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Methods: Paper Sensor Fabrication

Introduction

The history of mining and mineral extraction acrossthe Navajo Nation has resulted in _

considerableeontaminatiornof the landandthe groundwaterresources \Water is essentiz for Materials

humat anc livestoct consumptiol as well as agriculture productior. Man people rely on || The materialsrequired to fabricatethe paperbasedsensors
acces to the sparsi water resource: to provide for themselve anc their familie: acros: the || Includechromatographypaper,electrochemicallyactivecarbon
Navajc Nation. Our mair concerr is that the groundwate has beer contaminate with heav''|| paste, a wax printer, and paint brushes We use
metals suct as Arsenic (As) Cadmiun (Cd), Leac (Pb) Copper (Cu), anc Uraniun (U) whict || chromatographypaperbecausst is slightlythicker than printer

have dangerou lonc-term healtl effect. Chronic arsenicexposurecanleadto painfulskin || papet The wax coatingensuresthat the electrodeswill retain

lesions cardiovasculadiseasesanddiabetesmellitus Througha partnershipbetweenNavajo || their shapeas they are submergedn solution We manually
TechnicalUniversityand Harvard University,we havedesignedandfabricatedflexible,paper || coatthe carbonpasteonto the electrodesusingpaint brushes

based sensors in tandem with electrochemicaltechniquesto determine heavy metal || We havedeterminedthe optimum electrochemicallyactiveink

concentrations in test samples Paperbased electrodes are low-cost, easy to make, || through a seriesof test experiments The chosenink (carbon

Printed paper-based electrodes : (left)
without electrochemically active ink,
(middle) with electrochemically active
ink hand-painted, (right) commercially

Student performing electrochemical

environmentallyfriendly,andcanbe deployedfor fieldtestingacrossthe NavajoNation. paste)givesgood stability as well asthe ability to oxidizethe 4 available screen-printed electrode .
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We begin by designing and printing an outline of the three-electrode system created usmg Microsoft
Word. We designed our paper electrodes to mmmic the commercially available screen-printed electrodes.

We create a barrier on paper by printing the electrode design using a commercial wax prmter (as shown
top righl). We leavethe channeldlank,so that we cancoatthe carbonpasteonto it. The backsideof the
electrodehasa solid wax coatingto ensurestabilityin aqueoussolution After the electrodeis printed, we
manuallyapplya uniform coatingof conductivecarbonpasteto serveasthe working, counter,andpseudo
referenceelectrodes We usea hotplateto dry the carbonpaste While the electrodeis drying,we apply Paper-ba
goldnanoparticledo increasesensitivityto heavymetals Oncedry, the electrodeis readyto use
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Clean up efforts at an abandoned
Uranium mine on the reservation

Students and faculty members at Navajo
Technical University (NEST LAB)

Results: Electrochemical Detection of Arsenic (As) Conclusion & Future Work

We usedour optimizedfabricatedpaperelectrodesto test for the presenceof arsenic Chronic arsenicexposurecanleadto painfulskinlesionscardiovasculary | The low-cost paper electrodes we have fabricated can successfullydetect several
diseasesand diabetesmellitus We useda potentiostatto measurethe current of our analyteasthe potentialis variedusingan electrochemicamethod called || concentrationsof Arsenic Usingthese inexpensivetechniquesopensthe possibilityto
Voltammetry Voltammetryrelies on the movementof electronsto either reduce or oxidize the target analyte Arsenic was oxidized, which is shownasa || test for severalother toxic metals We would also like to further optimize our
changen current, or “peak” at 0.2 V for cyclicvoltammetryand0.5 V for linearsweepvoltammetry The current obtainedafter oxidationis directly correlated || f@pPricationmethodby includingscreenprinting technology Once we havefully optimized
to the concentrationof arsenic Furthermore, the linearelectrochemicatesponseand sensitivityof our electrodes for detectingheavymetals makesthemwell || ©ur électrodes,we planon distributingthemto localNavajochapterhousesto test their

suitedfor reatHtime sensorsn field-testingapplications Legend: _ S TR groundwaterresources
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