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BackgroundBackgroundBackgroundBackground
• The Hanford site was selected by

th U S t th t lthe U.S. government as the central
location for producing plutonium as
part of the Manhattan project during
World War IIWorld War II
– 100 area, 200 area, 300 area and 

1100 area

• Uranium fuel rods from the reactors
were transported into the 200 area
facilities
– For removal and refinement of 

plutonium 
– Producing millions of gallons of 
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radioactive waste



BackgroundBackground

• 53 million gallons of high level radioactive waste were stored in 177 singleg g g
and double shelled underground storage tanks

• Many of the single shelled tanks have been found leaking several tons of
radioactive wastes into the vadose zone
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– Estimate of 1‐2 million gallons

– Creates a potential groundwater contamination



Project TopicProject Topic
•• BacteriaBacteria cancan playplay aa significantsignificant rolerole inin thethe dissolutiondissolution ofof mineralsmineralsBacteriaBacteria cancan playplay aa significantsignificant rolerole inin thethe dissolutiondissolution ofof mineralsminerals

andand thethe formationformation ofof secondarysecondary mineralsminerals..

•• TheThe ArthrobacterArthrobacter bacteriabacteria areare oneone ofof thethe mostmost commoncommon groupsgroups inin
soilssoils andand areare foundfound inin largelarge numbersnumbers inin HanfordHanford soilsoil..

•• ResearchResearch isis aimingaiming toto::
investigateinvestigate thethe bacterialbacterial interactionsinteractions ofof aa lessless U(VI)U(VI) toleranttolerant strainstrain underunder–– investigateinvestigate thethe bacterialbacterial interactionsinteractions ofof aa lessless U(VI)U(VI)‐‐toleranttolerant strainstrain underunder
oxidizingoxidizing conditionsconditions withwith uraniumuranium andand

–– studystudy thethe potentialpotential rolerole ofof bicarbonate,bicarbonate, whichwhich isis anan integralintegral complexingcomplexing
ligandligand forfor U(VI)U(VI) andand aa majormajor ionion inin groundwatergroundwater compositionscompositionsligandligand forfor U(VI)U(VI) andand aa majormajor ionion inin groundwatergroundwater compositionscompositions
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ObjectivesObjectives
•• Investigate the effect of bicarbonate on the microbialInvestigate the effect of bicarbonate on the microbialInvestigate the effect of bicarbonate on the microbial Investigate the effect of bicarbonate on the microbial 

dissolution of the autunite mineral and U(VI) adsorption dissolution of the autunite mineral and U(VI) adsorption 
by Arthrobacter G968by Arthrobacter G968

•• Make a comparison between G975 and G968 strainsMake a comparison between G975 and G968 strains

•• Inspect bacterial surface in the presence of bicarbonate Inspect bacterial surface in the presence of bicarbonate 
and uranium in the solution using atomicand uranium in the solution using atomic‐‐force microscopy force microscopy 
(AFM) (AFM) 

•• Determine the difference between microbial dissolution ofDetermine the difference between microbial dissolution of•• Determine the difference between microbial dissolution of Determine the difference between microbial dissolution of 
synthetic autunite versus natural autunitesynthetic autunite versus natural autunite
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Research Progress for Current SemesterResearch Progress for Current Semester

•• Autunite bioleaching experiment in culture ware withAutunite bioleaching experiment in culture ware withAutunite bioleaching experiment in culture ware with Autunite bioleaching experiment in culture ware with 
inserts inserts 

•• AFM and SEM assessment on bacteria exposed to U(VI) in AFM and SEM assessment on bacteria exposed to U(VI) in 
bicarbonatebicarbonate‐‐bearing solutions. bearing solutions. 

•• Bioleaching experiment with bottles using synthetic Bioleaching experiment with bottles using synthetic 
autunite instead of natural autuniteautunite instead of natural autuniteautunite instead of natural autuniteautunite instead of natural autunite
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Insert ExperimentInsert Experiment
•• ObjectivesObjectives•• ObjectivesObjectives

–– Conducted an autunite bioleaching experiment in culture ware with inserts to Conducted an autunite bioleaching experiment in culture ware with inserts to 
investigate how autunite mineral reacts with the bacteria separated from it  investigate how autunite mineral reacts with the bacteria separated from it  

•• MethodsMethods•• MethodsMethods
–– SterileSterile 66‐‐wellwell cellcell cultureculture platesplates withwith insertsinserts werewere usedused wherewhere naturalnatural CaCa metameta‐‐

autuniteautunite andand bacteriabacteria cellscells werewere keptkept separatelyseparately..

TheThe cultureculture wareware insertsinserts havehave 00 44 µmµm cylindricalcylindrical porespores thatthat transversetransverse thethe–– TheThe cultureculture wareware insertsinserts havehave 00..44 µmµm cylindricalcylindrical porespores thatthat transversetransverse thethe
membranemembrane andand onlyonly allowallow thethe diffusiondiffusion ofof solublesoluble uraniumuranium

–– TheseThese autuniteautunite‐‐containingcontaining insertsinserts werewere injectedinjected withwith bacterialbacterial cellscells afterafter thethe
autuniteautunite equilibratedequilibrated withwith thethe mediamedia solutionsolution amendedamended withwith bicarbonatebicarbonateautuniteautunite equilibratedequilibrated withwith thethe mediamedia solutionsolution amendedamended withwith bicarbonatebicarbonate..

–– GG968968 ArthrobacterArthrobacter cellscells inin thethe amountamount ofof 101066 cells/mLcells/mL werewere injectedinjected intointo thethe
reactorsreactors afterafter aa week,week, givinggiving timetime forfor thethe autuniteautunite toto reachreach steadysteady statestate..
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Insert ExperimentInsert Experiment
•• There is a slight increase in the There is a slight increase in the 

dissolution of uranium asdissolution of uranium asdissolution of uranium as dissolution of uranium as 
bicarbonate increasesbicarbonate increases

–– However, this is not as pronounced However, this is not as pronounced 
when compared to G975 or dissolution when compared to G975 or dissolution 
i bi t ( h t iti bi t ( h t it

Inoculation of 
G968

in bioreactors (when autunite, in bioreactors (when autunite, 
bicarbonate and bacteria have direct bicarbonate and bacteria have direct 
contact)contact)

•• This may have been caused fromThis may have been caused from
–– Small volume of mediaSmall volume of media

–– Lower temperature Lower temperature 
•• Methods used to prevent Methods used to prevent 

evaporation noted in previous evaporation noted in previous 
experimentsexperiments

•• Lower temperature to reduce Lower temperature to reduce 
evaporation were not optimum evaporation were not optimum 
conditions for bacterial growth andconditions for bacterial growth and
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conditions for bacterial growth and conditions for bacterial growth and 
proliferationproliferation



SEM/EDS AnalysisSEM/EDS Analysis

SEM images of G968 grown in the presence of 0mM KHCO3with 5ppm 3 
U(left image) and 10ppm (right image).

Purpose of SEM was to show surface morphology and illustrate that the 
cells look healthier in the presence of bicarbonate at this level of uranium
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cells look healthier in the presence of bicarbonate at this level of uranium



SEM/EDS AnalysisSEM/EDS Analysis

SEM images of G968 in the presence of 5mM KHCO3 with 5ppm U(left image) 
and 10ppm (right image)and 10ppm (right image).

EDS analysis showed a small %weight of Uranium because the amount added 
was not sufficient to be detected by the SEM/EDS instrument
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AFM analysis is required to perform a closer analysis on surface morphology



AFM ImagingAFM Imaging
•• Aim: To inspect bacterial surface in the presence ofAim: To inspect bacterial surface in the presence ofAim: To inspect bacterial surface in the presence of Aim: To inspect bacterial surface in the presence of 

bicarbonate and uranium in the solutionbicarbonate and uranium in the solution

•• Synthetic Groundwater media contained: 5.22 mg/L of KCl, Synthetic Groundwater media contained: 5.22 mg/L of KCl, y g/ ,y g/ ,
and 520.58 mg/L of HEPES. and 520.58 mg/L of HEPES. 
–– Media was prepared in deionized water (DIW), autoclaved at 121Media was prepared in deionized water (DIW), autoclaved at 121ooC, 15 psi C, 15 psi 

for 15 minutes and allowed to cool down to about 30for 15 minutes and allowed to cool down to about 30ooCCfor 15 minutes, and allowed to cool down to about 30for 15 minutes, and allowed to cool down to about 30 C. C. 

–– Then it was equally distributed between four 250 ml bottles and separately Then it was equally distributed between four 250 ml bottles and separately 
amended to contain 0 mM 3 mM, and 5 mM KHCOamended to contain 0 mM 3 mM, and 5 mM KHCO33. . 

•• Samples being analyzed includedSamples being analyzed included•• Samples being analyzed included:Samples being analyzed included:
–– 0mM HCO3 with 5 ppm U0mM HCO3 with 5 ppm U

–– 0mM HCO3 with 10 ppm U0mM HCO3 with 10 ppm U
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–– 5mM HCO3 with 5 ppm U5mM HCO3 with 5 ppm U



AFM I i 0 M HCO3 ith 5 UAFM Imaging: 0mM HCO3 with 5 ppm U

l (G968 cultured in media containing 5ppm uranium (scan size 6 x 6 µm2; z 
range 260 mV). Friction image on the left and topography on the right. 

Images were conducted using contact mode compared to previous methods 
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ages e e co ducted us g co tact ode co pa ed to p e ous et ods
of tapping mode



AFM I i 5 M HCO3 ith 5 UAFM Imaging: 5mM HCO3 with 5ppm U
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AFM Imaging: Force and Roughness AFM Imaging: Force and Roughness 
Analysis

•• Adhesion forces are sensitive to modifications in theAdhesion forces are sensitive to modifications in theAdhesion forces are sensitive to modifications in the Adhesion forces are sensitive to modifications in the 
surfacesurface
–– i.e.: physiological changes on the cellular membrane when i.e.: physiological changes on the cellular membrane when 
exposed to uranium and bicarbonateexposed to uranium and bicarbonate

•• Thus a force spectroscopy analysis was conducted to Thus a force spectroscopy analysis was conducted to 
f ll d d f hf ll d d f hgain a full understanding of interactions in the atomic gain a full understanding of interactions in the atomic 

levellevel

C tl t i t i th lt t h iC tl t i t i th lt t h i•• Currently trying to organize the results to show in a Currently trying to organize the results to show in a 
later presentationlater presentation
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Bioleaching Experiment with Synthetic Bioleaching Experiment with Synthetic Bioleaching Experiment with Synthetic Bioleaching Experiment with Synthetic 
AutuniteAutunite

•• Aim: Determine the difference between microbial dissolution ofAim: Determine the difference between microbial dissolution of•• Aim: Determine the difference between microbial dissolution of Aim: Determine the difference between microbial dissolution of 
synthetic autunite versus natural autunitesynthetic autunite versus natural autunite
–– Synthetic autunite: smooth which could greatly affect dissolutionSynthetic autunite: smooth which could greatly affect dissolution

N t l t it k d h l hi h h t t ti l f b t i tN t l t it k d h l hi h h t t ti l f b t i t–– Natural autunite: cracked morphology which has a greater potential for bacteria to Natural autunite: cracked morphology which has a greater potential for bacteria to 
interact and attach to itinteract and attach to it

•• MethodsMethods
ff–– SterileSterile 100100 mLmL glassglass mixedmixed reactorsreactors servedserved asas thethe majormajor bioreactorbioreactor forfor initialinitial

experimentationexperimentation

–– TheseThese autuniteautunite‐‐containingcontaining bioreactorsbioreactors werewere injectedinjected withwith bacterialbacterial cellscells afterafter thethe
autuniteautunite equilibratedequilibrated withwith thethe mediamedia solutionsolution amendedamended withwith bicarbonatebicarbonateautuniteautunite equilibratedequilibrated withwith thethe mediamedia solutionsolution amendedamended withwith bicarbonatebicarbonate

–– GG968968 ArthrobacterArthrobacter cellscells inin thethe amountamount ofof 101066 cells/mLcells/mL werewere injectedinjected intointo thethe
reactorsreactors afterafter 2727 days,days, givinggiving timetime forfor thethe autuniteautunite toto reachreach steadysteady statestate

•• EstimatedEstimated timetime ofof completioncompletion:: MayMay 1010
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•• EstimatedEstimated timetime ofof completioncompletion:: MayMay 1010



Path ForwardPath Forward

•• If time permits: Evaluation on the Uranium (VI) If time permits: Evaluation on the Uranium (VI) 
bioaccumulation by G968 in SGW with varying calcium and bioaccumulation by G968 in SGW with varying calcium and 
bicarbonate concentrationsbicarbonate concentrations

•• Finish writing thesisFinish writing thesis
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