (F.oviroomental Agency 2005), but the ammonia would require additional treatment. 

3.1.l Biological 

Bioreactors or constructed wetlands can be used to treat nitmte generated from groundwater 
extraction. Bioreactors typically <XlDSist ,of process tanks cotltaioi~ media to support biological 
growth. Bioreactors can also be constructed as an infiltration gallery. Groundwater pumped to 
the surface from an extraction well would be introduced to a biolactor together with a carbon 
souroc. 1be mechanisms occurring in the bioreaotor would he the same as in situ-eohanoed 
denitrification. 

Miao-otpnisms in a bioreactor would use the cmbon souroe as cell growth substrate and also as 
an electron donor in a reductionfoxidation reaction with nitrate as the electron acceptor, 
~ nitrogen gas (as described in :Section 2. 1.2). 

Some of die selected studies~ described below for process tank type bioreactors: 

• "Biological Nitrate Removal from Water Raourocsff (Bidhendi et al. 2006) showed in 
pilot testing that aerobic groundwater with a nitmtc conceotration of about 75 mg/L could 
be treated with up to 88.1% mnoval efficiency given a 48-hour retention time. 
Approximately n.9-/4 mnoval was seen afttt only I-hour retention time. Acetic acid 
was used as the carbon souroc and dectmn donor. 

• Darbi et al. (2003) evaluated a bioractor set up for nitrate levels in groundwater of 
6.S mg-NIL. The system was able to oat the nitrate to an average concentration of 
1.4 ~-NIL using a hydraulic madion time of 13 hours. 

• "'Groundwater Denitrification with Alternative Carbon Soun.-:es" (Mohscni-Baodpi and 
Elliott 1998) compaml dRe diffaat demon dooms for dmitrification using 
a pilot-scale rotafing biological eootactor. lnllumt nitrate concentrations wen, 

approximately 40 mg-NIL, and donOls tested WCR: methanol, ethanol, and acetic acid. 
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The results indicated that all three functioned as suitable donors, but the highest nitrate 
removal was achieved with acetic acid (effluent concentration of 0.45 mg-NIL compared 
to 1.7 mg-NIL for methanol and 3.3 mg-NIL fol-ethanol). Furthctmore, "A Comparison 
Between Ethanol and Methanol as Caat,on Sourocs for Identification" (Christensson et al. 
l 994) indicated in a laboratory study that ethanol was a more efficient electron donor 
than methanol. The growth rate of dcnitrifiers was two to three times grcata with 
ethanol compared to methanol 

• Applied Process Technology is a ~y that is trying to commercialm, their 
membrane biofilm reactor technology that is specifically designed to chemically and 
biologically .mluce nitrate. Hydrogen diffuses through a membrane and acts as an 
electron donor7 building up a biofilm on the membrane. The biofi~ consisti-.g of 
autotrophic mi~ then degrades nitrate to nitrogen gas. This technology has 
been tested in dtc laboratory for nitrate and perchlorate and has been shown to tmlt 
nitrate at 120 parts per million (ppm) down to below 0.2 ppm ("Simultaneous Bio
Reduction of Nitrate, Perdlloratc, Selenate, Chromate, Arsenate, and 
Dibromochloroprop Using a Hydrogen-Based Membrane Biofilm Reactor' [Chung 
et al. 2007); "Reduction of Perddoratc and Nitrate in Groundwater Using a Hollow-Fiber 
Membrane Biofilm Reado£ (MBfRr [Bowman 2005)). 

Permeable mulch bi~ers have been demonstrated in pilot-scale and full-scale applications 
to provide successful biological ttahQent of chlorinated solvent and percldoratc groundwater 
plumes at a number of U.S. Air Foroe installations ("Biological PRB Application Expanded to 
Accelerate Paddorate ~ in Ground Water' (EPA 2006); "Biological PRB Used for 
Pe.rchlorate Degradation in Ground Watrl'" [EPA2004); Penneable Reactive Barriers: uasons 
Learned/New Directions - Technical/Regulatory Guidelines (ITRC 2005); "Perfonnanoe 
Validation of a Mulch Biowall for Remediation of <ldorinated Ethenes" [Henry et al. 2004)). 
This same approach has been .applied to the treatment of cxtmcted groundwater containing TCE 
through construction of a horimntal layer of mulch within an infiltration gallery (Short Colne
&hanced Anaerobic Biorrelllediation Using Penneabk Mldch Biowalls [Wilson et at 2007)). 
This infiltration gallery approach is tamed a ·"mulch bioreactor." Extract.ed groundwater is 
treated as it infiltrates through the mulch layer, and infiltrating groundwater carries dissolved 
organic carbon below the mulch laya to stimulate biological treatmmt of deq,et- contamination. 
Biological treatment of petddorat.c and TCE R'Xluires aquifer reduction/oxidation conditions that 
~ the same or lllOle A:ducing than daose ~ for the biological treatment of nitrate. 

Constructed wdlands case :studies include the following: 

• A constructed wcdand was used to mnove nitrate from the municipal drinking water 
supply in Orange County. California ("Nitrate Ranoval from a Drinking Water Supply 
with Large fR,e-Surfacc C.onsaucted Wetlands Prior to Groundwater Rechqefl [Rally 
et al. 1999)). The souree wata'was the effluent-dominated Santa Ana River and up to 
l.S m3/s«- (3.3 million pl/day) wrtt Rated prior to groundwat.er ~- 1he in8uent 
contained 3.1 to 10.9 mg1L NOr-N. The average nitrate nmoval was S22 mg NO1-IN per 
~ meter per day, and exiting llitrate COIICClltratioo sometimes fell to as low as 
0. l mw'L NO3-N, with hydmulic detentioP times from 0.3 to 9.6 days. Average 
efficiency for the entire~ was 79% (range of 14% to 100%), and bacterial 
dcnitrification was eoncluded to be the primary nitrate loss mechanism. 
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• In a review ·Of 19 surface flow wetlands (Design Manual: construct~ .W«lands and 
:A.quatic Plant Systems for Municipal Wastewater 'Treatment [EPA/625/l-81f022]), it was 
observed that nearly all reduced total nitrogen. 

• A review of both surface flow and subsurface How wetlands ("Subsurface Flow 
Wetlands" [Reed 1995]) concluded that effluent nitrate concentration depends on 
maintaining anoxic conditions so denitrification can ~ur. It was found that subsurface 
flow wetlands outperformed surface flow wetlands for nitrate removal. The ·20 surface 
flow wetlands reviewed reported effluent nitrate levels below S mgfL; the 12 subsurface 
flow wetlands reviewoo reported effluent nitrate rangmg fiom <I to <l0 angfL. 

• Two flow~-.gh pilot-scale constructed wetlands were constructed ("Nitrate Removal 
from Groundwater Using Constructed Wetlands Under Various Hydraulic Loading 
Rates" (Lin et at 20081) with the same size but various flow patterns (fiee-water surface 
flow and subsurface flow) to receive a nitrate-oontamina groundwater. Nitrate 
removal rates of both wetlands increased with increasing hydraulic loading rate tmtil 
a maximum value was reached. After the maximum values were aached, further 
increasing the hydraulic loading rate led to a coosidmsble decrease in nitrate removal 
rate. Nitrate removal efficiencies remained high (>85%), and effluent nitrate 
ooooentratioos always satisfied the DWS (<IO mgfL) within a certain hydraulic loading 
rate for both free-water SIK'face flow and subswtiwe Dow wetlands. 

• ~~using a Wetlancl Bioreactor to Remediate Ground Water Contaminated Nitnlte. (mglL) 
and Perddorate (flg/L)" (Krauter 200 I) created a pilot wetland bioractor using 
indigenous plants to treat nitrate and perchlorate in groundwater. The system was able to 
treat 80 mgfL nitrate to <4 mg/L with a retention time of I day. 1bc addition of 
additional cubon had no .significant impact on nitrate degradation. 

• A constructed wetland in Thailand with the sm: of 29,920 m2 (18.6 mi) was built with the 
purpose of tatiary treatment of wastewater. The wetland was able to lffllOVC nitrate with 
an efficiency of 52% (Yirong and Puetpaibooo 2004). 

• In a laboratory study, "Ammonium and Nitrate Removal in Vegetated and Unvegetated · 
Gravel Bed Mioocosms Wetlands" (Zhu and :Sikora 1995) showed that the vegetation had 
gR'at impact 'lD the treatment efficiency. Without die .addition of cadJon, ooly 14% to 
30% nitrate was degraded using bulrush, reed, and typha. In con1rast, about 55% to 700/4 
nitmte was mnoved when using canary grass. 1bc study indicated that the difference 
had todo with the amount of carbon released from canary grass rooa(IS to 20 mg/L). 

Constructed wetlands iean pot.entially act as a means to remove nia-at.c from gromdwater or brine 
from created groundwater. The process would be the similar for use in wastewater tmltmeot, 
with the diffeRDQC being that groundwater would be pumped through it (or die waste product 
from a plllDIHllld-treat system). 

3.2 IN SITU TREATMENT-

Both PRBs and anaerobic bioremediation have been studied fiJr die treatinmt of nitrate in 
groundwatec, as SUIIIIDarin:d below. 
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3.1.l Permeable Reactive Barrien 

The use of PRBs can efficicndy treat nitrate. A limited nmnbec of studies have been published 
where the targeted compound bas been nitrate. However, PRBs .haw hem used at several 
ddorinated mmpound sites. When chlorinated oompounds have been targeted at a site that 
contains nitrate, the nitrate is reduced in the reductiw treatment process (Parsons 2004) 
(e.g., nitrate is 1D01C oxidmd than, for example, TCE, and is tRferentially reduced compared to 
TCE). 

Some field applications using biological treatment PRBs dm:ctly targeting nitrate, are described 
below: 

• Pertor,,,a,,« Evaluation of a Carbon-Based Reactive Barrier for lrurate Ratedialion 
[Wilkin et al. 2006)) used a PRB for 4 years that was made of wheat4mw to treat 
nitrate1• About 92% to I OOo/4 removal of nitrate was seen in the wall, and avenge 
amcentration decrases between influent and effluent concentrations ranged from 420/4 to 
91%, dcpcoding on location. Influent water contained nitrate up to levels as high as 
80 mg-NIL, and effluent levels in downgradient wells in line with the middle of the PRB 
,deaasc,d to nondetection. 

• At a site in Japan, biodegradable plastics were used together with iron powder to 
stimulate denitrification. After 4 months, groundwater influent with concentrations of 
10 mg-NIL was treated in the barrier to 7.CIO ("In Situ Dcnitrification of Nitrate
Contaminated Groundwater by Permeable Reactive 8arrid' [Tabmicbi et al. 20021). 

• "Nitrate Removal from Groundwater Using a Denitrification Wall Amended with 
Sawdust: Field Trial" (Schipper and Vojvodic-Vukovic 1998) used a 1.5-m 
(16.4-ft)-wide PRB made out ofsawdust mixed with soil The pcnneable wall was able 
to treat 6.9 to tl.l mg-NIL to concentrations to below I mg-Nfl.. 

No published data on the use .of mulch barriers for ucatmcnt of nitrate wen: found, but mulch 
baniers have been used :SCMnl times for treatment of dllorinated solvents by c«ating sllongly 
reducing conditions (2001 A.FCEE Workshop on F..nhan«d In Situ Biorelllediation (AFCEE 
2007)). In previous evaluations, it was found that a mulch barriCI' can be installed for 
approximately one-quarter to one-tbitd of the cost of a 7.erovalcnt iron wall (AFCEE 2007) and 
would be worth furtha evaluation and consideration if there were QJIDPCl(iag teaSOOS to install 
a PRB at the site versus using other mnedial technologies. 

3.2.2 Awrebic Bioftmediatioll 

fnbaorecf in situ bioranecliatioo. to treat nitrate is oommon, and xveA1 studies .have been 
published. Since nitrate is very oxidi~ (only oxygen is generally man: oxiclmd in 
uncontaminated groundwata'), it can easily be reduced through biodmitrification. 

Bioclenitrification oca.us dlrough microbially l"ediated taCtions whereby micro-oqpnisms 
obtain energy by reductionfoxidation ractions. Nitmte is anaerobically n,cluccd to nitrogen gas 
as shown below: 

1 Pcnoaal mnw....--.o-mail 4'0DDY0icalioa te: PRB Appticalioal '1r N'._ Remonl, dated Fdnaly 11, 
200&, betwrm B. Jamsoo(l.-la Astociala, F4moncls, Wahington)md R. Wilm.(U.S. &nincaowal 
Prordioa Agmcy, N.....a lliltMlll...,,M'at Labonllory, Wash..,.,_ D.C.). 
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The denitrification process can occur through either autotrophic or heterotrophic 
micnH>rganisms. Autotrophic micro-organisms use inorganic carbon (COz and HC03) for cell 
synthesis and inorganic compounds (e.g .. , hydrogen or sulfur) as an energy source, using it as an 
electron donor. Heterotropbic micro-organisms use organic carbon for both cell synthesis and 
energy source and are the most common dcnitrifiers. The degradation processes occur through 
mduction/oxidation reactions (as described in Section 2.2.2). Denitrification can be enhaooed by 
the addition of electron donor (i.e., a carbon sourt:e that can either be used directly by 
hetcrotrophic denitrifiers or fennented to hy~ which can be used by autotrophic 
denitrifiers ). 

Several field and laboratory treatment studies have been performed using bioremediation to 
remove nitrate, such as follows: 

·• "Ethanol·Stimulated Bioremediation of NitGW>-Contaminated Ground Water" 
(Tartakovsky et al 2002) involved injecting ethanol as a carbon source to stimulate 
denitrification and demonstrated nitrate n=moval rates up to 1.4 mg•N/Uday in the field at 
a site when nitrate levels wen:: gmttcr than 25 mg-NIL. Nitrate levels below 10 mg-NIL 
were seen in observation wells after 20 days mm iajection start and below 5 mg..JN/L 
after the study was coded about ISO days after injection.. 

• "Pilot•Scale Field Test Results of Enhanced In Sim Deaitrification" (Lathrop et al 2003) 
demonstrated a .W-/4 to SO% Rduction of nitrate after injection of Hydrogen Release 
Compound (HRC®) as a carbon .souroe. The area for the pilot test contained levels of 
nitrate between 70 and 320 mgfL. 

• Sodiwn acetate was added in a pilot test at a New Mexico site in Albuquerque's South 
Valley, which stimulated deoitrification. It decreased nitrate concentrations from 
100 mg•N/L to less than I mg•NIL (~ Tecltnologia for Enhanced In Situ 
B~niJrification (E/SBD) of Nitrate-Conlaminated Ground Wat.er [ITRC 2000)). 

• At a site in Nebraska wilh av«.ge nitrate ooncentrations of 40 mg•N/L, denitrification 
was stimulated by the addition of ethanol. Complete dmitrification was seen 
downgradicnt of the injection location (11RC 2000). 

• Then: are numerous chlorinated-a,mpound and petroleum-contaminated sites where 
eobaocA"d l:>ioRmediation has taken place to degrade contaminants. At these sites where 
nitrate is present, denitrification will b,a, mbaoc:wl as well and will degrade nitrate at die 
same time or prior to the targeted contaminant. "In Situ Reductive Dechlorination of 
Chlorinated Ethenes in High Nitrate Groundwata" (Bamctt d al. 2007) showed that in 
a pilot test for tmumeot of chloroctheaes, levels of nitrate (>230 mg/L) were degraded to 
nondetect from stimulation using sucrose or dextrose/fructose. 

F.nbaou.d in situ biodcoitrification would target nitmte and compounds that are more oxidized 
aban, or as oxidi7.ed as, nitrate. At an aerobic site such as die 200 West Arca at HanfORI, 
injection of an electron donor would first be used to degtu oxygen and then nitrate. 

Since fenncntive micro-organisms and deniarific:rs are widesptad, several electron dooms can 
be used as energy and catbon murees. The choice of the specific electron donor is influenced by 
wheda a slow-release and long~ electron donor« a fast-release and short•livcd electron 
donor is desiam. 

Hile• u ai cc:gatalC!d ttallrmark ofttcsmcm. Saa Clemenllle. Califinia. 
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4.G IODINE-129 TREATMENT OPTIONS 

Published studies that adchas the ·tmatmeat of iodine-129 in groundwater an: emanely limi~ 
and no vendoa approached have bad any signiticant experience with 1re.1ling iodine-129. Some 
limited published data Wei\:: identified for ex situ treatment of iodine or iodide, and one literature 
case study identified ~ the in situ slabilimioo of iodine was tested. In addition, based on 
the known chemical properties of iodine-t:29 and based on discussion with tn:atmcnt technology 
vendors, some well-developed and documented technologies are discussed in this xction as 
having estimated effectiveness for tmlting iodine-129 in Hanford Site groundwater. 

4.1 EX SITU TREATMENT (PUMP-AND-TREA1) 

For ex situ tfflltmcnt of iodine-129, thtft were no identified literature citations for biological 
treatment Howcver7 published documents were found indicating potential SUC<lCSSful tmltment 
of iodine-129 using physical/dtemical treatment methods. 

4.1.l Playsical/Claemical Treatmaat 

Literature review findings for the tm1tment of iodine-129 by~ GAC~ dcctrodialysis, and 
reverse osmosis are described bdow. 

4.1.l.1 Ion Exclaaage. Laboratory Evaluation of 1-129 and Tc-99 RemoWJI at the F-Nwl 
Water Treallllent Units (Scmz and Kanzleita- 2002) showed in a laboodory study Chat 
iodine-129 can be effectively n:moved tbrough use of the commercial ~-base anion
exchange resin SIR-1200. The resin was found to be able to remove iodinc-129 mm water to 
below laboratory detection limits. The Handbook of Ion &change Ruins - Their Application to 
Inorganic Analytical Chemistry (Kortisch 1989) also lists iodide as a compound that can be 
removed. 

In addition to limited published literatuR; several treatment technology vendors claim dm their 
resins will work for removal ofiodine-129. Remoo7 Resin:Tech. and Purolite indicate in their 
product descriprioas that they have strong~ anion-exchange resins that wilt wodc to taDOVC 

iodide (Ranco 20081
; Purolite 2008). Resin.Tech., for example, has a resin that specifically 

targets monovalent ions that they claim would lWrk for iodide (Resin Tech 2008). Resin Tech is 
also the supplier of the SIR-1200 for the swdy discussed above (WSRC-TR-2002-004lS). 
Purolite indicated that they have a resin that they believe would work (A600), but they have not 
performed significant tcsaing Oil iodide2

• 

,4.1.1.2 Granular Actinted C....,__ GAC has been shown to be ,effective ia n:moving iodme 
(12) from wastewater ,or groundwater. ~er, it has not been documented and it is not 
expected based on chemical dilferalces dist unalten,d GAC would be effective in~ 
iodide (f), which is the cxpoctf!d form of iodine-l29 in groundwater. What has been shown to 
be effective in mnoval of iodide is silver-~ activated cmbon •:s1AC). SIAC was 

1 Pcnooal ClOIIUIIUIUCabO e-llllilcmm1P1icatloo q:; loclloe Ranonl lon-Exdlange TcdmolDgies. dlllecl 
Februay 21, 200I, hetllUll B.Jonnon(Lanllau A,w:iatcs, Echonds, Washirwon) aridR. E. Mesx-lc(Raaoo 
&lgineedag, Venmra. California). 
Z Pa'IOmla,n•-icatioa, ,e-mail (Oil!Ml-icatioaR; Iodine. Nimllie., and lJanium Ranoval ~ 
TeclM.olagies, .taled Febnmy 11.~ bctweea P. Rodea(LandauAaociales, Fdmooch. Wa,hinglon}and 
s. Soldakk(Westem Regional Sales Mwp-. Pmo&eCmporaboa. Batdey. Califamia). 
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developed through wodc by the Savannah River Technology Center and Clemson University and 
was shown ina laboratory study to effectively remove iodinc-l29(WSRC-TR-2002-00S71). 
The SIAC was found to be able to remove iodine-129 from water to below laboratory detection 
limits. 

4.1.1.3 Eledr-.clialym. No published literature was identified that evaluated the use of 
electrodialysis for tttatment of iodine-129 or iodide. Based on the chemical properties of 
iodine-129 in groundwater, it is expected that elecirodialysi~ oould be used to remove 
iodine-I 29. It is expected that the cost would be relatively high, but the specific cost and 
effectiveness of this technology cannot be estimated due to the lack of available data. 

4.1.l.4 Reverse Osmosis. Similar to electrodialysis, no published literature was identified that 
evaluated the use of electroclialysis for treatment of iodine-129 or iodide, but it is expected that 
reverse osmosis could be used to adequately remove iodine-129 hued on general principles of 
the tecbnol~. It is expected that the cost of revene osmosis would be relatively high, but the 
specific cost and effectiveness of this technology cannot be estimated due to the lack of available 
daaa. 

4.2 IN srru TREATMENT 

One case study was iclcntificd on the immobiliution of contaminants at a site that included 
iodine-129 among its primary contaminants. This technology study was performed by the 
U.S. DepartmentofEnagy's ([)()E's) Savannah River National Laboratory at the Savannah 
River Site in South Carolina and involved a l-km2 (O.J9-mi2) metals and radionuclides waste site 
known as the "F-Area seepage basins," where a modified funnel and gate banier :system bas 
operated since 2005 to oat groundwater containing strontium-90, uranimn isotopes, iodine-129, 
tcchnetiwn-99., and lritiwn ("SNRL Evaluates Smtainable Rancdiation ~gics for Metals and 
Radionuclides" [EPA 2008)). The groundwater at the site is acidic (pH between 3.2 and 4.0), 
which i.naeases the mobility of certain site contaminants. The immobilization testing has 
invol~ed periodic injection of alkaline solutions of pH 10 into the gates to neutralize 
groundwater and reduce mobility of some contaminants. The albline-enhanoed funnel and gate 
system treats all of the contaminants by mixing the s1rati6ed plume at die hlUrier wall, as well as 
pH-sensitive cootaminant'!i such as strontium-90 and uranium isotopes at the gates. TIie 
frequency of injection has been detennioed through downgradieot measumnent of groundwater 
pR In 3 years of operation, injections ~ required at 12-month intervals at one gate and 
ti-month intervals at the second gate. Savannah River National Laboratory indicates that the 
immobilimion treatment mategy is more suaaioable and less costly than the pump-and-treat 
.system that cost approximately .$1 million per monda and produoed a significant quantity of solid 
radioactive waste requiring disposal. 
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5.1 URANIUM TREATMENT OPTIONS 

This section describes tested technologies for the tmwneot of uranium. In lbe summaiy of the 
liter'atlft ~ provided below, preference has been given to descriptions of technologies that 
have been tested in die field and secondary prefcmtc,c to technologies lhat have produced 
promising labomtoty results. The assessments of treatment technology vendors have been 
included where there is minimal available published data. 

5.1 EX SITU TREATMENT 

Limited published literature was identified for ex situ treatment of uranium. 1bc identified 
physicalfchemical tmmnent and biological treatment tcdmologies 8IC dixussc:d below. 

5.1.t PlaysicallClaemical Treatment 

There are not many published articles about treating uranium (VI) using physical/chemical 
treatment medlods, aldto• it is consideml a common technology (Ion Excha,,ge Technology: 
Advances in F..lrvironmental Pollution Control [Salgupta 19951) and many vendors claim they 
can treat uranium (VI). Acco!ding to Remco, both revcnc osmosis and IX are v«y efficient 
methods fur treating uranium-rich water (Remoo 2008). Resin Tech states that two of their IX . 
products (SBGI-HP and SIR-1200) specifically wget uranium. SIR-1200 is also die product 
that was used in the WSRC-lR-2002-00435 study to remove iodine-129 (see Sedion4.l.l.t). 
Purolite proviclcs at least three resins with the capability to mnove umnium, and at least one also 
targets nitrate (Purolite 2008). WRT provides a tmwnent sorption opuon where the uranium
oootaminatcd water is passed through a fluidized bed with adsorptive media, and they claim that 
their method has been able to treat water COPtamioatNI with 370 pg1L to below 30 pglL 
(WRT 2008). In a pilot study, the system was able to uat contaminated groundwaa- with 
average uranium ooncentrations of.271..3 flWL down to 1.2 pg,'[. (WRT 2008). 

Furthennore, elecbodialysis was used in a field study t.o remove uranium from groundwater 
(Sengupta 1995). 1he study indicated~ dlan 95% mnoval of 120 pgfL a,ntammatJed 
watec, but most of the uranium (83%) bad accmnulated in die anion-cxchaogc membnmcs rather 
than ending up in die brine (Sengupta 1995). Reverse osmosis s another demonstrated 
technology that has been shown to reduce unmiwn. Sengupta (1995) describes a case study 
where 99% tfflltmmt was achieved with spiked groundwata' with 300 pgfL uaniwn using 
n:vene osmosis. 

5.U Biolodeal Treatment 

The use of a constructed wetland or ·inigation field is a potential aatment rancdy for uranimn. 
Rhu.ofiltmion is a ph.ytoremcdiation proceu ~ roots of plants absotb a contaminant &om 
groundwattt am aocumnlate it. The plants, including die roots that contain lhe cnntaminant, can 
dlelt be harvested and properly disposed. '"Ranoval of Uranium from Water Using Tenatrial 
Plantsff (Dusbenkov et al 1997) used certain sunflowec plants in. a field and laboratory test to 
nmove uranium fmm grotmdwattt. The plants in. lhe field WCK able to Rduce coocentmtioos 
ranging from ·21 to 874 µr/L to less than 20 pglL. Even when die groundwater in8ucot was 
spiked to achieve a cooocntation of above l,000 pgfL, 95% was mnoved. About 99'/4 of dlC 
umnium mnowed in. the laboratory was found in die roots, and although ilhc slUdy mmtioos dial 
> 1% uranium was found in. the roots of die plants in. die field, it is not clear how much above 
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1% was accumulated. If it was much less than in the laboratory, the article does not describe its 
fate. 

Phytoremediation could be an option to further investigate for the use of removing uranium from 
growtdwater at the 200 West Area. Although no COIDIIIClcial applications were found. it might 
be a promising alternative; however, a pilot test is needed to be performed and evaluated to 
understand the removal mechanisms onsite. It is crucial that the uranium is actually removed 
(Le., accumulated in the roots of the plants) and not just reduced to uranium (IV) by 
micro-organisms that are stimulated by the nutrients in the roots (i.e., phytostimulation). If 
uranium is simply being reduced, is it likely that it can be reoxidm:d and resolubilized after 
removal of the plants by oxygen and nitrate present in die groundwater, as previously described 
in for in situ enhanced biomnediation. 

5.2 IN SITU TREATMENT 

The in situ tmttment technologies idcntiticd in the published literature fur unmilm wae 
anaerobic bioremediation, PRBs, and immobilaation. 

5.1.t Anaerobic Bioremediation 

Uranium is mobile under oxic (ie., aerobic) conditions but is immobile under iron-reducing 
amditions, which can be ctated through anaerobic bioR:mediation (sometimes refemd to in the 
literature as "biostimulation"). A numbcc of articles have been published regarding biological 
treatment of uranium (i.e., mlue~ it from oxidation state 7 to 4); however, the possibility for 
reoxidation and remobilization is a concern. 

Uranium (VI) ,can be biologically reduced to wanium (IV) and become immobile. The 
cneclumisrn for biodegradation was lftVi.ously discussed in Section 2.2.2. Uranium (Vl) is an 
oxidu.ed compound, but oxygen and nitnlte are more oxidiz.ed and will be reduced fitst 
("Biological Reduction of Uranium in Groumlwater and Subsurface Soil" { Abdelouas et al. 
20001). Uranium (VI) can be reduced under iron- or manga~-rcducing oonditions (Abdelouas 
ct al 2000; ' ~hange in Bacterial Community Structure ~ In Situ Biostimulation of 
Subsurface Sediment C.o-Contaminatc with Uraniwn and N"rtrate" {North et al 20041). 

Some of the field :studies have included the following: 

• "In Situ Bioreduc1ion of Technetium and Uranium in a Nitrate-Contaminated Aquifer" 
(lstok: et al. 2004) indicated in a series of groundwater well push-pull tests that 
uranium (VI) could be ttduced uodei' iron-reducing conditions in the 1JKSC!10C of nitrate 
(120 nM). After nitrate was a.moved through addition •of ethano~ gl~ and acetate, 
uranium (VI) was recbteed to uranium (IV). Their~ also inf.erred reoxidation of 
uranium (CV) duou,gh addition of nitrate. 

• "In.Situ Evidence for Uranium lmmobiliz.ation and Remobilization" (Senko et al 2002) 
showed in push-pull tests that LS pM uranium (VI) could be mluced to only 0.5 nM 
through enba,uwl biodcgradation using lactate, acdate~ and formate as elecuon donors. 
The .study also shol\u dlat uranium (IV) could be reoxidm:d by nitrate to uranium (VI). 

• Ahdetouas et al (2000) showed in a laborat.ory study that uranium (VI} could be ml11ced 
to uraninite (U()z). They also ioclicated that produced iron sulfides during stin111lafioo 
could act as a buffer for reoxidation of uraniwn. 
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• "Stimulating the In Situ Activity of Geobacter Species to Remme Uranium from die 
Groundwater of a Uranium-Contaminated Aquifer" (Anderson et al 2003) used 
biostimulation to treat uraniwn (VI) in a fairly large field experiment. Using 20 iryection 
wells oriented perpendiadar to the groundwater flow, they injected acetate (l to 3 mM) 
to treat groundwater widt uranium (VI) concentrations of 0.4to l.4 pM. Biodegnldation, 
occurriog simultaneously with iron rcduction, decreased conccotrations to lower than 
O. l8 pM, and might be associated with Geobacter micro-organisms The reduction of 
uranium (VI) decreased when dte rcduction-oxidation conditions~ to sulfate. 
reducing, which might indicate that the reduction of uranium (V[) is a oometabolic 
process (i.e., the miao-olgaoism amnot gain energy from the IQCtion). 

• "Pilot-Scale In Situ Bioremcdiation of Uranium in a Highly Contaminated Aquifer' 
(Wu et al. 2006) involved a pilot test to treat uranium in groundwater at a site widt 80 ID 
160 mM nitrate. Ethanol was added in a RJCireulation system, which fitst enhanced 
dcoitrification followed by uranium (VI) reduction (S to l p.M), md then uranium (VI) 
reduction combined widt sulfate mluction, indicating that Rduction can take pla0e under 
sulfate-reducing oonditioos. Abclelouas et al. (2000) also showed that uranium (VI) 
reduction oocurred under :sulfare-reducing conditions. 

Some studies have shown that anaerobic biostimulation is a very promising technology for 
reducing and immobilizing uranium under certain conditions. Ho~er, immobilmtion of 
uranium is not technically implementable in naturally aerobic aquifas (e .. g., 200 West Ara 
unconfined aquifer). Although anaerobic conditions can be induced in the aerobic aquifer and 
uranium precipitated. the ~ uranium will raolubilm:: as oxic or niu:ate-mluciog coodilions 
~ re-established. In one study, 18% and 97% of biologically reduced umnwn was reoxidi:zed 
by oxygen and nitrate, aespectively ("Uranium Reoxidation in Previously Bioreduced Sediment 
by Dissolved Oxygen and Nitrate" [Moon ct al 2007)). Aldtough anaerobic aquifer Olllditions 
could be t.emporarily induced in the 200 West Ami unooofined aquifer, it is edimated that 
aerobic conditions would be reestablished following treatment .and uranium would be 
remobilized. 

5.2.2 Penaeable Reactive Barriers 

The PRB tedmology has been used to immobilize uranium. Diffemtt applications of PRBs have 
been used to reduce uranium (VI) to uramum (IV) through microbial stimulation to sequester die 
uranium in .an immobile fonn, or PRB materials have been used to adsom uranium to material .in 
the wall 

• The Cost and Perfannance Report- In Situ Penneable Reactwe Barriers for 
Contammated Groundt,;our at Fry Canyon, SoMtheastern Utah [EPA 2000)) discusses 
die testing of three PRBs to &lat uranium QJDfaminated groundwater (up to 16 mg/L) 
with dm,e differatt meduc phosphate~ 7Jerovalatt ~ and amorphous faric 
oxyhydroxide (AFO). 'The best perfonnance was achieved by die 7Jerov.alent iron barrier 
dl8t mnoved 99.9% of umnium (VI) immediately after iostallatioo and consistmdy 
during the first year of operation. The phosphate barrier removal efficiency ftuctuatol 
between 62% and 99.9% and dte AFO between 37% and 95%. 
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• The Federal Remediation Technology Roundtable (Evaluation of Pem,eal,le Reactive 
Barrier Pe,fon,,ance (FRTR 2002)) discusses two DOE sites wlltft iron filled barrien 
were efficiently used to treat uranium (Y-12 Plant in Tennessee, and the Mill T~ 
Site in Utah). 

• ~ are many options to regarding what type of media to use in a barrier. 
"Performance ofTbree Resin Based Materials for Treating Uranium C.Ontaminated 
Groundwater Within a PRB" (Barton et al. 2004) tested three IX resins in column tests to 
mimic behavior in PRBs with promising ~ults. Another option~ likely cheaper, would 
be to use a mulch barrier as described in the section previously for PRBs used for 
treatment of nitrate. 

1be use of a PRB to reduce uranium (VI) would likely not be effective in Hanfonl's 200 West 
Area. Although bioaeatmeot in the PRB could R3dt in reduction and immobilimion of 
urani~ significant resolubilization would occur as the naturally aerobic aquifer conditions 
become re-established, as described previously for in situ anaerobic bioremediation. 

5.2.3 Im• bilization 

As described in Section 4.2 for iodine-129, a case study was performed of the immobiliDtion of 
contaminants at a site that included iodine-129 and uranium among its primary cootaminants. 
This tedmol~ study was performed by OOE's Savannah River National Laboratory at the 
Savannah River Site and involved a l-km2 (0.39 mi2) metals and radionuclides waste site known 
as the "F-Ara. seepage basins," wlMn a modified funnel and gate banier system bas operated 
sinoe 2005 to treat groundwater containing strontium-90, w:animn isotopes, iodine-129, 
tcchnctium-99, and tritium (EPA 2008). The immobilization testing has involved periodic 
injection of alkaline solutions of pH 10 into the gates to neutralae groundwau and reduce 
mobility of some contaminants. The alkalioe-eobancxd funnel and gate system treats all 
contaminants by mixing the suatified plume at the barrier wall as well as pH-sensitive 
con1aminants such as strontium-90 and uranium isotopes at the gates. ln addition to the 
discussion in Section 4.2, Savannah River National Laboratory states that early analytical data 
from downgradicot wells indicate the system etfectively reduces concentrations of uranium 
isotopes to below the DWS. 
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6.0 CONCLUSIONS 

Based on the infurmation gathered from the review of published literatun, and from discussions 
with technology vendors, some general cooclusions can be drawn as to which treatment 
technologies could be consideml as applicable for furthtt consideration at the Hanford Site for 
the COPCs nitrate, iodine-129, and uranium. 

6.1 APPLICABLE NITRATE TREATMENT TECHNOLOGIES 

The nitrate tmdment technologies that are considered to be applicable for further consideration 
at the 200-,ZP-1 OU of the Hanford Site are pump-and-treat, PRBs, and m situ anaerobic 
bioremediation. 

Of the two in situ technologies identified for nitrate, anaerobic biotanediation may be more 
easily implemented than a PRB oonsidering the significant depth below ground surface of 
impacted .gromdwater at the Site. An anaerobic bioremediation mnedy could be accomplished 
with injcdion wells, whereas successful installation of a PRB without gaps in the treatment mne 
becomes •ficaotly mon: cllallenging and costly with increasing depth. 

With a ptmp-and-treat remedy, the physical/chemical batment technologies considered to be 
applicable for nitrate removal are IX, electrodialysis, and revene osmosis. Based on review 
of vendor literature and documentation, IX appears to be a relatively more implementable and 
oost-effective ex situ tmwnent option for the HanfoRI Site because it would not geoerate 
a hqe-volmne conoentrated liquid waste stlam that would n,quire furthtt handling and 
ttatment. A llUlllbcr ofcompanies and vendors produc,e strong-base ~e resins with 
docwnentm success in removing nitrate from water. With the provision of specific groundwater 
chemisuy data and m:atment goals (e.g., flow ates and durations) to the IX \'ellOOIS, specific 
n:sins could be recommended for the Site, and comparisons of effedi\1CIICSS and cost could be 
made for selecting specific alternatives. Ultimately, laboratory or bench-scale tests with Site 
groundwater would likely be required to ensure that relewnt lreatmcnt goals could be achieved. 

With a pump-and~ remedy, the biological treatment technologies eonsidered to be applicable 
for ni1ratc mnoval are use of a bioreactor (including a mulch bioreactor) or a constructed 
wetland. Of these two biological treatment options, there is no immediate clear preference from 
the .Ii~ based on implementability, cost, or elleaiveness. 

U APPLICABLE IODINE-129 TREATMENT TECHNOLOGIES 

1he aatment technologies that were identified for .iodine-129 to be applicable for further 
consiclemtion wen, mostly limited to pump-,and--treat tanedies. One case study was identified 
dial ewluated in situ immobilization ofcnntamioants in groundwatel'" including iodine-129. 
~" the data available from that case study~ limited and die strongly acidic 
groundwata' eooditions at that site were diff'CR:Dt than the 200-ZP-l OU, so it cannot be 
concluded dlat an immobili7.ation approach would be appropriate for dte Hanford Site. 

W'dh. a pump-and-treat mnedy, die treatment methods consiclm,d to be applicable for iodine-l29 
ranoval ~ IX, SIAC" clectrodialysis, and Rwene osmosis. 

Although very limited published literature was found fOI' any DaCmmt f1!ldbods for iodine-129, 
based on vendor information and known mnoval rates of comp,,mcls with similal' chemical 

6-1 



------------ - ........... . _ 

SOW-3n83, Rev. 0 

characteristics, IX may be the most cost-effective treatment option for iodine-129 mnoval. The 
literature suggests that strong-base anion-exchange resins can have strong affinities toward the 
n:moval of iodide (11, which is an iodine species that exists WJ.der most normal groundwater 
conditions. Assuming that iodine-129 speciates in the same manner as naturally occuniog iodine 
(which is suggested in certain literature), strong-base anion-exchange resins should be effective 
in removing iodine-129 in the iodide fonn, and likely in the iodate (1031 fotm (also a negatively 
charged ion). 

The IX resins are designed to be selective for mnoval of certain types of compounds, but it may 
be determined that other similar compounds or contaminants present in 200-ZP-l groundwater 
compete for adsorption sites, cause~ breakthrough of the resin, and cause IX to be 
ineffective in mnoviog iodine-129. Therefore, bench-scale or pilot-scale testing with Hanford 
Site growidwater would be necessary to verify whether IX would be effective for iodine-129 at 
the 200-ZP-1 OU. 

,.3 APPLICABLE URANIUM TREATMENT TECHNOLOGIES 

The treatment technologies that were identified to be applicable for further consideration for 
uranium in groundwater were limited to pump,-and-treat remedies. 

Although multiple studies have discussed in situ ,anaerobic biomnediation for the reduction of 
uranium (VI) in groundwater to the less mobile fonn of uranium (IV), this approach is 
considered unlikely to be an •effective long-term. remedy for 200-ZP-1 groundwater because the 
naturally aerobic aquifer- conditions would n:uun after tmltmc:nt and allow reoxidation by 
oxygen or nitrate back to mobile uranium (VI). Use of a PRB to reduce and immobilize uranium 
would be expected to have the same problem over time. Therefore, in si.tu treatment remedies 
for uranium do not appear to be appropriate op6ons for the Hanford Site. 

For a pump-and-ttat mnedy, it may be possible to use a constructed wetland or irrigation field 
for phytoremediation for the mnoval of uranium from extracted growidwatcr. Ho~er, given 
the limited amount of field testi• data that weaic identified and because the removal mechanisms 
are not fully undeatood, it cannot yet be considm:d a rdiable remedial tccbnol~ for uranium. 

With a pump-and~ lalledy, the physicalldiemical batrnent tcclmologies consideffd to be 
applicable for nitrate removal aK IX or a membrane separation technology (i.e., electrodialysis 
or reverse osmosis). Based on a review of litcratlft and vendor communications, IX appears to 
be a relatively mote implementable and cost-effective ex situ treatment option for the Hanfool 
Site because it would not generate a buge-volumc cooccmrated liquid waste stream that would 
aequire furtla handling and treatment. A number of companies and vendor.I produce strong
base anion-exchange resins widt documeotcd SU00CSS in removing uranilDD from water and could 
.assist with bench«:ale resting of grouodwattt from die 200-ZP-l OU. 
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